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TRENDS IN THE ENGINEERING PROFESSION 

Presidential Address by WILLIAM L". HYLAND 

Boston Society of Civil Engineers, March 18, 1959 

It is the privilege of the retiring president to speak his mind on 

what interests him most, and I have decided to discuss certain aspects 

of the profession which seem to need discussion and attention more 

than others. I note that I am not alone in selecting this type of sub

ject. A perusal of the list of top!cs selected for addresses of retiring 

presidents reveals that most of them deal with the status of the en

gineer or of engineering. My remarks will pertain to engineering as 

it is practiced in the United States and will touch upon civil engineer

ing as well as the profession as a whole. 
During the past ten years the civil engineering profession has 

enjoyed a steady, but unspectacular growth. This is in contrast to 

prior years when the fortunes of the profession were up and clown, as 

influenced by World War II and by the great depression. 
As professional practitioners, civil engineers are in the majority 

in the profession as borne out by the records of Boards of Registration; 

the percentages of registered engineers country-wide are approximately 

56 per cent civil, 16¼ mechanical, 18¼ electrical, and 7 each for 

chemical and mining. 
In terms of over-all growth, civil engineering is being outrun by 

some other branches of engineering, particularly by those active in the 

missile and rocket industry and in research and development. The 

tremendous activity in these fields, fed largely by outlays for national 

defense, and the attendant publicity, has focussed attention on these 

as the major benefactors in the field of technology. 
For reasons which are not entirely clear, many civil engineers 

69 
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have become discontented with the status of their profession. This 
was clearly revealed in the responses received to the questionnaire 
distributed by the "Task Committee on Professional Education" of 
ASCE, in its study of membership opinion of the profession, reported 
in the February, 1958 issue of "Civil Engineering." The study was 
aimed, of course, at improving civil engineering education, but some 
of the questions gave opportunity for the respondents to reveal their 
views on the broader aspects of the profession. Typical of the views 
expressed were the following: 

1. Many civil engineers feel that the public does not think that 
civil engineering is as important as other branches of engineering. 

2. Many civil engineers feel that civil engineering is not the 
best choice of an engineering profession. 

3. An appreciable number of civil engineering department heads 
and deans believe that civil engineering is the least promising branch 
for the future of the students. 

These are some of the more dismal commentaries of the respon
dents, and evidently the Task Committee was shaken by what it heard. 
The Committee in its report made an excellent presentation of some 
of the problems in the profession and finally suggested a framework 
for improving undergraduate curricula in civil engineering. 

In contemplating these pessimistic views, I wonder if civil en
gineers realize the practical limitations of growth of their profession, 
and the vital, long-range importance of their accomplishments. 

Civil engineering has always been geared to construction. An
other factor which influences growth indirectly is population. But 
construction has the most direct influence. The accompanying diagram 
shows the variations in physical volume of construction since 1915. 
The effects of fluctuations in the value of the dollar have been elimi
nated by adjusting dollar volume to 194 7-1949 prices. 

I believe that this diagram would serve almost equally well as an 
indication of the growth of civil engineering. There is no spectacular 
growth shown here. Prior to 1950 there was no steady growth. In 
fact, until the year 1950 we had not exceeded the physical volume of 
work carried out in 1927. 

Since 1950, however, due largely to housing and industrial expan
sion, there has been a steady growth in construction, and by inference, 
in Civil Engineering, of about 5 per cent per year. 
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Strangely enough, the growth in numbers of students taking civil 
engineering in colleges has been almost in step with the growth of 
construction. Again referring to the Task Committee, its report shows 
an increase in enrollment of 26 per cent from 1952 to 1956, or some
what more than 6 per cent per year, which is only slightly ahead of 
the rate of growth of construction. 

We have never been able to gauge reliably the adequacy of the 
supply of civil engineers and over the past several years we have blown 
hot and cold on this subject. We were misled in 1949 when a govern
ment agency, through a mistake in statistical data, forecast an over
supply of engineers. This soon proved incorrect; in fact, beginning 
in 19 50, there were indications that a general shortage through most 
branches of the profession was developing. This shortage, which later 
became more acute, did not exist, however, within the civil branch of 
the profession. Even now, civil engineers seem to be in sufficient 
supply and in some areas there seems to be a surplus. 

I believe that in a profession as stable and as convent_ional as 
civil engineering the law of supply and demand works pretty well, 
and shortages of talent in the profession and of students in the col
leges are likely to be short-lived. In contrast, there are large and 
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persistent shortages in some of the newer fields of engineering and 
scientific activity, and particularly the ones that are being stoked by 
tremendous outlays of government money. 

With these points in min.d, I would cancel out programs to induce 
young people to go into the field of civil engineering. I would, how
ever, foster programs for counselling, and would encourage those with 
good talent and high interest to enter the field. 

To turn for a moment to the other branches of the profession, the 
ones that have grown most rapidly are those that are in manufacturing 
and defense industries and research and development. Since World 
War II, the gross national product has more than doubled and re
search and development activities have increased five times, creating 
a great demand for electrical, mechanical, and chemical engineers and 
physicists, which cannot yet be met by our engineering schools. This 
explosive growth is not at all to be compared with the more pedestrian 
tempo of civil engineering. 

To revert to the three pessimistic views previously mentioned, 
gleaned in the Task Committee's survey, I would say: 

1. To civil engineers who feel that the public does not think 
that civil engineering is as important as other branches of engineer
ing, I would say: In the public mind, engineering is regarded in toto, 
and there is little understanding of the nature of the work done by 
the various branches. Therefore, the civil engineers' conclusion that 
the public thinks less of civil engineering than the other branches 
seems to have no sound basis. 

2 and 3. To those who feel that civil engineering is not the best 
choice of an engineering profession, and that it is the least promising 
branch for the future of the students, I would say: Both civil en
gineers and educators seem to be influenced in their thinking by the 
potential of the space and defense industries, and in comparison civil 
engineering looks prosaic indeed. Civil engineering is linked to con
struction, and to a degree, like the professions of medicine and law, 
to population. In contrast, the defense industries are activated by 
defense appropriations, and to pressures exerted by Russia. I can 
only conclude that I disagree with the opinion of these pessimistic 
members of our profession. I am certain that there will continue to 
be a sufficient supply of young men entering the profession to meet 
the demands, even in competition with the more rapidly growing fields. 
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For many years, longer than most of us can remember, there has 
been a desire among engineers for greater unity throughout the profes
sion. There was an 1886 address before the American Association for 
the Advancement of Science on unification of the engineering societies 
and a proposal was made in 1889 for an Academy of Engineering. 
Progress has been slow but in recent years there has been more in
terest, resulting in a better understanding of the problem. 

A conference sponsored by Engineering Societies of New England 
on engineering unity was held in Boston in April, 1958. The confer
ence was addressed by officers of American Institute of Electrical 
Engineers, Engineers Joint Council, Engineers Council for Professional 

Development, and National Society of Professional Engineers, and 
was attended by representatives of twenty of the twenty-six affiliated 

societies of ESNE. 
In brief, Mr. Mervin S. Coover, past president of AIEE, and Mr. 

Garvin H. Dyer, president NSPE, recommended the adoption of the 
AIEE plan, sometimes called the Coover Plan; Mr. Enoch Needles, 
President, EJC, demurred; and Dean William P. Kimball, represent
ing ECPD, was reluctant to endorse a definite plan at this time. 
(There has been much written about the Coover Plan and other unity 

plans and they will not be described here.) 
A transcript of the conference was furnished the ESNE affiliates 

with a request that each inform ESNE of their position with respect 
to the proposals made at the conference. 

The Board of Government of BSCE reviewed the work of this 
conference and was unanimous in advising ESNE that taking a stand 
on the Coover Plan at this time would be premature. 

Both ASCE and ASME are contemplating ways of improving 
unity in the profession. ASCE last year designated EJC as the official 
organization to work with and through, as the "unity" umbrella for the 

profession. EJC then had 11 constitutent societies, representing about 
250,000 members of individual societies, about one-fifth of the total 
number of engineers and scientists in the United States. 

ASME has been discussing a proposal for an American Engineer
ing Association, which was characterized as taking organizations, 

preferably the existing ECPD, EJC, and NSPE, and putting an um
brella over them. An alternative proposal was to omit the umbrella 
organization and get along as best we can with what we've got. 
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My own view of all of this is that for the present we should look 
favorably upon the ASCE's action in designating EJC as the unity 
umbrella for the profession. We will still have to look to NSPE; how
ever, for services on most legislative matters affecting engineers. 
NSPE has the appropriate tax status and an organization in every 
state, enabling it to work effectively in the area of legislation. I feel, 
too, that throughout the profession there is a lack of understanding of 
the various unity proposals and more discussion and interest at the 
local level is needed. This subject is more pertinent to the activities of 
other societies such as the Massachusetts Society of Professional En
gineers, ASCE, or ESNE than to ours, but I feel the Boston Society 
of Civil Engineers should do what it can to clarify this problem by 
joining in discussion with the aforementioned groups from time to 
time. 

Engineering education has been undergoing a reappraisal and 
some engineering schools are leaning toward more courses in basic 
science, at the expense of professional courses which are being rele
gated to the graduate school. This is definitely the trend in me
chanical, electrical, and chemical engineering, and, to a lesser degree, 
in civil engineering. 

It is helpful to consider this general trend in the light of the na
ture and scope of the civil engineering profession; of the best descrip
tions of which I have heard is the following one given by Gordon S. 
Brown before ASME-ASEE Power Conference held in Boston in 
1958: 

"The field of civil engineering, the oldest of our disciplines, is a 
profession where the engineer-client relation is very important, where 
contemporary practice has been arrived at after many years of pain
staking effort to optimize the rather rigid requirements of public 
safety, capital cost, time for completion, and so forth. Experience 
and previously demonstrated feasibility play major roles. Mature 
judgment is at a premium, since almost every big job has its own set 
of social, geographical, environmental, and economic factors. Change 
can seldom be more than a balanced blend of new and old." 

The last sentence of Dr. Brown's definition can be applied to the 
current state of civil engineering education; it is a blend of old and 
new. Many schools, particularly the cooperative institutions, still 
continue with the "old," namely, a mixture of vocational courses, pro-
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fessional courses, the humanities, and sciences in the undergraduate 
school. Others, particularly those having outstanding graduate schools 
are changing the civil engineering undergraduate curriculum by includ
ing more of the "new," namely, science, at the expense of surveying 
and drafting, design courses, and the humanities. These changes to
ward more science are not palatable to most civil engineering depart
ment heads. The enrollment in civil engineering courses is decreasing 
in many schools that are trending toward straight science. On the 
other hand, the enrollment has been steady or increasing in most 
schools which have not departed far from long-established curricula. 

It is only natural that science, which has come into its own, would 
become more of a factor in civil engineering education. Regardless of 
opinions pro and con as to the desirability of the curriculum adjust
ments that are being made, in my opinion, a net gain will come of the 
current broad-spread interest and inquiry on the part of engineers as 
well as educators. The scope of civil engineering is so broad as to 
assimilate those with either type of scholastic training. If the stress on 
science results in more men taking graduate courses, so much the 
better. 

In engineering practice, there has been a considerable increase in 
the number of consulting firms and a heightened interest in the various 
aspects of professional practice. 

Civil engineering affords a better opportunity for individuals to 
enter private practice than any other profession excepting medicine 
and law, and construction growth since 1950 has been sufficient to 
attract many newcomers. 

Some undesirable situations are noticeable in private practice, one 
being non-professionals owning and exercising the sole control of 
firms which are formed for the purpose of furnishing professional 
services. I hope that some way will be found of controlling this situa
tion through legislative channels. Another example is an architectural 
firm undertaking a project which is predominantly an engineering one, 
or vice versa. There are reasonably clear tenets developed by joint 
action of architects and engineers, through their professional societies, 
as to which types of projects are appropriate for architects on the one 
hand and engineers on the other, but these criteria are not yet well 
known by those who procure professional services. 

The package plan, whereby the client purchases the engineering, 
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financing, and construction under one contract, has become quite pop
ular. This plan has its place, but it seems that an added safeguard 
for the clients should be provided, by means of a review of the design 
and by inspection of construction, under an arrangement separate and 
apart from the basic contract. In the field of public works, the pack
age plan has not yet become a factor in this country, although it is 
popular in many foreign countries. Its principal weakness is the lack 
of protection of the owner against poor design, poor work, and ma
terials, but these objectional features can be overcome as suggested 
above. Another objectionable feature of the plan is the inherent dan
ger that early planning decisions, which sometimes freeze subsequent 
design, are made by salesmen or business executives and not by 
qualified professionals. Against this objection can be overcome by em
ployment of a third party qualified to advise and safeguard the 
clients' interests. 

Registration of engineers provides a degree of protection for the 
public and has improved the public regard for the profession. Ob
viously, any improvement in public relations will have, in time, a 
beneficial effect on the general status of engineers. The engineering 
societies are increasing their activities in making the public more 
aware of the worth of the engineer. Also, individual engineers are 
becoming more conscious of the desirability of doing what they can 
to increase public awareness of their works. This is a field in which 
there are as yet no rules, except adherence to codes of ethics and 
propriety. 

The advent of the electronic computer has opened up wide pos
sibilities for application of scientific methods in engineering planning 
and design. In a profession as old and stable as civil engineering, it 
is not surprising that this new tool is being adopted but slowly. The 
experience so far with computers is that net savings in design costs 
are not being realized. The opposite may be true when computer pro
grams will be available in sufficient number and variety to permit more 
repetitive use. The computer is being utilized at present mostly on 
highway design, but more and more its b.roader potentialities are being 
understood. 

There is no apparent solution to the dilemma in which we are 
confronted with the necessity for producing jobs promptly and within 
a limited period leaving no opportunity for research or the scientific 
approach whereby the results might be improved. 
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There is a greater need for civi_l engineers to try to visualize the 
future. The tempo of technological advance has increased and change 
will become more frequent than in the past. It took a generation for 
reinforced concrete and soil mechanics to work their way into en
gineering, and there was plenty of time for adjustment to these inno

vations. In the future there will be more rapid change, shorter useful 
life for many structures, and more obsolescence. 

In contemplating his lot, the civil engineer should realize that his 
profession is the oldest of our disciplines. His work benefits whole 
communities and continually affects the course of civilization, all with
out much realization o,f this on the part of those who are served. More 
frequently he has to draw upon the art rather than the science of his 
calling, and his problems are solved by a knowledge which is a mixture 
of the old and the new. He realizes that in the future there will be a 
more rapid technological advance, which may render even the most 
promising engineering graduate technically obsolete much sooner than 
heretofore. Within this framework the Boston Society of Civil En
gineers will have even a greater responsibility to unite its members for 
their own advancement and for that of the profession. 
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DEVELOPMENT AND DESIGN OF HOPKINTON
EVERETT RESERVOIR PROJECT 

BY JoHx \V:1-r. LESLIE,* ivfember 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Hydraulics 
Section, B.S.C.E., held on Xovember 19, 1958.) 

The typical New England river basin, with its peculiar combina
tion of hydrologic and economic factors, exhibits characteristics which 
distinguish its floods from those in other parts of this country and 
elsewhere in the world. These characteristics which distinguish New 
England river basins from all other basins and the basic principles 
which must be considered in the analysis of our flood problems were 
discussed in considerable detail by Brig. Gen. Alden K. Sibley, Di
vision Engineer, U. S. Army Engineer Division, New England, in his 
paper "Flood Control in New England," which he presented at the 
meeting of the American Society of Civil Engineers on 15 October 
1957 and which was published as Paper 1517, January 1958 WWl of 
the Journal of the Waterways and Harbors Division of the Proceed
ings of ASCE. It is well worthwhile to cite the seven principles devel
oped in that paper as they are typical of the :Merrimack River Basin 
and lead into the Hopkinton-Everett project which is the subject of 
this presentation. These principles are: 

( 1) Large dams on main streams are economically prohibitive. 
(2) Watershed control must be achieved by numerous reservoirs on the 

tributaries. 
(3) Power and flood control multiple-purpose projects are rarely justified. 
( 4) In each river basin, local protective works must supplement tributary 

reservoirs to form an integrated system for the basin. 
(5) Reservoir systems must be designed to permit particularly precise 

operation for desynchronization of tributary flows. 
(6) The systems must be designed to meet the peculiar prevalence of flash 

type floods rather than floods of inundation. 
( 7) As floods can occur in any season, the flood control and warning systems 

must operate effectively twelve months a year. 

The Merrimack River Basin (Figure 1) with a drainage area of 

* Chief, Engineering Division, U.S. Army Engineer Di\'ision, N"ew England, \Yaltham, 
:IIass. 
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5,010 square miles is one of the five major flood producing basins in 
New England. The main stream and principal tributaries are lined 
with developed communities that were the center of the textile and 
shoe industries. Although changing economics brought a decline to 
these industries this same changing economy has re-established the 
area with a concentration of plants producing plastic and electronic 
parts. The flood history extends back to 1785 with river level records 
at Lowell maintained since 1846 and damage records since 192 7. 
Three major floods have been experienced in the past 3 decades; 
1927, 1936, and 1938. Fortunately, the disastrous floods of 1955 
missed most of the basin but the Nashua and Concord R1ver drainage 
areas experienced flows approaching those of 1938, the second greatest 
flood of record in the basin. 

The greatest flood was experienced in March 1936 when damages 
amounting to $35,000,000 were suffered. At Concord, N. H. flood 
levels were 5 feet over the floors of industrial plants; at Manchester 
water was 10 feet above mill floors; at Nashua flood waters were 8 
feet high inside industrial establishments; and similar heights were 
experienced at Lowell, Lawrence and Haverhill. A recurrence of this 
flood today without the presence of flood works would cause damages 
amounting to $160,000,000. 

To date, three flood control reservoirs and four local protection 
projects at downstream damage centers have been constructed in the 
basin. The Franklin Falls Dam on the Pemigewasset River, the larg
est of the reservoirs and in fact the largest flood control reservoir in 
New England, has a storage capacity at spillway crest of 154,000 acre 
feet equal to 2.9" of runoff on a drainage area of 1,000 square miles. 
The Blackwater Dam on the Blackwater River at Webster has a stor
age capacity of 46,000 acre feet equal to 6.7" of runoff on its 128 
square mile drainage area. The Edward MacDowell Dam on Nuba
nusit Brook at West Peterboro, New Hampshire has a capacity of 
12,800 acre feet equal to 5 .5" of runoff on the drainage area of 44 
square miles. 

· Floodwalls, dikes, conduits and pumping stations have been con
structed at Nashua, New Hampshire and Lowell and Haverhill, Mas
sachusetts on the Merrimack River. Channel and bank improvement 
and wall constructi_on have reduced the flood hazard at Fitchburg, 
Massachusetts. 



HOPKINTON-EVERETT RESERVOIR PROJECT 81 

Although the projects constructed to date provide a substantial 
degree of flood protection, additional storage capacity is needed to 
insure that flood walls and dikes would not be overtopped in a recur
rence of 193 6 flood conditions. As an example, the existing reservoirs 
would reduce a recurring 193 6 flood to the level of the top of the local 
works at Lowell and Haverhill without allowance for freeboard or 
wave action. Also substantial areas outside the dikes and walls would 
again suffer damages unless additional flood storage is provided in the 
basin. 

In the years since 1936 the basin has been extensively investigated 
to find additional sites which would be feasible for development for 
flood control storage. Over SO sites have been examined with drainage 
areas varying from 1,000 square miles at Franklin Falls down to 5 
square miles at locations in the headwaters of the tributaries. Many 
of these were dropped from consideration because of excessive inter
ruption with existing developments such as industries, major roads and 
utilities, and community centers. Others failed to indicate sufficient 
reduction in flood flows and damages to warrant expenditure of the 
required costs. The few sites that appeared feasible for flood control 
development met substantial opposition from residents in and adjacent 
to the project area. 

