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ORDER AUTHORIZING STUDY 

Omnibus Joint Order 
House, No. 4117 of 1965 (in par t ) 

Ordered, That the Legislative Research Council is hereby directed to make 
studies and investigations relative to the subject ma t t e r of the following cur-
rent legislative documents and orders, namely: . . . (7) the house order direct-
ing the legislative research council to investigate and study the continuing 
water shortage in Massachusetts, the use of water by industry, and the possi-
bility of purifying and re-using industrial waste water. Said council shall 
file its statistical and factual reports hereunder with the clerk of the senate 
not la ter than the last Wednesday of February in the year nineteen hundred 
and sixty-six. 

Adopted: 
By the House of Representatives July IS, 1965 
By the Senate, in concurrence, July 15,1965 

Unnumbered Senate Order 
Feb rua ry 7, 1966 

Ordered, That the time be extended to the last Wednesday of March of the 
current year, within which the Legislative Research Council shall file its 
reports upon the several mat te rs referred to it by the General Court for 
study under the joint order, House, No. 4117 of 1965. 

Adopted: 
By the Senate, February 7,1966 
By the House, in concurrence, February 1,1966 

Unnumbered Senate Order 
March 22, 1966 

Ordered, That the time be extended to the last Wednesday of April of the cur-
rent year within which the Legislative Research Council shall file its report 
relative to the continuing water shortage in Massachusetts, the use of wate r 
by industry, and the possibility of purifying and re-using industrial waste 
water, referred by House, No. 4117 of 1965 and as amended by unnumbered 
Senate Order of February 7, 1966. 

Adopted: 
By the Senate, March 22, 1966 
By the House, in concurrence, March 23, 1966 
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LETTER OF TRANSMITTAL TO THE 
SENATE AND HOUSE OF REPRESENTATIVES 

To the Honorable Senate and House of Representatives: 
GENTLEMEN: — The Legislative Research Council submits 

herewith a report prepared by the Legislative Research Bureau 
relative to the continuing water shortage in Massachusetts, the 
use of water by industry, and the possibility of purifying and re-
using industrial waste water. This report was required by omnibus 
study order, House, No. 4117, which was referred to the Bureau 
for study and report. 

By statute the Legislative Research Bureau is limited to "sta-
tistical research and fact finding." Hence this report contains only 
factual material without recommendations or legislative proposals. 
It does not necessarily reflect the opinions of the undersigned mem-
bers of the Council. 

Respectfully submitted, 
MEMBERS OF THE LEGISLATIVE 

RESEARCH COUNCIL 
SEN. MAURICE A. DONAHUE of Hampden 

Chairman 
REP. C H A R L E S L . S H E A of Quincy 

Vice Chairman 
SEN. STANLEY J. ZAROD of Hampden 
SEN. JOHN F. PARKER of Bristol 
SEN. ALLAN F. JONES of Cape and Plymouth 
REP. STEPHEN T. CHMURA of Holyoke 
REP. DOMENICK S. PASCIUCCO of Boston 
REP. JOSEPH B. WALSH of Boston 
REP. SIDNEY Q. CURTISS of Sheffield 
REP. HARRISON CHADWICK of Winchester 
REP. BELDEN G. BLY, Jr. of Saugus 
REP. PAUL A. CATALDO of Franklin 
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LETTER OF TRANSMITTAL TO THE 
LEGISLATIVE RESEARCH COUNCIL 

To the Members of the Legislative Research Council: 
GENTLEMEN: — On the basis of House Order No. 4117 of 

1 July 13, 1965 the Legislative Research Council was directed to 
investigate and study the continuing water shortage in Massachu-
setts, the use of water by industry, and the possibility of purifying 
and re-using industrial waste water. 

The Legislative Research Bureau submits herewith such a report, 
the scope and content of which are determined by the general 
statutory provisions which limit Bureau output to factual reports 
without recommendations. 

The preparation of this report was the primary responsibility of 
Dr. Werner N. Grune, Professor and Chairman, Civil Engineering 
Department of Merrimack College in North Andover, Massachu-
setts, assisted by Francis E. Sweeney of the Bureau staff. 

The Legislative Research Bureau gratefully acknowledges the 
contribution of the following for their assistance in the develop-
ment of this report: Dr. Donald L. Mader, Dr. Tsuan Hua Feng, 
Associate Professor George R. Higgins and Assistant Professor 
Clifford V. Smith, all of the University of Massachusetts; Dr. C. 
Fred Gurnham, Professor of Civil Engineering and Chemical Engi-
neering of the Illinois Institute of Technology; Mr. Richard M. 
Power of the Massachusetts Department of Public Health; Mr. 
Malcolm Graf, Director, Massachusetts Water Resources Commis-
sion and Mr. Walter M. Newman of the Federal Water Pollution 
Control Administration. 

Respectfully submitted, 
DANIEL M. O'SULLIVAN, 
Acting Director, 
Legislative Research Bureau 
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WATER SHORTAGE AND INDUSTRIAL WATER USE AND REUSE 

SUMMARY OF REPORT 

I 
Introduction 

Origin of Study 

By legislative order the Legislative Research Council was di-
rected to study the continuing water shortage in Massachusetts 
as well as the use of water by industry and the possibility of puri-
fying and reusing industrial waste water. The directive resulted 
from an unnumbered House Order filed on July 6, 1965 by Repre-
sentative James F. Condon of Boston, which subsequently was in-
cluded in an omnibus Legislative Research Council study order 
(House, No. 4117). In general, the report discusses the climatologi-
cal and meteorological aspects of the current drought, the economic 
impact resulting from the current water shortage, and the various 
influencing factors relative to water supply. Moreover, federal and 
interstate activity in the area of water conservation, in addition to 
alternate means of increasing water resources, receives extended 
examination. 

General Background 

Variability of Rainfall 

The earth and its atmosphere hold an inconceivably immense 
store of water in an equilibrium that cannot be changed. Practi-
cally all of the water wealth of the world is in its oceans, but this 
water is so polluted by salt that it is useless for most of man's 
needs. 

Thus rainfall is manifestly the source of all water supply, whether 
caught as it flows off the land, or is allowed instead to percolate 
into the ground to furnish ground water for wells and springs. 
Local precipitation varies greatly from year to year; moreover, 



averages thereof taken over short periods of years are likely to be 
considerably above or below the mean based on longer periods. 

Rainfall varies greatly in amount over the continental United 
States from the lush abundance of rainfall in the Pacific Northwest 
to the scarcity of the parched Southwest. Furthermore, even in a 
single region, precipitation varies widely from season to season 
and from year to year. 

The northeastern part of the United States and the New England 
region have generally been blessed with a plentiful supply of rain-
fall until the current drought. 
Present Drought Conditions 

After four years of drought, the rainfall deficiency experienced 
by Massachusetts during 1965 was over 16 inches, making it the 
driest year on record in Massachusetts history. 

Similarly, Boston has had an average annual rainfall of 42.77 
inches over the past 148 years of record. During the last five years 
the following deviations from this annual average have been ob-
served: +0.51 inches (1961), +0.46 inches (1962), -7 .93 inches 
(1963), -6 .30 inches (1964) and -19 .6 inches (1965). 

The cumulative rainfall deficiency in the northeast for the past 
four years is about equal to one year's precipitation. 

The U.S. Weather Bureau and the National Water Resources 
Council report that the drought has been associated with abnormal 
wind patterns. Prevailing winds have been from the northwest, 
bringing dry, sinking air masses. These have weakened storm 
systems which normally come from the west and have suppressed 
the ascending air motions so vital to the production of rain. Thus, 
rain-producing storms have been occurring further downwind off 
the Atlantic Coast. This pattern has resulted in the southward ex-
tension of the drought conditions of many years in the northeast 
section of the country to as far as northern Virginia in 1965. More-
over, these abnormal wind patterns have brought serious water 
shortages to large areas of Illinois, Indiana, Ohio and to parts of 
Alabama, Arkansas, Georgia, Louisiana and Texas. 

The levels of Massachusetts reservoirs have been gradually 
dwindling throughout the past four years and critical water 
shortages developed in many sections in 1965. The impact on a 
considerable number of its communities has been serious, with 



many water supply systems and reservoirs nearing depletion. As a 
result, 25 localities were permitted to use emergency sources of 
water supply and another 40 communities received State Depart-
ment of Public Health approval to impose restrictions on the use 
of water. Thirty communities instituted voluntary restrictions and 
by gubernatorial action the use of emergency supply sources was 
extended beyond the statutory six months' period until the end of 
the year. 
The Hydrologlc Cycle 

The maintenance of an adequate water supply is determined in 
large measure by the hydrologic cycle whereby water moves from 
the ocean into the air, then onto land in the form of precipitation, 
and finally back to the sea through ground strata or streams and 
rivers. This cycle determines the ways in which water is used by 
living creatures and human societies. 

The larger part of the water falling on the land surface passes 
back to the air, either directly by evaporation or through the 
bodies of animals and plants in respiration and in transpiration. 
This transformation accounts for 71 percent of the five billion acre-
feet of annual national rainfall. The remaining 29 percent runs off 
and either sinks into the ground or flows into rivers that carry it 
back to the sea. Of the water that infiltrates into the ground, some 
may be evaporated, some may be absorbed by plant roots and 
then transpired, and some may percolate downward to ground 
water reservoirs. Water from these underground reservoirs may 
eventually come close enough to the surface to be subject to evap-
oration or transpiration, or may reach the land surface and form 
springs, seeps, or lakes, and some of it may flow directly into 
streams or into the oceans. 

Of the water that remains on the surface, a part may accumulate 
in lakes and surface reservoirs, some may be lost through evapora-
tion or transpiration of riparian vegetation, more may seep down-
ward into ground water reservoirs, and some may continue on to 
a saline lake or to the ocean. A very small fraction is taken up in 
the bodies of plants and animals. 

Water resource problems would hardly exist if the hydrologic 
cycle was more uniform in space and time. Evaporation from the 



oceans each year, carried to the continents and uniformly dis-
tributed, would be sufficient to cover all the land with 100 inches 
of rainfall. 
Water Supply in the United States 

The natural, continuously renewed source of fresh water po-
tentially beneficial to man is the precipitation occurring over land 
surfaces. There are two principal sources of moisture for the 
United States. The first is the Pacific Ocean from which the air 
masses move inland; the second is the Gulf of Mexico. Although 
the average annual precipitation for the continental United States is 
30 inches, there are wide inequalities in distribution. Not all of the 
precipitation is available for man's use; evapotranspiration takes 
21 inches. The remaining nine inches constitute the controllable 
supply. Three of the nine inches are now used by man. After use, 
two of the three inches reach the rivers and flow into the ocean; one 
inch returns to the atmosphere by evaporation. 

On the whole, the East receives two-thirds of the nation's rain-
fall, and the West the remaining third. While water use increases 
steadily, the national supply of available water remains at about 
515 bgd (billion gallons per day). The present total daily water 
use in the United States is about 323 bgd and is anticipated to rise 
to a total of 411 bgd by 1970. In a decade from now, water use in 
the United States will be approaching 90 percent of the currently 
total available supply unless new sources can be discovered or 
better utilization of natural sources achieved. However, it may be 
reasonably assumed that for many years beyond the year 2000 
total water shortages for the United States as a whole are im-
probable. 
Hydrology of Massachusetts 

The severe deficiency in rainfall which began in western Massa-
chusetts about four years ago and which has been prevalent along 
the Commonwealth's coastal area for about two and one-lialf years 
has resulted in precipitation deflections which add up to more than 
41 inches from normal. 

While the present drought actually began in 1961 its continuance 
in 1965 was most serious. It affected much of the northeastern sec-
tion of the United States and was felt particularly in central and 



southern New England. In some cases it became the most severe 
on record, judging only from total rainfall received during the 
prolonged period. Substantial rains in 1964 did not come until 
November. The most severe drought period was the 216 days from 
April 23 through November 24. The total rainfall during this 
period set a new record minimum value, generally being less than 
50 percent of normal. New records were established as Springfield 
experienced the driest period in 117 years and Fitchburg the driest 
period in 100 years (40 and 35 percent of normal, respectively). 

The percentage of drought severity in Massachusetts from May 1 
through August 13, 1965 increased as one moved from west to east. 
Nantucket proved to be the driest of any weather station in the 
state with only 40 percent of normal precipitation. Boston, during 
this period, had 4.69 inches of rain, or only 42 percent of normal. 

Although precipitation deflections from normal have reached 
fantastic stages in Massachusetts, this does not mean that the state 
needs 41 inches of precipitation to make up the deficiency. The 
reason for this is that when the soil dries out, as it has in the cur-
rent drought, less water is lost through evaporation. Hence, five 
to ten inches of rain in excess of normal over several months would 
return the state's water resources to relatively good shape and our 
reservoirs, rivers, streams, ponds and wells would rise considerably. 
It would, however, take a period of time for all of this precipitation 
to soak into the ground. 
Adequacy of Massachusetts Water 

Despite the current water problem in Massachusetts, the Com-
monwealth has an abundance of water resources, in the opinion of 
all experts on the subject. At the same time there is a serious 
deficiency in the amount of water of desired quality and in the 
development of adequate water distribution facilities. 

Massachusetts receives about 43 inches of water in the form of 
rain or snow in an average year which gives the state an average 
of 15 billion gallons each day, or about 3,000 gallons per day for 
each person in Massachusetts. In addition, billions of gallons of 
water flow into the state every day from New Hampshire and 
Vermont, principally in the Connecticut and Merrimack Rivers. 
On the other hand, its water use is substantial, namely, 1,200 mgd 
(million gallons per day) of fresh water, and 1,700 mgd of saline 



water which is used mostly for cooling. Approximately 1,000 mgd 
of the fresh water use is from surface water supplies and only about 
154 mgd is derived from ground water sources. Irrigation use is 
small, to date involving approximately seven mgd. Rural use in-
volved about eight mgd in 1960 and hydropower generation, a non-
withdrawal use, about 25 billion gallons per day. 

Economic Impact of the Drought 

Record rainfall lows were recorded in many sections of Massa-
chusetts in 1965, but the impact on the economy was somewhat 
softened by the below normal temperatures which reduced évapo-
transpiration, evaporation losses from reservoirs and demands on 
municipal water supplies. 
Agriculture and Farm Irrigation 

The Massachusetts agrarian economy is concentrated in dairying, 
vegetable and orchard crops, potatoes and tobacco. The prolonged 
drought has brought severe losses to many Massachusetts farmers, 
particularly the dairy farmer. 

Hay and pasture yields are especially susceptible to lack of rain-
fall. The dry weather accounted for 288,000 less tons of hay in 
1965 and pasture conditions were at 63 percent of normal. These 
two items reflect a monetary loss of about $1,500 per dairy farm or 
an aggregate loss of about $3,000,000. Moreover, there were in-
creased costs of production from the wide use of irrigation equip-
ment. It is estimated that irrigation costs might range from about 
$25 an acre in a year when only three to four inches of supple-
mented irrigation is required, up to perhaps $35 or more per acre 
in a dry year when nine to ten inches of water might be required. 

The drought has caused a loss of about 150,000 barrels of cran-
berries, or about 20 percent of the expected crop. This means a 
loss of about $2 million to the growers. Moreover, there has been 
some injury to the cranberry vines which will result in a reduced 
crop in 1966, and about five percent of the vines were killed out-
right. New cuttings must therefore be planted and nurtured, with 
no expectation of a yield for at least four years. 

Nurseries per se have not been hurt by the drought for in the 
majority of cases they have their own ponds and wells by which 



they can irrigate their growing stock. But with a ban on the use 
of water in many communities the homeowner has delayed in-
definitely the buying of foundation plantings and the like so that 
sales of the nurserymen have declined sharply. 
Forest Fire Losses 

Drought periods tend to be characterized by warm weather and 
low humidity which increase fire hazards. Resultant damage is 
reflected in both property losses and fire fighting expenditures. 
Figures from the Massachusetts Department of Natural Resources 
show a large number of fires in the two severe drought years, 
namely 1957 with a 10-inch deficit in rainfall and 1964 with an 
11-inch deficit. Even more striking was the increase in acreage 
burned in the dry years, approximately eight times as much area 
burned in 1957 than in 1958. 

Moreover, fire losses result in (a) reduced wood yields from the 
burned over area, (b) replanting and rehabilitation activity and (c) 
increased insurance and protection costs. 
Ground Water Depletion 

The ground water reservoirs of the United States contain far 
more fresh water than the capacity of all of the nation's reservoirs 
and lakes, including the Great Lakes. It has been estimated that 
the total usable water in storage is about ten years' annual precipi-
tation, or 35 years' runoif. Ground water amounts to about 25 
percent of the worldwide distribution of fresh water. 

A rather delicate balance exists between stream flow and the 
ground water table. In some areas withdrawal from aquifers is 
far greater than recharge, causing a serious deficit in those regions, 
a lowering of the water table and, near the coast, the intrusion of 
salt water. 

Massachusetts has one of the lowest ground water uses in the 
nation, only six percent of the water used coming from that source. 
Ground water conditions have continued to decline in many sec-
tions of Massachusetts with an average decline of about two feet 
reported at Granby, Massachusetts in 1963, 1964 and 1965. Ground 
water depletion is the more serious and insidious problem for 
ground water levels are more difficult to measure and replenish-
ment is a slower process. As the drought conditions continue 



various communities, such as Springfield and Berkshire County, 
and the Massachusetts Water Resources Commission are exploring 
well drilling to supplement the diminished supply. 
Effect on Manufacturing Processes 

The drought has brought about major water economy measures 
in industry such as water reuse and recycling. In some cases, 
drastic reduction in water use has witnessed either losses in pro-
duction or a change of the manufacturing process. 
D a m a g e s to Fish, Wildlife and Recreation 

Because of lack of rainfall and resulting low stream flow reduc-
tions in fish populations can be expected. Massachusetts industrial 
conditions still produce polluted conditions in many streams which 
seriously affect good fish populations. Less favorable conditions 
for deer, rabbits and other species of wildlife follow from water 
shortages. Also, the reduction in natural food crops diminishes the 
available supply and lack of water damages the habitat suitable for 
many species. 

Water Law 

Two basic legal doctrines govern the use of water — the riparian 
doctrine and the doctrine of prior appropriation. Generally, the 
riparian doctrine is followed in areas where water is plentiful and 
the latter principle of prior appropriation where water is scarce. 
Massachusetts relies on the riparian doctrine in the adjudication 
of water disputes. 

Only California professes the correlative rights doctrine in which 
overlying land owners have coequal rights to pump and use 
the water on the land. This principle has relevancy to ground 
water only. 
Riparian Doctrine and Reasonable Use 

Under the riparian doctrine an owner of land is entitled to the 
reasonable use of a stream along the banks of his property, pro-
vided he does not interfere with the reasonable use by other 
riparians. The history of the extraction, pollution or other use 
of a stream or body of water provides the upper riparian owner 
with a decided advantage. The dimunition of either the quality 
or quantity of the water affected subjects the riparian owner to 



legal action either at law or in equity only if the means used were 
unreasonable. 

There are at least three limitations upon riparian ownership 
that prevents water uses that might otherwise be reasonable, 
namely, (1) riparian rights are restricted to the watershed of the 
stream in which they are asserted; (2) navigable streams may not 
be interfered with; and (3) upper riparians may invoke prescriptive 
rights against their downstream neighbors through adverse posses-
sion. 
Prior Appropriation and Western Water Law 

The prior appropriation doctrine which almost all the western 
states follow is based on the premise that the first to appropriate 
water for a beneficial use has the first right to the water. Each 
appropriator is entitled to all of the water he actually needs be-
fore others can obtain any. Generally, these rights are in time 
order and continue in effect only as long as they are actually ex-
ercised. In most western states water may be appropriated for use 
outside of the watershed in which it flows. Modern water law is 
synonymous with the doctrine of prior appropriation. 
Interstate Legal Decisions 

Since water supply sources are not necessarily confined to state 
boundaries complications occur when the competing parties are 
sovereign governmental entities. In a leading case involving con-
flicting claims of the states of Massachusetts and Connecticut, the 
United States Supreme Court enunciated two controlling principles, 
namely, (1) there is a greater burden on a state to show basis for 
injunctive relief than upon individuals, and (2) disputes between 
states will be resolved by an equitable apportionment of the water 
in relation to state, federal and international law, and not just by 
the common law of either or both of the involved states. 

Federal Legislation 
Early Legislation 

The federal government has long exercised control over navigable 
bodies of water with a view to the protection of the movement of 
commerce thereon. However, its involvement in water resources 
issues stems from the Public Health Service Act of 1912 which 



authorized investigations of water pollution in navigable streams 
and lakes. Farther federal activity developed with the passage of 
the Oil Pollution Act in 1924 which prohibited the discharge of oil 
into coastal waters that would be injurious to aquatic life, harbors, 
docks and recreational facilities. Efforts to enact more compre-
hensive legislation were unsuccessful until the passage of the Water 
Pollution Control Act of 1948. 

This 1948 statute effective for a five-year period empowered 
the Surgeon-General to undertake pollution abatement programs 
and authorized federal loans not to exceed one-third of project costs 
(or a maximum of $250,000) for the construction of treatment fa-
cilities. 

Congress extended this legislation in 1952 and four years later 
passed a more effective pollution control measure. This latter act 
(P.L. 660) authorized (a) an annual appropriation of $5,000,000 for 
research on water pollution, (b) $3,000,000 of grants-in-aid to the 
states and interstate agencies, and (c) a total of $50,000,000 an-
nually for the construction of federally approved sewage treat-
ment works subject to certain maxima. 

A 1961 amendment to the basic Water Pollution Control Act of 
1956 vested responsibility for this activity in the Secretary of 
Health, Education and Welfare. Furthermore, state grants were 
increased from three to five million dollars per year, and total 
grants for treatment facilities were gradually increased to $100 
million per year for fiscal years 1964 through 1967. And federal 
enforcement was increased to include actions taken upon the re-
quest of any Governor to promote pollution abatement enforce-
ment through government suits when remedial action was not 
forthcoming after six months. The same 1961 amendment also 
provided for federally constructed reservoirs for stream flow aug-
mentation. 
J 9 6 5 Legislation 

Financial and other aid for particular aspects of water conser-
vation were embodied in the separate 1965 Rural Water Facilities 
Act, the Housing and Urban Development statute and the River 
and Harbor Act. But equally important developments occurred 
with the passage in that year of the separate Water Quality Act 
and the Water Resources Planning Act. 



Water Quality Act of 1965. As an amendment to the Water Pollu-
tion Control Act of 1956, this new law created the Federal Water 
Pollution Control Administration under the Secretary of Health, 
Education and Welfare. With this legislation a four-year program 
was started beginning in the fiscal year 1966 with $20 million per 
year in grants for developing new and improved methods of con-
trolling waste discharges from storm sewers or combined storm and 
sanitary sewers. 

Federal aid for construction grants is limited to 50 per cent of 
project costs and may not exceed 5 per cent of total funds author-
ized in any one fiscal year. The dollar limit on construction grants 
is raised to $1.2 million for a single project, and from $2.4 million 
to $4.8 million for projects in which two or more communities par-
ticipate. The present authorization of annual appropriations is in-
creased from $100 million to $150 million for the two remaining 
fiscal years 1966 and 1967 for which appropriations are authorized. 
The excess in new funds appropriated above $100 million is to pro-
vide aid on a straight population basis instead of on the former 
combined population and per capita income basis. However, the 30 
per cent matching cost per project remains the same. An addi-
tional 10 per cent of the basic grant will be given to any com-
munity that conforms with a comprehensive metropolitan or re-
gional area development plan. 

Pending federal legislation proposes an increase to $500,000,000 
of annual appropriations. 

Water Resources Planning Act of 1965. Basically, this legislation 
authorized the President to establish: (1) a Water Resources Coun-
cil representing interested federal agencies; and (2) River Basin 
Commissions to coordinate federal, state, interstate, local and non-
governmental plans. It authorizes an appropriation of $5 million 
annually over a ten-year period for grants to assist state agencies 
in water resources planning on a dollar-for-dollar matching basis. 
Exclusive of grants, an additional $6,700,000 per year are per-
mitted for water resources operations. 

River Basin Commissions are to be established by the President 
at the request of one or more state Governors. These commis-
sions must conduct studies to develop comprehensive plans of 
water and related land resources development. It is quite possible 



that the New England Regional River Basin Commission may be s 
the first basin planning commission to be established under this j 
Act, inasmuch as the Governors of the six New England states 
voted to recommend establishment of a New England River Basin 
Commission in December 1965. 
Massachusetts Benefits 

Federal aid has provided a significant stimulus for the construc-
tion of pollution control facilities in the Commonwealth. Thus, 
$61 million of programs for the construction of waste treatment 
plants, interceptors, pumping stations and appurtenant works have 
been initiated by the cities and towns of the Commonwealth since 
federal aid was first provided in 1956. Approximately 55 waste 
treatment plants have been constructed or modified under this 
program with $18 million of federal funds. Also a Federal Water 
Pollution Control Laboratory will be constructed in Boston. 

I 
Interstate Compacts 

Many water resource problems, such as navigation, flood con-
trol, and water pollution can best be attacked on a coordinated 
river basin plan. Such cooperative effort has been underway in 
many parts of this country for many years through the means of 
interstate compacts. Among them, the Interstate Commission on 
the Delaware has developed comprehensive plans for the use of 
the Delaware River for water supply sources for the states of Dela-
ware, New Jersey, New York and Pennsylvania. Activated in 1945, 
the Interstate Commission on the Potomac River Basin has com-
pleted a stream classification program and has been instrumental in 
the passage of uniform pollution control legislation by the signatory 
states (Md., Pa., Va. and W. Va.). The Ohio River Valley Sanita-
tion Commission has resulted from the combined efforts of eight 
states to marshall their resources and police powers to control 
interstate water pollution (111., Ind., Ky., N.Y., Ohio, Pa., Va. 
and W. Va.). Since its inception the Commission has been a force 
in the development of treatment facilities which now serve 93 per 
cent of the 114 million sewered population in the district. 
New England Interstate Water Pollution Control Commission 

The New England Interstate Water Pollution Control Commis-



sion (NEIWPCC) was created by an interstate compact, ratified 
in 1947 by Connecticut, Massachusetts, Bhode Island and approved 
by an act of Congress. Over the next four years New York, Ver-
mont and New Hampshire became signatories, and in 1955 Maine 
completed Commission membership. 

The compact provided for the pledged cooperation by the seven 
signatory states "for the abatement of existing pollution and for 
the control of future pollution of interstate inland and tidal waters." 
The basis of the compact is a unified stream classification; the 
municipalities and towns are given sufficient time to improve treat-
ment plants to meet classification requirements. 

The progress made by the Commission may be measured by the 
installation of waste treatment facilities. In 1947 when NEIWPCC 
was established, only 39 percent of the sewered population received 
sewage treatment; by 1964, treatment plants were in operation for 
67 percent. Under construction or ready to be constructed are 
treatment works to serve 20 percent more, or a total of 87 percent 
of the sewered population. Engineering reports have been approved 
to accommodate an additional 11 percent of the population. During 
1964, 35 sewage work projects costing over $15 million were com-
pleted, including 12 new sewage treatment plants. Construction 
continued on projects which will cost about $38 million and con-
struction started on 51 projects involving an estimated total ex-
penditure of $29 million. 

Financial assistance to the seven signatory states through fed-
eral law (P.L. 660, allotments for federal construction grants for 
municipal sewage treatment projects) amounted to $11.8 million 
for fiscal year 1964. 

Water Uses 

Population Influence 

In addition to industrial expansion and the increasing use of 
labor-saving devices such as dish and clothes washers, car washers 
and lawn sprinklers, population has a profound impact on water 
use. In times past, the average per capita use was 20 gallons daily; 
currently the national average has reached 120 gallons per day 
and by the year 2000 a rate of 150 gallons is forecast. In Massa-
chusetts, the water use demand is increasing at an annual rate of 
about two gallons daily per capita. Moreover, this state's industries 



are using fresh water at a rate of about 200 gallons per day for each 
person in the state. 
Potable Water 

Potable or domestic water use comprises only five to ten percent 
of the entire water supply demand; it is critical, however, because 
the quality requirements are stringent. Average daily per 
capita consumption varies from 35 to 328 gallons throughout the 
nation. With the Northeast suffering from a diminishing supply -
and increasing demand this increasing need results in the use of 
water sources not previously touched. Utilization of such new 
water sources means increased treatment problems and costs. An 
example is New York City which now is forced to use polluted Hud-
son River water, but only after extensive and costly treatment. 
Recreation 

The single use reservoir is becoming a thing of the past. Today 
the trend is toward large multiple purpose reservoirs. The U. S. 
Army Corps of Engineers considers recreation to be equal in 
importance with other water uses. Also many New England towns 
are starting to join together to plan for water supply on a regional 
basis with future concomitant recreational benefits in mind. 
Industrial Water Supply 

In 1900 industry used approximately 35 percent of the total 
public water supply at a rate of about five billion gallons per day 
(5 bgd). In addition, industries obtain much of their water needs 
from other sources. By 1960, industry was using almost 50 per-
cent (160 bg) of the total daily water use of 323 (bg) in the United 
States. 

Industry depends on four primary sources of water: (a) surface 
water, (b) sea water, (c) ground water, and (d) reclaimed water. 
Surface and ground water provide the bulk of water to industry 
at the present time, but the use of sea water and reclaimed water 
has been increasing as the other sources became too costly. 

Industries vary greatly in their needs for water, both in quantity 
and quality. Most industrial uses, however, can be grouped into 
one or more of the following classifications: (1) cooling; (2) product 



processing (food and chemicals); (3) sanitary services; (4) fire 
protection; (5) transportation; and (6) power generation. 

The problem of water supply for industries does not stem from 
shortages in an aggregate sense. The problem is due to either 
overexpansion of industries in water deficient areas or the existence 
of water systems unable to cope with seasonal shortages. 

Water is the foremost raw material of industry. Agriculture, 
which requires less than industry, actually consumes more because 
93 percent of the water used for industry is recoverable, whereas 
about 60 percent of the water used for agriculture is lost through 
absorption and évapotranspiration. 

In most of the United States, excluding the Northeast, almost 
all industrial water is self-supplied with approximately 90 per cent 
being obtained from surface sources. While industrial use of ground 
water is common in this state, the great majority of Massachusetts 
industries derive their water from municipal systems. 

Conservationwise, industry has made notable strides in reducing 
the quantity of water which it uses. Substantial water savings 
have accrued from recycling and recirculation, thus providing for 
multiple use. While the above process has been the dominant 
method of conservation, the substitution of some other medium, as 
the changeover to cooling by air, has brought significant benefits. 
The use of once used water for certain other stages of the produc-
tion process where water quality requirements are of no importance 
is receiving greater attention from industry. More and more in-
dustrial enterprises, such as Bethlehem Steel and Texaco, are using 
treated municipal sewage for cooling and other purposes. Finally, 
some firms are either redesigning or adjusting their manufacturing 
process to lower their basic water demands. 

There are indications that Massachusetts manufacturers are 
resorting to many of the water conservation measures heretofore 
mentioned. In answer to a Legislative Research Bureau question-
naire, better than half of the respondents indicated that they apply 
recycling within their manufacturing process. High recycle ratios 
are prevalent among the reporting paper mills. 
Representative Problem A r e a s 

Water crises exist, but for different reasons, in (1) the area 



supplied by the Metropolitan District Commission (MDC), (2) the a 
City of Springfield and (3) the City of Lawrence. 

The total municipal water use in Massachusetts is about 500 
million gallons daily (mgd) and the MDC uses approximately 55 | 
percent or 275 mgd. Boston's metropolitan water system is con- y 
sidered one of the best in the nation and is practically drought a 

proof. Its watershed yield is 20 percent greater than its require-
ments and its reservoir system has a six-year capacity. 

During the peak of the 1965 summer drought, daily demands j j 
reached as high as 380 mgd which could not be satisfied because 
of the Waclmsett Aqueduct's limited distribution capacity of 290 
mgd. The communities supplied by the MDC were authorized by 
the State Department of Public Health to impose emergency water 
restrictions and thus daily usage was reduced to 250 mg. The com-
pletion of the Wachusett-Marlborough Tunnel now under construc-
tion is expected to remedy this distribution problem and thus avoid 
future recurrences. 

Springfield's problem is one of a severe water shortage directly 
attributable to the drought because the city's water system relies 
on impoundment reservoirs which are necessarily dependent on 
adequate rainfall and runoff. The city uses nearly 17 bg annually 
and currently has three bg in storage. 

To alleviate this crisis, Springfield has (a) arranged with the 
federal government to draw 17.5 mgd from the Littleville Dam 
conditioned on the city's construction of a $2,000,000 trans-
mission pipeline, (b) purchased 5 mgd from the MDC and (c) un-
dertaken well-drilling explorations. 

The City of Lawrence consumes 8 mgd which it obtains from 
the pollution-ridden Merrimack River. Hence, Lawrence's problem 
is one of water quality rather than water quantity. 

The Merrimack is identified as one of America's dirtiest rivers; 
the Massachusetts Department of Public Health estimates it con-
tains 70 percent of this state's water borne pollution. This con- > 
dition has existed for over 80 years, originating first with dis-
charges from the textile mills and with their demise being con-
tinued by municipal sewage and industrial discharge from the 
leather, paper and metal industries. Unless positive steps are taken, 
the Merrimack River may cease to be a water supply source be-



cause uncontrolled pollution may eventually eliminate the river's 
capacity for self-purification. 

A total capital expenditure of $21.5 million would be required for 
the construction of sewerage treatment works, if undertaken by 
Lawrence and the neighboring communities of Andover, Methuen 
and North Andover as a joint venture. However, the present lack 
of state financial assistance, coupled with the limitations on federal 
aid, appear to doom such an undertaking, at least at the present 
time. Hence, the eradication of pollution from the Merrimack 
would appear to rest on the enforcement of the directive of the 
Secretary of Health, Education and Welfare outlining a time sched-
ule for the implementation of a pollution abatement program. 
Future Sources of Supply 

To assist in meeting critical water supply shortages on an emer-
gency basis, the U.S. Army Corps of Engineers has been authorized 
to increase conservation storage in flood control or multi-purpose 
projects by infringement on flood control storage where feasible 
and considered prudent by the Division Engineer. The infringe-
ment on flood control capacity must be requested by the local 
community and is generally limited to one inch of runoff. Local 
communities must pay all costs of piping and distribution to make 
use of the water. 

