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FOREt-JORD 

A Delaware River Basin Water Resottrces Conference was held at Pocono 

Manor Inn, Pocono Hanor, Pennsylvania on October 15-16, 1962. The Con­

ference was jointly sponsored by Incodel, t;:1e 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 Conference; 

(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 1JAT:8R RES01RCES CfOlifr~RENCE 


Pocono Manor Inn, Pocono Manor, Pennsylvanj.a 

Monday-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 Basin 


MONDAY FORENOON, OCTOBER 1$, 1962 

10:00 A"M. - WELCOME AND OPENING REMAHKS 
-	 CharleS R. Bensinger, President, Water Resources 

Association cf the Delaware River Basin 

DELAWARE RIVER BASIN WATER POLLUTION CONTROL PROGRJ~11S 

- George A. Eli~s, lte.gion~l Sanitary Eilgineer 
·Region VI!";: Pennsylvania Department of Health, presiding 

10:15 A.M. - THE meODEL PROGRAM 
-	 John Boardman, Engineer, Interstate Commission on the 

Delaware River Basin 

10:30 A.M. - LEHIGH UNIVERSITY RESEARCH PROJECTS 
-	 Basil W. Parker, Head, Department of Biology 

Lehigh University 

10:45 A.M. - DELAWARE WATER POLLUTION COMMISSION PROJECTS 
-	 Harold L. Jacobs, Chairman, Delaware rfater Pollution 

Commission 

11:00 A.M. - U.S. GEOLOGICAL SUR.VEY - CITY 01<" PHILADELPHIA PROJECT 
-	 Normal'} H. Beamer, District Director, Quality of Water 

Branch, U.S. Geological Survey 

11:15 A.M. - U.S. PUBLIC HEAJ.JTH SERVICE TIDAL ESTUARY STTrny 
-	 Earl J. Anderson, Project Director, Delaw2re Estuar,y 

study, U.S. Public Health Service 

11:30 A.M. - ECONOMIC CRITERIA FOR DESIGN OF RF,GIONAL -~YASTE DISPOSAL 
-	 SYSTEMS 
- Allen V. Kneese, Research Associate, Resources For 

The Future 

11:50 A.M. - G~NERAL DISCUSSION 
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MONDAY AFTERNOON, OCTOBER 15, 1962 

DELAWARE RIVER BASIN COMHISSION'S C011PREHEnSlVE PLA.N 
- James Kerney, Jr~, Member of Incode1 nnd formerly 

Executive Vice President, Water Research Foundation 
for the Delaware River Basin, presiding. 

2:30 P.M. - EVOLUTION OF THE CO~ I.PREHENSI'IE PLAN 
- Herbert A. Howlett, Chief of Pl~~ning, 

Delaware River Basin Commission 

3:00 P.M. - STATUS OF MAJOR MULTIPLE PURPOSE PROJECTS 
- C~l. T. H. Setliffe, Engineer, Philadelphia District, 

U. S. Army Engineers 

3: 20 P.M. - WATERSHED PROTECTION AND FLOOD PE~VENTION PROJF1jTS 
- Alvin C. Watson, United States Soil Conservation 

Service 

3:30 P. M. - NEW TECHNIQUES FOR RE1ATDJG F.:CONO~j:TC OBJECTIVES, 
- ENGINEERING ANALYSES AND GOi,lERNl·lliNTAL PLANNING IN 
- DESIGN OF WATER RESOURCES SYSTEMS 
- Maynard M. Hufschmldt, Director, Harvard Wa.ter Program, 

Graduate School of Public Administration, Harvard 
University 

4:00 p.rII. - GENERAL DISCUSSION 

MONDAY EVENING, OCTOBER 15, 1962 

6:)0 P.M. - SOCIAL HOUR 

7:30 P.M. - CONFERENCE RA.NQUET - Sen. Elisha T. Barrett, 
- Chairman, N.Y. state Joint Legislative Committee 

~n Interstate Cooperation, Master of Ceremonies. 

- THE DELAWARE RIVER BASIN IN THE TIhR 2000 
- Hon. Maurice K. Goddard, Alternate Pennsylvania 

Member, Delaware River Basin Commission and Member 
of Incodel 
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TUESDAY MORNING, OCTOBER 16, 1962 

REGIONAL AND T.JOCAL AGENCY WATER RESOUm~~s PROGR.A~m 
- James H. Allen, Executive Secretary, Interstate 

Commission on the Delaware River Basin, presiding 

10:00 A.M. ~ - THE BRANDY~VINE VALLEY PLAN 
-	 Clayton M. Hoff, Executive Vic,e President, 

Brandywine Valley Association 

10:15 A.M. - NESHAl;~INY VALLEY PROGRlu.\II 

-	 JohnT. Carson, Jr., President, I~eshaminy 
Valley Watershed Association 

10:30 A.M. - nISSAHICKON VALLEY PROGRAM 
-	 Paul M. Felton, Executive Director, Wissahickon 

Valley Watershed Association 

10:45 A.M. - BUCKS COUNTY MASTEH. PLtll~ Faa tATER Al\ID SEWEBJ-l.GE FACTIJITIES 
- Franklin C. "Hood, Executive Director, 


Bucks County Planning C ommis$ion 


11:00 A.M. - MONTGO>ERY COUNTY YvATER SUPPLY PLAN 
-	 Arthur F. Loeben, Executive Director, 


Montgomer.y County Planning Commission 


11:15 A.M. - REGIONAL SEWERAGE PROGRAM - PHILADELPHIA JiIETROPOLITAN 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 
-	 Charle s R. Bensinger, President, Water Resources 

Association of the Delaware River Basin, presiding. 

-	 INCODEL - A SALUTE TO TK~; PAST AND PRESENT 
- Francis A. Pitkin, Chain2an, InterstatB Commission 

on the Delaware River Basin 

- ORGANIZATION AND PROGlWJS OF DELAWARE Rr~TER BASIN COMMISSION 
- James F. Wright, Executive Director, Delaware 

River Basin Commission 

2:00 P.M. - CONFERENCE ADJOUHNMENT 

http:SEWEBJ-l.GE
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THE INCODEL PROGRAM 
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THE INCQDEL PROGRAM 
. 
Ez 

John Boardman, Engineer 
Interstate Commission on the Delaware River Basin 

: . L .t 

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 brin~ 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 reme~ber 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 th~ Delaware River 

and the tributaries at their confluence with the Delaware. 

The Incodel program was adopted by the administrative agencies of the fouro 
states in 1939 and subsequently was enacted into law as a R.eciprocal Agreement 

by the legislatures of the states. 
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Briefly, the program divides the Delaware River Basin into tour water 

pollution control zones. Zone 1 extends from the New York - Pennsylvania 

boundar,y 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 Penns.ylvania - Delaware boundary line and Zone 4 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 matte"( 

shall be discharged into any zone unless it has been so treated as to produce 

an effluent which will meet the minimum standa~ds for such zone which are 

specified in the Agreement. 

The program is administered in each state by the water pollution control 

agenc.y of that state. Such agency may require higher standards than the 

standards ~hich, it should be stressed, apply only to the interst~ Delaware 

River. The states, however, under the terms of the Incode1 plan, also agreed 

to require sewage, industrial waste and other polluting material, which are 

discharged into the waters of any intrastate 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 b,y 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 mintmum standards applicable to each zone have proved to be very effective 

in controlling many types of pollution and protecting the water qua1i~ 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, 1941 substantial progress 



-3­

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 Header'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 Ita fetid, malodorous body of sewage in which no life can 

exist - - - It 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 t .he 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 all 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 situ~tion 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 other 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. Earl 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 prosecution 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 oreation ot 

the Delaware River Basin Commission under the terms of the oompact between the 

Delaware Basin states and the U. S. Government. 

We of Inoodel 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 COM~ISSION 


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 

Basin has sponsored two research projects in The Institute or Research 

and the Department of Biology at Lehigh University. Our last report at 

the annual Incodel meeting was presented at Pocono ~1anor 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 biolo~ and two members in 

chemistry also participated. 

I. Neutralization of Acid Waters 

There are maqy 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 maqy 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 biologioal 

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 manu­

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 snaIl 

amounts of several mineral elements derived from the original limestone. 

In order to determine the amount of stack dust required, we set up 

s,ystems 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 serve as food supply for small animals as, for 

example, insects which are in turn eaten Qy fish. Thus the development of 

. a "food chainrt 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 wa~ sampled at regular intervals. There 

was a progressive increase in biological activity_ In particular the green 

microsoopie 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 ot 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 

196:. Of several possible sites we chose the Nesquehoning Creek as most 

suite.ble. 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 about three 

miles the stream carries this double pollution load and then enters the Lehigh 

Ri\~r. 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 

Cl"c;ck in late summer, 1962, and preliminary trials showed a variety of 

elec'tronic 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 an 

evident increase in biological activity which we hope will contribute to 

stabilization of wastes and provide a favorable environ~ent for fish. 

II. Water Quality Monitoring 

Slnce 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 fS 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 automatio 

measurement of at least 1, water quality characteristics and there are now 

three instrument companies which have developed water quality monitoring 

systems fundamentally sim.ilar to the Lehigh-Incodel Monitor System. In eaoh 

case the objectives are many; namely, to measure water quality characteristics 

for comparative purposes, to detect abnormal conditions, to collect suitable 

sa~l~s ~nd to alert responsible officials. 

"rhe first Ineodel Water Quality Nonitor Station at Riegelsville, N. J., 
l-la::l put in operation in August, 19,8. In early May, 1961, the second station, 

at Mo~tague, N. J., was started. It should be noted that this station is 

inO)t.alled on private property. We hereby acknowledge the excellent cooperation 

of ~he p~0pe~ty owner Mr. E. R. Burt in permitting the construction and 

continued operation of this monitor station. 

~ early June, 1961, another station was in operation at the Martin's 

Cr~~k steam-electric station of the Pennsylvania Power and Li~ht Co. We are 

al)u R~preciative of their many courtesies and cooperation in the completion 

of this station. It should be recorded that Pennsylvania PQ1l1]'er and IJight also 

cooperates with the United States Public Health Service in chemical analyses 

of th~ D?lawara as part of the National T~!ater Quality Netwo!'k, 

~~2,C:1 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, 

rel2tl"i;"f; SlJidity or alkalinity and sunlight intensity. Ineodel 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
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Inoodel ~gen 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 

distribution 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 Penns,ylvania 

Sanitary Water Board and another at the Tqft 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 0.£ Incodel sup­

ported research. 

Late in 1960 ;his 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 te1emetered. 

A central computer will turn out the finished data. Our successors will then 

look back to the good years of the 1960 l s when things were rather simple." 
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Publications on Cement Stack Dust Research 

1. 	 Trembley, F. J., Mihurs~, J.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. 

2. 	 Mihurs~, J. A., Results of a Field Application of 

Cement Plant Stack Dust in an Acid Water IJake. 

Transactions, New England Wildlife Conference, 1959. 

3. 	 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 

1. 	 Parker, B.W., Freeburg, J.A., and Barber, S. B., 

Automatic System for Monitoring Water Quality. Journal 

of the Sanitary Engineering Division, American Society 

of Civil Engineers. Paper No. 2554, SA4, vol. 86, p. 2$-LO, 1960. 

2. 	 Parker, B. W., and Horris, A. R., Automatic Surveillance; 

An Operating System. Symposium on Water Quality Measurement 

and Instrumentation, U. S. Public Health Service. 

Cincinnati, p. 165-174, 1960. 

3. 	 Parker, B.W. Automatic Analyses as Applied to Water 

Quality Determinations and 1-Jater Treatment. Annals of 

the New York Academy of Sciences, vol. 91, Art. 4, p. 909-91$, 

1961. 

4. 	 Parker, B. W., Discussion - - "An Electronic Monitor System 

for River Quality Research and Surveillance tt , E. J. Cleary, 

Ohio River Valley Sanitation Commission. The International 

Conference on Water Pollution Research, London, England, 

Sept., 1962. (In Press) 
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THE DELAWARE WATER POLLUTION COMMISSION PROGRAM 

By 
H. 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 i:!'on salt t ,o 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 "sarne-slackn 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 usame-slacklt 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 tha.t 

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 nsame-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 qua.lity measurements all the way up to Trehton. The work beyond our 

State boundary has been carried out, therefore, in cooperation with the Water 

Qua.lity Committee of Incodel. Since tho distance travelled from the head of 

Delaware Bay to Trenton oh each sampling trip 11 about 90 miles, and since the 

time difference at the extremes is only three to four hours, it is obvious that 

speed must be attained in excess of 25 miles per hour. In 19~7, the Dela~are 

Water Pollution Commission purchased a boat capable of a.ccomplishing the purpose 

of delivering the sampling crew at each sampling station on time. This boat 1s 

38 feet long by 11 feet in the beam and is driven by two 225 HP Chrysler mo~ors. 

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. Kaplovsk'y's "same-sla.ckn technique. Since the start of this 

program, a total of 80 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 underst~ding 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. A~ 

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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b.Y 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. 

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 continue 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 ffTechnical Report II, Investigation of Sanitary 

Water Quality in the Lower Delaware Rivertt. The report is divided into four 

parts covering the following general sUbjects: study t€chnioues, 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 alreaqy 

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 date a detailed study of possible radioactivity in Delaware 
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River water has not been drawn IIp, 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 schools 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 oonstant 

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 weeks 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 - 40 samples per hour. Not only have we been able to increase separate 

analyses which can be automated to a 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 River. 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 ava.ilable immedia.tely 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 I 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 h~gh 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 



to continue our sampling program as long as we are able or as long as it 

seems neoessary. Needless to say, we will cooperate in every w~ with the 

newly formed Delaware River Basin Compact Authority. 
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INTRODUCTION 

LADIES AND GENTLEMEN: IT IS A PLEASURE TO ATTEND THIS 
WATER RESOURCES CONFERENCE SPONSOREO BY INCODEL, THE DELAWARE 
RIVER BASIN COMMISSION AND THE WATER RESOURCES ASSOCIATION or 
THE DELAWARE RIVER BASIN. f WISH TO EXPRESS MY THANKS FOR BE­
ING ASKEO TO TALK THIS MORNING ABOUT THE CITY or PHILADELPHIA 
AND THE U. S. GEOLOGICAL SURVEY'S COOPERATIVE PROJECT. 

BECAUSE or TIME LIMITATION I MUST BE BRIEF IN MY PRESENTA­
TrON or THE HISTORY or THE PROGRAM AND OTHER DETAILS ASSOCIATED 
WITH THE DEVELOPMENT or THE PROGRAM IN THE LAST 13 YEARS. 

THE PROJECT BEGAN IN AUGUST 1949 AS A RESULT or THE COOR­
D I NAT I NG EFFORTS OF I NCOO:L. ArTER \"ORLO VJAR II I T 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 TO MARCUS HOOK WAS NOT ONLY DE­
SIRABLE ; BUT VERY NECESSARY. RECOGNIZING THIS NEED, MR. SAM 
BAXTER, WATER COMMISSIONER or THE C,TY OF PHILADELPHIA, APPROACHED 
INCODEL WHICH CALLED SEVERAL MEETINGS OF REPRESENTATIVES or THE 
CORPS OF ENGINEERS} THE CITY or PHILADELPHIA, THE GEOLOGICAL 
SURVEY, AND TH[ PENNSYLVANIA 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 WAS THE OUTGROVTH OF THESE MEETtNGS: 

FROM ITS BEGINNING IN AUGUST 1949, 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 BRIDGE TO MARCUS HOOK (FIG, I). THE TEMPERA­
TURE, DISSOLVED OXYGEN, BIOCHEMICAL OXYGEN DEMAND, pH, SPECIFtC 
CONDUCTANCE AND C~LORIDE CONCENTRATIONS ARE DETERMINED ON ALL 
SAMPLES. OTHER SAMPLES COLLECTED AT THE BURLINGTON-BRISTOL 
BRIDGE, BENJAMIN FRANKLIN BRIDGE AND MARCUS HOOK RECEIVE A COM­
PREHENSIVE CHEMICAL ANALYSIS. IN ADDITION TO THE BOAT SAMPLING 
TRIPS, DAILY WATER SAMPLES ARE COLLECTED FOR CHEMICAL ANALYSIS 
AT TRENTON ON THE DELAWARE RIVER AND BELMONT FILTER PLANT ON THE 
SCHUYLKILL RIVER. 

SIN C E I 958 THE PRO G RAM E X PAN DEDT 0 INC L U 0 E THE T EST I N G J t N-
STAlLATION AND OPERATION or CONTINUOUS WATER QUALITY RECORDERS, 
PARTICULARLY CONTINUOUS DISSOLVED-OXYGEN-TEMPERATURE RECORDERS. 
PRESENTLY CONTINUOUS OISSOLVED-OXYGEN-TEMPERATURE RECORDERS ARE 
OPERATING AT TRENTON, BRISTOL, TORRESOALE, BENJAMIN FRANKLIN 
BRIDGE~ AND CHESTER. A SIXTH RECORDER IS BEING INSTALLEO AT THE 
DELAWARE MEMORIAL BRfOGE AND A SEVENTH INS7ALLATION HAS BEEN PRO­
POSED FOR THE PHILADELPHIA NAVY YARD. 
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FIGURE I. THE DELAWARE ESTUARY 



CONTINUOUS SPECifiC CONDUCTANCE OR SALINITY RECORDERS ARE 
OPERATING AT TORRESOAlE, BENJAMIN FRANKLIN BRIDGE, CH£STER, DELA­
WARE MEMORIAL BRIOGE AND REEDY ISLAND JETTY (riG. I). 

THE SALINITY RECORDERS AT DELAWARE MEMORIAL BRIDGE AND REEDY 
ISLAND JETTY HAVE BEEN IN OPERATION SINCE 1955 AND 1956. THESE 
RECORDERS ARE OPERATED IN COOPERATION WITH THE DELAWARE GEOLOGICAL 
SURVEY .. 

PRIOR TO THE INSTALLATIONS or THE SALINITY RECORDERS THE ONLY 
OTHER CONTINUOUS AND PERMANENTLY OPERATED RECORDERS IN THE DELAWARE 
R,VER, TO OUR KNOWLEDGE, WERE STREAM GAGES, TIDE GAGES AND TEMPERA­
TURE RECORDERS. THE SALINITY RECORDERS WERE THE fORERUNNERS or 
THE PRESENT CITY Of PHILADELPHIA - GEOLOGICAL SURVEY INSTRUMENTA­
TION PROGRAM. 

Now I WOULD LIKE TO DISCUSS SIGNifiCANT EVENTS THAT OCCURRED 
DURING THE LOW-flOW PERIOD Of THE DELAWARE R,VER WITHIN THE LAST 
5 MONTHS, WHICH WERE PRINCIPALLY DOCUMENTED BY CONTINUOUS WATER­
QUALITY RECORDERS. 

DISCHARGE - MAY TO SEPTEMBER ,q62 

IN THE 50-YEAR PERIOD SINCE 1913, THE MEDIAN DISCHARGE or 
THE DELAWARE R,VER AT TRENTON fOR THE MONTHS OF MAY THROUGH SEP­
T E MB E R , INC L U S I V E, I S 8,392 C f S • TH I S YEA R THE A V ERA G E 0 I S C H A RG E 
rOR THESE MONTHS WAS 3,539 CFS, OR 42 PERCENT or THE MEDIAN. NOT 
ONLY WAS THE DISCHARGE AT TRENTON DEfiCIENT fOR THE MAY TO SEPTEM­
BER PERIOD, BUT THE AVERAGE DISCHARGE FOR THE 5 MONTHS WAS THE 
LOWEST ON RECORD: MAY rLOW WAS THE 2ND LOWEST; JUNE WAS THE LOW­
EST; JULY WAS 5TH LOWEST; AUGUST WAS 14TH LOWEST; AND SEPTEMBER, 
W"A·$ C9TIi :~ La", ( S t , ..; 0 t-l ~J RS COR D .. 

THE PREVIOUS LOW flOW or 3,972 efS FOR THE MAY TO SEPTEMBER 
PERIOD OCCURRED IN t957 DURING THE PROLONGED DROUGHT. A DISCUS­
SION Of FLOW CONDITIONS rROM MAY THROUGH SEPTEMBER 1962, HOWEVER, 
WOULD BE INCOMPLETE WITHOUT CONSIDERING THE ROLE or THE RESERVOIRS 
IN THE UPPER BASIN. 

F,GURE 2 SHOWS THE MEASURED MONTHLY DISCHARGE AND AN ESTI­
MATED DISCHARGE rOR THE DELAWARE R,VER AT TRENTON rOR MAY THROUGH 
AUGUST 1962. THE ESTIMATED DISCHARGE HAS BEEN ADJUSTED rOR STOR­
AGE OR RELEASE or WATER BY NEW YORK CITytS PEPACTON AND NEVERSINK 
WATER-SUPPLY RESERVOIRS AND R.o AND WALLENPAUPACK POWER RESERVOIRS 
AND IS THE DISCHARGE THAT WOULD HAVE OCCURRED WITHOUT RESERVOIR 
CONTROL. 
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As ILLUSTRATED j A DEFICIENCY OF 4 PERCENT STREAMFLOW OCCURRED 
IN MAY BECAUSE or STORAGE Of WATER IN RESERVOIRS. THE rLOW WAS 
INCREASED, HOWEVER, 22 PERCENT IN JUNE, 65 PERCENT IN JULY, 46 
PERCENT IN AUGUST, AND 67 PERCENT IN SEPTEMBER BY RESERVOIR RE­
lEASES or STORED WATER. EXPRESSED AS PERCENT Of MEASURED flOW, 
THE RESERVOIR RELEASES WERE: 18 PERCENT OF JUNE flOW; 39 PERCENT 
OF JULY fLOW; 31 PERCENT or AUGUST FLOW; AND 40 PERCENT OF SEP­
TEMBER FLOW. LOW-FLOW AUGMENTATION BY THESE RELEASES FROM JUNE 
TO SEPTEMBER 30 AMOUNTED TO OVER 9.5 BteLl0N[~08,c~rEel~~oij~ABOUT 

I 
72 

B ILL ION GAL LON SOt WA T E R, 0 r WH I C H t59 Pr R C E N T WA S fRO M NEW Yo R K 
C,TY'S RESERVOIRS AND II PERCENT FROM THE POWER RESERVOIRS. 

THERE WAS ENOUGH WATER RELEASED TO Fill THE DELAWARE RIVER TO 
MID-TIDE CAPACITY FROM TRENTON TO BELOW THE SCHUYLKILL RIVER, A 
DISTANCE 
200 GALL
ABOUT A 

OF 
ONS 
YEAR. 

40 MILES. 
OF WATER 

IT IS 
PER DAY 

ALSO ENOUGH WATER TO SUPPLY 
TO A POPULATION Of 1 MILLION 

ABOUT 
rOR 

DISSOLVED SOL J OS - MAY TO SEPTEtv1BER 1962 

Now THAT WE HAVE SET THE STAGE BY DISCUSSING DISCHARGE OF THE 
R I V E R DURI N G THE D R 0 UGH T THIS S U 1<4 MER, A NAT U R A L QUE S T ION T 0 ASK I S 
'I WH ATWA C) THE QUA L tTY 0 r THE R j V E R W A T £ R Ai T R E N TON THIS S U tvl MER? II 

FROM MAY 1 TO SEPTEMBER 30, TH[ MEASURED DISSOLVED SOLIDS 
WERE 19 PERCENT HIGHER THAN MEDIAN, EVEN WITH LOW-FLOW AUGMENTA­
TION. As THE DISSOLVED SOLIDS or 1H£ RIVER VARY INVERSELY WITH 
DISCHARGE ~ THE ABOVE NORMAL DISSOLVED SOLIDS THIS SUMMER WERE THE 
RESULf OF lHE 8ELOW NORMAL fLOWS. 

THE DISSOLVED SOLIDS WERE HIGHER THAN THE ,8-YEAR MEDIAN BY: 
l8 PER C E NT I N MA Y; ~ 3 PER C E NT I N Ju NE; 14 PER C E NT I N Ju L Y; 13 
PERCENT IN AUGUST; AND 14 PERCENT IN SEPTEMBER. 