The Hopkinton-Everett project studies were initiated by Col. 
Leonard B. Gallagher when he was assigned to the Boston District of 
the Corps of Engineers and developing plans for the flood control pro
gram in the Merrimack River Basin. As it became increasingly evident 
that the storage required in the Contoocook Basin could not be eco
nomically developed on the main stream, Col. Gallagher conceived the 
idea of diverting part of the storage to the Piscataquog Basin by means 
of a canal. The Hopkinton-Everett project with its two dams, four 
dikes, and two canals is shown on Figure 2. The storage capacity of 
this dual storage area project is 157,300 acre feet or slightly greater 
than that of the Franklin Falls project. However, the water surface 
area at spillway crest will be about 14 square miles, nearly 3 times 
that of Franklin Falls and slightly greater than the areal extent of the 
Town of Wellesley, Massachusetts. It is of interest to note that the 
Fort Peck Reservoir on the Missouri River has an area about equal to 
that of Norfolk County, Massachusetts, which includes 27 communi
ties in addition to Wellesley. The storage in the Contoocook Basin 
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part of the project at Hopkinton spillway crest amounts to 70,800 acre 
feet or 45 % of the total. In order to have the total storage of 157,300 
acre feet in Contoocook Basin it would be necessary to raise the crest 
of the Hopkinton Dam by 20 feet. Such an elevation would inundate 

a sizeable portion of the business center of Henniker, N. H. 
In addition to the outright purchase of, or acquisition of flowage 

easements on, 8,800 acres of land in four ( 4) towns, major modifica
tion of state and local road networks and utility systems are required. 
The relocation or abandonment of a railroad, the relocation of 4 ceme
teries, and alteration of a water supply station are other components 
of the project. Pertinent data relative to the varied features of the 

project are set forth in Table No. 1. 

TABLE !-PERTINENT DATA, HOPKINTON-EVERETT RESERVOIR. 

REAL ESTATE 

Land 
Improvements 

RELOCATIONS 

State Highways 
Town Roads 
Power Lines 
Telephone Lines 

(5 companies) 
Henniker Water Supply 
Cemeteries ( 4) 
Railroad 

PRINCIPAL QUANTITIES 

Common Excavation-General 
Common Excavation-Borrow 
Rock Excavation-Open Cut 
Rolled Earth Embankment 

Impervious 
Pervious 
Random 

Rock Fill 
Gravel 
Concrete 
Portland Cement 
Steel Reinforcement 

ESTIMATED COST 

Fee Area Easement Area Total 

6,150 Acres 
127 Acres 

15 miles 
8 miles 

19 miles 

2,650 Acres 
56 Acres 

56 miles 

1400 graves 
6 miles 

3,750,000 cu. yd. 
1,625,000 cu. yd. 

590,000 cu. yd. 

1,520,000 cu. yd. 
995,000 cu. yd. 
315,000 cu. yd. 
610,000 cu.yd. 
380,000 cu. yd. 
41,000 cu. yd. 
·62 ,ooo cu. yd. 

2,100,000 lb. 
$30,800,000 

8,800 Acres 
183 Acres 
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As might be expected, the proposal of a project of this magnitude 
aroused many differences in ideas and desires before it finally reached 
the design stages. Upon preparation of the original report recommend
ing this project, there arose a problem as to the compatibility of the 
Hopkinton-Everett project with potential power development. It was 
argued by some that use of a portion of Hopkinton-Everett for power 
and development of other sites for flood control would be more in the 
public interest. In addition, there was considerable concern in the 
region as to the interference of the project with agriculture, travel 
patterns, and other facets of the economy. The completion of the New 
England-New York Inter-Agency Committee studies several years 
subsequent to the original report on Hopkinton-Everett did much to 
clarify the relationship between power and flood control storage po
tentials in the basin: a clear demonstration that multi-purpose power 
and flood control projects are rarely justified in New England. 

The approval of the project by the New Hampshire people was 
not obtained until 195 7. Although authority for construction for the 
project existed since approval of a project report by the Chief of 
Engineers in 1940 steps were not taken towards design or construction 
until the head of the State, after review, formally concurred in the 
construction. This is in accordance with the Flood Control Acts and 
Corps of Engineer policy. Subsequent to World War II the agencies 
of New Hampshire and Massachusetts charged with water resource 
responsibilities initiated steps to effect a compact between the states 
to assist in the resolution of common flood control problems. A Com
pact between the states which includes provision for reimbursement 
of part of the tax losses in New Hampshire by Massachusetts and 
for compensation for economic losses by the two states was approved 
by the Massachusetts and New Hampshire Legislatures and subse
quently by the Congress of the United States in 195 7. Thus 19 years 
passed between conception of the two basin storage idea and accept
ance of the idea by proper public agencies to enable initiation of design 
studies. 

As soon as approval of the State of New Hampshire was received, 
design studies were initiated in the spring of 19 5 7 with funds made 
available by the Congress. As of now our preliminary designs have 
been approved by. the Chief of Engineers, and detail designs are being 
processed with construction plans to be advertised for bids in the late 
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summer of 1959. A road construction contract will be advertised in 

the early spring of 1959 to prepare the way .for dam construction. 

Everett Dam is scheduled for operation in the fall of 1961 and Hop-

kinton Dam will be in operation in the fall of 1962. · 

This paper, up to this point, has been concerned with the flood 

problem in the Merrimack River Basin and the relationship of the 

Hopkinton-Everett project to that problem. Hereafter, emphasis will 

be directed to the design of the project a~d its ·.components. 

The project as depicted on Figure 2 is made up of three compo

nents; the Contoocook storage area, formed by Hopkinton· Dam, 

Dikes H-2 and H-3, and Canal No. 1; the Piscataquog storage area, 

formed by Everett Dam and Dikes P-1 and P-2; and Canal No. 2 con

necting the Contoocook and Piscataquog storage areas. 

The geologic conditions in the Contoocook and Piscataquog por

tions of the project are considerably different. In general, large 

amounts of impervious materials are available from required excava

tion in the Contoocook (Hopkinton) area. Rock is available from 

the spillway excavation. Pervious materials must be borrowed outside 

the construction· area. In the Piscataquog (Everett) area pervious 

material and rock are available from required excavation. Impervious 

materials must be borrowed outside the construction area. 

Hydrologic and hydraulic problems have had considerable in

fluence on the design of the dams and canals and will be discussed 

with the outline of project features. 

HOPKINTON DAM 

Hopkinton Dam (Figure 3) will be a rolled earth fill embank

ment, with a length of 790 feet and a maximum height of 76 feet. 

The top elevation of 43 7 feet, m.s.l., will provide for a spillway sur

charge of 14 feet, a 2-foot head loss through Canal No. 1 and 5-foot 

freeboard. There is no overflow section at Hopkinton Dam inasmuch 

as the spillway is located about 1 mile to the east, adjacent to Dike 

H-3 (Figure No. 2). The embankment will be a homogeneous section 

of impervious fill with the slopes protected with quarry-run type rock 

on gravel backing. Embankment seepage and construction pore pres

sures will be controlled by a gravel chimney located at about the 

center of the embankment and connected to a horizontal downstream 

pervious blanket. 
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The location of the dam and design of the outlet works have been 
influenced by the existence of the Hoague-Sprague industrial dam 
500 feet downstream. The operation of this private dam will be 

interrupted during the construction period with power to be provided 

from commercial sources and process water to be furnished by pump
ing. The non-overflow section of the private dam will be modified to 
permit installation of flood control outlets and stilling basin. 

The outlet works of the Hopkinton Dam will be founded on till 
on the left bank of the river under the dam. The outlets will consist 
of two 12-foot diameter conduits discharging into the tailwater of the 
Hoague-Sprague Dam and a 12-foot diameter conduit discharging into 
the forebay of the industrial dam. 

The gate tower will be a wet-well type, located upstream of the 
dam, with access provided by a service bridge. The tower will contain 
six 6-foot wide by 12-foot high rectangular entrance conduits con
trolled by vertical lift service gates. The outlet channel bottom and 
side slopes will be paved with heavy rock fill for erosion protection. 

CANAL NO. 1 

Canal No. 1 (Figure 4) will be located about 1100 feet upstream 
of Hopkinton Dam and constructed through a ridge separating the 
Contoocook River and Elm Brook valleys. The canal has been de
signed to (a) permit operation of Contoocook River and Elm Brook 

storages as a single unit during all flows, (b) permit drawdown of 
Elm Brook storage, ( c) minimize head losses during the standard 
project flood, ( d) pass the spillway design flood without causing ex
cessive head losses affecting the top elevation of Hopkinton Dam and 
( e) provide a balance of excavated materials with embankment quan
tities. The standard project flood at Hopkinton has a flow of 51,500 
c.f.s. and the spillway design flood would produce a flow of 1.35,000 
c.f .s. To satisfy these several criteria, Canal No. 1 will generally have 
a bottom width of 120 feet with side slopes of 1 on 2.5. The max

imum cut will be approximately 110 feet. 
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. DIKES H-2 AND H-3 

Dikes H-2 and H-3 (Figures 4 and 5) will be rolled earth fill 

embankments with slopes protected by quarry-run rock upon gravel 

backing. The embankment for Dike H-2 will be comprised mainly of 

impervious fill, whereas, the embankment for Dike H-3 will consist 

mainly of random fill to take advantage of material available from 

the spillway excavation. The left abutment of Dike H-3 will be 

separated from the spillway by a concrete retaining wall. 

HOPKINTON SPILLWAY 

The spillway (Figure 5) will have an uncontrolled, fixed-crest 1 

ogee weir with a crest length of 300 feet, designed as a gravity section 

and founded on rock. The structure will have a design discharge 

capacity of 59,700 c.f.s. (the outflow for the spillway design flood) 

under the design surcharge of 14.0 feet. 
The spillway approach and discharge channels will be excavated 

in rock and earth and each will be about 2,000 feet long. The location 

and design of the spillway channel is predicated on the amount of rock 

and random fills required in the embankments. 

EVERETT DAM 

Everett Dam (Figures 6 and 7) will consist of a rolled earth fill 

embankment with a length of 2,000 feet and a maximum height of 

115 feet. The top elevation will provide for a 12-foot spillway sur

charge and a 5-foot freeboard. The embankment section will consist 

of an impervious fill core and an upstream and downstream pervious 

fill flanked with rock fill on gravel backing. The greater use of per

vious fill in this embankment compared with Hopkinton Dam and 

Dike H-2 has been developed because of the difference in availability 

of pervious and impervious materials in the Piscataquog portion of 

the project. 
EVERETT SPILLWAY 

The chute spillway, located in the left abutment and separated 

from the embankment by concrete retaining walls, will have an uncon

trolled fixed-crest, ogee weir with a crest length of 180 feet. The weir 

will be designed as a gravity section founded on rock with its crest at 

elevation 418 feet, m.s.l. The structure will have a discharge design 

capacity of 28,500 c.f.s. 
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The spillway approach channel will be excavated in earth and 
rock and will be about 150 feet long. The spillway chute or discharge 
channel, to be excavated in earth and rock, will be stepped down from 
6 to 31 feet below the crest of the weir, and the width will be gradually 
reduced from 180 feet to 90 feet in a distance of 400 feet. The remain
ing 1200 feet of the discharge channel will have a constant width and 
slope. 

OUTLET WORKS 

The intake tower will be a dry-well type structure about 145 feet 
in height. The structure will contain three 3-foot, 6-inch wide by 6-
foot high rectangular entrance conduits controlled by vertical service 
slide gates. The entrance conduits pass through a transition to an 
8-foot diameter conduit constructed on rock under the dam will have 
a total length of approximately 2 80 feet. 

The outlet channel excavated in rock and earth is 40 feet wide 
and approximately 650 feet long. Downstream of the conduit portal, 
for the length of the required transition, the channel will be faced with 
reinforced concrete lining. A stilling basin is considered not neces
sary. 

DIKES P-1 AND P-2 

Dikes P-1 and P-2 will be rolled earth fill embankments com
prised of impervious and pervious fills with rock fill placed on gravel 
backing on reservoir side slopes. Landside slopes for Dike P-1 will 
be top-soiled and seeded above a rock toe and gravel toe drain and 
landside slopes for Dike P-2 will be topsoiled and seeded. A rectan
gular reinforced concrete culvert will be included in Dike P-1 to 
provide drainage for Stark Brook. The conduit will be controlled by 
a backwater gate at the outlet and a slide gate in a concrete manhole 
on the reservoir side of the embankment. A portion of Dike P-2 will 
carry relocated State Highway No. 77 and the embankment section 
will be modified to serve this purpose. 

CANAL NO. 2 

Canal No. 2 (Figures 8 a1:1d 9) has been designed to divert flows 
from Contoocook and Elm Brook storages to the Piscataquog storage 
during moderate and major floods. During minor floods the two res
ervoir areas will act as separate units. The canal has been designed 
to (a) pass the required flow during the Standard Project Flood from 
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Hopkinton to Everett without producing excessive spillway discharge 
at Hopkinton while Everett Reservoir is filling, (b) avoid frequent 
diversion into Everett Reservoir where evacuation will be relatively 
slow, and (c) permit as much water as practicable to flow back from 
Everett to Hopkinton during the emptying periods. The canal has a 
discharge capacity of 23,000 c.f .s. with Hopkinton Reservoir at spill
way crest (El. 416) and Everett pool below El. 400. Routing the 
Standard Project Flood through the reservoirs with all outlets closed 
produced an initial pool at Hopkinton 1 ½ feet above spillway crest 
with a spillway discharge of 2,000 c.f .s. while Everett Reservoir was 
filling and a maximum canal flow of 26,000 c.f.s. The maximum pool 
elevation of 418.8 was obtained 36 hours later with concurrent spill
way discharges of 5,300 c.f.s. at Hopkinton and 500 c.f.s. at Everett. 
With both pools at El. 418.8, the flow in Canal No. 2 was negligible. 

A profile of the Contoocook, Elm Brook and Piscataquog storage 
areas together with Canals Nos. 1 and 2 shown on Figure 10 depicts 
the water level relationship in these components. 

The canal has an over-all length of 13,900 feet, an invert elevation 
of 394 feet, a bottom width of 160 feet and side slopes of 1 on 2.5. 
Control weirs with crest elevations of 400 will be constructed near 
both ends of the canal to (a) minimize the frequency of diversion, (b) 
effect hydraulic controls to reduce velocities in the canal, and ( c) 
maintain a pond within the canal which will reduce maintenance costs 
and provide a potential recreation area. The pond thus provided will 
have a length of 10,300 feet and will have minor effect on the discharge 
capacity of the canal. 

440 

430 

420 

410 

400 

390 

380 

350 

340 

330 

320 

HOPKINTON 
DAN 

4 ;,.,vOIKE H·3 

+.------

PROFILE OF HOPKINTON-EVERETT STORAGE AREAS 

FIG. 10.-RESERVOIR PROFILES. 



HOPKINTON-EVERETT RESERVOIR PROJECT 97 

DOWNSTREAM DISCHARGE CAPACITIES 

The location of the major portion of the storage in the Piscata
quog portion of the project results in a problem in that the Piscataquog 
River at Everett is a considerably smaller stream than the Contoocook 
River at Hopkinton. The drainage areas are 64 sq. mi. and 426 sq. 
mi., respectively. In order to insure that spillway discharge occurs 
first in the larger stream the spillway elevation at Everett is 418 com
pared to the spillway elevation of 416 at Hopkinton. As noted above, 
during a Standard Project Flood, the spillway discharge at Everett is 
500 c.f.s. with a concurrent spillway discharge of 5,300 c.f.s. at Hop
kinton. Similarly, the outlet discharges for the two flood control 
conduits are designed to be ·much larger at Hopkinton, 9,700 c.f.s. 
with pool at spillway crest, than at Everett, 2,820 c.f.s. with pool at 
spillway crest. 

The present channel of the Piscataquog River has a capacity of 
approximately 500 c.f.s. In order to empty the reservoirs within a 
reasonable period and provide storage for a subsequent flood, which 
often occurs after a brief interval in New England, an emptying dis
charge of 1,500 c.f.s. has been planned for Everett. With a pool at El. 
416 this will permit emptying of Hopkinton Reservoir in 9 days and 

Everett Reservoir in 24 days. Over ½ of the total storage volume 
would be recovered in 6 days. In order to effect a discharge of 1,500 
c.f .s. for the Everett Reservoir studies are being made of channel 
improvements and the acquisition of flowage rights on the Piscataquog 
River between Everett Dam and Goffstown. 

RECREATION POTENTIAL 

Maintenance of permanent pools behind the Hopkinton (200 

acres) and Everett Dams (120 acres) and in Canal No. 2 (94 acres) 
will provide a base for recreation and fish and wildlife use of the 
project areas. The Forestry and Recreation Department of the State 
of New Hampshire currently operates picnic and .swimming facilities 
at Clough State Reservation at the site of the Everett Dam. Interest 
has been evinced by this and other State and local agencies in de
velopment of public recreation facilities and it is planned to license 
the area to an appropriate agency which will develop and manage 

public use areas. The provision of basic facilities such as access, 
parking, and beaches will be coordinated with the construction pro

gram. 
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CONCLUSION 

A recurrence of a 1936 flood in the Merrimack River Basin at 
this time would result in damages amounting to $160,000,000 were 
not the upstream reservoirs and the Nashua Local Protection Project 
in existence. The projects already built would reduce these damages 
by $84,000,000. The construction of the Hopkinton-Everett project 
would result in a further reduction of $41,000,000, leaving a remainder 
of $35,000,000. 
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(Presented at a joint meeting of the Boston Society of Civil Engineers and the Sanitary and 
Hydraulic Sections, B.S.C.E., held on January 22, 1958.) 

In September, 1956, the Littauer Graduate School of Public Ad
ministration at Harvard began a three-year research and training pro
gram in the field of water resource planning and development. Under 
this program, experienced engineers and planners are brought from 
public water re.source agencies1 to work with Harvard Faculty spec
ialists in economics, engineering, and government. The regular fac
ulty participants in the Program are Professors Gordon M. Fair and 
Harold A. Thomas, Jr., of the Division of Engineering and Applied 
Physics, Professor Robert Dorfman and Assistant Professor Otto 
Eckstein of the Department of Economics, and Associate Professor 
Arthur Maass, Department of Government, who is chairman of the 
group. A full-time research associate, Mr. Maynard M. Hufschmidt, 
coordinates the operation. 

The research goal of the Program is to improve methodology for 
the planning and design ( used in its broad sense) of multi-unit, multi
purpose water resource systems. The hypothesis is that techniques can 
be devised which will allow planners and engineers to take into ac
count and compare many more alternative::; than they do under pre::;
ent practices; and that the consequence of this will be the planning 
and development of water projects and system::; that yield significantly 
greater profits or benefits. 

More specifically, the objective of improved planning techniques 
is to approximate more nearly than we can by present methods that 
unique combination of system units and purposes which will maximize 
net benefits-or which will yield the largest positive difference be
tween benefits and costs. This objective function-maximization of 

* Associate Professor of Government and Director, Harvard \Vater Resources Program, 
Graduate School of Public Administration, Harvard University, Cambridge, :Mass. 

**Research Associate, Harvard \Vater Resources Program. 
1 U. S. Corps of Engineers, Bureau of Reclamation, Soil Conservation Service, Public 

Health Service, Geological Survey, Forest Service, and California Department of \:Vater 
Resources. 
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net benefits-is admittedly deceptively simple. It depends, among 
other economic factors, on the appropriate monetary or budgetary 
constraints; the interest rates used to discount benefits and costs; the 
manner in which benefits are measured (e.g., do they include monetary 
advantages which are confined to project areas?). How alternative 
assumptions relating to these several factors influence the objective 
function and thereby water resource system design is the subject of 
considerable study in the Harvard Program; but we shall not relate it 
here. In this presentation we assume that "maximizing net benefits" 
is a fully useful criterion for selecting the best system. However, we 
can and should state here the formal conditions for maximization. 

FORMAL CONDITIONS FOR MAXIMIZATION 

An optimum design, one for which net benefits are maximized, 
is achieved when any change in any of the variables-size of system 
units or level of system outputs-will cause net benefits to decline. In 
the usual case, with smooth curves and no discontinuities, this op
timum condition is a point where ( 1) the marginal benefits are equal 
for the last dollar spent in producing each output and ( 2) marginal 
costs equal marginal benefits for each output and for the system as a 
whole, if there are no monetary or budgetary constraints-or if 
such constraints are effective, marginal costs for an increment of out
put are equal for all system units. These formal conditions can be 
illustrated graphically for simple cases with few variables. And, if 
cost and benefit functions can be stated in not too complex mathe
matical equations, the equations can be solved for the optimum com
bination by means of the Lagrangean system of undetermined multi
pliers. 

In more complex cases, where sharp breaks or discontinuities oc
cur in cost or benefit functions, or where there is more than one net 
benefit peak, the stated conditions may not specify uniquely the op
timum point. But the conditions are general and are of considerable 
help in comprehending the essentials of the optimization problem. 