About 8.5 bg of water for relief of drought-stricken communities 
can be impounded behind eight of ten flood control dams in Massa-
chusetts. 

Similar results can be achieved by local communities through 
the construction of off-stream reservoirs in which diverted flood 
waters may be stored for water supply purposes. At least seven 
Massachusetts localities have embarked on developments of this 
type (Andover, Burlington, Newburyport, and Beverly, Essex, 
Gloucester and Salem as a regional venture). Increased activity 
along this line may develop as the result of 1965 legislation pro-
tecting flood plains against projects that may affect water quality 
or increase siltation behind off-stream reservoirs. 

As a future water source, ground water is being studied by local 
officials. Many drought-stricken communities have allocated re-
serve funds for the exploration of suitable well sites. 



Waste Water Renovation 

To augument water supplies, waste water renovation merits 
much consideration. Latest data indicates that only 700 mgd of 
water is being reclaimed. With suitable treatment facilities 25 to 
50 pereent of waste water could be reused. 

The degree of renovation will depend on the particular reuse of 
the water. Thus, if irrigation water for non-edible crops, golf 
courses, etc. is desired disinfection only may be required. For in-
dustrial, recreational or municipal use, the removal of scaling com-
ponents, nutrient materials, objectionable and organic and inorganic 
impurities may be necessary. 

However, long established treatment methods are proving in-
adequate and more expensive but more effective new processes are 
being developed. Illustrative of these new techniques are adsorp-
tion, foam separation and electrodialysis, in some cases in series or 
parallel flow patterns with conventional treatment processes. 

Most of the waste water reclamation facilities have been con-
structed in southern California; the most recent project at Lake 
Tahoe has incorporated a newly revolving technology — tertiary 
treatment — within its operation. Under this system the resultant 
discharges may be of a superior quality to that of the receiving 
watercourses. 

Waste water renovation is being considered by the U.S. Senate 
as a relief measure for the Northeast drought. 

Desalinization 

Basically, there are only two ways for converting saline water 
into fresh water: (a) take the water out of the salt (distillation 
and freezing), or (b) take the salt out of the water (electrodialy-
sis and reverse osmosis). To date, distillation has emerged as the 
dominant process although freezing and reverse osmosis may offer 
future competition, particularly for salt water. Electrodialysis has 
been found especially attractive in the conversion of brackish water. 

Advocates of sea water conversion see this as a prominent solu-
tion to future water needs. They point out that many of the 
western states suffer annual water shortages and that in 1957 
approximately 1,000 communities in 47 states imposed restrictions 



on the use of water. One cubic mile of converted sea water would 
provide New York City with a three years' water supply. 

Recent statistics reveal that worldwide only 43.6 mgd of sea 
water is being demineralized, with only 5 mgd being produced in 
the United States. High production costs account for this limited 
use. 

The Division of Demonstration Plants within the Office of Saline 
Water has constructed five large sea water conversion plants. Much 
valuable information is being obtained from the operation of these 
first plants by the Department of the Interior. It may be possible to 
convert sea water at a rate of $1 to $1.25 per thousand gallons; in-
land brackish water may be desalted for 75 cents to $1 per thou-
sand gallons by electrodialysis plants. 

At the present time desalinization is not yet competitive with 
conventional water supply sources and hence desalting of sea water 
and brackish water is justified only for special applications and in 
special areas where industry must function and people must live 
despite a water shortage. However, in the light of OSW estimates 
that sea water can be converted at a cost of 75 cents per 1,000 gal-
lons and that with the use of nuclear energy production costs at the 
plant site may be reduced to 25 to 35 cents per 1,000 gallons, de-
salinization may have extensive future use. 
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WATER SHORTAGE 
AND 

INDUSTRIAL WATER USE AND REUSE 

CHAPTER I. INTRODUCTION 
Origin of Study 

By legislative directive, reprinted on the inside of the front 
cover of this report, the Legislative Research Council submits this 
study relative to the continuing water shortage in Massachusetts, 
the use of water by industry, and the possibility of purifying and 
reusing industrial waste water. 

This directive arose from an unnumbered House Order, filed 
on July 6, 1965 by Representative James F. Condon of Boston, which 
subsequently was included in the omnibus study order, House, No. 
4117. The omnibus order was adopted by the House of Representa-
tives on July 13, 1965, and by the Senate, in concurrence, on July 
15, 1965. 

The past four years of sustained drought in the Northeastern 
United States have been unparalleled in severity in the history of 
Massachusetts extending over almost 150 years for which records 
are available. This water shortage has brought about unusual prob-
lems and has focused attention on the urgent need for planning wa-
ter resources. Simultaneously, the 89th Congress has recognized 
the critical water shortage and concomitant problems, and has 
enacted important federal legislation at a rapid rate. Thus, various 
federal assistance programs to state and local units have been pro-
vided. 

Limited time and the lack of data have restricted the scope of 
this study to a generalized survey of the current situation. Many 
other long-range problems could be given only cursory attention, 
including ground water supply, multi-purpose planning of water 
resources, waste water reclamation and tertiary treatment of waste 
effluents, saline water conversion, and other methods to provide 



plentiful water for domestic, industrial, irrigation, and other types 
of uses, such as hydroelectric power, navigation, waste disposal and 
low-flow augmentation, recreation, and fish and wildlife conserva-
tion. 

The earth and its atmosphere hold an inconceivably immense 
store of water in an equilibrium that cannot be changed. Practically 
all of the water wealth of the world is in its oceans, but this water 
is so polluted by salt that it is useless for most of man's needs. 

Rainfall varies greatly in amount over the continental United 
States, from the lush abundance of rainfall in the Pacific Northwest 
to the scarcity of the parched Southwest. Furthermore, even in a 
single region precipitation varies widely from season to season and 
from year to year. 

The Northeastern part of the United States and the New Eng-
land region have generally been blessed with a plentiful supply of 
good water until the current drought. Underlying the world's grow-
ing water problem, of course, lies population growth. Moreover, the 
rising living standard of that population has a multiplying effect. 

Variability of Rainfall. Rainfall is manifestly the source of all 
water supply, whether caught as it flows off the land, or is allowed 
instead to percolate into the ground to furnish ground water for 
wells and springs. Local precipitation varies greatly from year to 
year; moreover, averages thereof taken over short periods of years 
are likely to be considerably above or below the mean based on 
longer periods. On the latter score, rainfall records of the past 83 
years period at New Bedford, Massachusetts show that averages 
for 10-year periods were as high as 16 percent above the mean, and 
as much as 11 percent below. Even for 25-year averages, its extreme 
variations were 10 percent removed from the average. 

For southeastern New England as a whole, rainfall has shown 
a gradual increase during the 19th century. Rainfall averages moved 
from 8 inches below the mean in 1837, gradually up to 7y 2 inches 
above the mean in 1890. This is a record of rather striking increase 
over a long period of time, yet other records show it to be rather lo-
cal in extent. 

Boston's mean yearly rainfall has been 43.3 inches during 115 
years of record, according to data published in 1932. Of this average 
rainfall during each twelve months, 49 percent occurs during the 



summer and fall months. The driest year of that period witnessed 
a rainfall of only 28.2 inches, or 65 percent of the mean. Dry and 
wet years often cluster together; hence the record for the two suc-
cessive driest years fell to 74 percent of the mean, and for the three 
successive driest years to 76 percent thereof. Fairly extreme cases 
of heavy annual rainfall in Massachusetts have also been recorded. 
For example, the frequency of various hourly amounts of rainfall 
has varied as follows in Massachusetts: 

TABLE 1 
Frequency of Various Hourly Amounts of Rainfall in Massachusetts 

One-hour Rainfall Frequency in Given 
in Inches No. of Years 

1.25 2 

1.70 5 

2.00 1 0 

2.55 2 5 

2.75 5 0 

3.25 1 0 0 

Source: U.S. Depar tment of Agriculture 

Present Drought Conditions. After four years of drought, the 
rainfall deficiency experienced by Massachusetts during 1965 was 
over 16 inches, making it the driest year on record in Massachu-
setts history. Similarly, Boston has had an average annual rainfall 
of 42.77 inches over the past 148 years of record. During the last 
five years the following deviations from this annual average have 
been observed: +0.51 inches (1961), +0.46 inches (1962), -7 .93 
inches (1963), - 6 . 3 0 inches (1964) and - 1 9 . 6 inches (1965). 
Again, these figures indicate that a critical rainfall deficiency 
occurred during the year 1965, the fourth year of the drought. 

Sizeable economic losses to city dwellers, farmers and industry 
alike are caused by the continuing drought. Boston's metropolitan 
water is provided by one of the best water supply systems in the | 
country and is practically drought proof. Its watershed yield is 20 
percent greater than the amount of water used currently, and its 
reservoir system has a six year capacity. 

Other large urban water systems are less fortunate. In New York 
City, the current difficulty, spelled out more fully below, is due to 



the small margin of only ten percent between safe yield and average 
use. Cities in Northern New Jersey were in danger even before 
the drought; virtually no excess or reserve supply is available since 
the average use of water is about equal to the safe yield. Meager 
stream flow at Bethlehem, Pennsylvania, as in other cities, has re-
quired local expenditure of funds for the drilling of supplemental 
wells to augment water supplies by ground water. In some cases, 
reduced stream flow has brought salt water intrusion considerable 
distances upstream, as far as Philadelphia. High salinity is also 
causing problems for industrial water use in Delaware. 

Pollution problems have been intensified by low stream flows and 
are manifested in three ways: (1) salt water movements from es-
tuaries for prolonged distances, (2) low dissolved oxygen in estu-
aries and streams, and (3) increased fertilization in lakes and res-
ervoirs. Even if cities and industries only continue to produce harm-
ful substances at their usual rates, the drought stage of streams, 
lakes and estuaries causes concentrations which are damaging to 
fish and wildlife and to man's enjoyment of stream resources. Low-
ered water stages are subject to overheating and oxygen depletion 
as well as increased pollution. 

These conditions explain the reports of fish destruction in Maine, 
New Hampshire and Massachusetts. In addition, both natural fish 
propagation and the output of fish hatcheries have suffered. Fish-
ing and other recreational uses of streams have decreased markedly. 

Low oxygen is also creating or aggravating problems of taste and 
odor in municipal and industrial water supplies. Lowered lake and 
reservoir levels concentrate nitrogen and phosphorous compounds, 
with the result that these nutrients support excessive growths of 
algae, weeds and other aquatic plants. These growths cause prob-
lems of taste and odor in water supplies and interfere with recre-
ational uses. 

All problems of water quality have intensified because of the de-
veloping shortage of water supplies. Many municipalities in the 
drought area have applied emergency restrictions on uses of water, 
such as limiting the watering of lawns and gardens, and the wash-
ing of automobiles. 

On the farms, dry soil plagues farmers across Pennsylvania, New 
Jersey, southeastern New York, and southern New England. Early 



season crops in 1965 were damaged, and late crops were not saved 
by good summer rains. Hay and other roughage production fell con-
siderably below average. Unfortunately, this condition was com-
pounded by the need for supplemental feeding of green crop, silage 
and hay to cattle in many northeastern areas. These crop and pas-
ture problems reflect not only the current drought but also the cum-
ulative effect of several years of below normal rainfall. Cranberry 
production in southeastern Massachusetts was below par m 1965. 

The drought has also brought an increased fire hazard in the 
Northeast, with its many areas of valuable woodlands. Serious for-
est fires ravaged New England during late summer and fall. One 
such conflagration in Maine burned over 13,000 acres of private 
forest land and threatened several local communities last August. 
The drought is affecting wildlife by reducing food supplies, seed 
crops and protective cover. 

At the same time, the rate of water use per capita continues to 
increase as our standard of living advances and the population con-
tinues to increase. 

Federal authorities report that rainfall and the drought have been 
associated with abnormal wind patterns. Prevailing winds have been 
from the Northwest which bring dry and sinking air masses which 
have weakened the storm systems normally coming from the West. 
These northeasterly patterns have suppressed the ascending air mo-
tions so vital for rain production, and have pushed the rain-produc-
ing storms fur ther downwind off the Atlantic Coast. Unfortunately, 
this climatological anomaly, productive of drought conditions, has 
centered over the most densely populated region of the nation. 

Available hydrologic data indicates a tendency for a succession of 
dry years to "bunch" together and there is evidence that a sequence 
of dry years is not random. The severity of the drought may be mea-
sured by various hydrologic factors, including (a) deficiencies in 
rainfall and runoff; (b) decline in soil moisture; (c) reduction in 
ground water levels; and (d) reduction in surface and ground wa-
ter storage. 

New York City experienced an acute water shortage last summer 
with reservoir levels at record lows. The last water shortage in this 
largest city of the nation followed World War II when increased wa-
ter consumption during a period of low rainfall caused a serious 



water shortage to develop after June 1949. At that time the city 
obtained an additional 100 million gallons per day (mgd) from the 
Hudson River near Chelsea, New York to help meet the emergency 
until development of the supply (345 mgd) from the Delaware Riv-
er tributaries materialized. 

Dwindling Water Reserves in Massachusetts. The levels of Massa-
chusetts reservoirs have been gradually dwindling throughout the 
past four years and critical water shortages developed in many 
sections in 1965. The impact on a considerable number of its com-
munities has been serious, with many water supply systems and res-
ervoirs nearing depletion. As a result, restrictions on water use or 
other emergency measures have had to be instituted for the follow-
ing communities: (1) Rockport; (2) Gloucester; (3) Braintree; (4) 
Wareham; (5) Weymouth; (6) Manchester; (7) Essex; (8) Boston 
and 30 surrounding cities and towns served by the MDC 
(because of the limited capacity of the Wachusetts aqueduct); 
(9) Brockton and the neighboring communities of East Bridge-
water, Hanson, Halifax, Pembroke and Whitman; (10) Franklin; 
(11) Gardner; and (12) Templeton. 

In a few instances, temporary pipelines furnished by the State 
Civil Defense Agency have had to be installed to tap nearby lakes 
or streams to overcome critical conditions as in Rockport, Gloucest-
er, Braintree and Weymouth. 

While ground water contributes only about six percent of the 
state's water needs, its levels have not escaped the drought. This 
depletion is an insidious problem and will be overcome gradually 
once the drought has passed. 

Water conservation measures help to overcome serious water 
shortages. Such measures include restrictions on the use of water 
for purposes such as street cleaning, recreational purposes, lawn 
watering, and air conditioning. They bring a temporary reduction 
in water consumption but cannot be counted upon indefinitely. The 
installation of water meters and application of a water charge may 
be expected to reduce total local water use by as much as 20 percent. 

Finally, limited water resources can be made to go further by 
purification and reuse of industrial process water, to be discussed 
later in this report. As the quantity and percentage of water used 
by industry in the United States increases, waste reduction and 



greater water reuse obviously become more important and 
necessary. 

CHAPTER n . GENERAL BACKGROUND 
Rainfall Deficiency in the Northeast and Massachusetts 

The continuation of the widespread drought has caused increased 
concern in many northeast areas. In some cities, October 1964 was -j 
not only the driest October on record, but was also the driest of any 
month in near century-old records in some cases. In many other 
cities from coast to coast, this month was the second to the fifth 
driest on record. 

Prior to this month of minimum rainfall, the drought was already 
of long standing. In the Northeast, record rainfall deficits from 
January to October 1964 intensified the drought which began about 
the fall of 1961 to an extreme not observed since early in this cen-
tury. Beyond the New England area, Washington, D.C. reported a 
deficit, and serious water deficits were reported in large areas of 
Illinois, Indiana and Ohio and in parts of Alabama, Arkansas, 
Georgia, Louisiana and Texas. 
Intensity of Northeast Drought 

Inadequate rainfall in the Northeast in the last four years created 
a major water crisis. Many rivers, whose water supply dropped 
steadily, were at their lowest levels for the year in July 1965. Emerg-
ency measures were taken to conserve water and to seek new 
sources. To measure such conditions the Palmer Index reveals 
the intensity of drought. It is based on departures from normal 
rainfall and temperature records for the time and place being 
analyzed. Unusually warm or dry weather produce negative index 
values. Severe or extreme drought is produced only if the abnor-
mally dry weather lasts for many months. i 

This Index (Figure 1) shows that as of August 22, 1965 the 
drought was most severe in northeastern Pennsylvania and south-
eastern New York. In the Hudson River Valley the Index has been 
in the extreme category since July 1964. Reservoirs supplying New 
York City at the end of July 1964 were depleted to 45 percent of 
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capacity, compared to a normal 80 percent for that time of year. 
The Palmer Index demonstrates that in both severity and dura-

tion the current drought in the northeastern United States is ex-
tremely rare. Available evidence indicates that its probability of oc-
currence in this region is only about once every couple of centuries. 

The drought in the Northeast has now lasted for 54 months. Dur-
ing that time precipitation has averaged an inch per month below 
normal in a narrow belt from northern Delaware through northern 
New Jersey, southeastern New York, western Connecticut and 
southwestern Massachusetts. The most marked change in the 
drought picture during the past year has been its southward ex-
tension. Extreme drought now covers all of Maryland, Delaware 
and the northern half of Virginia as well as New Jersey, eastern 
Pennsylvania, southeastern New York, and southern New England. 



Previous Droughts and Emergency Actions. Previous periods of 
drought that have seriously affected water supplies in New England 
during the past 35 years are listed below: 
1929-30 For 19 months, 24 Massachusetts communities used emerg-

ency supplies to counteract many depleted public and pri-
vate sources. It became necessary to transport water of 
uncertain quality. Therefore, several new public supplies 
were developed in Massachusetts. 

1935 Spring and fall drought similar to the above occurred, but 
was less severe. 

1939-1+1 Need for emergency water supplies motivated develop-
ment of more permanent sources. Shortage was intensified 
by increased industrial development. During World War II 
few new sources were developed. After the war, problems 
of housing, schools, and industrial needs slowed construc-
tion of new sources 

1949 Intense drought of short duration but water consumption 
had increased. Emergency legislation was enacted by the 
Massachusetts General Court which authorized a water 
supply agency, upon determination by the Department of 
Public Health that an emergency exists, to shut off the 
water to any consumer not cooperating in conserving 
water. 

1957 At least 53 water supply agencies in Massachusetts under-
took projects to increase their sources of supply. A total 
of 63 communities had to curtail their use of water. 

1963-64 The wet years following 1957 slowed the rate of water 
supply development and many communities are now un-
prepared for the present extended drought. 

Water supply needs in New England have increased due to subur-
ban growth and population advances. Additional sources of generous 
amounts of water, of sanitary protection and of good quality are 
becoming more difficult to find. 

In providing emergency sources of supply, consideration must also 
be given to the control of water rights, the normal use of the source 
and the quality of the water. Emergency supplies may require treat-
ment including chlorination (which may bring taste and odor com-
plaints) , and may loosen pipe deposits thereby causing turbid, dis-



colored water. Recreational uses of the source may be curtailed. 
Lawsuits from downstream riparian owners may result from the 
diversion of waters or from the drying up of private wells when 
large quantities of water are drawn for emergency use. 

In Massachusetts, emergency sources of water supply for a city, 
town, district or water company may be used only (a) with the ap-
proval of the Department of Public Health, (b) for a period not ex-
ceeding six months, and (c) in amounts needed to relieve the emerg-
ency. The law provides for acquisition of land and water rights by 
eminent domain, but only after a vote by the city council or 
the voters of a town (G.L. c. 40, s. 40). 

Long range planning and the selection of the most feasible and 
appropriate sources with due regard to related factors such as dam-
ages, economics, need for treatment, hydraulics and pump selection 
require the knowledge and skills of competent engineers. Similarly, 
the development of surface water sources requires yield studies of 
watersheds, investigations of storage-yield relationships, the use and 
interpretation of stream flow and rainfall records, and a records 
program to show changes in reservoir levels, consumption draft, 
and reservoir waste or leakage. The use of ground water requires 
daily records of pumpage, drawdown and recovery, and weekly rec-
ords showing the changes in elevation of observation wells. 
The Hydrologic Cycle 

The movement of water from the ocean into the air, onto the 
land, and back to the sea is the hydrologic water cycle, which is dia-
grammatically presented in accompanying Figure 2. This cycle de-
termines the ways in which water is used by living creatures and 
human societies. 

The larger part of the water falling on the land surface passes 
back to the air, either directly by evaporation or through the bodies 
of animals and plants in respiration and in transpiration. This trans-
formation accounts for 71 percent of the five billion acre-feet of an-
nual national rainfall. The remaining 29 percent runs off and either 
sinks into the ground or flows into rivers that carry it back to the 
sea.1 Of the water that infiltrates into the ground, some may be ev-
i During an average year the runoff in Massachusetts is approximately 50 per 

cent of rainfall, or about 21 inches. 





aporated, or be absorbed by plant roots and then transpired, and 
some may percolate downward to ground water reservoirs. Wa-
ter from these underground reservoirs may eventually come close 
enough to the surface to be subject to evaporation or transpiration, 
or may reach the land surface and form springs, seeps, or lakes, 
and some of it may flow directly into streams or into the oceans. 

Of the water that remains on the surface, a portion may accumu-
late in lakes and surface reservoirs, or be lost through evapora-
tion or transpiration of riparian vegetation, some may seep down-
ward into ground water reservoirs, and some more may continue 
on to a saline lake or to the ocean. A very small fraction is taken 
up in the bodies of plants and animals. Plants use some of the 
hydrogen it contains in forming tissues. The hydrogen is later re-
combined with oxygen through animal and plant respiration; the 
water thus produced returning to the air. The hydrologic cycle is 
completed by evaporation from the earth's saline water bodies and 
circulation of water vapor in the atmosphere. 

Water resource problems would hardly exist if the hydrologic 
cycle were more uniform in space and time. Evaporation from the 
oceans each year, carried to the continents and uniformly distrib-
uted, would be sufficient to cover all the land with 100 inches of 
rainfall. Even in humid regions, the hydrologic cycle slows down 
and speeds up from time to time, so that periods of damaging 
drought alternate with dangerous floods. 

Man's development and use of water tend to modify the pattern 
of the hydrologic cycle. For example, the use of surface water for 
irrigation may result in downward seepage from reservoirs, from 
canals and ditches, and from irrigated fields, all of which contribute 
to ground water. Similarly, the disposal of domestic and industrial 
wastes may provide replenishment to ground water. All waters util-
ized in nonconsumptive uses may deteriorate in quality, and thus 
contribute to ground water problems. In addition, pumping from 
wells may reduce the flow of water in springs or seeps, or it may 
increase the downward percolation of water from the land surface 
or from streams, or it may reduce the rate of natural ground water 
discharge by evaporation and transpiration, or it may induce inflow 
of inferior water to the ground water reservoir, and finally it may 
have all these effects. 



There are opportunities for temporary accumulation and storage 
of water in each phase of the hydrologie cycle, such as precipitation 
in the form of snow, soil moisture, ponds, lakes, surface and ground 
water reservoirs. 

Ground water also contributes to the availability of water in other 
phases of the hydrologie cycle, by discharge into streams and lakes, 
by springs and seeps (many of which also contribute to surface wa-
ter) by return to the atmosphere wherever it is within reach 
of plant roots or by direct evaporative processes. 

One may think of the hydrologie cycle as beginning with evapo-
ration, largely from the oceans, into the atmosphere by means of 
the sun's energy. The condensed vapor falls eventually to the earth 
as precipitation, either on land or in the oceans. 
Supply in the United States 

The natural, continuously renewed source of fresh water potenti-
ally beneficial to man is the precipitation occurring over land sur-
faces. There are two principal sources of moisture for the United 
States. The first is the Pacific Ocean from which the air masses 
move inland; the second is the Gulf of Mexico. Although the aver-
age annual precipitation for the continental United States is 30 
inches (enough to cover the whole country to a depth of two and 
one-half feet), there are wide inequalities in distribution. Not all of 
the precipitation is available for man's use; évapotranspiration takes 
21 inches. The remaining nine inches constitute the controllable 
supply. Three of the nine inches are now used by man. After use, 
two of the three inches reach the rivers and flow into the ocean; 
one inch returns to the atmosphere by evaporation. 

On the whole, the East receives two-thirds of the nation's rainfall, 
and the West the remaining third. Within any given area, there 
are seasonal fluctuations in precipitation. Although there is little 
evidence of any significant change in average annual precipitation 
(at least over large areas) during modern times, there are non-
cyclic secular changes. The distribution of precipitation over land 
areas is influenced by geographic features, such as latitude and top-
ography; however, this distribution is generally independent of 
what man does with his land and water resources by way of cultiva-
tion patterns, creation of artificial lakes, and similar manipulations. 



Hydrologie Disposition of Precipitation 
Of this total national precipitation, 70 to 75 percent is returned 

to the atmosphere by évapotranspiration from plants and vegeta-
tion, and by direct evaporation from moist soils, lakes and streams. 
This water is not available for man's volitional use. However, slight-
ly half of it is beneficial as it sustains the growth of forests, grass-
lands and non-irrigated farmlands. The portion of precipitation that 
seeps into underground aquifers is particularly important, because 

| the gradual overflow from full aquifers accounts for most of the 
regular streamflow (as distinct from that resulting from surface 
runoff). Theoretically then, streamflow is a measure of the maxi-
mum amount of water that man could withdraw continuously with-
out producing net depletion. By virtue of the hydrologie interde-
pendency of ground waters and streamflow, this flow can be tapped 
either by direct diversion of stream water or by pumping from 
aquifers (which reduces their overflow into streams). In some areas 
of the United States, withdrawal from aquifers is far greater than 
recharge, thereby causing a serious deficit in those regions. 

In summary, the fresh-water cycle may be described as a closed 
flow circuit containing two branches. The combined annual flow 
through both branches equals annual precipitation. Seventy-percent 
of the flow goes through the first branch : precipitation land surface 
atmosphere. Although, to date, man has little control over this 
process, nevertheless about half of the water involved produces 
beneficial results. 

The remaining 30 percent that goes through the second branch 
as stream flow is the concentrated supply that man can potentially 
control, manipulate and use. This is the portion upon which water 
resources planning and development have been focused. Actually, 
only one-fourth of this streamflow is diverted, and two-thirds of 
that is fed back into the stream, whence it goes to ocean storage 
before returning once more to the atmosphere. The remaining one-

| third of that diverted from the branch, or about 2.5 percent of an-
nual precipitation, is consumed and returns to the atmosphere 
directly. 

Water Use in the United States 
Water in rivers, lakes, and estuaries serves purposes such as rec-



reation, transportation, fish and wildlife conservation, and waste 
dilution. Marshes and other wet lands provide a haven for game 
birds. Moreover, 40 percent of the water falling on the United States 
is returned directly to the air by evaporation and transpiration 
from crop and grazing lands, and from forests. I t is thus "consump-
tively" used in the sense that it sustains most of our national pro-
duction of food, fiber, wood and paper. 

With our increasing population (doubling every 40 to 50 years) 
and corresponding increase in demand for water, one might suppose 
that in the not-distant future the need for fresh water would exceed 
the total annual supply. However, the present efficiency of use of 
evaporated and transpired water is low. Per unit volume, it con-
tributes far less to crop growth and other human uses than the frac-
tion that runs off or sinks into the ground, because to a consider-
able extent this fraction can be controlled by man and distributed in 
accordance with his need. 

Hence, man's development of water resources will tend towards 
control ôf évapotranspiration processes and to increase the pro-
portion that descends to the water table or is gathered into con-
trollable streams. In addition, man must recognize the changes he 
effects in the hydrologie cycle through enterprises not related to 
use of water, for example, the artificial drainage of swamps and 
lakes, the waterproofing of land surfaces by buildings and pave-
ment's, major changes in vegetative cover, and cultivation of agri-
cultural lands. 

For the nation to make full use of its water resources to meet 
the progressively increasing requirements for water, it must de-
velop and maintain a continuing inventory which shows the quanti-
ties of water passing through each phase of the hydrologie cycle 
(precipitation, infiltration, runoff, évapotranspiration, and ground 
water) , and permit a periodic accounting of the water storage in 
the soil, in surface reservoirs, and in ground water reservoirs. In-
c r e a s e d ' k n o w l e d g e of the interaction between man's efforts to sat-
isfy his demands and the hydrologie cycle will enable him to solve 
the water supply and water pollution control problems. 

The Northeast basin is drained by many rivers. The basin includes 
all of Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island and Connecticut and most of New York. 



Climatological Data of the Northeast and Massachusetts 
Oceanic and continental climates prevail in which average annual 

precipitation varies from 40-48 inches along the coast to approxi-
mately 30-38 inches in the interior. Corresponding summer tem-
peratures are 65°-68°F and 60°-65°F, respectively. Winter tem-
peratures average from 24°-28°F along the coast and 14°-20° F in-
land. 

The climate of Massachusetts is characterized by wide variations 
i in temperature and precipitation on both daily and annual bases. 

Great differences occur between the same seasons in different years, 
along with considerable diversity between areas. A "normal" month, 
season, or year is the exception rather than the rule. 

Massachusetts weather is noted for variety, and alternates approx-
imately twice weekly from fair to stormy conditions. No persistent 
or regular sequence of cycle in weather patterns is discernible to 
date. 

The average annual temperature ranges from 46°F in the western 
section to 49°F in the central and to around 50°F in the coastal 
area. The highest temperature on record is 106°F and the lowest 
is -34°F. Averages vary considerably with physical and environ-
mental aspects within divisions. 

Precipitation in Massachusetts is fortunately rather evenly distri-
buted throughout the year. Extreme variations do occur in monthly 
totals (ranging from no measurable precipitation to more than 20 
inches) but they are rare and monthly totals fall in the range of 50 
to 200 percent of normal. The total precipitation averages between 
38 to 48 inches per year. Measurable amounts of precipitation fall 
on an average of one day in three. Frequency is much higher in the 
upland districts. 

Amounts of snowfall increase rapidly from the coast westward. 
I About 20 to 30 inches fall on Cape Cod, but up to 55 to 75 inches are 

recorded in the western part of Massachusetts. Topography has a 
marked influence on snowfall, causing a wide variation in a relative-
ly short distance. Variations in seasonal accumulations have been 
from less than four inches on Cape Cod to over 100 inches in west-
ern Massachusetts. 



Hydrology of Massachusetts 
Rainfall Deviations. The severe deficiency in rainfall which began 

in western Massachusetts about four years ago and which has been 
prevalent along the Commonwealth's coastal area for about two and 
one-half years has resulted in precipitation deflections which add up 
to more than 41 inches from normal. 

While the present drought actually began in 1961 its continuance 
in 1965 was most serious. It affected much of the northeastern sec-
tion of the United States and was felt particularly in central and 
southern New England. In some cases it became the most severe 
on record, judging only from total rainfall received during the pro-
longed period. Substantial rains in 1964 did not come until Novem-
ber. The most severe drought period was the 216 days from April 
23 through November 24. The total rainfall during this period set 
a new record minimum value, generally being less than 50 percent 
of normal, according to Robert E. Lautzenheiser, the State Clima-
tologist of the Boston Office of the U.S. Weather Bureau. New rec-
ords were established as Springfield experienced the driest period 
in 117 years and Fitchburg the driest period in 100 years, (40 and 
35 percent of normal, respectively). 

The percentage of drought severity in Massachusetts from May 1 
through August 13, 1965 increased as one moved from west to east, 
according to Mr. Lautzenheiser. Nantucket proved to be the driest 
of any weather station in the state with only 40 percent of normal 
precipitation. Boston, during this period, had 4.69 inches of rain, 
or only 42 percent of normal. 

Although precipitation deflections from normal have reached fan-
tastic stages in Massachusetts, this does not mean that the state 
needs 41 inches of precipitation to make up the deficiency. The 
reason for this is that when the soil dries out, as it has in the cur-
rent drought, less water is lost through evaporation. Hence, five to 
ten inches of rain in excess of normal over several months would 
return the state's water resources to relatively good shape and our 
reservoirs, rivers, streams, ponds and wells would rise considerably. 
It would, however, take a period of time for all of this precipitation 
to soak into the ground. 

There are still vast amounts of untapped water beneath Massachu-



setts soil but as Mr. Lautzenhéiser points out the unanswered ques-
tion is how long it will last if tapped, and how soon replenishment 
must be started of the water that has been accumulating under-
ground for thousands of years. He continues: 

"Though many areas experienced new record rainfal l lows during this 
drought, the impact upon the economy was softened by the quite per-
sistent below normal temperatures. These lower temperatures reduced 
the evaporative demand for water by vegetation and also lowered the 
demands made upon municipal water supplies. In terms of overall effect, 
then, this drought might be quite comparable to 1957 which affected much 
of the same area. . . . 

"In some sections particularly, the current drought has been preceded 
by a long-term trend of precipitation deficiency. The areas hardest hit 
in 1964 had deficits for the year 1963 generally of f rom 5 to 15 inches. 
Many stations in the same area had similar deficits in both 1962 and 
1961. In addition, many wells not ever known to go dry before failed in 
1964 and more failed in 1965. New lows for the period of record occurred 
in 13 test wells in Massachusetts, two in New Hampshire and one in 
Rhode Island. Hauling of wate r to livestock on fa rms where wells had 
failed has been a ma jo r concern to affected agriculturists. 

"In the western Massachusetts climatic division November 1964 was 
the 10th consecutive month with a precipitation deficit, the 23rd dry 
month out of the preceding 25, and the 28th dry month of the preceding 
33. For the entire 33 month period, total precipitation was only 73 per-
cent of normal with an accumulated deficiency fo r that period of 33.61 
inches. November 1964 was the ninth consecutive dry month in the 
central Massachusetts Division. . . ."l 

Droughts are defined as periods of little or no precipitation and 
may occur at any time in a sequence of either wet or dry years. 
When they occur in a wet sequence the following year will usually 
make up for the lost water. But when they occur in a dry sequence, 
serious water shortage problems usually arise. There is no way in 
which to anticipate droughts. In Massachusetts most drought periods 
occur in September and October, but there are records of dry periods 
at any time of the year. 

Adequacy of Massachusetts Water. Despite the current water 
problem in Massachusetts, the Commonwealth has an abundance of 
water resources, in the opinion of all experts on the subject, includ-
ing Director Malcolm E. Graf of the Massachusetts Water Resources 
Commission; Richard G. Petersen, District Geologist, Ground Water 
i Massachusetts Audubon, Water in Massachusetts, Vol. 49, pp. 186-194. 



Branch, U.S. Geological Survey, and George R. Higgins of the Civil 
Engineering Department at the University of Massachusetts. At the 
same time there is a serious deficiency in the amount of water ot 
desired quality and in the development of adequate water distribu-
tion facilities. 