F,GURE 3 COMPARES THE DISSOLVED-SOLIDS CONTENT OF THE RIVER 
THAT WOULD HAVE OCCURRED UNDER NATURAL FLOW CONDITIONS AND THE 
MEASURED DISSOLVED SOLIDS or THE RIVER AT TRENTON. As IlLUSTRAT~D 
fOR MAY, THE DISSOLVED SOLIDS Of THE RIVER WERE SLIGHTLY HIGHER 
BECAUSE OF STORAGE or WATER IN RESERVOIRS. IN THE UPPER BASIN 
SURFACE WATERS HAVE A VERY LOW DISSOLVED-SOLIDS CONTENT (25-40 PPM)~ 
BECAUSE or THE LOW DISSOLVEO-SOLIDS CONTENT, THESE WATERS HAVE A 
HIGH DILUTION CAPACITY UPON RELEASE DURING LOW-FLOW PERIODS WHEN 
THE DISSOLVED-SOLIDS CONTENT Of DOWNSTREAM TRIBUTARIES IS HIGH. 

ON THE OTHER HAND, BY STORING THIS LOW DISSOLVED-SOLIDS WATER 
IN RESERVOIRS AT TIMES Of HIGH FLOWS, THE NATURAL DILUTING CAPACITY 
or THE STORED WATER IS LOST. As A RESULT, AT TIMES or STORAGE 
HIGHER CONCENTRATIONS OF DISSOLVED SOLIDS OCCUR, AS IN MAY. 
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THE DISSOLVED SOLIDS or THE RIVER AT TRENTON WERE fNCREASED 
2 PERCENT IN MAY BY STORAGE or WATER IN RESERVOIRS, BUT DECREASED 
14 PERCENT IN JUNE, 30 PERCENT IN JULY, 27 PERCENT IN AUGUST, AND 
33 PERCENT IN SEPTEMBER BY LOW-FLOW AUGMENTATION. 

Now WE MAY ASK "WH A T DOT H ESE CHAN G E SIN WATE R QUA LIT Y MEA N 

TO WATER USERS?" 


To BEGIN WITH, LET'S CONSIDER AN INDUSTRY THAT NEEDS I MILLION 
GALLONS OF ~~MtNERALIZED WATER PER DAY FOR PROCiS$ WATER IN MANU­
FACTURING OR FOR BOILER FEED MAKE-UP WATER. 

W,THOUT LOW-FLOW AUGMENTATION, FOR EACH I MILLION GALLONS OF 
WATER TREATED, THERE WOULD BE 1,240 POUNDS or DISSOLVED SOLIDS 
REMOVED. BECAUSE OF THE DILUTION OF THE DISSOLVED SOLIDS BY 
RESERVOIR RELEASES TH IS SUMMER T~tRE WAS ONLY 990 POUNDS OF DIS­
SOLVED SOLIDS PER MILLION GALLONS, A REDUCT/ON OF 250 POUNDS PER 
MILLtON GALLONS OF WATER, OR 20 PERCENT. CONSEQUENTLY, A WATER­
USING INDUSTRY HAS BEEN BENEFITTED IN ITS WATER TREATMENT BY LOW­
FLOW AUGMENTATION. THERE MAY OR MAY NOT B~ A SIGNIFICANT COST 
BENEfiT TO AN INDUSTRY BY THIS LOW-FLOW AUGMENTATION. HOWEVER, 
IN THE CASE OF A DEMINERALIZER, THE LIFE or THE UNIT BEfORE RE­
CHARGE OR REPLACEMENT HAS 8EEN INCR~ASED BY 25 PERCENT BECAUSE OF 
RESERVOIR RELEASES. 

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

BESIDES THE OVERALL REDUCTiON IN DISSOLVED SOLIDS, THERE IS 
A CORRESPONDING DECREASE IN THE HARDNESS OF THE WATER. 

I N MA Y THE R E WAS A 3 PER C E N TIN CREA S E I NTH E H A H D N E S S 0 F' THE 
RIVER WATER AT TRENTON BECAUSE or RESERVOIR STORAGE, BUT THERE 
WAS A DECREASE IN HARDNESS OF: 16 PERCENT IN JUNE; 32 PERCENT IN 
JULY; 29 PERCENT IN AUGUST; AND 32 PERCENT IN SEPTEMBER BECAUSE 
Of THE DILUTION EFFECTS OF LOW-FLOW AUGMENTATION. 

THIS MEANS THAT A SOFTER WATER WAS DELIVERED TO THE CONSUMER. 
I T MEA N S THAT THE R [ WAS L E S S SCAL E FOR tw1 A T I () N I N PIP ES, B 0 I L E R S 
OR TEA KETTLES. IT MEANS LESS SOAP WAS N~~DED TO FORM A LATHER 
IN BATHING OR LAUNDERING. FURTHERMOR[, B~(AuSE OF RESERVOIR OPER­
ATIONS A M)RE UNIFORM QUALITY OF WATER IS AVAILABLE TO WATER USERS 
THE YEAR ROUND. 

FOR THESE REASONS THE MINIMUM AND MAXIMUM SEASONAL CONCENTRA~ 
TIONS or DISSOLVED SOLIDS THAT NATURALLY OCCURRED IN DELAWARE 
RI V E R WATE R I NTH EPA S T \II ILL NOT L I I~ ELY 0 C CUR I NTH E F U T U R E, A 5 
RESERVOIR DEVELOPMENT CONTINUES. 



THE LOW MINERAL CONCENTRATION or THE SPRING MONTHS Will BE 
HIGHER, AND THE HIGH CONCENTRATIONS OF THE SUMMER AND EARLY AUTUMN 
WilL BE LOWER BECAUSE or RESERVOIR OPERATIONS. 

DISSOLVED OXYGEN 

Now LET'S CONSIDER THE DISSOLV~D·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 3 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 R£SULT OF THE SEASONAL INCREASE IN 
WATE~ TEMPERATURES. 

AFT E R THE H f G H RUN 0 r F 0 f EAR LyAp R I L, HOW [ V E R, i H E J ISS 0 L V E D.­
OXYGEN DECREASED AT AN EXTREMELY RAPID RATE IN THE E~1JtRY. AT 
CHESTER, THE DISSOLVED OXYGEN DECREASED FROM 6 PPM ON APRIL 15 TO 
LESS THAN I PPM ON MAY 5. AT BENJAMIN rRANKLIN BRIDGE THE DISSOLVED 
OXYGEN DECREASED FROM 9 PPM o~ APRIL 15 TO LESS THAN I PPM ON 
MAY '5. AT TORRESDAlE, THE DiSSOLVED OXYGEN DECREASED FROM 11-12 
PPM ON APRIL 15 TO LESS THAN 4 PPM ON MAY 3'. 

ON fiGURE 4 IS PLOTTED THE AVERAGE DAILY DISSOLVED OXYGEN ~T 
BRISTOL AND BENJAMIN FRANKLIN BRIDGE FOR MAY I TO AUGUST 31 , '962. 
THE DI~SOLVED-OXYGrN PATTERN AT TORRSSDALE tOR THE · PERIOD WAS QUITE 
SIMILAR TO THE BRISTOL PATTERN, AND THE CHESTER PATTERN WAS QUITE 
SIMilAR TO THE BENJAMIN FRANKLIN BRIDGE PATTERN. DURING THIS PERIOD 
THE DAILY DISSOLVED OXYGEN AT TRENTON AVERAGED 9 TO 10 PPM. 

THIS SPRING VERY lARGE NUMBERS OF MlGRATORY FISH ASCENDED THE 
ESTUARY FROM THE OC~AN ON THEIR ANNUAL RUN TO THE SPAWNING GROUNDS 
IN THE UPPER REACHES OF THE RIVER. THIS SPAWNING RUN IS AN ANNUAL 
EVENT, TO A GREATER OR LESSER EXTENT. TI-J IS SPRING:J HOWEVER, THE 
NUMBER or rlSH ENTERING THE RIVER WAS DESCRIBED BY SOME AS THE 
GREATEST SINCE THE TURN Of THE CENTURY. THE rlSH NUMBERED IN THE 
MILLIONS. 

THE FISH ASCENDING THE ESTUARY SAfELY REAC~ED THE UPPER RIVER 
BECAUSE or THE RELATIVELY HIGH DISSOlVED " O>:YG::-~ r.ONCF.r..;TRATtONS IN 
MAR C H ; APR t LAN D EAR L Y MA '( • How EVE R.7 r ROM J 'j f ~ E 4T H T 0 9T H L A R G E 
NUMBERS OF DEAD FISH or THE HERRING FAMILY W~RE OBS:RVEO IN THE 
RIVER AND ON THE BANKS fROM BRISTOL 70 NEW CASTLE. THIS WAS A TER­
RIFIC FISH KILL, AND IT IS LIKELY THAT TH: NUMBER OF FISH KILLED 
WAS IN THE MILLIONS. THE FISH THAT WERE KILLED MOST LIKELY HAD 
SPAWNED EARL~ER AND WERE RETURNING TO SEA. 8:CAUSE OF THE LOW DIS­
SOLVED OXYGEN IN THE ESTUARY, THE FISH SUFFOCATED AND DIED IN LAR3E 
NUMBERS. 
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THE rlSH rLOATING IN THE WATER AND SUBSEQUENTLY WASHED UP ON 
BEACHES AT HIGH TIDE CREATED QUITE A STIR. MOST NEWSPAPERS FROM 
TRENTON TO WILMINGTON COVERED THE rlSH KILL STORY TO SOME EXTENT. 
BECAUSE OF OUR CONTINUOUS RECORDERS, WE WERE IN A POSITION TO 
DOCUMENT EVENTS LEADING UP TO THE rlSH KILL~ WE WERE ABLE TO 
POINT OUT TO HEALTH AND rlSH AND GAME REPRESENTATIVES THE DIS­
SOLVED-OXYGEN LEVELS PRIOR TO, DURING, AND AFTER THE FISH KILL. 
ALSO, WE WERE ABLE TO DOCUMENT THE TEMPERATURE, FLOW AND OTHER 
PERTINENT CHARACTERISTICS OF THE RIVER WATER AI" TH~ 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 00 THIS 
BECAUSE OF OUR INSTRUMENTATION PROGRAM. 

AFTER REACHING A MINIMUM ON JUNE q, THE DISSOLVED OXYGEN AT 
BRISTOL RECOVERED SOMEWHAT AND, AS ILLUSTRATED, RANG~D FROM 2.5 
TO 5.5 PPM FOR THE REMAINDER OF THE SUMMER, THERE WAS NO RE­
COVERY AT THE BENJAMIN FRANKLIN BRI~GE WHERE THE DISSOLVED OXYGEN 
AVERAGED LESS THAN I PPM FROM THE MIDDLE Of MAY ON. 

SALINITX 

FOR MANY YEARS, PARTICULARLY SINCE THE DROUGHT YEARS OF THE 
EARLY '930'S, THERE HAS BEEN CONSIDERABLE INTEREsT IN THE SALIN­
ITY OF 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 INV~STIGATORS AGREE THAT THE PRINCIPAL rACTOR THAT DE­
TERMINES THE SALINITY DISTRI6UTION IN THE RIVER IS THE MAGNITUDE 
or THE HEADWATER DISCHARGE INTO THE ESTUARY. AT HIGH FLOW, ES­
PECIALLY IN THE SPRING or 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 SINCE 1907 OCCURRED 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 or 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 UNT1L EARLY 
JANUARY 1931. 



IN 1954 THE U • .Si GEOLOritCAL ' SUR~EY, IN COOPERATION WITH THE 
DElAWARE GEOLOGICAL SURVEY, BEGAN AN INVESTIGATION or THE SALINITY 
Of THE LOWER DELAWARE. HOWEVER, VERY EARLY IN THE PROGRAM IT WAS 
RECOGNIZED 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 LOi 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 RECORDER WAS IN­
STALLED AT THE DELAWARE MEMORIAL BRIDGE. IN 1956 A SALINITY RE­
CORDER WAS INSTALLED AT REEDY ISLAND JETTY, 

THESE TWO STATIONS, REEDY ISLAND JETTY AND DELAWARE MEMORIAL 
BRIDGE, ARE CONSIDERED IMPORTANT BECAUSE THE SALT FRONT MOST OF 
THE TIME RANGES BETWEEN THESE STATIONS. EVERY YEAR DURING LOW­
fLOW PERIODS THE SALT fRONT ADVANCES ABOVE THE DELAWARE MEMORIAL 
BRIDGE. DURING SALINITY INVASIONS SINCE '956 ADDITIONAL RECORDERS 
HAVE BEEN OPERATED ON THE RI~ER ABOVE THE DELAWARE MEMORIAL 
BRIDGE TO DETERMrNE THE EXTENT OF THE SALT FRONT. 

PRESENTLY WE ARE OPERATING ON A CONTINUOUS AND PERMANENT BASIS 
5 SPECifiC CONDUCTANCE OR SALINITY RECORDERS FROM TORRESDALE IN 
NORTHEAST PHILADELPHIA TO REEDY ISLAND JETTY. THIS PROGRAM IS IN 
COOPERATION WITH THE RIVER MASTER, THE DELAWARE GEOLOGICAL SURVEY 
AND THE C,TY Of PHILADELPHIA. 

A REPORT ON THE SALINITY OF THE DELAWARE ESTUARY IS PUBLISHED 
IN THE SALINITY SECTION OF THE ANNUAL REPORT OF THE R,VER MASTER 
OF THE DELAWARE RIVER. 

SALINITY - MAY TO AUGUST '962 

Now LET'S SEE HOW THESE CONTINUOUS SALINITY RECORDERS DOCU­
MENTED THE SALINITY OF THE ESTUARY THIS YEAR_ ON FIGURE 5 WE CAN 
TRACE THE IN GREASE IN SALINITY DURING THE LOW-FLOW PERIOD THIS 
SUMMER. THESE CURVES REPR~SENT THE HIGHEST CONCENTRATION OBSERVED 
EACH DAY, AND, THEREFORE, ARE HIGH-TIDE OR HIGH-WATER SLACK 
CHLORIDE. THE CO~CENTRATIONS ALSO REPRESENT THE LEAST DESIRABLE 
DAILY WATER QUALITY FOR A~ INDUSTRY THAT REQUIRES RELATIVELY FRESH 
WATER. 

As ILLUSTRATED, THE SALINITY GENERALLY INCREASED FROM MAY 
TO JULY 20, AFTER WHICH THERE WAS A SLIGHT INCREASE BEFORE LEVEL­
ING OFF THR6UGH AUGUST. 

I 
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THE PEAKS AND TROUGHS IN THE SALINITY PATTERN THAT IS MOST 
APPARENT fOR THE DELAWARE MEMORIAL BRIDGE ARE THE RESULT OF TIDAL 
ACTION INfLUENCING TIDAL DISCHARGE. BECAUSE OF THE DROUGHT CON­
DITION DISCUSSED PREVIOUSLY, THE FLOW INTO THE ESTUARY WAS BELOW 
NORMAL AND AT A RATHER CONSTANT RATE rROM LATE MAY THROUGH THE END 
Of JULY. IT WAS NOT UNTil WE RECEIVED HEAVY RAINFALL IN THE lOW­
ER BASIN IN AUGUST THAT THERE WAS ANY APPREC IABLE INCREASE IN THE 
FRESH-WATER DISCHARGE TO THE ESTUARY. ALTHOUGH THERE WERE HEAVY 
RAINS IN THE BASIN BELOW TRENTON IN AUGUST, THE PRECIPITATION 
ABOVE TRENTON DID NOT CAUSE ANY SIGNIFICANT INCREASE IN DISCHARGE 
AT TRENTON. THE NET RESULT OF THE HEAVY AUGUST RAINS BELOW 
TRENTON WAS TO SLIGHTLY ARREST THE SALINITY ADVANCE UPSTREAM BY 
INCREAS~NG THE FRESH-WATER DISCHARGE TO THE ESTUARY. THE AUGUST 
DISCHARGE, HOWEVER, WAS NOT SUFfiCIENT TO FLUSH THE SALT FRONT 
SEAWARD TO ANY EXTENT, AND THE SALINITY CONCENTRATIONS AT THE 
BRIDGE AND CHESTER AGAIN BEGAN TO INCREASE IN SEPTEMBER, WHICH IS 
NOT SHOWN ON fiGURE 5. 

MOST INVESTiGATORS or THE SALINITY IN THE ESTUARY CONCLUDED 
THAT HEADWAT!R DISCHARGE WAS THE PRINCIPAL CONTROLLING FACTOR IN 
SAL I NIT Y M 0 V' E MEN T S WH I LEG ENE RALL Y TRUE, THIS I S B Y NOM E ANS;0 

THE COMPLETE STORY. IT IS NOT THE DISCHARGE INTO THE ESTUARY, 
BUT RATHER THE TIDAL DISCHARGE IN THE ESTUARY THAT IS THE CONTROL­
LING FACTOR. 

LET ME ILLUSTRATE THIS LAST POINT WITH THE CHLORIDES AT 
DELAWARE MEMORIAL BRIDGE. NOTE THAT AfTER A SIGNifiCANT DECREASE 
IN CHLORIDE CONCENTRATIONS FOR ONE DAY THAT THE CONCENTRATIONS 
IN SUBSEQUENT DAYS ARE HIGHER THAN THOSE PREVIOUS TO THE DECREASE. 
ON THE OTHER HAND, NOTE THAT AFTER A SIGNIFICANT INCREASE IN 
CHLORIDE FOR A DAY OR A NUMBER Of DAYS, THERE IS GENERALLY A COR­
RESPONDING DECREASE IN CHLORIDES TO THAT WHICH PREVIOUSLY EXISTED. 
THESE INCREASES AND DECREASES ARE TH~ RESULT OF TIDAL ACTION, OR 
MORE SPECifiCALLY TIDAL DISCHARGE. 

IN THE fIRST CASE, TO CAUSE A DECREASE IN CHLORIDE AT ANY 
LOCATION THERE HAS TO BE AN INCREASE IN THE E88~TIOE DISCHARGE. 
THIS IS PRINCIPALLY THE RESULT or A LOWER THAN NORMAL LOW TIDE 
OR A LONGER THAN NORMAL EBB TIDE, OR BOTH. BECAUSE Of THE IN­
CREASED EBB-TIDE DISCHARGE MORE fRESH WATER FROM ABOVE THE SALT 
FRONT IS DISCHARGED DOWNSTREAM INTO THE SALINE WATER BELOW. THIS 
FRESH WATER IS MIXED WITH THE SALTY WATER DOWNSTREAM. THEREfORE, 
ON SUBSEQUENT FLOOD TIDES THE SALINITY INCREASES AT A GREATER 
RATE BECAUSE Of THE LOSS OF FRESH WATER BY THE ASSIMILATION OF 
rRESH WATER WITH SALINE WATER DOWNSTREAM. 

ON THE OTHER HAND, AN ABOVE NORMAL INCREASE IN A fLOOD-TIDE 
DISCHARGE CAUSES A SURGE OF SALINITY UPSTREAM. FRESH WATER, HOW­
EVER, IS BACKED UP BECAUSE OF THE HIGHER THAN NORMAL HIGH TIDE, ANO 
ALTHOUGH SOME fRESH WATER IS ASSIMILATED DURING THE RISE, THERE IS 
GENERALLY NO SIGNifICANT LOSS Of fRESH WATER. WHEN THE RIVER LEVEL 
BEGINS TO DROP, THE GREATER HEAD OF THE BACKED-UP FRESH WATER 
FLUSHES THE SALINITY DOWNSTREAM, AND CONDITIONS REVERT TO THOSE 
PRIOR TO THE RISE. 



RESERACH - ~IDAl HYDROLOGY 

A RECENT INNOVATION IN THE U. S. GEOLOGICAL SURVEY COOPERA­
TIVE PROGRAM IS THE COL~ECTION OF DATA ON THE QUANTITY OF WATER 
FLOWING PAST PHILADELPHIA AND CAMDEN AT ALL TIMES THROUGHOUT THE 
EVER-CHANGING CYCLE or TIDES. ALTHOUGH MANY GAGING STATIONS HAD 
BEEN MEASURING STREAMFLOW AT SELECTED LOCATIONS IN THE UPPER 
DELAWARE BASIN SINCE THE EARLY 1900's, NONE OF THESE WERE LOCATED 
ON THE TIDAL PORTION OF THE ESTUARY. 

THE GAGING STATIONS ON THE DELAWARE R,VER AT TRENTON AND THE 
SCHUYLKILL R,VER AT PHILADELPHIA, BOTH JUST ABOVE THE HEAD OF TIDE, 
MEASURE THE FLOW FROM 6,780 SQUARE MILES AND 1,893 SQUARE MILES, 
RESPECTIVELY, OUT or THE TOTAL OF 12,757 SQUARE MILES IN T~E ENTIRE 
BASIN. ACCORDINGLY BOTH OF THESE, AND PARTICULARLY THE TRENTON 
GAGE, HAVE BEEN USED FOR YEARS AS INDICATORS or FLOW CONDITIONS IN 
THE TIDAL ESTUARY. SOMETIMES THE INSTANTANEOUS FLOW AT TRENTON, OR 
PERHAPS THE AVERAGE FLOW AT TRENTON THE PREVIOUS DAY, WAS CORRELATED 
WITH OTHER rACTORS. OTHER STUDIES ATTEMPTED TO USE THE AVERAGE 
TRENTON FLOW DURING THE PAST WEEK OR EVEN THE PAST MONTH. SOME­
TIMES THE SCHUYLKILL tLOWS WERE ADDED TO THE TRENTON FLOWS FOR 
ADDITIONAL REfiNEMENT. 

THE fLOW fiGURES REALLY NEEDED MANY TIMES WERE THOSE OF ACTUAL 
fLOW AT BURLINGTON, PHILADELPHIA, CHESTER, OR OTHER SPECifiC POINTS 
ON THE ESTUARY. THESE FIGURES WERE NOT AVAILABLE BECAUSE THE 
EQUIPMENT AND TECHNIQUES HAD NOT BEEN PERFSCTED TO MEASURE FLOWS 
IN RIVER AfrECTED BY OCEAN iIOES. THIS TECHNOLOGICAL BARRIER HAS 

NOW BEEN HURDLED BY COUPLING THE lATEST DEVELOPMENTS IN DIGITAL 
RECORDING, ON PUNCHED PAPER TAPE, WITH THE SPEED AND flEXIBiliTY 
Of THE MODERN ELECTRONIC COMPUT£R. THE fiRST SUCH INSTALLATION IN 
EASTERN UNITED STATES, AND PROBABLY THE fiRST IN THE WORLD, TO RE­
CORD BOTH UPsTREAM AND DOWNSTREAM fLOW WAS ESTABLISHED THIS PAST 
SUMMER ON THE DELAWARE RIVER IN THE VICINITY or THE TACONy-PALMYRA 
BRIDGE. 

THE GEOLOGICAL SURVEY AND THE PHILAD~LPHIA WATER DEPARTMENT 
WE~~ JOINED IN THIS TIDAL GAGING PROJECT BY THE NEW JERSEY DIVISION 
or WATER POLICY AND SUPPLY AND THE PHILADELPHIA DISTRICT or THE 
CORPS or ENGINEERS, AS THE FIRST COSTS FOR INSTALLATION AND CALI­
BRATION WERE ESTIMATED TO RUN 5 TO 10 TIMES THE COST or A SIMPLE 
STREAM GAGING STATION. ALSO BECAUSE MUCH RESEARCH AND EXPERIMENTA­
TION ARE STILL NEEDED TO COMPLETELY EXPLOIT THIS BREAKTHROUGH IN 
HYDROLOGIC SCIENCE, THREE RECORDING GAGES WERE INSTALLE0 1 ALTHOUGH 
TWO PROBABLY WOULD fURNISH MOST Of THE BASIC DATA NEEDED FOR GEN­
ERAL PURPOSES. 



THE BASIC UNIT EMPLOYED IS THE"ADR", ANALOG TO DIGITAL RECORO­
ER, OEVELOPED BY THE FISCHER & PORTER CO. AT THEIR HATBORO, PA., 
PLANT, THIS WAS MODIFIED BY FISCHER & PORTER WITH THE GUIDANCE OF 
SPECIALISTS fROM THE SURVEY'S rNSTRUMEN~ RESEARCH LA30RATORY TO 
MEET THE SPECIFIC SERVICE REQUIREMENTS AND MAINTENANCE PROBLEMS 
Of TIDAL GAGING. THE MODIFIED RECORDER IS FLOAT ACTUATED. THE 
fLOAT IS PROTECTED BY A PIPE STIl.LING WELL IN WHICH THE r:"OAT GOES 
UP AND DOWN WITH THE TIDE, BUT WIND AND WAVE EFFECTS ARE DAMPENED 
OUT. THE PAPER TAPE IS PUNCHED WITH A BINARY DECIMAL CODING 
EVERY 5 MINUTES TO RECORD THE EXACT WATER LEVEL. 