Knowing the formal conditions for optimization, however, does 
not of itself yield the necessary information on net benefits associated 
with various combinations of system units and outputs. We must 
know also the production function-the physical relation between 
inputs and outputs. By production function we mean the maximum 



RIVER SYSTEM PLANNING 101 

quantity of an output ( or combination of outputs) obtainable with the 

levels of the remaining outputs and the inputs fixed; or, conversely, 

the minimum quantity of an input ( or combination of inputs) re

quired, in combination with the remaining inputs which are fixed, to 

produce the fixed outputs. Economists usually consider the production 

function as given and the task of determining it as one for the engineer 

or physical scientist. 
One of the aims of the Harvard Program is to integrate the work 

of the engineer and the economist-to integrate the analysis of cost, 

benefit, and production functions-so as to arrive at workable meth

ods for optimum system design. Thus, techniques must be devised for 

delineating the production function and analyzing it, together with 

cost and benefit functions, in order to identify the optimum combina

tion. 
Defining the production function of a complex system is no easy 

task. In the simplest case of a single reservoir-single output, the mass 

curve or Rippl diagram may serve adequately to develop the relation

ship between input (reservoir capacity) and output (irrigation water, 

water supply). But as more units and purposes are added to the sys

tem this technique becomes unworkable. Drafts from the several 

reservoirs can be varied in many ways to meet a specified output; or 

conversely, the quantity of output depends upon the manner in which 

the reservoir system is operated. Complementarity and competition 

among purposes are usually present to complicate the problem. For 

instance, within certain limits, the same acre foot of water may be put 

to more than one use, as for irrigation and electric energy generation; 

or the same reservoir capacity may be used for more than one pur

pose, as for flood control in winter and spring and electric energy 

generation or irrigation in the summer and autumn. 

PROTOTYPE RIVER BASIN SYSTEM 

To help examine these problems the Program has developed a 

prototype river basin system sufficiently complex to present most 

significant aspects of multi-purpose, multi-unit design, yet not so 

complex as to raise insuperable barriers to solution for the optimum. 

Included are three purposes-irrigation ( representing consumptive 

uses), power, flood control; and eight physical units-four storage 

dams, one diversion dam, two power plants ( one variable head and 
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one run of the river), and one system of irrigation distribution works. 
These purposes and physical units are considered to be the variables 
in the system; that is, storage dam or power plant sizes or levels of 
outputs may be varied within rather wide ranges. A sketch of the 
prototype system is shown in Figure 1. 

USGS records for the Clearwater River Basin, Idaho, are used 
for the basic hydrology of the system. Capital and operation and 
maintenance cost functions for all physical units, and benefit func
tions for all outputs, are assumed as given. Other given data include 
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the head-capacity relationship for the variable head power plant and 

the consumption-return flow pattern for irrigation water. 
To determine the entire production function for the prototype 

system would be an almost impossible task. There are ten input and 

output variables in the prototype. If each of these were given only 

ten incremental values (not an unreasonable number at the design 

stage) the number of possible combinations to be investigated would 

be 1010
, or 10 billion. Even if the obviously incompatible combinations 

were ruled out by advance analysis, the number of combinations re
maining to be tested would be tremendous. The Program, accordingly, 

has turned to methods which ( 1) simplify and speed up the analysis 

of individual combinations, and (2) cut down the number of combina

tions which must be investigated. 
Three broad classes of techniques are being examined: ( 1) 

"Working around the Edges," essentially the method currently in 

use for selecting, by engineering judgment and experience, a limited 

number of combinations for detailed investigation, and for analyzing 

these combinations; ( 2) Simple mathematical models, obtained by 

skeletonizing ( abstracting) the problem so that much of the analysis 

can be handled by standard mathematical or statistical methods; and 

( 3) Simulation of the system on high-speed electronic digital com

puters. The Program is also studying ways and means of combining 

these techniques into an over-all approach to attaining optimum system 

design. The objective is not to find the optimum combination for the 

prototype as such, but rather to test the methods to find which one or 

combination is most promising for general use. 
Throughout it is important to realize that optimization is closely 

related to the degree of precision in the data used in the analyses. If 

the data on benefits, costs, and hydrology are likely to be quite un

reliable, one need be less concerned with defining the exact optimum 
combination than the general region of the optimum. The degree of 

precision of data will greatly influence the choice of method or com

bination of methods, as some will produce more precise results than 

others. 
WORKING AROUND THE EDGES 

This method builds up an optimum system step by step, from 

individual system units and purposes. There are many strategies for 

this; the following example illustrates one. 
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First, the most important units and purposes are identified by 
making rough estimates of cost and benefit functions and input-output 
relationships ( from calculations of mean annual flows and inspections 
of the time distribution of flows); and maximum limits of outputs 
are approximated from the given hydrology. Short cuts, such as 
analysis of critical periods rather than the entire period of hydrologic 
record, are used to reduce the volume of work. Special attention is 
given to points where benefits, costs, or input-output relationships 
change abruptly, for it is likely that optimal combinations are located 
at such points. 

Next, the most important variables are analyzed in greater de
tail, on an incremental basis and in the order of their importance. For 
example, the most important output and the principal unit or units 
which supply that output would be analyzed as a single-purpose sys
tem, or, alternatively, the most important unit and the principal out
put or outputs therefrom would be analyzed as a single-unit system. 
A first approximation is thus established. Other outputs and/or units 
are then aded on an incremental basis. If incremental benefits exceed 
incremental costs, the outputs and/or units are included in the second 
approximation to the optimum system. If not, the increment is ex
cluded. The choice of outputs and/or units considered as the first 
increment to the first approximation is determined by the relative im
portance of all possibilities in the judgment of the analysts. This 
procedure of adding increments is repeated until the analysts are 
unable to find any increments which add significantly to net system 
benefits. In this manner a final approximation to the optimum system 
is reached. 

The "edges" method examines very few alternatives. Instead, it 
rules out large numbers in the early stages of the analysis and concen
trates on detailed examination of a small number of "likely combina
tions." Can such an approach be relied upon to approximate an 
optimum design for the prototype? 

An important factor which will influence the validity of the 
"edges" approach is the degree of divergence of average and marginal 
values of costs and benefits. In working around the edges, average 
values are used because the appropriate marginal values are not known 
in the early stages of analysis. Use of average values will usually lead 
to gross errors if there is a major divergence between average and 
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marginal values. To illustrate, marginal benefits usually fall as output 

increases, so that average benefit exceeds marginal benefit. Thus, use 

of average values will likely lead to over-development of the outputs 

with greatest average benefit and to underdevelopment of those with 

least average benefit (but for which marginal benefit in the lower 

range of output may be quite great). 

In the "edges" approach, the final results depend heavily on what 

units and purposes are included and excluded in the early approxima

tions. In a relatively simple system, or a system in which one purpose 

is clearly dominant, these decisions may not be difficult. In complex 

systems, however, they are; and there is nothing inherent in the 

method to serve as a guide or check on their accuracy. Thus, for ex

ample, subcombinations of units and purposes viewed in isolation or as 

increments to an early approximation to the optimum system may 

appear uneconomical and be rejected. Yet, because of such factors as 

joint use of output and capacity, or complementarity of flow which 

may or may not be recognized readily in an early approximation, these 

combinations may in fact be part of the optimum system. 

These basic limitations of working around the edges lead us to 

conclude that the method should not be relied upon alone, though most 

readers will recognize it as the method most generally in use today. 

In particular circumstances, however, it can reveal much about the 

optimum combination of inputs and outputs. 

SIMULATION ON COMPUTING MACHINES 

The limitations of the "edges" method have led the Program to 

investigate the possibilities of using simulation techniques and mathe

matical models. Simulation is a method of reproducing the actual per

formance of a system under given assumptions as to ( 1) natural flow 

hydrology, ( 2) levels and time patterns of outputs, ( 3) sizes of reser

voirs, power plants, canals, and other system units, ( 4) operating 

policy, and ( 5) benefit and cost functions. A "hand operation study" 

of a system-a technique commonly employed by engineers-is a 

simulation. 
High speed digital computers are readily adaptable to simulation 

problems, and we have sought to use them for river system design. 

The basic data underlying the production function, the stream hydrol

ogy, remains the same for all points on the function; the variables are, 
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of course, the levels of outputs and inputs. For each combination of 
inputs (e.g., levels of reservoir capacity) selected for a particular 
study, the machine computes by time periods ( usually month by 
month) the quantity of water required to meet a combination of out
puts ( e.g., acre feet of water for irrigation, kilowatt hours of energy 
for power) which has also been selected for the study, the natural 
flow, and the resultant addition to or subtraction from storage. In this 
manner the machine determines if the combination of inputs and out
puts selected for analysis is compatible (i.e., if the specified outputs 
can be supplied within tolerable limits with the given inputs during the 
period of the operation study), and the net benefits produced by the 
combination. 

For a given operating policy and for each combination of inputs 
and outputs the logic of the computations is the same-only the num
bers change, so that computing machines can be used very effectively. 
However, the logic must be "told" to the machine by the programmer. 
In each month the machine must have a prearranged set of rules for 
disposing of inflows and scheduling of releases from the various reser
voirs to meet the specified output requirements for the combination 
under analysis. Only with the set of rules-the operating procedure 
or policy-specified, can additions to and subtractions from storage 
and resultant monthly reservoir levels be computed. But what set of 
rules-what operating procedure-should be programmed into the 
machine? No single operating procedure, with detailed rules specified 
in advance, will be optimal for all combinations of inputs and outputs. 
Using the protoype to illustrate, with given reservoir sizes, high levels 
of annual irrigation output coupled with low levels of annual power 
output would require an operating procedure which stores compara
tively greater amounts of flows at reservoirs A and B in the non
irrigation months for release during the irrigation season; while for 
high levels of annual power output in combination with low levels of 
irrigation output, the required procedure would store for release to 
meet fall and winter power requirements. 

Conceptually, there is a single operating procedure which is op
timal for each combination of inputs and outputs ( e.g., reservoir sizes 
and levels of irrigation and power outputs). Conceivably, a specific 
operating procedure may be near optimal over a fairly wide range of 
combinations. At this point in the Program research the extent of this 
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range is not known, nor do we know the number of discrete operating 

procedures necessary to give optimal results for design purposes over 

the full range of combinations. In other words, we do not know at 

this time the sensitivity of the outputs of water resource systems to 

different operating procedures, and the significance of large and small 

variations in procedures. Nor does there appear to be any satisfactory 

literature on this subject. An immediate objective of the Harvard 

Program is to supply knowledge here. In effect, the operating pro

cedure becomes another variable in the analysis of the prototype sys

tem-a variable concerning which we know very little at the outset. 

Three methods for handling operating procedures are being in

vestigated: 
First, to formulate a relatively small number of separate operat

ing procedures, each with a distinctive logic and each to be pro

grammed for the machine. Under this method, a specific operating 

procedure is developed and programmed, and a set of studies is run 

to determine the results of using this operating procedure over a range 

of combinations of specified inputs and outputs. Then, a second op

erating procedure is coded as a separate machine program, and the 

same set of studies (i.e., of combinations of inputs and outputs) is 

analyzed in order to examine the influence of the operating procedure 

on compatibility of the various combinations in the set. The process 

is repeated for a third, fourth, fifth, etc., operating procedure, and 

the results compared. . 
Once a given operating procedure has been programmed for the 

IBM 704 computer, the time required for each study of the prototype 

system running through 32 years of recorded stream flows is a matter 

of less than one minute. But, with this method, each operating pro

cedure requires a new program, and devising the procedures and 

programming them are substantial undertakings. 
It is clear, therefore, that the value of this method depends upon 

( 1) the number of separate operating procedures which must be used 

to produce optimal or near-optimal results, and ( 2) the ease with 

which operating procedures can be programmed for the machine. If, 

for example, there are relatively few-say, ten or less-operating pro

cedures, that together will give near-optimum results over almost 

the entire range of combinations, and if these procedures can be 

identified readily by a skilled technician, then the method would seem 

to have promise. 
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As to ease of programming, our experience to date is probably 
not indicative of future possibilities. Programming the first proce
dure required much exploratory work by the research staff in estab
lishing the logic and in learning the tricks of the IBM 704 machine; 
and much of this experience can be passed on. Also, program tech
niques are developing rapidly, and it now appears possible to reduce 
the task significantly by using a new machine language known as 
FOR TRAN II, under which the computer itself does much of the 
detailed programming work. 

Second, to develop a very generalized master operating proce
dure, within which the detailed rules can be varied under certain 
limits. In this method, we treat the operating procedure more directly 
as an input variable in the same manner that reservoir and power 
plant generating capacities are treated. The master operating pro
cedure is programmed in a manner which permits a number of de
tailed operating procedures to be developed as needed without re
programming. These procedures constitute a sample of the full range 
of possible operating procedures. 

The obvious advantage of this method is that many operating 
procedures can be tested quickly, and the approximate shape of the 
production function and the net benefit response surface determined 
with a single machine program. A collateral advantage is that the 
influence of the operating procedure as a variable can be analyzed 
systematically. 

This method has not been programmed to date, and there are 
major unresolved problems here. Even if these can be solved, how
ever, the results may not be significantly superior to those from the 
first method if ( 1) operating procedures are not an important variable, 
or ( 2) programming the master procedure with variations is signifi
cantly more difficult, for a complex system, than programming a 
relatively small number of separate procedures. Answers to these 
questions should be forthcoming from current research and experi
mentation. 

Third, to develop the optimum oper.ating procedure as an integral 
part of the machine program. General rules are formulated initially 
with assumed knowledge of future flows or assumed degrees of fore
castability. These rules are then refined as they are applied pro
gressively to time increments ( usually months )-i.e., the detailed rules 
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change automatically every time period as the operating procedure 

searches for the theoretically "perfect" set of rules for each combina

tion of inputs and outputs. 
Such a procedure has been developed and dubbed FLOOPS, for 

floating optimal operating procedure. It apportions storage and re

leases among the various reservoirs so as to minimize waste of water, 

power head, and storage space. In this way it gets the most out of the 

available water ( or flood control space) with given sizes of inputs

reservoirs, power plants, etc. 
Admittedly, the objective of FLOOPS is ambitious-to develop 

an optimal operating procedure, valid for all combinations of system 

variables. If the objective can be realized, however, for a system such 

as the prototype, the operating procedure problem would be solved, 

in that we should know that the optimum procedure was applied in 

each case. 
General instructions and detailed rules for application of 

FLOOPS to irrigation, power, and flood control singly, and in com

bination, have been developed and remain to be tested and pro

grammed. Further work on this is scheduled for the near future. 

Simulation with computing machines facilitates the investigation 

of a large number of points on the production function ( each point 

corresponding to a different combination of input and design vari

ables). But, as we have noted previously, even with only a few vari

ables and values for each, the number of points becomes so large that 

it would be uneconomical to examine them all by even the highest 

speed computer. Of course, in water resources systems, only a frac

tion of the total possible combinations are compatible with tolerable 

shortage levels, and many of these can be ruled out immediately. 

Nonetheless, a system such as the prototype contains an enormous 

number of physically compatible combinations, of which only relatively 

few are in the optimal range. Thus, for general use in system design, 

it is necessary to develop methods of analysis which do not require 

a detailed exploration of the entire production function and its net. 

benefit response surface. It is necessary, in other words, to develop 

appropriate sampling techniques. 
There are two broad classes of sampling techniques, random and 

systematic, and, in turn, several subclasses of the latter, including 
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uniform grid, steepest ascent, and single factor. Which one or which 
combination of these techniques will be most useful depends on cer
tain characteristics of the production function and its response surface, 
particularly the number of variables, the degree of interrelationship 
among these, and the complexity of the function and surface. At pres
ent we do not have sufficient knowledge of these characteristics to 
settle definitely on any one or combination of sampling techniques. 
To this end we are exploring the prototype's surface, by making a 
large number of machine operations using several methods of sampling, 
in combination with knowledge obtained from mathematical models 
and from working around the edges. Random sampling appears to 
be a particularly powerful tool for such complex functions as are in
volved here. 

SIMPLE MATHEMATICAL MODELS 

If the design problem can be solved by a simple* mathematical 
model which interrelates the variables and given data of a system, this 
would be preferable to solving by simulation techniques or working 
around the edges, both of which are more complex and time-consum
ing. Where this cannot be done, however, simple mathematical models 
may still be of use, in combination with the other methods, in abstract
ing, simplifying, skeletonizing, or packaging interrelated hydrologic 
and economic problems, indicating important interrelationships among 
the primary variables and providing partial or proximate solutions 
which can be applied to design. 

We have found it convenient to identify two classes of mathe
matical models as follows: Given all data as of one date, it is possible 

. h (deterministic) (data wit a . model to compute what the 
stochastic probability 

. "b . f h d ) will be as of the next date, if time is 
d1stn ut10ns o t e ata 
made up of discrete periods; and if time is continuous, then it is possi-

bl t (rates ) of change 
e to compu e probability distributions of rates · 

In this paper we shall illustrate the deterministic clas.s with a 

* "Simple" is used here in relation to "complex", and does not mean necessarily "easy" 
for a planner or engineer with little advanced mathematical training. 
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model utilizing sinusoidal functions, and the stochastic class, with 
one based on queuing theory. In neilher case is the lllUdel developed 
or P.xplainecl fully, nor is it. nP.c:P.s.sarily the one in its r.lass for which 
we currently have greatest hope. In the deterministic class, for 
example, Professor Thomas, with contributions from Professor 
Dorfman and others, has developed a model using quasi-linear pro
gramming which is likely to be of considerable use. But it would be 
more. difficult to explain within the space limitations of this paper; 
and the models we do explicate here serve our purpose well enough---
to indicate the types of research under way in the Harvard Water 
Resources Program. 

Professor Thomas has developed a model which uses sinusoidal 
functions to simulate the natural flow hydrology and the time pattern 
of flows for various specified uses. This model takes off from two 
basic facts, that 

(a) the majn function of a reservoir is to distribute the natural flow of 
a stream in a time pattern that will be useful for a particular use 
or set of uses; and 

(b) in any sufficiently long time period, reservoir inflows and outflows 
must balance, and thus a direct solution to the storage-yield rela
tionship can be deriv~d from mathematical equations of con
tinuity. 

These can be depicted graphically as in Figure 2. 

In the Thomas model, curves A and B are expressed as sinusoidal 
functions with parameters relating to frequency, amplitude, and phase 
angle with respect to time. Thus, for example, the natural flow in 
some streams can be expressed as a function of time, as follows: 

q = q (1 + cq sin (2,rt)) 
where 

q mean flow 
C,1 parameter representing variation of flow during the 

year. It is called the inflow distribution factor; and 
measures the amplitude of the curve. 

t time. 

For some rivers it is necessary to use additional higher order sine terms 
in a Fourier series to fit the inflow hydrograph closely. 
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A- Natural Flow 
/ i;i'to Reservoir 

Average Flow 

......_if---
/2- Regulated Flow 

out of Reservoir 

12 Months 

Time 
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Similarly, the time pattern of output ( as shown above by the 
regulated flow from the reservoir) can be expressed: 

x = i° (1 + Cx sin (2,,t - Bx)) 
where 

Cx distribution factor for use x, and measures amplitude 
of the curve 

Bx phase angle for use x. Thus, for example, if th~ use is 
irrigation and peak demand· for irrigation water occurs 
4.5 months following peak inflow, then Bx= l.35°. 

As total reservoir outflow is assumed to equal total inflow, the 
rate of change of reservoir storage can be stated as 

or 
dV 
dt 

dV - = q-x 
dt 

q (1 + cq sin (Z,rt)) - x (1 + Cx' sin (21rt - Bx)) 



Also, from continuity 

Thus, 

dV 
dt 
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q = X 

By treating the right hand term as a vector, it is possible to solve the 
equation to obtain the maximum storage required to conVoert the 
natural flow to the regulated flow. To this are applied benefit func
tions, indicating the value of each use as a function of the volume 
of flow allocated to it; and cost functions, relating the over-all 
capacities of the reservoirs to construction and operation, maintenance, 
and replacement costs. 

This method can be applied effectively to simple cases of one or 
two reservoirs and two or three purposes where the hydrology and 
time pattern of flows for specified uses can be expressed in simple 
mathematical functions as above. In such cases the method can 
provide a quick approximation of the optimum ( in terms of maximum 
net benefits) of reservoir size, allocation of water among uses, and 
operating policy. 

The method, however, has important limitations arising from 
assumptions that must be made in application. First, the time period 
for which the mathematical functions apply must necessarily be short
a year is usually selected for convenience because use patterns ordinar
ily follow an annual cycle. Of the many years of the hydrologic record, 
which year should be used? For uses such as irrigation, water supply, 
and hydro power, some critical, low-flow year-such as a 95% dry 
year-might be used. But this type year would not do for flood con
trol; a high flow year must be used. The problem then is how to 
combine the use of different years in applying the model in an attempt 
to take account of fluctuations in flows from year to year. 