Massachusetts receives about 43 inches of water in the form of 
rain or snow in an average year which gives the state an average 
of 15 billion gallons each day, or about 3,000 gallons per day for 
each person in Massachusetts. In addition, billions of gallons of wa-
ter flow into the state every day from New Hampshire and Vermont, 
principally in the Connecticut and Merrimack Rivers. Why then 
with all this water, do we have water problems? 

The source of all water is precipitation. It falls to the earth, re-
turns to the air, and falls to the earth again in going through the 
hydrologic cycle. Much of this water is captured in the ground, 
some of it, particularly near the coast, continues to flow through 
the ground until it reaches the ocean. Ground water forms springs 
which feed lakes and ponds, or adds to the flow of streams and 
rivers. This is the water that keeps streams flowing even after long 
periods of no rainfall. In Massachusetts approximately one-half of 
the flow of water in streams and rivers during each year comes 
from ground water. 

During this flow on or through the ground the heat of the sun 
evaporates large quantities of water back into the air. Transpira-
tion, whereby trees and other plants take up water through their 
roots, is another way in which water returns to the atmosphere. 
During the heat of the day much of this is transpired through tiny 
leaf holes. A single large oak tree can give off as much as 40,000 
gallons of water into the air every summer. 

Because of this hydrologic cycle water exists now in about the 
same quantity that it did when the universe was created; water is 
not destroyed by time use. 

Thus, while the quantity of water has remained almost constant, 
its quality has deteriorated and its cost has risen. 

Water Resource Problems. One noted authority states that the 
water resource problem is now being recognized nationally and that 



research centers are being established in each of the states. 1 He 
warns that— 

An increasing awareness of the water resource problem even in a 
region blessed with a supposedly ample supply has made many New 
Englanders seek a critical re-evaluation of the wate r resource potential. 
Use — and misuse — of land and water resources are subjects of real 
concern. 

Reviewing the Massachusetts water problem, this expert states 
that the general water problem facing Massachusetts is to obtain 
the information needed and to undertake appropriate water supply 
developments to meet the demands for population growth, increased 
per capita use, and shifts in the location of both population and 
industry. Pollution control, adequate ground and surface water sup-
plies, flood control, recreation, fish and wildlife management, navi-
gation, low flow augmentation, hydroelectric power, land manage-
ment, siltation control and flood plain zoning are of vital importance 
for present and future generations. 

Massachusetts, at the present time, has an adequate annual supply 
for the state as a whole. However, serious local quality and supply 
problems exist. Large variations in seasonal and daily streamflow, 
coupled with increasing water use, present an increasing problem 
for those concerned with the resources of the Commonwealth. 

Massachusetts ranks ninth in population among the states (1960 
Census) and 44th in size. Its water use is substantial, namely, 1,200 
mgd (million gallons per day) of fresh water, and 1,700 mgd of 
saline water which is used mostly for cooling. Approximately 1,000 
mgd of the fresh water use is from surface water supplies and only 
about 154 mgd is derived from ground water sources. Irrigation use 
is small, to date involving approximately seven mgd. Rural use in-
volved about eight mgd in 1960 and hydropower generation, a non-
withdrawal use, about 25 billion gallons per day. 

Management of Water Resources. Of major value to Massachu-
setts would be a total evaluation of existing ground and surface 
water supplies for intelligent planning of future municipal and in-
dustrial growth. Special emphasis should be devoted to multipurpose 
developments and to the engineering, legal, and economic aspects of 
1 George R. Higgins, Hydrology Studies in Massachusetts, Massachusetts Wate r 

Resources Commission, December 1964. 



water resource conservation. Following are some of the problems 
under each category: 

(a) Water Pollution: The chemical quality of water in Massachu-
setts in its natural condition is excellent. Most of the river waters 
contain less than 100 parts per million of dissolved mineral matter 
and are classed as "soft" waters. However, some of the ground 
water in deeper aquifers has high mineral content. Iron may occur 
in undesirable concentrations, but it is generally the only chemical 
that requires treatment. The pollution problems that arise are man-
made and are the result of dumping of wastes into the stream, and 
contamination of groundwater. 

One of Massachusetts' most serious water problems is providing 
enough high-quality water during seasons of the year when flows 
are normally low. Even though efforts are being directed toward 
reducing the amounts of sewage and industrial waste discharged 
into streams, water is needed to dilute the waste effluent from 
treatment plants. The Senate Select Committee on Water Resources 
has set four parts per million of dissolved oxygen as a minimum 
for proper waste dilution. 1 This criterion would require a depend-
able flow greatly in excess of present supply and indicates that 
many streams are badly polluted in the low-flow season. Effective 
pollution control measures and laboratory research are high on the 
list of present and future developments. 

(b) Flood Control: Many industries and residences are located 
close to streams and in some cases encroach on the flood plains, 
making flood control an extremely important problem. Floods cause 
an annual damage in the Connecticut River Valley alone of about 20 
million dollars. In the New England flood of 1955, over 500 million 
dollars in damage was caused in southern New England, 34 lives 
were lost, and 206 dams failed. 

Flood control has become an established and almost exclusive 
function of the federal government. In New England, the U.S. Soil 
Conservation Service and the Corps of Engineers are presently con-
structing dams to reduce the peak stages by comprehensive flood 
control plans. Reduction in flood stages of dams already constructed 
i U.S. Senate Select Committee on National Wate r Resources, Committee 

Print Nos. 1-32, 1960. 



by these agencies has been proven very effective. Of more recent 
concern is the goal of making some flood control projects into mul-
tipurpose projects. Increased demands for recreation, water sup-
ply, and other water uses make this water problem more complex 
in future consideration. 

(c) Water Supply: Most municipal water supply problems involve 
the enlargement of existing works. Population increases, industrial 
expansion, and increased demands for water for irrigation, air-con-
ditioning and lawn sprinkling present ever-increasing demands. Dur-
ing the drought year of 1957, 63 municipalities in Massachusetts had 
to curtail water use because of shortages and distribution problems. 
In streams where wastes are deposited, water for dilution purposes 
may be required from storage reservoirs specifically constructed 
for this purpose. 

Sources of additional water supply require considerable planning 
and foresight by many agencies. A recent study by the Massachu-
setts Water Resources Commission of 42 possible small reservoir 
sites on the Assabet River near Boston revealed that many of them 
already are sites of housing developments. New desires arise for 
water-consuming activities due to expansive lawns, backyard swim-
ming pools, and golf courses and thereby increase the daily per 
capita demand for water. 

Industrial uses of water supply may be expected to increase at 
an even greater rate than other uses such as irrigation. Statewide, 
the largest user of water is industry. Adequate water supply may be 
the controlling factor as to whether an industry enters a region or 
not. Fortunately, most of the water withdrawn for industrial use 
is returned to the stream or aquifers. However, the quality of water 
returned is diminished in many instances. Water supply may well 
be the most important water resource problem. 

(d) Recreation: The fact that Massachusetts has several large 
cities in a relatively small state reflects a major need for recrea-
tional facilities. Golfing, swimming, fishing and boating are all pop-
ular sports that bring ever increasing demands for more reservoirs. 
A conflict of interest becomes apparent when a multi-purpose res-
ervoir has to be used as a source of water supply during the summer 
when recreation demands are at their peak. 



To better serve the needs of the urban and suburban population, 
a study is needed to determine the optimum efficiency for uses of 
water resources. Plans for the development and management of 
projects are complicated by problems of land acquisition, water 
rights and cost allocation. It is believed that the recreational use 
of water deserves major consideration in the overall problem. 
The National Water Problem and Past Studies 

The Nation's Fresh Water Resources and Needs. While water 
consumption increases steadily, the national supply of available wa-
ter remains at about 515 bgd. The present total daily water consump-
tion in the United States is about 323 bgd and is anticipated to rise 
to a total of 411 bgd by 1970 as may be seen in Table 2. From this 
comparison it appears that in a decade from now, water use in the 
United States will be approaching 90 percent of the currently total 
available supply, unless new sources can be discovered or better 
utilization of natural sources achieved. I t is clear that saline water 
conversion will be a part of the solution of the total water problem. 

TABLE 3 
Water Use in the United States, 1900-1980 

r Fresh Water Use for Major Purposes in Billions of Gallons per Day) 

Type of Water Use 

Year 
Domestic & 
Municipal Industrial Irrigation Total 

1900 3.0 15.0 22.2 40.2 
1920 6.0 27.2 58.4 91.6 
1950 14.1 84.0 104.6 202.7 

1960 22.0 159.9 141.0 322.9 
1970 27.0 218.3 165.9 411.2 
1980 37.2 394.2 165.7 597.1 

Source: Years 1900-1970 taken f rom "Water Use in the U.S., 1900-1980, U.S. 
Dept. of Commerce, BDSA, March 1960. Year 1980 taken f rom Thesis 
No. 143, Industrial College of the Armed Forces, April 1957, by D.R. 
Woodward, U.S. Dept. of the Interior. 



As we approach 90 percent utilization of the total available water 
supply, this natural resource may have lost some of its potential 
use by quality degradation. The fact that the 87th Congress approp-
riated $80,000,000 in 1961 for a federal assistance program to re-
duce water pollution points out clearly that federal pollution control, 
which started under a 1948 Act (P.L. 845), has not been able to 
keep pace with industrial and urban expansion in terms of preserv-
ing the available potential water supplies. Thus, the decreasing cost 
curve for producing fresh water from the sea, and the increasing 
cost curve of providing additional water from natural sources that 
have become more polluted and increasingly difficult and expensive 
to reclaim may cross in the not too distant future. 

Despite indications of constantly increasing demand for water, it 
may be resonably assumed that for many years beyond the year 
2,000 total water shortages for the United States as a whole are 
improbable. This conclusion is based on the data presented by an 
eminent authority, 1 and shown in Table 3. These data indicate the 

TABLE S 
Present and Projected Withdrawal and Consumptive Use of Water 

in the United States* 
Withdrawal Consumptive Use 

Year Rate - bgd 
1960 300 120 
1980 600 190 
2000 900 255 

* The figures given are based on numerous assumptions, some controversial, 
and can be applied only as rough guideposts for this report. Among these 
assumptions are the following: (1) there will be no technologic change; 
(2) pricing policies will remain unchanged; (3) present inefficient methods 
of using water will remain the same; and (4) industrial expansion will create 
proportional quantities of wastes. It is possible, however, t h a t changes in 
the rates given may result f rom scientific and technologic development, 
changes in pricing policies, and improvement in the application of available 
technologies. 

1 A. Wolman, Statics of Water Resources, Use, Control and Planning in the 
United States, Journal of the American Wate r Works Association, October 
1963. 



present and projected withdrawal and consumptive use of water in 
the United States. The figures given should be compared with the 
average annual runoff of 1,200 bgd. 

On the other hand, although overall water shortages are not an-
ticipated, the increased demands in some areas of the country will 
pose problems largely fiscal in nature, in making available low-cost 
supplies of satisfactory quality. The problem is one of matching 
population needs with the supply or resources on a regional basis, 
both within a region and among regions, as, for example, in south-
ern California. 

At present, the limited undeveloped, uncontaminated water re-
sources of the arid West are almost at an end. Several states, in-
cluding Arizona which draws over 60 percent of its water supply 
from overpumped wells, have cause for real concern. 

Some states in the manufacturing belt of the East are beginning 
to find themselves faced with the possibility of deterioration of 
the quality of their fresh-water sources. Probably half of the states 
could afford to double their water withdrawal, and the cost involved 
would be relatively low. Still, the water problem is essentially a re-
gional one. The total national supply is not generally a helpful factor 
in solving a regional or area supply problem. 
Emergency Actions in the Northeast 

At a White House conference last summer President Johnson ex-
pressed grave concern over the continuing drought in the north-
eastern section of the country. He asked the Water Resources Coun-
cil and interested federal officials to recommend areas for state 
action. 

In response, the Council reported that an extreme drought existed 
in the northern half of New Jersey, the northeast quarter of Penn-
sylvania, the southeast half of New York, all of Vermont and New 
Hampshire, parts of southwestern Maine and the western half of 
Massachusetts. 1 I t found that heavily industrialized and urbanized 
areas extending from Philadelphia to New York City and beyond 
were severely affected, as well as the watersheds serving the region. 

By August 22, 1965 the drought severity had generally worsened 
l Wate r Resources Council, Drought in Northeastern United States, July 21, 

1965. 



in Maine and Massachusetts, as shown on the Palmer Index map 
(Fig. 1). 

Records of stream flow in the drought-stricken area showed that 
the water supply deficiency affected a 300,000 square mile area. 
Runoff was deficient throughout the area. Flow in the Raritan River 
was lowest since the beginning of record in 1918. The Delaware at 
Trenton was at its lowest flow in 53 years. The report stated: 

"The severity of the situation is compounded of two factors — a severe 
hydrological adversity and the centering of t h a t adversity upon the most 
densely populated region of the nation. I t is sharpened also by the fac t 
that the water supply sources have been developed on small upland or 
mountain streams, ra the r than on large rivers of more dependable flow. 
Communities depending on such surface water sources are experiencing 
more critical water supply situations than those tha t use ground water . 
Developed ground water sources in the Coastal Plain are nearly "drought 
proof," but may be subject to salt-water intrusion due to overpumping. 
In other parts of the region, ground water is adequate only for small 
communities and farmsteads." 

Low stream flows have intensified pollution and water quality 
problems in the drought area in three principal ways: (1) salt wa-
ter movements up river estuaries for prolonged distances, (2) low 
dissolved oxygen in estuaries and streams, and (3) increased fertil-
ization in lakes and reservoirs. As cities, industries, and natural 
sources continue to produce harmful substances at usual rates, but 
with streams, lakes and estuaries at drought stage, concentrations 
become damaging to fish. The lowered water stages are subject to 
overheating and dissolved oxygen depletion, as well as increased 
pollution. 

These conditions become critical in estuaries and lower stream 
reaches and scattered fish destruction resulted in Maine, New 
Hampshire and Massachusetts. Low oxygen also contributed to taste 
and odor problems in municipal and industrial water supplies. Dry 
soil plagued farmers across Pennsylvania, New Jersey, southeastern 
New York and southern New England. The drought also affected 
wildlife and related human pursuits by reducing food supplies— 
herbage and seed crops — and protective cover. These effects were 
aggravated by increased fire hazards. 

To alleviate these conditions the following emergency actions 



were taken by state and local governments in the Northeastern area, 
according to the Water Resources Council. 

Delaware River Basin a t the foref ront of the emerging drought prob-
lem are the effects on the New York City-Philadelphia metropolitan com-
plex. The New York City water system relies upon reservoirs in the moun-
tainous upland areas of the Hudson and Delaware River watersheds. Pres-
ent supply in these reservoirs is about 230 billion gallons, or 48 percent of 
capacity. The city system draws currently in excess of 1 bgd. Philadelphia 
in turn draws about one-half of ite supply directly f r o m the Delaware 
River a t its Torresdale Intake and the o ther half f rom the Schuylkill 
River. Therefore, the supply for the two cities is interrelated, as diversions 
out of the Delaware drainage fo r New York City affect Philadelphia's 
needs. The immediate effect of low flows in the Delaware River is m the 
fo rm of salt wa te r intrusion upstream toward Philadelphia and Camden 
as diversions are made to New York City. 

New York City imposed special regulations as conservation measures 
— prohibiting lawn watering, filling of pools and car washing, cutting 
down on washing of streets and public buildings, limiting water service 
in res taurants to demand only, and instituting an intensive public informa-
tion campaign through all news media to reduce household, hotel and 
industrial consumption. The city also activated standby Long Island wells, 
calculated to yield 30 mgd, and a t the Mayor's direction began an en-
gineering reconnaissance to construct an emergency pumping plant on 
the Hudson River. A number of Westchester County communities which 
obtain their wate r f rom the New York City supply instituted water use 
restrictions, thus complementing New York City's action. Albany, Rens-
selaer, Syracuse and several towns and villages in the Albany area also 
imposed restrictions on wate r use. In contrast, Troy has adequate reser-
voir supply and no restrictions. 

Four Northern Counties of New Jersey (Bergen, Essex, Hudson and 
Passaic) were covered by an emergency declaration of Governor Hughes. 
Since June 12, regulations bar home car washing, lawn sprinkling, filling 
swimming pools, or serving wate r in res taurants except on demand. The 
State also issued detailed suggestions for voluntary conservation measures 
inside homes where regulations are unenforceable if legally imposed. 
Interconnections linking Newark and Elizabeth a re underway. Jersey City 
agreed to s tate appeal that wate r is to be made available to neighboring 
communities on standby basis. 

The Massachusetts Department of Health declared an emergency in 
23 towns and cities, thus permitt ing them to use sources of water when 
properly treated, which they were not permitted to use previously. Forty 
additional towns were covered under an emergency declaration involving 
less critical conditions, such as inadequate water distribution systems. 
The legislature is expected to be asked to authorize and finance an in-
ventory and feasibility study so the State will be bet ter prepared to 
help meet fu tu re urgent needs. The Governor approved the extended 



use of emergency water sources for the balance of the year which, by 
law, are normally restricted to six months of use. 

The Maine Water Resources Commission asked all municipal water 
companies to report every thir ty days and to report within 24 hours if 
they consider restrictions are needed. Five communities in Connecticut 
have imposed moderate water restrictions although none expect critical 
conditions. 

The Governors of Maine, New Jersey, New York, Pennsylvania, and 
Vermont have taken the actions necessary for the Depar tment of Agricul-
ture to authorize farmers in specified drought-stricken counties to graze 
livestock or harvest hay on lands diverted out of crops by Government 
programs. 

Massachusetts Local Restrictions. In a reappraisal report 1, the 
Water Resources Council stated that at least 50 Massachusetts cities 
and towns had been forced to impose water use restrictions of 
varying intensities and that 10 of these areas were considered 
critical. (Smaller communities were considered to have critical 
water shortages if (1) a surface supply could be exhausted in 90 
days, or if (2) withdrawals from a ground water sttppZy have been 
reduced seriously because of lowered water yields. Larger supplies 
were considered in critical condition if their yields would be seri-
ously reduced by the time necessary major supplemental works 
could be completed.) The Council report noted: 

In the Boston area restrictions have been applied to wate r use in spite 
of the fact tha t ample water for more than a year is still available in 
storage. The conduit f rom the Wachusett Reservoir can car ry only 290 
mgd. Recent daily demands in the municipal district have been as high as 
380 mgd drawing in par t upon an auxiliary reservoir at Sudbury which is 
now critically low. By the application of restrictions, usage has been 
reduced to about 250 mgd. An additional conduit is under construction. 

Braintree. Consumption is 5.2 mgd f rom the present source a t Great 
Pond and gravel-packed wells. Two small areas in the western par t of 
town appear favorable for the development of % to % mgd each of 
additional ground water. Storage in three reservoirs and ponds is estimated 
to furnish about 50 days' supply. Civil Defense equipment is on standby. 

Brockton. Present sources are Avon Reservoir and Silver Lake. The 
lake, which is the main source, will be dry by November 1 if drought 
continues. There are five small areas each of which may be favorable 
for the development of % to % mgd supplies of ground water . Brockton 
supplies five neighboring towns (East Bridgewater, Halifax, Hanson, Pem-
broke, and Whitman) . All five have favorable areas for developing ground-

i Water Resources Council, Reappraisal of Drought in Northeastern United 
States, September 7, 1965. 



water supplies and are now in the process of doing so. There is a possi-
bility of a strong unified system within the towns now served by Brockton. 
Storage of 2.5 billion gallons available in eight lakes and ponds, used 
for recreation, can serve as emergency supply. 

Franklin. The present source of wate r supply consists of three gravel-
packed wells and one dug well. The total combined yield is usually about 
1 mgd but the town has been forced to reduce its pumping ra te because 
of excessive drawdown. There are four areas favorable for the develop-
ment of additional ground-water supplies. Each is probably capable of 
yielding % mgd. 

Gardner. The present supply is derived f rom Crystal Lake and Perley 
Brook. The new dam under construction on Perley Brook will not be 
completed until December and will not be a source of water until next 
spring. Two large areas along Otter River appear favorable for the de-
velopment of several million gallons daily of ground water . Storage in six 
ponds and reservoirs in the areas is enough to furnish emergency supply 
for 320 days. Civil Defense equipment is on standby. Potential storage 
a t two Corps of Engineers reservoirs (Tully and Birch Hill) appears 
undesirable because of distance or wate r quality. 

Templeton. Present supply — two gravel-packed wells. The present 
average use is 0.45 mgd. Ei ther of two large areas, one along Otter River 
and one along Trout Brook, should be able to supply more than ample 
ground water for the town's needs. There are 97 million gallons stored 
in Partridgeville Pond. 

In addition to Braintree, it should be pointed out that the neigh-
boring communities of Holbrook, Randolph and Weymouth also suf-
fered serious water deficiencies. 

Braintree, Holbrook and Randolph receive their water 
from Braintree Great Pond and from several wells. During the 1964-
65 winter Braintree diverted some water from the Blue Hill River 
into Great Pond in an effort to bolster the supply. More recently it 
went to adjacent Sunset Lake for still more water. The latter must 
undergo treatment before it can be used. 

The Massachusetts Water Resources Commission recommends 
that a dam be built across Blue Hill River and thus divert by gravity 
flow some more water into Braintree Great Pond. The Commission 
estimates that this action could result in an increase of the pond's 
dependable yield from five to eight mgd., which it believes will be 
more than enough to satisfy the demands of the three towns. 

Meanwhile Weymouth is getting its water from Weymouth Great 
Pond and some wells. Here again the dependable safe yield is not 
considered enough for peak loads during drought periods. The Wa-



ter Resources Commission would like to undertake a three year 
study of ground water sources in this area in an effort to find an-
swers to the problem. 

Emergency Supplies for Critical Areas. In its September drought 
reappraisal report the Federal Water Resources Council issued the 
following tabulation regarding the availability of emergency sup-
plies in critical areas. 

TABLE Jf 

Emergency Water Supplies for Critical Local 
Drought Areas of Massachusetts 

Ground Water Lakes & 
^ r e a Sources Reservoirs 

Brockton 
East Bridgewater) 
Hanson ) 
Halifax ) 
Pembroke ) 
Whitman ) 

Town of Braintree 
Town of Franklin 
Gardner 
Town of Templeton 

Source: Federal Water Resources Council 

Sources of Supplemental Supplies 

Streams 
X X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 
X X X 
X X 

Now 
supplied 
by 
Brockton 

Water Resources Data of U.S. Senate Committee. The U.S. Sen-
ate Select Committee on National Water Resources, reporting in 
1960, conducted exhaustive water resource studies in the United 
States. Its findings emphasized the extent and character of future 
water resource activities that can be expected to provide the quan-
tity and quality of water needed for use by the country's popula-
tion, agriculture and industry with suitable provisions for related 
recreational, and fish and wildlife values. Of its series of 32 re-
ports, each on a specific phase of the nation's water resources, 
specific information relative to Massachusetts is quoted below: 



TABLE 5 
The Flows of Selected Streams in Massachusetts 

(Year 1960) 
River and Drainage Area Station (sq. mi.) Period of Record 

Average (eis) 
Discharge (acre-ft.) Extremes max. (cfs) min. 

Merrimack, Lowell 4,635 1923-57 7,210 5,220,000 173,000 199 
Charles, Wal tham 227 1931-57 373 270,000 2,540 0.2 
Deerfield, Charlemont 362 1913-57 898 650,100 56,300 5 
Chicopee, Indian 

Orchard 688 1928-57 1,106 800,700 45,200 16 
Westfield, Westfield 497 1914-57 953 689,900 70,300 9 

Source: U.S. Senate Select Committee on National Wate r Resources 

The reports of the Senate Committee contained projections show-
ing that 493 mgd of total water use from municipal systems in Mas-
sachusetts (for medium-range population projections) only would 
increase to 762 mgd in 1980, and to 1,140 mgd by the year 2000. 
These estimates are based in part on 121 gallons per capita per 
day of water used from municipal systems in Massachusetts in 1954, 
increasing to 134 gpcd in 1980 and 140 gpcd in 2000. 
Municipal Sewage in Massachusetts 

Municipal sewerage and sewage treatment facilities were surveyed 
by the U.S. Public Health Service in 1957. Their estimates assume 
that 0.17 lb. of oxygen is needed to stabilize the daily sewage and 
related wastes of one person and that this figure for oxygen demand 
exerted by industrial wastes can also be expressed in terms of 
"population equivalents." The estimates further assume that by 
1980 essentially all urban populations will be served by municipal 
sewer systems, and that this coverage will continue and apply also 
for the year 2000. It was further assumed that the overall effective 
reduction in oxygen-demanding substances by sewage treatment 
processes, approximately 44 percent for the nation as a whole in 
1960, will have increased by 1980 to an effective 70 percent. This 
70 percent will result from a great increase in the number of sec-
ondary treatment plants and the virtual elimination of all raw sew-
age discharges through universal provision of primary treatment 
facilities. By the year 2000, the reduction of bio-chemical oxygen 
demand (bod) may increase to 80 percent as a result of the con-



tinued increase in the number of secondary sewage treatment 
plants. 

Approximately $13.3 million was spent by Massachusetts' com-
munities for the collection and treatment of municipal sewerage in 
1954. With expanded facilities it is estimated that such costs will 
reach $20.5 and $30.7 million in the years 1980 and 2000, respec-
tively. On a per capita basis 1954 expenditures represent a rate of 
$3.25; for 1980 and 2000, per capita ratios of $3.61 and $3.76 are 
anticipated. These figures are projected total annual costs including 
operation, maintenance and amortization. 
Views of Massachusetts' Agencies 

At a recent seminar, an official of the Massachusetts Department 
of Public Health pointed out that Massachusetts' problem was not 
so much whether rainfall is adequate, but rather whether an ade-
quate supply can be developed to serve the area during minimum 
rain periods when there is a maximum demand. 1 He states that 
the drought in this state is due to the lack of facilities and not to 
the lack of water. 

After a series of regional meetings attended by officials of 146 
local communities, the Massachusetts Water Resources Commission 
prepared a report on the drought conditions within the state. 2 The 
document revealed that (a) 25 municipalities had been given stat-
utory approval to use emergency sources of water supply 3 (Ames-
bury, Attleboro, Braintree, Bridgewater, Brookfield, Colrain, Con-
cord, Fall River, Fitchburg, Franklin, Gloucester, Great Barring-
ton, Holbrook, Hudson, Lee, Lenox, Leominster, Maynard, North-
field, Pittsfield, Randolph, Swansea, Whitman, Worcester, and Wey-
mouth) , and (b) another 40 communities had emergencies declared 
by the Department of Public Health under statutory provisions 
which permit the restricted use of water and the exercise of certain 
emergency powers (G.L. c. 40, s. 41a). These 40 communities are 
1 Worthem H. Taylor, Current Water Supply Statu* in Massachusetts, a paper 

presented a t the 17th Governor's Conference of State and Local Relations, 
June 16, 1965. 

2 Massachusetts Water Resources Commission, Special Report Relative to the 
Current Water Shortage in Massachusetts, July 15, 1965. 

3 Under G.L. c. 40, s. 40 which authorizes acquisition of land and water rights 
by eminent domain, but only a f t e r a vote by the city council or the voters 
of a town. 



as follows : Abington, Agawam, Andover, Avon, Barre, Bellingham, 
Braintree, Brockton, Chelmsford, East Bridgewater, Franklin, 
Gardner, Halifax, Hanover, Hanson, Holbrook, Hudson, Lee, Leom-
inster, Longmeadow, Lynnfield, Lenox, Marion, Maynard, Medway, 
Newburyport, Northampton, North Reading, Pembroke, Pittsfield, 
Randolph, Rockland, Scituate, Sudbury, West Bridgewater, West 
Newbury, Whitman, Woburn, Worcester and West Springfield. 

In addition, about 30 communities had instituted voluntary re-
strictions of water. 

Sixty-six of the 351 cities and towns in the Commonwealth have 
no organized water supply systems. About 98 percent of the popula-
tion live in communities having public water supply systems which 
operate through a variety of separate agencies, including municipal 
water departments, joint municipal supplies, water districts, fire 
districts, private water companies and the Metropolitan District 
Commission. Most of the larger communities are served by surface 
water supplies from reservoirs and in some cases these supplies are 
augmented by ground water from wells. Most of the smaller com-
munities are dependent upon ground water but a few are supplied 
from both wells and reservoirs. 

Water shortages caused by the drought are accentuated by (1) 
increasing population and (2) rising per capita water consumption 
from the improved standard of living. These factors have "led to 
additional demands on already overtaxed supplies and distribution 
facilities." 

The report states that two alternate sources of water — desalini-
zation and rainfall stimulation — are still far from perfection. 
Whereas, one million gallons of water from the Quabbin Reservoir 
costs about $120 it would cost $1,000 for this same amount of water 
to be obtained through desalinization. Therefore, desalinization is 
as yet economically prohibitive, the report concludes. 

However, this cost comparison is unfair, because it lacks two im-
portant considerations. First, the Metropolitan District Commission 
system was built decades ago and construction costs have since sky-
rocketed; hence the unit cost of water from a 479 billion gallon 
system of reservoirs (Quabbin, 412 bg; plus Wachusett, 67 bg) 
drawing about 275 mgd would be far greater if constructed in to-
day's economy. Secondly, fresh-water production costs at the plant 



site for a 150 mgd seawater conversion plant on the West Coast 
appear to be approaching 25 to 30 cents per 1,000 gallons. 1 How-
ever, further reduction in saline water conversion costs are 
expected since the President signed into law an accelerated effort 
of the Anderson-Aspinall Act of 1961, increasing the appropriation 
to the Department of the Interior from $75 million to $185 million 
on August 1, 1965. 

The Department of Health, Education and Welfare estimates that 
complete conversion of a secondary sewage effluent to drinking 
water, including the pumping station to lift the water for distri-
bution, may be achieved at a unit cost of about 17 cents per 1,000 
gallons for a 100 mgd plant at current prices. 

This information seems to demonstrate that desalinization or 
waste water renovation processes are rapidly approaching unit costs 
of $160 to $300 for one million gallons of water, with final cost 
figures depending to a considerable degree on the size of the plant. 

Rainfall stimulation is an alternate hoped for source of additional 
water. This effort reflects a far from perfect method to provide a 
dependable water supply, despite several attempts in New England 
to augment water deficiencies by this method in recent years. 

Despite written notices to public officials and prior press releases 
to the public, the special meetings cited previously were generally 
poorly attended, demonstrating the alarming complacency of the 
public who generally know and care little about water resources 
and water conservation. However, as an outcome of these meetings 
it is apparent that local planning of water supply systems is es-
sential, along with a re-evaluation of the adequacy of existing sup-
ply and distribution facilities. 

Local Role. Improvements are needed in local governmental ma-
chinery to administer and finance water supplies. Joint planning 
and development of water supplies through the formation of water 
regions or districts should be considered. 

State Assistance. The following Water Resources Commission 
recommendations relate to more effective water resources planning 
at the state level: 
1 R. Eliassen et al, Saline-Water Conversion — Committee Progress Report, 

Journal of the American Water Works Association, J anua ry 1966. 



(1) A program of measuring stream flows from small drainage 
areas to obtain revised yield figures during the present drought. 
(This work is carried on by the Commission in cooperation with 
the United States Geological Survey on a matching cost basis.) 

(2) A study of potential reservoir sites and means for permanent 
protection utilizing all available federal assistance. (This is worth-
while because water storage sites are rapidly disappearing With in-
creasing urbanization.) 

(3) The water favorability studies program should be acceler- | 
ated. (This program is carried on by the Commission in coopera-
tion with the U.S. Geological Survey on a matching cost basis and 
provides a good indication of available ground water resources.) 

(4) The bedrock and surficial geology mapping program should 
be sharply accelerated. (This program is the responsibility of the 
Department of Public Works in cooperation with the U.S. Geological 
Survey on a matching basis and provides basic data necessary for 
the determination of ground water sources. This program was initi-
ated on July 1, 1938 and less than 5 percent of the state has been 
mapped.) 

(5) A program to update safe yields of municipal water supplies 
to reflect the current drought period. Present safe yields are gen-
erally based on precipitation and runoff records of the early 1920s. 

(6) The passage of enabling legislation to encourage joint plan-
ning and development of water resources through the formation of 
regional water agencies. (7) The re-evaluation of presently available state water resources 
services, their permanency and additional staff. 

(8) The Commonwealth should formulate guidelines for the 
proper use, conservation and development of water resources, and 

(9) An immediate and effective public education program is need-
ed for which adequate funds should be made available to the Com-
mission. 

Federal Assistance. The following federal programs can be 
utilized by local communities in the planning and construction of public water supplies: 

(1) Advances for Public Works Planning (P.L. 560). Administ-
ered by the HHFA, it provides interest-free advances to public 
bodies to assist in planning projects expected to be constructed with-



in a reasonable period of time. Loans must be repaid when construc-
tion starts. 

(2) Public Facility Loans Program (P.L. 560). Long-term, low-
interest loans are available to communities under 50,000 in popula-
tion, or larger in certain instances, for construction of needed public 
works under HHFA auspices. 

(3) Urban Planning Assistance Program (Section 701, Title VII, 
Housing Act of 1964). Administered by the HHFA, it enables com-
munities or regions to obtain a 2 /3 grant for master planning, 
which may include a surficial study of water resources. 

(4) The Soil and Water Association Loan Program (under the 
Consolidated Farmers Home Administration Act of 1961, as amend-
ed). This method provides long-term, low-interest loans for con-
struction of water supply systems in communities up to 2,500 pop-
ulation. Two principal requirements are that the project is econom-
ically feasible and that the borrower has the ability to repay the 
loan. 

CHAPTER m . ECONOMIC IMPACT OF DROUGHT 
The Boston office of the U.S. Weather Bureau reported in 1965 

that, although many areas experienced new record rainfall lows 
during this drought, the impact on the economy was softened by 
the quite persistent below-normal temperatures. These lower than 
normal temperatures reduced (a) évapotranspiration (demand for 
water by vegetation), (b) evaporative losses from reservoirs and 
(c) the demands on municipal water supplies. 

