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FOREHORD

A Delaware River Basin Water Resources Conference was held at Pocono
Manor Inn, Pocono Manor, Pennsylvania on October 15-16, 1962. The Con-
ference was jointly sponsored by Incodel, the Delaware River Basin
Commission and the Water Resources Association of the Delaware River Basin.

Attending the Conference were about 250 federal, state and local
governmental officials and representatives of industrial, business and
civic associations.,

These Proceedings include a copy of (1) Program for the Conferencej
(2) each of the reports, either as prepared in advance or recorded, as

given in their order at the Conference session; (3) and a Registration

List.



PROGRAM

DELAWARE RIVER BASIN WATER RESOURCES GONFERENCE
Pocono Manor Inn, Pocono Manor, Pennsylvania
lMonday~Tuesday, October 15-16, 1962
Jointly Sponsored By
Interstate Commission on the Delaware River Basin
Delaware River Basin Commission
Water Resources Association of the Delaware River Rasin

MONDAY FORENOON, OCTOBER 15, 1962

10:00 A.M, - WELCOME AND OPENING REMARKS
- Charles R. Bensinger, President, Water Resources
Association ef the Delaware River Basin

DELAWARE RIVER BASIN WATER POLLUTION CONTROL PROGRAMS

- George A. Elias, Regional Sanitary Enhgineer
Region VII, Pennsylvania Department of Health, presiding

10:15 A.M, - THE INCODEL PROGRAM
-~ John Boardman, Engineer, Interstate Commission on the
Delaware River Basin

10:30 A.M, - LEHIGH UNIVERSITY RESEARCH PRQJECTS

- Basil W. Parker, Head, Department of Biology
Lehigh University

10:45 A.M. - DELAWARE WATER POLLUTTION COMMISSION PROJECTS

- Harold L. Jacobs, Chairman, Delaware Water Pollution
Commission

11:00 A M., - U.S. GEOLOGICAL SURVEY - CITY OF PHILADZLPHIA PROJECT
- Norman H. Beamer, District Director, Quality of Water
Branch, U.S. Geological Survey

11:15 A.M, - U.S. PUBLIC HEALTH SERVICE TIDAL ESTUARY STIMY

- Earl J. Anderson, Project Director, Delawzre Estuary
Study, U.S3. Public Health Service

11:30 A.M, - ECONOMIC CRITERIA FOR DESIGN OF REGIONAL WASTE DISPOSAL
- SYSTEMS

- Allen V. Kneese, Research Associate, Resources For
The Future

11:50 A.M. -~ GENERAL DISCUSSION




MONDAY AFTERNOON, OCTOBER 15, 1962

DELAWARE RIVER BASIN COMI{ISSION'S COMPREZHENSIVE PLAN
- James Kerney, Jr., Member of Incodel and formerly
Executive Vice President, Water Research Foundation
for the Delaware River Basin, presiding.

2:30 P.M. - EVOLUTION OF THE CO [PREHENSIVE PLAN
- Herbert A. Howlett, Chief of Planning,
Delaware River Basin Commission

3:00 P.M. - STATUS OF MAJOR MULTIPLE PURPOSE PROJECTS
- Cel. T. H. Setliffe, Engineer, Philadelphia District,
U. S. Army Engineers

3:20 P.M. - WATERSHED PROTECTION AND FLOOD PREVENTION PROJECTS
~ Alvin C. Watson, United States Soil Conservation
Service

3:30 P.M. =~ NEW TECHNIQUES FOR RELATING ECONOMIC OBJECTIVES,
- ENGINEERING ANALYSES AND GOVERNMENTAL PLANNING IN
~ DESIGN OF WATER RESOURCES SYSTEM
-~ Maynard M. Hufschmidt, Director, Harvard Water Program,
Graduate School of Public Administration, Harvard
University

L4200 P.li, = GENERAL DISCUSSION

MONDAY EVENING, OCTORER 15, 1962

6:30 P.M. -~ SOCIAL HOUR

7:30 P.M. -~ CONFERENCE BANQUET ~ Sen. Elisha T. Barrett,
- Chairman, N.Y. State Joint Legislative Committee
on Interstate Cooperation, Master of Ceremonies.

-~ THE DETAWARE RIVER BASIN IN THE YZAR 2000

- Hon, Maurice K. Goddard, Alternate Pennsylvania
Member, Delaware River Basin Commission and Member
of Incodel




TUESDAY MORNING, OCTOBER 16, 1962

REGIONAL AND LOCAL AGENCY WATER RESCQUERCES PROGRAMS

- James H. Allen, Executive Secretary, Interstate
Commission on the Delaware River Basin, presiding

10:00 A.M. .- THE BRANDYWINE VALLEY PLAN

~ Clayton M. Hoff, Executive Vice President,
Brandywine Valley Association

10:15 A.M, - NESHAMINY VALLEY PROGRAM

- John T. Carson, Jr., President, Neshaminy
Valley Watershed Association

10:30 A M, - WISSAHICKON VALLEY PROGRAN

- Panl M. Felton, Executive Director, Wissahickon
Valley Watershed Association

10:45 A.M, - BUCKS COUNTY MASTER PLAN FOR WATER AND SEWERACGE FACILITIES
- Franklin C. Wood, Executive Director,
Bueks County Planning Commisgion

11:00 A.M. - MONTGOIERY COUNTY WATER SUPPLY PLAN
= Arthur F. Loeben, Executive Director,
Montgomery County Planning Commigsion

11:15 A.M. - REGIONAL SEWERAGE PROGRAM - PHITADELPHIA METROPOLITAN AREA

- Morton Lustig, Fels Institute of Local and
State Government, University of Pennsylvania

11:30 A.M, - GENERAL DISCUSSION

12:30 P.M. - CONFERENCE LUNCHEON
- Charles R. Bensinger, President, Water Resources
Association of the Delaware River Basin, presiding.

-~ INCODEL - A SALUTE TO THZ PAST AND PRESENT
- Francis A. Pitkin, Chairman, Interstate Commission
on the Delaware River Basin

- ORGANTZATION AND PRCGRAMS OF DELAWARE RIVER BASIN COMMISSION

- James F. liright, Executive Director, Delaware
River Basin Commission

2:00 P.M. - CONFERENCE ADJCURNMENT
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by
John Boardman, Engineer
Interstate Commission on the Delaware River Basin

It is a pleasure to open this session on the Delaware River Basin Water
Pollution Control Programs with a report on The Incodel Plan,.

You will note from the schedule for this session that there are now
a number of agencies, governmental and private, which are engaged in water
pollution control activities. This is a marked contrast to the situation
which existed a quarter of a century ago when Incodel came into existence
in 1937. At that time stream quality was practically the sole responsibility
of the State Health Departments.

One of the primary reasons for the formation of Incodel by the four states!
legislatures was to create an agency which could bring together the adminis-
trative forces of the four States! Health Departments to formulate and execute
a co-ordinated program for abating the pollution of the Interstate Delaware
River and its tributaries.