Another limitation is the problem of over-year storage. The 
method calculates the size of reservoir needed to store the excess flow 
in the selected year and to release it as needed throughout the year. 
At the end of the withdrawal period the reservoir is empty. No ac
count is thus taken of those situations in which large flows in high 
water years can be stored for use in low water years. 

Finally, the problem of complementarity, e.g., joint use of flow 
to produce more than one output,. is not easily handled by the model. 



114 BOSTON SOCIETY OF CIVIL ENGINEERS 

Due to these limitations, a solution of the prototype cannot be 
obtained from the sinusoidal model alone, but it may be useful in 
conjunction with other techniques and models, and it has already been 
of help in some of the subtle conceptual problems that arise in storage
yield relationships and in the joining of economic theory and techno
logical function. 

The Harvard Program has been experimenting with a stochastic 
model which uses queuing theory. This is a technique of operations 
research based on the concept of the queue, or waiting line, e.g., ticket 
Jines, store inventories, etc. A typical problem is to determine the 
number of ticket takers required to handle the customers expeditiously 
( i.e., to keep the queue within manageable limits), given their arrival 
rate and the time required for processing tickets. As applied to reser
voirs, a simple queuing problem would be to estimate the minimum 
reservoir capacity ( the queue) required to provide a specific time 
pattern of reservoir releases ( the service function) with a given pattern 
of reservoir inflow ( the arrival rate). The theory makes use of the 
statistical characteristics ( mean and standard deviation) of the 
natural flow hydrology and corresponding parameters specifying de
sired time patterns of release. 

In a simplified version of the model under study, random inflows 
during successive time periods are approximated by a binomial proba
bility density function. Drafts during each time period are specified 
constants except during periods when reservoirs are overflowing or 
empty. The formulation relates means and variances of inflows, 

· volumes of reservoirs, specified drafts, and probabilities of draft 
shortages and of overflows. More specifically, the model determines 
the relative frequencies of spills and exhaustion of contents for par
ticular reservoir sizes and levels of draft with given time distributions. 
Spills occur when the reservoir capacities are insufficient to hold in
flows, under the conditions imposed by the specified drafts. Reservoir 
contents are exhausted when the specified drafts for any time period 
exceed the inflows during that period plus contents available at the 
beginning of the period. The queuing equation may be written as: 

Zi = Zi-1 + (Xi + tSi) - Di 
where 

Zi = storage at end of period i 
Zi-1 = holdover storage from preceding period 
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(Xi + tS1) = inflow of current period, in which 

X1 = mean inflow during period 
S1 = its standard deviation 

115 

t = a stochastic, normal deviate 
variance 

with zero mean and unit 

D1 = draft for the current period. 

As both reservoir storage capacities and levels of draft are selected 
or specified for each run or try with the model, the results of each 
run can be interpreted as a "sample" of the physical response surface 
of the system. By using the cost of each reservoir size, and the 
benefits ( or losses) of each level of output ( or each shortage), we 
can transform the "physical" response surface into an -"economic", 
or "net benefit" response surface and calculate the net benefits as
sociated with different combinations of reservoir sizes and levels of 
draft. 

This stochastic model has at least two advantages over the 
sinusoidal. It handles the problem of over-year storage; and it avoids 
the question of which hydrologic year to use-minimum critical, aver
age, or high flow-by using all of the available hydrologic record. 
But other problems remain in using queuing theory. The question 
of complementarity among uses and reservoirs is unresolved. Also, 
the method requires an unambiguous statement of permissible shortage 
rules in terms of frequency, intensity, and extent of serial correlation; 
and these may not be obtainable. 

As can be seen readily, there are promising possibilities in develop
ing a strategy which combines deterministic with stochastic mathe
matical models; and further, for such refinement as may be desirable 
in the design stage, these mathematical models can or must be tied 
to simulation techniques. 

SYNTHETIC HYDROLOGY 

Except for estimating flood frequencies, present water planning 
methods rely largely on historic streamflow records for their hydro
logic inputs. Recognizing that there is some controversy in the engi
neering community on this, the Harvard Program proceeds on the 
assumption that reliance on stream gauging records alone is a weak 
link in present methodology. For the prototype we have 32 years of 
actual streamflow records derived from the USGS reports on the 
Clearwater River. What basis have we to assume in planning-
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either for the physical production function or for the net benefit 
response surface-that the next 32 years will reproduce the same 
flows in the same order? Can we not derive a method that will come 
closer to predicting the likely flow patterns of the next 32 or SO or 
100 years than simply repeating the past record? We think yes, that 
we can improve the information obtained from the existing hydrologic 
record; that we can generate from it better synthetic hydrology. This, 
in very general terms, by serially correlating the mean monthly flows, 
and applying appropriately sized random components to the new 
systematic base provided by the correlations. In this way synthetic 
monthly flows can be generated for as long a period as desired; and 
as many as 500 to 1000 years can be run relatively quickly on comput
ing machines with the capacity of the IBM 704. 

The synthetic data, which would then be used as input in any 
method of analysis, should give superior information for design pur
poses on the range of the number and severity of shortages and floods 
which may occur over the economic- life of the system and on the 
range of expected benefits to be produced by the system in its eco
nomic life or any part thereof. 

DAT A AND INSTITUTIONS 
In order to focus on methodology for design, we have in our 

research, as in this discussion, made certain simplifying assumptions 
of which two should be elucidated here. 

First, that all of the physical and economic data necessary to 
apply the methods of system design we may devise are available. Cer
tain engineers, we know, will have reservations on the utility of the 
Harvard Program based on the fact that adequate data just are 
not available for the planning and design techniques described above. 
However, there is a significant relationship between the capacity to 
use data and the devising of techniques to collect it. Suppose, for 
example, we develop a method of analysis that allows the rapid com
parison of a large number of dam sites. A limiting factor in the use 
of this method may be the cost of core borings of foundations. The 
capacity to use data on a large number of sites should lead to further 
efforts to design cheaper and quicker methods for foundation ex
ploration, such as radiosonic and related geophysical methods. 

The same applies to economic data. There never will be "ade
quate" economic data if we measure adequacy by what we should like 
to have. But, existing data collection programs can be modified and 
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new programs created to supply the kinds of economic data that are 

needed, once the need has been demonstrated. 
And in the field of hydrology, the capacity to use greater amounts 

of data effectively should give impetus to the perfection of correlation 

techniques such as those being developed by Professor Thomas and 

by Mr. Walter Langbein of the Geological Survey. 
Second, that legal and institutional factors will not operate to 

limit the design and execution of an optimum system, as we have 

defined one. Obviously such blocks do exist at least in the short 

run; yet their importance is often overstated. Our legal and adminis

trative institutions have great flexibility. Take, for example, the case 

of water law. When the settlers first moved West, they brought with 

them the English common law, which was adopted in the constitu

tions or basic statutes of all of the Wes tern States. They soon found, 

however, that the riparian rights doctrine of the common law did not 

apply to the water facts of life in the West. So the settlers, without 

knowledge of other systems than the riparian, devised a new doctrine, 

that of prior appropriation, to fit conditions as they found them, 

and adopted this in derogation of their common law traditions and 

constitutions. 
Thus, we are not particularly concerned that our research will 

devise systems of analysis which will never be used because of legal 

or institutional blocks. Planners and engineers often point to these 

as constraints which they must honor; it happens that these constraints 

limit severely the number of practicable alternatives to be investi
gated, thus making the optimization problem much easier to solve. 

Planners and engineers often beg for mercy-constraints-to simplify 

the task before them. And they put up the irrationalities of politics 

as their savior in this context. But the operating assumption of the 

Harvard Water Program will not grant this mercy nor recognize 

this savior. To be sure, through the political process, the people may 

decide on an objective function which is not simple economic efficiency. 

But ( 1) this decision will be taken with greater knowledge if improved 

techniques of analysis make clear the loss to any one simple objective 

(efficiency, for example) in lacing it with others; (2) whatever the 

objective agreed upon, techniques like those described herein can 

be adapted to attain it; and ( 3) in any case, legal and administrative 

institutions are readily adaptable if there is in fact consensus on a 

clear objective. It is, then, in this context that we justify large-scale 

research on methodology for design of water resource systems. 
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ENGINEERING ASPECTS OF FLOOD CONTROL 
BY JAMES S. KING* 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Sanitary and 
Hydraulic Sections, B.S.C.E., held on January 22, 1958.) 

TODAY the watchwords in water resource development include 
multi-purpose development, downstream protection, headwater con
trol, river basin planning, small watersheds, drainage, and, in terms 
of pure economics, marginal analysis. These terms are a far cry from 
those in use in the early thirties when references were usually made to 
navigation, erosion control and flood control. 

The current problem of obtaining a balance between engineer
ing (downstream) and land treatment (upstream) measures in ap
proaching solutions of flood problems in the United States is but one 
illustration of the range, and even conflict, of interests that arise over 
water resource development programs. A balanced multi-purpose water 
resource program is difficult to achieve and requires long and patient 
study and coordination. Flood control is but one aspect of such a 
multi-purpose program. 

The downstream approach contemplates provision of engineering 
measures necessary to provide protection to agricultural and urban 
areas against all floods including the minor as well as the large but 
rarely occurring events. The distinguishing characteristic is that these 
measures, whether applied along main streams or in headwater areas, 
seek to control runoff after it has reached stream channels. Additional 
considerations in the downstream phase are of course flood plain zon
ing, evacuation or adjustment, and flood forecasting and warning. 

The upstream approach contemplates provision of land treatment 
measures and adoption of agricultural practices favorable to the con
servation of soil and moisture on the watersheds. In recent years these 
practices have been supplemented by headwater reservoirs in a search 
for more effective flood control measures. This approach has been 
termed The Headwater, or Upstream Approach, and its distinguishing 
mark is that it seeks to control runoff before it has reached stream 

* Civil Engineer, Coq)s of Engineers, U. S. Army Engineer Division, North Central, 
Chicago 111., on leave and participating in the \\Tater Resources Seminar, Graduate School 
of Public Administration, Harvard University. 
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channels. Congressional recognition of this latter approach has also 
resulted in legislation permitting federal assistance. 

These approaches are basically complementary, and one should 
not be substituted for the other. However, because this fact has not 
been generally recognized, ill-founded controversy has developed con
cerning the proper approach to solutions of flood problems. 

As an aid to clarification and clear thinking on this problem, this 
paper outlines some basic engineering aspects of flood control as one 
phase of water resources development and the advantages to be ob
tained by an integrated approach to water resource management. 

We all recognize that agriculture is now and will continue to be 
a major consideration in our river basin planning as well as of our 
national economy. The agricultural activities of any area of our nation 
must rest upon a foundation of proper land use and land treatment 
as part of the water resource management program. This proper land 
treatment is basic to the conservation of the waters of the basins in 
terms of full development of beneficial uses including the prolonged 
life of flood control and allied water use reservoirs and the main
tenance of subsurface water supplies. 

It is fundamental that in both the agricultural and engineering 
phases of water resource management we must respect the laws of 
nature and work in harmony with natural forces in so far as possible. 
Rainfall, erosion, floods and the return of moisture to the clouds in 
the cycle of transpiration and evaporation are all a part of nature's 
design. They are the factors which have helped to mould the hills and 
the flood plains. We cannot dominate these forces but by working in 
harmony with them we can achieve a large measure of prosperity, les
sen destructive impacts, effectively use and at the same time preserve 
our natural resources for future generations. 

In order to achieve a sound and complete river basin develop
ment it is essential that we understand the problem that confronts us. 
In the light of this understanding we can then apply the full scope of 
our agricultural, engineering, and economic knowledge in reaching a 
solution. Conversely, we must remain uninfluenced by unwarranted 
claims as to beneficial results from various types of measures. 

The configuration and topography of most river basins usually 
confirms the observation that there are three essental elements or 
phases of the flood control problem in river basin development. 
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First, there are the uplands. These are the hillsides and rolling 
lands which generally constitute the major part of any watershed area 
and receive the bulk of the water that falls on the river basin. On 
these lands we experience the phenomena of overland runoff and soil 
erosion. The result of misusing these lands is a loss of irreplaceable 
topsoil, a decrease in fertility and productiveness and eventual aban
donment of wide areas. Downstream flooding and sediment problems 
are increased by such misuse. 

Second, there are the valleys and numerous small .streams which 
unite to form major tributaries and finally contribute to the main 
rivers. These small valleys are normally fertile, having for many 
generations received and held the topsoil which has eroded from the 
uplands. It is in these small valleys that the excess waters which we 
term floods are first encountered. Here drainage and infiltration prob
lems occur and cause flood damages in the form of crop losses, de
struction of farm property, damages to highways, and to residental 
areas. 

Third and finally, there are the broader major tributaries and 
main stream valleys. Here are located the large areas of agricultural 
bottom land, major highways and railroads, industrial developments 
in the cities with concentrations of population. In this part of the 
river basin floods may cause heavy property damage, industrial shut
downs with consequent loss of production, disruption of transportation 
and communication systems, damage to fertile farm lands by scour 
and deposition of heavy sediment, and loss of human life. 

What then are the methods or tools that we can employ in meet
ing this three-phase problem encountered in water resource manage
ment? 

I would say that with respect to the uplands, land treatment is 
of importance. By this I mean application to the land of agronomic 
and engineering aspects of soil and moisture conservation practices. 
In so ranking measures on the land itself, we must understand, how
ever, both their values and their limitations. This aspect of river 
basin development is vitally important to agriculture and I believe 
that it is of paramount importance to the nation as a whole. 

Watersheds convert large amounts of rain and snow to stream
flow. For example, in places where 30 inches of precipitation annually 
reach the soil a 160 acre farm receives and disposes of about 18 million 
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cubic feet of water in one year. What really counts, of course, is the 

amount of rainfall which enters the soil and this depends, in part, on 

the treatment measures applied to the land. 

Soil and water conservation and flood control begin where runoff 

originates and end only when that runoff has been safely conducted to 

the sea. No single measure can be expected to provide protection to 

all parts of a watershed. A complete program must begin with the 

control of erosion and sedimentation from the uplands and with the 

protection of the urban areas and the downstream flood plain. A land 

treatment program in the upland areas will appeciably reduce the 

erosion thereby reducing the sediment load of streams and assuring 

longer life to downstream works while keeping the channels in maxi

mum capacity for proper conveyance. Such a program will keep the 

valuable topsoil on the land where it belongs and through increased 

infiltration rates will reduce the runoff from the smaller and more 

frequent floods in upstream tributaries. 

But all history and engineering experience tell us that when 

watersheds are saturated by long continuous rains or subjected to 

torrential intensities which are far beyond even the most optimistic 

infiltration rates, there will be heavy runoff and great floods. This 

has happened in America when virgin forests extended from the Ap

palachian Mountains to the Mississippi and before any plow had 

broken the native soil under the western plains. It will happen again 

in spite of the most intensive reforestation, revegetation and im

proved farming practices. These agricultural measures are vital and 

are able to stand on their own merits. They do not need results at

tributed to them for which they were never intended. 

Levees, revetments, floodwalls and flood control reservoirs are 

needed to provide protection in downstream valleys, particularly to 
urban areas in the downstream flood plain. The land treatment pro

gram on the watershed and engineering works for flood control are 
thus complementary and hence both may be included in programs for 

comprehensive water resource management. There need not be any 

conflict in purpose or duplication in effort. In other words, land treat
ment measures, from a water management standpoint, are not alterna

tive solutions to the flood control phase of water resource management. 

In discussing flood control measures I use the terms "upstream" 

and "downstream" with considerable hesitation and largely because 
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they are so widely used in water resources literature. It must be 
recognized that these are relative terms. For example, a "down
steam" reservoir on a tributary of the Ohio River certainly must be 
considered as an "upstream" reservoir in relation to flood problems 
on the lower Mississippi River. Perhaps it would be much more ap
propriate to speak of on-channel and off-channel measures. 

Now let us look at the intermediate phase of river basin develop-· 
ment-a small tributary valley. Real flood problems exist in many 
such valleys. It is true that the flooded areas are small but to the 
individual these losses are important. They occur frequently and in 
the aggregate constitute a serious national loss. They seldom cause 
loss of life and consequently do not make headlines in the press. Such 
floods, however, are a part of the over-all basin problem and must be 
considered in their proper perspective. In some instances small dams 
properly located and designed offer the best solutions for the flood 
problems on small tributaries. I consider small dams as engineering 
tools which should be used as a solution to this phase of the flood 
problem whenever they can be designed to accomplish the purpose 
and when they are economically justified. Provision of such works, 
however, must result from studies of engineering and economic 
feasibility, because it is possible that a combination of a number of 
headwater detention reservoirs with uncontrolled outlets can so affect 
the timing of outflows of the individual tributaries that their com
bined outflow at a downstream point may not be materially reduced 
and may even, in exceptional cases, be higher than in nature. 

We now come to the last but certainly not the least important 
phase-the problem of control and conservation of the waters of 
major floods. These major floods which produce national disasters 
were the causes which led to federal participation in flood control. 
Because of the great volumes of water that are involved in such 
floods, major engineering works such as storage reservoirs, levees 
and floodwalls are necessary to meet this problem. 

The function of a downstream reservoir in a complete watershed 
treatment and water resource management program is to control by 
storage the excess runoff resulting from periods and intensities of 
precipitation which are beyond those for which treatment and sup
porting soil and moisture conservation measures are designed, and at 
the same time provide for other allied water uses by the control and 
release of the stored water. 
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In downstream areas certain limitations and basic problems are 
also inherent. We cannot actually prevent these major floods but we 
can store them and/or pass them in ways in which they will cause the 
least damage. This means generally that certain areas must be flooded 
to protect other areas. In most cases this is not simply a matter of 
engineering and economics but involves complex social relationships 
when people must be displaced in one area to protect another. Such 
problems can be resolved only by democratic processes including care
ful appraisal by local residents in cooperation with the interested state 
and federal agencies of all of the beneficial and detrimental effects. 

The storage of flood waters, where possible in downstream valleys 
for later controlled release and beneficial use, is simply wise budget
ing of the excess runoff from the watershed. Larger downstream 
reservoirs as part of a water resource program provide storage of 
water for multiple use development which includes, in addition to 
flood control, water supply, power development, irrigation, navigation, 
enhancement of fish and wildlife resources, development of recrea
tional areas, low flow regulation for pollution abatement, and in some 
areas, insect and salinity control. 

Domestic ai;id industrial water supply from underground sources 
has, in the last five years, become a major consideration in water re
source management in areas east of the Mississippi River. The 
drought conditions and heavy industrial water demands have forced 
many communities to consider surface reservoirs, as well as ground 
water, as the ultimate means for meeting the pressing water supply 
problem. Where storage capacity is available and the need for surface 
water supply is indicated, such consideration should be given in de
veloping the flood control aspects of the water resource management 
program. 

Power development by hydroelectric means uses excess water that 
has followed the overland cour·se from the headwaters and is of major 
importance. 

Irrigation of agricultural land from surface reservoirs has been 
practiced in the West for many years. It is most interesting and 
somewhat startling to note the great increase in sprinkler systems 
for farms in many parts of the country including even substantial 
areas in the humid east. 

People enjoy the recreational value of water and they like to live 
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by it as well as to enjoy it on a seasonal basis. Permanent conserva
tion or recreational pools in a reservoir storing flood waters is a use 
which has increased in importance where natural lakes are not avail
able. The increased spare time becoming available because of shorter 
working hours has increased the demand for such facilities in down
stream reservoirs and is an important phase of water resource 
management. 

Conservation of fish and wildlife resources in any watershed is 
important. The permanent pools for power and recreational use also 
usually provide additional favorable habitat for the enhancement of 
such resources. Such features make it possible to maintain fish and 
wildlife resources and at the same time improve downstream channel 
conditions in the interest of pollution abatement and navigation. 

There is a school of thought which holds that when people, in
dustry, and communities have settled in river valleys they must take 
the consequences of floods or move to higher ground. Although this 
has merit, I believe that many of our rivers and valleys are too im
portant and their development is too far advanced for acceptance of 
this view. 

On the .other hand there is certainly merit in the.idea of judicious 
limitation of flood plain use to insure that we do not aggravate future 
problems by continued encroachment on natural routes for the escape 
of excess flood waters. Availability of flood insurance will undoubtedly 
influence flood plain development as well as the justification for flood 
protection. Flood forecasting and warning are now important phases 
of prevention of flood damages. 