In most sections of the state this drought has been preceded by a 
long term trend of precipitation deficiency. Total rainfall set a new 
minimum, generally being less than 50 percent of normal. New rec-
ords were established and this will require reappraisal and re-estab-
lishment of "normally" available water supplies and safe yields. 
Many wells, never before dry, failed in 1964 and 1965 and the haul-
ing of water to livestock on farms, where wells had failed, has been 
of major concern to affected farmers. 
Agriculture and Farm Irrigation 

Lack of rainfall in drought years generally means reduced yields 
of most crops, with the lessened yield depending on the severity 



and period of the drought. In severe drought cycles, such as the 
current 1963-1965 period, water supplies for livestock and farm use 
may be insufficient and thus require expenditures to develop new 
water sources or to transport water. In certain cases, irrigation of 
crops to supplement natural rainfall and increase yields may be de-
sirable, particularly in drought years. These irrigation systems re-
quire large quantities of water and involve large capital expense 
for equipment; in addition, operating costs will be much higher 
during drought periods. 

The economic impact of drought varies widely with the type of 
crop and farming being practiced, so that it is necessary to analyze 
different types of farming separately. Massachusetts agriculture is 
concentrated in dairying, vegetable crops, orchard crops, potatoes, 
and tobacco. 

The accompanying table summarizes estimates of crop acreages 
and yields by the United States Department of Agriculture, along 
with the values of the crops which occupy large acreages in Massa-
chusetts and which are susceptible to drought conditions. Also in-
cluded are estimates of rainfall deficits as reported by the U.S. 
Weather Bureau. 

The estimates show the general effect of drought on crop yields. 
Hay and pasture yields are particularly susceptible to lack of rain-
fall which shows up in the 1957 and 1964 yields of only 1.5 tons 
per acre as compared to 1.8 tons in years of more adequate rainfall. 
The Massachusetts Crop Report states: "The 1964 Massachusetts 
hay crop was dealt a hard blow by the dry weather. A low yield of 
1.5 tons per acre, 13 percent below 1963, coupled with a five percent 
drop in acreage results in a total production of 288,000 tons. This 
is 17 percent less than in 1963 and 25 percent below average."1 

According to the federal report of Milk Production, pasture condi-
tions in 1964 and 1965 were at only 62 and 63 percent of normal 
compared with an average of 83 percent for the five-year period 
from 1959 to 1963.2 

-L u s Depar tment of Agriculture, New England Crop Report ing Service, 
January 11, 1965. 2 U S Depar tment of Agriculture, Statistical Reporting Service, November 
12, 1965. 



Yield trends related to drought are not as easily discernible in 
potatoes and corn silage, because of generally increasing yields due 
to increased fertilization and other practices. However, 1957 potato 
yields were considerably lower than the following year and 1964 
yields appear slightly reduced, compared to 1963. Corn silage yields 
were off about 15 percent in 1957, compared to the three following 
years, and decreased slightly in 1964, compared to the two previous 
years which were not as severely deficient in rainfall. 

TABLE 6 
Massachusetts Crop Yields 

Inches of Mass. Rainfall 
Yield Acres Value In Deviations; 1957-1964 

Year Crop Per Acre Planted Thousands Coastal Central Western 

1957 Potatoes 
Hay 
Corn Silage 

158 
1.53 

10.00 

1 
Cwt 
tons 
toiVP 

6,800 
247,000 
26,000 

$ 2,730 
14,742 

NA 2 
( —10" average) 

1958 Potatoes 
Hay 
Corn Silage 

172 
I.73 
II.5 

6,800 
244,000 
26,000 

2,062 
15,577 

NA 
+12" +2.0" -2. 0" 

1959 Potatoes 
Hay 
Corn Silage 

167 
I.7) 
II.1 

6,800 
235,000 
27,000 

3,085 
13,869 

NA 
+3.7 + 1.5 +3. ,0 

1960 Potatoes 
Hay 
Corn Silage 

187 
1.80 
11.5 

• 6,800 
230,000 
27,000 

3,124 
14,042 
NA 

-1.0 + 1.8 + 0. ,6 

1961 Potatoes 
Hay C 
Corn Silage 

207 
I.83 
II.7 

7,300 
Î09,000 
23,000 

2,959 
12,830 

NA 
+ 4.0 -1.8 -7. .7 

1962 Potatoes 
Hay 
Corn Silage 

207 
1.64 
13.0 

6,800 
202,000 
25,000 

2,936 
12,312 

NA 
+2.9 -0.6 -8. .9 

1963 Potatoes 
Hay 
Cora S i lage 

207 
1.72 
12.5 

6,600 
202,000 

2,600 

3,181 
13,533 

NA 
-2.8 -8.3 -12 .0 

1964 Potatoes 
Hay 
Corn Silage 

199 
1.50 
12.0 

6,800 
192,000 
29,000 

5,124 
12,384 

NA 
-4 .9 -11.1 -13 .8 

1 Cvt — 100 lbs. 

2 NA -- not available. 

Source: United States Department of Agriculture and United States Weather Bureau 



Yields of orchard and vegetable crops are influenced by drought, 
but other climate factors such as spring frosts, or cold, wet spring 
weather may have as much or more effect on yields so that low 
yields are not necessarily associated with dry years. Orchard yields 
are cyclic in nature and while drought influences crop development, 
other factors generally are more important in determining total 
yield. 

Dairying appears to be the most vulnerable to economic loss from 
drought. As indicated in table six hay yields were estimated to be 
reduced about one-third of a ton per acre on approximately 200,000 
acres, a total estimated loss of 60,000 tons of hay with a value esti-
mated at $40 per ton, or a total of 2.4 million dollars. If losses in 
pasture are assumed to be about 25 percent, the combined losses 
may run to about 3 million dollars. 

Approximate gross losses are estimated at $1,500 per dairy farm 
and net losses at $1,000 per fa rm as a result of a drought year, 
according to economic analyses by the Agricultural Economics De-
partment of the University of Massachusetts. With roughly 3,000 
dairy farms in the state, this would mean net losses approximately 
3 million dollars in severe drought years. Hence, the estimates 
from the two sources are in fair agreement. 

The Massachusetts Commissioner of Agriculture reported that 
local dairymen lost 25 percent of their first hay crop while the sec-
ond and third crops were valueless. Dairymen in Norfolk, Bristol 
and the Cape counties suffered such heavy losses that many may 
go out of business. So difficult was their position that in August 
and September 1965 they were feeding out the remainder of their 
June hay crop which normally is not used as feed until December. 
Hence, they have had to buy outside hay, — usually from Canada, 
because of the New York State drought. Canadian hay averaged 
anywhere from $50 to $60 a ton. 

Silage corn yields also will be less in drought years but the varia-
tion in yield figures makes it difficult to determine the value loss. 
If a 15 percent reduction in yield, or a reduction of 1.5 tons per 
acre, occurs on the approximately 30,000 acres devoted to silage 
corn, the total loss would be 45,000 tons. 

The apple crop has been good, the University of Massachusetts 
reports. In fact, the experts said the apple growers came through 



the drought in fine style, generally with fruits of surprisingly good 
size. Apple trees are deep-rooted and very few growers go to the 
expense to water their orchards. The state also had a good pear 
crop. Peaches were in short supply, but this was attributed to the 
fact that they suffered from extremely low temperatures during 
the winter months. 

The economic effects of drought in relation to other major farm 
c r o p S — vegetables, potatoes, and orchard — are much more diffi-
cult to assess. Potato yields, as mentioned, show some tendency 
to decrease in drought years, but this decrease does not seem to be 
reflected in the value of the crop. Yields were lower in 1957 than 
in 1958 but value was higher, probably due to scarcity causing 
higher prices. In 1964 yields were slightly lower than in 1963, but 
the value was higher because of high market prices. General 
drought conditions throughout the Northeast do not appear to hurt 
the crop value for Massachusetts potatoes; if anything, it may be 
increased. A more localized drought situation, where other sections 
of the Northeast were not suffering, might have the opposite effect. 

For vegetable farming the situation seems to be somewhat sim-
ilar. Dry years do not seem to be particularly unfavorable. The 
majority of vegetable growers, at least 60 percent, maintain equip-
ment for full irrigation so that yields are generally not greatly 
reduced by drought. Most of the rest of the growers maintain at 
least some partial irrigation facilities. However, some losses do oc-
cur, as indicated by a recent federal report which states " . . . some 
stunted corn fields, and a few fields of sweet corn and other vege-
tables abandoned . . . The general rains were very beneficial to all 
commercial vegetable areas and relieved the burden and expense 
of operating irrigating systems continually." 1 Dry years are favor-
able to vegetable growing because of the lack of insects and dis-
ease, and the ease of control, plus the favorable growing conditions 
when irrigation is used, and the general high quality of the crops 
produced. Thus, in general, the economic effects of drought depend 
on the increased costs of irrigation in dry years versus the quality 
and market prices prevailing that year. I t appears that the higher 
prices and better quality which occur in drought years to a large 
1 U.S. Department of Agriculture, New England Weekly Weather and Crop 

Bulletin, July 13, 1964. 



extent offset any decrease in yield and, in fact, crop values often 
may be higher. However, some growers may suffer f rom decreased 
yields during drought years because of inadequate irrigation facili-
ties and may suffer heavy financial losses. 

Although the effects of drought on prices and total returns make 
it difficult to ascertain whether serious economic losses occur in 
the vegetable crop, tobacco and similar types of farming from 
drought conditions, the increased costs of production from the 
wide use of irrigation equipment are clear. Estimates are that 
the equipment investment required averages $100 to $150 per acre. 

I t is estimated that 20,000 of the 30,000 acres owned by Massa-
chusetts vegetable growers are equipped for full irrigation, and 
their investment in irrigation equipment is therefore roughly two to 
three million dollars. The costs of irrigation are estimated to aver-
age $1.50 for labor per application per acre, about f if ty cents per 
acre-inch of water pumped for fuel, and fixed costs for investment 
of about $20 per acre. In total this means that irrigation costs might 
range f rom about $25 per acre in a year when only three or four 
inches of supplemental irrigation is required up to perhaps $35 or 
more per acre in a dry year when nine to 10 or more inches of water 
might be required. Expenditures by vegetable growers would ap-
pear to be about one-half to one million dollars per year for irriga-
tion on a crop with a value of about 14 million dollars. 

Expense for expanding or developing water sources to meet the 
needs for livestock, farmstead supplies, and irrigation has created 
a definite economic impact on many farms, particularly in the 
present severe drought cycle; however, no data to indicate the 
magnitude of these costs is readily available. It is probable that a 
fairly large number of farmers and other rural residents have had 
wells driven at costs ranging up to several thousands of dollars. 
In some cases these wells did not provide needed water and repre-
sented a serious financial loss. Some farmers were forced to haul 
water f rom distant sources by truck when normal sources failed. 
Irrigation systems require large amounts of water and costs for de-
velopment of ponds, wells, and increased pumping costs to obtain 
water from deeper or more distant supplies during the water short-
ages undoubtedly caused economic burdens on many farmers. In 
this respect their problems were no different than those of many 
urban areas where large additional sums of money were spent in 



exploration for water supplies and development or use of distant 
secondary sources, the total costs involved again being difficult to 
estimate. 

The current rainfall deficiency has seriously affected the Massa-
chusetts cranberry grower. Severe damage has been done to the 
1965 crop and the damage may well carry over into 1966. 

The Cranberry Experimental Station of the University of Massa-
chusetts, located in East Wareham on Cape Cod, estimates that 
the drought has caused a loss of about 150,000 barrels of cranber-
ries, or about 20 percent of the expected crop. This means a loss 
of about $2 million to the growers. Moreover, the station reports 
there has been some injury to the cranberry vines which will result 
in a reduced crop in 1966. It is estimated also that about five per-
cent of the vines were killed outright. New cuttings must therefore 
be planted and nurtured, with no expectation of a yield for at least 
four years. 

In addition to a lack of irrigation for these berry plants their 
growing area is located where many reservoirs have gone dry and 
a drastic shortage of water has prevented the flooding of the bogs 
when early frosts were anticipated. The cranberry requires vast 
amounts of fresh water, and salt water cannot be used for bog 
flooding lest the plants be killed. 

The nursery and landscape business also has been affected by 
the drought. Nurseries per se have not been hurt by the drought 
for in the majority of cases they have their own ponds and wells 
by which they can irrigate their growing stock. But with a ban on 
the use of water in many communities the homeowner has delayed 
indefinitely the buying of foundation plantings and the like so 
that sales of the nurserymen have declined sharply. There are 
about 400 licensed nurseries in Massachusetts, ranging in size from 
sites of a half acre to scores of acres covered with plant and tree 
growth. 

Richard Guild, Executive Director of the Massachusetts Nursery -
men's Association, reports that it is a curious situation whereby 
the homeowner is restricted from watering valuable plantings that 
improve the value of his property, yet car washes are able to oper-
ate at will, using millions of gallons of precious water weekly. There 
is a serious question, he contends, as to whether or not the care of 



valuable foundation plantings should not be considered as an essen-
tial use of water. 

In Guild's opinion, if the rainfall deficiency continues in 1966, 
the state should prepare a list of so-called "contaminated" streams 
which might be available for use on plant, agricultural and nursery 
growth with the water being hauled through the use of big tank 
trucks in much the same manner in which water is transported 
to encourage the growth of new shrubbery on the super highways. 

New plantings along Massachusetts highways have suffered a 
15 percent loss attributable to the rainfall deficiency, according to 
the State Department of Public Works. New plantings along high-
ways are watered about a dozen times by the contractor with the 
water being pumped into 1,000 gallon tank trucks from available 
brooks, swamps and ponds. But because of the rainfall deficiency 
some of the plantings, especially the deeprooted ones, have suf-
fered and died. The loss is not the responsibility of the state but 
rather that of the contractor who has to replace the dead growth. 
Fire Losses 

The incidence and severity of fires affecting farms, farmlands, 
brush and forest land increases in drought periods, particularly 
when spring and fall rainfall are low, resulting in the presence of 
large amounts of dead, dry vegetation. Drought periods also tend 
to be characterized by periods of warm weather and low humidity 
favorable for fire occurrences. The economic effects of these fires 
fall into two categories: (a) property losses and (b) fire-fighting 
costs. The accompanying tabulation (Table 7) shows the number 
of fires, damages and fire control costs related to forest and farm 
areas for the years 1957 to 1962 and 1964. 

Two severe drought years are included in the t a b l e 1 9 5 7 with 
a 10 inch deficit and 1964 with an 11 inch deficit. Both of these 
years show a large number of fires as compared to most of the 
others. Even more striking is the increase in acreage burned in the 
dry years, approximately eight times as much area burned in 1957 
as did in 1958, a year with average to above average rainfall. 
Total damages in 1957 were more than 12 times that of 1959, a year 
with fairly normal rain distribution. Damages increased sharply in 
all categories — woodland, brush, pasture, and grass; buildings; 
and orchards and plantations. 
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Fire-fighting costs increased drastically in 1957 as compared to 
1958 or 1959, approximately eight and five times as much by com-
parison, over $300,000 increase in actual cost. Although damage da-
ta was not available for 1964, the increase in the number of fires and 
acreage burned in another very dry year may be seen dramatically. 
The number of fires was at least twice that in normal years, and the 
acreage burned was more than five times over the low of 1958. 
It appears that direct losses and increased control costs may to-
tal between one-half and one million dollars in a year with severe 
drought during critical fire periods. 

In addition to these direct economic effects, there are other losses. 
The growing stock in burned-over forest areas may be completely 
or partially destroyed, resulting in limited wood production in these 
areas for a long period after the fire. Many of these burned areas 
may require replanting or other rehabilitation measures. The state 
reforested large burned-over areas following the 1957 fires. Costs 
for tree-planting on these areas generally reach $50 per acre. The 
increased losses which occur to buildings and other insured property 
in the long run contribute to higher insurance rates and protection 
costs. 
Losses to Forests 

Drought has many detrimental direct and indirect effects on for-
ests. Some of these effects are easily seen; others are not obvious, 
but equally serious. The most important influences of drought on 
forest conditions relate to reduction in growth, increased losses from 
disease and insect damage, and the losses from fire discussed pre-
viously. 

Growth reductions in forest stands occur when rainfall is inade-
quate, but such losses are seldom considered or estimated because 
growth averages out and annual fluctuations can be generally ig-
nored. Of more importance are the severe problems from insects 
and disease which tend to arise in drought periods. Severe damage 
from the gypsy moth has occurred in many sections during the re-
cent drought. With the trees in weakened conditions from drought 
conditions, high mortality f rom the defoliation can be expected or 
partial death of the crowns, making the trees of little value in future 
forest management. In the dry year of 1957, a considerable number 



of bark beetle outbreaks in forest plantations were observed which 
caused the death of most trees in small areas. 

Increased mortality from tree disease has occurred in the recent 
drought periods. According to a recent publication, diebacks and de-
clines have rather recently assumed a prominent position among the 
disease problems in the Northeast and nearly every major hard-
wood species has been affected somewhere within its range. 1 

Ground Water Table and Ground Water Depletion 
The storage capacity of ground water reservoirs combined with 

small flow rates provide large, extensively distributed sources of 
water supply. The ground water reservoirs of the United States con-
tain far more fresh water than the capacity of all the nation's res-
ervoirs and lakes, including the Great Lakes. It has been estimated 
that the total usable ground water in storage is of the order of 10 
years annual precipitation or 35 years runoff. 2 

General Availability of Ground Water. Ground water at various 
depths, up to 12,500 ft., amounts to approximately 25 percent of 
the world wide distribution of fresh water. Par t of the rainfall and 
snowmelt seeps into aquifers or underground water-bearing strata 
and part runs off saturated soil surfaces into streams and lakes. 
Although two-thirds of this precipitation is returned to the atmos-
phere by évapotranspiration, that portion of precipitation that 
seeps into underground aquifers is particularly important because 
it constitutes the ground water reservoir. The gradual overflow 
from full aquifers accounts for most of the regular stream flow, as 
distinct from the stream flow resulting from surface runoff. 

By virtue of the hydrologie interdependency of ground waters 
and stream flow, this stream flow can be tapped either by direct di-
version of stream water or by pumping from aquifers, which would 
reduce their overflow into streams. Runoff to streams occurs only 
when precipitation cannot enter the soil easily so that surface flow 
takes place, or when the soil is at its maximum water-holding capac-
ity so that percolation and subsurface flow occur. 
1 M.E. Fowler, A Guide to Forest Research Disease in the Northeast, U.S. De-

partment of Agriculture, Northeastern Forest Experiment Station, 1963. 
2 U.S. Department of Agriculture, Water — The Yearbook of Agriculture 1955. 



Extent of Ground Water Use in Massachusetts. The use of ground 
water in New England is small, ranging from four percent to six 
percent except in Vermont where about 27 percent of the water 
supply is obtained from ground water sources. The use of ground 
water in Massachusetts was about six percent in 1955, broken down 
as shown in Table 8 below. 

TABLE 8 
Use of Ground Water in Massachusetts, 1955 

Type of Use mgdi 

Public Supplies 82.0 
Rural 7.0 
Irrigation 0.2 
Self Supplied Industrial 65.0 

Total 154.2 
i Millions of gallons per day. 
Source: K.A. MacKichan, Estimated Use of Water in the United 

States, Journa l of American Wate r Works Association, 1957. 

A previous comprehensive recess study by the Massachusetts Leg-
islative Research Council titled Rights to Surface and Sub-Surface 
Water in Massachusetts (Senate, No. 695 of 1957) predicted that 
shortages of water might occur in certain areas of the state in "the 
not too distant future." It listed the following factors as contribut-
ing to a future shortage: (a) insufficient drainage areas for water 
supply, (b) unprecedented demands, (c) lack of storage and dis-
tribution facilities, (d) deterioration of quality because of pollu-
tion, and (e) inadequate land treatment to minimize runoff. The 
report continued: 

"In addition to the need for high quality wate r for public use, other 
localized water problems may include shortages of water suitable for in-
dustrial use, for recreational purposes, and for irrigation, because of inade-
quate ground water storage, infiltration of polluted mat te r of intrusion of 
ocean waters, and inadequate s t ream flow for dilution and disposal of sew-
age and industrial waters." 

As New England rivers and streams become polluted by an in-
creased mineral content (in spite of secondary and advanced waste 



treatment installations in the future) it will be necessary to pay 
closer attention to the ground water resources in the Common-
wealth to supply water for industrial, municipal, agricultural and 
other needs. Massachusetts has one of the lowest ground water uses 
in the nation, with only 6 percent of its water consumption coming 
from that source. The state has not even begun to tap this impor-
tant natural resource. Studies of better watershed management to 
promote vegetation and of the costs needed to increase water yields 
are underway at the University of Massachusetts, as stated in the 
previous section. The possibilities of achieving greater water yields 
during critical periods from areas where land has previously re-
ceived little or no management needs further investigation. 

Current Status of Ground Water Supplies. Ground water condi-
tions have continued to decline, especially in eastern Massachusetts, 
while they have increased slightly in other parts of New England, 
In December 1965, the U.S. Geological Survey reported that ground 
water levels were generally below average and storage volumes in 
major reservoirs ranged from about 20 percent to 83 percent of ca-
pacity. 

Ground Water Levels at Granby, Massachusetts. Available records 
of ground water fluctuations at Granby, Massachusetts show that 
the ground water level has been lowered by two feet on the average 
(Figure 3). During a drought the quantity of moisture drawn from 
storage to meet the requirements of vegetation exerts a great de-
mand on the soil moisture, especially during the growing season, 
and if there is any rainfall during that period, most of it is used for 
evapotranspiration. The overall deficiencies are now so extensive 
that an early end to the drought is not foreseen. 

Ground water depletion is the more serious and insidious problem, 
for ground water levels are more difficult to measure and replen-
ishment of ground water resources is a slower process. During peri-
ods of deficient precipitation the deviation from normal conditions 
for ground water levels occurs more gradually than the reduction of 
gauge heights on surface streams but may create a more critical 
problem over the long term. Although it appears now that a year 
or more of almost normal rainfall will be required to relieve drought 
conditions materially as far as surface streams and water supply 
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reservoirs axe concerned, the replenishment of ground water sup-
plies to their normal level will take longer. 

Ground Water Supply for Springfield, Massachusetts. To supple-
ment its dwindling water supply, the City of Springfield has em-
barked on a program to locate underground water to serve its im-
mediate needs. The current ground water exploration program is 
being pursued notwithstanding a contract with the federal govern-
ment authorizing the city to take up to 17.5 mgd from the distant 
Littleville Dam. 

A program of drilling test wells at various sites along the city's 
water distribution system was begun as a stop gap measure to pro-
vide additional water. The Water Commissioners, based on informa-
tion received from the U.S. Geological Survey, are hopeful that a 
great water potential lies untapped below the surface. 

Long Range Planning of Ground Water Resources. The Massachu-
setts Water Resources Commission has been pursuing a bedrock 
geology mapping program which is expected to take seven years 
to complete and to cost about $130,000 annually. 

Berkshire County Region. The Legislature directed the Water Re-
sources Commission to investigate the most appropriate method 
of supplying water to the municipalities of Berkshire County in 
1961 (Resolves of 1961, c. 32). 

Berkshire County appropriated $7,500 for the calendar year 1963 
for an investigation of the Housatonic River Basin. An agreement 
between the Massachusetts Water Resources Commission and the 
U.S. Geological Survey provided for matching funds on a 50-50 basis 
for this study. Berkshire County appropriated additional funds for 
calendar years 1964 and 1965 and the Housatonic investigation was 
completed in 1965. 

To further broaden the inventory of water resources in Berkshire 
County, the Commission on July 7, 1965 entered into an agreement 
with the Weston Geophysical Engineers, Inc. for certain seismic sur-
vey investigations in the Hoosic Basin. These investigations were 
conducted in Adams, Cheshire, Clarksburg, North Adams and Wil-
liamstown at locations previously chosen for the Commission by the 
Geological Survey. 

The seismic surveys indicate that most of the sites chosen for ex-



amination are favorable for test drilling as probable sources of 
ground water supply. The data from these surveys has been compiled 
into a report, which is available in the Commission's office. 

Extent of Well Drilling. The drought has increased the number 
of well drillers doing business in Massachusetts, with registrations 
advancing from 102 to 136 in 1965. There are upwards of 20,000 
wells in the state. 

This increased activity in ground water development is an advant-
age for Massachusetts. To increase the knowledge of ground water 
hydrology in the Commonwealth, most well drillers cooperate by 
furnishing records of wells and test holes, water levels in test wells, 
and the like, to the Massachusetts Water Resources Commission. 

Private Water Supply Companies. The continuing drought also 
focused more attention on private water companies as a possible 
source of future supply. There are about 62 private companies which 
filed returns with the Department of Public Utilities. Some of these 
companies are located in Dedham, Grafton, Hingham, Millbury, 
Nantucket, Oxford and Salisbury. The town of Hingham sells some 
of its water to Hull during the summer months when peak consump-
tion rises from the influx of the summer visitors to Nantasket 
Beach. Likewise the town of Dedham provides water for neighbor-
ing Westwood. The water companies are subject to the regula-
tions issued by the Department of Public Health. Rates of the 
companies vary in different localities. In general, the rates are 
considerably higher than those set by municipal authorities. 
Effect on Manufacturing Processes 

The continuing drought has prompted Massachusetts industry to 
turn to water economy measures such as water reuse and recycling. 
In other cases a drastic reduction in water consumption has 
brought concomitant losses of productivity or a change or redesign 
in the manufacturing process. The Monsanto Chemical Company in 
Springfield is spending large sums of money to redesign its equip-
ment and modify its processes to save water. The cost to industry 
in general has not been determined but it is roughly estimated to 
be millions of dollars. 

Moreover, the City of Springfield is undertaking both changes in 
a pumping station and repairs to canals and dams in the watershed 



which will make additional water available from the Ludlow Reser-
voir and obviate the necessity of supplying such large consumers as 
the Monsanto Company. Obviously, the Water Department will lose 
much needed revenue because of reduced water sales. 

Damages to Fish, Wildlife and Recreation 
Drought conditions undoubtedly have had considerable impact on 

both fish and wildlife but it is difficult to obtain specific data to in-
dicate the probable magnitude of its effects. 

Lack of rainfall in severe drought years is reflected in extremely 
low flows in streams and low levels in lakes and ponds during the 
summer. Reductions in fish populations may be expected as a result. 
The low stream flows result in lack of water volume and food to 
support normal population levels. In addition high water tempera-
tures and low oxygen levels because of low flow and stagnation have 
adverse effects on certain species, particularly trout, a prime sport 
fish. 

Serious pollution problems in relation to fish populations occur 
during low flow periods of summer drought. Release of waste can 
easily create toxic conditions at this time because of the lack of di-
lution which allows concentration of toxic materials to persist for a 
considerable time and for a considerable downstream distance from 
the source of pollution. In addition, waste decomposition during 
summer low flow periods is likely to produce oxygen deficiencies 
which may kill fish or prevent them from inhabiting particular 
areas. Reports of large scale destruction of fish by pollution have 
been in the newspapers in recent years, from Mississippi and 
other areas. In spite of efforts to reduce pollution in Massachusetts, 
our highly industrialized economy still produces polluted condi-
tions in many streams which are a deterrent to good fish popula-
tions. 

Lakes and ponds have been generally greatly reduced in depth 
during recent drought years because of evaporation, use for water 
supplies or lack of runoff. The Quabbin Reservoir is presently about 
26 feet below capacity. In some cases bodies of water have been 
exhausted for water supplies. Fish populations in these areas will 
be affected by reduction or disruption of normal food production 
areas and also changes in spawning areas. The reduction in water 



surface and volume also can be expected to reduce fish populations. 
Again, oxygen deficiency conditions are more likely to occur and 
problems from pollutants. 

The effects of drought on wildlife populations are similar in some 
ways to those on agriculture. Rainfall reductions will be reflected 
in reduced amounts of forage, creating less favorable conditions for 
deer, rabbits, and other species. Reductions in natural fruit crops 
may limit the amount of food for many of our birds and small mam-
mals. Lack of water may also damage the habitat suitable for many 
species. 

The economic effects of drought in relation to fish and wildlife 
seem not to be very obvious or serious. Perhaps the most easily 
recognized is the impact from closing the woods in the state, which 
has occurred several times in recent drought periods. When this oc-
curs, either in spring or fall, it is likely to cause some reductions in 
the number of fishing or hunting licenses sold, but a much greater 
economic effect is in the reduced sale of equipment, gasoline, lodg-
ing and other services related to the hunting and fishing activities. 
Closing of the woods in normal deer season, in particular, may divert 
hunters to other states and cause serious income losses to some in-
dividuals. New York State reported an estimated loss of $20,000 in 
1965 because of smaller demands for hunting licenses. 
Loss of Hydroelectric Power 

The two essential elements for hydroelectric power generation 
are the volume of river discharge and the available head of water at 
the power plant. Sustained periods of low flow affect power plant 
output adversely, providing one of the most obvious consequences of 
the drought. Unfortunately, the river flow is counter-seasonal in any 
case insofar as utility system load peaks are concerned. The sum-
mer load peaks usually occur in late summer when the river flow 
is lowest. 

Officials of the Holyoke Water Power Company report that the 
past fiscal year (ending September 30, 1965) resulted in the lowest 
hydropower output potential in 60 years of record. The river flow 
during the past year has been only about two-thirds of average. 
If river flow had been equal to the average of the past 13 years, net 
profits to this company alone would have been $100,000 higher. 



Similar adverse effects are noted elsewhere. Thus, officials of the 
Safe Harbor Water Power hydroelectric plant in Pennsylvania state 
that in only eight of the last 54 months has the river flow equalled 
or exceeded the long time average. The dependence of power genera-
tion on river flow is shown by the following figures furnished by the 
Pennsylvania plant: 

% of Normal % Normal Power 
Year River Flow Generation 
1961 96.2% 87.1% 
1962 84.5 84.4 
1963 66.2 63.5 
1964 84.2 72.9 
1965 57.8 70.7 

These figures compare very closely with data from Western 
Massachusetts Electric Co. officials showing that their 1964 output 
was down 22 per cent from the 31 year average, and that their 
1965 output was down 26 per cent from the 32 year average. 

CHAPTER IV. LEGAL CONSIDERATIONS 
Two basic legal doctrines govern the use of water — the Riparian 

Doctrine and the Doctrine of Prior Appropriation. A limited modi-
fication of the riparian tenet — correlative rights — is used by 
only California. Generally, the riparian doctrine is followed in areas 
where water is plentiful and the law of prior appropriation where 
water is scarce. Massachusetts follows the riparian doctrine. 
Riparian Doctrine and Reasonable Use 

Under the riparian doctrine an owner of land may make reason-
able use of the stream along the banks of his estate, provided he 
does not interfere with the reasonable use of the water by abutting 
land owners (Weston v. Alden) 8 Mass. 136 (1811). This common 
law approach provides an optimum distribution among those en-
titled to water, though in most litigated cases there seems to be a 
presumption that the upper riparian owner's usage is prima facie 
reasonable and beneficial to him, thus giving him a decided advan-
tage. 



Reasonable use means any use which is lawful, beneficial and con-
sistent with the reasonable use of other riparians. Various uses such 
as irrigation, temporary damming for mills, and watering cattle, al-
though each a diversion of the water and diminishing the amount 
passed on downstream, are permitted as contributing to the highest 
average benefit to all riparians. How much of such use is deemed 
reasonable depends on many factors, such as the size and capacity 
of the stream, the extent of injury to downstream riparians, the 
need for domestic supply and the municipal use for waste water | 
dilution. 

No use for a lawful purpose is per se unreasonable; most litigation 
stems from the allegation that the means used to realize that pur-
pose were unreasonable. One of the most important relevant factors 
is damage. Any use is reasonable to a person who is not injured 
by that use. As a consequence, far fewer uses affecting the amount 
of water will be unreasonable for an upper riparian than for a lower 
one. The riparian owning both banks at the mouth of a stream is 
particularly well situated; he may even take the entire stream flow 
and deal with the water as a commodity. 

Other factors which have relevancy include (a) the extent and 
type of development of the surrounding countryside; (b) climatic 
conditions and the type soil in the area; (c) the cost of eliminating 
the objectionable aspect of the use and (d) public policy. 
Limits on Riparian Ownership 

Reasonable use of water under the riparian doctrine in Massachu-
setts does not define the rights of the riparian owner in all situa-
tions. There are at least three limitations upon riparian ownership 
that prevent water uses that might otherwise be "reasonable": (1) 
riparian rights are restricted to the watershed of the stream in 
which they are asserted; (2) naVigable streams may not be depleted; 
and (3) upper riparians may assert prescriptive rights (gained by 
accepted continuous usage for 20 years) against their downstream 
neighbors. The issues involved in prescription are parallel to those 
on reasonable use, except that for the prescriptive right to prevail, 
the claimant's conduct must be found to be so unreasonable that 
it constitutes an invasion of the right of the allegedly subservient 
estate. 



Watershed. Ownership of land outside the watershed of a stream 
does not bestow riparian rights in the owner (Elliot v. Fitchburg 
RB 64 Mass. 191). Litigation has not cleared up the question as to 
whether or not water may be transferred from one watershed to an-
other. Some courts have ruled that reasonable use is confined to the 
watershed; other courts have found a basis for reasonable use 
when the water is to be returned to the same watershed or some 
other consideration is involved (Stratton v. Mt. Hermon Boys' 
School 276 Mass. 83). 

Navigable Streams. In Massachusetts the State has title to the bed 
of navigable streams and riparians may not interfere with naviga-
tion. However, the riparian can employ the water for any naviga-
tional use but such use does not give rise to a claim against the gov-
ernment for compensation. 

Prescriptive Rights. Prescriptive rights are contrary to reasonable 
use. Only where a riparian has unreasonably infringed the rights 
of another can the other's right of action begin to accrue and the 
period of prescription commence. A prescriptive right accrues in 
favor of one who effectively, although wrongfully, appropriates the 
water rights of another and continues this appropriation for twenty 
years under claim adverse to the right of the legal owner, peaceably, 
and without interruption. When these elements are satisfied, the 
law conclusively presumes a grant. 
Prior Appropriation Doctrine and Western Water Law 

The doctrine of prior appropriation is basically that the first to 
appropriate water for any beneficial use has the first right to the 
water; this right must be completely fulfilled before any other use. 
Similarly, each appropriator is entitled to all the water he needs up 
to his appropriation before others in line can get any. Generally 
these rights are in time order of appropriation and continue in ef-
fect only as long as they are actually exercised. In most of the 
western states, water may be appropriated for use outside the 
watershed in which it flows. 

Prior appropriation was once derided because of its crude origin, 
but it is now the dominant form of water rights law in the West. 
The doctrine began with the miners who crowded into the gold 



fields of California. They established the same principle for the 
ownership of mining claims and for the right to use water. The dis-
coverer of a mine was protected against all who tried to usurp his 
claim. In similar fashion, the first user of water was protected 
against later users. This rule received early recognition from the 
courts, and the legislatures gave it the dignity of statutes. 