Only a few of Incodel's old timers will remember how five men; Jim Allen,
then engineer for Incodel, Charlie Holmquist, Chief Engineer, New York State
Department of Health, Uncle Ted Moses, Chief Engineer, Pennsylvania Sanitary
Water Board, Harry Croft, Chief Engineer, New Jersey Department of Health and
Dick Beckett, Chief Engineer of the Delaware State Department of Health and
a member of Incodel met in Philadelphia one or two days a month for two years
to develop the Incodel Plan for the control of pollution in the Delaware River
and the tributaries at their confluence with the Delaware.

The Incodel program was adopted by the administrative agencies of the four
states in 1939 and subsequently was enacted into law as a Reciprocal Agreement

by the legislatures of the states.
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Briefly, the program divides the Delaware River Basin into four water
pollution control zones. Zone 1 extends from the New York - Pennsylvania
boundary line to the head of tide at Trenton. Zone 2 is that part of the
River from Trenton to the mouth of Pennypack Creek in Philadelphia and a
corresponding point in New Jersey. Zone 3 extends from Pennypack Creek to
the Pennsylvania - Delaware boundary line and Zone L is that section of the
River extending from the Pennsylvania-~Delaware boundary to the Atlantic Ocean.

The Reciprocal Agreement embodying the Incodel Plan describes each zone
and states what the principal uses of their waters are expected to be. The
Agreement stipulates that no sewage, industrial waste or other polluting matter
shall be discharged into any zone unless it has been so treated as to produce
an effluent which will meet the minimum standards for such zone which are
specified in the Agreement.

The program is administered in each state by the water pollution control
agency of that state. Such agency may require higher standards than the
standards which, it should be stressed, apply only to the 1nterst§Eg Delaware
River. The states, however, under the terms of the Incodel plan, also agreed
to require sewage, industrial waste and other polluting material, which are
discharged into the waters of any intrastéte tributary, to be treated to such
degree as may be necessary to maintain a satisfactory quality of the waters
of such tributary.

Although zoning had been used by municipalities for many years previously
for controlling land use and buildings the zoning of the Delaware River Basin
was probably the first instance in this country of zoning an entdre watershed.
The minimum standards applicable to each zone have proved to be very effective
in controlling many types of pollution and protecting the water quality in the
respective zones,

From the time of the adoption of the Incodel program in 1939 until our

entrance into the second world war on December 7, 19L1 substantial progress
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in interstate pollution abatement had been made. But, as a result of the
war effort industrial processes changed, materials and manpower scheduled
for waste treatment plants were diverted to war production. Many new and
untreated waste discharges were added to the already overtaxed Delaware
River and its tributaries in the Philadelphia-Camden metropolitan area
which resulted in a critical pollution problem in the region.

Just to give you a couple of examples of the situation as it then
existed, we at Incodel recall an article which appeared in the Reader!'s
Digest that referred to the Delaware as a "Dying River"., We recall too,
the column in the press captioned, "And Then, There is The Delaware} in
which the author, Bill Wolf, referred to the Delaware between Philadelphia
and Camden as "a fetid, malodorous body of sewage in which no life can
exist = - - " And, finally, we remember that President Franklin D, Roosevelt,
on October 17, 1941, almost exactly 21 years ago, described the situation
as "a stench in the nostrils" and ordered an investigation to determine
whether the pollution problem in the Delaware River constituted a threat to
the nation's defense program.

Since its adoption, the Incodel program has been prosecuted diligently
and harmoniously by the respective administrative agencies. As evidence of
the success of this method of operation, I am pleased to inform you that the
sewage from 95 percent of the population served by public sewerage systems
is now processed in treatment plants. Almost 2ll of these plants fully comply
with or exceed the requirements of the Incodel basin-wide water pollution
control plan, A few require extensions and improvements,

This is a strikingly different situation from the one which existed when
Incodel embarked upon its program., At that time about 90 percent of the sewage
from sewered communities was discharged in its raw state into the Delaware and

its tributaries,
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Comparable progress in the execution of the Incodel plan has been made
in the handling of industrial wastes.

As the result of these pollution abatement activities the water quality
in the river has improved considerably. There are no acutely polluted areas.
Shad and other migratory fish have returned to the river in huge numbers and
the use of the river for recreational purposes is increasing materially.

It must be said, however, that despite the fact that the State's Health
Departments have required a higher degree of treatment of wastes discharged
into zone 3 than the Incodel minimum requirements, all the improvement that
was originally anticipated has not been accomplished due to the greatly in=-
creased amount of treated waste now being introduced into the River. There
is still considerable work to Be done,

Thus far I have described for you the basic elements of the Incodel plan,
When an action program for implementing this plan was clearly underway, Incodel
turned its attention to obher phases of water pollution control. In this con-
nection it spearheaded the efforts which led to the adoption in 1948 of the
U. S. Geological Survey-City of Philadelphia cooperative program for the measure-
ment of the quality of water in the tidal estuary which Norman Beamer will ex-
plain. Similarly, Incodel has participated wholeheartedly in the programs of
the U. S, Public Health Service since they were first authorized under the
terms of the 1948 Federal Water Pollution Control Act. FEarl Anderson will
discuss their Delaware Estuary Survey later in this program. Incodel has used
a part of the federal grant for the extension of its water pollution activities
to undertake the research programs being conducted by the Institute of Research
of Lehigh University which Dr. Parker will discuss.

Incodel has also worked closely with the Delaware Water Pollution Com-
mission since 1956 in the prosccution of its projects regarding the dispersion
and assimilation of polluting material in the tidal estuary. The chairman of

the Commission, Harold L. Jacobs, will inform you of these activities.
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In the light of the record it is generally agreed that the programs for
control of pollution in the waters of the Delaware River Basin have been ef-
fectively executed. Admittedly, there is now a need to re-appraise current
activities in the light of recent developments, particularly the creation of
the Delaware River Basin Commission under the terms of the compact between the
Delaware Basin states and the U., S. Government,

We of Incodel are delighted that we have built a solid foundation upon
which the new Commission can carry out its functions in the field of water

pollution control.
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REPORT TO THE INTERSTATE COMMISSION
ON THE DELAWARE RIVER BASIN
LEHIGH UNIVERSITY RESEARCH PROJECTS
DEPARTMENT OF BIOLOGY
THE INSTITUTE OF RESEARCH
B. W, Parker
Lehigh University Institute of Research

Since March, 1957, the Interstate Commission on the Delaware River
Basig has sponsored two research projects in The Institute of Research
and the Department of Biology at Lehigh University. Our last report at
the annual Incodel meeting was presented at Pocono Manor in October, 1960.
The continued support by Incodel of these projects has provided financial
assistance to nine graduate students in biology in formal academic work
and field experience. Four faculty members in biology and two members in
chemistry also participated.

I. Neutralization of Acid Waters

There are many bodies of water in the Delaware Basin which are
naturally acid and low in dissolved minerals. This is primarily due to
the limited release of minerals from rock formations. In addition, the
vegetation is in large measure made up of acid tolerant plants as, for
example, Rhododendron, Blueberries, Azalea and Laurels. The slow decomposition
of these plants aids in the development of a soil-humus complex which maintains
an acid reaction. Also, there is bog formation in shallow ponds which pro=-
gressively reduces the water area. These conditions restrict or prevent the
growth of many desirable plants and animals in the aquatic environment. It
has long been known that additions of mineral fertilizers will alleviate these
undesirable conditions and that there will be an increase in the diversity and
numbers of organisms. Except in special circumstances, the use of fertilizers

is prohibitively expensive, Our studies were initiated when it was observed

that the addition of cement stack dust to a naturally acid lake resulted in
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partial neutralization and a substantial increase in over-all biological
productivity.