Here in New England, protection of major damage centers by 
large downstream dams may not be justified because of the intense 
economic development on the main valleys, and because little storage 
is available for flood control and allied water uses where the rivers 
are already intensively developed for ·power. Perhaps dams on the 
intermediate tributaries might offer a more satisfactory solution, com
plemented by local protection works at major damage centers. 

In conclusion, I want to stress the concept of the river basin as 
an entity for which-if we are to have sound development and use of 
our land and water resources-we must have a unified and balanced 
plan effectively tying together the plans for the component watersheds 
and for the downstream areas. Measures to protect the lands of 
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watersheds are essential for our agriculture. Also they contribute to 
better use of our water resources. But control of large floods and de
velopment of multiple-purpose water ·resource projects can only be 
achieved by means of engineering structures. No single pattern of 
protection is best for all river basins. In each basin the plan should 
be tailor made to best meet the specific needs. Full use should be 
made of all kinds and sizes of structures in both, upstream and down
stream areas as well as zoning, possible adjustments within the flood 
plain, and forecasting and warning, to the end that maximum net 

benefits are obtained. 
The development of river basin programs is a big job in which 

all levels of government, Federal, State, and local, should participate 
actively. The consultation · and cooperation of all groups will be of 
great value in the development of these programs. 
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INITIAL WATER RESOURCE PROGRAM FOR 
MASSACHUSETTS 

BY CLARENCE I. STERLING, JR.* 

THE Commonwealth of Massachusetts recently enacted legisla
tion which established a Water Resources Commission. The act pro
vides that the Commission shall be the agency of the Commonwealth 
responsible for the coordination of the activities of the Federal, State 
and other agencies in the conservation, development, utilization, and 
disposal of water insofar as preventing the loss of life and damage of 
property by erosion, flood waters and sediment in the watersheds of 
the Commonwealth. 

The Commonwealth of Massachusetts as well as its sister New 
England States has been blessed with an abundance of water re
sources. We have an average annual rainfall of 43 inches in com
parison to the national average of 23 inches. In a wet year it may be 
as high as 60 inches while in a dry year it may be as low as 30 inches. 
More fortunate is the fact that the rainfall is fairly uniform through
out the entire year. Approximately 45 to 55 per cent of the rainfall 
flows to the sea in our 4,230 miles of streams. However, Massachu
setts is doubly blessed for it receives stream flow resulting from rain
fall in Vermont and New Hampshire. There are 2 54 square miles of 
water surface in this State and a total land surface of 7,875 square 
miles. The water area is made up of about 1,215 Great Ponds ( a 
Great Pond is a natural pond with an area of more than 10 acres) 
having an area of about 153 square miles, the remaining area con
sisting of small ponds of less than ten acres and artificial reservoirs. 

Evaporation studies made by Fitzgerald many years ago showed 
that 39 inches is lost annually from water surfaces by evaporation, 
which is approximately 90 per cent of our average rainfall. 

Water has been one of the most important factors in the develop
ment of Massachusetts since the arrival of the Pilgrims. In the early 
days the waters in our streams were utilized to operate grist and saw 
mills. Later water became an important factor in the industrial age 

* Engineering Consultant, ~Iassachu.1etts \Vaier Resources Commission. 
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with the establishment of the textile, paper and tanning industries in 
Massachusetts. Prior to the advent of railroads our streams and rivers 
were used for navigation purposes and a system of canals was con
structed in various parts of the State to provide transportation. Today 
our water resources have an increased demand placed upon them with 
the increased use of water for domestic purposes, the development of 
sport fishing and other recreational pursuits, the need for water for 
irrigation, and the continued use of large qualities of water by in
dustries. Probably last,. but not least, is the use of our streams for 
carrying away treated and untreated domestic sewage and industrial 
wastes. 

Basically, the principle of riparian use has been followed as 
our water policy. A heritage from our British forefathers. The owner 
of land abutting on a stream has the right of reasonable use of the 
stream and its water not inconsistent with the similar right of other 
riparian owners. Reasonable use depends on the size of the stream, 
the damage suffered, the extent and type of development of adjacent 
areas, climate, soil and other factors. In regard to the great ponds, 
the rights of use are vested in the public and the abutter has no greater 
rights than any other member of the public except that he may have 
more easy access. The right to use the pond may be prohibited by 
the Legislature or a specific agency to which the Legislature has dele
gated its power to control the use of the great ponds. 

Through the years a number of agencies have been entrusted 
with the responsibility of supervising the various aspects of water 
usage. For example, the State Department of Public Health was 
authorized in 1886 by Chapter 274 to have oversight and care of in
land waters and also to recommend measures to prevent pollution of 
such waters. The original act was later amended to give the Depart
ment the right to issue rules and regulations to protect water against 
pollution, especially those waters used for domestic water supply 
purposes. This authority to make rules and regulations was extended 
to all waters of the Commonwealth by the passage of Chapter 615 of 
the Acts of 1945, the so-called "Comprehensive Stream Pollution 
Control Act." 

Boards of county commissioners in the various counties have 
the responsibility for the safety of dams with a height in excess of 10 
feet. The Division of Waterways of the State Department of Public 
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Works is authorized to license structures encroaching upon our water
ways and also to carry out programs of stream clearance and flood 
control. When the Department of Commerce was created, it inherited 
from the old State Planning Board certain responsibilities in regard to 
flood control. The State Reclamation Board is concerned with the 
drainage of land, and only for insect control but also for land de
velopment. The Department of Natural Resources, when it was 
re-organized, was entrusted with certain aspects of the recreational 
development of our water resources. The M~tropolitan District Com
mission, while originally established to supply water and provide 
sewage disposal facilities for the Boston Metropolitan Area, now has 
additional responsibilities in regard to stream flow, drainage and flood 
control projects. The Department of Agriculture has become more 
interested in the use of water for irrigation as the benefits accruing 
by using the optimum amount of water during the growing season 
become more clearly recognized. 

In addition, other special commissions have been established to 
control the pollution of our interstate streams as well as to provide for 
flood control projects in the Connecticut River Valley, the Merrimack 
River Valley, and more recently in the Thames River Valley. 

The Division of Sanitary Engineering of the Massachusetts De
partment of Public Health has undertaken many of the functions of 
a water resources commission in obtaining basic data. That Division 
established rainfall measurement stations, it installed stream gaging 
stations to measure our stream flows and it later entered into a co
operative agreement with the U. S. Geological Survey for the main
tenance of these stations. Water resources studies were made by the 
Massachusetts Department of Public Health as well as by certain 
special legislative commissions. The Division of Waterways of the 
Department of Public Works is carrying on geological mapping and 
ground water study programs in cooperation with two different 
branches of the U. S. Geological Survey. 

It can readily be seen that the multiplicity of agencies carrying 
on the same type of functions led to confusion of the general public, 
their representatives in the Legislature and the various federal agencies 
working with the Commonwealth on water matters. It also led to 
competition among the agencies for their share of the tax dollar. 
There was little coordination between the various departments so it 
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became apparent that a coordinating agency was needed to establish 
basic State-wide water policies. Furthermore, due to drought condi
tions in other parts of the United States, flood conditions in New 
England, the public demand for pollution control, the increased de
mand of our residents for recreational resources as the result of more 
leisure time, attention was focused on the need for the establishment 
of a coordinating agency responsible for the solution of problems 
occurring not only within the Commonwealth and the other New 
England States but also in conjunction with the Federal government. 

The enabling legislation creating the Water Resources Commis
sion established a Division of Water Resources in the Department of 
Natural Resources but under the control of a special nine-man Com
mission with the Commissioner of Natural Resources being designated 
as Chairman. The other members of the Commission are: 

Commissioner of Public Works 
Commissioner of Agriculture 
Commissioner of Commerce 
Commissioner of Public Health 
Chairman of the Metropolitan District Commission 
Plus three public members appointed by the Governor 

The initial program of the Water Resources Commission can be 
divided into five catagories: 

( 1) To coordinate the activities of the existing State agencies 
in order to insure that all interests are protected in programs carried 
out by the various agences. 

( 2) To act as a clearing house for all basic water resource 
data, as well as to be the agency to undertake basic water resource 
investigations. 

(3) To review existing laws and policies and attempt to formu
late a more comprehensive policy, taking into consideration the grow
ing demands made by various segments of our population. 

( 4) To advise the Legislature in the matter of allocation of 
water sources or usage. 

( 5) To act as a coordinating agency for the Commonwealth 
with the various Federal and interstate agencies in matters relating to 
water resources development and water usage. 

One of the basic resources needing exploration is the availability 
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of ground water. To date only a very limited area has been investi
gated. The U. S. Geological Survey in cooperation with the Massa
chusetts Department of Public Works has been doing bedrock and 
surficial mapping. The Department of Public Works has also been 
cooperating with the Ground Water Branch of the U. S. Geological 
Survey in a specific ground water investigation in the Valley of the 
Ipswich River, while the Ground Water Branch has been doing recon
naissance and general area investigations of the ground water condi
tions in the Concord River drainage area in the vicinity of Lowell. 

A Special Commission that was investigating groundwater in 
Plymouth and Bristol counties did a surficial geology survey of ap
proximately 650 square miles in the so-called Lakeville ponds area 
and in the town of Dartmouth. It compiled data on 885 major wells 
and did seismic studies in some 11 areas. The work was not completed 
before the Special Commission was required to file a report. The 
Special Commission recommended that the unexpended funds be trans
ferred to the Water Resource Commission for continuation of that 
investigation, which was done. 

While there is undoubtedly a wealth of material available on 
ground water in this State, it has not been compiled by any one agency. 
Such material is of little value until it is assembled, evaluated, and 
then presented in a form which can be used readily by water works 
men, industrialists, consulting engineers, agriculturists, and others who 
are interested in the development of ground water. 

The Commission has made a start in ground water investigations 
by entering into a cooperative agreement with the Ground vVater 
Branch of the U. S. Geological Survey for a survey of the Monponsett 
Pond area in Plymouth County. 

It is interesting to note that nine quadrangles on bedrock geology, 
each covering an area of approximately 55 square miles, have been 
completed and published jointly by the Massachusetts Department of 
Public Works and the U. S. Geological Survey and are available to the 
public. Thirteen quadrangles on surficial geology have been completed 
and published. There are a number of other maps of both bedrock and 
surficial geology which are in various stages of preparation at the 
moment. These, together with the topographical maps, are most help
ful in making ground water studies. 

At present, the Commission is working jointly with the Ground 
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Water Branch of the U. S. Geological Survey insofar as reconnaissance 

and general areal investigations are concerned, with the Commission 

doing the detailed quantitative and qualitative investigations in cer

tain high priority areas. 
The Commission has also entered a cooperative agreement with the 

Surface Water Branch of the U. S. Geological Survey to have a sum

mary data compiled by "Univac" on the low and high flows for various 

periods of time at the existing strean1 gaging stations in Massachu

setts. This program will be carried on over a period of several years 

with the initial compilation being made upon the streams that are 

critical insofar a.s development of water resources are concerned. 

The Commission will publish this data as soon as it becomes available. 
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WOOD PILES 
Bv H. A. MoHR,* Member 

UNTREATED WooD PILES 

A WOOD PILE is the trunk of a tree, from which the branches 
have been trimmed, driven into the ground small end down. Although 
some soil conditions might favor the installation of wood piles driven 
with the big end down, this is a most unusual operation, at least in 
the eastern part of this country. Sawn timbers are driven for piles 
on very rare occasiors. 

Trees for wood piles are cut by owners of small wood lots and 
sold to jobbers who sell to the pile-driving contractor. Other suppliers 
buy or own the standing timber which they cut and sell direct to the 
contractor. Accordingly, anyone controlling a stand of trees becomes, 
potentially, a wood-pile supplier. And anyone who owns or can rent 
or borrow a pile-driving hammer and a hoist, can go into the business 
of driving wood piles. All that seems to be required is to make the 
pile disappear into the ground by pounding it on the top end; it is so 
easy to do, so why not? That is not a cynical remark, for it expresses 
the attitude of many engineers, architects, builders and owners who 
have no interest initially, except that of a cheap price, and let the 
future take care of itself. 

The idea that anyone can do the trick of driving wood piles, 
which when done right is a trade in itself, is the cause of much of 
the uncertainty experienced with wood pile installations. This is not 
to infer that all established wood-pile-driving contractors are ex
perienced and faultless, for the percentage of incompetents engaged 
in this particular business probably runs no higher than their counter
parts in other types of endeavor. 

PERMANENCE 
The life of wood in sea-water exposure is a major study in itself 

and should be thoroughly investigated and understood by any one 
considering the engineering of a marine structure to be built of wood. 

* Consulting Engineer, Boston, :Mass. 
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The use of wood for piles is much older than that of any other 
material. In fact , until the latter part of the last century, wood was 
the only material available for use as piles. 

When continuously submerged and completely surrounded by 
soil, wood is considered permanent construction. In this condition of 
service it has lasted for centuries. 

That portion of a wood pile exposed above ground-water level, 
ye t completely surrounded by soil, will be attacked and eventually 
destroyed by the activities of insects , insect larvae and fungi. (Fig. 1. ) 
Alternate wetting and drying of buried wood hastens its rate of de
terioration. 

When exposed to free air above the ground surface, the wood is 
subject to attack by insects, insect larvae and fungi , although not 
so badly as is that portion located between ground-water level and 
the ground surface. It also is subject to the destructive forces of 
weathering, wetting and drying and temperature changes, to the ac
tivities of animals and to destruction by fire. 

Even though continuously submerged and completely surrounded 
by soil , the useful life of wood is relatively short when used under 
boiler settings, blast-furnaces, cook-ovens and similar heat-generating 
apparatus, unless special precautions are taken in the foundation de
sign, to insulate the pile heads from the effects of heat, by providing 
effective thickness of concrete, air space or mechanical cooling. 

Wood will be destroyed by some chemicals manufactured or used 
in industry even though continuously submerged and surrounded by 
soil. Piles made of masonry and metal likewise are destroyed by some 
chemicals manufactured or used in industry. Use of larger-bodied 
wood piles than would be used ordinarily and surface treatment of 
masonry and metal piles with a material that is resistant to attack by 
the particular chemical or chemicals being deal with, will increase the 
useful life of piles under this condition of service. Securing a perfect 
application of a protective coating on masonry and metal piles is ex
tremely difficult in practice. 

When exposed through free water, wood is subject to wear and 
eventual destruction from the abrasive action of ice and other float
ing objects carried along in a moving stream or by the wind in other
wise still water. 
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P ERMANENT -WATER LEVEL 

Ground-water level can be closely determined at the time a 
project is being studied, but it is not always possible to evaluate 
changes that are apt to occur in the future. The installation of sewers , 
subways, deep basements equipped with sump pumps, and the use 
of ground water for manufacturing and air conditioning purposes-



WOOD PILES 135 

the latter a recent developed usage requiring much water-have 
lowered the original ground-water many feet in many places. Positive 
determination of future permanent ground-water level, especially in 
rapidly growing communities, is a difficult if not impossible task. As 
a consequence, the tendency, for surety, is to exaggerate the probable 
change. 

SPECIES OF TREES 

Different species of trees grown in the same stand of timber have 
different normal growths. The trunks of oak, spruce and pine trees, 
for comparison, will differ in size, shape and length of trunk at the 
same age and at maturity. 

Short piles of the dimensions and -straightness usually specified 
are obtainable within reasonable hauling distance of most locations 
in this country. As longer piles are needed, the source of supply nar
rows to the southeastern states, and finally to the northwest Pacific 
states for the longest that nature grows. 

Economy dictates that trees of acceptable woods, grown nearest 
the project site, be used for piles. For each new project location it 
would be well to explore the wood pile market in cooperation with the 
most reliable wood-pile supplier in order to determine the available 
species of acceptable woods. These acceptable woods should then be 
named in the specifications. Any species of tree, the trunk of which 
will withstand the handling and driving forces, and otherwise satisfies 
the specification requirements, should be acceptable as a pile. 

PILE DIMENSIONS 

The dimensions of wood piles are specified as follows: ( Fig. 2) 
D is the diameter in inches at the butt end or at a distance "l" from; 

the butt end. 
d is the diameter in inches at the point or small end. 
L is the length in feet measured to the nearest foot. 
l is an arbitrary distance in feet measured from the butt end. 

Dimensions "D" and "d" should be specified as measured 
"under" or "outside" the bark. Almost all specifications require under 
the bark measurements. Also the given dimensions are minimum 
values-"they shall measure not less than." At times, it may be ad
visable to limit the maximum size for "D," as when piles are to be 
driven through a hard crust of soil or fill materials, to avoid showing 
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a deceptive driving resistance, and when they are to be driven into 
plastic soil, to lessen the amount of lateral displacement and heave. 
Besides, the width of pile driver leads is fixed and it is a costly opera
tion to trim an oversized pile so it will go between the ways to center 
under the hammer. 

Dimension "l" is introduced in a specification in order to control 
the body size of the pile, especially its big end. This dimension, in 
a size specification, avoids forced acceptance of piles cut in the ground 
swell and otherwise small bodied piles. 

The piles in Fig. 2 are drawn to scale. Both piles have the same 
lettered dimensions except that the "l" dimension is omitted from pile 
"A". Note the body shape of the two piles, both of which are perfectly 
natural growths. 

Applying arbitrary dimensions, pile "B" in Fig. 2 may be said 
to be 12 (D) inches in diameter, 2 (l) feet from the butt, 6 (d) inches 
in diameter at the point, by 40 (L) feet long. It is written as 12"-2'-6" 
x 40'. The designations are properly placed on Pile "B". 

SPLICING 

Wood piles should be delivered to the project site and driven in 
one piece. To accept splicing, when it can be avoided, introduces a 
major unnecessary hazard. It adds another uncertainty to those 
already grown into the pile by nature, and increases the chances of 
an unsatisfactory foundation far beyond what otherwise would have 
been the case. The added degree of hazard varies with the amount of 
driving the pile must withstand after being spliced. 

To splice a wood pile requires framing together crooked pieces 
of round timber, adapting the small end of an upper piece to the big 
end of a lower piece in such a manner that the assembled piece can be 
driven into the ground successfully. A proper splice must prevent 
telescoping of the sections of the pile and the forming of a knee in the 
alignment at any splice location, either or both of which develop
ments once started become progressively worse as driving proceeds. 
Splicing a wood pile is a tedious and difficult piece of work which 
experienced and responsible contractors will not undertake without 
limitations. 

Methods usually used for splicing wood piles are shown in Fig. 3. 
Type A splice is the best of those shown and with care in workmanship 

is probably as good as can be devised. But it is impossible to fit and bolt such 
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an assembly so securely that a none too hard driving operation will not 

shake the framing loose, after which, but little relative movement between 

the sections forming the pile is required for the bolts to split the scabs and 

materially weaken the joint or to result in its total destruction. 

Type B joint is as near nothing as can be thought up; still it is being used, 

at times. 
Type C is a reasonably good joint, but dressing the tenons to fit inside 

the pipe, or driving the pipe into the top of the lower section in lieu of dress

ing a tenon and have the sections of pile remain centered and in alignment 

requires more than ordinary workmanship. When completed the joint is 

reasonably rigid. Its weak points are located at either end of the piece of 

pipe where the tenon will break should but little knee action develop during 

driving. 

The success or failure of a spliced wood-pile operation is known 

only after the load, they were driven to support, has been applied for 

some time. 
ORDERED LENGTHS 

Common practice follows the procedure of ordering wood piles 

in lengths longer than those thought to be needed to develop a desired 

driving resistance. It is easier and cheaper to cut off and waste a 

reasonable footage of pile than to assume the hazard and cost of a 

.splice. 
On operations involving a large number of piles, the ordered 

lengths can be corrected, from time to time, to take advantage of re

sults obtained as driving proceeds. Corrected lengths would apply 

only to trees uncut and not to those already cut, or in transit or on 

the site where being driven. 
On small projects, all piles generally are cut, if not actually de

livered before driving has proceeded far enough to alter the ordered 

lengths. 
A supplier will quote a lower price, say, for SO piles ranging in 

lengths from 3 7 to 42 feet and averaging 40 feet, than he will quote 

for SO piles 40 feet long. 
The multiple of length usually is S feet, that is prices are taken 

and orders are placed for piles in lengths, for instance: over 30 to 35 

feet, over 35 to 40 feet, over 40 to 45 feet, etc., to average the mid 

length in each case, or on any other increment of length that the pur

chaser may choose. 
Since predetermination of actual pile lengths, to develop a 

required driving resistance, is impossible, except by happenstance, 
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buying wood piles to fixed lengths for specific locations is hardly ever 
warranted. 