The three major principles of the doctrine are (1) beneficial use 
of water, not land ownership, is the basis of the right to use water; 
(2) priority of use, not equality of right, is the basis of the division 
of water among the appropriators when there is not enough for all; 
and (3) an appropriation is the right to take a specific quantity of 
water. These three rules have combined to give a unique spur to 
development of water resources. 

On a typical western stream where there are many irrigators 
with water rights initiated at different times, all may draw water 
while the stream is high. As the flow decreases during the summer 
the diversion works of appropriators are shut off in inverse order 
of priority. The burden of shortage thus falls on those with later 
rights. This rule is not as harsh as it sounds. Thus, in a thirsty land, 
where an equal sharing of water tha t was insufficient for all might 
lead to parceling out the water in shares that were sufficient for 
none, the rule of priority guarantees a f irm supply for all those for 
whom the supply is sufficient. 

But priority does not give all the water to the first appropriator. 
He cannot claim a monopoly of the stream. He can take no more 
water than is necessary for his actual use. The downstream junior 
appropriator is entitled to insist that the senior take no more than 
his appropriation allows. An upstream junior may construct diver-
sion works for his own use so long as he releases the quantity of wa-
ter needed by the senior. 

Since beneficial use is the basis of the right, the water, with few 
exceptions, can be used at any place where the need exists. Diver-
sions out of the watershed have been permitted and protected from 
the beginning of the doctrine. Putting all these rules together, we 
find that latecomers, instead of competing for an equal share of 
the available water, must spend money to develop water from alter-
nate sources. When senior appropriators had taken all of the de-



pendable flow of western streams, fur ther development was inaugur-
ated by juniors who built dams to store spring floods. 

Developing Trends. Two trends are noticeable in the development 
of western water law. Both are extensions of existing law. As an 
illustration, the Utah Water Shortage Commission and the United 
States Bureau of Reclamation planned a large project to cover three 
counties, to redistribute the waters of several small rivers to sup-
ply domestic and industrial use in many cities and towns, and to sup-
plement irrigation supplies. A private power project would have in-
terfered with this plan. In subsequent litigation, the Utah court ruled 
that the reclamation plan had priority relative to the use of the wa-
ters involved. However, one judge dissented, stating "The opinion 
is utterly destructive of the doctrine of priority in the appropria-
tion and use of water in this state." 

The second development comes from the mere statement of prior-
ity, namely that the first user of water has a better right to it than 
a person who later initiates a new use. This approach raises the 
question of whether this law can accommodate progress, whether it 
can make room for new uses of water that are more desirable than 
the old. 

On the high plains and in the mountain areas, there are few 
streams whose dependable flows are not fully appropriated or even 
overappropriated for agriculture. Population is moving to the cities, 
and technology and industry are the mushrooming sources of wealth 
in the West. These cities and industries need water. The situation 
calls for (a) a change in treatment of the dwindling supply of un-
used water, and (b) methods of turning old uses of water to new 
demands. 

Correlative Rights 
An outgrowth of the American rule of reasonable use which has 

found its greatest expression in California is known as the Califor-
nia doctrine of correlative rights. As developed in a series of court 
decisions extending over a period of 55 years, the chief features of 
this doctrine are: (1) owners of all lands that overlie a common 
supply of percolating water have co-equal rights of reasonable use on 
or in connection with their overlying lands; (2) any surplus above 



reasonable requirements of landowners may be appropriated for 
nonoverlying use; and (3) in the event of a water shortage, the com-
mon supply may be apportioned by court order among the overlying 
owners in proportion to their reasonable needs. 

Ancillary to the riparian theory is the question of whether the 
principle of prior appropriation might be equated with the hereto-
fore mentioned prescriptive right. The trend in both riparian and 
prior appropriation states today is to obtain optimum use with an 
eye to the community as a whole, as opposed to the better of the 
uses between the parties. Thus, the doctrine of prescriptive right 
is compatible with the principle of prior appropriation because once 
the prescriptive right vests all the indicia of prior appropriation oc-
cur except as to the amount of water allowed to be used. 

In a report submitted by the Legislative Research Council in 1957 
it was suggested that the reasonableness of the use may be further 
delineated in periods of water shortage by categorized preferences 
"to be set up based upon their relative value to society." 1 

Interstate Legal Decisions 
In the realm of interstate problems the shortcomings of water 

law are magnified by the nature of the competing parties. The lead-
ing case in this field for the northeastern part of the country is 
Connecticut v. Massachusetts 282 U.S. 660 (1930). Assuming that 
a state has been able to solve internally its own water problems 
does it have the right to pass on the problem to neighboring and 
abutting states? Connecticut felt Massachusetts should not solve its 
problems of water shortage in the Boston area by diverting part of 
the Ware and Swift Rivers, and, therefore, sought to enjoin the 
C o m m o n w e a l t h . Because the Secretary of War had limited the 
amount of water Massachusetts could divert, the suit was dismissed 
without prejudice so that Connecticut can act again in the future by 
showing unreasonable diversions. 

The Court stated two important principles of federal water law: 
(a) that in water disputes, there is a greater burden on the state 
to show grounds for injunctive relief than upon individuals, and (b) 
^^Legislative Research Council, Rights to Surface and Sub-Surface in Massa-

chusetts, Senate, No. 695 of 1957, p. 3. 



that disputes between the states will be resolved by an equitable 
apportionment of the water in relation to state, federal and inter-
national law, and not just by the common law of either or both 
states involved. The Court dismissed Connecticut's arguments rela-
tive to sovereign rights in the absence of actual damages sustained. 
Moreover it rejected the contentions that (a) the state law be ap-
plicable without a Supreme Court imposition of its own rule, and 
(b) that if identical common law existed in both states, it should 
be used to decide the controversy. 

CHAPTER V. 
FEDERAL ACTION AND RELATED STATE ACTIVITY 

Federal Legislation and Control 
Federal legislation of the past 50 years relative to water resources 

stems from the historical federal control of navigation. Such action 
has generally been initially directed toward interstate navigable 
waters. 

The Public Health Service Act of 1912 authorized investigations 
of water pollution which might relate to disease upon navigable 
streams and lakes. Later the Oil Pollution Act of 1924 prohibited 
discharge of oil into coastal waters which damaged aquatic life, har-
bors and docks, and recreational facilities. After three unsuccessful 
attempts during the 1930's and delays caused by World War II a 
comprehensive act was finally passed in 1948 (P.L. 845, 80th Con-
gress) . 

Water Pollution Control Act of 1948. This Act, which was effec-
tive for a five-year trial period, directed the Surgeon-General to co-
operate " . . . with other federal agencies, with state water pollution 
control agencies and interstate agencies, and with municipalities 
and industries involved in the preparation or adoption of compre-
hensive programs for eliminating or reducing the pollution of in-
terstate waters and tributaries thereof . . ." He was also directed 
to encourage state abatement activities, the enactment of uniform 
state laws and the passage of interstate compacts for pollution 



abatement. Federal research and technical assistance to states 
were made available upon request. 

The Act authorized loans for the construction of necessary treat-
ment works and provided funds for related engineering reports, 
plans, and specifications. Loans were not to be in excess of 33 1/3 
percent of estimated costs, or $250,000, whichever amount was 
smaller. A Water Pollution Control Advisory Board was created and 
$2 million was appropriated to carry out the Act. 

Water Pollution Control Act of 1956. The results of the Water 
Pollution Control Act of 1948 were reviewed in 1952 by Congress 
and the program was extended. However, this renewal proved inade-
quate to implement pollution control across the nation, and Con-
gress therefore passed a strengthened Federal Water Pollution Act 
in 1956 (P.L. 660, 84th Congress). This legislation authorized con-
tinued federal cooperation in comprehensive conservation programs 
and stipulated that the federal government was to encourage state 
abatement activities, the enactment of state laws, and compacts be-
tween states for pollution abatement. Among other provisions, it 
authorized appropriations of (a) $5 million annually for research on 
water pollution control, (b) $3 million per year through mid 1961 
for grants to states and interstate agencies to aid in pollution con-
trol programs, and (c) a total of $50 million per year for grants up 
to a maximum of $600,000 or 30 percent of construction costs for 
federally approved sewage treatment facilities. The Act continued 
the Water Pollution Control Advisory Board to advise the President 
on problems relating to water pollution. 

In 1958, the federal government passed a Water Supply Act pro-
viding for' greater use of water in federal multi-purposes reservoirs 
(Title 3 of P.L. 500), and in the 1960's greater advances in the wa-
ter resources problem developed from congressional action. 

Thus, a 1961 amendment to the basic Water Pollution Control 
Act of 1956 vested responsibility for this activity in the Secretary 
of Health, Education and Welfare. Furthermore, state grants were 
increased from three to five million dollars per year, and total 
grants for treatment facilities were gradually increased to $100 mil-
lion per year for fiscal 1964 through 1967. And federal enforcement 
was increased to include actions taken upon the request of any Gov-
ernor to promote abatement enforcement through government 



suits when remedial action was not forthcoming after six months. 
The same 1961 amendment also provided for federally constructed 
reservoirs for stream flow augmentation. 

Water Resources Research Act of 196Jf. This Act established re-
search institutes at land grant colleges or other schools chosen by 
state legislatures, and provided annual grants-in-aid to the states 
up to a maximum of $100,000 starting in fiscal year 1968 (P.L. 
379, 88th Congress). In addition, dollar-matching funds were au-
thorized for specific water resources research projects which 
could not otherwise be undertaken. 

Water Quality Act of 1965. As an amendment to the Water Pol-
lution Control Act of 1965, this new law created the Federal Water 
Pollution Control Administration under the Secretary of Health, Ed-
ucation and Welfare. 

With this legislation a four-year program was started beginning 
in the fiscal year 1966 with $20 million in grants for developing 
new and improved methods of controlling waste discharges from 
storm sewers or combined storm and sanitary sewers. Federal aid 
for construction grants is limited to 50 percent of project costs 
and may not exceed five percent of total funds authorized in any 
one fiscal year. The dollar limit on construction grants is raised to 
$1.2 million for a single project, and from $2.4 million to $4.8 
million for projects in which two or more communities participate. 
The present authorization of annual appropriations is increased 
from $100 million to $150 million for the two remaining fiscal years 
1966 and 1967 for which appropriations are authorized. The ex-
cess in new funds appropriated above $100 million is to provide 
state aid on a straight population basis instead of on the combined 
population and per capita income basis used for the $100 million 
per year limit. However, the 30 percent matching cost per project 
remains the same. An additional 10 percent of the basic grant will 
be given to any community for any treatment facility that con-
forms with a comprehensive metropolitan or regional area develop-
ment plan. 

The new law authorizes the Secretary to recommend and enforce 
water quality standards to be applicable to interstate waters if a 
state or interstate agency has not developed standards after a rea-
sonable period (subsection 10c). The government may also enforce 



restrictions when pollution of interstate or navigable waters is 
deemed to cause inability to market shellfish products in interstate 
commerce (subsection lOd). 

Legislation has recently been introduced in the United States Sen-
ate by Senator Edward M. Kennedy of Massachusetts proposing a 
federal contribution of $500,000,000 annually to combat pollution. Of 
this total, one-half would be distributed on a matching grant basis 
to states that have pollution abatement programs and the balance 
would be disbursed to states on a per capita income basis. 

Rural Water Facilities Act of 1965. This Act increased the benefits 
available under the Consolidated Farmers Home Administration 
Act of 1961, primarily for rural water and waste disposal systems 
(P.L. 240, 89th Congress). It provides for direct loans, insured 
loans, and matching grants up to a total of $4 million prior to Octob-
er 1, 1968 for rural water use and control, drainage and recreation. 
Small communities (under 5,500 population) are eligible for grants. 
Grants may aggregate not to exceed $50 million in any fiscal 
year. No grant shall exceed 50 percent of the development costs of 
a project, including costs of construction, land, easements, rights-of-
way and necessary water rights. 

Water Resources Planning Act of 1965. Basically, this legislation 
authorized the President to establish: (1) a Water Resources Coun-
cil representing interested federal agencies; and (2) River Basin 
Commissions to coordinate federal, state, interstate, local and non-
governmental plans. It authorizes an appropriation of $5 million 
annually over a ten-year period for grants to assist state agencies in 
water resources planning on a dollar-for-dollar matching basis. Ex-
clusive of grants, an additional $6,700,000 per year are permitted 
for water resources operations. 

River Basin Commissions are to be established by the President 
at the request of one or more state Governors. At least one-half of 
the affected states must concur, except in the Upper Colorado and 
Columbia River Basins where three out of four affected states must 
concur. These commissions must conduct studies to develop compre-
hensive plans of water and related land resources development. It 
is quite possible that the New England Regional River Basin Com-
mission may be the first basin planning commission to be estab-
lished under this Act, inasmuch as the Governors of the six New 



England states voted to recommend establishment of a New Eng-
land River Basin Commission in December 1965. 

Housing and Urban Development Act of 1965. Among other feat-
ures, this legislation provides for grants to local public agencies 
for the financing of basic water and sewer projects other than treat-
ment plants and interceptors for which grants are already available 
under the Federal Water Pollution Control Act (P.L. 117, 89th 
Congress). No grant will be made for a sewage facility until treat-
ment works have been provided. The amount of any grant may not 
exceed 50 percent of development costs, but under special conditions 
a basic public sewer facility may receive up to 90 percent. A maxi-
mum appropriation of $200 million is authorized for each of the 
next four fiscal years starting July 1, 1965 for both the water and 
sewage programs. 

This Act also provides for advance acquisition of land which is 
important for future water resources planning and development 
(s. 704c). Grants may only be made if the project may reasonably 
be constructed within five years and if its completion will contribute 
to the economy, the efficiency and the comprehensively planned 
development of the area. An amount of $25 million has been approp-
r ia ted in fiscal year 1966 for this purpose. 

River and Harbor Act of 1965. Title I of this Act authorizes the 
Secretary of the Army to cooperate with federal, state and local 
agencies in preparing plans in accordance with the Water Resources 
Planning Act to meet the water supply problems of the Northeast-
ern United States (P.L. 298, 89th Congress). These plans concern 
the construction and operation of (1) a system of major reservoirs, 
(2) distribution systems capable of transferring water between bas-
ins, and (3) major purification facilities. Title II of this legislation 
authorizes the Secretary of the Army to construct and operate wa-
ter resource projects involving navigation, flood control, and shore 
protection subject to a maximum limit of $10 million per project. 
Such projects must be approved by the Committees on Public Works 
of the Senate and House of Representatives. 
Massachusetts Compliance and Benefits 

Federal Water Pollution Control Act of 1956. This Act has pro-
vided a significant stimulus for the construction of pollution control 



facilities in the Commonwealth. Thus, $61 million of programs for 
the construction of waste treatment plants, interceptors, pumping 
stations and appurtenant works have been initiated by the cities 
and towns of the Commonwealth since federal aid was provided in 
1956. Approximately 55 waste treatment plants have been con-
structed or modified under this program with $18 million of federal 
funds. 

Also a Federal Water Pollution Control Laboratory will be con-
structed in Boston under the provisions of this Act. 

Water Supply Act of 1958. Under this Act the City of Springfield 
has been assisted in obtaining 17.5 mgd of municipal water from 
the Littleville Reservoir. This multi-purpose federal reservoir is 
being constructed by the U.S. Army Corps of Engineers on the Mid-
dle Branch of the Westfield River. To bring water to the Cobble 
Mountain Reservoir, Springfield may conduct a local referendum on 
a $2 million transmission line, to be financed locally from bond is-
sue funds. 

Water Resources Planning Act of 1965. Under the provisions of 
this Act the New England River Basin Commission has been ap-
proved by the Federal Water Resources Council. It promises to be 
the first such interstate agency created under the Act whereby the 
federal government and the states work jointly to plan develop-
ment of water resources in a region. With a proposed initial budget 
to be financed on a matching basis, the Commission is expected to 
"hammer order out of projects involving seven federal agencies, 
four interstate commissions and the six states." 

In addition to the above references, various other federal pro-
grams on water resources are in the process of being implemented 
on various levels of government in this state. 
Interstate Compacts 

Many water resource problems, such as navigation, flood control, 
and water pollution can best be attacked on a coordinated river 
basin plan. Such cooperative effort has been underway in many parts 
of this country for many years through the means of interstate 
compacts. The following text describes the functions and activity 
of selected state compacts in the field of water resources. 



Delaware River Basin Commission. Before 1931, it was believed 
that the common law doctrine of riparian rights would prohibit the 
states of Pennsylvania, New York, New Jersey and Delaware from 
advantageously using the water resources of the Delaware River Ba-
sin. It was felt that the doctrine would prevent a state's water proj-
ect involving a diversion of stream flows from affecting another 
state unless the latter state consented. Because of that impression 
three of the states (N.J., N.Y. and Pa.) began negotiations for a 
compact for the allocation of Delaware River water. Resultant 
recommendations were approved in both 1925 and 1927 by the 
legislatures of New York, but not by those of Pennsylvania and New 
Jersey. Although each of the states wanted to resolve the problem, 
the efforts were unsuccessful, principally because each state viewed 
the problem in a competitive spirit. 

In 1929, because of the critical water situation New York City de-
veloped a new source of water supply from tributaries of the Del-
aware River within New York State and thus resulted the now fa-
mous Delaware River Diversion Case (283 U.S. 336). After two 
years of litigation, the United States Supreme Court in 1931 af-
firmed the right of the City and State of New York to divert water 
from the Delaware River Basin into another watershed. The Court 
said: "The removal of water to a different watershed obviously must 
be allowed, unless states are to be deprived of the most beneficial 
use on formal grounds." However, the Court reduced the amount 
of the diversion requested (limited to maintaining 2,000 cfs at Tren-
ton, New Jersey) and established certain conditions under which 
it could be made. 

The decision failed to set forth the conditions under which Penn-
sylvania or New Jersey could obtain similar water supplies from the 
Delaware River Basin but the Court stated that this type of prob-
lem can be best resolved by cooperative action. As a result, the four 
states of Pennsylvania, New York, New Jersey and Delaware cre-
ated the Interstate Commission on the Delaware (INCODEL) in 
1936, thus establishing the first of many interstate compacts which 
permit interstate streams to be used as public necessity demands. 

Following the 1955 flood disaster, the need for controlling the 
Delaware River became apparent. Numerous state and federal agen-
cies were mobilized under the coordination of the U.S. Army Corps 



of Engineers to undertake a comprehensive study of the problems 
relating to the use of the Delaware River Basin's water resources. 
The survey spanned a five-year period and resulted in many reports 
and recommendations. However, to date only a portion of the resul-
tant proposals have been included in the Commission's comprehen-
sive plan. 

Interstate Commission on the Potomac River Basin. After several 
years of planning, this Commission representing Virginia, West Vir-
ginia Maryland and Pennsylvania was activated in 1945 without 
any enforcement powers. Its purpose is to promote uniform action 
among the agencies having jurisdiction over pollution within the 
Basin. As a result, better and uniform state legislation has devel-
oped. 

This Commission established a water quality measure in 1946 
and recommended its use by the states in the Basin. These criteria 
also established four water quality classifications for streams, sim-
ilar to those previously adopted by the West Virginia Water Com-
mission. Moreover, it has been a strong influence in pollution con-
trol and abatement through its publicity program acquainting the 
people with the problems involved. Industry has been made a part-
ner in the tremendous undertaking of reclaiming the Potomac Basin 
and today's attitude of industry is one of cooperation. 

Ohio River Valley Sanitation Commission (ORSANCO). In 1948, 
eight eastern states signed a compact which pooled their resources 
and police power for the control of interstate water pollution (HI., 
Ind Ky N Y , Ohio, Pa., Va., W. Va.). To carry out this purpose 
the'states created ORSANCO consisting of state and federal repre-
sentatives The ORSANCO district, which embraces portions of 
eight states includes an area of 154,000 square miles and a sewered 
population of 11.4 million persons. It is drained by the 981 mile 
Ohio River from Pittsburgh, Pa., to Cairo, 111. and 19 major trib-
utaries For administration the Commission maintains a staff and 
headquarters at Cincinnati, the cost of which is assessed on a pro-
portionate basis. 

Guided by the broad principle that no sewage or industrial waste 
discharge originating within a signatory state shall injuriously af-
fppt the uses of interstate waters, the Commission is empowered 



to determine control measures. Obtaining compliance with these 
measures then becomes an obligation of each state. To supplement 
state efforts the Commission is clothed with residual enforcement 
powers. 

The Commission's work has been highly successful as indicated 
by the following table: 

TABLE 9 
Progress in Ohio River Basin Clean-up 

% Population No. of Industriesi 
Served by Sewage No. of Industries w/Control 

Year Population Treatment Discharging Facilities 
1948 9,000,000 38% Unknown 325 
1953 9,319,000 43% 1,247 965 
1957 9,951,000 76% 1,431 989 
1965 11,400,000 93% 1,723 1,560 
1 Includes industries that (a) are operating with control facilities, (b) have 

facilities under construction, or (c) a re completing plans for the installation 
of waste reduction works. 
Source: Annual Reports of the Ohio River Valley Sanitation Commission. 

Less than 1 percent of the population along the main Ohio River 
was provided with sewage treatment when the Commission came in-
to existence in 1948. This ratio of facilities in operation or under 
construction had climbed by 1957 to 86 percent of the growing pop-
ulation. For the entire drainage district treatment facilities in oper-
ation by the end of 1965 serve 93 percent of the 11.4 million sew-
ered population, a three percent increase over 1964. Facilities are 
under construction to service an additional 1.4 percent. Degree of 
treatment provided is 25 percent primary, 25 percent intermediate 
and 48 percent secondary; the remaining two percent is unclassi-
fied. 

Over the last 17 years approximately $1.1 billion has been spent 
to provide sewerage treatment facilities along the Ohio River and 
its 19 major tributaries. Local communities have accounted for 90 
percent of the total expenditure; the remainder was supplied by 
federal funds, which were first authorized in 1956. 

Similar expenditures by industry for pollution abatement are not 
available. However, on one tributary, the Kanawha in West Vir-



ginia, nine companies have reported costs aggregating $18 million 
to complete the first phase of a two-stage control program. 

NEIWPCC The New England Interstate Water Pollution Con-
trol Commission (NEIWPCC) was created by an interstate com-
pact ratified in 1947 by Connecticut, Massachusetts, Rhode Island 
and approved by an act of Congress. Over the next four years 
New York, Vermont and New Hampshire became signatories, and 
in 1955 Maine completed Commission membership. 

The area covered by the compact comprises 65,000 sq. mi. and in-
cludes nine million persons. Its area is the second most heavily 
populated, and the most industrialized in the United States. The 
NEIWPCC has responsibility over 3,500 sq. mi. of water surface 
and 4,600 miles of coastline. The drainage basins involved are 
shown in the following Figure 4. 
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The compact provided for the pledged cooperation by the seven 
signatory states "for the abatement of existing pollution and for 
the control of future pollution of interstate inland and tidal wa-
ters." The basis of the compact is a unified stream classification; 
the municipalities and towns are given sufficient time to improve 
treatment plants to meet classification requirements. Stream clas-
sifications are based on the highest use: 

Class A —suitable for any water use; uniformly excellent water. 
Class B —sui table for bathing; recreation, fishing, irrigation and agricul-

tu ra l uses; acceptable for water supply following filtration and 
chlorination. 

Class C —suitable for recreational boating, irrigation of crops not used 
without cooking, habitat for wildlife and game fish, industrial 
cooling and most industrial process uses. 

Class D—sui t ab le for transportation of sewage and industrial wastes; 
for power, navigation and certain industrial uses. 

For each class there are standards of quality shown in the accom-
panying Table 10, as revised and adopted on October 1, 1959. All 
of the Massachusetts interstate water classifications have been ap-
proved and by June 30, 1967 the remaining two rivers (the An-
droscoggin and the upper Connecticut) of the total New England 
complex will be approved. 
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The progress made by the Commission may be measured by the 
installation of waste treatment facilities. In 1947 when NEIWPCC 
was established, only 39 percent of the sewered population received 
sewage treatment; by 1964, treatment plants were in operation for 
67 percent. Under construction or ready to be constructed were 
treatment works to serve 20 percent more or a total of 87 percent 
of the sewered population. Engineering reports have been approved 
to accommodate an additional 11 percent of the population. During 
1964, 35 sewage work projects costing over $15 million were com-
pleted, including 12 new sewage treatment plants. Construction con-
tinued on projects which will cost about $38 million and construction 
started on 51 projects involving an estimated total expenditure of 
$29 million. 

Financial assistance to the seven signatory states through federal 
law (P.L. 660, allotments for federal construction grants for munici-
pal sewage treatment projects), amounted to $11.8 million for fis-
cal year 1964. 

The status of municipal sewage treatment in 1964 for the New 
England Compact area is shown in Table 11. As may be noted, treat-
ment plants were in operation for almost 59 percent of the popula-
tion in Massachusetts (below the average for the rest of the compact 
area in 1964) but plants under construction in the Commonwealth 
amounted to 31 percent of the population which was considerably 
above the average for the compact area. When present construction 
programs and engineering plans are implemented, there will be only 
0.3 percent of the population without a treatment program in Massa-
chusetts, or considerably better than the average of 1.5 percent 
population left without a treatment program for the entire com-
pact area. 



TABLE 11 S 
çjs 

Status of New England Municipal Sewage Treatments 
(New England Compact Area) 

Receiving Under Plans Engr. Reports No Treatment 
Sewered Treatment Construction Approved Approved Program 

Population Population % Population % Population % Population % Population % ^ — 2 > Connecticut 1,570,000 1,506,000 95.8 10,000 0.6 48,000 3.1 1,500 0.2 4,500 0.3 H H Maine 527,000 100,000 19.0 22,000 4.2 16,000 3.0 373,000 70.8 16,000 3.0 | 
Massachusetts 3,710,000 2,184,000 58.9 1,137,000 30.7 82,000 2.2 294,000 7.9 13,000 0.3 % p 
New Hampshire 327,000 135,000 41.3 26,000 7.9 3,000 0.9 105,000 32.1 58,000 17.8 ^ 
New York 60,000 43,000 71.7 7,000 11.7 4,000 6.7 5,000 8.3 1,000 1.6 p 

(in Compact Area) 
Rhode Island 601,000 600,000 99.8 — — — — — — 1,000 0.2 
Vermont 183,000 118,500 64.7 8,000 4.4 22,000 12.0 25,000 13.7 9,500 5.2 
Compact Area 6,978,000 4,686,500 67.2 1,210,000 17.3 175,000 2.5 803,500 11.5 103,000 1.5 

L Year 1964 
Source: New England Inters ta te Wate r Pollution Control Commission 



Since 1947, sewage works costing $343 million have been placed 
in operation or construction started, a total of 220 new municipal 
treatment plants are included. In addition, there have been 92 proj-
ects to enlarge and modernize existing treatment works. 

Of the 1,900 industries in the compact area 75 percent have waste 
treatment facilities or discharge to municipal sewerage systems 
which have or eventually will have treatment plants. Since 1947 
over 450 industrial plants have installed their own waste treatment 
works or connected them to municipal sewerage systems. 

New England — New York Interagency Committee. A special 
committee was established by Presidential directive in 1950 to con-
duct a comprehensive survey of the natural resources of the area 
under the following subjects: power, navigation, flood control, for-
est management, fish and wildlife conservation, mineral develop-
ment, industrial and municipal water supply, pollution control, rec-
reation and soil conservation. The committee was composed of fed-
eral and state representatives and in 1955 its report, consisting 
of 46 volumes, was made available for public inspection. 1 

It was decided that there would be overall advantages and bene-
fits to the region in having a permanent interagency organization, 
with the states as co-partners, to coordinate the work of the federal 
agencies in this area. A Northeastern Resources Council therefore 
was set up, including equal representation of the states and of fed-
eral agencies, without specific mandatory powers, to resolve ques-
tions of a federal-state nature and to prepare specific programs. 

New England River Basin Commission. New England is a small 
region with a total area of only 66,608 sq. mi., or 2.2 percent of the 
total area of the continental United States. When viewed as a re-
gion New England is eminently qualified for coordinated compre-
hensive planning of all natural and human resources. Natural re-
sources in New England are such that there is an urgent need for a 
most effective regional planning and development program includ-
ing- water supply and water quality, proper land use, outdoor rec-
reation, flood control, forest management, stream flow regulation 
and soil conservation. Adequate measures are at hand in the form 

Of the Army, Resources of the New England-New York Region, 
46 vol., July 1955. 



of interstate compacts, state and federal legislation which could 
bring the complete array of federal, state and local governments, 
the universities and colleges of the area and private enterprise into 
much closer cooperation. A major need remains in terms of spelling 
out the approaches to be developed toward achievement of co-
ordinated planning and programming. To attain this objective the 
New England River Basin Commission has been established. 

The Commission would have one member from each of the seven 
states including the State of New York. In addition, because of the 
joint Federal-state nature of the Commission, it would include rep-
resentatives of the following federal agencies: Departments of Agri-
culture; Army; Commerce; Health, Education and Welfare; Interior; 
Federal Power Commission and the Housing and Home Finance 
Agency. 

Because of the international nature of the proposed planning unit 
representation from the following five agencies is provided for: In-
ternational Joint Commission (U.S.-Canada); the New England In-
terstate Water Pollution Control Commission (NEIWPCC); the 
Connecticut River Valley Flood Control Commission; the Merri-
mack River Flood Control Commission; and the Thames River Val-
ley Flood Control Commission. 

Governor Volpe appointed Charles H.W. Foster, Commissioner of 
Natural Resources, in November of 1965 to represent Massachu-
setts and authorized $5,000 for staffing purposes for the remainder 
of the fiscal year 1966, as have each of the other six states. The im-
mediate return to the Commonwealth of Massachusetts from fed-
eral funds may mean as much as $135,000. 

CHAPTER VI. WATER USES AND PROBLEMS 
Stream Flow 

Runoff in southeastern and north-central Massachusetts ranged 
from about 18 percent to 23 percent of median at index gauging sta-
tions in December 1965 according to the Water Resources Summary 
of the U.S. Geological Survey, published monthly by the Water Re-
sources Division. This was the twentieth and twenty-first consecu-



tive month of below median runoff at the index stations in south-
eastern and north-central Massachusetts, respectively. 

Ground water conditions continued to decline in eastern Massachu-
setts but increased slightly in other parts of New England. Ground 
water levels were generally below average and storage volumes in 
major reservoirs ranged from about 20 percent to 83 percent of ca-
pacity. At the end of the month, stream flow was much below medi-
an at the index stations in Massachusetts. 

The average yearly rainfall in Massachusetts is 43.4 inches, being i|j 
fairly uniform throughout the entire year and substantially above 
the national average of 30 inches. Rainfall for the Northeast has 
been close to the minimum value for four consecutive years result-
ing in a cumulative deficiency of rainfall equal to one year's precip-
itation. In other words, double the average precipitation would be 
required next year to bring the cumulative rainfall back to normal 
for the five year period. 

The Water Resources Council in Washington has reported that 
the drought has been associated with abnormal wind patterns aloft. 
Winds during the drought have come prevailingly from the North-
west during the spring and early summer, rather than from the 
West. These winds have brought dry and sinking air masses, have 
weakened storm systems and have suppressed the ascending air 
motions necessary to produce rain. The rain-producing storms have 
thus been occurring fur ther downwind, off the Atlantic Seaboard. 

The severity of the situation is compounded of two factors — a 
severe hydrologic adversity and the centering of the adversity upon 
one of the most densely populated regions of the nation. Statistical 
analysis of short-term records indicates a tendency for dry years to 
"bunch" together and there is evidence that a sequence of dry years 
is not random as may be seen in the 59-year record of annual precip-
itation for Springfield, Massachusetts. Because of the existence of 
long term trends and the presence of sequential correlation, it is 
important to consider drought duration, as well as severity. 

The severity of droughts may be measured by various parame-
ters. From the hydrologic point of view these would include defici-
encies in rainfall and runoff, decline in soil moisture, reduction in 
groundwater levels, and the storage required to meet prescribed 
drafts or demands. To study periods of drought in terms of the long 



term record, it is necessary to prepare cumulative charts for the 
entire period of record, the driest period of record, or for several 

ft dry periods. The use of the digital computer has made these data 
for plotting much more readily available to the hydrologist. 

During droughts the quantity of moisture drawn from storage 
to meet requirements of vegetation increases, resulting in exhaus-
tion of the soil moisture early in the growing season. The overall 
water deficiencies are now so extensive that an early end to the 
drought is not foreseen. It would seem that a year or more of near 
normal rainfall will be required to relieve drought conditions ma-
terially. Present planning from a hydrologic viewpoint should as-

i sume a fifth year of drought. 
» j5 Population Influence 

The Massachusetts population in 1960 was 5.2 million, and by the 
year 2000 is expected to rise to 8.1 million, an increase of almost 

tk 3.0 million persons. 
M Obviously water demands increase as population grows. In Massa-

chusetts this water use demand is increasing at a rate of about two 
gallons per day per person annually. 1 At this rate, we can estimate 

fe that water demands 50 years hence will be about double that of the 
\i present time. Great undertakings must be accomplished if Massa-

chusetts is to be provided with an adequate and continued water 
ii supply. 

Not very long ago most persons got along on an average of about 
20 gallons of water daily. Now national average consumption has 
risen to about 120 gallons per day, and it is forecast that by the 

jc year 2000, only 34 years from now, the per capita use may aver-
0 age 150 gallons or more daily. Reasons for the increased use can be 
$ attributed to such work saving devices as the clothes and dish 
(¡J washers with their many rinse cycles, unlimited home hot water for 
iti a variety of uses, as well as home car washings and lawn water-

i ings. Massachusetts industries are using fresh water at an approxi-
J mate rate of 200 gallons per day for each person in the state. 

Population migrations in Massachusetts have created a serious 
. problem for many rural communities that have absorbed the rapid 
'" 1 Massachusetts Department of Public Health, Division of Sanitary Engineer-
log ing, fall 1965. 



influx into their small towns of great numbers who have left the 
urban centers. 

It is the general consensus of all experts on the Massachusetts 
water problem that relatively simple methods can extend present 
water sources readily and with a minimum of expense, provided 
that there is an understanding of the problem and cooperation by 
the public in solving it. 

For instance, one big use of water is for air conditioning purposes. 
In cooling the air the coolant, water, becomes hot. In many cases 
this hot water is discharged into nearby streams and aggravates 
the pollution problem. With the installation of proper heat exchange 
and condenser equipment much of this heat could be used benefici-
ally and not be wasted to the river. 