Stack dust is a waste product of the cement industry and more than
three thousand tons of this waste is produced daily in the cement mami=
facturing areas of the Lehigh Valley. In the past five years we have
used more than 3000 tons and have paid only for transportation costs. The
material contains about 30% of alkaline compounds. Also present are small
amounts of several mineral elements derived from the original limestone.

In order to determine the amount of stack dust required, we set up
systems containing mud and water from Deep Lake in the Poconos. About
1/150 of a pound of stack dust was needed to neutralize a gallon of the
mixture.

A detailed chemical and biological study of Deep Lake was then made,
The findings showed clearly that, aside from oxygen concentration that
the aquatic environment was very poor. Perch taken from this lake were about
four inches in length even when six years old. It should be noted that in=-
adequate minerals in this pond prevented the abundant development of micro=
scopic green plants which gerve as food supply for small animals as, for
example, insects which are in»turn eaten by fish. Thus the development of
a "food chain" was restricted at its base.

In late June, 1958, about four tons of stack dust were applied over
most of the area of this 8-acre lake. After a few days the water was found
to be near neutrality and showed a substantial increase in dissolved minerals.
For the next five months the lake was sampled at regular intervals. There
was a progressive increase in biological activity. In particular the green
microspopic plants and the microscopic animals increased over threefold.
Similar additions of stack dust were made during the spring and summer of 1959
through 1961, Sampling showed a sustained favorable condition and the lake

was successfully stocked with trout.
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Similar findings were made in another 8-acre lake and the results
are set forth in our detailed reports to Incodel.

Preliminary work had shown that intermittent feeding of stack dust
to a naturally acid brook would yield suitable neutralization and improved
mineralization, Our prime objective was to try this on a stream contaminated
with acid mine drainage and domestic sewage.

A survey of the anthracite region was made in the summer and fall of
1961, Of several possible sites we chose the Nesquehoning Creek as most
suiteble. This stream originates in clean upland drainage where a variety
of plants and animals abound in the water. The inflow of acid mine drainage
results in an almost complete cessation of biological growth. At a downstream
point a series of sewage outfalls discharge into the stream, For ahout three
miles the stream carries this double pollution load and then enters the Lehigh
River. In the fall of 1961 we started design and assembly of an automatic
stack dust feed system which would maintain desirable conditions independent
of variable stream flow., The equipment was installed on the Nesquehoning
Crazck in late summer, 1962, and preliminary trials showed a variety of
electronic and mechanical problems. These were slowly resolved and it is
only within the last month that we have had a dependable feed system. We can,
however, report that over the three miles being neutralized that there is arn
evident increase in biological activity which we hove will contribute to
stabilization of wastes and provide a favorable environment for fish.

IT, Water Quality Monitoring

Since the 1960 report at the annual Incodel meeting, considerable progress
has been made in instrumental methods of water quality monitoring. In parti-
cular, with Incodel's pioneering support in this field, several instrument
manufacturers have recognized the market potential and the merits of this

approach to appraise water quality. In 1957 there were instruments for three
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parameters diagnostic of water quality and these were developed primarily for
chemical process control. At present there are instruments for automatic
measurement of at least 15 water quality characteristics and there are now
three instrument companies which have developed water quality monitoring
systems fundamentally similar to the Lehigh-Incodel Monitor System., In each
case the objectives are many; namely, to measure water quality characteristics
for comparative purposes, to detect abnormal conditions, to collect suitable
samrlas and to alert responsible officials,

The first Incodel Water Quality Monitor Station at Riegelsville, N. J.,
was put in operation in August, 1958. In early May, 1961, the second station,
at Montague, N. J., was starteds It should be noted that this station is
installed on private property. We hereby acknowledge the excellent cooperation
of *he property owner Mr. E, R, Burt in permitting the construction and
continued operation of this monitor station.

By early June, 1961, another station was in operation at the Martin's
Creeck steam-electric station of the Pennsylvania Power and Light Co., We are
alsu sypreciative of their many courtesies and cooperation in the completion
of this station. It should be recorded that Pennsylvania Power and Iight also
cooperates with the United States Public Health Service in chemical analyses
of th= D2laware as part of the National Water Quality Network,

Dech of these Incodel Monitor Stations records the values of six water
quality parameters twice an hour and around the clock, These are Oxygen
concentration, temperature, turbidity, specific electrical conductivity,
relativs acidity or alkalinity and sunlight intensity. Incodel employees
maintain and check the instruments on a weekly basis,

It is of interest to report that we have developed two devices which
were in the planning stage in 1960, We now have an electronic assembly which

detects the start and stop of rainfall, Of greater importance is the Lehigh=



L
Incodel Oxygen Electrode, now tested and in commercial fabrication, This
is one of the three electrodes commercially available in the United States
and costs about half of the nearest equivalent electrode.

Our most recent achievement is the development of a portable monitor
station, weighing 120 pounds and recording five water quality characteristics
on miniature strip chart recorders. The equipment has been tested on the
Delaware River at Riegelsville, on the Nesquehoning Creek during trials
of the acid mine drainage neutralization mechanism and in oxygen-temperature
digtribution studies in a water filled slate quarry. Provision has been made
so that the station will operate with a gasoline driven generator. Thus we
may collect data on streams where electric power lines are not available,

One of these portable monitor stations will be tested by the Pennsylvania
Sanitary Water Board and another at the Taft Sanitary Engineering Center of
the United States Public Health Service.

In August, 1960, we presented a report on the Incodel Water Quality
Monitor System at a technical meeting at the Taft Center in Cincinnati. This
was subsequently published as is noted in the publication list of Incodel sup-
ported research,

Late in 1960 phis meeting was reviewed by Mr. M. M., Cohn, Editor of Water
Works Engineering. It is pertinent to quote a part of his editorial. "The day
is coming when we will have to manage water quality of whole river basins,much
in the same push~button manner that we now transmit and manage electrical
power. Certain streams will be fully instrumented. Data will be telemetered.
A central computer will turn out the finished data. Our successors will then

look back to the good years of the 1960!s when things were rather simple,"



1.