Of course, where the points are to stop in soft or loose soil and 
contact area rather than driving resistance is the governing factor
a purely friction pile-the actual length of pile can be reasonably 
predetermined from the boring results. But the size of the pile will 
vary, the interpolation of soil conditions between boring locations may 
vary from actuality, the safe unit friction value may vary to some 
degree over the building site, the practical difficulty of having the 
right pile at the right location at the time the pile-driving machine is 
passing that location and the unwillingness of the men in the pile
driving crew to hunt for a particular pile rather than to chain the one 
most readily at hand, point to the conclusion that it is unwise to order 
even purely friction piles of specific lengths for individual or for too 
restricted area locations. 

INSPECTION OF PILE MATERIAL 

Piles may be inspected at the point of shipment or at the site 
where they are to be driven. Occasionally they are inspected at both 
points, usually to the enbarrassment of the individual who inaugurates 
such an arrangement. Where possible, inspection should be made at 
the point of shipment. It can be done easily except that the cost is 
high when occasional car or truck-loads are moved from different 
shipping points. Inspection at the project site, where space always is 
lacking, involves the cost of disposal of rejects. It also introduces the 
difficulty of identifying the owner of each reject when more than one 
supplier or shipping point is used. 

SPECIFICATIONS 

Specifications covering the materials for and the driving of wood 
piles have become quite detailed over the years. The so-called stand
ards of different associations, societies, railroads, Departments of 
Government, large engineering and architectural concerns, and of 
many small firms are the result of swapping and cribbing back and 
forth, with an occasional new restriction added, in an effort to pro
vide protection in the future, against repetition of some sorry ex
perience in practice. As is usual when so developed, the final product 
is odd in many respects. 
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The following excerpts were taken from wood-pile specifications. 
They will convey an idea of the provisions most generally thought 
necessary to be covered. One or two unusual clauses have been in
cluded for good measure. When considering these clauses, bear in 
mind that wood piles are a product of nature; therefore they are im
perfect in shape and defective in structure. The ultimate strength of 
any pile is unknown and can be determined only by testing the pile 
to destruction, in which condition it can no longer serve as a pile. Its 
ultimate strength determined under static forces provides little infor
mation regarding its ultimate strength under dynamic forces. Since 
the trunks of no two trees are alike, the ultimate strength of one can
not be said to be that of another. So, on the basis of nature produced 
material alone, there must be a margin of variation built into every 
successful wood-pile foundation. 

I. Wood piles shall be of Southern Yellow Pine. 

Complete restriction to the use of one species of tree, for piles, 
makes sense provided that no other species of tree produces a pile 
of the desired dimensions and quality which are available at a com
petitive price and time of delivery. Dimensions, price and time can 
be answered by figures; but quality, the capacity of the pile to with
stand the handling and driving forces, is beclouded by personal 
opinion, formed from training and experience and influenced at times, 
no doubt, by commercialism. 

Specification writers, who cannot be specialists in all classes of 
work, copy so-called standard specifications, or specifications from 
previous projects, which would seem to be the only explanation for 
this reverence for the term "Southern Yellow Pine." The terms 
''Dense Southern Pine" and "Long Leaf Pine" were carried in specifi
cations for years, even when piles of either wood were considered 
museum pieces in the market. In the world of business, the owner pays 
unnecessarily for this lack of reality. 

Naturally, there are exceptions, but in most instances, woods 
other than the single selection, whatever it may be, will withstand the 
same or greater dynamic forces, and their use should be permitted. 

It might be suggested that if the stability of the completed foun
dation depends entirely upon the use of a single species of tree, 
thought to be capable as a pile, then methods to reduce the construe-
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tion forces to more tolerable amounts should be devised or another 
type of foundation should be used. 

II. Other approved species of wood may be used provided that the 
butt and point are such that the resistance to shock and handling 
stresses shall be equal to the above Southern Yellow Pine. 

To determine that another species of tree does or does not qualify 
under this provision is beyond the comprehension of an oracle. A be
wildering provision! 

By thoroughly exploring the wood pile market before hand, the 
Engineer can and should identify the other acceptable woods, if any, 
name them and eliminate this or any similar trouble-breeding clause. 

III. Piles shall be: 

(a) Cut from sound live trees, except that fire or blight-killed trees 
and wind felled trees may be used provided that their structural 
strength has not been impaired by deep burned areas, decay or 
insect destruction. 
This is a reasonable provision when reasonably interpreted and 

applied by both the Engineer and the Pile Suppliers. 

(b) Cut above the ground swell. 
The insertion of a proper dimension for ( l), in the pile size 

specification, would eliminate the necessity for this clause. To ac
complish its purpose the dimension should vary, to some extent, de
pending upon the species of acceptable trees. 

( c) Free of shakes. 
This provision refers to planes of rupture usually running paral

lel with the grain. They are caused by heavy winds while the tree is 
standing, and by improper felling and handling of the tree afterwards. 
Quite often they are not discernible prior to the start of the driving 
operation. 

( d) Tapered Uniformly from Butt to Points. 
Insistence on delivery of piles to satisfy a literal interpretation 

of this requirement would almost eliminate the use of trees for piles. 
In practice, this clause is intended to delegate authority, to the engi
neer, for rejections of freak-shaped piles. 

( e) Trimmed smooth of all branches. 
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Imagination must control the meaning of smooth to allow for 
much crudeness as are all parts of a wood pile operation. 

( f) Free of loose or decayed knots-knots in clusters-knots of a 
maximum diameter of-measured across the axis of the pile
a maximum number of knots in a stated distance along given 
sections of the pile. 

A clause to limit the presence of weakening knots or clusters of 
knots is difficult if not impossible to write and just as difficult to ad
minister, for it is impossible to know the size or pattern of clusters of 
knots that will result in failure during the handling and driving opera
tions. A knot or a cluster of knots does not always cause an area of 
weakness in a pile. 

(g) A sound knot will be one which, at a depth not greater than its 
diameter, shows wood as hard as that surrounding the knot. 

With many species of trees the question of knots and their con
dition is relatively unimportant, with other woods they may be im
portant. Applying the provision of this clause should not prove to be 
too difficult. 

(h) Free of grain twist exceeding 180° in 20 feet of length. 

Complying with and administering the provision of this clause 
should be easy. 

(i) Free of grooves or scars made for the collection of turpentine 
more than twice and scars more than three feet in length or 
scars not of recent date. 

This provision would apply to Southern Pine Piles. The wood 
of trees heavily bled for turpentine later becomes glazed, hard and 
brittle, especially near the scar which is located close to the butt end 
of the pile. Being brittle, the wood will shatter under the blows of a 
pile-driving hammer; it is difficult to frame. 

(j) Cut when the sap is down. 

The bark on trees cut when the sap is down-during the winter 
months-tightly adheres to the tree trunk and stays tight a longer 
time than when the tree is cut at other seasons of the year. Bark is 
hard to remove or peel from winter-cut trees. 

Cutting trees when the sap is down is an important factor for 
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increasing the useful life of untreated piles subjected to sea-water 
exposure, but not in other types of service. 

While it is true that some suppliers carry limited stocks of wood 
piles in storage, no supplier cuts and stores any great number of trees 
to be used for piles until an order is at hand which specifies the size, 
lengths and number wanted. In general then, this provision can be 
lived up to only when the construction operation can be planned suf
ficiently in advance to permit the cutting of piles during the time of 
year when the sap is down. 

Furthermore, the provisions of this clause becomes involved with, 
and is somewhat contradictory to, the provisions of item (k). 

The writer knows of no indisputable evidence which proves or 
tends to prove that trees cut when the sap is down will withstand the 
handling and driving forces better or will last longer as piles than will 
trees cut when the sap is up. 

(k) Cut not more than four months before being driven. 
Trees cut and stored on the ground or racked on skids in the 

woods, shortly are attacked by worms and insect larvae and by fungi. 
This type of damage is more rapid in humid than in arid exposure 
and some species of wood are more readily attacked than are others. 
Destructive marine organisms may seriously attack or they may cause 
no damage at all to wood piles held for four months in sea-water-pile
storage basins. 

Time is but one element in the safe storage of trees to be used 
for piles; it surely is not of the same duration in all circumstances. 

Assume that the sap is down for four months of the year and 
that the provisions of this clause and of clause (j) were enforced, 
then for at least three months of each year no wood piles could be 
driven. Yet, wood piles have been successfully driven throughout the 
year for many years. 

How many men in the engineering profession or in the construc
tion industry are shrewd enough to pick out, in the woods or upon 
delivery at the project site, trees that have been cut for more than 
four months, or cut when the sap was up or down? Why insert defi
nite provisions where variable provisions should govern, and why 
insert any provision that will be ignored or that cannot be adminis
tered? 
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(1) Peeled entirely free of bark. 

Wood piles moved from the West to the East coast of this 
country always have been peeled before being shipped. Ordered di
mensions for such piles are under the bark and it has been cheaper 
to peel the pile than to pay freight on the bark. This economic situa
tion does not apply to shipments of local or Southern piles which are 
always furnished unpeeled unless ordered peeled, specifically. 

It has not been demonstrated that a pile with its bark removed 
will support a greater load, will last longer or will withstand the 
handling and driving forces better than will the pile with its bark 
intact. 

An unpeeled pile has a greater volume than when peeled. Trans
latP<i into contact surface and volume displar.ement, the difference is 
an important contribution to the supporting capacity of a friction 
hearing pile. Tn other words, under identical conditions, of pure frk
tion bearing, the pile unpeeled would support a greater load than 
would the same pile when peeled. 

Tht> requirements that piles be peeled and that they ht> rnt not 
more than four months before being driven could he read to imply 
a critical plane of weakness at the surface of contact between the 
bark and wood. Fresh cut piles will have tight bark. Piles kept in 
storage too long will shed their bark. Whatever its condition may be, 
the bark behind, and no doubt there are other reasons. But no one 
will not be shed under static load. 

Mauy uuµeeled wuud piles, afler years of satisfaclory service, 
havP hePn 1mrovered in excavations made for new ronstrnction and 
the bark has been found intact. Many such piles have been pulled 
and, except in a minor number of instanres, the bark ha<; rome 11p 
with the pile. Time is an important factor in the pulling of a pile. 
Snatching or yanking out the pile might perhaps account for leaving 
1'he bark behind, and no doubt there are nother reasons. But no one 
knows the time of year any of these piles were cut, nor how long they 
had been cut before being driven. 

Until an authentic case is discovered, where after being driven, 
the pile, under static load, has moved within its bark, this plane of 
imaginary weakness is of interest for academic discussion and that is 
all. Except under some very special condition of service, the peeling 
of wood piles is a waste and has no engineering justification. 
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(m) Free of short or reverse bends and so straight that a line drawn 
between the centers of the two ends shall not fall outside the 
body of the pile, or, for long piles-outside the body of the pile 
more than one inch for each forty foot ( or some other arbitrary 
increment) of length, or, shall not deviate from the center of the 
pile more than 2 percent of the distance from the nearer end, etc. 
It is extremely difficult, if not impossible, to write a straightness 

specification for wood piles that will be not too lenient or too strin
gent. Anyone who is of a contrary opinion should make a try at it. 
He should keep in mind that a good man with a peavey very often 
can roll a pile into a position to make it pass or not pass inspection. 
Also that the pile supplier, the inspector and the pile contractor do 
not always see alike when looking at the straightness of a wool pile. 

A too lenient tolerance may force acceptance of unsuitable piles 
and a too stringent tolerance will increase the foundation cost unduly, 
and ultimately may make it impossible to satisfy the provision at all. 

What is wanted is a pile straight enough to be driven success
fully with available equipment and men. The experience of the crew 
and the type of pile-driving equipment have much bearing on the 
crookedness of a wood pile that can be driven successfully. 

The engineer needs a detailed straightness specification to keep 
the operation in line and to enforce reasonable compliance with good 
practice, yet one not so tough as to be deadening in its fulfillment. 

Arguments relating to the delivery of piles to satisfy the straight
ness requirements and the stated butt and point dimensions seem to 
be an inevitable part of almost every wood pile operation. The young 
engineer might as well understand that delivered piles will seldom 
conform with his preconceived ideas of straightness and size. 

The piles shown in Fig. 4 (p. 13 6) are drawn to scale. Whatever 
the length, a tree must grow straight to satisfy any of the usual 
straightness specifications. 

Some wood pile suppliers, especially on short-haul delivery, art
fully ignore written specifications and proceed to deliver, in part at 
least, piles which their superior wisdom dictates that the purchaser 
should accept instead. As an instance, the piles shown in Fig. 5 were 
supplied under a 12"-2'-6" x 45' specification requiring that the body 
of the pile shall not fall outside a straight line drawn between the 
centers of its two ends. Delivery was made in the month of August 
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FIG. 5. 

and the picture was taken the next June. Exposure to the elements 

did not warp these piles into the shape shown, nor did it shrink one 

to a measured length of 38 feet. It did, however, loosen the bark 

which may be seen scattered over the ground. 
Fig. 6 shows typical Norway Pine, Southern Pine and West Coast 

Piles. 

( n ) Cut perpendicular to their axis and show all sound wood at both 

ends. 
This provision is easy to comply with and easy to administer. 

( o) Without defects that may impair their strength or durability as 

piles. 

In Utopia, this clause might well be the entire specification. No 

doubt its originator, after having otherwise exhausted his powers of 

description, felt it to give him full control of every situation that 

might arise. It is a blunderbuss clause, and does give the engineer 

full control, should he care to fall back on it, to gain most any point 

in dispute. 

(p) Driven not more than one-quarter inch per foot of length from 

the alignment called for on the plans. 

A wood pile cannot be driven in a straight line nor to a specified 

alignment, either plumb or battered. And the amount of deviation 
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cannot be predicted or ascertained except by uncovering the driven 
pile in an excavation. Once its point is a few feet below the ground 
surface, as the pile is being driven, there is no known means by which 
its direction can be controlled or materially altered. Its actual position 
and alignment, except for that portion exposed to view, is unknown, 
and there is no reason, based on other than assumption, to expect that 
the hidden portion follows the alignment of the exposed portion. De
pending upon the type of soil or soils, the presence of underground 
obstructions, the type of pile-driving equipment, the experience and 
willingness of the men in the crew, and the size, shape and length of 
the pile, its point may be only a few feet or it may be many feet from 
the position called for on the plans. 

Many weird situations have been uncovered in excavations made 
along side structures supported on wood piles and in deep excavations 
made for new construction in areas formerly occupied by structures 
supported on wood piles. It might be said that very few, if any, un
covered wood piles have been found within the usual allowed toler
ance. As a practical matter it should be recognized that any driven 
pile found to be within the usual alignment tolerance, arrived in that 
position by chance and not as the result of human guidance. 

Nevertheless, with all this known misalignment, there exists no 
proven instance of a wood-pile-foundation difficulty attributable to 
this factor. It must be obvious that any such alignment clause, for 
not only wood but for any solid-bodied pile, is meaningless because 
compliance or non-compliance cannot be established. 

The men in a pile-driving crew cannot perform miracles. Except 
where individual piles are equipped with runways for guiding survey 
instruments, no engineer is competent to survey the alignment of a 
driven solid-bodied pile and determine whether or not a miracle has 
been performed. 

Fig. 7 shows conditions uncovered when excavating for circular 
footings to support the free edge of a pipe tunnel that had been hung 
onto the outside of a brick building-wall resting on wood piles. Found 
passing through the enlarged base of the excavation were two wood 
piles located roughly as shown, with heavy lean toward the building. 

The relative positions of the wood piles and the circular footing, 
at cut-off grade, are unknown. They may be, and probably are, at 
positions other than those shown. One must acknowledge too, that 
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the piles probably were not driven in their planned position. And 
since the piles uncovered in the circular excavation were not traced 
to their top ends, it is not known just which piles they were, nor is it 
actually known that they were the lower ends of piles driven to sup
port the building. Assuming, however, that they were the lower ends 
of piles driven, at the nearest relative position at cut-off grade, to 
support the building, the points are more than ten times the out-of
plumb tolerance ordinarily allowed. This was an old building in good 
condition, except that the sagging of the outer edge of the tunnel was 
buckling the wall, in which action the exaggerated out-of-plumbness 
of the wood piles played no part whatever. 

As another instance of out-of-plumbness and thus out of hori
zontal position also; quite a number of nine-pile clusters were to be 
driven for the support of a light-weight industrial plan. Permanent 
ground-water level was nine feet below the ground surface. 

To save the contractor the trouble of moving his pile-driving 
machine over open pits and uneven ground, the architect agreed that 
the piles be driven and followed to cut-off grade, before the footing 
excavations were made. The penalty for granting this accommodation 
was the cost of enlarging, in plan size, every pile cap on the site, in 
order to encompass the heads of one or more piles that had wandered 
partly or entirely outside the planned original footing size. It should 
be remembered that this result developed in only nine feet of depth. 
No compensating piles were driven to balance any cluster, yet the 
building is in good shape after many years of satisfactory service. 

The moral to this episode is to excavate to pile cut-off grade be
fore driving piles and avoid the chance to fuss about their horizontal 
positions. 

( q) Many specifications fix the: 

( 1) Minimum number of circular growth rings per inch. 
( 2) Percentage of summer to winter growth. 
( 3) Minimum or maximum thickness of sap wood. 
( 4) Maximum diameter of pitch. 
( 5) Ratio of area of heart wood to total area of pile and other 

details of growth which serve to befuddle and worry all who 
have to do with the actual installation of the pile foundation. 

These factors have much bearing on the strength of wood when 
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used as structural members. They have little bearing on a pile, once 
it is embedded in the ground. 

A tree that satisfies the other many requirements of a pile specifi
cation, and hardly any of the limitations usually written into these 
particular provisions, will make a perfectly good pile. These details 
of growth are hidden until the tree is felled. To abandon a tree, at 
this late stage, because it fails to measure up to these detailed require
ments, when serving as a pile, is illogical and wasteful. 

( r) The pile shall be driven no more than 6 inches in any direction 
from the position shown on the plan. 
Where the soil through which the pile has been driven is firm 

enough, at the surface, to fix its top position, after having been re
leased from the base of the hammer or follower, this tolerance might 
not be violated too often. But where the pile is driven through free 
water or soil that is soft at the surface, jacking or pulling the piles 
into position and securing them by posts or cables would be necessary 
in most cases to keep the heads within this tolerance. Except on water 
and trestle work, where it always is done, the writer has never seen a 
wood pile forced into plan position at cut-off grade. 

( s) They shall be cut-off at the grade called for on the plans. 
A tolerance from plan grade, of one inch, plus or minus, usually 

is allowed. Where framed into timber construction a rough fit is 
required. 

To provide the grip required for piles subject to uplift, the top 
end is peeled for the depth of embedment in the concrete and may 
be notched with an axe, wound with wire, fitted with through bolts 
or equipped in other ways to prevent slippage between the pile and 
the concrete. 

( t) Metal collars or bands to prevent pile heads from splitting or 
brooming shall be provided, where necessary. 
Unless the piles are to be not much more than set in the ground, 

the heads must be protected to prevent their being damaged during 
driving. 

A pile ring or band is used with the drop hammer. The arrange
ment is shown in Fig. 8-A. 

Some arrangements for protecting the pile head, when using 
steam hammers, are shown in Fig. 8 - B.C. & D. 
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Fig. 9 is a picture of a pile head after having been driven by 

arrangement, Fig. 8-B, except that the steel plate was omitted and 

the ram of the hammer was allowed to strike directly on the pile. 

Adopting measures to protect the pile head from damage should be 

compulsory from the beginning. 

FIG. 9. 

( u ) The small end of the pile shall be prevented from being de

flected or from splitting by being fitted with a metal shoe . 

Many types of shoes are on the market, some of which are 

sketched in Fig. 10. 

The writer has little regard for any of these attachments. They 

will not save a pile from being deflected when it encounters an ob

struction, or upset or mangled when hard driven into a dense soil 
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PILE POINTS 
FIGURE 10 
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stratum. In the field , the end of the pile is shaped to fit the metal 
point with about four licks of an axe and these, not by a journeyman 
carpenter, but by a man in the pile-driving crew, who may have had 
no experience in carpentry at all. As a result, the fitting of the pile 
to the shoe is not as workmanlike and neat as is shown in sales bro
chures, nor would a neat fit to the shoe necessarily save the pile. 

One manufacturer of this article claims that his "Steel Pile Shoe 
will protect the ends of wood and concrete piles and p revent them 
from brooming and crushing when driven through shale, gravel, rip
rap, rock or other soil conditions which require difficult driving. " No 
pile shoe now on the market or to be invented will satisfy these claims. 