Through the use of recycling and other methods of waste water 
treatment this process water could be used many times over. The 
same is true of those industries which use considerable quantities of 
water for cleansing, rinsing and processing. 

Planning for the future is a "must" so far as water conservation 
is concerned and should encompass studies to find out the exact 
location of underground water sources, suitable storage facilities 
as well as adequate distribution methods without regard for geo-
graphical boundaries within the confines of the state. 
Potable Water Supply. 

The use of potable or domestic water comprises only five to 10 
percent of the entire water consumption but that percentage is 
critical because the quality requirements are the most stringent. 
Domestic users include houses, hotels, public buildings, commercial 
business, and small manufacturers. 

The average per capita consumption varies widely in American 
cities, a recent survey giving figures ranging from 35 to 528 gallons 
per day. 1 Such variations depend on many important factors in-
cluding: size of city, presence of industry, quality of water, cost, 
pressure, climate, characteristics of the population, whether sup-
plies are metered, and the efficiency of the waterworks administra-
tion. 
i Steel, E.W., "Water Supply and Sewerage" 4th Edition, McGraw-Hill Book 

Co., Inc.! New York, N.Y., I960, p. 14. 



The fire demand cannot be separated from potable water supplies. 
Although the actual amount of water used in a year for fire fighting 
is small, the instantaneous rate of use is large. Water to fight fires 
most be always available in large quantities and at high pressures. 
Because of this, many small distribution systems are designed 
around these requirements. 

Both the supply and the demand for potable water supplies varies 
from region to region and from season to season. Some areas, like 
the Northeast, are suffering from a diminishing supply and an in-
creasing demand. The increasing need results in the use of surface 
and subsurface sources of water that have not been touched pre-
viously. 

Utilization of these new water sources means increased treatment 
problems and costs. An excellent example is New York City. His-
torically, New York City has obtained its potable water f rom the 
Catskill Mountains and the upper Delaware River watershed because 
the extensive treatment costs of Hudson River water outweighed 
the transportation costs of the distant, yet high quality upland wa-
ter supply. Now, finding that it is running out of potable water 
from the traditional source, New York City has been forced to use 
Hudson River water, but only after extensive treatment. Accord-
ing to newspaper reports, the Chelsea plant, topping the Hudson 
60 miles upstream from New York City, started to deliver 100 mgd 
to the city on March 20, 1966. However, this represents only a par-
tial solution to the water supply problem of this metropolis. 

New York City residents on a summer's day have been using an 
unprecedented 1.2 billion gallons of water, much of it flagrantly 
wasted. During the 1965 summer the upstate system of aqueducts 
and reservoirs gradually began to run out of water. They dropped 
to an alarming 43 percent of capacity and it was feared that unless 
drastic measures were taken the city could actually run out of water 
by February 1966. 

The supposedly "safe" reservoir system is fed by small streams 
of high quality water rather than by large streams which would 
result in a better sustained flow. New York City's drinking water 
thus was of the highest quality — and rapidly drying up. 

There is no metered system in New York City and this lack has 
resulted in property owners neglecting to repair faucet leaks, con-



sumers leaving faucets running, air conditioners being operated 
without recirculation, and indiscriminate watering of lawns and 
shrubbery. Secretary of the Interior Udall during a visit in Septem-
ber 1965 to that city concluded that it has "one of the leakiest water 
systems in the country." 1 I t was felt that the installation of water 
meters at this time would just be another case of "too little and too 
late", for although engineers estimated that such an installation 
might save 100 million gallons of water daily, the installation would 
cost about $84 million and take five years to complete. 
Recreation 

The total acreage in Massachusetts devoted to all forms of out-
door recreation is estimated to be 150,000 acres, or approximately 
three percent of the total land area of the Commonwealth. In New 
England, water use planning and development has been done by lo-
cal governments. Because the funds for these projects came from 
local units of government there was hesitancy to include other uses. 

Changes in Trends. The thinking is presently changing. The single 
use reservoir is becoming a thing of the past. The trend toward 
large, multiple-purpose reservoirs, planned for the benefit of large 
regions has been established, and is now also being recognized in 
the East. The federal government, under the auspices of several 
Congressional Acts, is providing money both for the planning and 
development of large multi-purpose projects. 

Towns in New England are beginning to join together to plan 
for water supply on a regional basis. The inclusion of recreation as 
a use will follow in the future. 

Federal Cooperation in the Field of Outdoor Recreation. Man with 
aqualungs and flippers is reversing his evolution. America has be-
come outdoor conscious and there is increasing time for leisure. 
There is no single agency responsible for the recreational develop-
ment of the nation's water resources. The responsibility for pro-
grams rests with several agencies. 

The Bureau of Reclamation is authorized to construct storage 
reservoirs for irrigation, hydroelectric power, and flood control. By 
1960, the Bureau had built 178 reservoirs with 7,000 miles of shore-
l Newsweek, A u g u s t 23, 1965. 



ij line and had received over 24 million recreation visitor-days. In 
spite of this large figure, the Bureau is not allowed to consider 

! recreation as a primary or secondary purpose. 
I, The Corps of Engineers can and does construct projects with rec-
ti, reation as a function. Today, recreation is considered equal to all 
I, other purposes considered by the Corps. 

Under the Small Watershed program (P.L. 566), the Soil Conser-
j vation Service shares with states up to half the cost of land esti-

| mates and right-of-ways for areas to be managed for public recre-
ation. 

The Fish and Wildlife Service major contribution to recreation 
is the establishment of wildlife refuges. These areas are also open, 
in many cases, for fishing, boating and picnicking. 

The National Park Service has and will acquire some of the na-
tion's lake and sea shores and river banks for recreation areas. 
Further purchases by the Park Service require that all acquisitions 
must in some way be of national significance. 

In 1962 Congress authorized the formation of the Bureau of Out-
door Recreation. The Bureau is charged with collecting informa-
tion, conducting research, doing general recreation planning and 
coordinating the outdoor recreation activities among the federal 

i'i agencies, 
in 
£ Fishing and Wildlife 

Increased land use for residential and industrial development is 
taxing the already scarce habitat of fish and fowl. Where once 
stood forests and open lands now stand spreading suburbs. Marshes 
and wetlands once teeming with wildlife now provide foundations 
for factories. Industries are depositing their wastes in watercourses, 

ste, further impairing the natural growth of fish and wildlife, 
ait Local impoundment projects for irrigation, power, and flood con-
# t r o l > o r those involving the dredging of streams, estuaries, and in-

p [ f | shore waters are a direct threat to the very existence of the fish 
and wildlife resources of the nation. Dams and reservoirs have ad-

irajt versely affected anadromous fish by blocking upstream passage. 
¡1 P a r t of the solution to the problems facing these resources lies in 
lore- the new water areas being developed. Fishing opportunities are ex-

pected to increase because of present and future construction of 



multi-purpose water impoundments. Further, because of increased 
demands, projects now being used for one purpose will be developed 
into multi-purpose projects. 
Flood Plain Zoning 

The concept of flood plain zoning which appeared in the Flood 
Control Act of 1938 authorized the Chief of Engineers to evacuate 
areas subject to flood in lieu of protecting them by levees or flood 
walls. In 1960, the River and Harbor Flood Control Act (P.L. 86-
645) authorized the Corps of Engineers on a nation-wide basis to 
provide states and municipalities with flood plain information to 
assist them in planning for regulation and use of these areas. 

Through advancements in the science of hydrology and flood fore-
casting, as well as education of the public about the nature of the 
problem, flood plain zoning can be expected to decrease the financi-
al losses from major floods. 
Industrial Water Supply 

In 1900 industry used approximately 35 percent of the total public 
water supply at a rate of about five billion gallons per day (5 bgd). 
In addition, industries obtain much of their water needs from other 
sources. By 1960, industry was using almost 50 percent (160 bg) of 
the total daily water supply of 323 (bg) in the United States. 1 

Industry depends on four primary sources of water: (a) surface 
water, (b) sea water, (c) ground water, and (d) reclaimed water. 
Surface and ground water provide the bulk of water to industry at 
the present time, but the use of sea water and reclaimed water has 
increased as the other sources became too costly. 

Industries vary greatly in their needs for water, both in quantity 
and quality. Most industrial uses, however, can be grouped into one 
or more of the following clasifications: (1) cooling; (2) product 
processing (food and chemicals); (3) sanitary services; (4) fire 
protection; (5) transportation; and (6) power generation. 

The problem of water supply for industries does not stem from 
shortages in an aggregate sense. The problem is due to either over-
expansion of industries in water deficient areas or the existence of 
water systems unable to cope with seasonal shortages. 
r ^ T m t e t r i a l u s e includes the self-supplied amounts and that for steam 

electric power. 



Table 12 below summarizes the estimated percentage increases 
in water use by manufacturers in several regions. By comparing 
these figures with current dependable supplies, or estimated sur-
plus above present use, the table shows that the Ohio River will 
have a critical deficit as industrial demands increase two and one-
half times. The Delaware-Hudson is another region which will be 
overtaxed in the near future. 

On the other hand all other eastern areas will be able to meet 
future demands. 

TABLE 12 
Industrial Water: Percent Increase in Demand for 

Selected Regions 195^-1980 
Regions Percent Increase 

Ohio River 267 
New England 284 
Delaware-Hudson 270 
South-East 387 
Great Lakes 

Eastern 302 
Western 267 

Irrigation 
The Homestead Act of 1862 and the Desert Land Act of 1877, 

among others, were early attempts at settling and irrigating the 
arid West. The Reclamation Act of 1902 reaffirmed the Govern-
ment's role in irrigation by requiring irrigation districts to be set 
up. 

At present irrigation projects are still being financed. Advocates 
of more irrigation claim that it stabilizes crop production and ex-
tends soil life. Opponents to irrigation are not willing to irrigate 
desolate land when unfarmed rich, humid land still remains. 
Hydroelectric Power 

The Federal Water Power Act of 1920 created the Federal Power 
Commission and authorized it to issue licenses for the construction, 
operation, and maintenance of dams for the development of power. 



The Federal Power Commission estimates that by 1970 the na-
tion will require a total power generating capability of 160 million 
kilowatts (kw) to supply an increase of about 93 million kw of in-
stalled capacity and 400 billion kw-hrs. a year of electric energy 
over the 1950 level. This increase in power requirements will be 
met in part by water power and in part by steam. 

A large problem area confronting power is its role in multi-purpose 
projects. Power dams are necessarily high head impoundments with 
fluctuating operating schedules dependent upon demand. This vari- | 
able impoundment is not in the best interest of other users, namely, 
water supply, recreation, fish and wildlife, navigation, etc. 
Navigation 

The U.S. Army Corps of Engineers has consistently worked to-
ward the development of an inland waterways system since 1824 
to meet the standards expressed by Congress. The work has in-
cluded (a) dredging, channel improvement, and bank stabilization 
measures of the mid-1800's, (b) reservoir construction in 1880-1900 
for low-flow releases on the headwaters of the Mississippi River, 
(c) the first channelization project on the Ohio River in 1910, and 
(d) the modern interconnected channelization system on all major 
waterways. Overall, the navigation system consists of 30,000 miles 
of navigable waterways. By 1962 annual tonnage figures had risen 
to 223 billion. 
Industrial Water Use 

While the amount of rainfall remains about the same, the con-
sumption of water continues to increase. The per capita usage has 
quadrupled since 1900, not taking into account the population's 
growth from 76 million to 180 million over the same period. Every 
group is increasing its demand, especially industry. By 1960 industry 
was using about 160 bgd of a total water use of 323 bgd. 

Water is the foremost raw material of industry. Agriculture, 
which requires less water than industry, actually consumes more 
because 93 percent of the water used for industry is recoverable, 
whereas about 60 percent of the water used for agriculture is lost 
through absorption. 

In M a s s a c h u s e t t s , as in a l l other highly developed and industrial-



ized areas of the world, industry is one of the major users of water. 
Industry needs water, not only for the personal and sanitary re-
quirements of its employees during their hours on duty, but also 
for fire protection and for a number of strictly technical purposes. 
These technical uses include, but are certainly not limited to: (a) 
the conveyance of materials, as the fluming of vegetables in a food 
processing plant, of wood into a pulp mill, and of pulp fibers through 
the paper-making machines, as well as for the highly significant 
transport of waste materials from their points of origin to a recov-
ery or treatment plant; (b) the cleaning of materials in process, 
including food materials, metal objects, and even such substances as 
sand and gravel, and the cleaning of process equipment and work 
areas; (c) the transfer of energy or heat into a process, as with 
steam or heated water, and heat removal for a process, as by cool-
ing water; (d) the providing of a reaction medium as in many 
chemical manufacturing operations, the dyeing and finishing of 
textiles, and the processing of leather; (e) use as a solvent, in the 
leaching of ores and other natural or manufactured products, in the 
purification and crystallization of sugar and chemical compounds, 
and in many similar applications; and (f) as an actual component 
in the finished product, such as most canned foods and beverages, 
and chemicals marketed in solution form. 

Industry's seven percent consumption of water accounts for only 
about two percent of the total United States water consumption. 
For practical purposes, water consumed is water lost; water used but 
returned to the stream, even if dirtied, is available for further ben-
eficial use. 

Source of Industrial Water. In meeting its water needs, each in-
dustry chooses among several possible sources, ranging from the 
purchase of municipally or privately supplied water to direct ac-
quisition from natural sources by similar techniques and perhaps 
in a competitive manner to municipal waterworks. In comparative-
ly remote areas in the western states, some large industrial com-
panies have purchased or leased the land areas of a watershed, and 
have built dams and impoundment reservoirs, aqueducts, and treat-
ment plants to meet their water requirements. In other regions, 
surface supplies such as lakes or large streams have been tapped 



for industrial sources; or private wells have been drilled to obtain 
ground water. In more intensely developed areas, including most of 
Massachusetts and other northeastern states, there is greater de-
pendence on municipal water supplies, both because these are norm-
ally accessible and because the suitable natural sources have al-
ready been appropriated. For the United States as a whole, in con-
trast to the Northeast, almost all industrial water is self-supplied. 
In Massachusetts, industry-owned supplies of surface water are few, 
with the exception of small dams for power generation; and in- ( 

dustry impoundments are small compared to municipal reservoirs— 
again, with the exception of hydroelectric power plants, which do 
not constitute the type of industrial use that is being considered 
here. 

Over the entire country, about 90 percent of industry's water is 
taken from surface supplies. Industrial use of ground water, pro-
cured by wells on company property or on leased property, is com-
mon in Massachusetts, however. 

Municipal water supply systems, where they are available to in-
dustry, are without doubt the most convenient source of water. 
Most Massachusetts industries obtain their water in this manner. 
If an auxiliary private supply is also used, it is commonly for one 
or more of these reasons: (a) the municipality is not able or not 
willing to provide water in the quantity required by industry, 
especially during periods of peak demand; (b) the quality of the 
municipal water is not suitable for the industrial use and cannot 
reasonably be made so by further treatment by the industry; or 
(c) the cost of municipal water is so high that industry finds it 
economical to seek another source. Sometimes, municipal water 
rates are high because of the elaborate treatment required for 
municipal use; this treatment and improved quality may be quite 
unnecessary for the industry's purposes. Dual water systems, from 
both municipal and private sources, are common in many industrial 
plants; health hazards from possible cross-connections are well 
recognized. 

Quantity of Water Required by Industry. The water requirements 
of industry greatly exceed public water supply demands, as reflected 
in the following table: 



TABLE IS 
Distribution of Water Intake and Consumption, 1955 and 1980 

Intake, BGD 
1955 1980 (est.) 

Consumption, BGD 

Irrigation 
Steam electric utilities 
Industrial and miscellaneous 
Public water utilities 
Rurual domestic 

116 178 
77 162 
49 115 
16 32 

1955 1980 (est J 
92 148 

0.2 2 
7 22 

5 7 
3 
4 

6 

5 

Total 263 494 106 183 

Estimates of consumptive use amount to approximately 80 percent 
of the above intake figures for irrigation, about 15 percent for in-
dustry including thermal power generation, and 20 percent for pub-
lic utilities. The use of water for hydroelectric power, a nonwith-
drawal use, is of the order of 1500 bgd. Other nonwithdrawal uses, 
not subject to measurement, include navigation, recreation, and 
waste disposal. 

The figures cited above represent water pumped or otherwise 
drawn from natural sources. Actual water usage, especially by in-
dustry, is considerably greater, but is supplied by recirculation or 
multiple use within each plant. This highly important aspect of in-
dustrial water needs is discussed later. 

The industrial groups that accounted for the major water use in 
New England in 1959 were (in order of importance): (1) the paper 
and allied products group located primarily in Maine and Massachu-
setts; (2) the transportation equipment industry, with the aircraft 
engine and parts industry being the major source of intake; (3) 
the chemical industry of Connecticut and Massachusetts; (4) the 
primary metals industries mainly located in Connecticut; (5) the 
textile mill products industry, well distributed over the whole re-

| gion; (6) the rubber and plastic products industry in Massachu-
setts and Connecticut; and (7) the food products industry primarily 
in Massachusetts. Total water intake by these industries is given 
in Table 14. As a result of the concentration of industry within 
three of the region's six states it is within these states that 86 per-
cent of the industrial water intake occurs. 



TABLE U 
1959 Total Intake of Water by New England Industry 

(billions of gallons) 
State Industrial Group 

(1) (2) (3) (4) (5) (6) (7) Total 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 

11 66 29 23 
124 — — —-

58 1 15 8 
46 — — — 
_ __ _ 4 

3 7 
2 — 
9 15 6 -
7 1 

1 
2 

14 
1 

140 
128 
120 

52 
13 
7 

Regional Total 246 67 44 35 27 23 18 460 
Source: U.S. Department of Commerce, 1958 Census of Manufacturers — 

Industrial Water Use, 1961. 
Different industries vary greatly in their water needs. Use of wa-

ter for cooling requires large flows, hence power generation and, 
to a lesser degree, such industries as steel, chemicals, and petrol-
eum are major users. The pulp and paper industry, which utilizes 
water to convey materials to and through the manufacturing process 
is another large user. All of these industries rely heavily on recy-
cling of water to meet their requirements. Among specific require-
ments within the textile industry, 55,000 gallons of water is neces-
sary to bleach and dye a ton of cotton, 10,000 to 16,000 gallons to 
process a ton of cloth, and the production of a 1,000 yards of wool-
ens and worsteds consumes anywhere from 50,000 to 510,000 gallons 
of water. 

Considerable variation may be noted within the same industry, 
reflecting many individual factors with individual plants. As a gen-
eral rule, small plants are at the top of the range in each industry, 
whereas large plants have found practical means to increase the ef-
ficiency of their use of water. Other factors that tend to decrease 
usage are (a) high water cost and sewer service charges, (b) the 
limited availability of water, (c) strict policies on waste water dis-
posal, and (d) management's attention to water and waste water 
problems. 

Industry has done a great deal to reduce the quantity of water 
which it uses. The most substantial improvement has occurred in 
the recirculation or multiple use of water. Excessive amounts of 



water are sometimes used in processing; more effective application 
saves water, though expense may be involved in making the change. 
The electroplating industry has demonstrated savings in rinse water 
without decreasing rinsing efficiency by such equipment modifica-
tions as (1) spray rinses instead of dips, (2) intermittent sprays 
which operate in the machine cycle only during a few seconds that 
work is passing, and (3) automatic controls that prevent spraying 
if the conveyor position happens to be empty. 

Additional savings in water usage occur when the water is re-
placed by some other medium, as in the change-over to cooling by 
air instead of by water. When possible, it is usually more costly and 
less efficient, but it can be done in regions of unusual water scarcity. 

Water Quality Requirements of Industry. The quality require-
ments of water for industrial use have little relation to municipal 
water standards. In some respects, industrial demands are more 
lenient; in other respects, much more strict. The exact standards 
required depend on the particular industry and the particular type 
of application of the water, and vary with the many ways of meas-
uring water quality. 

The basic requirement of municipal water quality is that it be 
safe and palatable. Safety means freedom from pathogenic organism 
and from toxic substances; palatability implies freedom from color, 
taste, and odor in excess of the user's accustomed concentrations, 
and coolness. In the food industries 1, these same parameters (ex-
cept coolness) are important, and the criteria may be even more 
strict than for municipal use. It is not uncommon for a food plant 
to purchase municipal water, and to process it fur ther to enhance 
its safety and palatability characteristics. In the nonfood industries, 
on the other hand, none of these parameters is significant per se, 
and the industry is concerned with other measures of quality which 
directly affect water use. 

In water used as a coolant, other than for the direct cooling 
of food products, the sanitary qualities of the water are of no 
importance. Of real significance, however, are the presence of 
microorganisms such as algae that may plug the pipes and equip-
1 including, among others, the preparation of fresh vegetables, canned goods, 

milk and dairy products, meats and fish, beverages, and manufactured ice. 



ment by their growth or interfere with the operation of cooling 
towers, the concentration of mineral salts that may form scale or 
other deposits in the manufacturing equipment, and the occurrence 
of low pH and corrosive salts. Cooling waters must generally be 
pretreated to remove or inactivate these undesirable characterist-
ics, especially if the water is recycled for multiple use, but some-
times even for once-through use. By proper control of these quali-
ties, it is possible to ignore factors of less importance, as illustrated 
by the fact that approximately 20 percent of industry's total water 
intake is salt or brackish water unfit for any purpose except cooling, 
and certainly of no value as a potable water supply. 

Water that is to be used for steam generation, another important 
industrial application, must meet especially strict standards. Water 
quality has become more significant with the development and 
widespread use of high pressure boilers. A total solids content of 
3,500 milligrams per liter is permissible in feedwater for boilers 
operating below 300 pounds per square inch of pressure, but the 
tolerance decreases to 500 mg-liter in today's modern 2,000 psi 
boilers Similarly, over the same pressure ranges, the limit for sus-
pended solids must be cut f rom 300 to 5 mg-liter, alkalinity from 700 
to 100 mg-liter, and silica f rom 125 to 0.5 mg-liter. No available nat-
ural or municipal water comes close to meeting these require-
ments- hence, elaborate pretreatment of boiler feed or make up 
water ' is universally practiced for high pressure boilers, and some 
degree of treatment is necessary in almost all thermal power 
plants. Massachusetts is fortunate in having some of the softest nat-
ural waters in the country, but even these are not generally accept-
able as boiler feedwater without treatment. 

Water for industrial process use must meet standards that vary 
greatly f rom one industry to another. The tanning industry has a 
simple set of standards, because product quality is not significantly 
modified bv water quality. As a result, only about one tannery m six 
in the United States finds it necessary to treat the water it takes 
in (Tannery waste water is quite a different matter.) Probably 
the ratio in Massachusetts is even less, because of comparatively 
high raw water quality. On the other hand, the manufacture of 
photographic supplies, including film, imposes such strict demands 
on water quality that every producer in the country provides some 



^ supplementary form of water purification. No comparable data is 
l f E available for electronic equipment producers, but pretreatment is 
* certainly common, and perhaps universal. 

Water quality requirements in the food industries, in cooling wa-
® ters, and in boiler waters have been discussed. Other industries that 
: have special demands include the manufacture of pulp and paper, 

L in which hardness, iron, and manganese are deleterious to product 
quality and often require removal. These same impurities affect 

I textiles, especially the production of true colors in dyeing opera-
tions. Hardness, undesirable for most applications, is a necessary 
ingredient in water for the brewing, distilling, and baking indust-
ries. The electroplating and metal finishing industries use much 
water, and have many special quality needs, both inorganic and or-
ganic, in order to protect product quality with respect to adherence 
of the plate, smoothness, brightness, color, and resistance to corro-

ía? sion. nit: 
Water Treatment and Reuse. Because available water supplies 

( K often fail to meet the requirements for industrial use, industry 
must process its water intake to provide acceptable quality. All of 
the techniques of municipal waterworks are, when necessary, em-
ployed; in addition, many treatments not used in the municipal 
field have been adopted for special purposes by industry. This is not 
the place to describe treatment operations in detail, but a brief sur-
vey may be worthwhile, 

g; The most common type of treatment for industrial water is prob-
ably filtration, usually on sand filters but with increasing reliance 
on diatomite and other manufactured equipment. Filtration is not 
needed on waters taken from the public mains, which have already 
received this form of treatment, unless absolute clarity is demanded, 

: : as in many of the beverage industries. If the industry obtains its 
raw water from natural sources, filtration is nearly always prac-

. | ticed. Sedimentation is roughly equivalent to filtration in its effect, 
> but requires more land area; it is more common in municipal wa-

terworks but relatively unusual in industrial water treatment. Eith-
er er filtration or sedimentation may be improved by chemical coagu-

lation, which produces an improved and more rapid clarification 
tejí of the water. Coagulation may aid also in the removal of color. 



Other forms of water treatment are, like coagulation, based on 
chemical processing. Softening is widely used, almost universally for 
boiler waters and for cooling waters that are to be recirculated, and 
also for certain other purposes including process use. Complete de-
mineralization by ion exchange is used in the distillery industry 
and in providing water for the manufacture of precision machinery 
and electronic equipment. Some few industries, such as photographic 
film manufacture and the production of fine chemicals, resort to 
distillation in order to provide a water of ultimate purity. Chlorma-
tion is a widely used treatment, not so much for disinfection in the 
usual sense as for the control of slime growths and other microor-
ganisms that interfere with industrial use of the water. Corrosion 
inhibition is important for many applications, especially with soft 
or "aggressive" waters; it involves pH control and the addition of 
chemicals and compounds designed for this specific purpose. 

In addition to the impurities in raw water which impair its use-
fulness for industrial use, further impurities and increased concen-
trations result because of the use. Evaporation of a portion of the 
water, as in a steam boiler or a cooling tower, causes a concentra-
tion of both dissolved and suspended matter in the water that re-
mains Other impurities accumulate from the use itself: acids from 
washing steel after pickling, organic matter from processing leather, 
color f rom textile dyeing operations, and fine fibers and clays from 
the making of paper. This residue impairs the water quality and 
makes it unsuitable for fur ther use. 

Traditionally, with once-through use of water in the plant, this 
became a stream pollution problem but had no direct effect on the 
manufacturing operations. Today, and increasingly in the near 
future, industry is reusing its water once or several times (2.bo 
uses on the national average, according to one estimate of 1959), 
and the in-plant deterioration of quality becomes of direct signifi-
cance. There are several ways of managing this problem. 

One technique for obtaining multiple use of deteriorating water 
is to employ it f irst where purity is most important, and to return 
it to a different type of usage where contamination does not matter. 
This is done, for example, in the countercurrent rinsing in several 
tanks of electroplated parts. It is accomplished in a different man-
ner in the manufactured gas industry, which passes its water 



In a different approach to the problem of quality degradation 
during reuse, a fraction of the used water is purged from the sys-
tem, carrying with it a high concentration of impurities. Most famil-
iar is the blow-down of water from a steam boiler, and the make 
up with fresh water of greater purity. Other well known examples 
are the regular or continuous purge of cooling water from a recycle 
system as dissolved solids build up in concentration, and the use 
of process rinse tanks with continuous inflow of fresh water and 
continuous overflow. 

A more generally satisfactory approach to impurity build-up is 
in-plant or even in-process treatment of the contaminated water to 
remove the impurities. The water may then be returned to the pro-
cess or may, indeed, never have been removed from it. An example 
of the latter is the continuous recycling of water in a water-wash 
paint spray booth, the paint sludge being settled out and removed 
in a special chamber of the recirculation system. Another example, 
patented but widely used, is the "integrated" treatment of electro-
plating rinses, in which the cyanides, metals, or other impurities 
are removed by filtration or chemical means from the continuously 
circulating rinse water. 

By a combination of the above techniques, some plants have come 
to the extreme condition of complete reuse of their water, with no 
waste stream at all. The fresh water intake is at a minimum under 
these circumstances. The feasibility of this policy is aided by the 
fact that concentrated purge streams are more readily treated than 
dilute once-through waters carrying the same total quantity of con-
taminant. The cornstarch industry was a pioneer in complete recir-
culation of waters and waste waters, in its so-called "bottled-up'" 
process. The idea has since proved practical in other industries, and 
almost all industries now make some attempt at least to approach 
it. Some of the progress and problems in reuse are reported below 
for specific industries. 

Food Industries. The food industries are often restricted in their 
possible application of recycled water by sanitary precautions spelled 
out in regulations of the Department of Agriculture, the Food and 



Drug Administration, and other agencies, federal, state, and local. 
Despite these necessary though burdensome restrictions, some reuse 
is possible. The meat industry, for example, uses warm but uncon-
taminated compressor cooling water for such purposes as cleaning 
viscera, condensing vapors from rendering, cleaning floors and 
equipment, showering animals, and flushing toilets. Direct reuse of 
waste water in contact with food materials is banned, but other 
opportunities for multiple or at least dual use are available. Final 
waste disposal by crop irrigation is sometimes practical and use- | 
ful. 

Paper Industry. Waste water from paper machines, known as 
"white water", is extensively reused in the paper-making process, 
thereby salvaging fibers, fillers, chemicals, and heat as well as the 
water itself. Too much recycling, however, may lead to mill troubles 
like increased corrosion, foaming, felt plugging, and poor product 
quality. 

Metal Finishing Industry. The electroplating industry has done 
much to reduce its usage of water and to recycle its waste waters 
after appropriate treatment. Proper water management is essential 
including countercurrent flow schemes, in order that water of high-
est purity shall be available where it is most needed and that waste 
waters destined for material salvage shall be withdrawn at the point 
of highest concentration. 

Steel Industry. The average large steel mill uses 30,000 to 40,000 
gallons per ton of product, but one West Coast mill, in a region of 
water scarcity, has succeeded in operating successfully at a watei 
intake of only 1,500 gallons per ton. This has been achieved by elim-
ination of wastage, multiple reuse of water, and careful water man-
agement throughout the plant. Operation in this manner is more 
costly than the traditional, less conservative use of water, but it 
can be accomplished when the need is powerful enough. 

Petroleum. The petroleum industry's major need for water is in 
cooling and condensing operations. By extensive recycling, some-
times with intermediate treatment more extensive than the use of 
cooling towers, the industry provides its requirement of 800 to 3,000 
gallons per barrel of crude gasoline by a fresh water intake of only 



200 gallons per barrel. Only two to five percent of the gross figure 
is consumed; the remainder is returned to the watershed. An in-
crease in recycling decreases the fresh water needs; on the other 
hand, recycling increases the water lost by evaporation, and this 
factor must be considered in overall water management. 

Mining. Many mining operations are producers of water which 
unfortunately may be heavily contaminated, as in the highly objec-
tionable acid coal mine drainage of Pennsylvania and other states. 
Mining-related operations are, however, large users of water, par-
ticuarly in the beneficiation of coal, ores, and industrial minerals, 
and in dust control. Most or all of the spent water from mineral-
dressing operations, including the washing of sand and gravel, can 
readily and cheaply be purified for reuse. Usually, all that is nec-
essary is settling in a crudely constructed pond, and pumping. Ohio, 
Pennsylvania, and some other states prohibit the release of turbid 
waters from sand and gravel washing, hence the pit operators must 
recycle and thus reduce their water needs. 
Massachusetts Developments 

To obtain relevant data on the use of water by various Massachu-
setts manufacturing firms and of related water conservation prac-
tices adopted by them, the Legislative Research Bureau sent a ques-
tionnaire to 140 companies. Of this total, 46 of the 60 or so com-
pleted questionnaires contained pertinent data which have been in-
cluded in this report. 

Twenty-one of the responding industries derive their water supply 
entirely from municipal sources while the remaining industries use 
municipal supplies for domestic purposes and other sources (private 
ponds, wells, or streams) for industrial product or process water. 
Nine industries provide in-plant treatment of stream water and 
this consists primarily of screening, filtration, and chlorination. 
Eight of the completely municipally supplied industries add in-plant 
treatment, such as coagulation, filtration, chlorination, activated 
carbon, and softening. 

The following table shows the process and domestic water intake 
separately for Massachusetts' industries and also indicates the ex-
tent of recycling or reuse practiced by the individual reporting in-
dustry. 



TABLE 15 
Water Use and Recycling by Massachusetts Industries 

I n d u s t r y 

Food £. K i n d r e d 

P r o d u c t s 

Food & K i n d r e d 

P r o d u c t s 

C e r e a l 

G e l a t i n 

P r o c c s s w a t e r D o m e s t i c w a t e r 

i n t a k e p e r i n t a k e p e r 

e m p l o y e e / y r . e m p l o y e e / y r . 

( R a l l o n s ) ( g a l l o n s ) 

.94,000 

25,000 
NA 

1,705,750 

750 

1,000 
116,000 
176,250 

T o t a l w a s t e 

w a t e r d i s c h a r g e 

p e r e m p l o y e e / y r . 

( g a l l o n s ) 

93,250 

21,750 
NA 

1,882,250 

R e c y c l e o r Reuse 

Hens t o i l e t r i e s 91,000 7,250 98,250 

R u b b e r P r o d u c t s 1. 750,000 7,500 V , 755.000 

A u t o m o b i l e T i r e s 475,000 17,500 492,500 
R o p e , T w i n e & 

P l a s t i c P i p e 18,750 6,750 NA 
H i g h P r e s s u r e 

L a m i n a t e P l a s t i c 240,000 41,500 70,000 
Soap & D e t e r g e n t s 1, ,063,500 19,500 1,083,500 
E n g i n e e r i n g Sup-

25,000 p l i e s & E q u i p . 25,000 3,500 25,000 
B e e r and B e v e r a g e 

1,500 C o n t a i n e r s 7,750 15,500 1,500 
M a l t B e v e r a g e s 399,750 627,500 NA 
B e e r & A l e 1 ,285,500 357,000 214,250 
C a r b o n a t e d B e v . 278,000 NA 50,000 

F o r g i n g s 300,000 50,000 NA 
F o r g i n g s 143,750 17,500 129,00.0 
A b r a s i v e s , G r i n d i n g 

148,750 & G e a r C u t M a c h i n e s 130,750 19,000 148,750 

F a b r i c D y e i n g 583,250 62,500 566,500 
Dye S t u f f s M e d i c i n a l 

C h e m i c a l s 800,000 100,000 NA 
C o t t o n T e x t i l e 

2,376,000 F i n i s h i n g 2 ,376,000 500 2,376,000 
F i b e r P r o d s . C o t t o n 

& S y n t h e t i c s 321,250 42,750 364,000 
E l a s t i c i z e d F a b r i c s 126,500 17,500 126,500 
Woo l S c o u r i n g & 52,000 Comb ing 23,250 28,750 52,000 

Wool Combing 355,000 43,000 398,000 

Air cond. & refrig. 