3.

il

Publications on Cement Stack Dust Research
Trembley, F. J., Mihursky, Je.A., and Hertz, E,W.,
Use of Cement Plant Stack Dust as a Neutralizing Agent
in an Acid Water Lake., Transactions, New England Wildlife
Conference; Montreal, 1958.
Mihursky, J« A,, Results of a Field Application of
Cement Plant Stack Dust in an Acid Water Lake.
Transactions, New England Wildlife Conference, 1959.
Trembley, F. J., and Parker, B, W, The Use of Cement
Stack Dust in the Reclamation of Mineral Deficient and
Acid Waters. Fifteenth International Congress of

Limnology, Madison, 1962, (In Press)
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Publications on Water Quality Monitoring
Parker, B.W., Freeburg, J.As¢, and Barber, S. B.,
Automatic System for Monitoring Water Quality. Journal
of the Sanitary Engineering Division, American Society
of Civil Engineers, Paper No. 255L, SAL, vol. 86, p. 25=10, 1960,
Parker, B. W., and Morris, A, R., Automatic Surwveillance;
An Operating System. Symposium on Water Quality Measurement
and Instrumentation, U. S. Public Health Service,
Cineinnati, p. 165-17h, 1960,
Parker, B.We Automatic Analyses as Applied to Water
Quality Determinations and Water Treatment. Annals of
the New York Academy of Sciences, vol. 91, Art. L, p. 909-915,
1961,
Parker, B. W., Discussion - - "An Electronic Monitor System
for River Quality Research and Surveillance", E. J. Cleary,
Ohio River Valley Sanitation Commission. The International
Conference on Water Pollution Research, London, England,

Septe, 1962. (In Press)



THE INTERSTATE COMMISSION ON THE DELAWARE RIVER BASIN

DELAWARE WATER POLLUTION COMMISSION PROJECTS

Harold L. Jacobs, Chairman
Delaware Water Pollution Commission

October 15, 1962

NEW JERSEY STATE LIBRARY



THE DELAWARE WATER POLLUTION COMMISSION PROGRAM

He. L. Jacobs, Chairman
Delaware Water Pollution Commission
Although the Delaware Water Pollution Commission was not created until 1949,
the importance of the Delaware River to the welfare of the State of Delaware

has long been recognized,

The first study was made as early as 1952, This involved the determination
of iron deposition and distribution in the bottom muds of the river below the
Delaware~Pennsylvania line. The reason for such a study was a request by an
industry to discharge soluble iron salt to the river. A great deal of in~-
formation was developed during the course of the investigation and much of it

has led directly to the present concept of the river behavior.

The first comprehensive work was actually begun in 1956 when a unique method
of measuring pollution of a tidal estuary was tried and proven. This method
is known as the "same-slack" technique and has been adapted and modified into
a successful method of study for the Delaware River by Dr. A. J. Kaplovsky,

Director of the Delaware Water Pollution Commission.

The "“same-slack" technique depends on samples taken at each station at exactly
the same state of the tide. I'm sure all of you are aware of the fact that
tidal movement in an estuary moves up and downstream in a regular manner and
that the state of the tide is precisely predictable. By assessing the water
quality on any given tide cycle at the same relative tidal position at all
stations, the analytical results may be plotted and smooth curves will result,
These plots eliminate the variable of changing water quality due to backflow
and recirculation. The "same-slack" technique has been tested for a sufficient

time and throughout enough sampling trips that its validity has been proven.
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It became evident early in our program that it would be desirable to include
water quality measurements all the way up to Trenton. The work beyond our
State boundary has been carried out, therefore, in cooperation with the Water
Quality Committee of Incodel. Since the distance travelled from the head of
Delaware Bay to Trenton oh each sampling trip 13 about 90 miles, and since the
time difference at the extremes is only three to four hours, it is obwvious that
speed must be attained in excess of 25 miles per hour., In 1957, the Delaware
Water Pollution Commission purchased a boat capable of accomplishing the purpose
of delivering the sampling crew at each sampling station on time. This boat is
38 feet long by 11 feet in the beam and is driven by two 225 HP Chrysler motors.
It is enclosed on three sides to offer adequate protection from the weather,
This boat with a crew trained for fast and accurate action is responsible for
the success of Dr. Kaplovsky's "same=slack" technique. Since the start of this
program, a total of‘BO successful series have been completed, Records have been
kept of the water quality for 15 different characteristics including dissolved
oxygen, BOD, solids, pH, color, turbidity and many others. These results have
been made available to Incodel and to the other three states for their individual

uses.

In order to obtain a better understanding of diffusion, flow and natural puri-
fication characteristics of the lower Delaware River, a series of tests were
made on the model of the river constructed and maintained by the U. S, Army
Corps of Engineers at Vicksburg, Mississippi. These studies were financed
jointly by Incodel, the City of Philadelphia, the states of Pennsylvania,

New Jersey and Delaware and by the U, S. Public Health Service. Approximately
10,000 measurements of dye releases at various stations in the model were made
and the study extended over a period of nearly two years. Since 1952, over
30,000 measurements have been made on the prototype itself. All of this in-

formation has been compiled and reported, The use of an Analog Computer donated
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by private industry made compilation of this tremendous mass of data possible
in a relatively short space of time, Without such aids, data would outlive
its usefulness before it could be catalogued and analyzed. Advantage is being
taken of the data by university groups which have computer installations

available,

There is no way of assessing the total cost of all of the investigations of
Delaware River water quality and other characteristics in the past ten years.
The State of Delaware, however, has spent in excess $300,000 in such studies,

I think there is no doubt that Dr. Kaplovsky and his staff know more than any
other group anywhere about what makes the Delaware River work as it does, at
least in the biological sense. The job is not completed by any means and we
expect to contimue our work indefinitely. In particular, we are now cooperating
with the study group of the U, S. Public Health Service in their five year

program,

The information which has been collected by the Delaware Water Pollution
Commission has been outlined in "Technical Report II, Investigation of Sanitary
Water Quality in the Lower Delaware River". The report is divided into four
parts covering the following general subjects: study techniouves, sanitary
quality of the water within the State of Delaware, the pollutional load within
the State of Delaware and an extended study aimed at establishing the rate of
self-purification for the entire river, Some of this information has already
been published and is available on request. Nearly all of the information

collected so far has been made available to all interested agencies,

Other phases of our work on water quality have not been neglected. Equipment
for radiological measurement has been obtained and extensive use has been made
of it in measuring background levels of river, lake and well waters as well

as of milk. To datea a detailed study of possible radiocactivity in Delaware
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River water has not been drawn up, but such a program can be carried out at

any time. Our technicians have received excellent training in the use of

this equipment having attended appropriate schoals at the facilities maintained
by the U, S. Public Health Service in Cincinnati, While this equipment is
primarily for use within the State of Delaware, I am quite sure that its use
can be extended, if necessary, to measurements on water samples now collected

as far upstream as Trenton.

Recently the Delaware Water Pollution Commission purchased automated equipment
for analytical determinations. This equipment is being evaluated and compared
with standard analytical techniques with duplicate equipment installations in
the laboratory and on the sampling boats, This is in line with our constant
desire to improve analytical techniques and although we have used some semi-
automated analytical procedures throughout the years, we have realized that
there is always room for improvement, This new equipment can be set up to
analyze multiple samples in a fraction of the time required by the usual
standard methods and has increased our effectiveness in this regard four to
five fold., For instance, the samples from a single sampling run will number
from 300 - LOO and will require several weecks for complete analysis and
tabulation. The automated equipment can be set up to perform an analysis for
a single constituent on these multiple samples and will handle them at a rate
of 30 - LO samples per hour, Not only have we been able t0 increase separate
analyses which can be automated to a2 total of 32 at this time, but the accuracy
has been increased to a point where we now obtain results in parts per billion
where formerly we were satisfied with parts per million. It can readily be
seen how helpful such equipment can be when thousands of samples must be
collected in order to evaluate water quality in a system as large as that of

the Delaware Hiver. Before we are through, it is our hope that the sampling
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equipment installed on our boats can be used en route so that a great deal
of the information will be available immediately following the completion
of a run. If we are successful, the entire sampling program will take on
new aspects since it should be possible to evaluate the effects of batch

discharges and other unusual phenomena., I cite this as an example of what
we are doing to keep up with new techniques and to improve the quality and

extent of our river studies,

As T said before, there is a great deal of work remaining to be done. From
information obtained to date, however, it is possible to make some general

statements and to draw certain conclusions.