IV. Spacing 
The minimum center to center spacing of wood piles, measuring 

twelve inches two feet from the butt and six inches at the point usual
ly is thirty inches. As the body size of the pile is increased, the center 
to center spacing is increased. The spacing for smaller bodied piles 
may be reduced, but seldom, if ever, is less than twenty-four inches. 
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V. Loading 

Depending upon the species of tree the size of the wood pile to 
be used and ground condtions, design loads will range from 10 to 2 5 
tons per pile. A 2 5-ton design load is not common and a 30 ton design 
load on a wooc! pile, regardless of its size, i,c:; 11n11sual. 

COMMENT 

Wood is the least perfect in structure and the weakest of all 
materials driven as a pile. Consequently it is the most easily damaged 
or destroyed during driving. Actually little attention is paid to this 
phase of a wood pile operation. Anyone who raises the question of 
damage, at the time of driving, is looked upon as being inexperienced 
or as being a general nuisance. 

Initially, the engineer, after a study of the boring results, decides 
lhal. tht' piles must nhtain ll1t'.i1 s11ppurti11g capacity hy lwing d1iven 

into a given stratum of soil and/or to a specified driving resistance as 
determined by a formula. Or for specific reasons he may require the 
piles to be rlrivPn to a minimum point elevation. Quite often a compact 
or hard layer of soil overlies an unsatisfactory soil which the engineer 
wishes to eliminate as a supporting medium. 

Pl;:iring pilPs in thP position required hy thP Pne;inPPr oftpn in
volves hard driving. Yet, few if any wood pile specifications state 
the maximum size and type of hammer that shall be used or the 
maximum amount of energy that shall be expended per unit of pene
tration, during driving. Some specifications will permit, but will not 
re4.uire Lhe use uf a wale1-jel Lu lessen the amuuul uf driving; other 

specifications prohibit its use altogether. The writer is unable to 
recall a specification that mentioned the driving and removal of a 
c:;toh to form a hole to receivf. the pile, and thus rP.rluce the amount. of 
driving that otherwise would be required. Excavating holes in plastic 
soils through which to drive piles, primarily is for the purpose of 
reducing lateral displacement and heave and not to reduce the amount 
of the driving forces. 

Very few wood-pile specifications spell out the type of pile
driving equipment that shall be used or whether fixed heads are a 
must or ;i. h;:i.mmP.r rirline; in swinging-heads or a frP.e-swinging hammer 

will be permitted, or other equipment requirements necessary to the 
reasonable control of a wood pile-driving operation. As a consequence, 
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the pile-driving contractor makes the choice. He may elect to use a 
hammer or other pieces of equipment that are available though totally 
unsuited for the work. 

The drop hammer, for instance, is a brutal tool with which to 
drive wood piles, if for no other reason than that its height of fall 
cannot be kept constant or even reasonably so. It is easy to argue 
that the hoisting engineer will regulate the height of fall to that 
specified, but observation of actual driving operations proves the 
fallacy of this contention. Satisfying the requirements of the pile
driving formula, most generally used in the United States, almost 
forces the destruction of normal sized wood piles, when driven with a 
drop hammer, for a load of twenty or more tons. 

Mostly the supervision of wood pile operations are taken lightly. 
Men are assigned as inspectors to acquire practical experience and 
rarely because of their special knowledge of this particular type of 
operation. The novitiate sometimes imposes, in addition to the specifi
cation requirements, his own ideas of what is needed to produce a 
satisfactory wood-pile foundation. Regardless of conditions that 
actually develop on the work, engineers in the higher brackets are 
prone to commit the same offense. This attitude of indifference is just 
as pronounced in the contractor's organization as it is in the engineer's 
and architect's organization. 

The pile inspector insisted that all piles in each cluster be of the same 
length. For bearing, the piles were being driven through unsatisfactory soil, 
into a medium sand, to a specified resistance. 

Unless the granular stratum is in a very dense state initially, the vibrations 
attending a pile driving operation and the forcing of pile volume into this 
type of soil will increase its state of density. When driven to a stated resistance 
the first pile in each cluster will be the longest. Each succeeding pile will 
have to be driven harder to be of the same length as the neare:it one previou:ily 
driven. In this case all argument to relax the inspector's "all-one-length" im
position was to no avail until the pile then being driven gave up in the 
manner shown in Fig. 11. The condition of other piles that had been driven 
even harder, and no doubt had let go below the ground surface, can only be 
imagined. The fact that the building shows no signs of distress would :ieem 
to confirm the old saw that "if half the piles are no good the good ones will 
safely support the structure.'' 

Fig. 12 -i\ shows piles that were driyen for a temporary trestle to support 
construction equipment for operating over water. and were later removed. 

Fig. 12-B shows piles that were rejected as being out of position and not 
because they were thought to have been mangled during driving. 
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FIG.12 
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Other damaged piles shown in Fig. 12 are typical examples of overdriving. 
Because the head of a wood pile moves down under successive blows of the 

hammer, which it most assuredly will do when pounded enough, is no reason 
to expect that its point moves down in unison or that the pile is intact for its 
full length. Nor is one safe in assuming that the point of a hard-driven wood 
pile has reached a specified stratum or elevation . 

Frequently, where the points of the piles must pass through a hard 
stratum or must reach a specified depth, top officials will observe the 
driving of the first few piles. However hard driven , when the driving softens 
as the point is supposed to be passing through the hard stratum or is approach
ing the desired depth, one invariably hears the satisfied exclamation of " there 
she goes" . Often these supposition are not true. Self-delusion is not engi
neering. When in doubt pull an occasional pile. 

FIG. 13 .- SOUTHERN PINE PILES THAT SUPPOSEDLY WERE DRIVEN TO A SPECffIED 

POINT ELEVATION. 



WOOD PILES 159 

SUGGESTIONS 

From the standpoint of a properly driven pile, the type of pile
driving machine used by the contractor is not of much interest to the 
engineer, provided that it be heavy and rigid enough to keep the leads 
fixed after they once have been positioned. 

Besides the description of the pile material itself which now 
seems to be pretty well covered, the specifications should: 

( 1) Require that the piles be driven with the hammer riding 
in fixed leads. To really drive a pile the hammer and pile must be 
kept centered, one with the other, and both to the plan alignment of 
the pile, during the entire driving operation. A swinging hammer or 
a hammer riding in swinging-leads should be tolerated for the driving 
of piles only where restricted working conditions, at the project site, 
necessitate the abandonment of fixed leads, and never under any other 
circumstance. A pile simply cannot be as well driven with the hammer 
controlled other than in fixed leads. The leads should be high enough 
to freely set the pile under the hammer before driving starts. 

( 2) Require that the pile head shall be protected, at the very 
beginning, with a steel ring or a steel plate or a follower, helmet or 
anvil base built especially to prevent its being damaged directly by 
the ram of the hammer. 

( 3) State the maximum size of hammer in foot-pounds of energy 
per blow that will be allowed for driving the piles. The maximum 
size hammer will depend upon the species of wood, the length and size 
of the pile to be driven, and the soil condtions. 

The drop hammer along with the poles and clubs used to pry 
the pile head under the approximate center of the hammer, should be 
done away with. This would rid the trade of a bad pile-driving 
formula at the same time. 

The writer has observed a 3000 pound drop hammer operated 
with a height of fall of 18 feet, to drive an ordinary size wood pile. 
"Drive" is hardly the word, rather it was a pile-destruction operation 
and the primary cause of these notes. 

Pile-driving hammers of many types and sizes, operated by steam 
or compressed air or by oil, have been developed and are available for 
this type of operation. Each of these hammers is built to deliver a 
given amount of energy per blow when operated at a given number of 
blows per minute. The energy of each hammer cannot be appreciably 
altered except by the substitution of major parts. 
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( 4) Require that the pile be set under the hammer and held 
centrally in that position, in a recess built in the base of the hammer 
or in the base of a short follower that is made a part of the hammer 
base, during the entire time of driving each pile. 

( 5) Require that the pile be set in the leads with its out-bow 
facing away from the engine on the pile-driving machine and that the 
pile be pulled and kept straight, during driving, by a buckline ma
nipulated by the hoisting engineer. 

( 6) State the maximum amount of energy that shall not be 
exceeded for driving the pile a stated distance. 

No one can define destructive driving forces precisely. The 
writer believes that any local-grown tree, as a normal size pile, is 
liable to be destroyed when driven to more than 35 to 40 blows per 
foot of penetration with hammer that delivers 15,000 foot pounds of 
energy per blow. This definitely would be so if the pile should en
counter suddenly a very dense granular stratum, hardpan, a boulder 
or bedrock. It may not be so if the pile gradually builds up to this 
resistance and driving is stopped. 

To learn that wood-composite piles, in order to put the top of 
the wood-pile section below permanent-ground-water level, were being 
driven, with such a hammer, to 70 and more blows per foot was shock
ing, but recently, to learn that plain wood piles were being driven, 
with such a hammer, to 180 and more blows per foot, merely to bury 
the wood pile ordered onto the project by the engineer, leaves one 
speechless. 

The piles shown in Fig. 12-A and B were driven with such a 
hammer to less than 35 blows for the last foot of penetration. 

The writer has seen the sap-wood of a treated-wood pile stripped 
clean of the heart-wood, for the exposed length of the pile, when the 
pile was driven through new fill onto a layer of frozen soil, with a 
hammer delivering but 8400 foot pounds of energy per blow. 

(7) Require that a water-jet or other effective procedure shall 
Le used fur looseuiug lhe soil lo lirnil the driving force!> lu ll1e rea!:>uu
able forces stated in item ( 6). 

(8) Choose a pile-driving inspector whose known experience 
confirms his good judgment in this particular type of work and assign 
him with full authority to look after the field operation. 
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SUMMARY 

A wood-pile type of foundation- should not be used in soil con
ditions where the pile will pass th~ough soft soil and stop abruptly 
on bedrock or hardpan or other very dense soil, or where the pile is 
apt to encounter boulders or other obstructions during driving. Nor 
should wood piles be used where soil conditions indicate that destruc
tive driving may be required to place the pile in the desired vertical 
position unless the provision of item ( 6) is reasonable and is enforced. 

The reason, in part at least, for the relatively light loads used in 
wood-pile design, is the fear of pile destruction during driving. Indi
vidual experiences and the many photographs of mangled piles, that 
have been pulled, reasonably support the policy of light design loads. 
Any change to heavier design load cannot be justified under present 
driving procedure and works management. But foundation engineer
ing and pile-driving equipment have greatly improved in recent years. 
Translating these improvements into the design and construction 
should produce more economical wood-pile foundations. 

It is not argued, when properly looked after during driving, that 
every pile will be perfect. But by emphasizing construction procedure 
and inspection the percentage of bad piles will be far less than at 
present and heavier wood-pile loadings can be justified. 
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Arthur Daniels Weston was born in Boston, Massachusetts, on 

July 18, 1884 to John T. and Elinor Weston. On September 11, 1912 

he married Edna Vose of Edgartown. In Mr. Weston's passing he 

leaves his wife; a son, Julien Vose Weston; a daughter, Mrs. Arthur 

L. Besse; and three grandchildren. Mr. Weston received his formal 

education in the Boston public schools and at Dartmouth College and 

never ceased his search for knowledge in the field of engineering and 

public health. . 
As the engineering watchdog of the public health in Massachu

setts, he had more to do than anyone else now living in determining 

the policies of the Commonwealth's Department of -Public Health in 

environmental sanitation, and in guiding legislative action on all mat

ters relating to this most important branch of the public service. His 

high standards of integrity and sound judgment won the confidence 

of the public and public officials throughout New England and the 

Nation. 
He joined the Massachusetts Department of Public Health in 

1905, and except for the period 1908-1912, continued in the service of 

the Commonwealth until World War I. He served as Captain in the 

American Expeditionary Forces in France with the 26th Engineers 

Water Supply Regiment. After the Armistice, Mr. Weston returned 

to the Department as Principal Assistant Engineer, was promoted to 

Associate Engineer, and, in 1930, succeeded Mr. X. Henry Goodnough 

as rhiPf Sanitary Engineer anrl Direr.tor of thP Division of Sanitary 

Engineering. In 1948 he was designated Deputy Commissioner. Mr. 

Weston retired from State Service on December 31, 1949, and there

after worked as a consultant in the field of sanitary engineering. 

He was very active in the various engineering societies of Boston 

and New England, and played leading roles in sanitary engineering 

matters. He was Past President of the Boston Society of Civil Engi

nPers, of the Northeastern SP.r.tion of thP American Society of rivil 

Engineers, of the New England Water Works Association, of the 
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Engineering Societies of New England, of the National Conference of 
State Sanitary Engineers, and of the New England Sewage Works 
Association. In many of these societies, and in other societies of 
which he was a member he served as director and on various commit
tees both as member and as chairman. He also served as chairman of 
the Sanitary Engineer.ing Division of the Ameriran Society of Civil 
Engineers. 

During his nearly 20 years as Director and Chief Sanitary Engi
neer of the Division of Sanitary Engineering of the Department of 
P11hlir Health, he prepared for joint. hoarrls or special commissions a 
large numher of their reports for the legislature relating to the sanitary 
condition of the rivers of the Commonwealth, sewage disposal proh
lems of the larger cities and towns, matters in connection with the 
Metropolitan water supply and sewerage systems, and many others. · 

He was a11thor of many papers' on sanitary engineering subjects, 
one of which was presenterl as his presidential arlrlre.ss to the Boston 
Society of Civil. Engineers on March 16, 1938 titled "The Charles 
River Basin" for which he rer.eiVf~rl the Desmond Fitzgerald Me<lal. · 
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OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 

Boston Society of Civil Engineers 

JANUARY 21, 1959.-A Joint Meeting 
of the Boston Society of Civil Engineers 
with the Boston Post, Society of Ameri
can Military Engineers was held this 
evening at the United Community Serv
ices Building, 14 Somerset Street, Bos
ton, Mass., and was called to order by 
President William L. Hyland, at 7 :30 
P.M. 

President Hyland announced that the 
minutes of the previous meeting held 
December 17, 1958 would be published 
in a forthcoming issue of the JOURNAL 
and that the reading of those minutes 
would be waived unless there was ob
jection. 

President Hyland announced the 
death of the following members: 

Robert A. Glines, who was elected 
a member February 18, 1952 and 
who died January 10, 1959. 
Arthur D. Weston, who was elected 
a member January 22, 1908, and 
who died December 19, 1958. 
Joseph F. Wilber, who was elected 
a member May 20, 1908, and who 
died June 1, 1958. 

The Secretary announced the names 
of applicants for membership in the 
BSCE and that the following had been 
ele~ted to membership January 19, 
19:,9;-

Grade of Member-George T. Curley, 
Jr., Robert J. Fields, Allan Grieve, 
Jr., Henry Leon., Lansing Tuttle. 

Grade of Student-James H. Collins, 
Frank C. Gelinas, Douglas R. 
White, Paul S. Casey, Bernard X. 
Ohnemus. 

President Hyland stated that this was 
a Joint Meeting with the Boston Post, 
Society of American Military Engineers 
and introduced Brig. General Alden K. 
Sibley, President of same and asked him 
to conduct any necessary business of 
the Post at this time. 

Due to circumstances beyond control 
Major Gen. E. C. Itschner was not able 
to be present and Brig. Gen. Alden K. 
Sibley read his paper on "Engineering 
for National Security", which was most 
interesting. 

The meeting was preceded by a dinner 
at which 180 members and guests at
tended. One hundred and ninety Mem
bers and guests attended the meeting. 

The meeting adjourned at 8: 30 P.M. 
ROBERT W. Morn, Secretary 

FEBRUARY 18, 1959.-A Joint Meeting 
of the Boston Society of Civil Engi
neers with the Transportation Section, 
BSCE was held this evening at the 
United Community Services Building, 
14 Somerset Street, Boston, Mass., and 
was called to order by President William 
L. Hyland, at 7 :00 P.M. 

President Hyland announced that the 
minutes of the previous meeting held 
January 21, 1959 would be published in 
a forthcoming issue of the JouRXAL and 
that the reading of those minutes would 
be waived unless there was objection. 

President Hyland announced the 
death of the · following member:-
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Edward L. Moulton, who was 
elected a member December 20, 
1922 and who died January 24, 
1959. 

The Secretary announced the names 
of applicants for membership in the 
BSCE and that the following had been 
elected to ·membership February 16, 
1959:-

Grade of Member-Norman Clark, 
Dominic J. Cucinotti, Wesley R. 
Floyd, John W. Leslie, John B. 
Mallette, George D. Meldrum, Jr., 
William T. Morrissey, Donald C. 
Taylor. 

President Hyland stated that this was 
a joint meeting with the BSCE Trans
portation Section and called upon Leo 
F. DeMarsh, Chairman of that section 
to conduct any necessary business of 
that section at this time. 

President Hyland introduced the 
speaker of the evening, Prof. Arthur 
Casagrande, Prof. Soil Mechanics & 
Foundation Engineering, Harvard Uni
versity who gave a most interesting il
lustrated talk on "The Great Salt Lake 
Railroad Embankment". 

A discussion period followed the talk. 
The meeting was preceded by a dinner 

and 95 members and guests attended the 
dinner. One hundred and thirtv-four 
members and guests attended the· meet
ing. 

The meeting was adjourned at 9 :00 
P.M. 

ROBERT W. Morn, Secretary 

MARCH 18, 1959.-The one hundred 
eleventh Annual Meeting of the Boston 
Society of Civil Engineers was held to
day at the Hotel Vendome, 160 Com
monwealth Avenue, Boston, Mass., and 
was called to order at 4: 10 P.M. by 
President William L. Hyland. 

President Hyland announced that the 
reading of the Minutes of the Society 
meetings had been omitted during the 
year. The minutes of the January and 
February 1959 meetings will be pub
lished in a forthcoming .issue of the 
JOURNAL. The minutes of the April, 

May, September, October, November 
and December 1958 meetings to be de
clared approved as published. 

It was VOTED "to approve the min
utes as published". 

The Secretary announced the names 
of applicants for membership in the 
Society and that the following had been 
elected to membership on March 16, 
1959:-

Grade of Member-Lauri ts Bjerrum, 
Paul C. Bucknam, Jr., Donald E. 
Cullivan*, David R. Horsefield, 
John P. Hurney*, William M. 
Kinch, Wallace B. Orpin, Eliot 
Sargent, Robert V. Whitman, John 
H. Williams*, Walter C. Woods, 
Mason J. Young. 

Grade of Junior-John A. Bushey. 
The Annual Reports of the Board of 

Government, Treasurer, Secretary and 
Auditors were presented. Reports were 
also made by the following committees 
-Hospitality, Library, John R. Free
man, Membership, Advertising, Public 
Relations, and Joint Legislative Affairs 
Committee. 

It was VOTED "that these reports 
be placed on file". 

The Annual Reports of the various 
Sections were read and it was VOTED 
"that the Annual Reports of the various 
Sections be placed on file". 

President Hyland stated that all fore
going reports would be published in the 
April 1959 issue of the JOURNAL. 

The Report of the Tellers of Election, 
George M. Reece and Frank T. Smith, 
Jr., was presented and in accordance 
therewith the President declared the 
following had been elected Officers for 
the ensuing year:-

President Edward C. Keane 
V-President (for one year) 

Arthur T. Ippen 
V-President (for two years) 

James F. Brittain 
Secretary ( for one year) 

Robert W. Moir 

* Transfer from Grade of Junior. 
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Treasurer (for one year) 
Charles 0. Baird, Jr. 

Directors (for two years) 
John M. Biggs 

Frank L. Heaney 
Nominating Committee (for two years) 

Paul S. Crandall 
H. Lowell Crocker 
Myle J. Holley, Jr. 

The retiring President William L. Hy
land then gave his address entitled 
"Trends in the Engineering Profession". 

Forty-five members and guests at
tended the business meeting. 

The meeting adjourned at 5: 15 P.M., 
to assemble at 8 :00 P.M. · the Annual 
Dinner being held during the interim. 

The President called the meeting to 
order at 8 :00 P.M. 

Following general remarks and the in
troduction of the newly elected Presi
dent Edward C. Keane and other guests 
at the head table the various prize 
awards were made. 

The Secretary read the various prize 
awards and asked the recipients to come 
forward and President Hyland presented 
the following awards:-

Award Recipient 

come forward and President Hyland 
presented the following Scholarships: 
Desmond FitzGerald Scholarship to 

Walter 0. Spofford, Student at 
Northeastern University. 

William P. Morse Scholarship, jointly, 
to Leroy E. Christie and Richard 
J. Levine, students at Tufts Uni
versity. 