THE UPSTREAM GAGE IS INSTALLED IN THE OLD GATE ~iOUSE OF THE 
TORRESDALE FILTRATION PLANT. A SECONO TIDE GAGE IS LOCATED AT 
THE OLD DISSTON SAW PLANT, 2,500 FEET ABOVE THE TACONy-PALMYRA 
BRIDGE ON THE PENNSYLVANIA SIDE, AND THE DOWNSTREAM GA3E is LO­
CATED ON THE END or A MOORING PIER AT THE PHILADELPHIA ELECTRIC Co. 
RlCHMOND"GENERATING STATION. 

EVERY 5 MINUTES AI.L THREE PUNCH SIMULTANEOIJSI.Y TO RECORD (f) 
WATER LEVEL AND (2) SLOPE OF THE WATER SURFACE BETWEEN GAG~S. 
THE TAPES CONTAINING THESE TWO VARIABLES ARE LATER FED INTO A 
DIGITAL COMPUTER, ALONG WITH CERTAIN CONSTANTS SUCH AS DISTANCE 
BETWEEN GAGES AND CROSS-SECTIONAL AREAS AT ABOUT 10 POINTS IN THE 
REACH. THE COMPUTER THEN QUICKlY SOLVES A VERY COMPLEX FORMULA 
FOR UNSTEADY FLOW AND PRINTS OUT THE RIVER DISCHARGE. 

AFTER INSTALLATION, THE GAGES HAD TO BE CALIBRATED BY MEASUR­
ING THE FLOW CONTINUOUSLY FOR SEVERAL TIDE CYCL:S AT THE SAME TIME 
THAT THE GAGES WERE RECORDING WATER LEVEL AND SLOPE, THIS WAS 
DONE FROM THE TACONy-PALMYRA BRIDGE NEAR THE MIDDLE OF THE GAGING 
REACH. STANDARD BATT~RY-POWERED STREAM GAGING EQUIPMENT WAS - USED 
FOR THESE MEASUREMENTS WiTH fiVE UNITS BEING MANNED CONTJNUOUSLY 
FOR 14 HOURS AND 28 HOURS TO COVER ON: AND TWO-TIDE CYCLES, RES­
PECTIVELY. MEN AND EQUI?MENT FROM SURVEY OFFICES IN ALL THE BASIN 
STATES WERE BROUGHT IN TO ASSIST ON THIS PHASE AND VALUABLE 
ASSISTANCE WAS ALSO FREELY GIVEN BY THE CORPS Of ENGINEERS, PHILA­
DELPHIA DISTRICT. 

WHILE THE BASIC OBSERVATION OF RIVER DEPTH AND VELOCfTY WERE 
BEING TAKEN, ADDITIONAL DATA FOR RESEARCH WERE GA1HERED. VERTICAL 
VELOCITY OBSERVATIONS WERE MADE TO D~TERMINE THE VARI~TIONS IN 
VALOCITy FROM RiVER BOTTOM TO WATER SURFACE ON INCCMING, OUTGOING 
AND CHANGING Tlcrs. THE DIRECTION OF UNDERWATER CURRENTS WAS IN­
VESTIGATED AT MANY PO!~T5 ACROSS THE CHANN~L, AT VARIOUS DEPTHS 
AND FOR DIFFERENT TIDE CONDITIONS. THE EXTENT or SURGE OR VARIA­
TJON IN INSTANTANEOUS VELOCITIES AT VARIOUS TIMES AND PLACES WERE 
MEASURED. THESE LATTeR MEASUREMENTS WERE ACCOMPLISHED BY THE USE 
or NEWLY DEVELOPED EQUIPMENT WHICH IS NOT YET GENERALLY AVAILABLE. 



NATURALLY THE GEOLOGICAL SURVEY AND OTHER AGENCIES TOOK AD­
VANTAGE Of THIS OPPORTUNITY TO TIE IN CHEMICAL QUALITY, SEDIMENT 
CONCENTRATION AND OTHER SUBSIDIARY DATA WITH VELOCITY AND DIS­
CHARGE DATA FOR THIS REACH. TEMPERATURE, SPECifiC ELECTRICAL CON~ 
DUCTANCE AND OISSOLVEO~OXYG(N OBSERVATIONS AND SAMPLING FOR VARI~ 

OUS MINERAL CONSTITUENTS IN THE WATER\WERE,' ACCOMPLISHED USING 
PORTABLE EQUIPMENT FROM BOATS. SPECIAL DATA fOR PHOTOSYNTHESIS 
STUDIES WERE COLLECTED IN COOPERATION WITH JOHNS HOPKINS UNIVERSITY, 
IT HAD BEEN HOPED TO CONDUCT DYE-TRACER STUDIES CONCURRENTLY, BUT 
THE NEWLY DEVELOPED FLUOROMETER DYE DETECTION EQUIPM~NT or THE 
GEOlOGfCAl SURVEY WAS IN USE BELOW THE OAK RIDGE ATOMIC ENERGY IN­
STALLATION IN TENNESSEE AND THE PUBLIC HEALTH SERVICE EQUIPMENT WAS 
TIED UP fOR SANITARY SURVEYS IN RARITAN BAY. SOME DATA WERE 
GATHERED USING CONVENTIONAL SURFACE FLOATS AND DEPTH-INTEGRATED 
FLOATS, BUT IT .5 HOPED TO TEST DISPERSION AND TRAVEL OF WATER 
PARTICLES WITH THE DYE EQUIPMENT SOON. 

THE DISCHARGE FIGURES FOR SEVERAL LOCATIONS IN THE DELAWARE 
ESTUARY MAY BE or INTEREST. FIGURE 3 SHOWS THE MAXIMUM INSTANTAN~ 
EOUS flOW MEASURED AT THE DELAWARE MEMORIAL BRIDGE, THE TACONY­
PALMYRA BRIDGE AND THE BURLINGTON-BRISTOL BRIDGE. FOR COMPARISON 
THE APPROXIMATE flOW AT THE GAGING STATION AT TRENTON AT THE SAME 
TIMES IS SHOWN. IT CAN BE SEEN THAT THE RATE Of FLOW, AS WELL AS 
THE VOLUME OF rlOW, INCREASES VERY SHARPLY AS ONE GOES fROM HEAD­
or-TIDE TOWARD THE OCEAN. IN FACT, THE FLOW ON A NORMAL TIDE 
CYCLE AT THE DELAWARE MEMORIAL BRIDGE IS ALMOST TWICE AS GREAT AS 
THE MAXIMUM rLOOO rlOW Of RECORD AT TRENTON. 

IT WAS FOUND THAT A PARTICLE or WATER MAY MOVE AS FAR AS 12 
MILES DURING ONE TIDE CYCLE IF IT STAYS IN THE MAIN CURRENT ALL THE 
TIME. Or COURSE, THIS WOULD ALSO BE TRUE OF ANY POLLUTION OR SLUG 
OF IMPURITIES. 

MORE THAN ANYTHING; IT WAS rOUND THAT THE TIDAL FLOW IS AN 
EVER-CHANGING QUANTITY AND THAT THE QUALITY OF THE WATeR CHANGES 
ALMOST AS RAPIDLY. THE ONLY WAV TO COMPLETELY DESCRIBE THIS PART 
Of THE RIVER IS WITH RECORDING INSTRUMENTS TO DOCUMENT THOSE VAR­
IABLES or SPECIAL INTEREST. 
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COMPREEENSIVE WATER QUALITY STUDY OF THE 
DELAWARE ESTUARY 

By 

Earl J. Anderson 
United States Public Health Service, Region II 

From a 1957-58 Public Health Service study in the Delaware River Basin 

it was evident that the quality of the water in the Estuary, particularly 

the stretch from Philadelphia to Marcus Hook was poor, especially so during 

the summer months. There was increasing concern about the capacity of the 

Estuary to assimilate wastes. As a result the Public Health Service was 

asked, under authorization of the Federal Water Pollution Control Act, to 

undertake a cooperative study to develop a comprehensive program for water 

pollution control there. We have started such a study in cooperation with 

Incodel, the Delaware Water Pollution Commission, the New Jersey Department 

of Health, the Penns.ylvania Department of Health and the City of Philadelphia, 

Department of Sewers and Water. Other Federal agencies will also cooperate. 

The scientific investigation of the quality of the water of the Delaware 

Estuary from Trenton to Delaware Bay has a threefold purpose: 

1. 	 To obtain a better knowledge of the natural and man-made 


contributions to the present condition of the Estuary, as 


well as all waste treatment systems there. 


2. 	 To develop methods of forecasting the variation of the 


water quality_ 


3. 	 To develop methods of optimum management to control the 


quality of water in the Estuary. 


The first step of the study entails the processing of large amounts of 

data, obtained from continuously recording water quality monitoring stations. 

These are operated jointly by the City of Philadelphia and the U. S. Geological 

Survey. The City is supplying an average 4,000 items per week on the quality 
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of the Estuary. This includes such information as water temperature, oxygen 

content (important for a balanced fish population) and salt content. These 

data are being supplemented by additional weather information such as pre­

cipitation, wind and sunlight from the U. S. Weather Bureau and the Philadelphia 

Electric Company. Operating data are also being received from ~unicipal sewage 

treatment plants. Altogether some 20,000 items per week on all aspects of 

water quality will be processed. These data will be analyzed on a computer 

to determine the effects on Hater quality from a variety of causes, both 

natural and man-made. 

In addition, a continuous year-long program of 'fJITeekly river sampling has 

been undertaken. Fourteen river stations between Marcus Hook and Trenton are 

visited each week by boat. Analyses of the water samples for dissolved oxygen, 

temperature, and pH are made on board the vessel. The remaining portions of 

the water samples are taken to the Public Health Service laboratory located at 

the Raritan Arsenal, Metuchen, New Jersey. Here the samples are further 

analyzed to determine amounts of chlorides, sulphates, turbidity, and micro­

scopic organisms. 

On these weekly runs the Penns.ylvania Health Department is cooperating 

by collecting and plating bacteriological samples for incubating and counting 

in their laboratory at Philadelphia. New Jersey will alternate with Penn- . 

sylvania on the bacteriological sampling progrrun. Biological stUdies on bottom 

samples will be made qy the Public Health Service. 

The Estuary field sampling program is desi~ed to fill the gaps in present 

information. In addition, data on industrial waste discharges are being ob­

tained for us by the States through an inventory of industries which discharge 

to the Delaware tidal system. Sampling and analysis of some of the industrial 

wastes will be required in order to complete the picture. 
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Included in the analtsis of industrial waste sruaples will be an ultimate 

oxygen demand test. This is necessary to determine how much organic material 

is being stabilized in the Eetu91'Y at any one time. At t:1e present time 

wastes are evaluated on the basis of a five-day bio-chemic~l o~7gen d9~and 

test, cut dn.e t·o length af time required for complete st~bilizc.t.i('n ,.:~ld. for 

passage from Trent.on to Dele»Tare Bay, it is necessary to have more complete 

information on the amounts of these wastes remaining. 

Work has also started on step two of our program - - the development of 

methods of for~casting the variations in water quality. Water quality pre­

dictions can be made nov; based on experience and judgement. Hcwever, computers 

can be used to predict water quality for a particular stretch of the river, 

on a more scienttfic and accurate basis. 

What can be ga.ined by attempting to forecast water quality? FiTst, it 

will enable us to predict more accurately the quantity of water available for 

future use. If it is possible to forecast water quality much the same as our 

weather is foreoasted, some problems can be avoided or at least alleviated. 

For example, a good quality forecast may indicate that the stream will not be 

able to support an impending fish run downstream. It then might be possible 

to raise the aeration of the stream, increasing the DO, or to increase the 

flow in certain areas, triggering fish movements at a more opportune time. 

Also, knowledge of future water quality variations at municipal and in­

dustrial water inta.kes can be of significant economic value in savings in cost 

of chemicals. 

One of the basic problems in controlling our weather today is the tre­

mendous scale of the atmospheric phenomena and the nebulous bo~ndaries in­

volved. In contrast, any body of water under consideration has definite 

bound~ies such as the river bed and banks and the air above - - so that we 

may consider a segment of this mass and the effect that the many variables 

http:Trent.on
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may have on it. Variables to be predicted will be selected after consultation 

with the interested agencies and industry. At the present time, dissolved 

oxygen appears to be one of the more likely variables, and all factors pl~ing 

a part or having an effect on the amount of dissolved oxygen in the water 

will be programmed for computer analysis. Some of these include flow data, 

waste discharges, sunlight, precipitation, turbidity, etc. This analysis 

should predict the futul"e conditions of the Estuary. Should the predicted 

conditio~s be unsatisfactory, remedial steps can be taken to avoid them. 

Water quality forecasting has lon~ term as well as short term possibilities. 

The short term prediction would lnvolve considerations in the irrnnediate future, 

and includes planning for short term operational procedures that might have 

an effect on any unsatisfactory forecast for a section of the Estuary. 

When procedures have been developed to some degree of reliability, we 

can then develop satisfactory methods of water quality management on both 

a short term and long term basis. Thus it is expected that this study b.Y the 

Pur~!c Health Service will a.ssist the State 1rJater Pollution Control agencies 

and the Delaware Water Pollution Commission in developing a sound comprehen.sive 

program of management, to preserve or improve the water quality of the Delaware 

Estuary. 

The inventory of water conditions in the Estuary and the ability to fore­

cast changes in the s,ystem will be the basis of an over all water quality 

management program. Through a cooperative program involving the State 

authorities J the Commission, and the Public Health Service J thj.s broad control 

program can preserve and improve the water quality of the Delaware Estuary. 
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The recent report on the research findings of the Senate Select Commdttee 

on National Water Resources has given a new perspective to water resources 

problems in the U.S. !I It replaces the prevalent image of future quantitative 

shortage on a nationwide scale with the conclusion that in most regions, 

especially in the East, water supply is much more than adequate to meet projected 

evaporation and transpiration which will result from the various uses which man 

makes of concentrated water supplies (lakes, streams, underground aquifers). 

But it also concludes that presently dependable supplies are in general far from 

adequate to provide dilution of future municipal and industrial waste discharge. 

This result emerged even when high levels of waste treatment were assumed. 

The conclusion was based on the assumption that current relationships of wastes 

produced to population and economic activity would continue, that a rate of 

4 PPM of dissolved oxygen and non-toxic conditions for fish life were to be 

maintained in all streams. 

It was further assumed that standard biological treatment and augmentation 

of low streamflow (by releases from reservoir storage) would be the only devices 

used to deal with pollution loadings. Given these assumptions, the report 

*Resources for the Future, Inc. The views expressed are those of the author 
and not necessarily of his organization. 

1/ U.S. Senate Select Comm1ttee on Water Resources, Water Resources Activities 
in the U.S., Water Supply and Demand, Committee Print 32 (Washington: USGPO, 1960), 
and Water Requirements for Pollution Abatement, Committee Print No. 29 (Washington: 
usGPO, 1960). 

W/58 
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concluded that large-scale extension of the degree of waste treatment and reservoir 

space to augment low flows would be needed. It was calculated that a minimum 

cost combination of these facilities would require a national investment of 

perhaps $100 billion (1954 prices) by the year 2000. 

This is indeed a huge sum. By contrast, the cost of completing the BuIeau 

of Reclamation program of multipurpose development is estimated at a mere $4 

billion after 1954, and the aggregate of federal appropriations for water resources 

development from 1824 to 1954 was reported to have been only $14 billion. This 

includes all the impressive dams, pow"er plants, irrigation, and diversion works 

which all of us have seen atone time or another. 

The preliminary estimates of the Senate Select Connnittee study cannot be 

viewed as more than broad indicators of the potential magnitude of various aspects 

of water supply problems. They do suggest, however, that achieving fairly clean 

streams throughout the U.S., in view of expected future economic -demographic 

development, will involve public investment far higher than in any other field of 

resources development or con~ervatio~. This conclusion has special force in the 

Eastern U.S. where the actual depletion of water supply is hardly a problem but 

where immense industrial and household waste loads are put into streams. Moreover, 

while parts of the West will undoubtedly continue to show very high percentage 

rates of growth, by far the greatest absolute future growth will be in the already 

comparatively heavily populated and industrialized East. 

The magnitude of the task of managing water quality and the great need for 

the most efficient quality management has called forth organizations a major or 

primary purpose of which is to plan socially optimal regional waste disposal 

systems. Among these is of course the Delaware CommisSion, whose work in water 

resources management will be observed uith great interes t in the coming years by 

everyone concerne>d with water resources. 
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I will begin my presentation on economic criteria for the design of regional 

waste disposal systems by indicating briefly how pollution gives rise to social 

costs which are not reflected in private calculations and by pointing in a general 

way to the implication this has for the best allocation of society's resources. 

Then I will describe hov' the ma.tter of designing a regional waste disposal system 

arises as a problem separate from that of rectifying the distribution of social 

costs. In my view these are the two basic issues which a regional authority such 

as the Delaware River Basin Commission will face with respect to the pollution 

problem. 

Let me indicate them once more. (1) Approximating an optimal system for the 

disposal of the region's wastes, and (2) Distributing the costs inevitablyassocia­

ted with waste disposal in a socially optimal way. 

A major point of my presentation this morning is that these two problems, 

while distinguishable, are strongly interrelated. 

In the U.S. we generally depend upon the market place to guide production in 

such a way that consumer demand is satisfied as well as pOSSible, given the 

limited amount of resources at the disposal of society. I think it is the con­

census of most economists and other economically informed persons that this process 

works quite well for most goods and services. However, it is possible to identify 

instances in which the individual decision making units of our decentralized 

society fail to make decisions in the public interest. This is because under 

some conditions they have no incentive to include the full ramifications of their 

decisions in their calculations or perhaps even to find out what the full results 

are. 
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One of the basic conditions for satisfactory social results from the 

decisions made in the marketplace is that the technical conditions of production 

and consumption be such that the costs and benefits of performing a given act 

fall upon and accrue to the economic unit which performs it. This condition is 

often not fulfilled in private water resources development and its lack of 

fulfillment, in regard to waste disposal, is the essence of the pollution problem. 

If some costs can be shifted to other economic units, the private costs in­

curred by a particular economic unit do not correspond to the full cost to society. 

Consequently, resource allocation is distorted even though markets function in 

an otherwise satisfactory fashion. Let me illustrate with an example not connected 

with water resources. If the employment of a mother results in the delinquency 

of her children, private costs of the employer (i.e., the wages) do not equal 

social costs. The latter may include such things as property damages, extra 

police, etc. Economists often call indirect effects of this kind "spillover" or 

"external" effects. 

Water pollution, together with smoke nuisances and dama@es, are the economist's 

classic examples of such "spillover" effects. Where" spillover" damages due to 

water pollution are significantly large, the general type of distortions which 

occur can be readily foreseen. 

1. The costs of some economic units are understrted (due to apparently 

costless waste disposal into water courses) and some are overstated (imposed 

damages and treatment costs). This tends to induce over-production and consumption 

of some items and underproduction and consumption of others. For example, the 

upstream paper mill which dumps its wastes into water without bearing any of the 

downstream costs produces paper which is artificially "cheap." In effect , it 

pays nothing for the use of a valuable resource, i.e., the waste, dilution, 
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degradation, and carriage capactty of the water course. From a social point of 

view the value of this resource is measured by the alternate uses of the water. 

Failure of the polluter to consid2r the reduced value of water in other uses 

which are made more expensive or foreclosed entirely by his pollution is a, 

perhaps the, basic element of the pollution problem. 

2. Because the polluter does not consider the social cost of his actions, 

he is induced to produce too much waste. Because he may dispose of "waste" 

material at a cost to others, not to himself, he makes a lesser effort (i.e., 

spendS less money) to design and operate industrial processes in such a way as to 

conserve materials, than if the full social costs of waste disposal were met. 

The efficacy of process engineering and materials recovery processes in reducing 

waste loads_Ms--been -richly demonstrated in West Germany by the Genossenschaften 

(regional water resources authorities in the main industrial area of West Germany), 

and by various instances in this country. Moreover, studies of waste loads 

generated per unit of physical output by plants producing identical goods but with 

different productive processes snggest the degree to which wastes can be engineered 

away. This emphasizes t~8 importance of regional water resources authorities 

providing the appropriate inccnt5.-v-es for such procedures. A society which neglects 

the off-site costs of waste disposal or under-values them will waste too much. 

Moreover, in such a situation tccre will be no treatment of waste water effluents 

even when such treatrk8nt is less costly than water supply treatment or the value 

of water use opportunities foregone downstream. 

These points having been made, it appears that the way to deal with the 

pollution problem is to redistribute costs. As a matter of fact, under some 

conditions this can be considered the ansvTer. If all the downstream opportunity 

costs of pollution could b2 ld.entified: expressed as monetary values, and levied 
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upon polluters, private incentives could be relied upon to approximate proper 

levels of treatment, optimal process and product adjustments by manufacturers, 

and appropriate industrial locatlon decisions. All these decisions would have 

reflected in them the real costs of waste disposal as they do the wages of labor, 

outlays for materials, and other costs. 

Industrial plants would then tend to take steps to reduce waste loads by all 

relevant means (treatment, and. process and product changes) until the costs of all 

these measures were equated at the margin with the reduction in damages which they 

produce. In other words, until the manufacturer could no longer profitably "trade 

off" an additional dollar spent to reduce wastes discharged into the water for 

more than additional dollar in reduced effluent levies or charges. 

In effect, a situation would prevail in which attempts to minimize private 

costs (i.e. to produce output efficiently) would also produce a minimization of 

costs to society. This would, of course, not be the result of the laudable private 

motivation to minimize costs if waste disposal costs are neglected in private 

decisions. Similarly a system of assessing downstream costs on communities would 

give them an incentive to treat their wastes to the point at which the dama~s 

avoided downstream (i.e. the effluent charge avoided) is just equal to the cost 

of producing a further increment of treatment. These adjustments would mean 

that the sum of the costs associated with waste disposal (including pollution 

damages) would be minimized. Y 

1/ It is notable that this result does not require the payment of compen­
sation to injured parties -- indeed, if compensation is to be paid on equity 
grounds, the manner of payment must be carefully framed to avoid introducing 
inefficiencies. 
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In principle this objective can be approached by imposing effluent standards 

and by directly controlling industrial location instead of imposing effluent 

charges, and these procedures are frequently proposed and used. However, it 

should be understood that to use these devices in an approximately ideal manner 

a pollution control authority would need at least as much and in many cases more 

information than if charges representing downstream damages were laid upon the 

effluent. This is particularly true in light of the streamflow variation which 

strongly influences the level of social costs associated with pollution over time. 

This 1s a point I wish to return to later. 

However, I wish to briefly follow up the point about information requirements, 

without at present considering the complexities introduced by streamflow variation. 

To use such devices as effluent standards and zoning in an ideal fashion, the 

authority would have to know the locational advantages and disadvantages of a 

particular site (not only the effects of location there on costs associated with 

waste disposal). It would have to know the opportunities for process and product 

adjustments, and for treatment of industrial wastes, and it would have to know the 

costs of all of these alternatives in order to arrive at optimal effluent stan­

dards at each location. To the degree that the authority does not itself find 

it desirable to operate a waste disposal system merely imposing the downstream 

costs of polluters upon them, would accomplish desired results without such 

extensive knowledge of results. In effect, many of the most difficult decisions 

would be imposed on individual decision makers who are more likely to possess 

the requisite information. 

It may, of course, be argued that downstream damages (such as reduced aesthetic 

or recreational amenity) defy eva~uation and cannot therefore be accurately 

mirrored in effluent charges. Two points can be made in this regard -­
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(1) Considerable steps have been made toward providing a basis for assigning at 

least minimum values to water resource related goods commonly termed intangible, 

and (2) A monent's reflection will show that whatever regulations are adopted 

(say, effluent standards), imply an evaluation of downstream costs. For example, 

if we impose an effluent standard on a community or an industry which it will cost 

$1 million to meet, we are in effect saying that at least $1 million worth of 

damages are avoided downstream. In my view, the possibility of using effluent 

charges as a flexible and effective administrative tool merits serious attention. 

It may be noted that recent developments in the computer simulation of the 

effects of wastes in streams hold great promise for more rational methods of 

quality control and point toward a very useful tool in the assessment of 

pollution costs. 

To return to the main theme, however, in general it may be said that procedures 

such as effluent charges, effluent standards, and zoning may be viewed as efforts 

to produce more socially meaningful distributions of costs. 

Does this mean then that the function of regional water resources authorities 

with respect to water pollution is simply to administer better distributions of 

costs? The answer is no in all instances where some of the most economical methods 

of controlling water quality are not available to individual decision units in 

the planning area. When this is the case the problem of system design presents 

itself . 