The Delaware River is a huge biological treatment plant. A tremendous amount
of organic contamination is oxidized each day, particularly in the summer time.
This accounts for the fact, of course, that the dissolved oxygen content of
the river water is reduced below acceptable levels in certain sections of

the river, Stated in other terms, this means that the capacity of the river
for self-purification is being exceeded in certain areas. In general, water
quality within the State of Delaware is nearly always fair to good and in
Delaware Bay it is classed as excellent, At times the waters of the river
within our State are affected adversely by discharges upstream. This is
particularly noticeable at times of sudden flow increase of an intermediate
nature, It might be likened to a sudden increase in flow through a biological
treatment plant which temporarily results in a discharge of partially treated
wastes., We have the distinct feeling in Delaware that the river is being
pushed dangerously close to its maximum assimilative capacity during periods
of low flow and high temperatures. For these reasons it behooves the State

of Delaware to keep a watchful eye on and to encourage efforts to reduce

industrial and municipal discharges to the river. It is our intention



il
to continue our sampling program as long as we are able or as long as it
seems necessary. Needless to say, we will cooperate in every way with the

newly formed Delaware River Basin Compact Authority.
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INTRODUCT I ON

LADIES AND GENTLEMEN: IT IS A PLEASURE TO ATTEND THIS
WAaTeR REsources CONFERENCE SPONSORED BY InNcober, THE DELAWARE
River Basin CoMMissioN AND THE WATER RESOURCES ASSOCIATION OF
THE DerLawarRe RiveRrR BasiN. | WiISH TO EXPRES3 MY THANKS FOR BE-
ING ASKED TO TALK THIS MORNING ABOUT THE CiTYy oF PHILADELPHIA
AND THE U. S. GeoLoGICAL SURVEY'S COOPERATIVE PROJECT.

Because OF TIME LIMITATION | MUST BE BRIEF IN MY PRESENTA=
TION OF THE HISTORY OF THE PROGRAM AND OTHER DETAILS ASSOCIATED
WiTH THE DEVELOPMENT OF THE PROGRAM IN THE LAST |3 YEARS.

THE PROJECT BEGAN IN AUGUST I9u9 AS A RESULT OF THE COOR~
DINATING EFFORTS OF IncoozL. AFTER WortD WAR |l 1T WAS APPAR-~
ENT TO MANY FEDERAL, STATE AND LOCAL AUTHORITIES THAT A WATER
QUALITY SURVEY OF THE DELAWARE ESTUARY, PARTICULARLY THAT PART
FROM THE HEAD OF TIDE AT TRENTON TOo Marcus Hoox wAS NOT ONLY DE-
SIRABLE, BUT VERY NECESSARY. RECOGNIZING THIS NEED, MrR. SaMm
BaxTer, WaTerR CoMMI5S10NER OF THE CiTY OF PHILADELPHIA, APPROACHED
INCODEL WHICH CALLED SEVERAL MEETINGS OF REPRESENTATIVES OF THE
Corps oF EnGINEERS, THE CivYy OoF PHILADELPHIA, THE GEOLOGICAL
SurRvEY, AND THE PennsyutvanNia anD New Jersey HeaLTH DEPARTMENTS
AND OTHER INTERESTED PARTIES. THE COOPERATIVE WATER=QUALITY
SURVEY BETWEEN THE CiTy OF PHILADELPHIA WATER DEPARTMENT AND THE
GEOLOGICAL SURVEY WAS5 THE OUTGROWTH OF THESE MEETINGS.

FrRoM 1Ts BEGINNING IN AugusT I9H9, THE BASIC PROGRAM HAS
CONSISTED OF MONTHLY BOAT SAMPLING TRIPS WHICH ARE PRESENTLY CON-
TINUING. TOP AND BOTTOM WATER SAMPLES ARE COLLECTED MONTHLY AT
FIVE POINTS IN THE RIVER CROSS SECTION AT EIGHT STATIONS FROM THE
BurLinGTON-BRisToL Bripce 70 Marcus Hook (FiGc. 1). THE TEMPERA=
TURE, DISSOLVED OXYGEN, BIOCHEMICAL OXYGEN DEMAND, PH, sPEcCiFIC
CONDUCTANCE AND CHLORIDE CONCENTRATIONS ARE DETERMINED ON ALL
SAMPLES. OTHER SAMPLES COLLECTED AT THE BurLINcTON=-BrisToL
BripGge, BendaMiN FRaNKLIN BriDGE AND MaRCUS HOOK RECEIVE A COM=
PREHENSIVE CHEMICAL ANALYSIS., IN ADDITION TO THE BOAT SAMPL ING
TRIPS, DAILY WATER SAMPLES ARE COLLECTED FOR CHEMICAL ANALYSIS
AT TrReENTON ON THE DerawarRe RiIvER AND BeLMONT FILTER PLANT ON THE
ScHuvLktiLL RiveR.

Since 1958 THE PROGRAM EXPANDED TO INCLUDE THE TESTING, IN=
STALLATION AND OPERATION OF CONTINUOUS WATER QUALITY RECORDERS,
PARTICULARLY CONTINUOUS DISSOLVED=OXYGEN=TEMPERATURE RECORDERS,
PRESENTLY CONTINUOUS DISSOLVED=OXYGEN~TEMPERATURE RECORDERS ARE
OPERATING AT TRENTON, BRiIsToL, TORRESDALE, BenuaMiIN FRANKLIN
BrRipGge, AND CHESTER. A SIXTH RECORDER IS BEING INSTALLED AT THE
DeLaware MeMoRIAL BRIDGE AND A SEVENTH INSTALLATION HAS BEEN PRO-
POSED FOR THE PHiLADELPHIA NAavY YarD.
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CONTINUOUS SPECIFIC CONDUCTANCE OR SALINITY RECORDERS ARE
OPERATING AT TORRESDALE, BenNJaMIN FRANKLIN Bringe, CHEsTER, DerLa~
WARE MegmoriaL BrioGe AnD Reeoy Isvano Jetrty (ric. I).

THe saLINITY RECORDERS AT DerLaware MemoriaL BribGge anp Reeoy
IsLaAND JETTY HAVE BEEN IN OPERATION SINCE 1955 ano 1956, Tuese
RECORDERS ARE OPERATED IN COOPERATION WITH THE DeLawarRe GEOLOGICAL
SURVEY.