NA 
90% recycled 
4:1 recycle ratio, 
incl. boiler returns 

3 process water loops, 
incl. air cond. reuse, 
1:3 recycle ratio for 
5 months of year 
1.2:1 recycle ratio 

None 

Approx. 507. recycle 
About 5% recycle 

Air cond.,6 mos. only 

907. r e c i r c u l a t i o n 

257. r e c y c l e 

107. r e d y c l e 

Evap. Condensers and 
Refrig. 
None 
1.75:1 recycle ratio 

Cooling water reused 
for process wash water 
None 

1:3 recycle ratio 

None 

NA 
Closed loop for boiler 

C o u n t e r - c u r r e n t wash-

i n g & r e c y c l e w i t h o u t 

t r e a t m e n t 

C o u n t e r - c u r r e n t 

washing 



TABLE 15 — Continued 
Water Use and Recycling by Massachusetts Industries 

Industry 

Process water Domestic water Total waste 
intake per intake per water discharge 

employee/yr. per employee/yr. employee/yr. 
(gallons) 

Coated Papers 117,165 
Coated Book & 
Commer.Prtg. Papr. 2,016,500 

Book and Pack-
aging Papers 

Technical & Spec-
ialty Papers 

ilassine Paper 

Classine & Grease 
Proof Papers 

Kraft Paper 

Paper: Bristol, 
Index & Cover 

Folding Boxboard 

Paper Board & 
Specialty Papers 

Petroleum Products 

Refined Cane Sugar 
Sugar 

Can Sealing Com-
pounds (30% of 
Production) 

7,700 

5,812,500 

187,500 

1,123,500 
3,271,465 

989,250 
2,008,750 

1,285,000 

725,500 

260,750 
5,607,000 

405,000 

(gallons) 

NA 

3,500 

250 

NA 

NA 

NA 
9,750 

NA 
NA 

24,000 

35,500 

NA 
107,000 

12,500 

(gallons) 

117,165 

1,750,000 

1,963,500 

5,812,500 

937,000 

632,000 
3,313,250 

775,000 
2,008,750 

1,205,750 

unknown 

234,750 
5,660,500 

357,500 

Recycle or Reuse 

None 

75% recycle,incl. 
save-all 

50% recycle, incl. 
save-all 

Estimate 10% reuse 
without treatment 
60% recycle with 
holding tanks 

60% recycle 
80% recycle, incl. 
save-alls & chlor. 

3:1 recycle ratio 
3.5:1 recycle ratio, 
incl. Kraft save-all 

6.5:1 recycle ratio 
without treatment 
Recycle between refrig 
and boiler make-up 
None 
Portion of air cond. 
& crystallizer system 
recycled 

3.75:1 recycle ratio 

1 " " ' 
Recycle Ratio Amount of water recycled (gpd)/Process water "intake (gpd). 

2Not Available. 

Source: Responses to Legislative Research Bureau questionnaire. 



Reuse and recycling of process water was indicated by 30 of the 
respondents with recycle ratios ranging from as low as 10 percent 
to as high as 6.5 times recycling with ultimate consumption by the 
product (the latter in the soap and detergent industry). High re-
cycle ratios were reported chiefly by the nine paper mill industries. 

Sixteen of all the responding industries reported partial waste 
treatment but it appears that few industries are adequately treat-
ing waste discharges. About one-third of the reporting plants dis-
charge directly to streams and the remaining two-thirds discharge { 
to public sewers. The latter, in many cases, is also discharged with-
out treatment into a stream along with municipal wastes. 

A knowledge of the relationships of water intake and water man-
agement to industrial activity is needed to gauge present industrial 
water requirements and for making projections of industrial water 
requirements. Because of the time allowed for circulation of the 
questionnaire and a delay caused by industry's doubt concerning its 
ultimate use, it was impossible to obtain a comprehensive knowl-
edge of these factors for Massachusetts industry. However, judging 
from the response to the questionnaire in the short time allowed, 
Massachusetts industry is generally aware of the water problem 
and is willing to cooperate. A more extensive survey of Massachu-
setts industries and manufacturers in a less limited time period 
would provide for a more complete and accurate basis for intelligent 
planning of industry's share in the state's water resources. 

Basin-wide Aspects of Industrial Water. Probably few municipal-
ities and certainly no two industries have identical situations with 
respect to their use of water. The problems of each, however, are 
not unrelated to the problems of the neighboring others. The rela-
tionships are sometimes mutually helpful, sometimes antagonistic, 
and most often involve some features of both. The problems are 
most effectively reconciled and the mutual benefits most readily 
achieved by an agreement or compact among all parties involved. 
Government itself is such a compact. It is well recognized that gov-
ernmental control of water, as of other problems, can be handled 
efficiently only by an agency close to the problem. In water matters, 
the natural compact area is the watershed. Since watershed con-
figurations rarely coincide with governmental boundaries, control 
should be exercised by the smallest government unit that embraces 



the entire area and population affected. The Commonwealth of Mas-
sachusetts, thus, has an obvious role in water management, relin-
quishing this role to smaller government units, or towns when feas-
ible, and conforming to the rules of large compacts, such as the 
New England Interstate Water Pollution Control Commission on 
interstate matters. 

The competitive needs of individual municipalities, industries, ag-
ricultural enterprises, and other water users is often best met by co-
operative effort. This is particularly desirable in a limited area of 
concentrated population and productivity, such as in Massachusetts. 
Examples include the development of water supplies by munici-
palities or private companies, and the sharing of this water, on a 
reasonable financial basis, with industry and other users; also the 
common treatment and disposal, usually by the municipality of all 
waste waters originating within a specific area. Surface water 
supplies are limited; hence better development and distribution 
results with controls by a single agency. Ground water hydrology 
is less well understood, and ground water control is more difficult 
to administer fairly and effectively; but underground supplies are 
an essential component of the available water resources. Ocean 
waters also have industrial value, particularly for cooling; but it 
is doubtful that any governmental control is needed in the near 
future other than provision to eliminate undesirable pollution. 
Fresh water from the ocean will probably become available in 
Massachusetts within a few years, not as an economic enterprise 
but as an answer to a critical need. Its impact on the overall water 
picture must be recognized. A far more practical recovery of 
useful water should come from the increased reuse of waste waters; 
this is less attractive than water f rom the sea, but is far more 
practical. It is receiving inadequate federal study, and would be a 
highly worthwhile development of immediate value at the state 
level. 

Multiple use of water within an industrial plant has been discussed. 
On a larger scale, it is perfectly feasible for the v/aste water of one 
industry or municipality to become the raw water of another. Es~ 
thetically repulsive though this concept may be, it has been practiced 
for centuries. Most American cities draw their raw water from a 
nearby stream, which includes all the sewages and waste waters 



of upstream communities and industries. Obviously, treatment of 
the wastes before discharge, natural purification in the flowing 
stream, and elaborate processing and disinfection of the water 
withdrawn all combine to yield a municipal water that is not only 
safe but palatable and pleasant. Modern improvements in treatment 
practices and in purification are opportune in these days of threat-
ened or actual water shortages. For many if not all water uses, it is 
now possible to eliminate the middle step of purification — that 
natural purification of the river and to rely on "manufactured" 
water for the first and subsequent reuses. By multiple reuse — 
and only by multiple reuse — can the available water supplies be 
preserved. 

Many industrial uses of water pose quality requirements that 
can readily be met by treated municipal sewage. For many years, 
the city of Baltimore, Maryland has sold a portion of its treated 
sewage to the Bethlehem Steel Company where it is used as cool-
ing water. In a more elaborate version of waste water reuse, 
the city of East Chicago, Indiana is currently planning additional 
processing of its sewage treatment plant effluent by chemical treat-
ment, softening, and disinfection, and will offer this for sale to 
local industries for cooling and process use, at a price lower than 
other available waters. 

A broader reuse pattern is developing in some areas of the country 
especially in California, where municipal waste waters are receiv-
ing such elaborate treatment that they can be used as a source for 
potable water. This is known as "tertiary treatment", and is being 
supported to a small extent by the federal government, but pri-
marily by local agencies. 

The multiple reuse of water within an industry is the responsibil-
ity of that industry. It is spontaneously accepted as a responsibility 
when water becomes scarce and waste water regulations are made 
restrictive. Multiple reuse by a series of users is more of an area 
problem, and is susceptible to encouragement or even control by 
a governmental agency. 
Reuse of Municipal Waste Water 

Because of water shortages and the increased demand for water in 
our country, treated sewage is being utilized in increasing amounts 
for industrial water supply. The degree of treatment required be-



fore sewage can be used depends on the intended use as well as the 
degree of treatment already applied to the sewage effluent. There 
is actually little basic difference in treating sewage or other water 
supplies. Many of the rivers used as sources of water supply have 
had raw sewage dumped into them. 

Many industrial plants have utilized treated sewage in their oper-
ations and the number is growing each year. As indicated, one of 
the first and still the largest industrial user is the Bethlehem Steel 
Company at Sparrows Point, Maryland which takes the effluent 
from the City of Baltimore's Back River treatment plant. Original-
ly, Bethlehem Steel contracted for the use of 75 mgd for cooling 
and process water when the plant first went into operation in 1949, 
but gradually the use has increased to virtually the entire treatment 
plant effluent of 120 mgd. Texaco, Inc. and the City of Amarillo, 
Texas, jointly own a water treatment plant for the treatment of 
municipal sewage. The treated water from this plant is used by 
Texaco in its Amarillo refineries. Including all costs, Texaco pays 
13 cents each 1,000 gallons of water received. On the other hand 
water from an alternative source would cost 18 cents for the same 
quantity. 
Flood Control 

The present drought conditions have brought about one of the 
quietest periods of flood control operation. No major floods have 
been noted for more than ten years. The major consequence of 
the drought that concerns flood control would seem to be the in-
fringement on flood storage capacity in selected reservoirs to allevi-
ate local drought conditions. In August 1965 the Office of the 
Chief of Engineers authorized increased conservation storage, ef-
fective until August 1, 1966 unless rescinded or superseded. 

To assist in meeting the critical water supply shortages on an 
emergency basis, Division Engineers are authorized to increase con-
servation storage (including power) in flood control or multi-pur-
pose projects by infringement on flood control storage where feas-
ible and considered prudent by the Division Engineer, and where 
equivalent seasonal storage allocations are not already in effect. 
Concurrences of appropriate state water agencies for the emergency 
operation should be obtained and made a matter of record. 



The infringement on flood control capacity must be requested 
by the local community and is generally limited to one inch of run-
off. 1 Local communities must still pay all costs of piping and dis-
tribution to make use of this water. Unfortunately for communities 
who need additional water supply, the existing flood control reser-
voirs for the most part are not located in advantageous positions. 
Otherwise, flood control reservoirs and management are not believed 
to be a major item concerning the present drought, except perhaps 
low-flow augmentation in extreme cases. 

So far as dam construction is concerned, Col. Edward J. Ribbs, 
former Commanding Officer, New England Division, Corps of En-
gineers and now Commissioner of the Massachusetts Department 
of Public Works, notes that approximately 8.5 billion gallons of 
water for relief of drought stricken communities can be impounded 
behind eight of 10 federal flood control dams in Massachusetts. 
The 8.5 billion gallons of water represent 10 percent of flood con-
trol storage capacity in the reservoirs. The remaining 90 percent 
of storage space must be reserved to accommodate sudden heavy 
rains or hurricane deluge. The impounded water could be provided 
for the drought stricken community by pumping, piping or truck-
ing. This part of the operation would be the community's responsi-
bility. A request by a community for a permanent water supply 
from a federal reservoir could be honored under Congressional au-
thority granted to the Army Engineers under the terms of the Wa-
ter Supply Act of 1958. 

Littleville Dam and Reservoir in Huntington, Massachusetts is the 
first federal reservoir in New England to have future water supply 
facilities incorporated in its planning under the 1958 legislation. The 
City of Springfield plans to construct a pipeline to transmit water 
f rom this source for future needs. 

In addition to Littleville, other flood control dams and reservoirs 
which can impound water for emergency use have been constructed 
by the Army Engineers at Athol, Barre, Charlton, Huntington, Men-
don, Southbridge and Sturbridge. 

To convert one inch of runoff to acre-feet, multiply the drainage area above 
the reservoir measured in square miles by 53.3. 



Low Flow Augmentation and Waste Disposal 
In general the quality of water bodies can be improved either by 

treating entering wastes or by increasing dilution. Because of the 
inverse relationship between the concentration of most pollutants 
and low flow stages of streams, fuller use of higher stream flows 
has been recognized as a possibility. 

In 1961 Congress amended the Federal Water Pollution Con-
trol Act to provide for non-reimbursable federal expenditures for 
water quality control by flow regulation, provided that the bene-
fits from such regulation are widespread and that a reasonable 
amount of waste treatment is provided by all users of the stream 
for waste disposal. 

Investigations of stream flow regulation for quality control in-
volve three general areas of interest: (1) the legal aspects, (2) the 
economic aspects, and (3) the technical aspects. The legal aspects 
deal with those questions of policy and law which regulate the use 
of water for waste dilution and disposal. The economic aspects deal 
with those problems of costs and benefits which will determine the 
justification of flow regulation for controlling stream pollution. The 
technical aspect concerns itself with the evaluation of the need for 
flow regulation and the effects of such releases on water quality. 

As a result of the Senate's Select Committee on National Water 
Resources activities, several reports appeared which are closely re-
lated to flow regulation for water quality control. The Public Health 
Service in one of these reports in 1960 outlined the problems of 
water management and emphasized the necessity of considering 
both the quality and quantity of water in the planning of multiple 
purpose water resources development projects. The report pointed 
out that present day technology does not always permit economi-
cally feasible water quality control by waste treatment alone. Chi-
cago, Illinois is an example where modern treatment facilities have 
not solved the pollution problem, leading Chicago to request addi-
tional dilution water. 

A report prepared for the Senate Select Committee contained 
forecasts of waste treatment and low flow augmentation needs for 
22 water resource regions in the United States. 1 This report indi-
1 Select Senate Committee on National Water Resources, 86th Congress, 2nd 

Session, Committee Pr in t No. 32. 



cated that the largest demand for water in the eastern United States 
will -be for waste dilution. In summarizing its findings the Senate 
Select Committee in 1961 concluded that "the major demand upon 
water resources in the East is for an adequate supply for waste 
dilution. Such dilution is required over and above a comparatively 
high level of waste treatment." 

Public Law 87-88, amending the Federal Water Pollution Control 
Act, contains the provision that in the survey of planning of any 
reservoir by the Corps of Engineers, Bureau of Reclamation, or 
other federal agency, consideration shall be given to inclusion of 
storage for regulation of stream flow for the purpose of water qual-
ity control, except that any such storage and water releases shall not 
be provided as a substitute for adequate treatment or other methods 
of controlling waste at the source. Large scale planning efforts by 
the Corps of Engineers in several eastern basins will result in 
recommendations for large amounts of storage for the augmentation 
of flows. 

Methods available for controlling stream water quality include, in 
addition to low-flow augmentation and waste treatment, (1) waste 
reduction at the source by in-plant process changes; (2) control by 
zoning of land and water uses; (3) storage of wastes until natural 
flows or flows regulated for other purposes provide adequate dilu-
tion in the stream; (4) diversion of wastes to other water bodies 
where water quality is not a problem, and (5) underground disposal 
of wastes. To arrive at the most economical overall solution of the 
water quality control problem, these methods may need to be con-
sidered singly or in various combinations. 

Pollution abatement has not been subject to accurate economic 
analysis, but this picture is changing. The effects of waste discharg-
es on streams are not completely understood particularly with re-
spect to quantitative changes in the physical, chemical and biologi-
cal characteristics of the stream. Dilution by flow augmentation or 
coordinated release is feasible for streams but not for lakes, and 
only to a limited extent for estuaries. Flow augmentation could 
actually increase pollution in lakes and estuaries by carrying greater 
quantities of partially assimilated wastes into these water bodies. 
The technological aspects must be more fully understood before a 



price tag can be put on the benefits to be gained from this type of 
pollution abatement. 

Various approaches are being used today together with modern 
computers in a systems analysis approach. Flow augmentation re-
quirements in a systems analysis approach are determined by a 
method of successive approximations in which a given flow condi-
tion is established, water quality predicted, and flow adjustments 
made. Minimum quality standards or flow limitations for each 
length of river, beginning with the headwaters, must be satisfied 
before analysis can proceed to downstream areas. Each change of 
flow in a downstream area causes a change at all previously consid-
ered points. Hence, the system is dependent and can be solved only 
by repetitive solutions which close successively on the final answer. 

No matter how powerful the analytical tools or computers used 
are, the methods are only as good as the data collected. Needed phys-
ical data on stream flows, topography, river velocity and depth, wa-
ter quality and other values are sparse and often nonexistent. The 
collection of such data on our streams needs to be vastly accelerated. 
Future Sources of Supply 

Augmentation by Flood Water Storage. The development of a fu-
ture surface water supply for New England requires the construc-
tion of off-stream reservoirs to which flood flows of a river can be 
diverted for storage. As a storage receptacle, such off-stream res-
ervoirs provide natural purification and diverting water to them 
can be carried out during periods when the water quality of the 
stream is at its best. Reduction or elimination of flood conditions at 
areas below the point of diversion may be considered a secondary 
advantage. 

The following Massachusetts localities (with their indicated 
stream sources) are currently undertaking off-site reservoir proj-
ects: Andover (Fish Brook), Beverly-Salem-Essex-Gloucester (Ip-
swich River), Burlington (Shawsheen River), and Newburyport 
(Parker River). 

In 1965, the Massachusetts Legislature enacted legislation protect-
ing the present use of land bordering on any inland waters in the 
Commonwealth (c. 220). The purpose of this Act is to restrain any 
alteration of present flood plains that might deleteriously affect the 



water quality or increase siltation behind off-stream reservoirs. 
Among other provisions, both the State Department of Public 
Works and the Division of Natural Resources may intervene when 
a planned commercial development poses a threat to public or pri-
vate water supplies or proper flood control. The effects of this 
legislation is currently being tested in relation to a proposed under-
taking which may prove injurious to the town of Andover's future 
water supply. 

Increased Use of Ground Water Supplies. Ground water is less 
frequently used to supply water needs in Massachusetts; this state 
consumes only six percent of the country's total ground water sup-
ply. However, there are indications that this source is receiving 
attention from local water officials. Thus, many of the drought 
stricken Massachusetts communities, seeking both temporary relief 
and a long-term, permanent solution to their water problem, have al-
located Reserve Funds for further exploration of possible suitable 
well sites. In this search for ground water, the possibilities of the 
infiltration gallery (or horizontal well), yielding large quantities of 
excellent water to many European cities and towns, should not be 
overlooked. In this country, this method of supplying ground wa-
ter is known as the Ranney Method. 
Representative Problem Areas 

Numerous towns in the Commonwealth of Massachusetts experi-
enced water shortages that ranged from a critical shortage to emer-
gency conditions. Some of the towns were able to make arrange-
ments with neighboring communities, some were fortunate enough 
to obtain relief from the Metropolitan District Commission system 
and others were aided by temporary pipe lines from nearby ponds 
and lakes, some with the aid of temporary pipelines and pumping 
equipment provided by the State Civil Defense Agency. Most of the 
communities that experienced a water crisis during 1965 have been 
discussed previously. 

Regional and basin-wide planning, such as the proposed New 
England River Basin Commission (under the Federal Water Re-
sources Council), may be the only solution to safeguard America's 
dwindling quality water supplies. In spite of the autonomy of the 
New England town and local government — water resources knows 



no local government limit. It should be administered on a much 
broader and larger scale. To return all water to pristine purity 
is not possible but the present extent of water pollution must be 
curtailed for the ultimate survival of our standards and values. 

The total municipal water use in Massachusetts is about 500 mgd, 
with the Metropolitan District Commission using approximately 
275 mgd, or 55 percent of the total daily water use in Massachu-
setts. The western Massachusetts city of Springfield, the second 
largest municipality in the state, uses 32 mgd with maximum daily 
output of 48 mgd. The third problem area is the city of Lawrence 
located in the northeastern part of Massachusetts which consumes 
7.98 mgd including the daily water requirements of the adjacent 
town of Methuen which is serviced by the city. 

Metropolitan District Commission. Thirty-one Greater Boston 
communities,1 with a population of 1.8 million, now draw their wa-
ter either wholly or in part from the Metropolitan District Com-
mission (MDC) system which was established by the Legislature 
in 1895 (c. 488). Moreover, the MDC sells water either on a tempor-
ary or permanent basis to meet the requirements either wholly or 
in part of the following communities: Chicopee, Clinton, Framing-
ham, Lancaster, Leominster, Marlborough, Northborough, South-
borough, South Hadley (Fire District No. 1), Springfield, Wilbra-
ham and Worcester. 

Prior to the establishment of the Metropolitan District Commis-
sion, Boston and many surrounding communities depended on va-
rious sources to meet their water needs, namely (a) local streams 
and ponds, (b) wells and reservoirs, and (c) private water com-
panies. The danger of an inadequate water supply, the encroach-
ment of population on the watersheds, the unsatisfactory quality 
of the water, and the intrusion of sea water stimulated the creation 
of the MDC which at first comprised the seven cities of Boston, 
Chelsea, Everett, Maiden, Medford, Newton and Somerville and 
the then six towns of Belmont, Hyde Park (now part of Boston), 
Melrose, Revere, Watertown, and Winthrop. The legislative act pro-
vided for the automatic admission of the above communities to the 
system; other cities and towns situated within 10 miles of the State 
i See Figure 5 for member communities and dates of admission. 



House were to be eligible for membership upon application thereof. 
In 1943, the Legislature authorized the admission of communities 
within 15 miles of the State House (c. 543). 

Of the cities and towns within the original ten mile limit only nine 
have declined to join the system: Braintree, Canton, Dedham, Hing-
ham, Hull, Lynn, Wellesley, Weymouth, and Woburn with a total 
population of 266,900. In addition, there are 22 municipalities be-
tween 10 and 15 miles of the State House eligible to make applica-
tion for membership: Avon, Bedford, Billerica, Burlington Cohas- { 
set, Concord, Danvers, Dover, Holbrook, Lincoln, Medfield, Middle-
ton, Natick, North Reading, Randolph, Reading, Salem, Stoughton, 
Walpole, Wayland, Westwood and Wilmington serving a total pop-
ulation of 204, 170. Population of these two groups is 471,070, and 
the total population of all cities and towns within the 15 mile radius 
is 2,306,936. 

The first facility constructed by the Commission was the Wachu-
sett Reservoir created by erecting a solid masonry dam across the 
Nashua River above the town of Clinton. This reservoir has a ca-
pacity of 65 fog with a water surface of 6.46 square miles and im-
pounds the runoff f rom 107.69 square miles of the watershed of the 
south branch of the Nashua River, the reservoir's major tributary. 
The City of Worcester has the right to divert not more than 10 
mgd from approximately 21 square miles of this watershed. 

On the basis of the joint recommendations of the State Depart-
ment of Public Health and the MDC (House, No. 1550 of 1922), the 
1926 and 1927 sessions of the Legislature authorized the construc-
tion of the Ware and Swift River projects, including therein the 
construction of the Ware River diversion facilities, the Quabbin 
Reservoir on the Swift River, and the Quabbin Aqueduct, a deep 
rock tunnel 24.6 miles long which conveys the water from the Ware 
River and Quabbin Reservoir to the Wachusett Reservoir at West 
Boylston. Resultant savings in construction cost permitted the con-
struction of the pressure aqueduct from the Wachusett Aqueduct 
in Marlborough to the Norumbega Reservoir in Weston in 1940. 

The Quabbin Reservoir, formed by two large earth dams known 
as the Winsor Dam and the Quabbin Dike, impounds the runoff from 
186 square miles of the Swift River watershed and from 98 square 
miles of the Ware River watershed. Provisions for water power 



development are provided at the Winsor Dam outlet. Quabbin has 
a capacity of 412 bg with a water surface area of 38.6 square miles 
and is one of the largest reservoirs in the world constructed entirely 
for domestic water supply purposes. The Quabbin Reservoir inund-
ated the four towns of Enfield, Dana, Greenwich and Prescott and 
thereby terminated their corporate existence. The project embraces 
a combined land and water area of 117 square miles. 

. A flow of 20 mgd must be maintained on the Swift River in the 
3 j village of Bondsville in Palmer, and certain flows must be released 

to maintain navigation in the Connecticut River. 
Water needed to supplement the Wachusett Reservoir supply is 

drawn through 24.61 miles of the horseshoe-shaped Quabbin Aque-
duct, which was excavated through solid rock and lined with con-
crete. Provision has been made at the Ware River Intake Works at 
Coldbrook to divert flood flows (diversion limited to flows above 

* 85 mgd between October 15 and June 15) f rom the 98 square miles 
Ware River watershed into the aqueduct for storage in either the 

Jfi Quabbin or Wachusett Reservoirs. 
Water flows from the Wachusett Reservoir through the 9.4 miles 

of the Wachusett Aqueduct, which has a capacity of approximately 
300 mgd, to the intake of the Hultman Aqueduct in Marlborough 
and into the Sudbury Reservoir at Southborough. 

The open channel section of the Wachusett Aqueduct terminates 
in the Sudbury Reservoir in Southborough which is formed by an 
earth dam, with a concrete core wall across the Sudbury River. I t 
impounds the runoff from approximately 22 square miles of water-
shed and has a storage capacity of approximately seven mgd with a 
water surface of two square miles. Prior to the completion of the 
Quabbin Reservoir, the Quabbin Aqueduct, and the Hultman Pres-
sure Aqueduct, this reservoir was one of the principal reservoirs in 
the water supply system, and it is still used for water supply pur-
poses. During the summer months a large quantity of water 

J flows from this reservoir through the Sudbury Aqueduct to the 
Chestnut Hill Reservoir, where it is pumped into the Southern High 

uoi Service distribution system. The Sudbury Aqueduct is approximate-
frtt ly 17.5 miles long and has a capacity of 90 mgd. The present Metro-
p politan District Commission water supply system is shown diagram-
0 matically in Figure 5. 



FIGURE 5. BOSTON METROPOLITAN DISTRICT 
COMMISSION WATER SUPPLY SYSTEM 

(REVISED MARCH 24, 1965) 



Because of the high quality of the water impounded in the vari-
ous reservoirs and strict enforcement of sanitary rules and regula-
tions on the watersheds, it is unnecessary for the MDC to maintain 
and operate expensive water purification works. Water supplied to 
consumers in the Metropolitan Water District is treated with small 
amounts of chlorine and ammonia as it enters the distribution sys-
tem and occasionally some of the storage and distribution reservoirs 
are treated with small amounts of copper sulfate in order to combat 
algae growths. The Water Division of the Metropolitan District 
Commission maintains three laboratories at the Quabbin Reservoir, 
in Framingham, and in Boston, where water samples taken from 
various parts of the water supply and distribution system are 
analyzed. 

The total safe yield of the Metropolitan District Commission 
sources, after completion of the Quabbin Reservior, and allowing 
for the loss of the southern branch of the Sudbury Reservoir system 
and Lake Cochituate (no longer used for water supply) as well as 
the diversion from the Wachusett watershed by the city of Wor-
cester, is currently estimated at 330 mgd. 

Future Expansion of MDC Water Supply System. The Metropoli-
tan District Commission, aware of the rising water needs, is proceed-
ing with future planning to increase the yield for Quabbin or alter-
nate impoundments to provide the additional water supply when 
needed. One of these developments is the NorthAeld Mountain 
project which will provide one million kilowatts to three Connecti-
cut Valley utility companies through pumped storage (Quabbin 
Reservoir, where full, stands at Elev. 530, the Northfield Mountain 
project would be at Elev. 1,000). 

Meanwhile the utility companies (the Western Massachusetts 
Electric, Connecticut Light and Power and Hartford Electric Light 
Companies) would build a pumping storage plant at the reservoir 
to pump water from the Connecticut to the reservoirs during 
periods of low power demand. The water would be released during 
peak power demands. The hydropower project calls for four 
pumps at 340,000 hp with a flow of 2,500 to 3,000 cfs and repre-
sents a $70 million hydroplant project. To provide additional water 
supply from the Metropolitan District Commission it would require 



approximately 10 miles of diversion tunnel for pumped storage 
from Quabbin Reservoir to the top of Northfield Mountain. If this 
project is approved, the Metropolitan District Commission hopes 
that it would get in 70 days per year 72 mgd additional yield for 
Quabbin (during spring freshets) as long as at least 15,000 cfs is 
maintained in the Connecticut River at Turners Falls. I t has been 
estimated that one-fourth of the 120 bg taken annually, or 30 bg of 
flood water could be stored for water supply and simultaneously 
pumped for peaking power production. 

An alternate plan under consideration calls for the impoundment 
of the upper end of the Millers River, a tributary of the Connecticut 
River, at the Tully Dam to obtain an additional 190 mgd from a 
270 square mile drainage area on the Millers River. This project 
would create a 300 acre reservoir as a future supply to bolster 
Quabbin Reservoir. 

Finally, the completion of the new Wachusett - Marlborough 
tunnel (now under construction) is expected to correct some exist-
ing distribution problems and thereby increase the supply of water. 

Springfield Water Supply. In western Massachusetts, the drought 
has affected water supply problems of many communities and es-
pecially the municipalities of Lee, Lenox, Pittsfield, Springfield, 
and Turners Falls. Springfield's problem is perhaps the most sig-
nificant because of its size and the dependence of industry and the 
many small adjoining communities on the city for water. 

Springfield's water supply system is owned and operated by the 
city of Springfield and administered by the Board of Water Com-
missioners. It consists of two surface sources namely, the Little 
River and the Ludlow Reservoir. Established in 1875, the Ludlow 
system was the only supply for the city of Springfield until 1909 
when Borden Brook Reservoir, a part of the present Little River 
supply, was constructed. Ludlow Reservoir, retained on a standby 
capacity, continues to supply the town of Ludlow (population 
15,135) and the Monsanto Chemical Company plant. Approximately 
35 percent of Springfield's water output is used by industry, with 
the Monsanto plant using the largest share, or about 25 percent. 
Besides Springfield (population 165,520) and Ludlow, the com-
munities of Southwick, Agawam, Longmeadow, and East Long-



meadow (total population about 25,000) are serviced by Spring-
field's public water supply system. 

Two reservoirs, Borden Brook and Cobble Mountain, form the ma-
jor portion of the Little River supply system. The entire system has 
a total storage capacity of 25.3 bg, a safe yield of 55 mgd and a 
total watershed area of 48.5 square miles, approximately 40 percent 
of which is owned by Springfield. 

The Springfield water supply system also maintains interconnec-
tions between its water supply system and those of Westfield and 
West Springfield. These two communities each maintain their own 
public water supply systems, utilizing for the most part wells as a 
source of supply. Westfield and West Springfield have adequate wa-
ter for their own needs at the present time, but they do not have a 
sufficient amount to augment the Springfield system to any consid-
erable extent. 

During normal years of rainfall (average annual rainfall is 50 
inches) and runoff, the amount of water in storage in the reservoirs 
at the end of the year exceeds 50 percent of its capacity. Since the 
city's supply system makes use of impoundment reservoirs that are 
necessarily dependent upon adequate rainfall and runoff, the drought 
conditions of the last few years have seriously lowered the quantity 
of water in storage. There was a 17.5 inch deficiency in rainfall for 
the year 1965. 

Springfield uses nearly 17 bg of water annually. If the present 
rainfall and runoff pattern persists and even with water-use restric-
tions being continued Springfield will be virtually out of water be-
fore the end of 1966 as indicated by the following table: 

TABLE 16 
Springfield Water Storage (196^-1966) 

Year Ending BG in Storage % Capacity 
1964 
1965 
1966 

13 
8 

3 

51.4 
31.6 
11.8 

Source: Springfield Water Department . 



Springfield has a further problem because its major industrial 
water user, the Monsanto Chemical Company, requires a very high 
quality water which the supply normally provides. The city's slow 
sand filtration plant does not have the full capability to alter water 
quality and as the water level in the reservoir becomes lower the 
water quality deteriorates. This trend may continue and become 
more serious as the reservoir level recedes. Monsanto, as well as 
other industries, may be faced either with treating the water locally 
or looking for new sources of supply. 

A firm of consulting geologists has been employed by the city 
to locate potential ground water sources. There is also a possibility 
of building a pipe line from the newly constructed Littleville Dam 
to bring water to the city treatment plant via a $2 million transmis-
sion main. City water officials recently contracted with the Metro-
politan District Commission to buy water from Quabbin Reservoir 
as an emergency measure. The MDC agreed to sell up to five mgd 
at a rate of $120 per one million gallons until June 1, 1966, with a 
possibility for an extension of this time period to June 30,1966, if it 
does not adversely affect commitments to other communities served 
by the Metropolitan District Commission. 

Lawrence Water Supply. The Lawrence water supply problem is 
different from the typical Massachusetts problem encountered dur-
ing the present drought. Since 1875 the city has used the Merrimack 
River as a source of water supply and the quantity of water neces-
sary to supply its industry and population is readily available. The 
problem lies in the quality of the water, i.e., the treatment required 
to offset quality problems created by stream pollution. Pollution of 
the Merrimack has been of concern for over 80 years but despite 
the efforts of the city and industry to contain the problem the situa-
tion still remains critical. In 1947 it was estimated that 77 percent 
of the organic load was discharged by industry and 23 percent from 
municipal sources. This distribution has shifted. A recent survey 
(1963) indicated that 54 percent of the river's contamination is due 
to industrial disposal and the balance (46 percent) to municipal 
sewerage. The Merrimack is probably America's dirtiest river. Ac-
cording to the Massachusetts Department of Public Health, it con-
tains 70 percent of the state's water borne pollution. 



As may be seen, the situation with respect to pollution from in-
dustrial sources has improved considerably in recent years, with 
the decline in textile industry operations throughout the entire 
Merrimack Valley Basin. 1 However, this decline has to some extent 
been counteracted by new waste disposal problems from industries 
such as the leather, paper and metal industries. 

In regard to municipal waste discharge, the Merrimack River 
Valley areas of Massachusetts contain most of the state's population 
whose sewer systems have no treatment facilities. Some 3.6 million 
of the state's total population of over five million persons live in 
areas served by public sewer systems. Of this group, 85 percent 
live in areas where sewage treatment facilities are either in opera-
tion or under construction. Half of the remaining 15 percent of the 
population which lives in communities lacking sewage treatment 
is located in the ten communities on the Merrimack River. 