System design arises as a separate problem when economies of largescale exist 

in waste treatment, or when measures such as augmentation of low streamflows by 

reservoir releases or artificial rearation of streams are efficient alternatives 

to treatment over certain ranges. In other wordS, when economical abatement 

measures which cannot be undertaken by individual polluters exist. 
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In virtually all highly developed regions efficient alternatives will be 

available the use, or the "best" use, of which cannot be induced by levying the 

net social costs of their pollution on polluters. In these cases a social cost 

minimizing solution will demand planning of the system by an organization which 

can comprehend the significant large-scale alternatives. Such an or~nization 

(presumably a public a@ency in the U.S.) is thus confronted with the dual problem 

of designing the system and allocating system costs in such a way as to induce 

efficient resource use. !I Moreover, the planning authority must anticipate the, 

perhaps very substantial, impact of its allocation of system costs upon the 

amount of wastes generated in the basin. 

Ideally the public authority should plan and implement a system which equates 

the costs of all relevant waste disposal alternatives at the margin of their use. 

As already indicated, costs of waste disposal include all manner of waste treatment 

and water supply treatment, methods of flow regulation, methods of conforming 

waste discharge to streamflow, changes in industrial processes, and pollution damages. 
flow 

Under U.S. conditions, low/augmentation of streams by means of releases from 

reservoir storage would ordinarily be an element in an optimum system. Relation­

ships of complementarity and substitution exist between flow augmentation and 

other aspects of multipurpose development such as navigation, irrigation, flood 

control, and hydroelectric power generation, and these relationships must be 

considered in computing the opportunity costs of utilizing flow augmentation for 

pollution abatement. Thus the problem of planning efficient waste disposal-water 

supply systems is an integral element of the over-all water resources planning 

problem. 

!I For a more detailed discussion of the problems of waste disposal system 
design, see Allen V. Kneese, Water Pollution-Economic Aspects and Research Needs, 
Resources for the Future, Inc., 1962. 
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In sum, the results of all relevant alternative water resources system 

designs and operating procedures "lould have to be considered and a solution 

derived which simultaneously indicated the optimum combination of system elements 

and their operating procedures. In industrial areas such a solution would necess­

arily entail a system of charges or other measures such as effluent standards and 

zoning in order to generate the optimum amounts and locations of waste discharge. 

If this were successfully done, the solution would be "efficient," maximum benefit 

would be obtained from the available water resources, and, as the latter implies, 

-the real cost associated with the disposal of an optimum amount of wastes would 

be minimized. 

To recapitulate the ideas I have stated rather cryptically in the past few 

minutes, let me indicate again the general economic characteristics of a regional 

system of waste disposal which would minimize all costs associated with waste 

disposal. In such a system it '\'lould be impossible to reduce costs by "trading off" 

between alternatives. irhis is what is meant by saying that the marginal or in.. 

cremental costs of all relevant alternatives would be equalized. In such a system 

costs could not be lowered by doing a little less sewage treatment and permitting 

a little more pollution damage, or by doing a little more augmentation of low flows 

and a little less treatment of sewage, or by doing a little more engineering away 

of wastes and a little less water supply treatment, and so on for each set of 

alternatives. If the augmentation of low flows is one of the alternatives, then 

its cost is lowered (and it lltrades off" better) against other alternatives, like 

waste treatment;. if it slmultaneously serve_s other purposes like maintaining the 

stream high enough to maintain navigation. Conversely, if the stored water can 

be put to other uses, like generating power, flow augmentation "trades off!! less 

well against other alternatives. 
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A regional authority with the power to plan, construct, and operate, and 

finance abatement works c~uld well utilize such economic criteria as guidelines 

since minimizing the costs associated with waste disposal in the sense that I have 

used the term is not only consistent with but required by the widely accepted 

objective of obtaining the largest net benefit from water resources. 

Since some of the more important decisions affecting the amount and character 

of wastes entering the system, and governing the methods used to adjust waste loads in 

iniustrialized basins, might best be left in the hands of private decision makers 

(i.e., waste recovery, process and product changes, industrial location, pre­

treatment of wastes), the regional authority would have to plan carefully to provide 

incentives for the optimum use of these measures. I have already suggested that 

effluent charges might play an important role in this regard. 

Furthermore, when scale economies in treatment, opportunities for flow regula­

tion, rearation of streams, etc., present the regional authority with a separate 

problem of system design, the use of a method of distribution costs of the system 

by means other than tying them to the construction of specific abatement works 

becomes essential. 

For example, economies of scale in treatment may mean that wastes from factory 

A are given far reaching treatment because it has a large effluent volume and costs 

per unit of waste removed are comparatively low. Say plant B has only a very 

small effluent volume and treatment would be very expensive. Desirable (cost 

minimizing) stream conditions may be attainable by treating only factory Ars wastes 

at low cost and not treating B's at all. If an appropriate method of assessing 

costs exists, part of the cost will be paid by B and both A and B can benefit be­

cause total costs are lower than they would have been if the same result had been 

achieved by two smaller plants. The German Genossenscbaften, the associations 
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which manage water resources in the Ruhr area of West Germany, and which I have 

mentioned earlier, provide a precedent by having worked out rather sophisticated 

procedures along these lines. 

I have certainly greatly oversimplified the problems of planning a system. 

For one thing, adequate evaluation of some types of pollution damages, for example, 

to aesthetic amenities, to recreation, and in some instances to public health, bas 

a long way to go. Yet as I have previously indicated in a different context, 

progress has been made. Moreover, there are ways of incorporating certain politi­

cally or administratively determined physical goals with data on economic values 

into a system which minimizes measurable costs while meeting the goals which have 

been set. Such a goal might be that, in the interest of aesthetic amenity, there 

are to be no floating materials on the vlater or, in the interest of sport fishing, 

dissolved oxygen is not to drop below l~ PPM more than once in 10 years. When such 

goals actually constrain a system that would minimize measurable costs, i.e., 

abatement measures are carried further than they would have been in the interest 

of controlling measurable pollution damages, then such a goal can be assigned an 

implied cost. This cost is the difference between vhat the system would have cost 

without the goal and what it costs vlith it. This can provide a basis for recon­

sideration of the goal by competent authority in lIght of its costs and a possible 

resetting of the level of the goal or its exclusion altogether. 

I will not speak further of the problems of handling goals not readily measurable 

in dollars and cents except to reiterate tffi t there are vlays of handling them and 

they need not frustrate the planning of systems vhich are efficient with respect to 

measurable economic values. Moreover, the appropria't;e economic design criteria and 

criteria for the distribution of system costs arc in principle very little different 

from those applicable to a s ir.1ple system in 11hich all values are measurable, 

although of course the system itself may be very different. 
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I would, however, like to refer briefly to one other complication in the 

economics of regional waste disposal systems. This is the problem of streamflow 

variation. As all of you know, the concentration o~ most pollutants in stream 

waters is not steady oVer time even when the amounts discharged are. Rather it 

is inversely related to the rate of streamflow. Thus pollution damage tends to be 

heavily concentrated in low flow periods. This presents problems not only for 

system design but also for devising means of providing waste dischargers with the 

incentive to vary waste discharge with streamflow to the extent that this is more 

economical than alternative abatement measures or permitting pollution damage. 

I wontt speak much about the system design problems resulting from hydrologic 

variation. I just ~"ish to make two points: (1) streamflow variation means that 

the costs of pollution damages and ~batem2nt measures become matters of mathematical 

probability rather than being determinate and fully predictable through time, and 

(2) the fact that 1;1e are dealing with events which reach high intensity only on 

comparatively rare occasions means that in th8 interest of minimizing costs over 

time, careful attention should be given to alternatives which may involve high 

operating costs but uhich require re12,tively Iittle capital inves trrent. For 

example, the use of high rates of aeration j_n activated sludge plants, addition of 

chemicals at the primary stage of effluent treatment J o:ccasional barging of wastes 

to the sea, etc. IJ.1heee alternattves involve high operating costs but since they 

need be used only rarely and for compa.ratively short periods of tire, they may 

often be found to "trade off" positively against additional investment in reservoir 

capacity for flm" augmentation or increased ~ize of treatment plants. 

I do wish to spend a fevT more minutes on the matter of providing appropriate 

incentives to vary wastes discharged into the system over time. 
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The point has already been made that the costs associated with pollution 

vary strongly over time. This is certainly true of damages. Since the concen­

tration of pollutants rises during low flows, fish kills, increased water treat­

ment, costs, effects associated with salinity, and hardness, and, in waters 

extremely heavily loaded with organic pollutants, anaerobic conditions are more 

likely during low stream stages. The costs of operating a quality control system 

in an optimal fashion also rise during such periods. During these times chemicals 

would be added to aid precipitation, aeration rates would be stepped up, power 

turbines and other devices might be used. to increase rearation of the stream, 

and low flows might well be augmented by reservoir releases. In regard to the 

latter, while there might be little out of pocket operating costs, opportunity 

costs arise if there are substitute uses for the water. The costs may be foregone 

peak power which could have been generated or lost recreation opportunities due 

to drawdown of the reservoir. 

Thus it is clear that the social costs of pollution (including the cost of 

damages and the cost of abatement measures) rise strongly during periods of low 

flow. Consequently a rationale exists for levying charges on effluents on a 

variable basis in much the same manner that electrical utilities levy higher 

rates for "peak loads." 

If it were clearly uneconomical to change the amount and/or quality of waste 

discharge over short periods of time, it might not be a matter of great concern 

whether or not costs levied upon polluters varied correspondingly over time. 

However, it appears probable that measures to change the pattern of discharge 

would enter economically into a quality control system designed to minimize 

costs. 
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For example, depending upon the location of a manufacturing concern and upon 

attendant land values, it may be less expensive for the company to withold its 

waste discharge temporarily in a lagoon rather than bear its share of the costs 

of storing and, at long intervals, releasing a much larger volume of river water. 

In addition, if retention time is significantly long, such retention ponds will 

provide a degree of organic waste stabilization. In some instances, especially 

where the product is storable, it may be more economical to reduce or halt produc­

tion during low flow periods rather than to provide additional treatment or 

dilution capacity for an unchanged effluent. In other instances it may pay the 

manufacturer to provide temporary treatment (like chemical neutralization of 

acids) rather than meet the full costs of putting his effluents into the receiving 

water during low flow periods. In light of such possibilities, incentives should 

be provided to use them to an optimal degree. 

The work of the German Genossenschaften indicates that reasonably satisfactory 

methods of distributing costs among polluters can be worked out and the German 

methods can certainly be improved upon. However, the Genossenschaften levy charges 

only on an annual basis which permits them to get by with a relatively few effluent 

samples a year. These they use to es'tabltsh the parameters of effluent 

quality in their cost distribution formula. They depend upon reports 

from the manufacturers to indicate th8 quantity of effluents discharged. 

Application of peak load pricing would, however, require more or less 

continuous monitoring of effluent quantity and quality. MY understanding is 

that recent technological developments in automatic monitoring devices hold 

promise that comparatively simple and inexpensive devices may be used to con­

tinuously measure a variety of quality parameters. It is probably not visionary 
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to foresee a time when regional authorities will be in a position to continuously 

and economically record relevant indicators of pollution for every major outfall 

in an entire basin. 

Certainly few organizations have ever been created which are in as good a 

position to respond constructively to the challenges which face them as in the 

Delaware Comndssion. The authority provided under the Compact permits the 

application of imaginative approaches in order to achieve the highest benefits 

of unified water resources management and planning for the people and industries 

of the Delaware Basin. I hope this talk has provided a few stimulating thoughts 

concerning such approaches. 



TIm INTERSTATE C~ISSION ON THE DELAWARE RIVER BASIN 

EVOLUTION OF THE C(}fPREHENSIVE PLAN 

Herbert A. Howlett, Chief of Planning 

Delaware River Basin Commission 


October 1;, 1962 



EVOLU'l'IOH OF THE COMPREHENSIVE PLAN 

by 

Herbert A. Howlett, Chief of Planning 
Delaware River Basin Commission 

If statistios can be trusted, early this morning a\child was born in 

Mercer County Hospital, in Trenton. This and other similar events are sig­

nificant to us, because according to information published by the Pennsylvania 

Department of Public Health, each person in the United States at the present 

time requires an average of 1,685 gallons of water per d~. This, of course, 

includes the water necessar,y to bath the child, to raise the crops to feed him, 

to cook the food, to manufaoture the steel neoessar,y to build the bed, etc., 

etc., etc. While I am not here to debate whether this child m~ have been a 

part of a planned family, it is reasonable to assume that any planning that 

may have been done did not give any consideration to where the 1,685 gallons 

of water is to come from each d~ to support this child throughout its life. 

This is indicative of the reliance the public places on its governmental agencies 

assuming that at all times water will be available by simply turning on the 

faucet and complaining about the price of the bill at the end of the month. 

The public may be wrong in taking such a callous position, but, whether it 

is or not, it does assume that governmental agencies will watch out for its 

welfare insofar as water is concerned. This leads us then to the position we 

now find ourselves in of having a Delaware River Basin Compact, which was 

ratified by the representatives of the people of Delaware, New Jersey, New York, 

Penn8,Ylvania (as well as those of the other 46 states), and signed by the 

President, and by the governors of the signatory states. We find at the moment, 

we also have elements of a Comprehensive Plan the major physical features of 

which were taken from a one-time survey conducted by the U. S. Army Engineer 

District, Philadelphia. HOwever, there is more to a comprehensive plan than 

physioal works. It must also cover such items as goals, policies, relationships 
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and approaches to solutions. Therefore, there is much more to say in regar~ 

to the "Evolution of The Comprehensive Plan" for the Delaware River Basin. 

The most basic elements of sound planning are that the planner must have 

a long ranged goal and an immediate ob jective. The planner may, with the 

passage of time, find that his goal has changed. However, he should be in­

telligent enough to recognize that people ohange, that conditions change and, 

therefore, that goals may change. Not withstanding these possibilities, and 

indeed probabilities, there should be a stated goal before him so that he will 

be constantly reminded of the direction in Which he is traveling. You will find 

some who are extremely reluctant to state their goal in simple terms. They will 

hedge when asked, or qualify their statements to a point where they become mean­

ingless. ~ position is that a governmental a~ency should be able to define 

the utopian situation it is seeking for its constituents. I also feel that a 

good goal statement should be one that can be contained in a single sentence. 

Our planning goal 1s "to guide the development of the water resources of the 

Delaware River Basin so that present and future generations may enjoy freedom 

from devastating floods and the maximum benefits from the river system, in­

cluding those from its reoreation resources". 

In order for us to accomplish this goal, it will first be necessary for 

us to determine what information is available where. who is doing what where 1n 

the Basin in the field of water resouroes planning and/or ·developmentJ what are 

tm possible uses of the water resources of the Basin and are they oompatible, 

desirable or even wanted by too people. We have laid out nine Planning Programs 

which we will be conducting during the remainder of the 1962-63 fiscal year and 

during the 1963-64 fisoal year. Our Executive Director, Mr. James F. Wright, 

will discuss these programs in greater detail tomorrow. Th~ are designed to 

acquire sufficient data on the many factors related to water supply and water 

use so that our staff can, (I) prepare annually a meaningful Basin-wide water 
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resources program - - a statement of supply va demand and a list ot the works 

proposed for oonstruction during the coming 6 years, (2) review projeots 

proposed by any agency whioh might affect the resources of the Basin for which 

the Commission has management responsibilities and (3) continually update or 

evolve a comprehensive plan. While this may appear to be a very limited ob­

jective, I feel that it is wiser for us to carefully select staff and develop 

a sound foundation for our longer ranged programs rather than to proceed without 

this foundation and without the benefit of well thought through basic policies 

and procedures. Therefore, as part of our immediate objective, we will be 

se1eoting competent staff, compiling and/or locating information which will be 

essential to us, analyzing these data from the viewpoint of our ultimate goal, 

and developing and recommending fundamental policy for adoption b.Y the Commission 

for inclusion 1n the Comprehensive Plan. 

A major function of the Delaware River Basin Commission during the 

"Evolution of The Comprehensive Plan" for management of the Basin will be to 

act as coordinator among many existing governmental and private agencies in­

terested in the water resources of the Basin - - to develop a recognized r;: ',rit 

of teamwork. It has never been conceived that the Commission would be the con­

structor, or operator, of all of the various physical features of the COIl': rehen­

sive Plan. Indeed, the existing works, as well as works to be oonstructed by 

existing and future agencies of all level of government will be part of the 

evolved Comprehensive Plan. However, these existing agencies cannot do the 

whole job and are not in a position to and I quote the Compact, "to apply the 

principal of equal and uniform treatment to all water users who are similarly 

situated and to all users of related facilities, without regard to established 

po1itical boundariestt• It will be necessary for the Commission to see that all 

projects are compatible. We may very well fim that the Commission is the 

agenoy suited best to oonstruct and operate certain projects having bread areal 
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benefits. So, we will be working toward the development of a team of our own 

organization, as well as forwarding the idea of teamwork among the signatory 

parties to the Compact. We will be taking the Basin-wide point of view in the 

evolution of a Comprehensive Plan. 

Let's turn now to some of the factors which must be considered in the 

evolution of a Comprehensive Plan. First of all, such a plan must be workable, 

i. e., it must be physically feasible of construction with the resources avail­

able, including the financial resources available. Next, the plan must be 

subject to an orderly sequence of development. Here I refer to a plan which is 

capable of being staged over a long period of time and, yet, each stage being 

compatible with other features. And, next, the plan must be realistic. By this 

I mean it must recognize the desires of the people in the Basin and must ac­

commodate these desires. And, finally, it must be a coordinated plan that takes 

recognition of the many separate uses to which too Delaware River Basin and the 

water resources of the Basin might be utilized. For example, as a previous 

speaker pointed out, a given reach of the river might be used for navigation, 

for water supply, for sewerage disposal, for recreation, and for fishing. Other 

seotions of the river might not include all of these potential uses but might 

include others such as the generation of nydro-electric power. Harking back to 

the broad goal that I have stated earlier, the potential uses of the water re­

sources of the Basin should be so amalgamated that they will result in a Com­

prehensive Plan which recognizes the desires of the people and the full poten~l 

of the water of the Delaware River Basin. 

So, at the present time we find ourselves with portions of a Comprehensive 

Plan, and also with a recognition that a Comprehensive Plan is a dynamic object 

which must be continually monitored and modified. To continually modify and/or 

evolve a Comprehensive Plan, we must have a 

Goal - objective 
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we must develop 

Te~Aork - an Overview 

The plan must be 

workable, orderly, realistic, coordinated. 

With the evolution of such a Comprehensive Plan, in so far as this Basin 

is concerned, future parents will need not worry about a water supply to satisfy 

the demands of their children. 

And so what do we do now? The answer can be taken directly from these 

keywords - we TO TO WORe - and just as we have imperfection rere J we will have 

imprefections in our Plan which we will continually strive to improve upon, 

reaching toward one ultimate goal. 
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Presentation by Colonel To H. Setliffe 
at Delaware River BAsin Water Resources Conference 
at Pocono Manor Inn, Pocono Manor, Pao 
15 October 1962 

Gentiemenooo"o" 

Jim Allen requested that I talk to you abouto~o~oo 

LlcmTS OUT 

VU cmAPH ON 

oooooothe status of the multiple 

purpose projects in our comprehensive plano As you knowooooboth the Senate 

and House sub=committees last week approved authorization of the eight 

multiple~purpose projects recommended in our reporto These are ~ooooOOooooo 

HIDDEN VOICE 

ooooooTocks IslandooooBeltzville 

" ~ " "Aquashicolao 0 0 Trexler" <>" ol.'Jaiden Creeko0 0 Blue Marsho" ° 0 Bear Creek" 0 " 00 0 .. ., 

and Promptonoooooooooothe last two being revisions to existing projects" 

We regret we have no money to report for Tocks Isiandooooooso I can't 

derive any real pleasure out of describing the wonderful features of this 

fine project" In any eventooooeach of you is familiar with the Tocks Island 

project""oocertainly the major features of the project are not unknown to you. 
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BELTZVILLE DA ·I PROJECT 
15 OCTOBER 1962 

We have an artist~s conception of Tocks Island Dam on display at 

the rear of this assembly hall a You ill also find two pamphletsooeDoo 

VG ON 

O<>O'HHI<>odealing with Tocks Island 

on a table near the painti.ngo The one prepared by my people<>oo~oooc 

SHOW PAMPlUaET 

ooo&<>e contains a description 

of the project and some discussion on the fea t ures and economics of the 

project.. I believe youSll find the projec t map usefulo The other 

brochure oooo 0 oprinted by the Water Resources Association~oooFrank Dressler 

oooogoes into considerable detail on t he dam and reservoir and especially 

on the real estate phase of t he proj ec to 

VG OFF 

Now thenoooooo t here is no sense in being sad over things t hat are 

not to beooooa t l'east for t his yearocooso letSs look at the bright side 

of recent events.. We expec t ed $100,000 for Beltzvil1eo We have an artist 8 s 

concept of Beltzville at the rear of the room 0 You 8 ll also ' find a supply 

of these pamphletsoooo~. 

SHO\v PAHPHLET 

oooowhich have the same 

type information as was developed for Tocks Island o 

Beltzvil1e bl ocks Pohopoco Creek.oo •• oabout one~third of a mile from its 

2 

http:Creek.oo


Beltzville Dam Projec t 
15 Oct 62 

juncture with Sawmill Runoooosnd some four miles east of Lehightono (PAUSE) 

The $13 0 8 million Beltzvil1e Dam will look something like thisoooooo 

VG ON 

0000004500 feet across the Pohopoco 

Va11eYooooo~and 160 feet above the river bed" It will be an earth filled 

structure with stone rip~rap facing" A gateoooo(POINT)oooocontro1led outlet 

works will discharge through a conduit in the southern end of the darno The 

spil1waYoooowith a channel in bedrockoooowilibeon the northern endo (PAUSE) 

VG OFF 

It is a mu1tiple=purpose project ooooooforoooooowater supplYoooofl ood 

• 
controloooosnd recreation o There Qs no electric powero (PAUSE) 

The long~term storage provided by the Beltzville project oooooosome 

40,000 acre feetooo owill provide a net yield of 80 cubic feet per secondo 

this flowoooooo 

VG ON 

000 00 oaugmentation will help satisfy 

the water needs of Pa1mertonooooBet.hlehemooooand Trenton""Philadelphia areas 

during the next 50 years o Beltzville helps inoooooo 

FLIP 

000 "reduction of flood damage in the 

heavily industrialized AllentownooooBethlehem"ogoEaston areasooooand at other 

locations along the Lehigho 

3 



BELTZVILLE DAM PROJECT 
15 . OCTOBER 1962 

The Beltzville Reservoir will be able to o.. o" 

•• o •• osatisfy t he recrea t ional needs 

of some 500,000 people annually .. The 13 mile~long shore line will be publicly 

owned space with five recreational sites . A total of 2,413 acres of land 

will be necessary for t he Beltzvil l e Proj ect .o •• eol~030 acres for construction 

of t he projec t itselfo.oo o ol,383 acres for r ecreation o The lake will cover 

870 acres •••• oo 36% of the t otal. Facilities will be provided bo th for camping 

and one=day outingsooooooand hunting will be permitted in season. 

VG OFF 

At spillway crest level ... o o elevation 64looo.the reservoir pool will extend 

some seven miles ups t ream.oo .. 

V ON 

ooooor about a ha1f=mile above the 

community of Trauchsville o No communi t i es or railroad needs relocation; 

however, nearly f i ve miles of county road wil l be reloca t ed or improved•• oo 

and sections of t~qO oil pipelines will also have to be moved..... (PAUS.E) . 0 "0 

VG OFF 

NOW.eo.as I mentioned earlier• •••we think Congress has appropriated 

$100,000 for Bel tzvil le .. What will this money be used forooooOQ 

Upon receipt of this money ~ we wi ll immediatelY ~eoo.e 

.~ •••• start surveys by both aerialo.eo 
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BELTZVULE DA 1: PROJ ECT 
15 OCTOBER 1962 

and on=side methods o 'rhis work wi l l continue t hroughout t he yearo 00000 t o 

include topography of t he dam and r ese rvoir ar eas,S! and s t art of sutveys 

for real estate acquisitionoooooo 

0(> ooWea ther pennit t i ng o 00 $.we wil l 

start subsurfaee explorations in the fall of the first year money is 

submitted~or in the following spring~to detennine the best site f or the 

dam and to provide a basis for preliminary designo 

During 'the same period office work willoooooo 

ooooooupdate and expand hydrologic 

data and will initiate hydraulic design of t he gates~ conduit and spillway o 

The design and economic stud,ies to establish the final site f or the dam 

will be essentially completed by t he end of the second f i s cal year ,j 

- .. 