PRIOR TO THE INSTALLATIONS OF THE SALINITY RECORDERS THE ONLY
OTHER CONTINUOUS AND PERMANENTLY OPERATED RECORDERS IN THE DELAWARE
RIVER, TO OUR KNOWLEDGE, WERE STREAM GAGES, TIDE GAGES AND TEMPERA=
TURE RECORDERS. JTHE SALINITY RECORDERS WERE THE FORERUNNERS OF
THE PRESENT CiTy OF PHILADELPHIA = GEOLOGICAL SURVEY INSTRUMENTA-
TION PROGRAM.

Now | wOULD LIKE TO DISCUSS SIGNIFICANT EVENTS THAT OCCURRED
DURING THE LOW=FLOW PERIOD OF THE DeLAWARE RIVER WITHIN THE LAST
5 MONTHS, WHICH WERE PRINCIPALLY DOCUMENTED BY CONTINUOUS WATER™
QUALITY RECORDERS,

DISCHARGE - MAY TO SEPTEMBER 1962

IN THE 50-YEAR PERIOD sSiNCE |13, THE MEDIAN DISCHARGE OF
THE DeLaware River aT TRENTON FOR THZ MONTHS OF MAY THROUGH Sep-
TEMBER, INCLUSIVE, IS 8,392 CFS. THIS YEAR THE AVERAGE DISCHARGE
FOR THESE MONTHS WAS 3,539 crs, or U2 percenT oF THE MEDIAN. Not
ONLY WAS THE DISCHARGE AT TRENTON DEFICIENT FOR THE MAaY T0 SEPTEM=-
BER PERIOD, BUT THE AVERAGE DISCHARGE FOR THE 5 MONTHS WAS THE
LOWEST ON RECORD: May fFLOW WAS THE 2ND LOWEST; JUNE WAS THE LOW=
£sT; JULY WAS 5TH LOWEST; AUGUST WAS I4TH LoOwWEST; AND SEPTEMBER,
WASCOTHSLOWEST.ONNRRCORD.

THE PREVIOUS LOW FLOW OF 3,972 ¢Fs FOR THE MAY To SEPTEMBER
PERIOD OCCURRED IN 1957 DURING THE PROLONGED DROUGHT. A DiIscus~-
SION OF FLOW CONDITIONS FROM MAay THROUGH SerTEMBER 1962, HOWEVER,
WOULD BE INCOMPLETE WITHOUT CONSIDERING THE ROLE OF THE RESERVOIRS
IN THE UPPER BASIN.

FIGURE 2 SHOWS THE MEASURED MONTHLY DISCHARGE AND AN ESTI=-
MATED DISCHARGE FOR THE DetAwARe River AT TRENTON FOR MAY THROUGH
AugusTt 1962. THE ESTIMATED DISCHARGE HAS BEEN ADJUSTED FOR STOR=
AGE OR RELEASE OF WATER BY New York CiTy's PepactoN AND NEVERSINK
WATER=SUPPLY RESERVO!RS AND Ri0 AND WALLENPAUPACK POWER RESERVOIRS
AND 1S THE DISCHARGE THAT WOULD HAVE OCCURRED WITHOUT RESERVOIR
CONTROL .
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As ILLUSTRATED, A DEFICIENCY OF 4 PERCENT STREAMFLOW OCCURRED
IN MAY BECAUSE OF STORAGE OF WATER IN RESERVOIRS. THE FLOW WAS
INCREASED, HOWEVER, 22 PERCENT IN JUNE, 65 PERCENT IN JuLy, 46
PERCENT IN AUGUST, AND 67 PERCENT IN SEPTEMBER BY RESERVOIR RE-
LEASES OF STORED WATER, EXPRESSED AS PERCENT OF MEASURED FLOW,
THE RESERVOIR RELEASES WERE: I3 PERCENT OF JUNE FLOW; 39 PERCENT
ofF JuLy FLow; 31 PERCENT OF AuGusT FLOW; AND LO percenT oF Sep-
TEMBER FLOW. LOW=FLOW AUGMENTATION BY THESE RELEASES FROM JUNE |
To SEPTEMBER 30 AMOUNTED TO OVER 9.5 BUELLONLCUBICRFEETy "ORCABOUT 72
BILLION GALLONS OF WATER, OF WHICH é9 PERCENT wASs FrRoM New YoRrk
Citvy's RESERVOIRS AND || PERCENT FROM THE POWER RESERVOIRS,

THERE WAS ENOUGH WATER RELEASED TO FiLL THE DeErLawarRe RIVER TO
MID=TIDE CAPACITY FROM TRENTON TO BELOW THE ScHuYLkILL River, A
DISTANCE OF 4O MiteEs. |7 15 ALSO ENOUGH WATER TO SUPPLY ABOUT
200 GALLONS OF WATER PER DAY TO A POPULATION OF | MILLION FOR

ABOUT A YEAR.

DISSOLVED SOLIDS - MAY TQ SEPTEMBER 1962

Now THAT WE HAVE SET THE STAGE BY DISCUSSING DISCHARZE OF THE

ﬁIVER DURING THE DROUGHT THIS SUIMMER, A NATURAL QUESTION TO ASK &S
WHAT WAS THE QUALITY OF THE RIVER WATER AT TRENTON THIS SUMMER?

FroM May | 710 SepTEMBER 230, THE MEASURED DISSOLVED SOLIDS
WERE |9 PERCENT HIGHER THAN MEDIAN, EVEN WITH LOW-FLOW AUGMENTA=
TION. A= THE DISSOLVED SOLIDS OF THE RIVER VARY INVERSELY WITH
DISCHARGE, THE ABOVE NORMAL DISSOLVED SOLIDS THIS SUMMER WERE THE
RESULT OF 1HE BELOW NORMAL FLOWS.

THE DISSOLVED SOLIDS WERE HIGHER THAN THE I8=YEAR MEDIAN BY:
38 PERCENT IN May; 23 PERCENT IN June; 14 PERCENT IN JuLy; 13
PERCENT IN AugusT; AND I4 PercENT IN SepTEMBER.

FIGURE 3 COMPARES THE DISSOLVED=SOLIDS CONTENT OF THE RIVER
THAT WOULD HAVE OCCURRED UNDER NATURAL FLOW CONDITIONS AND THE
MEASURED DISSOLVED SOLIDS OF THE RIVER AT TRENTON. AS ILLUSTRATED
FOR MAaY, THE DISSOLVED SOLIDS OF THE RIVER WERE SLIGHTLY HIGHER
BECAUSE OF STORAGC OF WATER IN RESERVOIRS. IN THE UPPER BASIN
SURFACE WATERS HAVE A VERY LOW DISSOLVED-50LID5 CONTENT (25-H0 ppm).
BecAusE OF THE LOW DISSOLVED=SOLIDS CONTENT, THESE WATERS HAVE A
HIGH DILUTION CAPACITY UPON RELEASE DURING LOW-FLOW PERIODS WHEN
THE DISSOLVED=SOLIDS CONTENT OF DOWNSTREAM TRIBUTARIES 1S HIGH.