Since more and more communities in the Merrimack Valley are 
using, or will be turning to the river as a source of water supply, 
pollution abatement must become firmly established for both in-
dustrial and municipal wastes. Unless controlled, pollution of the 
Merrimack may eventually eliminate the self-purification ability of 
the river, preventing its use as a source for water supply. 

Industry Effort. The pulp and paper industry, a major one in 
Massachusetts contributes much waste, in terms of population equiv-
alent, to state streams, especially in the Nashua-Merrimack River 
Basin. There are at least 80 major paper mills and one large pulp 
mill located in the state. 

As far back as 1949, the pulp and paper industry cooperated 
with the State Department of Public Health and the National Coun-
cil for Stream Improvement, Inc., in an effort to protect the water 
quality of streams in the Commonwealth. In spite of the fact that 
water use has increased due to increased paper production in Mas-
sachusetts, the character and quantities of wastes discharged to 
the waters of the Commonwealth have actually decreased. Thus 
over a span of 15 years (1948-1963), bio-chemical deposits have 
dropped from a daily rate of 35,000 lbs. (1948) to 23,000 lbs. (1963) 
and suspended solids from 112,000 lbs. to 86,000 lbs. respectively. 
1 The Planning Service Group, Regional Resources and Facil^s in the Central 

Merrimack Valley, July 1962. 



The critical condition of the Merrimack River has stimulated in-
creasing legislative interest in the past 30 years. In 1935, the Gen-
eral Court provided for the Merrimack River Valley Sewerage 
Board (c.446) and for the Merrimack River Valley Sewerage Dis-
trict in 1947 (c. 653). However, the latter proposal called for a 
referendum vote in the communities involved but the necessary 
local approval was not obtained. 

Moreover, numerous recess commissions and other study groups 
were created to review the situation. A recent study estimated that ( 
it would cost approximately $94.6 million to undertake the initial 
phase of the proposed pollution abatement projects for the Merri-
mack River (House, No. 3733 of 1946). While the ceiling on federal 
grants for local assistance on water pollution projects has been re-
cently raised to $150,000,000 annually, the subsidiary provisions 
of this recent legislation (grants limited to $1.2 millions for a single 
project and $4.8 millions for joint municipal undertakings) indicate 
that the Merrimack Valley communities cannot depend entirely 
on federal financial aid to solve their pollution problem. 

However, some relief may be forthcoming as the result of recent 
administrative action. As has been indicated heretofore, the federal 
district court has jurisdiction to enforce programs designed to elim-
inate pollution. As a preliminary step to such action, the Governor 
of a state may request an enforcement conference when the water 
supply of political sub-divisions within the state is contaminated 
by interstate sources. Governor Peabody of Massachusetts invoked 
this procedure in 1964 and the following enforcement schedule was 
prepared by the Secretary of HEW as the result of the conference: 

"It is the recommendation of the Federal conference that the Merrimack 
and Nashua Rivers, and thei r tributaries, be classified in 1965. Further , by 
May 1, 1966, all communities are to have arranged, voted and authorized 
their method of financing; and all sources of pollution, industrial and 
municipal, are to have their plans and specifications approved by the 
appropriate State wate r pollution control agency; and by May 1, 1967, 
construction is to be started on all waste t r ea tmen t facilities, these facili-
ties to be placed in operation within a reasonable time a f t e r the initiation 
of construction."! 

l U S Department of Health, Education and Welfare, Conference in the Mat-
ter of Pollution of the Interstate and Massachusetts Intrastate Waters of the 
Merrimack and Nashua Rivers. February 11, 1964, p. 249. 



The Massachusetts Department of Public Health reports that the 
following action has been taken as of January 25, 1966 relative to 
the above directive: (a) nine river communities have prepared pre-
liminary plans (Amesbury, Andover, Dracut, Lawrence, Methuen, 
North Andover, Salisbury, Tewksbury and Westford), (b) three 
communities expect to have their preliminary plans available in 
March 1966 (Chelmsford, Haverhill and Lowell), and (c) the town 
of Merrimac will consider, at its annual town meeting, the question 
of authorizing the preparation of preliminary plans. Further, the 
town of Groveland has engaged an engineering firm to draft its 
plans, but of the communities involved only Billerica has had its 
report approved by the State Department of Public Health, with con-
struction scheduled for 1S66. Five of these communities contem-
plate the formation of a regional water pollution abatement district. 

Finally, as has been indicated, an expenditure of $94.6 million 
would be required to rid the Merrimack River of pollution. This 
total results if the required sewerage treatment works were under-
taken separately by each city and town involved. However, if the 
city of Lawrence and the towns of Andover, Methuen and North 
Andover plan the project on a regional basis, as recommended by 
a firm of consulting engineers, the total construction cost would 
be about $21.5 million, with estimated annual operating costs ap-
proximating $682,000j 1 apportioned on the following basis: 

TABLE 17 
Distribution of Greater Lawrence Sewerage Facilities Costsi 

Community Construction Operating 
Lawrence 511,830,000 $437,200 
Methuen 5,740,000 103,000 
Andover 1,980,000 83,900 
North Andover 1,930,000 57,900 

Total $21,480,000 $682,000 

1 These figures do not reflect eligible federal grants. 
Source: Housing and Home Finance Agency. 

1 Report on Sevjerage and Sewer Treatment Facilities for the City of 
Lawrence, Mass., HHFA Project No. P-Mass. 3180, May 1965. 



CHAPTER VII. WATER PROGRAMS ELSEWHERE 
State Programs 

Georgia. Although there has been no serious water shortage in 
Georgia, there has been considerable interest in the matter of water 
pollution and conservation. In 1964 the Georgia General Assembly 
enacted a Water Quality Control Board Act which set up a division 
within the State Department of Public Health to oversee water 
quantity and quality, as well as plan for the future needs of the 
state in this respect. 

Kentucky. There are about 335 public water supply systems in 
Kentucky serving about 1.5 million persons out of a total population 
of three million. Many communities with populations of 1,600 or 
less are without central water supply systems and their residents 
receive untreated water from shallow wells, springs and cisterns, 
most of which are subject to surface and subsurface contamination. 
To remedy this condition, numerous small communities have begun 
pollution abatement programs. 

More than one-half of Kentucky's 120 counties experience flood 
problems, according to a 1959 survey. As a result, a master plan 
designed to free the state of major flooding within 10 years is cur-
rently underway. The Federal Government has spent $277,961,000 
on flood control and navigation problems in Kentucky from 1960 to 
1964. 

Ohio. Ohio is a water-rich state, with an average annual rainfall 
of 37.9 inches. Further, it has available water from Lake Erie and 
the Ohio River. But Ohio has a high rate of water use and ranks 
first among the 50 states in the industrial use of water. To meet 
future water requirements, legislative studies have recommended 
the development of basin-wide programs and multi-purpose projects 
with particular emphasis on flood control. 

Texas. This state has just started to plan in detail in relation to 
its problems concerning water conservation and development. The 
1965 Legislature appointed a study committee which will prepare a 
comprehensive report to be available for the 1967 session. 



New York. One of the hardest hit sections of the country during 
the 1965 drought was the New York City area. The situation in New 
York was especially incongruous for here one of the mightiest cities 
in the world with a population of eight million was literally begging 
for water, while past its front door pass daily billions of gallons of 
Hudson River water which can not be tapped because of man-made 
pollution. 

The lack of precipitation of course contributed to the critical 
New York shortage but of equal significance is the fact that, with 
the exception of industry, New Yorkers receive their water free. 
Industry pays a nominal 22 cents per 1,000 gallons; private citizens 
and commercial establishments pay nothing. There is no metered 
system and in New York this has resulted in property owners ne-
glecting to repair faucet leaks, consumers leaving faucets running 
and operating big air conditioners without resorting to water re-
circulators, and the indiscriminate watering of lawns and shrubbery. 

However, the installation of water meters would have little ef-
fect in relieving the present situation. Although engineers estimate 
that such an installation might save 100 mgd, it would cost about 
$84 million and take five years to complete. Thus, as in past similar 
situations, New York is tapping the Hudson River water at Chelsea, 
New York to bring about 100 mgd into the city's system. 

Statewide, some progress towards pollution abatement is assured 
by the overwhelming voter approval in 1965 of a billion dollar 
bond issue to assist communities in building sewage treatment and 
other anti-pollution facilities. 

By this constitutional amendment local communities would build 
sewage treatment plants and interceptor sewers during the next six 
years at a total estimated cost of $1.7 billion. The state would de-
fray anywhere from 30 to 60 percent of the cost contingent on fed-
eral assistance and the municipalities 40 percent. 

Up to now, while water pollution has been one of New York 
State's most pressing problems, financing an anti-pollution program 
has been a major roadblock. Opponents had contended that there 
was no guarantee that federal funds could be made available, while 
others maintained that water pollution is an interstate problem 
which should not be undertaken by New York alone. 



North Carolina. Progressive and enlightened thinking has con-
verted North Carolina into one of the leading states among the 
water conservation movement. 

The first noteworthy development occurred in May 1945 with 
the creation of a Water Pollution Study Commission by the General 
Assembly. Subsequently, the Commission investigation revealed that 
many of the state's streams were badly polluted with both industrial 
and municipal waste and in 1951 a State Stream Sanitation Com-
mittee was set up to enforce various laws. One of the principal du-
ties of the Committee was the establishment of quality classifica-
tions for every mile of the streams in each river basin. This effort 
and related Committee activity coupled with federal fiscal aid has 
vaulted North Carolina from 45th to fourth position among the 
states relative to municipal expenditures for pollution abatement. 
Industrial Programs 

Industry has and is continuing to cooperate with government in 
combating industrial pollution. Industry plans, constructs and oper-
ates pollution treatment facilities and also engages in in-plant pro-
cess changes to prevent or reduce water pollution. 

For example, during the past 20 years the paper industry alone 
has spent in excess of $200 million in research and waste control 
equipment from its own profits. Because of its water conservation 
program the paper industry has improved its operating techniques, 
doubled its production and sliced its water consumption unit in half 
while decreasing its effluent waste. A high degree of cooperation 
between industry and state and interstate agencies has been ac-
complished. Industry prefers to gear its various water conserva-
tion programs to state and local considerations and it laments the 
participation of the national government through subsidies and 
enforcement action. 1 

Despite what industry has done in this field there are many who 
think that considerably more can be done. For instance, the Water 
Quality Symposium held in Washington, D.C. in August 1965 was 
told that industrial recirculation of water would save billions of gal-
lons for the use of a growing population. 
l J J . Meehan, Water Resources Policies of the Chamber of Commerce of the 

United States, Journal of the American Waterworks Association, December 
1965 



To encourage pollution abatement programs the Massachusetts 
Legislature enacted legislation providing for a tax exemption for 
"any equipment, facility or device installed or attached to real prop-
erty for the purpose of abating or preventing pollution of the at-
mosphere or pollution of any stream, pond, lake, tidal water or 
flats within the Commonwealth" (Acts of 1961, c. 539; G.L. c. 59, 
s. 5). 

Basic Water Resources Planning 
A staggering amount of rain and snow fall on the land areas of 

the earth, perhaps enough to satisfy sixty times the total of all 
human needs. The trouble is that it does not fall when and where 
it is needed, and much of it runs off to the ocean or evaporates into 
the air before man can make use of it. It is a problem of distribution, 
both geographical and seasonal. Therefore, man's efforts have been 
called upon to modify the distribution patterns in order that the 
needs can be met. This is the basic concept of water resources 
planning. 

In general, water resources planning consists of three basic steps: 
(1) the estimate of current and future needs; (2) the evaluation 
of all possible means to meet these needs; and (3) the design of the 
most economic solution for satisfying the anticipated requirements. 

To execute these basic steps, numerous detailed investigations and 
studies are usually required. The following are the most important 
items: 

(1) Considerations involving population trends, the economic land 
use for agricultural, industrial, and recreational purposes, the stand-
ard of living, power generation, pollution control, and other asso-
ciated factors which are essential for the prediction of the water 
quality and quantity requirements for the various anticipated uses 
for the duration of the planning period chosen. 

(2) Hydrologic investigations to provide estimates of the quanti-
ties of fresh surface and ground waters cycling through the region 
and of temporal distribution of these supplies. 

(3) Evaluation of the physical, chemical, radiological, and biologi-
cal characteristics of the surface waters of the region. The informa-
tion will indicate: (a) the degree of water treatment needed to meet 



the quality requirements for various uses, and (b) the ability of wa-
tercourses to assimilate waste discharges while continuing to sus-
tain fish and wild life, or maintaining their recreational and aes-
thetic values. 

(4) Studies of the storage capacities and uses of existing and pro-
posed reservoirs in the region, and detailed studies of the topog-
raphy, geology, and hydrology of the region with the purpose of 
determining required additional reservoirs and their sites. 

(5) Investigations to determine the quality and quantity of re-
gional ground water supplies, and the pertinent geological informa-
tion for well-drilling and construction. 

(6) Survey of existing future sources of wastes, plus their charac-
teristics and volumes, which will be introduced into surface or 
ground water bodies. 

(7) Evaluation of costs and benefits of the proposed water re-
sources program. 

CHAPTER V n i . RENOVATION OF WASTE WATER 
The deliberate renovation and reuse of municipal, industrial and 

agricultural waste waters is an important and potentially practical 
method of augmenting water supplies in many water-short areas. 
The latest available data (1955) reveals that only 700 mgd of water 
is being reclaimed. With adequate plant, 25 to 50 percent of waste 
water could be reused. 

Treatment of waste waters for reuse is an age-old practice. No 
waste treatment would have been applied unless some reuse purpose 
(even if only esthetic) were not intended. In this sense, any up-
grading of waste water quality through treatment can be consid-
ered "renovation" or treatment for a direct, controlled reuse as 
distinguished from treatment for discharge to some natural body 
of water. 

Renovation is by no means restricted to recycling of waste water. 
In fact, most water reuse in the immediate future will be of the non-
recycling type. The "degree" of renovation will be determined by 
the particular reuse intended for the water. To produce irrigation 



water for non-edible crops, golf courses, parks, etc., disinfection 
may be the only treatment desirable. 

For other irrigation purposes, removal of specific plant toxicants 
(such as baron) may be required. For industrial reuse, removal of 
corrosive or scaling components might be essential, for recreational 
reuse the removal of nutrient materials and the elimination of 
esthetically objectionable qualities and disinfection. Reuse for mu-
nicipal purposes will involve reduction of organic and inorganic 
purities to produce potable water of optimum quality. 

Improved waste treatment means higher quality of the effluent 
water. As this quality increases, the effluent stream becomes of 
more and more value until it is of the adequate quality desired 
for many uses. When this point has been reached — the disposal 
of waste water and the simultaneous provision of water supply 
achieved — water renovation has been accomplished. 
Water Renovation by Advanced Waste Treatment Processes 

The quality of used water has been returned to tolerable if not 
always satisfactory levels through (a) the supplication of various 
waste and water treatments, (to) dilution, and (c) self-purification 
in streams. Unfortunately, conventional water and waste treatment 
processes are ineffective or only partially effective, against an ex-
panding list of refractory compounds; dilution water is becoming 
proportionately less available and stream-purification generally does 
not work for inorganic stream pollutants and for organics that 
have already resisted waste treatment. 

Current complete treatment methods do not remove all soluble 
compounds present in the incoming waste stream. A survey of U.S. 
cities indicates that a single municipal use of water, even after 
both primary and secondary waste treatment, contributes an incre-
ment of roughly 50 mg/1 1 of resistant organic contaminants and 
perhaps 300 to 400 mg/1 of dissolved inorganic materials. 2 It is al-
ready apparent that industrial and municipal wastes and, hence, 
1 One part per million is equal to 1 milligram per liter. 

2 D.C. Stephan, New Chemical Engineering Problems in the Utilization of 
Water, June 1965. 



surface and ground waters, are undergoing important changes in 
composition. There is ample evidence that traces of directly identifi-
able synthetic organics can travel hundreds of miles downstream 
from their point of introduction, pass through the most modern wa-
ter treatment plant, and may even be detected in measurable con-
centrations in tap water. Similar problems of synthetic detergent 
break-throughs in rural water systems have been observed in recent 
years. 

Adsorption. Granular activated carbon has been shown to be an 
effective adsorbent for most organic contaminants in municipal 
waste waters. It will absorb up to 20 or 30 percent of its own weight 
of mixed organics when used in counter-current flow, fixed-bed con-
tractors. Mass velocities of 4 to 10 gpm/ sq. f t . and contact times of 
30 to 40 minutes will remove TO to 80 percent of gross organic 
matter from secondary effluents. On an overall basis then, organic 
removal may be increased from the 80 to 90 percent achieved by 
conventional processes to as high as 97 or 98 percent. 

The two to three percent "leakage" that occurs continuously, even 
from the very beginning of an adsorption run, is due partly to 
the presence of some non-adsorbable organics and some organics 
that are adsorbed very slowly. 

Foam Separation. The built-in foaming tendency of many waste 
waters can be utilized to remove gross organic contamination from 
secondary effluents. This is done by deliberately generating a foam 
and then removing the foam and its associated contaminants from 
the system. The process requires two steps: (a) surface adsorption 
(for the soluble components) and, (2) flotation for the suspended 
materials. 

Electrodialysis. A very promising method for reducing the salt 
(total dissolved solids, or TDS) content of spent water is electro-
dialysis. Single-pass electrodialysis reduces the TDS concentration in 
water by 40 to 50 percent; fortuitously, this is just what is needed 
for many renovation purposes since the TDS concentration in a wa-
ter will approximately double with each use. 



The following table details the capital and operating costs for 
these various methods: 

TABLE 18 
Water Renovation Costsi 

Method Capital Costs« Operating Costs» 
Adsorption $0.15 $0.10 
Foam Separation 0.03 0.02 
Electrodialysis 0.15 0.12 

1 Based on a 20 year bond issue a t 6% for a 10 to 20 mgd plant capacity. 
2 Per daily gallon. 
3 Per 1000 gallons. 

A number of other processes are being tested to determine their 
feasibility as water renovation agents, including: (a) Chemical 
oxidation (The oxidative destruction of organic molecules "pol-
ishes" waters to very low residual organic contents); (b) Re-
verse osmosis (Increased pressures drives fresh water out of an im-
pure solution through a semi-permeable membrane); (c) Freezing; 
and (d) Extraction (The derivation of pure water from an aqueous 
solution). 
Water Renovation Systems 

Series or Parallel Flow. The renovation of waste waters for suit-
able reuse will not normally be a one-step process. A variety of indi-
vidual processes in series or parallel combinations will be required, 
each performing certain parts of the total renovation task. Water 
renovation systems will be able to supply any quality water required 
for any reuse — agricultural, industrial, recreational or municipal. 
Ultimately, it is the performance and the cost of the total system 
(including the costs of any conventional waste treatment) that must 
be compared with alternative solutions. In many instances, a com-
plex systems analysis approach will be required to arrive at the 
optimum solution to a particular water resource problem, for ex-
ample, in balancing the degree of advanced treatment to be used 
against the amount of low-flow augmentation water to be provided. 



Two formalized types of systems can be used in restoring waste 
water to a quality suitable for reuse (Figure 6). In the series-type 
system the total flow passes through all the processes in sequence, 
each process making a particular contribution to quality improve-
ment. 

In this system, conventional primary treatment removes material 
that will readily settle or float; the biological step removes the 
biologically degradable impurities; filtration eliminates suspended 
solids; carbon adsorption removes residual (refractory) dissolved 
organics; electrodialysis returns the total dissolved solids level to an 
acceptable value; and chlorination provides positive disinfection. 

The same result can be obtained with a parallel-flow system. 
Here, primary and secondary treatment, filtration, adsorption, and 
chlorination function as described above. Demineralization, on the 
other hand, is achieved by a "total removal" process (evaporation 
plus distillate polishing) handling only a fraction of the total flow 
followed by blending of the completely purified water with that 
from which organics only have been removed. 

This concept of "blending" product waters of high and low quality 
to produce water satisfactory for many purposes is of major econom-
ic significance. Some waters are too pure to be used; distilled water, 
for example, has a poor "taste" to most people, is very corrosive 
to metal pipes and valves and is far too soft for acceptable use in 
washing. Such water, therefore, can be mixed with a hard water 
(or one having excessive chlorides, for example) to produce a com-
bined, blended volume of nearly ideal quality water. 

Some processes, such as evaporation, extraction, and reverse 
osmosis inherently produce products of high purity. Cost reductions 
of 25 to 60 percent can be realized by blending these products with 
waters that may have excessive concentrations of dissolved salts but 
that have the organic impurities removed. Hence, processes that 
may at first appear to cost as much as 50 to 70 cents/1,000 gallons 
may actually contribute only 20 to 40 cents/1,000 gallon to total 
system cost. 
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Application of this concept is fundamental to waste water renova-
tion systems and is of universal applicability because of the very 
low level (less than 0.1 percent) of total contamination in municipal 
waste waters. This blending technique cannot be as fruitfully applied 
in the desalinization of sea water because of the high concentra-
tion of dissolved solids in the sea (about 2.8 to 3.2 percent). How-
ever, the principle can be applied if desalinization and water reno-
vation are employed together. For example, the distillate from a 
sea water evaporator could be blended with municipal waste water 
that had been purified of organics. Here, as in the case of waste wa-
ter renovation, an important reduction in the cost of desalinization 
could be achieved. 



Progress in the development of waste water renovation tech-
nology gives real promise of ultimate success. The costs of such 
systems will be higher than those for today's conventional waste 
treatment process, but performances will be also proportionately bet-
ter. Further, the imminently pressing needs for both increased pol-
lution control and augmented water supplies may well make these 
costs completely consistent in the future and cause them to com-
pare favorably with those for possible alternate solutions. 
Waste Water Reclamation in Semi-Arid Climates 

Waste water reclamation projects have made their greatest strides 
in the western section of the country, particularly in southern Cali-
fornia. Little has been accomplished in the eastern part of the nation 
although the U.S. Senate Committee on the Interior and Insular Af-
fairs is considering a proposal for the relief of the drought in the 
Northeast by waste water renovation and reuse. This proposal esti-
mates costs of $0.16 to $0.17 per 1,000 gallon for reclaiming water, 
based on the tertiary treatment of the use of a secondary effluent 
and a 100 mgd capacity plant. 

Until recently most planned reclamation projects were used for ir-
rigation purposes, particularly for golf courses; the newer projects 
involve reuse for recreational activities such as at Santee, and for 
supplementing ground water resources for general community use 
as at Whittier Narrows. The following text discusses the major 
developments associated with these and other enterprises. 

The Whittier Narrows Project. After engineering studies indi-
cated that 280 of 465 mgd of sewage flowing to the ocean was suit-
able for reclamation and reuse, the largest complete renovation 
facility — the Whittier Narrows project — was placed in operation 
in 1960 by the Los Angeles County Sanitation District at a cost of 
$1.7 million. As a result, about 12 mgd of purified sewage effluent 
is returned to the ground water that is one of the city's supply 
sources. It also reinforces the barrier against salt water intrusion. 
This project is the first reclamation facility designed and con-
structed completely independent of required sewage treatment. 

Reclaimed water from this plant percolates into the ground at 
spreading basins along the San Gabriel River and the Rio Hondo. 



It flows through much sand before mixing with ground waters 
and becoming available through wells for unrestricted use as part 
of the general water supply. 

The Central and West Basin Water Replenishment District pur-
chases all water produced by the plant at a price equal to that paid 
for untreated Colorado River water from the Southern California 
Metropolitan Water District. The Replenishment District, in turn, 
collects a pumping tax from water-using agencies drawing water 
from the ground water basin. 

Monies received from the Replenishment District together with 
a stipulated saving of $1 per acre-foot in sewage treatment by the 
Sanitation Districts operates the plant and will eventually return 
the initial investment to the county within about 30 years. Cost of 
operation and maintenance is about $22/mg or 2.2 cents/1,000 
gallons. 

The Santee Recreational Lakes. The Santee County Water District 
provides water and sewerage service for the rapidly developing un-
incorporated Santee community which covers 13,300 acres of semi-
arid land and has a population of about 12,500 people. 

Since 1961, people boat, swim and fish in ponds of sparkling 
clear waters purified out of sewage. It is cheaper, the community 
has found, to purify sewage than to pay for piping the sewage to 
the ocean or importing additional water for local recreational pur-
poses. 

University City. The Irvine Company of Orange County, Califor-
nia is proceeding with planning to achieve total reclamation of all 
wastes to be produced within a projected University City. The 
service area, which has been organized as Orange County Sanitation 
District No. 14, includes both the new University of California cam-
pus at Irvine and the surrounding city which will have an ultimate 
population of 100,000 and a corresponding sewage flow of 10 mgd. 
The circumstances at University City make an ideal case for re-
clamation in that the projected water needs of the city, such as for 
irrigation and recreation, will be sufficient to make use of all of the 
reclaimed water. 



Several factors favor the reclamation plan, including the exist-
ence of (1) a large impounding reservoir at Sand Canyon which is 
available for treatment and/or polishing, and (2) an irrigation dis-
tributing system for delivery of reclaimed water to farming areas. 
The reclaimed water will be used mostly for irrigation of farm-
lands, greenbelts and golf courses. Other possible benefits include 
using the water for ground water recharging and for recreational 
or esthetic purposes, such as campus streams and lakes. 

Lake Tahoe. The new 2.5 mgd tertiary treatment plant recently 
placed in operation for the South Tahoe Public Utility District at 
Lake Tahoe, California, represents a significant departure from 
customary reclamation methods. This new trend — tertiary treat-
ment of waste water — calls for subjecting waste water to the max-
imum possible treatment and minimizing dependence on natural 
processes. The discharge of complex chemicals into waterways, the 
need for control of algae nutrients to prevent eutrophication, and 
the growing shortage of water supplies has contributed to the need 
for tertiary treatment. 

Lake Tahoe is considered to be one of the three clearest bodies 
of water in the world, a factor which has stimulated its recreational 
development. Its economy seems assured because with the new 
treatment facility the discharges of waste water will be of superior 
quality than that of the receiving watercourses. 

CHAPTER IX. SALINE WATER CONVERSION 
While water consumption steadily increases, the national supply of 

available water remains at about 515 billion gallons per day. The 
present total daily water consumption in the United States is 312 
bg which is anticipated to rise to a total of 435 bg by 1975. Thus, 
water use in the United States within 10 years will be approaching 
90 percent of the currently total available supply, unless new sources 
can be discovered or a better utilization of natural sources achieved.1 

As a future source of water, desalinization is receiving greater at-
tention. 
i Hearings before the Senate Subcommittee on Irrigation and Insular Affairs, 

June 8, 1960 on S. 2816, 3446 and 3557. 



Conversion of salt water into fresh has been an ancient dream of 
mankind. Aristotle, in 350 B.C., described methods of extracting 
fresh water from the sea. 1 Years later, Lord Francis Bacon ob-
served that if sea water is heated to the boiling point the salt will 
not vaporize and only fresh water will be distilled.2 

Greater possibilities for desalinization emerge in the light of the 
following facts. Arizona, southern California, New Mexico and 
Texas suffer annual water shortages. In 1957 about 1,000 cities and 
communities in 47 states were forced to restrict the use of water; 
15 out of every 100 persons in the United States were deprived of 
their normal use of water. During this period, residents of Dallas, 
Texas, queued up to purchase water at 50 cents per gallon. More-
over, one cubic mile of converted sea water would provide New 
York City with a three years water supply. 

Domestic water furnished to the consumer costs about 20 to 50 
cents per 1,000 gallons throughout the United States. In contrast, 
the high unit production cost has retarded the use of desalinized 
water. 

As of October 1964, conversion plants with a total 43.6 mgd capac-
ity were either in operation or under construction. Plants in this 
country accounted for only about five mgd of this total. 3 

Desalinization Methods. 
Basically, there are only two ways for converting saline water 

into fresh water: (a) take the water out of the salt (distillation 
and freezing), or (b) take the salt out of the water (electrodialysis 
and reverse osmosis). To date, distillation has emerged as the 
dominant process although freezing and reverse osmosis may offer 
future competition, particularly for salt water. Electrodialysis has 
been found useful in the conversion of brackish water with total dis-
1 R..D. Hoak, Use and Conservation of Water Resources in the Eastern States, 

Journal of the American Wate r Works Association, September 1955. 
2 C.H. Hampel, Fresh Water from the Sea, Chemical and Engineering News, 

1948. 
3 Office of Saline Water, Depar tment of the Interior, 1961, Saline Water Con-

version Report, 1965. 



solved solids content up to about 3,000 ppm (0.3 percent). Brack-
ish water contains 3,000 to 10,000 ppm, while sea water has about 
28,000 to 32,000 ppm (2.8 to 3.2 percent). 
Distillation 

Distillation consists of the formation of water vapor from brack-
ish or sea water, leaving behind a concentrated brine solution. The 
subsequent condensation of the vapor produces fresh water. Im-
provements in heat transfer, scale and corrosion control are reduc-
ing the cost of producing fresh water by distillation. Artificial heat 
may be supplied by oil, natural gas, coal or atomic energy. 

Distillation may be accomplished by either of two methods: the 
boiling process or the flash system. In boiling, steam is admitted 
into the first evaporator at a constant temperature filing the space 
around the outside of a tube bundle, thus causing part of the sea 
water to boil as it falls through the tubes. With the flash method, 
the sea water is boiled in a series of depressurized chambers and 
the vapor thus produced will be condensed as fresh water. 

The multi-stage flash evaporation method is more commonly used. 
Under this process successive flashes are injected into a stream of 
raw sea water. With series of chambers at progressively lower 
pressures salt water is heated. As the steam rises it condenses on 
more metal tubes leaving its salt below. The fresh water is then cap-
tured in trays and the concentrated brine is returned to the sea. 
Electrodialysis 

Electrodialysis is the second most important method of desalini-
zation. In this method an electric current is passed through saline 
solution by positively and negatively charged electrodes immersed 
in the solution. Dissolved salts in the water ionize to form both cat-
ions and anions. When the current is turned on the cations and 
anions move toward their respective oppositely charged electrodes. 
As the ions flow toward the electrodes they pass through mem-
branes adapted only to take negative ions or positive ions, but never 
both. Consequently, they pass through one type of membrane and 
are blocked by the other, leaving brine concentrate between every 
other set of membranes and fresh water in the alternate compart-
ments. After this expenditure of electrical energy is completed, brine 
and pure water will flow separately from the bottom of the cell. 



The system is mostly used in the conversion of brackish water 
with low salinity (3,000 ppm level or below). It is progressively 
more expensive as the salt content rises. The high cost and short 
life of membranes, plus the uneven flow of water over membrane 
surfaces, continue to present problems. Due to its inability to cope 
with heavy salinity, it is not competitive with distillation for sea 
water conversion but it is attractive for brackish water conversion 
units. 
Reverse Osmosis 

Reverse osmosis is a process involving no phase change as com-
pared to distillation and freezing. The end result is a lower heat en-
ergy requirement. A semi-permeable membrane, permeable to water 
but impermeable to salt and other solutes, is the main innovation. 
When pressure is applied to the salt water solution in excess of its 
osmotic pressure, the fresh water flows through the membrane 
from the salt to the fresh side. 

During this process severe requirements are imposed upon the 
membrane. The cost of membrane maintenance and replacement ac-
counts for two thirds of the total costs of production. This has 
prompted the Office of Saline Water to undertake research for a 
more durable membrane. If its efforts are successful, reverse osmosis 
could become the dominant desalinization process. 
Freezing 

In the freezing process, incoming saline water enters a liquid-heat 
exchanger where it is chilled to the point of becoming slushy. The 
crystals are then carried away in an ice-brine slurry to a centrifuge 
where the excess brine is extracted. The slurry is then drawn from 
the chamber into a wash column where the crystals are washed 
with fresh water, thus removing the salt. Ice crystals then float to 
the top of the melter condenser where they are liquefied by incom-
ing warm hydrocarbon gas. After the refrigerant is removed, suit-
able drinking water results. 

In addition to these four major systems, other processes involv-
ing the use of wiped-blade evaporators, rotating surface evapora-
tors, ion exchange, gas hydration and vapor reheat flash evapora-
tion are being examined. 



Demonstration Plants 
As a result of 1958 legislation creating the Division of Demon-

stration Plants within the Office of Saline Water, the Division has 
constructed five sea water conversion plants. 

Much valuable information is being obtained from the operation 
of these first plants by the Department of the Interior. Prior to the 
erection of these plants, the most efficient conversion plants in op-
eration were producing fresh water at costs ranging upward from 
$175 per thousand gallons. While this compares favorably with 
the cost of conversion in 1952, which ranged upward from $4 per 
thousand gallons, the cost of conversion in the first of the demon-
stration plants to demineralize sea water may be reduced to $1 
to $1 25 per thousand gallons, and inland brackish water may be 
desalted for $0.75 to $1 per thousand gallons by electrodialysis 
plants. These figures are for plants in the 1 mgd range and include 
equipment writeoff but not development costs. 

At the present time desalinization is not competitive with 
conventional water supply sources and hence desalting of sea water 
and brackish water is justified only for special applications and in 

TABLE 19 
Demonstration Conversion Plants 

Location 
Freeport, 
Texas 

Desalting 
Process 

Multiple-effect 
long-tube vertical 
type evaporation 

Point Loma Multistage flash 
San Diego, Cal. evaporation 
Webster, Electrodialysis 
S. Dakota 

Forced-circula-
tion vapor 
compression 
Freezing 

Roswell, 
New Mexico 

WrightsvUle 
Beach, N.C. 
Source: Office of Saline Water 

Water 
Supply 

Sea water 

Sea water 

Brackish 
well water 
(1800 ppm) 
Brackish 
well water 
(2400 ppm) 
Sea water 

Capacity 
gpd 

1,000,000 

1,000,000 

250,000 

1,000,000 

250,000 

Effluent 
ppm 

15-20 

15-20 

250 

50 

Less than 
400 



special areas where industry must function and people must live 
despite a water shortage. However, in the light of OSW estimates 
that sea water may be converted at a cost of $0.75 per 1,000 gallons 
and that with the use of nuclear energy production costs at the 
plant site may be reduced to 25 to 35 cents per 1,000 gallons, 1 it 
would appear that desalinization will have extensive future use. 

1 R. Eliassen et al, tialine Water Conversion, Journal of American Water 
Works Association, January 1966. 