000 o Coordination with the Del awa r e 

River Basin Commission and local~ State and Feder a l agencies will continue 

throughout t he year on such sub j ect s as r ecreat ional development ~ relocations ~ 

water supply~ pollution aba tement s low flow augmentation and f ish and wildlife o 

V' OFF 

Additional planning work~probably by contract ~ would be init i ated for 

highway relocations and fo r r eal 'estate appraisals leadi ng to land acquis i t i on " 

A Board of Consultants ~or the Proj ect w,ill be cons tituted and func t ioning 

during the latter part of the second yearo 
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BELTZVILLE DAM PROJ ECT 
15 OCTOBER 1962 

Now~o~owhat about construction? About 21 months after we get planning 

money, we can get underway with constructionoooooo 

VG ON 

~oooThe first major contrac t will 

be for construction of the outlet worksoooointa~e channeloo,oo conduitooooand 

outfallo 

Relocations will begin about t he same t ime o The next maj or contrac t 

will be foroooo 

VG ON 

00 0 o construc tion of the embankment 

oooospillwaYooooand phase two of t he outlet worksoooo (PAUSE) Work on the 

recreational facilities will- ge t under way about a y~ar aft~r the work on 

the second major contract beginso And~ of course~ this a l l hinges on t he 

orderly receipt of necessary funds o I f everythi ng works out all right ~ we 

should finish Beltzville in about s i x years I t i s i nt resti ng to no te t hato 

we got our f i r st money for engineering and deS ign f or Bear Creek in 1954 and 

we dedicated this dam 10 June 1961~ although it actually pr ovided flood 

control in the spring of 1961 0 

As you can seea~oowe are 

funds. We are also ready to m

Thank youo 

VG OFF 

LIGHTS ON 

ready to move 

ove on To~ks I 

on Beltzville 

sland when f u

as 

nds 

soon 

are 

as 

approp

we ge t 

riated 0 

6 



THE INTERSTATE COMMISSION ON THE DELAWARE RIV:R.R BASm 

WATERSHED PR,CYl'ECTION AND FLOOD PREVENTlnN PROJECTS 

Alvin C. Watson 

River Basin Representative 


United States Department of Agriculture 

United States Soil Conservation Service 


October 15, 1962 



WATERSHED PROTECTION AND FLOOD PREVENTION PROJECTS 

IN THE DELAt']ARE RIVER BASIN 


Mr. Chairman; Members of Incodel, the Dela,,,are River 
Basin Commission, and the Water Resources Association 
of the Delaware River Basin; Ladies and Gentlemen: 

It is a pleasure to be here and to give you a brief report on the 

watershed protection and flood prevention projects in the Delaware River 

Basin Commission r s comprehensive plan and those in the various stage-s of 

planning. There are a total of 19 watershed proteGtion and flood prevention 

projects at some stage of p1anning or development in the basin. At the 

outset, may I say that the land use and treatment work, so basic to all 

structural work, is moving ahead in good shape and, in general, is on 

schedule. The status of the structural work on the projects is as follows: 

Three in New Jersey have been completed. Nine projects, three in 

New Jersey and six in Pennsylvania, are under construction or authorized 

for operations_. Seven projects, three in New Jersey and four in Pennsyl­

vania, are in various stages of planning. 

The Pequest River project in New Jersey, a channel improvement job 

to prevent the flooding of agricultural muckland, was completed prior to 

the passage of the compact. The Town Bank, New Jersey, project, involving 

channel work and diking for flood prevention, was also completed. The Silver 

Lake-Locust Island, Pine Mount-Mill Creek, and Maurice River Cove projects, 

all in New Jersey and all involving primarily channel or diking work, as well 

as the Paulins Kill project involving channel work and three dams, have 

been included in the first phase of the Delaware River Basin Commission's 

comprehensive plan. 

P~esented by Alvin C. Watson, River Basin Representative, USDA, Upper 
Darby, Pa., at the Delaware River Basin Water Resources Conference, Pocono 
Manor Inn, Poc0no Manor, Pa., Monday, October 15, 1962. 
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New projects in New Jersey in the planning stage are the Assunpink 

project, involving five multi-purpose reservoirs and six flood preventiort 

structures; Repaupo Creek project, involving 12 miles of channel improve­

ment; and the Salem River project, for flood prevention of agricultural 

land and water supply. 

On the Pennsylvania side of the Delaware, there are 10 projects in 

various states of planning or construction. Five of these -- the Brandy­

wine, Little Schuylkill, Lackawaxen tributaries, Brodhead, and Greene 

Dreher -- have been included in Phase I of the Commission's comprehensive 

plan. All of these projects have some dams with multi-purpose features 

with the exception of the Lackawaxen, which is for flood prevention only. 

In the Pennsylvania portion of the Delaware River Basin there are 

86 dams planned, 10 of which have been built. Nine dams are scheduled 

for construction in 1963. By projects, these breakdowns are as follows: 

The Pocono project is in the early planning stage, and it appears 

that 16 flood prevention structures will be needed. 

The Neshaminy is also in the early planning stage. Here, too, it 

appears that 16 structures will be needed. The U. S. Department of Agri­

culture will cooperate with the state government in a comprehensive study 

of the Neshaminy watershed. The study will include water needs and water 

supply for the next 50 years. It will encompass a state park; fish and 

wildlife development; and water supply for municipal, industrial, and 

agricultural uses. Tomorrow, you will hear from others, the details 

concerning the Brandywine, the Wissahickon, and the Neshaminy Watersheds. 

The Wissahickon is in the planning stage, and a local grant of 

$30,000 was just made to assist in the development of a comprehensive 
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watershed plan for this project. It is expected the plan will include 

nine dams. 

Mauch Chunk is likewise in the planning stage, and the plan calls 

for one dam to be developed in a unique way for maximum fish and wildlife, 

recreation, and water supply use. It is hoped to develop the full water­

shed area for recreation, and the project is attracting a great deal of 

attention. 

Three structures are planned for the Kaercher Creek watershed (the 

work plan for this project was approved by Congress a few days ago), one 

of which will include, in additi6n to flood prevention, fish and wildlife 

development in cooperation with the Pennsylvania Fish and Game Commissions. 

Four structures are planned in the Brodhead Creek area for flood 

pr~verttion, and one is scheduled to be built in 1963. You may recall 

that during hurricane Diane 100 people were killed on the Brodhead. One 

flood prevention structure on the Brodhead will include a 10 acre recrea­

tion pool. 

The plan for the Brandywine Creek l-1atershed, involving a total cost 

of approximately $14 million, is for flood prevention, fish and wildlife 

and recreational development, and water supply. Ten structures are planned 

here, with one being scheduled for construction in 1963. Two of the sites 

will come under the ownership of the Pennsylvania Fish Commission and 

another will be o~med by the Pennsylvania Department of Forests and Waters 

to be developed as a state park. 

A total of four dams are planned for the Little Schuylkill area. Two 

have been completed, one is under construction, and one is scheduled for 

construction in 1963. Construction on the Locust Creek Branch of the Little 

S-.:huylkill is being carried out in cooperation with the Pennsylvania 
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Department of Forests and Waters and the Pennsylvania Fish Commission. Maxi­

mum development of this site has resulted in the county and state govern­

ments purchasing several hundred acres of land for a state park. This is 

a multiple purpose flood prevention and fish and wildlife reservoir. lt 

will provide for a 75-acre lake in the state-owned and operated park. The 

dam on Little Schuylkill proper, which is scheduled to be built next year, 

will be the largest dam constructed in the Northeast under Public Law 566. 

In the Greene-Dreher watershed 16 dams are planned, three of which 

have been completed and three of which are scheduled for construction in 

1963. One site is planned for flood prevention with a 25-acre recreation 

pool. It is expected that others will have multiple purpose features 

before they are designed. 

A total of seven dams are planned for the Lackawaxen tributaries; 

five hav~ been completed and one is scheduled for construction in 1963. 

In summary, three watershed projects have been completed at a cost 

of $1-1/2 million; nine projects at an estimated cost of $23 million 

have been approved for operations; seven projects are in various stages 

of planning. The small reservoir program in the watershed protection and 

flood prevention projects in the Delaware River Basin, planned or being 

planned, includes an estimated total of 100 dams. Forty-seven dams, 

including 3 in the Kaercher Creek project, have been approved for construc­

tion, 12 have teen built, and 10 are scheduled for construction in 1963. 

xx 
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NEW TBCHNIQUES FOR RELATING ECOMONIC OBJECTIVES, ENGINEERING ANAI,YSIS 
AND 

GOVERIDmNTAL PLA~TNING IN DESIGN OF HATER RESOURCE SYSTEMS 

by 

Maynard M. Hufschmidt, Direct.or 
Harvard Water Program, Harvard University 

In contrast to the presentations of Colonel Setliffe and Messrs. Howlett 

and Watson on the evolution of the Delaware basin plan and the status of 

individual projects, my talK will be on a more theoretical or abstract level; 

although I hope to show the close relationship between theory and completed 

plan. 

Since 1956 I have ha.d the good fortune to be associated with an outstanding 

group of scholars at Harvard University on a research enterprise dealing with 

techniques of planning complex water resource s,ystems. On the engineering side 

this group included Professor Gordon M. Fair - who is 't?ell known by reputation 

to many of you - and Professor Harold A. Thomas, Jr. From economics we had 

Professors Robert Dorfman and, for a time, Professor Otto Eckstein. And from 

political science, ••• Professor Arthur Maass, who was primarily responsible 

for starting the enterprise and who has served continuously from the start as 

leader of the group. MY role has been as full-time research associate to the 

group, whose members necessarily could give only a part of their time to the 

work. 

Why did this group decide in 1956 to undertake this research project 

focussing on water system planning, or, as vJe call it, Hater system design? 

To answer this question we need to go back a bit into history. 

The basic notions of comprehensive river basin development - one river ­

one plan and the multiple purpose approach - were stated in remarkably complete 

form as early as 1907 by President Theodore Roose~!elt fS Inland Haterways 

Commission. But many years were to pass before it was possible to put these 

notions to the test. In fact, the first tests were made not by the Federal 

http:Direct.or
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Government, but by local agencies. The planning studies of the Pittsburgh 

Flood Commission in 1912 and the Miami Conservancy District from 1913 to 

1920 were pioneer applications of principles of comprehensive planning. In 

fact, the Miami Conservancy District flood control development was probably 

the first integrated system of reservoirs for a major river basin - although 

it ~ limited to a single purpose - flood control. 

Of course, the Federal Government followed later t-rith the tl308" reports 

of the Army Corps of Engineers, the TVA development and the major basin wide 

programs on the Western rivers - the Columbia, the Missouri and others. 

As river development projects became larger, more numerous and more 

complex, the planning agencies were faced with more and more difficult problems 

of formulating the best system plan. It was no longer possible merely to set 

certain physical objectives - such as an assured supply of a million gallons 

of water per day - and then devise the least-cost means of meeting the 

objectives. It was necessary to choose among various conflicting purposes, 

at least to some degree. And, in a complex system, these choices were far 

from obvious. 

As the planning agencies struggled with these formulation problems, 

largely on a case by case basis, there developed in Federal water planning 

circles the principles and techniques of benefit-cost analysis. As many of 

the products and services of river basin developments were non-marketable ­

the standard financial pay-out tests were not applicable; there was need for 

"benefit" measuring rods to supplement and replace the financial measuring 

rods. 

Furthermore, the Flood Control Act of 1936 established the criterion that 

the worthwt~leness of flood control projects should be tested by determining 

if "the benefits, to whomsoever they may accrue, exceed the costs". Soon after, 

this test was adopted by all Federal water planning agencies as a gauge of 

project worth. 
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During the 1940's there arose an intens i ~"Te effort by the water planning 

agencies to achieve consistency in benefit-cost analysis. In 1950, a sub­

committee of the Federal Inter-Agency River Basin Co~mittee produced the 

famous "Green Book" - Proposed Practices for Economic Analysis of River Basin 

Projects. This was followed in late 1952 by Budget Circular A-b7 prescribing 

uniform economic and financial standards and criteria. 

These principles, standards and criteria were primarily to serve as guides 

for the field level planner, and indeed they were very useful to him. But they 

were far from adequate guides. Planners were advised to plan projects to the 

scale where net benefits are maximuzed, but no specific ~lidance was given on 

how to select the best combination of project units, purposes and scales of 

development from among the many possible combinations. This remained as an 

art for the planner to practice as best as he could. 

This, then, was the situation in 1955. River basin planning and develop­

ment was a major actiYitt "1n the United States and it was rapidly expanding in 

the developing countries, largely through United States help and stimulation. 

General principles and standards of economic analysis were developed and there 

was general agreement on the desirability of applying them in a consistent 

manner in river system planning. But, v'rith all the emphasis on the general, 

there was no significant research under way on the application of the principles 

and standards to actual field level planning. It was in this largely untouched 

field of research that our research group decided to concentrate. 

As the major function of the Graduate School of Public Administration is 

advance training of public servants, it was logical to combine our proposed 

research with a training program. Under this program, mature and experienced 

water resource planners from Federal and State agencies came to Harvard for 

an academic year to work with us in the Water Resources Seminar and to take 

other courses for advance training. We gained from the knowledge and experience 
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of these experts - in fact, our researoh would have been sterile without 

their participation. 

The research and training Seminar operated for three years - 1956-57 

through 1958-59. An additional year was used by the Faculty Group and 

supporting staff to write the results of the research. These were published 

in book form by the Harvard University Press in February, 1962 under the title 

ttDesign of Water Resource Systems". 

This first phase of our research was supported by grants from the 

Rockefeller Foundation. But our research would not have been possible without 

the wholehearted and consistent support of the major U.S. 1.J'ater resource 

planning agencies - the Corps of Engineers, Bureau of Reclamation Soil Con­

servation Service - and also the California Department of Hater Resources. 

This support included sending excellent staff 1l1embers to the School as trainees, 

providing staff assistance, supplying information, and, "most important, parti­

cipation of top agency officials in periodic reviews and evaluations of research 

progress. (I recall a session in February, 1957 in which Colonel John Lee, Jr. 

and }w. Russell Morgan of the Philadelphia District, Corps of Engineers parti­

cipated. ) 

Our approach was to assume at the start that there were no legal, organi­

zational or institutional road blocks to achieving the best design - the design 

that maximized net benefits - however this might be defined. Under this ap­

proach, no designs are ruled out in advance of an~lysis. Of course, this 

makes the planning problem much more difficult than if constraints are assumed 

at the start. At first, for testing planning techniques 'tve hoped to u.se data 

from actual cases - in fact we had hoped to use the Delaware Basin case - but 

we found it expedient to develop a synthetic ease - in which we used synthetio, 

but realistic, cost and benefit data. For our "simplified river basin system" 

we used the stream configuration and hydrology of the Clearwater Basin in Idaho. 
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We assumed a four-reservoir s,ystem, with associated power plants and irrigation 

works, and three purposes - flood control, irrigation and electric power 

generation. 

The research results are presented fully in the book and I will only 

summarize them here. They are stated in the context of l1'hat we call the 

four steps of the planning process: 

1. 	 Definition of the planning objectives - a task for the 


legislative and chief executive - Congress and the President 


or the Legislature and the Governor. 


2. 	 Development of planning or design criteria, that flow from 


the objectives, to guide field level planners. This is a 


task for the central office - in lrJashington or at the State 


Capitol. 


3. 	 Formulating the optimal or "best" plan on the basis of these 


criteria. This is the job of the field level planners. 


4. 	 Reviewing planning objectives and criteria in the light of 

results obtained from completed field level plans - a task 

for the legislature, Chief Executive and central office staffs. 

A considerable part of the research deals with Steps 1, 2 and h - ~uestions 

of objectives and planning criteria - what they should be, hmoJ they can be 

formulated so as to provide useful guidance to field level planners and how 

the organization and administration of government can be adapted to this end. 

I will not discuss this part but will take up Step 3 - questions of field 

level planning. 

We tested two types of techniques for examining a complex river system. 

(1), called simulation, which consists of reproducing the behavior of a given 

system design on a high speed, digital computer over an extended reriod of 

time (say 50 or 100 years) and observing its response in terms of physical 
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outputs which are translated into benefits. Alternative designs, that is, 

combinations of structures and levels and purposes of development, can thus 

be tested systematically until the best combination - the one that maximizes 

net benefits - can be found. Simulating a system in this TtJay is akin to the 

standard technique of running an operating study - only we use high speed 

computers and simulate for longer periods. 

(2), the second technique - a mathematical model approach - adapts the 

design problem so that it can be solved by mathematical methods which proceed 

automatically to the best solution. Thus far, this works only for very simple 

water resource systems, although in other fields - such as oil refinery design ­

linear programming mathematical models produce optimal designs for large and 

complex plants. 

Turning to simulation, we programmed the simplified river basin system 

for operation on the IBM 704 computer, and made over 200 runs, each of a 

different design. Each run was for So years - the period of economic analysis 

that we selected. The system was operated on a monthly basis except that in 

flood months, a six hour tLme period was used. A typical 50 year run was ao­

complished in one and a half to two minutes of machine time. 

Simulation as I have described it has three important limitations. First, 

there are a tremendous number of possible designs to be tested. Even our 

simplified system with only 12 design variables and Hith 10 to 15 values for 

each would produce an astronomical number. 

Second, the results of a single 50 year simulation report performance only 

for the particular trace of the hydrology - the actual record, for example. Yet, 

many other quite different configurations of hydrology - some with higher peaks 

and with greater droughts - are theoretically possible. 

Third, our results are valid only for the specific operating procedure that 

was used. This must be selected arbitrarily. There is no way of knO'tITing that 
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it is the best procedure, although experience and judgment ean help here in 


devising a reasonably good procedure. 


vie have struggled with these limitations and have achieved some success 


in overcoming them. 


First, we adapted and devised sampling methO" for examining the many 

different design combinations. By a combination of random and systematic 

sampling it was possible to appr;ximate the best design for the system in 

only abou"b 200 trials. This design 't-las significantly superior to that selected 

by so called conventional methods of analysis - those co~~only in use by plann~ 

agencies - $811 million in net benefits as compared to ~724 million. 

The second limitation - a single trace of hydrology - was dealt with by 

developing a method of spinning out synthetic hydrolo~J based on the statistical 

characteristics of the hydrologic record. Thus, we were able to turn out on 

the computer synthetic monthly flows for a 500 year period - we could have spun 

out 1,000 or more years of data, had we wished. When the synthetic record was 

compared statistically with the actual record - comparison of means, standard 

deviations, and total distribution - the correspondence was close. Yet the 

, 500 years of synthetic record gave many more configurations of hydrology than 

did the actual record. Flood flows were also synthesized in a similar manner, 

but the model used was only a first experiment, although good results were ob­

tained for our case. 

The third limitation .. the arbitl'ary nature of operating procedures ­

remains largely unresolved. Some experiments were conducted on operating rules, 

and a space rule was devised to govern choice of releases from reservoirs in 

parallel - that is, reservoirs on separate tributaries. But the problem will 

not be fully solved until an optimal operating procedure is devised. This is 

an extremely difficult task that remains to be done. 
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As for the mathematical model approach, tvTO very simple models were 

developed. One model, that takes into account the fact that only the probabi1i~ 

distribution of stream flow is known, gives an optimal design and operating 

procedure for a single reservoir. The other, l11Thich makes the simplifying 

assumption that stream flows are known, gives optimal results on design and 

operating procedure for a multi-reservoir, multi-purpose system providing the 

number of variables and constraints is not too large. The power of these 

models has great potential. Both models, however, are severely limited in 

terms of practical application today. In contrast, the simulation technique ­

which, after all, is but an extension of existing practice - has immediate 

practical application. 

Our hope was to construct a system planning strategy in 'Vlhich both 

mathematical models and simulation would have important, complementary roles. 

We were not able to do this although our research indicates that mathematical 

models would find their best use in preliminary screening of system units 

while simulation would be used for detailed s.ystem analysis of the screened 

projects. 

Following the conclusion of this first phase of research, the Group 

decided to press forward on further basic research and to test the application 

of the techniques to more realistic cases. Again we found the Federal water 

resource agencies to be interested and cooperative. Research contracts with 

the Corps of Engineers and the Public Health Service, along 1V"ith a grant for 

basic research from Resources for the Future, Inc., are financing this con­

tinuing work, which is now entering its second year. 

I know that you will be interested to learn that we are using the data 

gathered under the recently completed comprehensive survey of the Delaware 

Basin to test our techniques. We are profiting by the large amount of detailed 

information that was assembled and analyzed by the many local, State and 

Federal agencies involved in the study. 
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We are testing the simulation technique, including the generation of 

synthetic hydrology, on the Delaware situation. 1rJe have begun to put the 

Delaware s.ystem on the computer - in this case the IBM 7090, which is much 

faster than the 704 computer - starting with the Lehigh basin. In a year or 

so we hope to have the river running on the computer and to begin the further 

investigation of sampling methods. 

Our current research covers much more than testing the simulation techniqua 

We are attempting to develop an overall strategy for planning a river basin 

system from collection of basic physical, economic ancl social data to final 

plan selection. One part of this will be a strategy for preliminary screa,ing 

of possible dam and reservoir sites, using a newly developed simple method 

for obtaining storage yield relationships. Work is also being done on problems 

of estimating demands for and benefits of domestic and industrial water supply. 

Of particular interest to the Public Health Service is the major effort being 

made to bring water quality aspects into the system design process. And, 

finally, further work is being done on problems of dealing with the objectives 

of development and of translating them into standards and criteria that the 

field level planner can use effectively. 

Our current research has not yet progressed to the point where we can 

point to definite findings and conclusions. We believe, however, that some 

of the techniques - such as simulation analysis - that looked promising in 

the first phase of our research will prove to have immediate practical 

application. 
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nTHE DELAWARE BASIN IN THE YEAR 200011 

I brought a picture with me Which you will see standing over to wJ left. 
hope that you will corne up and inspect it more closely after the dinner. 

It was taken from an altitude of 32,000 feet. In the lower right hand 
corner is Chester, Pennsylvania. In the middle, you see Philadelphia. A 
little bit to the North and lett is Trenton. Toward the top you can make 
out New York City, Long Island Sound, and a piece of Connecticut. 

That thick black band running around the right hand side is the Atlantic 
Ocean and the Jersey Coast. 

This is the heart of Megalopolis. 

This is the heart of an urbanized strip, Which stretches for 600 miles 
from Boston to Washington, D.C. 

This is the heart and the brains of the -~erican Nation. 

This is where more people earn more money and produce more goods than 
anywhere else on the face of this globe. 

The region in this picture represents the physical culmination so far 
in the history of Western Man. 

Its largest city is more than the world capital. It is the focal point 
of finance and the arts in the Atlantic Community. 

And from Wilmington north through Philadelphia and Trenton to New York 
is the great American Ruhr, the Nation's workshop. 

With less than one half of one per cent of the land in t~e continental 
United States, it produces 17 per cent of the national personal income. 

The French geographer, Jean Gottman, who has published a brilliant book" 
on our region states that lion the avera~n, Megalopolis shelters the richest, 
the best educated, the best housed, the best serviced group of people of 
similar size in the world". 

And he finds this massive urban civilization we have reared on the 
Atlantic Coast truly unique - - the forerunner cf other communities in other 
parts of the world which will grow and develop in the same manner during the 
next half century. 
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"This region serves as a laboratory", he says, "in which we may study 
the new evolution reshaping both the meaning of our traditional vocabulary 
and the whole material structure of our T..:ray of life. So great are the 
consequences of the general evolution heralded by the present rise and com­
plexity of Megalopolis that an analysis of this region's problems often 
gives one the feeling of looking at the dawn in a ne1,v stage in human 
civilization. Indeed, this area may be considered a new order in the 
organization of inhabited space. n 

He is right. And when a speaker is asked to peer into the future and 
predict what form and substance this new order of civilization is going to 
take in the next 50 years, he can not help but pause. There are so many 
questions still to be answered about our region - - political questions, 
social questions, economic questions. Upon the solntions we find to them 
hangs the future. And until we do answer them, the years ahead are impossible 
to predict. 

But one thing is certain. Our fate hangs on a very few tenuous threads. 
This urban civilization is a fragile thing easily violated. And the most 
delicate thread of all is the Delaware River, for it provides the most basic 
of all ingredients for survival and grm.Jth: water. 

Until we have solved the water problem, the rest of the future stands 
undetermined. This has been true ever since the roJman animal first got into 
the habit of building cities. And. the question gets more profound the 
bigger the city grows. 

This group gathered in this room tonight can claim to have done more to 
find some of the answers to the water problem of Hegalopolis than any other in 
the past, or which may come in the future. 