ON THE OTHER HAND, BY STORING THIS LOW DISSOLVED=SOLIDg WATER
IN RESERVOIRS AT TIMES Of HIGH FLOWS, THE NATURAL DILUTING GAPACITY
OF THE STORED WATER IS LOST. As a RESULT, AT TIMES OF STORAGE
HIGHER CONCENTRATIONS OF DISSOLVED SOLIDS OCCUR, AS IN May.
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THE DISSOLVED SOLIDS OF THE RIVER AT TRENTON WERE INCREASED
2 PERCENT IN MAY BY STORAGE OF WATER IN RESERVOIRS, BUT DECREASED
I4 percENT IN JUNE, 30 PERCENT 1IN JuLY, 27 PERCENT IN AuGcusT, AND
33 PERCENT IN SEPTEMBER BY LOW=FLOW AUGMENTATION.

Now we MAY ASK "WHAT DO THESE CHANGES IN WATER QUALITY MEAN
TO WATER USERS?

To BEGIN WITH, LET'S CONSIDER AN INDUSTRY THAT NEEDS | MILLION
GALLONS OF CEMINERALIZED WATER PER DAY FOR PROCiSS WATER IN MANU=-
FACTURING OR FOR BOILER FEED MAKE=UP WATER.

WiTHOUT LOW-FLOW AUGMENTATION, FOR EACH | MJLLION GALLONS OF
WATER TREATED, THERE wouLD Bt |,250 PounNDS OF DISSOLVED SoL1DS
REMOVED. BECAUSE OF THE DILUTION OF THE DISSOLVED SOLIDS BY
RESERVOIR RELEASES THIS SUMMER THERE WAS ONLY 990 PounDS OF DIS=
SOLVED SOLIDS PER MILLION GALLONS, A REDUCTI!ON OF 25D POUNDS PER
MILL+ON GALLONS OF WATER, OR 20 PeRccNT. CONSEQUENTLY, A WATER-
USING INDUSTRY HAS BEEN BENEFITTED IN ITS WATER TREATMENT BY LOW-
FLOW AUGMENTATION., THERE MAY OR MAY NOT BZ A SIGNIFICANT COST
BENEFIT TO AN INDUSTRY BY THIS LOW-FLOW AUGMENTATION, HOWEVER,
iIN THE CASE OF A DEMINERALIZER, THE LIFE OF THE UNIT BEFORE RE=-
CHARGE OR REPLACEMENT HAS BEEN INCREASED BY Z£5 PERCENT BECAUSE OF
RESERVOIR RELEASES.

IN THE CASE OF PUBLIC WATER SUPPLY FOR THE CITIES OF EAsTON,
TRENTON AND PHILADELPHIA, THERE IS NO DOUBT THAT LOW-FLOW AUG~-
MENTATION HAS IMPROVED THE QUALITY OF THE RAW WATER DELIVERED TO
THEIR INTAKES.

BesiDEs THE OVERALL REDUCTION IN DISSOLVED sSOLIDS, THERE IS
A CORRESPONDING DECREASE IN THE HARDNESS OF THE WATER.

IN MAY THERE WAS A 3 PERCENT INCREASE IN THE HARDNESS OF THE
RIVER WATER AT TRENTON BECAUSE OF RESERVOIR STORAGE, BUT THERE
WAS A DECREASE IN HARDNESS OF: |6 PEZRCENT [N JUNE; 32 PERCENT IN
JuLy; 29 PERCENT IN AUuGUST; AND 32 PERCENT IN SEPTEMBER BECAUSE
OF THE DILUTION EFFECTS OF LOW=FLOW AUGMENTATION.

TH1s MEANS THAT A SOFTER WATER WAS DELIVERED TO THE CONSUMER.
I T MEANS THAT THERE WAS LESS SCALE FORMATION IN PIPES, BOILERS
OR TEA KETTLES. | T MEANS LFSS SOAP WAS NIFDED TO FOPM A LATHER
IN BATHING OR LAUNDERING. FURTHERMORE, BZCAUSE OF RESERVOIR OPER-=
ATIONS A MORE UNIFORM QUALITY OF WATER IS AVAILABLE TO WATER USERS
THE YEAR ROUND.

FOR THESE REASONS THE MINIMUM AND MAXIMUM SEASONAL CONCENTRA=
TIONS OF DISSOLVED SOL!IDS THAT NATURALLY OCCURRED IN DELAWARE
RIVER WATER IN THE PAST WILL NOT LIKELY OCCUR IN THE FUTURE, AS
RESERVOIR DEVELOPMENT CONTINUES.



THE LOW MINERAL CONCENTRATION OF THE SPRING MONTHS WitLL BE
HIGHER, AND THE HIGH CONCENTRATIONS OF THE SUMMER AND EARLY AUTUMN
WiLL BE LOWER BECAUSE OF RESERVOIR OPERATIONS,

D1SSOLVED OXYGEN

Now LET'S CONSIDER THE DISSOLVED=OXYGEN CONCENTRATIONS IN THE
ESTUARY THESE PAST MONTHS WHEN THE FLOW AT TRENTON WAS BELOW NORMAL.
IN EARLY MARCH OF THIS YEAR THE MAXIMUM DISSOLVED~OXYGEN CONCENTRA=
TIONS WERE RECORDED IN THE ESTUARY. AFTERWARD, THE GENERAL SEASON=
AL DECLINE IN DISSOLVED=OXYGEN CONCENTRATIONS BEGAN, EVEN THOUGH
THE DISCHARGE OF THE RIVER INCREASED DURING THE FIRST 2 WEEKS IN
ApriL, THIS DECLINE WAS THE RESULT OF THE SEASONAL INCREASE IN
WATER TEMPERATURES.

AFTER THE HIGH RUNOFF OF EARLY APRIL, HOWEVER, THE OISSOLVED-
OXYGEN DZCREASED AT AN EXTREMELY RAPID RATE IN THE ESTJARY. AT
CHESTER, THE DISSOLVED OXYGEN DECREASED FROM & ppM on ApriL |5 To
LESS THAN | PPM oN May 5, A7t BenJaMin FRaANKLIN BRIDGE THE DISSOLVED
OXYGEN DECREASED FROM 9 PPM oON APRIL |5 10 LESS THAN | PPM ON
May 15. AT TORRESDALE, THE DISSOLVED OXYGEN DECREASED FRoM lIl=12
PPM ON APRIL |5 T0 LESS THAN 4 ppM on Mav 31,

ON FIGURE Y 1§ PLOTTED THE AVERAGE DAILY DISSOLVED OXYGEN AT
BristoL anD Benuyamin FrRankLIN Brioge FOR May | 10 Aucust 31, 1982.
THE DISSOLVED—OXYGEN PATTERN AT TORRESDAWLE FOR THE PERIOD WAS QUITE
SIMILAR TO THE BRistoL PATTERN, AND THE CHESTER PATTERN WAS QUITE
SIMILAR TO THE BeEnJAMIN FRANKLIN BRiDGE PATTERN. DURING THIS PERIOD
THE DAILY DISSOLVED OXYGEN AT TRENTON AVERAGED 9 10 10 PPM,

TH1S SPRING VERY LARGE NUMBERS OF MIGRATORY FISH ASCENDED THE
ESTUARY FROM THE OCZAN ON THEIR ANNUAL RUN TO THE SPAWNING GROUNDS
IN THE UPPER REACHES OF THE RIVER. TH1S SPAWNING RUN 1S AN ANNUAL
EVENT, TO A GREATER OR LESSER EXTENT. THiS SPRING, HOWEVER, THE
NUMBER OF FISH ENTERING THE RIVER WAS DESCRIBED BY SOME AS THE
GREATEST SINCE THE TURN OF THE CENTURY. THE FiISH NUMBERED IN THE
MILLIONS.