The results of your efforts will shape the Hegalopolis of 2000 AeD. It 
will make possible a population in the region of between 50 and 60 million 
people in that year. 

They make possible a greater concentration of industry and cormnerce in 
this area than we have yet knol~. In fact, by the year 2000, it is highly 
probable that the waters of the Delaware will sustain the greatest agglomeration 
of heavy industry to be found anywhere on the earth. 

Personal incomes will grow with t:tis increase in industry from a total. of 

some $60,000,000,000 tod~ to $220,000,000,000 in 2000. 


And just as New York City will continue as the hub of national finance, 

so Philadelphia will blossom into the industrial capital of the country. 


The ports up and down the Delaware will lead the nation in the bulk 
tonnages received and shipped and most of this cargo will be imported as raw 
material, processed into new goods, and shipped back out to the harbors of 
world commerce. 
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But more than water is needed if we are to keep the urban animal alive. 
It must be fed, too. Its arteries must be kept open. We must keep them 
clear of the clots which an antiquated circulation s.ystem is suxe to make 
possible. 

New modes of transport will dominate the scene in 2000. The automobile 
will have congested itself into limited utility. Some of those wrestling with 
these problems anticipate a rail or transit system which can travel at speeds 
of up to 200 miles an hour. 

Think of itl Less than 30 minutes from Philadelphia to New York. 

And if good sense prevails over the god-like powers of the New York Port 
Authority, I would hope to see an International Jetport vrhich i.s so loca.ted 
that it can serve both New York and Philadelphia. Instsad of a limousine, 
passengers would travel from the jetport to central city in one of these high 
speed transit systems. 

With the ease of transport will come a still sreater sprsading out of the 
metropolitan population. Greater New York today covers 2,541 square miles. I 
would not e,.ren hazard a guess at its area in 2000. In fact tho spra'!:TI may 
prove impossible to measure, because by that time ";ilmington, Philadelphia, 
Trenton, and New York will have blended togGther into one maf'sive mst.l·,~politan 
tissua. Even AllcYltown and Bethlehem, nOlJ.T 3eparated from Ne'H York b::, a little 
open space and Ol!.Jy feeling the first gingerly and flirtatious touches of 
Greater Philadelphia, will be caught up in the sprawl. 

Lord knows what this stew will look like. The Ar~J predicts we will lose 
approxim.atE-ly 2,000,000 acres of open land to urban grm-rth. I think the es­
timate is conseT"l/ative. But I'm optimistic, if for no other reason that New 
York, New Jersey, and Perul~Jlvania are all aware of what can happen if we 
allow the :i.ndiscriminate sprawl of the suburbs to cont.inue 't.>Tithout attempting 
to channel i (, in some way" 

New York is buying up open space with its ~75,OOOJOOO bond issue and is 
going back for more money. New Jersey has "Green Acres". And Pennsylvania 
has PROJECT 70. 

Here in the Quaker Commonwealth, the reservoirs about to be built on the 
Delaw~e will play the key ~ole in our open space plans, for each of them on 
the 'li.t'ban pe;:oiphery will serve as the heart of a g5.ant regional park.. In 
effect they Hill ring each of our metropolitan are p.s. 

Then - - in the Greater Fhiladelphia area, fo~ exan~le - - the wooded 
ridgE'S which run like concentric circles Bround the area and the stream valley 
which serve A.S the spokes of the wheel will be preserved, so that the suburban 
resid0!"lt of 2000 't;ill li're in a checkerboard of open and green area-s ,., Urban 
develc'llment ":rill proceed \,yithj!"l this grid, channeling sprawl,; enhancing liv­
abilttc7, br:'.1.ging beauty to suburban surroul1dings~ 

I visualize this plan as consummated far before 2000. !ndeed, if we wait 
even ten years, we inll be too late5 But the residents of this region will be 
the beneficiaries of today's wisdom. 
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If I seem to 181 stress on the de-centralization of our central cities, 

do not mean to. For the city's heart is going to regain some of the role 
which it seems to have lost in the last few decades. 

I think it lost the functions it once exe:rcised because the cancero':,s 
blight which had been eating away for decades had gone untreated, con..... -8",: 5::>n 
ruled out land for the kind of manufacturing and residential construction 
which modern home owners and busine ssmen demanded. "'Te are finding solutions 
to these problems. 

Some of the most exciting reading in America today is the Master Plan 
for the City of Philadelphia with its provisions for great open parks, water­
front promenades, malls, hidden greemvays, new cleared industrial sites, 
convenient shopping areas with excellent transportation ~nd rejuvenated 
residential areas. Before we are half way to 2000, PhiJ.c1delphia's IvIaster 
Plan will become reality in stone, concrete, and a thriving, vibrant city. 

And the same holds true" for every major COITli'll1tnity in the basin. Many 
of the higher income suburban residents of today vJill be back in the city 
as homeowners and those who are fighting their way up the social ladder 
will have finally won out and may live far from the tenements a 

All this will be possible only if we recognize the strange new society 
now being born. 

It will be a society in which much of the back-breaking labor of building 
and manufacturing will have been taken over by machines. As productivity roes 
up, so will wages. And as uages go up, so will the amount of income each fam~rry 
will have to spend on other than the essentials of life. Fortune Magazine es­
timates that by 1970 alone, more than half of the personal income in the United 
States will be discretionarys 

This will work profound changes on the way our time is spent, the kinds 
of goods we purchase, the tastes we follow in selecting a home or a job. 

Under such condi tions the prime requirement TrJ'hich every community ~rill be 
compelled to supply is "livabilitylt. Without it, a municipality will fail to 
attract the wage earners and without the wage earners there will be no indust!j~ 

That is why the amenity states - - California, Arizona and Florida - ­
alreaqy rank as the fastest growing in the Nation. 

That is why we must lay such heavy emphasis upon livability in the city, 
livability in the suburbs - - in total livability in the basin. 

Great new pl~ and vacation areas in the Poconos and the Catskills are 
essential if we are to provide the broad based year round recreational activity 
we need to make the region attractive to this new breed of American. 

And the giant National Recreation Area at Tock's Island ~Jst be the corner 
stone in this development. I do not visualize a Coney Island. I visualize a 
giant recreational facility serving a broad range of tastes from those who 
come searching for cultural recreation to those who simply want to splash and 
sun. 
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But then back in the wooded mountain ranges away from the National 
Recreation Area we must provide still more of the recreational services 
required in the coming years. 

In the world of 2000, man will have here in this Basin, for the first 
time in the histor,y of mankind, the means, the time, and the opportunity 
to realize the full measure of his talents and of his humanity. 

But will he? 

Are we in danger of breeding a nation of spectators, content to st~e, 
hypnotized, into a television set breathing in other men's ideas, thinking 
other men's thoughts? 

Are we foredoomed to a massive unemployment-~blem simply because there 
is nothing for many men to do since machines have been found as more efficient 
substitutes? 

Are we prepared to make the enormous investments in people - - in educati~ 
- - rather than "thingslt which this new world will require? 

We have, in attacking the problems of the Delaware, correup with some of 
the physical answers for the world of tomorrow. And other technicians are 
working on still others. 

But who is working on the human challenge? Should there be a commission 
of politicians, social scientists, and artists working out the answers to the 
problems of the human mind and the human heart? For it is on these anS'Wers 
that the shape of tomorrow must ultimately depend. 

The wise John Dewey once said that a ttculture which permits science to 
destroy its traditional values, but which distrusts its power to create new 
ones is a culture destroying itself". 

I suggest that finding the values to govern us in the year 2000 is the 
next order of business. 

*** 
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The Branqywine Water Supply and Flood Control Project was not one of 

the projects of the Branqywine Valle,y Association when it was incorporated 

in October, 1945. Its purposes as listed at that .time were to restore, 

conserve, and improve the natural assets of the BrandyWine Valley, an area 

of 330 square miles, occupied by some 220,000 people. 

Its projeots dealt with soil, forests, water, wildlife, fish, game and 

facilities for recreation. 

Its methods were primarily educational, promotional and urging and 

helping people to get appropriate assistance from local, state and federal 

agencies on their natural resource problems. 

The people of the Valley can point with pride to many noteworthy achieve­

ments. Some of their accomplishments are as follows: a Soil Conservation 

District for Chest~r County, Pennsylvania; a Water Pollution Commission for 

the State of Delaware; a Conservation Workshop for Teachers at the University 

of Delaware and West Chester State College; and support of the Laboratory at 

Penn State University. 

Working through the two Soil Conservation Districts, complete conservation 

plans have been established on over 65% of the farms in the Brandywine Valley 

and conservation praotices on many more. About 96% of the sewage and industrial 

waste of the Vnlley are now being treated and silt or mud carried by the stream 

has been decreased b.Y some 60%. 

Several 100 farm ponds have been construoted, providing water supply, fire 

protection, recreation, wildlife and waterfowl habitat. 
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With these and many other accomplishments, the people of the Valley 

were feeling quite happy about the progress they were making, when new 

problems suddenly presented themselves. 

They started with the severe drought in 1954, when pastures were so 

parched that they provided little or no food for cattle; many of the forests 

were tinder dry and were damaged or destroyed by fire. Desperate farmers 

were installing supplemental irrigation to salvage their withering crops, 

and dairymen, with their wells drying up, were forced to haul water for 

household purposes and for watering their stock. 

Many industries were forced to curtail their production and municipal 

water departments were hard-pressed to meet the bare needs of their com­

munities. Flushing streets, sprinkling lawns, and washing automobiles was 

prohibited, and in Wilmington, Delaware the flow of the Brandywine, of 38 

million gallons per day, was insufficient to meet the domestic water needs 

of over 30 million gallons per day and that of industry too. Therefore,. 

industry in the vicinity of Wilmington voluntarily reduced its water con­

sumption by curtailing its production in order that the City of Wilmington 

would have sufficient water for domestic needs. 

Following the severe drought in the summer of 1954, the Brandywine Valley 

Association called together representatives of the major water users in the 

Brandywine watershed. More than 50 persons were present, representing the 

area from Wilmington, Delaware to Honey Brook, Penna. Several cases of rather 

severe water shortages were reported. 

The group croated the Brandywine Water Resources Committee, with Peter J. 

Short, Jr., of Lukens Steel Company, as chairman. The committee engaged the 

Brandywine Valley Association to survey the entire water needs of the area 

for the next 25 years. 
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It became evident that the natural flow of the Brandywine was not 

currently able to meet these requirements, and would be even less able 

in the future, with the increasing demands by industry, community and 

agriculture for greater quantities of cool and potable water. 

In the summer of 1955 a second and more serious drought occurred. 

The water survey showed a need for at least 50% more water in the next 

25 years. Preliminary survey of reservoir sites by Henry Rowan, engineer 

for the Interstate Commission on the Delaware River Basin,indicated that 

adequate water supplies for the future could be obtained b.Y impoundments 

on the Brandywine and its tributaries, and also that the terrain of the 

Brandywine was such that these impoundments would be both feasible and 

economical. 

In August 1955, the scene changed rapidly from too little water 

to too much water. Two hurricane floods, a week apart, caused severe 

flood damage in several places in the Valley, and were so intensive and 

extensive that they precipitated a re-survey of the entire Delaware River 

Basin by the Engineers' Corps of the U. S. Army. 

Through the Soil Conservation Districts in both states, the committee 

turned to the U. S. Soil Conservation Service for a flood protection plan. 

Under Public Law 566, the Soil Conservation Service, with the help of local 

people, checked the amount of flood damage in 1955. It came to $673,779. 

Flood damages were high enough to justify small dams. Sites were studied. 

After a year of study, it was evident that these dams would not be 

large enough to include sufficient water for water supply as well as flood 

storage. 

After the third dry year, in the summer of 1957, the Brandywine Water 

Resources Committee concluded that larger reservoirs for water supply would 

also be needed. There were several requests for more water ~. Wilmington 
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had to restriot water use. So did West "Chester. Lukens Steel had permission 

to si-phon water trom Icedale Lake if the stream-now in the West Branch got 

too low. Farmers were using more water for irrigation. 

The committee then turned to the Pennsylvania Department of Forests and 

Waters at Harrisburg. It asked Secretary Maurioe K. Goddard to be a partner 

in the project and to help construct larger reservoirs. He agreed to help it: 

1. 	 The local people would acquire the land to be covered by water and move 

roads and buildings ­

2. 	 The State could develop parks and recreation areas around certain dams. 

The Brandywine Water Resources Committee agreed. Governor Boggs of 

Delaware appointed the Delaware Water Resources Liaison Committee to work 

with Pennsylvania officials. Dr. George Worrilow, of the University of 

Delaware, was selected as chairman. 

Secretary Goddard hires Bourquard, Geil &Associates to study: 

1. 	 Water needs for the next SO years. 

2. 	 Best reservoir sites. 

3. Costs of development. 

Now the Local, State and Federal studies became a coordinated effort. 

The final plan was to include water supply, flood proteotion and reereation. 

To provide official status and to comply with certain regulations, a 

local sponsoring committee was formed, consisting of the Chester County Com­

missioners, the New Castle County Levy Court, the Chester County Soil Con­

servation District, the New Castle Soil Conservation District, the Delaware 

County Planning Commission, the Delaware State Soil Conservation Committee, 

and the Brandywine Valley Association. 

Formal application was then made to the Soil Conservation Service, U. s. 

Department of Agriculture, under P. L. 566, for assistance on the flood control 

project and also to the Department of Forests and Waters, Commonwealth of 

Pennsylvania, for its assistance on the water supply project. 
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Cooperation was promptly effected between the Soil Conservation Service 

and the Department of Forests and Waters, as well as excellent coordination 

on the part of the engineers of these two organizations in their field work. 

After two years of work in the field and thousands of hours on the 

drawing board, a comprehensive plan was evolved which was formally presented 

jointly by Ivan McKeever, Soil Conservationist, Soil Conservation Service 

and Secretary Maurice K. Goddard, Department of Forests and Waters.on January 

12, 1959 at Downingtqwn,Pennsylvania. 

This plan, known henceforth as the Brandjrwine Water Supply and Flood 

Control Project was presented t~ over 100 representatives of interested agencie~ 

committees, and organizations and unanimously approved by them. 

The plan involves the construction of 12 dams and reservoirs over the 

next 25 years. They would all be in Pennsylvania, all above Coatesville and 

Downingtown. High up in the watershed, they would oatch the water before it 

gets out of control. Water would be made to work all the way to Wilmington. 

The reservoirs would store up water in winter, or when there is too much. It 

would be released downstream in the summer, or when there is too little. 

Five of these reservoirs would be used primarily for water supply, seven 

primarily for flood control, but all to be operated as multipurpose reservoirs, 

providing water supply, flood control, and recreation. They would var.y in size 

from 20 acres to 1,000 acres of water. 

The total project would be a cooperative enterprise, with Local, State 

and Federal agencies participating in the cost of developing the program. The 

towns, industries and local governments in the Brandywine Valley would be 

responsible for acquiring the land and all easements and rights-or-way in 

preparation for the dams and reservoirs. The Pennsylvania Department of 

Forests and Waters would pay for the cost of building reservoirs designed 

for water supply, recreation and flood prevention. 

http:Waters.on
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The Soil Conservation Service of the U. S. Department of Agriculture 

would pay the cost of construction of the smaller flood detention dams and 

that portion of the larger darns used for flood control. Suggested distribution 

of costs: 

Federal (Soil Conservation Service) 
State (Pa. Dept~ of Forests &Waters) 

$2,556;600 
7,368;000 

Local (The Brandywine Valley) 4,218,900 

$1}-l, 143,500 

When fully completed the Project would pr6vide ­

Flood Protection amounting to $150,000 annually, or a reduction of 77% 

in flood damages; 

Water Supply for the next 50 years, adequate for community, industry, 

agriculture and recreation; 

Recreation ~aci1ities in the form of several lakes for fishing, boating, 

swinnning and augmented low flow downstream. 

Because these reservoirs are multi-purpose; because of local, state 

and federal sharing of the costs; because towns and industries are willing 

to go together on the project; and because it is possible to use the water 

over and over again, there would be a savings of several million dollars 

compared to separate reservoirs for each town or industry, this project can 

be reckoned as one of the most economical water supply projects on record. 

After seven years of planning, and several thousand hours of work by 

committees and individuals, the long-range Brandywine Water Supply and Flood 

Control Project reaches the action stage. 

The Chester County Commissioners, on September 7, 1961, croated the 

Chester County Water Resources Authority. This agency officially represents 

the local interests in the Brandywine Valley to develop the water project 

and has the responsibility for acquiring the necessary land for the reservoirs, 

and for local finances. 
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The Delaware River Basin Commission, at a regular meeting on March 29, 

1962, adopted the first phase of the comprehensive plan. This plan includes 

the Brandywine Water Resources and nood Contnl Pro3eet. 

The Public Works COJllllittee of the House of Representatives, on October 2nd, 

approved the Watershed Work Plan on the Brandywine, wner Public Law S66, as 

submitted by the SoU Conservation Servioe of the U. S. Department of Agricult­

ure, thus making available funds to design the nood protection dams. 

Marsh Creek Reservoir has been selected as the first of the series to be 

built, and engineers employed by the General State Authority are progressing 

rapidly with the design of this reservoir. First borings for fill material 

are currently being made. 

The Chester County Water Resources Authority is in the process of con­

cluding an agreement with the Commonwealth of Pennsylvania for the joint 

development of the Brandywine Water Supply and Flood Control Project. 

The Pennsylvania Department of Forests and Waters is studying the 

possible recreation areas in conjunction with the reservoir and information 

concerning this is expected to be available late in October. 

The Authority is in the process of selecting appraisers and negotiators 

in preparation for the purchase of properties in the Marsh Creek area, the 

site of the first impoundment to be oonstructed. It is probable that purchases 

will be made during the latter part of th:is year. 

Local municipalities are having feasibility stUdies made to determine 

the most suitable and economic water distribution plans. 

While the Branqywine Water Supply and Flood Control Project appears 

to be moving ahead quite satisfactorily, it will probably be at least two 

years before the first reservoir is completed, and twenty-five years before 

the last one is finished. It is hoped that severe droughts and floods will 

not prevail in the meantime and that the rate of construction can keep abreast 
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of the increasing demands for water by a rapidly growing population and 

industrial development. 

May I point out also that in this Branqywine Water Supply and Flood 

Control Project we have endeavored to apply some of the basic tenets of 

this Association, i.e. 

It should be the responsibility of the local people of a watershed 

to initiate the study of their problems and to implement the solution thereof. 

Watershed organizations should not duplicate existing agencies, but 

should cooperate with them and seoure maximum assistance from local, state 

and/or federal agencies. 

The program should be directed toward producing the maximum long­

range benefits for all interests in the watershed. 

All interests in the watershed should participate in the planning 

and in the program and in sharing the costs as near as possible in proportion 

to the benefits received. 

It should be noted too, that while the Brandywine Valley Association 

considers this as its most important project, it not only pursues its original 

objectives but is attempting to accelerate the adoption or application of 

Soil Conservation practices on the drainage areas of each of the reservoirs 

in order that the water in them will be of the highest ~lality and so the 

reservoirs themselves will have a long and useful life. 
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By 

John T. Carson, Jr., President 
Neshami~ Valle.y Watershed Asso~iation 

C1~ton Hoff, the father of the watershed movement in the East, has 

just wrapped up the entire stor.y of watershed projects, programs,principles 

and hopes in his talk. If you were to simply move the Brandywine Valley 

north and east of Philadelphia, place it down in a slightly smaller watershed 

with the same soil types and same topography, increase the population and 

decrease the industry, then I would say you have already heard the story 

or the Neshamin,y Valley. However, each watershed is unique and there are 

no two exactly alike. 

Thanks to the vision, leadership and efforts of Inc ode1 , the Neshamin.y 

Valley ~latershed Association was born on June 13, 1956. The role of the 

Association was quickly outlined and it was seen tha.t there were three POirlt3 

that should be established. One: We should educate the approximately one 

hundred thousand people in the watershed regarding natural ~esources problems 

and their possible solutions. Two: It was our role to bring together federal, 

state and local agencies and the local people. TP.ird: We should foster 

specific projects, either in pilot studies or to fill the gap where no agency 

existed for the job. 

If I attempted to outline our progress over the past six yeW's J I w'Juld 

emphasize the fact that a very small group of people can accomplish a lot if 

they have vision, determination and the cooperation of public agencies. The 

latter, incidentally, has been outstanding at every level in ~ experience. 

I would like to pay particular tribute todw to people 1i1m Maurice 

Goddard, Frank Pitkin and Jim Allen who have done more than anybody could 

pos'sibly expect anyone to do to assist a. small association like ours to get 

started. Let me illustrate this specifically. In 1956, to help us get started, 
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Incodel assigned its conservationist to work a large share ot his time with 

our Association. They went further than that. They actually carried out, 

at Incodel's expense, a field survey and engineering study on the profile 

of flood heights and stream profiles for the lower portions of the Neshamin1. 

The Association was able to pick up this initial work, to persuade local 

municipalities to underwrite the cost of completing the engineering study. 

The Bucks County Planning Commission and Park Board supplied base maps and 

a lot of technical help. The result was that we completed a rather thorough 

flood plain stuqy of the lower 16 mile reach of the stream which resulted in 

the publication of flood risk maps. Incidentally, one of these is used in 

the Corps of Engineers comprehensive report on the basin as an illustration 

of what can be done in this field. 

This, to me, illustrates real cooperation and real foresigbt on the 

part of people of vision. 

Today, I want to talk very briefly about what has been officially named 

The Neshaminy Water Resources Development Plan. This plan seems to have 

blosSOlOOd overnight. If I list the developments chronologically I think you 

will agree with me. On September 18, 1961, the Bucks County Soil Conservation 

District Directors held their first meeting. In April, 1962, an application 

for assistance under Public Law 566 was made by Bucks and M0ntgomery Counties. 

In May, 1962, the watershed work party of the Soil Conservation Service made 

their preliminary survey. On June 13, 1962, the Soil Conservation Ser-vice 

presented the results of this preliminary survey to the sponsors of the progra'1l. 

On August 27, Dr. Maurice Goddard announced that the De~~nt. of "Forests and 

Waters of the Commonwealth of Pennsylvania would carry out a comprehensive 

water supply and recreation stuQy in the Neshamiqy. On Septe~ber 18, 1962, the 

Bucks County Commiseionersg8.ve the required assurance to the Soil Conservation 

Service and they were quicKl.:" ~ . f lnded by the "6\JntgoyTb ;~;-~v"'OUnty Commissioners, 

http:Commiseionersg8.ve


indicating that everyone I·meant business" and we could go ahead with the 

work plan. 

In October, 1962. the Pennsylvania State Health Departrilent was rcquest6d 

to oarry out a pollution oontrol study in conjunction with these other stuGJes. 

On October 4, 1962, there was a m.eeting of all agencies and sponsors invo'_ved 

in the program to explain the study program and to divide the work. 

I am now projecting into the near future. On October 30, 1962, the 

Neshamin,y Watershed Association Will hold a public meeting at which time Ivan 

MCKeever of the Soil Conservation Service, Jim Wright of the Delaware Basin 

Commission, Dr. Wilbar or the State Health Department and Maurice Goddard of 

the Pennsylvania Department of Forests & vlaters will explain to the people of 

the area just what this program envisions. If this seems lilre fast action, 

believe me, it is. It seems to me as though in the last three months we have 

covered about five years of work. However" behind a program like this is an 

awful lot of background and detail. There are a lot of missing piece$ that 

don't sh~ in the chronology. 

In essence, the water resources development plan pr~'ides for 95% reduotion 

of flood damages on a total of about 75 stream miles by a combination of sixteen 

reservoirs and improved land treatment. The benefit-cost ratio worked out by 

the Soil Conservation Service is approx1rn.ately 2.5 to 1, a very high ratio. 

Some or these reservoirs will be increased in size later to provide for future 

water supply and recreation development. Other reservoirs may be added to the 

system. A study will be made to determine how best to provide low flow aug­

mentation to reduce the pollution load. 

I would like to emphasize that last point since we have eight mu~1cipal 

sewage disposal plants either under construction or in the planning stage in 

this stream today. This phase of th~.- study is a~. 

The present status of the program is that the Bucks and Montgomery Sounty 
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Commissioners and their two Soil Conservation Districts, as primar,y sponsors, 

have been joined so tar by eleven municipa.lities as eo-sponsors of the program. 

Studies are now underw~ and shoULdbe completed within about a year, providing 

a comprehensive plan of water resource development. 