THE F1ISH ASCENDING THE ESTUARY SAFELY REACHED THE UPPER RIVER
BECAUSE OF THE RELATIVELY HIGH DISSOLVED-OXYGIN CONCENTRATIONS IN
MarcH. APRIL AND EARLY Mav. HOWEVER, FROM JuiE 4TH 10 QTH LARGE
NUMBERS OF DEAD FI1SH OF THE HMERRING FAMILY WERE COBSZRVED IN THE
RIVER AND ON THE BANKS FROM BrRistoL 7o New Castie. THIS WAS A TER=
RIFIC FISH KILL, AND T 1S LIKELY THAT THZ NUMBER OF FISH KILLED
WAS IN THE MILLIONS. THE FISH THAT WERE KILLED MOST LIKELY HAD
SPAWNED EARLIER AND WERE RETURNING TO SEA. Bzcause oF THE LOwW DIS=
SOLVED OXYGEN IN THE ESTUARY, THE FISH SUFFOCATED AND DIED IN LARGE
NUMBERS.
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THE FiSH FLOATING IN THE WATER AND SUBSEQUENTLY WASHED UP ON
BEACHES AT HIGH TIDE CREATED QUITE A STIR. MOST NEWSPAPERS FROM
TRENTON TO WILMINGTON COVERED THE FISH KILL STORY TO SOME EXTENT,
BECAUSE OF OUR CONTINUOUS RECORDERS, WE WERE IN A POSITION TO
DOCUMENT EVENTS LEADING UP TO THE FISH KiLL, WE WERE ABLE TO
POINT OUT TO HEALTH AND FISH AND GAME REPRESENTATIVES THE DIS-
SOLVED=OXYGEN LEVELS PRIOR TO, DURING, AND AFTER THE FISH KIiLL,
ALsO, WE WERE ABLE TO DOCUMENT THE TEMPERATURE, FLOW AND OTHER
PERTINENT CHARACTERISTICS OF THE RIVER WATER AT THE TIME OF THE
KiLL., WE WERE ABLE TO POINT OUT THAT THE LOW DISSOLVED=OXYGEN
LEVELS THE FIRST WEEK IN JUNE WERE THE LOWEST FOR THIS WEEK IN THE
LAST 13 YEARs, WE WERE FURTHER ABLE TO POINT OUT THAT THE WATER
TEMPERATURES WERE ABOVE NORMAL. WE WERE IN A POSITION TO DO THIS
BECAUSE OF OUR INSTRUMENTATION PROGRAM.

AFTER REACHING A MINIMUM ON JUNE 9, THE DISSOLVED OXYGEN AT
BR1STOL RECOVERED SOMEWHAT AND, AS ILLUSTRATED, RANGED FROM 2.5
70 5.5 PPM FOR THE REMAINDER OF THE SUMMER. THERE WAS NO RE=
COVERY AT THE BeENJAMIN FRANKLIN BRIDGE WHERE THE DISSOLVED OXYGEN
AVERAGED LESS THAN | PPM FROM THE MIDDLE OF May oON.

SALINITY

FOR MANY YEARS, PARTICULARLY SINCE THE DROUGHT YEARS OF THE
EARLY 1930's, THERE HAS BEEN CONSIDERABLE INTEREST (N THE SALIN-
ITY ofF THE DELAWARE ESTUARY.

MANY INVESTIGATIONS HAVE BEEN UNDERTAKEN TO EVALUATE THE
MAGNITUDE, EXTENT AND DURATION OF THE SEASONAL SALINITY INVASIONS,
SEVERAL FEDERAL, STATE AND LOCAL AGENCIES HAVE PERIODICALLY RUN
LONGITUDINAL BOAT SURVEYS TO DETERMINE THE SALINITY DISTRIBUTION,.

MOST INVESTIGATORS AGREE THAT THE PRINCIPAL FACTOR THAT DE=-
TERMINES THE SALINITY DISTRIBUTION IN THE RIVER 1S THE MAGNITUDE
OF THE HEADWATER DISCHARGE INTO THE ESTUARY. AT HIGH FLOwW, ES-
PECIALLY IN THE SPRING OF EACH YEAR, THE SALT FRONT IS PUSHED
DOWNSTREAM. As FLOW DECREASES IN LATE SPRING, THROUGH THE SUMMER,
INTO THE EARLY FALL MONTHS, HOWEVER; THE SALT FRONT ADVANCES UP=
STREAM. THIS OCCURS TO A GREATER OR LESSER EXTENT EVERY YEAR,
DEPENDING UPON THE MAGNITUDE OF THE HEADWATER DISCHARGE AND OTHER
FACTORS.

PERHAPS THE GREATEST SALINITY INVASION FOR THE PERIOD OF
SALINITY RECORDS sSINCE 1907 occurrRed IN 1957. THE SALT FRONT CON-
TINUOUSLY ADVANCED UPSTREAM BECAUSE OF THE PROLONGED LOW FLOWS OF
THIS DROUGHT PERIOD. THE MAXIMUM PENETRATION OF THE SALT FRONT
IN 1957 WAS TO THE VICINITY OF THE TACONY=-PALMYRA BRIDGE IN NORTH=~
EAST PHILADELPHIA. SEVERE AS THE SALINITY INVASION WAS IN 1957,
IN MAGNITUDE AND EXTENT, THE DURATION WAS NOT AS GREAT AS THAT
iN 1930 WHEN THE SALT FRONT REMAINED ABOVE MARCUS HOOK UNTIL EARLY
Januvary 1931,



In 1954 tHe U. S. GeoLoGICAL SURMEY, IN COOPERATION WITH THE
DerLawARE GEOLOGICAL SURVEY, BEGAN AN INVESTIGATION OF THE SALINITY
OF THE LOWER DerawarRe. HOWEVER, VERY EARLY IN THE PROGRAM IT WAS
RECOGNJ}ZED THAT PERIODIC BOAT SAMPLING, WHILE NECESSARY.AND DESIR=
ABLE TO DELINEATE THE HORIZONTAL AND VERTICAL DISTRIBUTION OF SAL™
INITY IN THE RIVER CROSS SECTION, LEFT A LOT TO BE DESIRED.

IT WAS DECIDED THAT CONTINUOUS SPECIFIC CONDUCTANCE OR SALIN=
ITY RECORDERS LOCATED AT STRATEGIC SPOTS ALONG THE ESTUARY WOULD,
AT LESS COST IN BOTH TIME AND MONEY, GIVE A MORE ACCURATE PICTURE
OF THE SALINITY MOVEMENTS WITH TIME,

THEREFORE, IN 1954 A CONTINUOUS SALINITY RECORCER WAS IN-=
STALLED AT THE DeLAawarRe MemorIAL Bripge. IN 1950 A SALINITY RE-
CORDER WAS INSTALLED AT Reeoy lsLanND JeETTY,

THESE Two STATIONS, Reepy Iscano JeTTy aAND DELAWARE MEMORIAL
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