The Neshaminy Watershed Association, having been appointed by the com­

missioners of both Counties to carry out the education, information, transfer 

and. liaison in the program, has met with the officials of the twenty-two 

affected municipalities in the past two months. The Association has worked 

out a formula for sharing local costs and has obtained agreements from five 

townships to carry their share of the costs. You may wonder what we mean when 

we say we worked out a cost sharing formula to underwrite the local cost of 

this entire program. What we did was to go around and talk to the different 

groups of municipal officials and ask if they believed in horoo rule. Their 

answers were aff:irmative. We stated that if they believed in home rule" they 

must believe in p~ing for it. With this point established, we asked how they 

felt costs oould be met and shared. As they put their ideas together, this, 

in essence, is how the formula evolved. We have about 150 stream bank miles 

which will be flood protected~ The first step was to figure out how much each 

township has of flood protected stream banks; ascertain what percentage this 

is of the total. But this was not fair. Some stream banks are very steep v:~1i:e 

others are very low and subject to wide flooding. The next suggestion was to 

add a factor for the area of flood plain involved in each township in order to 

modify the basio stream length factor, Fine, but is this fair? No, because 

different townships have different degrees of present development. I'll 

illustrate this with an example of a supervisor in one of our rural townships 

in tm head waters who told me quite bluntly, "We have no flood proble;n". 

knew the water was twelve feet deep over his field in 1955. He admitted that 

after the storm he could see debris hanging in the tree branches up above whe:'9 

I 
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he was plowing, but he insisted that he didn't have any flood problem. Then I 

got the point. This was an area of undeveloped land, no homes, no industries 

and with no businesses located there. To the local people, this means no 

problem. So we have to understand what they mean. Floods? Yes. Only they 

call them freshets. Problems? Well, no, not in the same sense that we think 

of floods as a problem. 

I will illustrate the cost sharing formula with two specific examples. 

If township A has 8.2 miles of stream bank protected under the program, that 

would be about .5~ of the total. If they have eleven hundred acres of flood 

plain, it would give them a factor of 1.4, related to the mean flood plain 

average. This is a township lower down in the Nesh~liqy on the main stream 

with wide flood plains. The development is high and the.y get a factor of 1.3. 

If we multiply all of these factors together and apply them to the total cost 

we have a cost for that township roughly estimated at $156,000. 

Township B, in the head waters, with the same stream bank length but with 

only 500 acres of flood plain and practically no present de~ee of development 

would get a factor of 0.2 to multiply. Their flood plain acreage is 0.7. We 

come out then with a figure in the neighborhood of tl2,OOO. Consequently, you 

get a very wide range of adjustment based on the benefits. This has seemed to 

be acceptable to the township people. 

Two years ago when I spoke to the Annual Conference at Incodel on the 

subject of liaison in watershed work, I made four points. Number One: ~1ost 

people are overwhelmed with the magnitude of the problems facing tr~ entire 

Delaware Basin. They can only understand when the problems are locally related 

to their own particular area. Number Two: Local people should feel the primary 

responsibility for solving their own problems with help from state and f3deral 

governments only if needed. Number Three: The answer to the resource proble"1 

lies in planning to meet local needs with, and I emphasize ~,coordination 
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and overall integration with the entire basin. Finally, all natural resource 

problems are ecologically interlocking. Planning for flood control struct,,'reS 

without also developing water supply is short sighted. Paying for flood 

control structures without at the same time controlling flood plain development 

is self~defeating. Forgetting topraserve open land for recreation, insoaks 

and aesthetics is invitidg $uburbicide. 

The experience that we have had with the Neshaminy Water Resource Oevelop­

ment Plan so far emphasizes very strongly that these four points are just as 

valid in too small watershed sub-unit as they are in the large basin. The 

people who live in NewtONnhave no concern whatever with Chalfonte until it is 

pointed out to them that what Chalfonte does in solving its problems affects 

Newtown, or, oonversely, what Chalfonte doesn't do, affects NewtO'tm. 

As John Donne said some three hundred years ago, "No man is an island 

sufficient unto himself", and this applies in vlatershed work as well as in 

poetry. 

The major job of a watershed association then, is one of establishing 

contaot with and understanding people. If you can do this and if you oan 

convince the people that you are sinoere in what you are doing, and I emphasile 

that you should not become the tool of somebody else, the,y are with you. 

*** 
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THE WISSAHICKON VALLEY PROGRAM 

By 

Paul M. Felton, Executive DL~ector 
Wissahickon Valley Watershed Association 

October 16, 1962 

For the past three years the Wissahickon Valley Watershed Association, 

through the support of its 500 members, has been developing a broad resource 

conservation program for the 64 square mile Wissahickon drainage area. This 

program, although not so ambitious as the "much larger Brandywine and Neshaminy 

watersheds, nonetheless will continue to have "heavy going" because of exceed­

ingly rapid urbanization of the area. 

The main emphasis of the Association has been to inform the residents 

of their resource problems and to initiate solutions for these problems. 

After this it is a matter of providing continued pressure on each project until 

results are attained. 

From a list of 26 projects which we had on our Work Plan for 1962 we 

have completed some work on about one-half. The lack of time weeds out all 

but the most important. 

A few of our major projects are: 

Item 1. - FLOOD CO~~ROL. The Association has taken the lead in pressing 

for the Flood Control Project under Ptlblic Law 566. With the recent ~30,OOO 

grant from the Montgomery County Commissioners the Work Plan for nine flood 

retarding structures will be completed by fall 1963. Although there is much 

foot-dragging by local people and government to make the most of multiple use 

possibilities connected to the nine structures, the Association will continue 

to drive for the maximum use of these sites especially in the direction of low 

flow augmenting water. The Wissahickon Creek was about 61% effluent from the 

9 sewage plants in the watershed this summer. 
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Item 2. - FLOOD PLAIN REGULATION - At the urging of the Watershed 

Association, Montgomery County requested the U.S. Army Corps of Engineers to 

make a Flood Plain Study of the Wissahickon. This action was authorized b,y 

Washington and a set of 12 flood plain maps covering 24 miles of creek are 

scheduled for completion by mid-1963. In cooperation with the County Planning 

Commission we intend to help the seven local municipalities in formulating 

flood plain regulation policy. 

Item 3. - CONSERVATION TREATMENT OF THE LAND - This will continue to 

be a most important part of the Association's program. We started with the 

farmers but find ourselves more and more involved with the suburban homeowner, 

the township and industry. If the whole Delaware Valley develops the way the 

Wissahickon Watershed has been we're all going to be applying conservation 

practices to cities. We now have six industrial sites in the Wissahickon 

which have installed grassed waterways and terraces, planted watershed and 

wildlife plantations and one has even built a flood retarding structure to 

catch roof and parking lot runoff -- Urban Conservation indeed. 

Item L. - POLLUTION ABATEMENT - The last seven miles of the Wissahickon 

flow through the World famous Fairmount Park where by actual count hundreds of 

thousands of Philadelphians seek recreation in a magnificent natural setting. 

Yet, the fishermen can't see their lines sometimes because of the detergent 

foam from our nine waste treatment plants. The Association has for the past 

few years been underwriting a biological survey of the creek waters and 

recently has begun a study of the detergent proglem which by the way, has 

turned up a number of cases of ground water contamination. We will continue 

to cooperate with Public Health officials at all levels to fight pollution. 

The Wisaa~ickon Valley Watershed Association's aim is to continue to 

spearhead a well-balanced conservation program at the grass roots level to 

meet head-on, problems of natural resources in a land going through the painful 

transition from country to city. 
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County Wide Water Supply and Sewage Disposal Plan For Bucks Countl 

By 

Franklin C. Wood, Executive Director 
Bucks County Planning Commission 

The planning and construction of water supply and sewage facilities in 

Buoks County has lagged far behind the rapid rates of residential, industrial, 

commercial, and school construction. During the past ten years, 50,000 lots 

received final review by the Bucks County Planning Connnission. Almost half 

of these were planned for on-lot sewage disposal, and almost one fourth for 

on-lot water supply. About 50% of the total population of Bucks County 

presently obtains water from private wells, and 60% of the population uses 

on-lot sewage disposal. Many of these on-site facilities are inadequate. 

Septic tank overflow has become a serious problem in many areas, and many wells 

have insuffioient capacity especially during periods of drought. Correction ot 

these conditions through the provision of adequate on-site facilities is of 

primary importance. 

The Bucks County Planning Commission has constantly worked to minimize 

those problems through the powers granted us ulder the State enabling legis­

lation. Since 19$2, when our county subdivision regulations were adopted, 

minimum lot sizes have been based on the availability of public water or 

sewerage facilities. After the Buoks County Health Department was organized, 

the regulations were amended to require its approval of subdivisions to be 

served by on-lot sewage systems, prior to approval by the County planning 

commission. Subdivision regulations, however, cannot take into consideration 

where and when public facilities should be installed. New housing developments 

meeting all subdivision requirements have been built with on-site facilities, 

only to be tied in a few years later to public s,ystems. 
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The introduction or water and sewer lines after a community has been 

established presents numerous problems. Because lot size requirements are 

generally higher where utilities are absent, lot frontages are usually long, 

increasing sewer assessments to individual property owners. Street patterns 

and distribution of structures may present service problems. Tying into a 

new s,ystem often requires the tearing up of streets, walks, lawns and shrubs, 

increasing the cost and inconvenience. There is, too, the additional cost 

of providing on-site facilities initially, and abandoning them later. 

Until very recently, there had been no large area planning for these 

utilities in Bucks County, and all existing water and sewerage 8,Ystems have 

been planned and built by local municipalities or b,y private companies. The 

increasing magnitude or the problem made evident that such planning should 

extend beyond local boundaries since the most economical water and sewerage 

systems are those whose limits are defined by natural topography and not by 

politioal boundaries. 

In recognition of this need, the County Commissioners in 1959 approved 

( a reoommendation by the BUcks County Planning Commission and the Bucks County 

Health Department that an engineering firm be retained to survey the existing 

facilities and develop a long range plan for extension of water and sewerage 

services at three time hori~ons: 196$, 1980, and 2010. After evaluating 

proposals by several engineering firms, Albright &Friel, Inc. of Philadelphia 

was retained in February 1959. 

The primary consideration of the study was to develop a program to meet 

the future requirements of the entire county in a manner which would be the 

most economical from a long range standpoint. It departs from the usual 

practice of taking care only of immediately urgent local problems. This 

practice results in projects of limited scope involving minimal initial capital 

outlay, but in many cases increase long range costs. The adoption of a county 

ride long range plan,ae we have learned,can effeot major long term eoonomies. 
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During the conduct of the study, a technical advisory committee composed 

of leaders in the fields of public health, sanitary engineering, public adminis­

tration and conservation in our area guided the overall policy and approach to 

the problem. Near the conclusion, this group recommended to the County Com­

missioners that a county wide agency be established to impi~ent the plan. 

In December 1960 the county commissions appointed the Bucks County Water 

and Sewer Commission. After a series of meetings to consider the various ways 

in which the plan could be implemented the commission recommended that the 

county itself participate in the construction and operation of water and sewer 

facilities. The commission was of the opinion that the larger facilities such 

as filtration plants, disposal plants, transmission lines and intercepter lines 

could be financed more easily and at lower cost by the county than by municipal 

authorities, or private developers. The commission, thereupon, recommended 

that it be replaced by a county water and sewer authority, capable of direct 

implementation. 

In January 1962 the county commissioners followed this recommendation and 

established the Bucks County Water and Sewer Authority, the first and, only 

such agency in the commonwealth. 

The function of the Bucks County Water and Sewer Authority is to implement, 

modify and coordinate the general recommendations resulting from the findings of 

the water supply and sewage facilities Master Plan. The Authority proposes to 

operate regional services facilities in the water and sewage field in order to 

reduce costs, improve standards and increase efficiency in these fields. Its 

poli~ is to provide sewage disposal plants, water filtration plants, inter­

ceptor lines and Transmission mains to individual municipal s.ystems and general­

~ to leave the internal s.ystems to the jurisdiction of the partioipating 

municipalities. 
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The Authority also aots as the filing agency tor Advanced Planning Grants 

from the Federal Government, and assists oommunities in their negotiations to 

participate' in the Public Works Legislation, so that the County may receive 

its share or tax dollars for the creation or needed sewer and water projects. 
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MONTGOMERY COUNTY WATER SUPPLY PLAN 

By 

Arthur F. J."oeben 
Executive Director 

Montgomery County Planning Commission 

About two years ago the Board of Commissioners of Montgomery County, 

Pennsylvania, directed its Planning Commission to make a survey of the water 

supply requirements of the County. As the first step, the Commission under~ 

took a detailed study of the water problem in a section of the County where 

serious shortages have occurred repeatedly in recent years during periods of 

dry weather. This section is known as the North Penn area and centers around 

the Borough of Lansdale. In 1957, and again this year, the Lansdale area has 

been forced to invoke water use restrictions. 

As the result of the Commission's study, a plan has been evolved which, 

if implemented as proposed, will bring Delaware River water into Montgomer.y 

County through Bucks County. vie initially plan to take about 28 million 

gallons a d~. It is estimated that this will be a sufficient amount to meet 

the needs of the North Penn area as well as other adjacent parts of the County 

for many years in the future. The plan also provides for the release of weter 

into Perkiomen Creek for use as a supplementary source of supply by the Phila­

delphia Suburban Water Company which presently serves a large part of Montgo~ery 

County. 

The project, in addition, is to be utilized for recreational purpose and 

will add another unit to our County park system. 

The general features of this water supply plan call for the constructi~n 

of a reservoir on the northeast branch of the Perkiomen Creek. This stream 

rises in Buoks County, about 71 miles trom the Delaware River, near Point 

Pleasant. The reservoir is to be about four miles long and very narrow. It 

will cover about LOO acres of land area with water. The water would be lifted 

from the Delaware River at Point Pleasant, pumped for a distance of about eight 



miles over a ridge, and then released into the northeast branch of the Perkiar1en 

Creek and allowed to flow downstream into Montgomery County to be impounded in 

the reservoir. A filter plant would be built near the dam. The program calls 

for the County going, in effect, in th~ wholesale ~ater business. 

A County park will completely surround the reservoir. It will be a rather 

long, thin park with many miles of shore line. We propose to call this park 

the Lederach Park, after the name of a little settlement nearb,y. 

The background on the development of this plan is rather interesting. It 

represents a response to a local water need on the part of county and local 

governments. As already stated the needs had been felt in Lansdale for quite 

some time. Industries, community leaders, and other people in the Lansdale­

North Wales-Telford-5ouderton area - the North Penn area - developed an 

organization called the North Penn Water Resources Association. The plIrpose of 

the Association was to promote the development of a plan that would eliminate 

the recurrent water shortages. 

This is a very rapidly developing area with a lot of industry. Many peop:.e 

have moved into it. Within the area are pharmaceutical plants, transistor plants 

ceramic plants and metal fabricators. It is very attractive to industry, 

primarily, I think, because of the labor supply. The area lies about 25 miles 

outside the City of Philadelphia. Its industries and people now depend almost 

entirely upon ground water and, as mentioned earlier, this source is inadequate 

during periods of drought. 

The North Penn Water Resources ASsociation petitioned the Hontgomery County 

Planning Comission and the Board of County Commissioners to find out what could 

be done to alleviate this situation. The County Planning Commission recomme~ed 

to the Board of County Commissioners that a study be instigated. The Board of 

County Commissioners approved the recommendation, the organization of Albright 

&Friel was engaged as consultant, and the study was started. An advisory 



-3· 


committee was formed which inoluded people like Jim Allen, George Elias, 

members of the Wissahickon Watershed Association and of the North Penn Water 

Resources Association, looal government leaders, and Alan Som.me:rv111e from the 

State Department of Forests & Waters. The Advisory Committee met frequently ~~:') 

oonsider the reports and recommendations of the consultant and to make decisio~~ 

The background of this plan may be summarized by saying that it represents 

a response to a local need on the part of County Government and the County 

Planning Commission, financed through the use of general funds from the County 

treasury. 

Presently, we are in the most critioal state of our program development, 

at least from ~ view. We are negotiating with the key individuals, the people 

who are going to make the deoisions~ to say "go, or no golt. We will take the 

plan to the public in November. We are negotiating with the water supply 

agencies who are going to have to finance the plan and with the various county 

officials. 

The North Penn Water Resources Association is preparing a summary of the 

engineering report which the general public can easily understand. 

I have just received ten pre-prints of our comprehensive engineering report 

from the bindery. Initially, we are printing 1000 copies for distribution. We 

will probably print more later. 

We are now trying to negotiate an agreement among the partioipating agenoies 

for the implementation of the plan, beginning promptly with the aoquisition of 

land and with oonstruotion of the dam in 1968. 

We have had good press coverage on this plan thus far. At one point 

recently, The Philadelphia Inquirer apparently thought there might be the 

makings of a controversy about our plan. Homeowners in the area of the proposed 

reservoir were interviewed, as were community leaders and many others, but no 

controversy was uncovered. When a story finally appeared in a Sunday edition, 
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the headline read "Local People Accept Plan". Even those who will have to move 

have generally come to accept the project. Fortunately, in the beautiful 

valley of the park and reservoir, there will only be about 55 homes taken. This 

is actually a very small number. 

The major obstacle to the implementation of our plan now is the significa.~~t 

increase in water rates which will be necessary to invoke in order to car~J it 

out. In some cases the rates must be tripled and, in others, increased even 

more. We are in the delicate stage of trying to negotiate this problem at the 

present time. 

One of the speakers yesterday brought up four points that apply to the 

development of our water supply plan in Montgomery County very well. The first 

of these was the establishment of goals and objectives. The goals and objecti~ 

in Montgomery County were clearly set Qy the Board of County Commissioners and 

by the County Planning Conmission as to the area to be served and the problem 

to be solved. The multi-purpose aspects were also considered since our plan 

calls for the inclusion of a new county park. Our goals and objectives were 

spelled out and transmitted to our con~~ltant. We did not have the consultant 

establish our goals and objectives for us. 

The planning criteria, the second point, were developed in a very fine w~y. 

The population projections and growth rates were developed by the staff of t:1e 

County Planning Commission. The land use pattern was also projected Qy the 

Planning Commission staff. The water needs were developed b.Y Albright ~l Friel 

and the ground water potential by that firm and its consultant. The financing 

plan has been a joint effort of the water supply agencies, the consultant and 

the County Planning Commission. 

The third point brought up was to develop the optional or best plan. Our 

group studied seven alternative plans for solving the water supply problem of 

the North Penn Area. Of those seven, one was selected. Of the one selected, 
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three variations were analyzed. ot the three variations, one was finally 

ohosen. 

The fourth point oalled for a review of the results. I assure you that 

our plan is getting plenty of review at this moment. We already have people 

wanting to change and mod1f.y it. Some people don't believe we are going to 

need so muoh water qy 1987. Others wonder how in the world we can find enough 

money to finance the plan. 

In summary, I will point out t~o of the most significant aspeots of the 

Montgomery County Water Supply Plan. First, water from the main stem of the 

Delaware River will be brought into Montgomery County to meet the immediate 

and long term needs of the area. Second, in addition to the oreation of a 

new reservoir, for water supply storage, our plan will provide for an important 

addition to our oounty park s,ystem. The implementation of the plan will re­

present a great step forward for Montgomery County. 

*** 
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REGIONAL SEWERAGE PROGRAM - PHILADELPHIA METROPOLrt'AN A-T1EA 

Morton Lustig 
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I feel a litt1e like a maverick after the preceding speakers because they 

are all ooncerned with real water and real pollution and ! am a paper dreamer 

oompared with them. But sometimes it helps to ba6k away from a problem and 

take a new look at it and forget for a moment so~ of the things you have to 

wOrry about if you sr' i1ving with a particular situation and with the politica1. 

ciroumstances that surround it. 

The study about which I am going to tell you 1r1aS sponsored by the Study 

Commission for the Philadelphia-Metropolitan Area. This is a group apPointed 

by the Governor of Pennsylvania for the purpose of studying metropolitan prob­

lems. The study was sponsored and paid for in part by the Pennsylvania Depart­

ment of Commerce.. Our assignment at the lnstitute was to tal<:e a look at the 

sewerage problem in the five county, Southeastern Pennsylvania area; make some 

judgments about what the problem would probably be like in 20 years; and see 

it we could suggest ways in which the problem could be handled most effectively. 

We have attempted to do these things. 

I will give you a few of the background figures in very rough form. There 

were, in 1960, about 1,800,000 people in the four counties surrounding Phila­

delphia. Philadelphia, for all practical purposes, is served by a co~rehensive 

sewage oolleotion and treatment project. In the suburban counties, ~O",'Tever, 

about 700,000 of the 1,800,000 people have no public sewerage faciliti3s, at 

least they did not in 1960. About 20 years from now we expect to add a million 

more people in the four suburban counties. Thus, we now face the problem of 

what to do about the 700,000 persons who presently have no public sewerage 

tacilit188 and the million more who will be coming into the area in the next 

twenty years. 
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In planning tar sewerage f'acilities far the future there was one essential 

oonclusion which we reao had from our study. We are of the opinion that sewera~ 

facilities should be provided in advance of development. I think Franklin \~ood. 

told you a little bit about what happens when sewerage comes after development 

and he gave it to you in a very moderate way. It seems to us that the cost O~... 

not providing sewerage facilities in advance of development is extremely hig~o 

We estimate, for example, that it costs almost a thousand dollars per lot more 

to pro~ide sewerage works after development than to provide them in advance of 

development. If you also take into account the capital cost of water supply 

and electricity, the capital cost goes up another thousand dollars if you find, 

as we have in this area.. that Where there are no sewerage facilities, this fact 

establishes the main reason for using large lot zoning. 

After studying the zoning for the undeveloped land in the suburban counties 

in the Philadelphia area, we judged that of the million people we expect in the 
\ 

twenty years between 1960 and 1980, only about half could be accommodated on 

land which is now zoned for lots of a quarter acre or smaller. About a quarter 

ot them would have to go on lot s a half acre in size and another quarter would 

have to go on lots that are now zoned an acre or more in size. To us, this 

seems pretty ridiculous. We believe that the size of lot is not related to 

what people need and what the,y want. It is related primarily to other ob­

jectives, such as restricting the size of population in individual municipalit~ 

for other reasons. But these reasons usually ad~ up to a tremendous cost to 

all of the people in the community and to the metropolitan area as a whole. 

So, for our purposes, in stuqying sewerage programming, we assQmed that 

the existing zoning program was sometimes irrational and that this zoning 

pattern would not neoessarily hold. vie assumed that if sewerage facilities 

were provided in advance in the areas where population growth seemed most logic­

a1 that zoning could be adjusted to make some kind of reasonable response to tll3 
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existence of these facilities and that a reasonable development pattern for 

the whole area could be established.. If you make that assumption, as toTe d:td, 

and if you study the difference in the efficiency of large disp~sal plant 

systems versus small disposal plant systems, the indications are that we should 

try to handle our wastes in fewer and larger sewerage plants than we are now 

doing. In 1960 there were about 55 operating sewerage plants in the area, 

Perhaps a half dozen have been added since that time. '/\1a found that if' the 

systems were all tied together in a reasonable way, nine large plants dis­

tributed throughout the area could do a pretty good job of taking care of 

about, 1,300,000 people in the area. We would also need a few of the existing 

sewerage plants to take care of isolated situations that couldn't be reached 

with the trunk lines of the coordinated ~stem on a reasonable cost basis. 

These nine large plants would be located as follows: two in Bucks County, 

one near Morrisville, one at the Neshaminy; the three in Philadelphia which 

are now existing; two in Delaware County, one of the existing jOint plants and 

the reconstruction of the Chester plant. For the Brandywine Valley, most of 

the sewage could be handled at the Wilmington plant with an enlargement. Finally, 

the ninth plant to take care of large sections of both Nontgomery and Chester 

Counties would be located at the juncture of the Perkiomen and the Sch-,Jylkill. 

Now this is all speculation about physical arrangement. It obvic·;.sly is 

something you could not do irmnediately. It would have to be done in pieces. 1':e 

don't think there would be a terrible amount of ~Taste in elir:.inating and c.is­

placing a lot of the individual small plants. 

In addition, we looked at this physical plan and other physical arrc~ge­

ments that could be made for the same area. We are not suggesting this is t~e 

only one, nor necessarily the best one, but it is one that seems to us to be 

practical and far more effective and far more efficient than the arrangement 

we have now. 
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If we got large area 8,Ystems, we would probably have to have large 

area governmental units to run those systems. ~le suggested in our report 

that there are four criteria for judging what kind of governmental unit ought 

to be available for operating the sewerage plant. First, the unit ought to rc 

capable of handling the total sewerage job. Most municipalittes either aren't 

or can't put out the kind of money necessary to do a good planning job. Second­

ly, the unit ought to be one that will aocept respo~sibility for providing 

sewerage for all the area on a drainage basin that should be included in one 

system. As it is now, we get individual communities or groups of conmunities 

that plan for themselves and m~ or may not oare about upstream areas that 

logically ought to be joined to theirs. Third, the jurisdiction shou~d be one 

which is big enough to finance construction of a deoent s.ystem and which can 

finance a certain amount of excess capacity in order to tie in new develop~e~ts 

as they occur. 

There were a number of possibilities for meeting these criteria. Two, 

however, seemed to be most logical for this area. One was some kind of an 

overall metropolitan unit. It could be a governmental unit or a limited 

authority of some kind. We suggest that if, for other reasons, there is to be 

a regional governmental unit in the area, such unit should have responsibility 

for the sewerage job. However, in looking at the physical arrangements which 

we suggested, we think it is not essential that there be a single area-wide 

goverrnnent to take oare of sewerage. The way the plant and trunk l:!.nes worked 

out, we think that the problem could be handled well if there was county re­

sponsibility for sewerage. Almost all of these plants serve eithor one C0unty 

or, at most, two counties. Each of the sewerage s,ystems, therefore, it would 

seem, could be worked out b,y one county or by agreements between pairs of 

counties. We think the number of units involved is small enough and the num~Ar 

of arrangements involved is small enough so that the plan could be carried o~t 



ef'f'ectiveq. For this reason, we were very pleased to see Bucks COl'!.nty 

establish a County Water and Sewerage Authority. We are beginning to build 

more and more on the structure of our county. We think this is a logical 

and wholesome trend. 

In Delaware County incineration facilities are provided Qy the County. 

Three plants serve the entire area. All of the counties, too, have planning 

commissions. Most of them are reviewing subdivision applications. We also 

have associations tor watershed development. Yet, it seems to us, that 

sewerage, which is more expensive and more difficult to operate, is not yet 

handled on a watershed basis or on any large scale basis. This is now being 

lett largely to individual minicipalities. 

We made some very broad brush estimates of what it might cost to provide 

sewerage facilities of the kind we are talking about. The nine sewage treatment 

plants that we have suggested, plus the major trunk lines, would cost about 

$67,000,000. For the 1,)00,000 people who are served by these plants, this 

amounts to an annual debt service cost of about $12 per family per year. We 

don It think this is excessive. We did not include, however, the cost of 

service within the munioipality. Our figures are only for major tr~k lines 

and major plants. There would obviously be a good deal of cost in addition to 

that. 

It seems to us, and it has seemed to the Metropolitan Study Committee 

which approved our report, that the approach we recommend would be in the 

long run a much more efficient and effeotive way of handling sewerage proble"ms. 

With such s,ystems, it seems to us, we would probably get a much more logical 

development of our total pattern of land use in the Philadelphia Hetropolitan 

area. We b&lieve we can afford 1 t and that we can probably develop the 

governmental structure we need to carr.y it out. 

*** 
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This is the second time within the past 18 hours that I come before 

you with strong and mixed emotions. 

At the banquet last night, as most of you know, I was presented with 

an award for distinguished service to Incodel. I told you then, and I 

repeat now, that the pleasure of being given this recognition before so 

many associates and friends, both new and old, is tempered only by the 

fact that honesty requires that I divide this honor with a great many 

others. We all regret that such stalwart pioneers as Incodel1s first 

real chairman, Ellwood Turner of Pennsylvania, and others such as General 

Thompson of New York, and Dick Beckett of Delaware are no longer with us 

here on earth to share in these festivities. 

And now, at this concluding session of the Conference, I am about to 

make what will undoubtedly be the last formal report on the activities of 

Incodel. After this Conference adjourns, the members of Incodel will meet 

in executive session to determine what actions must be taken to transfer 

its assets to the new Delaware River Basin Commission by the end of this 

calendar year and also to effect its official dissolution by legislative 

actions of the Delaware Basin states early in 1963. There will be no Incodel, 

as it is presently constituted, at this time next yearJ You might oxpect 

that after an association of 26 years with Incodel, I would regret to see 

these impending changes. Actually, of course, we have been hoping for these 

changes for a decade or more. In our efforts of 1950 to 19~3 to secure 

passage of compact legislation to create what We then called "the Delaware 
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River Basin Water Commission" we recognized that Incodel 'With its limited 

powers should ultimately be replaced by a compact-created agency with power 

not only to plan but also to finance, build and operate. 

Any feelings of sorrow or nostalgic regrets for "the good old days" 

are compensated for many, many times over by the .ioy of knowing that Incodel's 

program is not actually being terminated. Rather it is being passed on to 

t~ new Delaware River Basin Commission, an agency desi~ned to execute the 

things we of Incodel have been working toward for so many years. It is a 

source of great satisfaction and pleasure to know that the new Commission 

will inherit from Incodel, in addition to its experienced and kno't-Tledgeable 

personnel and its valuable physical assets, a drainage ba!3in of natural 

resources far suparior to those with which Incodel started business a quarter 

of a century ago. 

Let me examine this 	statement with you for a few minutes. 


Water Pollution Control 


We hear a lot of talk tod~y about water pollution control. Almost 

everyone is in favor of it. The new Commission is fortunate indeed to 

start out with a functioning basin-wide program for coping with pollution 

backed by a public consciousness of the need and value of clean water. What 

a contrast this is, compared to the conditions and attitudes which confronted 

Incodel when it was first establishedl At that time the Delaware River and 

many of its tributaries - .. particularly the Schuylkill and Lehigh Rb.rf~rs - ­

were rapidly being ruined by pollution. Sections of these streams were then 

characterized as the most grossly polluted in the world and a nationnl disgr1.ce. 

These charges, believe me, were not exaggerated. I vividly recall a bont ride 

in the Philadelphia-Camden section of tho River in 1939 which was arranged in 

order that the members of Incodel could find out for themselves how bad the 

River really was. We were scheduled to have a box-lunch on board at noon. 

http:disgr1.ce
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But the sight of and stench from the River at our rosition at that hour 

were so sickening that we had to abandon the plan, cut the trip short, 

and head for shore. 

This is but one incident. There were many, many more. For example, 

I remember well the hydrogen sulphide fumes, smell ing like rotten eggs, 

which bubbled from the River in the vicinity of the Philadelphia Naval 

Base. The gases were so potent and so prevalent that overnight they would 

blacken the paint on the hulls of ships anchored at the Base as WGll as 

on homes in the neighborhood on both sides of the River. 

Despite these situations, no agency except Incodel at that time seemed 

to be greatly disturbed about the disgraceful quality of the Basin's water­

ways. Actually, we were even accused by representativ3s of industry and of 

trade associations of being idealists for urging an end to water pollution. 

Ellwood Turner used to refer to these critics as "little men in big business". 

The new Commission, too, ns the result of Incodel's activities, inherits 

a Schuylkill River, the Delaware's largest tributary, which no longer, as in 

the early 1940's,is on the verge of being completely choked by the accumulation 

of coal silt and culm from the operation of the anthracite coal mines in its 

headwater regions. This disgraceful situation was corrected by tho completion 

of the Incodel-sponsored $35,000,000 U. S. Government - Commonwealth of Penn­

sylvania Schuylkill River Restoration project which WelS authorized in 1945. 

Flood Damage Abat0.mont 

Similarly, the Delaware River Basin Commission is the beneficiary of the 

products of many other activitios in which Incodcl actively participated ovor 

the years. 

Consider, for example, the problem of flood control. When Incodol c,?Jne 

into existence in 1936, the Philadelphia District Office of the Army EngineGrs 

had completed only a few years earlier its so called "308" reports on the 
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Delaware, Lehigh and Schuylkill Rivers and other tributaries of the Delaware 

River Basin. These reports covered the results of surveys authorized by the 

Congress in 1927 of flood control, navigation and related problems of the 

major rivers of the country. None of the Army Engineers "308" reports on 

the Delaware River or its tributaries pointed to flood haz~rds as a serious 

problem. 

And yet, since then, the need for the construction of physical structures, 

and for the institution and enforcement of regulatory measures to reduce the 

cost of damages caused by floods in the Delaware ~asin has attained ever in­

creasing importance, It is a source of gratification to Incodel that it 

actively participated with many citizens' groups nnd state agencies in the 

several programs which have culminated (1) j_n the construction of the Lehigh 

River and the Lackawaxen River flood control projects, (2) in the utilization 

of the U. S. Department of Agriculture rs Public Law 566 \'Jatershed Protection 

and Flood Prevention Program in several sections of the Basin, (3) in the 

preparation of a report on basic data nocessary for the formu1ntion of re­

gulations for the control of the use of land and structures within the flood 

plains· at' the Neshaminy Creek and (4) in the r8commendations contained in the 

Army Engineers report on the Delaware River Basin callin?, Por the construction 

by the year 1980 of seven multip1c purpose projects 'tVith flood control st0rag··' . 

Each of these projects constitutes an essontial element of the new 

Commission's comprehensive plan for the control and utilization of the water 

resources of the Delaware River Basin. 

Municipal And Industrial i~rater Sl.lpply 

It should also be helpful to the new Commission th~t Incodel, since its 

inception, has been continuously aware that the waters of the Delaware River 

Valley constitute an attractive source of future municipal and industri~l 

wat~r supply for many communities and metropolitan areas in each of the states 

in which the basin is located. 
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From the very beginning Incodel has taken the position that the use of 

waters of the Delaware Basin for water supply is superidr to its use for all 

other purposes; and that the Delaware can provide a supply df geod water 

sufficient to meet forseeable requirements for all pu!'poses in all area.s of 

each of the Basin states that may be logically served by the River and its 

tributaries, provided that their waters are properly developed and conserved. 

This is why, as soon after the general acceptance of its basin-wide 

pollution abatement plan as was practicable, Incodel turned its ~ttention to 

Delaware River Basin water supply situations. 

This is why, in 1949, even before the severe drought l-Ihich result'3d in 

drastic restrictions in the use of water in New York City and northeastern 

New Jersey, Incodel urged the Delaware Basin states to provide funds for an 

intensive survey of the future watGr supply requirements which could be best 

served by the Delaware. The result of this survey(made for us by Malcolm 

Pirnie and Francis Friel) was, as you all know, the Incodel recommendation 

in 1950-51 that the States enact a. compact creating a Delaware Hivcr Ba.sin 

commission to construct and operate a water conservation program consisting 

of a series of reservoirs in the upper Basin. 

The comprehensive plan for meeting future water supply needs in the 

Delaware River Basin service area, reoGntly completed hy the Army Engineers, 

is essentially an expansion of the plan which IncodGl recommended a decade ago. 

Conservation Of Soil And F0r8st Ft:~sourcos 

Now let me say a. few words about the soil and forest resources of the 

Basin. When Incodel came into existence they, like the water resources, 1..J'ere 

in some areas being ruthlessly exploited. The policy which Incodol adopted 

to protect and properly develop these natural resources was to provail up0n 

the agencies of federal, state and local governments to tackle tho probl,:;m 

on a cooperative, rather than on a competitive, basis. It urged that the 
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common objective should be to consolidate their efforts in encouraging 

farmers, land owners and other interests to stop prevailing malpractices. 

As a result of the pursuance of such a program, the scars of clear­

cutting and burning of woodlands and of improper utilization of agricultural 

lands have largely disappeared from the landscape of the Delall1Tare River Valley. 

Obviously, the new Commission, in contrast to the situ~tion that con­

fronted Incodel at its inception, now has a sO~lnd and solid foundation upon 

which to build a. plan for the further enrichment of the soils and forests of 

the Delaware Basin. 

Watershed Associations 

These are several other activities that Incodel has spearheaded of which 

the new Commission will be a. substantial beneficiary. Foremost among them is 

our program to stimulate the local people in the numerous tributary watersheds 

which comprise the Delaw9.re River Basin to form watershed associations, pat­

terned after the Brandywine Valley Association, to formulate policies and plans 

at the grass-roots for the development and conservation of the natural resourc ',':s 

of their respective drainage basins. 

By latest count, there are now at least 15 such associations in the 

Delaware Valley. Two of them, the Neshaminy and Wissahickon Valley AssOCiations, 

are growing in strength and stature day by day. These r):r~anizp.t ions promi8o 

to rival the accomplishments of the Brand~Nine Valley group in the future, Ma~J 

of the other watershed groups are becoming increasingly effoctive. All of them 

have a cormnon goal - the proper development of their natur:ll resourcos. 

These watershed associations, together with regional and county plc.nni'1p.: 

agencies, will undoubtedly be a tremend")us source of support and aid to the 

new Commission in the advancement of its programs. 

http:Delaw9.re


Summary 

I have tried during the past few minutes to recount briefly some of the 

activities in which Incodel has been engaged in the past. And I have attempt'3d 

at the same time to show that the products of our efforts have resulted in ac­

complishments constituting essential components of the comprehensive plan for 

the control, development and utilization of the water resources which the new 

Delaware River Basin Commission has been directed by interstate-federal c')mp ;:i. _~t 

to adopt and execute. 

In compliance with this directive J the compact Commission has now embar<~d 

upon a new era of water and related natural resources development in the Dcl. ,9.W~ 

River Basin. Last night, Secretary Goddard painted a picture for you of how he 

believes the Basin will look in the year 2,000. Immediately following my r8p8rt 

the executive director of the new Commission, James F. Wri~ht, will conclude this 

Conference by giving you a preview of the kind of organization and programs the 

Commission will utilize in order to give life to the picture the Secretary 

9nnsiol.1s. 

For myself, in closing, I am delighted to state I am confident that the ('ra 

which the new Commission has opened will be one of good will and effective co­

operation among agencies of government - federal, state and local - and between 

government a.nd the people. I expect that all interests concerned will corrtr::'C.1tc 

constructively toward the moulding and prosecution of -3. fully c:)mprehansivc: r~· . :"J. 

for the wise control and utilization of the resources of our great Delaware r·t--:.:2 r 

Valley. I join Secretary Goddard in believing that by the turn ·jf this century 

most of the projects comprising such a plan will have been completed and placed 

in operation. 

Obviously, I will not be around then to see whether our dreams c')me true. 

However, one of my life's greatest satisfactions will be experienced if I am 

present when ground is broken for the Tacks Island project. This event, it 

http:9nnsiol.1s
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seems, is now only two or three years away, It will mark a most ~mportant 

mile-post in the Delaware River Basin plan. I am looking !orw~rd to the 

pleasure of being on hand to celebrate the occasion. 

*** 
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You have heard many fine speeches in the last t.wo days. You have heard 

some clear and expositor.y, some involved and technical, some proud and 

optimistio, some frightening in their potential, and now mine which will not 

be very technical, won't be the most interesting, won tt be the most pessimiBt~.C, 

but will be the most welcome because it is the last one. 

The Delaware River Basin Commission at the moment is a fledgling agency 

which has no difficulty in seeing, especially at this traditional Conference, 

that its work got under w~ a long time before it arrived on the SCene during 

the past yea:r. 

Thanks to the work of our forerunner organization, Incodel, and the many 

state and federal agencies, our Commission will have plenty to build on as it 

embarks upon the assigned mission of coordinating a massive program for develop­

ing the resources of the beautiful Delaware and its tributaries. 

The Commission is mindful, also, that it is the agent of the Basin's 

millions of residents. This new Commission is not unlike the one Incodel had 

proposed for the Delaware River Basin nearly a decade ago. But for the lack 

of approval of one legislative branch in 1953, the compact agency inspired by 

Incodel might lOng since have been on the job and Herb Sowlett and I would still 

be in California. 

Incodel has done much to bring into focus the Basin's needs that our 

Commission will be trying to fulfill. we have alreaqy profited Qy our 

association with Incodel. We hope that our plans to absorb it into our 

organization serve as ample evidence that we do not intend to turn our backs on 

the achievements of our predeoessor interstate organization. We have a foun­

dation whioh we appreciate. I am also authorized by the Commission to eta;Y' that 
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we want to continue the relationship with the legislative committees of Incodel 

in an advisory capacity which have proven so valuable to the staff of Inoodel 

in the past and toward this end we shall be working during the next few months. 

This is a good opportunity to elaborate on the subject of the Commission's 

relation with others. Those attending this Conference largely represent orga~~.­

zations or agencies whose purposes make them allies of the Commission and whose 

functions may appear to overlap with ours at times. Some concern has been 

evidenced that the Commission might be trying to undertake work now properly 

regarded as the province of existing state agencies. To this I can only say 

that you don't know my commissioners very well. 

The framers of the compaot were acutely aware of the situation and were 

forthright in establishing a policy that we must follow in our relations with 

public agencies with whom we have an identity of interest. Any apprehension 

that the Commission will be doing any jurisdictional poaching should be allayed 

by this statement in the compact: tilt is the purpose of the signatory parties 

to preserve and utilize the functions, powers and duties of existing offices 

and agencies of Government to the extent not inconsistent with the compact and 

the Commission is authorized and directed to utilize and employ such offices 

and agencies for the purposes of this compact to the fullest extent it finds 

feasible and advantageous tt 
• This is a clear and direct order and there is no 

intent to depart from it. 

I might indicate that we have already dealt with a situation which I think 

evidences our full faith and confidence in this particular. I refer to the 

Tri-State Fisheries Resource Study Which was launched in 1959 by Pennsylvania, 

New Jers6.Y, New York and the United States Fish and Wildlife Service. In four 

years, this program has produced a mass of information on the upper Basin's 

fish speoies, including inventory, fluctuating population, age, gr~wth rate and 

spawning areas, as well as river chemistry, flow and temperature. But not 

until this information is analyzed and evaluated can decisions be made on how 
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river development installations can best be designed and located to protect 

and propogate fish crops and promote more fishing activity. 

We might have undertaken this project ourselves, but after careful con­

sideration, our Commission, last month, adopted a resolution recommending that 

the Federal Fish &Wildlife Service do the job and be given the wherewithall 

by Congress and the Bureau of the budget with the full cooperation pledged by 

the interested states and by tha Commission in the work leading up to the final.. 

analysis. 

Under the unique features of the compact which make the Federal Gover~8nt 

a partner in our border crossing agency, we especially welcome the opportunity 

to work in harmony with agencies of the Federal Government. We also recognize 

our obligations to help agencies of the participating jurisdictions, as well as 

to respect their boundaries of interest. 

We know that we have a common interest with many non-governmental groups, 

watershed organizations and other important organizations, whose work involves 

the Basin's natural resources. Our C~aission can be expected to maintain its 

close association and cooperative efforts with these groups just as it is 

doing and will continue to do with the Water Pesources Association. 

I have been asked to outline briefly to you how we are gOing to be 

organized and what programs we will carryon. We are organized into an Execu­

tive Division, Which will be the policy division of the Commission, and will 

concern itself with the "ivory tower" thinklng, with the rtimagineeringtt, if we 

may use the term, of the problems ahead, with the relationships between the 

Commission and the various state and federal agencies and with the direction 

and coordination of the technical work. This will be supported by an admini­

strative division of more or less standard functions which I will not elaborate 

upon. 
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There will be an Engineering - Planning Division, at this time composed 

of three branches. One will be the Project Planning Branch, one will be the 

Project Review Branch and one will be the Water Quality Branch. The focus of 

the work of these three branches will be in the Chief Planning Engineer, Mr. 

Howlett, whom you heard talk yesterday. 

I would really like to discuss in some detail with you the specific 

programs that we have planned to undertake for the remainder of this fiscal 

year and for the next fiscal year. 

We have identified at this time nine programs. 

Program No. one (1) is our continuing inventory of water supply. From 

data collected from numerous agencies which is not now completely combined in 

a form Suitable to inventory of water supply from the viewpoint of the Commiss­

ion, we hope to put together a SUllm'lary of significant water supply information. 

To the maximum extent possible we expect to use established agencies for raw 

material. Our function will not be original collection, but rather compilation 

and analysis. 

Our second program (2) will be concerned with analysis of population and 

requirements for land and water use. As in the case of program one (1) we Hill 

not be duplicating the work of the agencies already carr.ying out this function, 

but will be putting together from many sources the significant facts about water 

requirements that relate to our basin needs. 

Program No. three (3) will be devoted to a~~ual requirements for recreation 

fish and wildlife within the basin. He need to develop here a central a't-rareness 

of the many programs being maintained by each of the states and by at least a 

half-dozen federal agencies -- to cast them into perspective and to evaluate 

the sum of these programs in relation to other water resource projects being 

concurrently developed within the framework of the master plan. 
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Planning program No. four (11) involves an analysis Of the hydroelectric 

power potential am the market demands for pOt-ler within the basin. We Wish to 

insure, in conformance with our objective to maximize each purpose of our mult:.­

purpose projects, that full consideration will be given to the power that can 

be generated within the basin harmoniously with other purposes of the master 

plan. 

Program No. five (S) encompasses the investigation of the projec~s proposed 

or u~~ertaken by agencies other than the commission and which are not now spe­

cifically embodied within the present phase of the comprehensive plan. We must 

develop principles and policies concerning the classes of projects that need to 

be submitted to the Commission for its review. We must develop the rules, rr?­

cedures, and forms necessary to carry out this review expeditiously.. This pro­

gram will envisage frequent and almost constant liaison with public and private 

agencies working on water-related matte~s of the basin and will require review 

of projeots which must be submitted to the Commission to determine compatibility 

to too comprehensive plan. 

Program No. six (6) contemplates a continuation of the basic purposes of 

Incodel, expanded as may be necessar,y to meet the major legal requirements 

assigned to the Conrnission under the compact. It will encompass familiarizatiJn 

with work oarried out by state health departments and federal agencies in t~e 

field of stream classification and quality standards because of the necessity 

of updating and modernization. It will, of course, require that close liais~n 

with all federal agencies, particularly Public Health Service and Geological 

Survey, be maintained to insure full interchange of informatio:1 on q'lality 

conditions. It will require the ordering of all such information into a com­

prehensive pattern for each of the appropriate reaches or sections of the ba~i~ 

It will necessitate the integration of water quality and waste disposal plans 

with other programs for use or water resources within the basin. 
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Program No. seven (7) deals with flood loss reduction planning. We visu~~­

ize the necessity for complementing tr~ work of the Corps of Engineers, Soil 

Conservation Service and other agencies in providing flood control stI""lctures 

for correlary programs of a non-structural na.ture to promote maximum reduction 

of flood loss. Our efforts here will be largely concerned with study and 

analysis of methods which can be used by local jm-isdict.ion for their own 

protection. In all programs we will, of course, carefully investigate the nature 

and extent of similar aotivities being carried out by state, federal and other 

agencies also working on this problem, and cooperate with them to determine the 

most effective way in which Commission efforts can be directed towards better 

developing those local protections that will reduce flood dangers and losses. 

Our eighth (8) program has to do with basin operation planning. Consistent 

with many of the ideas that have been outlined in the discussion of the studies 

currently under wa.y at Harvard, we feel that 't.re should begin to consider 

~ll ahead of the time when these planned projeots will beoome a reality 

the methods to be used to insure integrated operation of all the projects witt~n 

the basin as contemplated by the comprehensive pl~~. As in all other programs, 

we hope to familiarize ourselves with the operational aspects of the projects 

being planned or constructed by each of the states and the federal agencies 

involved, and, from all of this, find cooperative schemes for basin operation 

that will produce the greatest yields and best uses of water resources. Such 

a program in tod~ 's society 'Will require increased use of electronic data pro­

cessing and electronic computing equipment. 

~ ninth (9) and last program is concerned with the development, maintf''1­

ance and custoqy of the comprehensive plan and the water resources program. 

Within this pr~ram we will provide direction to the various studies envisaged 

in the other component programs previously described. We will initiate studies 

of alternate economic and fiscal analysis to determine the basic allocation of 
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oosts and priorities to evaluate compatible and incompatible uses of the 

river system. We will develop and recommend an annual water resouroe program-­

a statement of supply USer demands and a listing of v.Torks proposed fo~ con­

struction by any agenoy Juring the ensuing six ye ars -- and recommend amend­

ments to the comprehensive pian. Within this program we hdpe to tie together 

the related ~ separate activities encompassed in the programs previously 

described. 

When I cons ider the task befo.re us , with all that has been done so far, 

with so much knowledge to be assimilated and correlated, with so many different 

agencies, with so much more to learn, and with so little control of great 

natural forces, I think we seem sometimes like prisoners communioating by 

shouts and by knooking from oell to cell, under the strange illusion that we 

are thereb,y operating the penitentiary ourselves. But when I consider how 

much has been done, not only in physical works, but in the free and full ex­

change of plans and knowledge and purpose in the concessions of sovereignty ard 

in the joint protection of mutual rights and interests, I know that we shall 

sucoeed, and go forward together. 

*** 
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