President Hyland then introduced the 
speaker of the evening, Dr. Charles S. 
Draper, Head of Aeronautics and Astro
nomic Dept. M.I.T., who gave a most 
interesting talk on "Beginning of the 
Space Era". 

At the conclusion of the address 
President Hyland, on behalf of the So
ciety, thanked Dr. Draper for a most 
enjoyable talk and then turned the meet
ing over to President elect Edward C. 
Keane. 

President elect Edward C. Keane pre
sented retiring President William L. Hy
land with a certificate of appreciation 
for services rendered and then ad
journed the meeting. 

One hundred ten members and guests 
attended the dinner meeting. 

Paper 

Clemens Herschel 
Award 

Peter J. A. Scott ) Hurricane Protection in New Eng
land. John B. McAleer ) 

Dr. Giulio Pizzetti 

Sanitary Section 
Award Robert H. Culver 

Hydraulics Section 
Award Robert S. Kleinschmidt 

Student Section 
Award Paul D. Guertin 

The Secretary described the Scholar
ship Awards and asked recipients to 

Some Considerations of the Past 
and the Future of Reinforced 
Concrete. · 

Pilot Plant Treatment of Sewage 
-Textile Wastes Mixtures 

Design of Hydraulic Laboratory 
for Harvard University. 

The Procedure of Operation of 
the Rockaway, New York 
Sewage Treatment Plant. 

The meeting adjourned at 9: 30 P.M. 
ROBERT W. MOIR, Secretary 
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STRUCTU.RAL SECTION 
FEBRUARY 11, 1959.-A meeting of 

the Structural Section of the Boston 
Society of Civil Engineers was held at 
the society rooms, 20 Pemberton 
Square. Reading of the minutes was 
waived. Chairman Albrecht called the 
meeting to order at 7 :00 P.M. and in
troduced the speakers, Paul S. Crandall 
and Kenneth M. Childs, Jr., who spoke 
on railway dry dock _design ~nd con
struction experience m Belgium and 
France in 1958. Mr. Crandall described 
the way in which the public works . of 
the Belgium government requested bids 
for a new dry dock at Nieuport with a 
predetermined design and ~ertain sp~ci
fications for the foundat10n, locat10n, 
and general character of the dry ~ock. 
It was pointed out that these specifica
tions were based on a railway built in 
1933 at Ostende and that unfortunately 
the Public Works had included all of the 
obsolete features of the old dock in the 
new structure. 

The characteristics and advantages of 
Azobe which was used in both Belgium 
and F~ance were explained. This wood 
from French Cameroun has considerable 
promise for maritime construction 
where marine borer damage would be 
serious. 

Mr. Childs showed slides of the con
struction of a 500 ton railway dry dock 
at Nieuport explaining the difficulties of 
working with Azobe. He emphasized the 
importance of lower cost labor and the 
much greater use of manpower to do 
work in both France and Belgium vs. 
the same work in the United States. 

The attendance at the meeting was 
eighteen. Some discussion was held 
after the talk. . 

The meeting adjourned at 8 :45 P.M. 
PAULS. CRANDALL, Clerk 

MARCH 11 1959.-A meeting of the 
Structural S;ction was held in the So
ciety Rooms on this date. Chairman 
Albrecht called the meeting to order at 
7 :30 P.M. Professor John M. Biggs 
read the report of the Nominating Com
mittee as follows: 

Chairman William A. Henderson 
V-Chairman Paul S. Crandall 
Clerk Myle J. Holley, Jr. 
Executive Committee Edward N. Smith 

Percival S. Rice 
Harl P. Aldrich 

No nominations were made from the 
floor and the above slate was elected 
unanimously. 

The Chairman introduced the speaker, 
Mr. H. F. Hedderich, Vice President, 
Pittsburgh Testing Laboratory, whose 
subject was "Some Recent Develop
ments in the Testing of Concrete" 

Mr. Hedderich discussed the Schmidt 
hammer tests as a method of evaluating 
the strength of concrete. The results of 
this test may vary considerably and a 
detailed knowledge of the concrete and 
a calibration curve to suit the particular 
conditions encountered are necessary to 
insure reliable results. The Willis-Hime 
test for cement content of fresh con
crete was described as a useful research 
tool but as being somewhat impractical 
for general field use. The speaker sug
gested that the actual measurement of 
the cement put in the concrete is a 
more practical field control. Mr. Hed
derich then discussed the effect of 
single-use cylinder molds on the strength 
of the cylinders. A series of 4 7 2 tests 
has indicated that good quality single
use molds and tight steel molds will give 
compar,ilble test strengths of concrete 
cylinders. 

After a question period the meeting 
was adjourned at 9:00 P.M. Attendance 
27. 

PAUL S. CRANDALL, Clerk 

HYDRAULICS SECTION 
NovEMBER 5, 1958.-A Joint Meeting 

of the Hydraulics and Sanitary Sections 
was held at the American Center for 
Analog Computing, 12 7 Clarendon St., 
Boston and was called to order at 7: 10 
P.M., by James W. Daily, Chairman of 
the Hydraulics Section. 

The Chairman announced that the 
. business of the meeting would be con-
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ducted after the speaker had made his 
oral presentation. The Chairman then 
introduced the speaker, Dr. Henry M. 
Paynter, Director American Center for 
Analog Computing, Pi-Square Engineer
ing Company, Division of Philbrick Re
searches, Inc. and Assistant Professor 
of Mechanical Engineering, M.I.T., 
whose subject was "The Application of 
Analog Computers to Drainage Prob
lems in Metropolitan Boston". 

Professor Paynter's talk covered the 
MDC deeprock sewer tunnel system and 
the proposed pumping station at the 
Charles River Dam. The talk was well 
illustrated with a great number of charts 
which lined the walls of the meeting 
room. The tunnel system is now under 
construction and the speaker explained 
how telemetered shaft levels and flows 
at the three entrances to the system, 
Ward Street, Columbus Park and Chel
sea Creek, would furnish in-put data 
to an analog computer at the Deer 
Island pumping station, which would 
very quickly determine optimum pump
ing rates for minimizing surges in the 
tunnels and shafts. The Diane Hurri
cane of August, 1955 demonstrated the 
inadequacy of the sluices in the Charles 
River Dam to prevent flooding in the 
Charles River- Basin. Because of the 
fact that tide levels for about one third 
of each day are higher than the normal 
level of the Basin, pumps must be in
stalled at the dam if the basin is to be 
kept within bounds during future 
Dianes. The speaker pointed out that 
telemetered rainfall information from 
the watershed would permit pumps to 
lower the basin in advance of flood flows 
with the assurance that subsequent flows 
would suffice to refill the basin. Analog 
computers would be the medium for 
correlating pumping rates with rainfalls 
(in turn converted to runoffs), and with 
basin levels in a way that would both 
maximize the effectiveness of the in
stalled pumping capacity and minimize 
the danger of overpumping the basin to 
such an extent that it might take months 
to refill. 

There was an interesting discussion 
period following the completion of the 
talk. 

The Chairman conducted the business 
portion of the meeting which consisted 
of waiving the reading of the minutes 
of the preceding meeting and announc
ing the next meeting of the Hydraulics 
Section, to be held February 4, 1959, 
when Dr. Hans-Werner Portensky will 
speak on the subject, "The Jochenstein 
Power and Navigation Project on the 
Danube". The meeting was then in
formally adjourned about 8 :00 P.M. 
and the assemblage was split into two 
groups for an instructive tour and dem
onstration of the facilities of the com
puter center which lasted until after 
9:00 P.M. Daniel Sheingold of the 
center presented an excellent explanation 
of the fundamental principle of analog 
computers during this final period. 

Total attendance 56. 
JOHN B. MCALEER, Clerk 

FEBRUARY 4, 1959.-A meeting of the 
Hydraulics Section was called to order 
by James W. Daily, Chairman at 7 :05 
P.M. 

The minutes of the meeting of No
vember 5, 1958 were read and approved. 

The Chairman discussed the desirabil
ity of scheduling another meeting this 
Spring in addition to the regular May 
meeting. Some interest was expressed 
by a show of hands and the matter was 
left to the Chairman, as dependent on 
the availability of an interesting speaker. 

A questionnaire was passed out to 
determine interest in a series of related 
lectures such as the Freeman Lectures 
on a specially selected subject. 

A number of topics were discussed 
as appropriate for such a series and 
those attending expressed their views 
on a lecture series by completing the 
questionnaires after the meeting. 

Clyde. W. Hubbard, Chairman of a 
nominating committee composed of the 
last three chairmen of the section
Clyde W. Hubbard, Joseph C. Lawler, 
and Ralph S. Archibald-presented the 
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following slate of officers for the coming 
year. 
Chairman 
V-Chairman 
Secretary 
Executive 

Lee M. G. Wolman 
John B. McAleer 

Lawrence C. Neale 
Committee 

Donald R. F. Harleman 
Richard F. Dutting 

John C. Adams 
There were no further nominations from 
the floor and the above slate was elected 
by unanimous consent. 

The Chairman then introduced the 
speaker, Dr. Hans-Werner Partensky, 
visiting Research Associate, Hydrody
namics Laboratory, M.I.T., who is on 
leave from the Theodor-Rehbock Hy
draulic Laboratory, Technical University 
of Karlsruhe, Germany. 

Dr. Partensky spoke on "The Joch
enstein Power and Navigation Project 
on the Danube". The talk covered the 
principal design and construction prob
lems of a 39 000 horsepower run-of
river generating plant, located partly in 
Germany and partly in Austria. Because 
the Bavarian Danube has its maximum 
discharge in Winter and Spring, while 
the tributaries have their maximum flow 
in summer months when the snow melts, 
stream flow is distributed equally 
throughout the year. The power station 
was designed with 5 Kaplan-turbines 
and generators for an effective hear of 
31 feet based on stream flow available 
100 days per year. The design and 
model tests of power station, intakes, 
trailrace, spillway and lockage facilities 
for navigation were described in some 
detail. With expected navigation of 16 
million tons per year, two locks were 
designed with length of 7 50 feet and 
width of 79 feet to hold a whole tow 
of tug and 4 barges coupled in pairs. 
In addition, the locks were planned for 
high water and ice discharge. Particular 
attention was given in model tests to 
emptying and filling characteristics and 
to reducing wave disturbances in the 
locks which would result from sudden 
rejection of power load. 

Very excellent slides showed the de-

sign features of the project and the 
construction sequence. Although the 
construction ran into bad weather and 
the cofferdams were flooded by a flood 
greater than any recorded for 450 years, 
the whole power and navigation project 
was completed at the begining of 1936, 
after a 3 year construction period. . 

A good question and discussion penod 
followed the talk. 

Total attendance was 26. 
The meeting adjourned at 8 :45 P.M. 

JOHN B. MCALEER, Clerk 

SURVEYING & MAPPING 
SECTION 

APRIL 2, 1958.-The thirty-sixth 
meeting of the Surveying and Mapping 
Section was held at the Society Rooms 
at 7:00 P.M. 

The meeting was called to order by 
George A. McKenna, Chairman of the 
Section. 

The minutes of the meeting of Janu
ary 16 1958 were read and approved. 

The' speaker of the evening _was Mr. 
Jack Nazar, Chief Land Plannmg Con
sultant, F.H.A. for Maine, New Hamp
shire Vermont and Massachusetts. 

M~. Nazar spoke on the subject of 
"Land Subdivision Problems" and il
lustrated his talk with many fine photo
graphic slides. After the talk a question 
and answer period was held. 

Thirty-two members and guests at
tended the meeting. 

The meeting adjourned shortly before 
9:00 P.M. 

CHARLES L. MILLER, Clerk 

OCTOBER 17, 1958.-The thirty
seventh meeting of the Surveying and 
Mapping Section was transferred from 
the Society Rooms to the studio of 
WHDH-TV Channel 5 where a round 
table discussion was held from 6: 00 to 
6:30 P.M. 

This meeting was held in conjunction 
with a regularly scheduled program and 
Mr. Jim Britt of WHDH-TV staff in
troduced our chairman, Mr. George A. 
McKenna. 
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The members at the table were: 
Mr. Gordon J. Feldman, Director of 

the House of Representatives Select 
Committee on Astronautics and Space 
Exploration. 

Mr. Gordon Vaeth, presently at the 
Pentagon and acting in a capacity in 
conjunction with the National Air and 
Space Agency. 

Dr. Edward Hawthorne, Avco Cor
poration. 

Mr. Charles E. Ruchstuhl, Jr., East
ern representative Bendix Aviation 
Corp. 

The discussion was on peacetime as
pects of space travel, military aspects 
of space travel, the instrumentation of 
guided missiles and space vehicles, and 
problems of re-entry back to earth from 
space vehicles. 

Portions of film were shown which 
had been taken from a camera that had 
been mounted on one of the outer space 
vehicles. This vehicle had been re
trieved and the film shows a disappear
ing earth from the tail end of a rocket. 

This meeting was a most interesting 
experiment on discussion presentation 
to our members. 

CHARLES L. MILLER, Clerk 

JA:'\UARY 28, 1959.-The thirty-eighth 
meeting of the Surveying and Mapping 
Section was held at the Society Rooms 
at 7 :00 P.M. 

The meeting was called to order by 
George McKenna, Chairman. The read
ing of the minutes of the meetings of 
April 3, 1958 and of October 18, 1958 
were waived. 

The report of the Nominating Com
mittee was read by Harry R. Feldman 
and accepted. Nominations were closed 
and it was duly moved and seconded 
that the clerk cast one ballot for the 
slate of officers recommended. 

The clerk cast one vote for the fol
lowing who were thereupon declared 
elected. 

Chairman 
V-Chairman 
Clerk 

Nelson W. Gay 
Charles L. Miller 
Rudolf S. Slayter 

Executive Committee 
Roy L. Wooldridge 
Alexander Manning 

Yale Shapiro 

The Chairman then introduced Mr. 
Harry R. Feldman, President of H. R. 
Feldman, Engineering Service, who 
spoke on the preparation of survey data 
for sewers in Derry, N. H. The survey 
data was prepared by the use of photo
grametric methods supplemented by 
additional ground survey work added to 
the photogrametric work sheets. 

The Chairman then introduced Mr. 
Darrell A. Root, Partner, Camp, Dresser 
& McKee who then explained how, with 
the aid of the survey data and the 
completed work sheets, they were able 
to start design of the system and to 
check their plans against the work sheets 
and photographs furnished by Mr. 
Feldman. 

After Mr. Root's talk, Mr. Feldman 
showed slides of the project and of 
some of the plans and then a question 
and answer period followed. 

Fifty-two members and guests were 
present. 

The meeting adjourned at 8: 15 P.M. 

CHARLES L. MILLER, Clerk 

ADDITIONS 

Members 

Paul C. Bucknam, 30 Foster Drive, 
Beverly, Mass. 

Dominic Cucinotti, 2 50 Webster Street, 
East Boston, Mass. 

Robert J. Fields, 10 Lee Street, Reading, 
Mass. 

Wesley R. Floyd, 14 Manchester Road, 
Winchester, Mass. 

David Horsefield, 187 Jefferson Street, 
Dedham, Mass. 

John W. Leslie, 42 Whitney Road, Med
ford, Mass. 

John B. Mallette 121 Norwich Circle, 
Medford, Mass. 

George B. Meldrum, Jr., 14 Thurlow 
Street, Boston, Mass. 
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William T. Morrissey, 34 Hillcroft 
Road, Jamaica Plain, Mass. 

Wallace B. Orpin, 15 Roberts Ro'ad, 
Canton, Mass. · 

Robert V. Whitman, 1-343 Mass. Inst. 
Technology, Cambridge, Mass. 

John H. Williams, P.O. Box 19, Rt. 1, 
Okimos, Michigan 

Juniors 
Richard Bernard, 114 Washington 

Street, Medford, Mass. 
Frank L. Lagrotteria, 161 Hull Street, 

No. Cohasset, Mass. 

DEATHS 
James E.- Lawrence, Feb. 19, 1959 
Harvey B. Kinnison, Mar. 14, 1959 



ANNUAL REPORTS 173 

ANNUAL REPORTS 

REPORT OF THE BOARD OF GOVERNMENT FOR YEAR 
1958-1959 

Boston, Mass., March 18, 1959 

To {he Boston Society of Civil Engineers: 

Pursuant to the requirements of the By-Laws the Board of Government 
presents its report for the year ending March 18, 1959. 

The following is a statement of the status of membership in the Society. 

Life Members 

Honorary 
Members 

. Associates 
Juniors 
Students 

Total 
Student Chapters 

Summary of Additions 

New Members 
New Juniors 
New Associates 
New Students 

Reinstatements 
Members 

Summary of Transfers 

Junior to Member 

6 
1000 

5 
99 
13 

112.3 

2 

48 
21 

1 
6 

5 

Summary of Loss of Members 

Deaths 14 
Resignations 8 
Dropped for non-payment of dues 13 
Dropped for failure to transfer 3 

Members becoming eligible today for Life Membership 
R_emission of dues. . 
Applications pending on March 18, 1959 

102 
7 
2 

24 



174 BOSTON SOCIETY OF CIVIL ENGINEERS 

Honorary Membership is as follows: 
Frank M. Gunby, elected, February 15, 1950 
Karl R. Kennison, elected, February 7, 1951 
Charles M. Spofford, elected, December 19, 1945 
Howard M. Turner, elected, February 18, 1952 
William F. Uhl, elected, February 7, 1955 
Karl Terzaghi, elected, March 3, 1952 

The following members have been lost through death: 
Charles B. Breed, Aug. 9, 1958 
T. Parker Clarke, Sept. 9, 1958 
John P. Gallagher, July, 1958 
Robert A. Glines, Jan. 10, 1959 
Channing Howard, Aug. 18, 1958 
James E. Lawrence, Feb. 19, 1959 
Henry C. Mildram, Aug. 31, 1958 
Sanford S. Mitchell, May 21, 1958 
Luis G. Morphy, Oct. 25, 1958 
Edwin R. Olin, Sept. 16, 1958 
Joseph E. Roy, July 23, 1958 
William F. Sullivan, June 11, 1958 
David J. White, Dec. 9, 1958 
Joseph F. Wilbur, June 1, 1958 

Meetings of the Society 

March 19, 1958. Address of the retiring President, Arthur Casagrande. "A 
European View of the American Educational Crisis". 

April 21, 1958. Joint Meeting with the Massachusetts Section, American 
Society of Civil Engineers. "Design and Construction of the $60 Million Hampton 
Roads Crossing in the Chesapeake Bay". Mr. J. 0. Bickel, Partner, Parsons, 
Brinckerhoff, Hall and MacDonald. 

May 12, 1958. "Project Plowshare-The Non-Military Uses of Nuclear Ex
plosions". · Dr. W. F. Libby, Commissioner, Atomic Energy Commission, Wash
ington, D. C. 

September 24, 1958. "Progress Report on Development of Alleghany County 
Sanitary Authority Facilities at Pittsburgh". Edwin B. Cobb, Partner, Metcalf & 
Eddy. 

October 21, 1958. Joint Meeting with the Massachusetts Section, American 
Society of Civil Engineers. Student Night. "The Civil Engineer and His Re
sponsibility to Society". Gordon M. Fair, Gordon McKay, Professor of Sanitary 
Engineering, Harvard University. 

November 19, 1958. Joint Meeting with the Hydraulics Section BSCE. "De
velopment and Design of Hopkinton-Everett Flood Control Project". John W. 
Leslie, Chief Engr., Div. U. S. Army Engrs., New England Division. 
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December 17, 1958. "Draft of Proposed Amended Part 26-Reinforced 
Concrete of the Boston Building Code". Miles N. Clair, Thompson & Lichtner 
Company. 

January 21, 1959. Joint Meeting with the Boston Post, Society of American 
Military Engineers. "Engineering for National Security". Brig. Gen. Alden K. 
Sibley, U.S. Army Engrs., N. E. Division. 

February 18, 1959. Joint Meeting with Transportation Section, BSCE. "The 
Great Salt Lake Railroad Embankment". Dr. Arthur Casagrande, Prof. Soil 
Mechanics & Foundation Engineering, Harvard University. 

Attendance at Meetings 

DATE PLACE MEETING DINNER 

March 19, 1958 Hotel Vendome 40 200 

April 21, 1958 Faculty Club, M.I.T. 83 76 

May 12, 1958 United Community Services Building 43 37 

Sept. 24, 1958 United Community Services Building 54 26 

October 21, 1958 Tufts University 241 256 
November 19, 1958 United Community Services Building 93 69 
December 17, 1958 United Community Services Building 79 56 
January 21, 1959 United Community Services Building 190 180 
February 18, 1959 United Community Services Building 134 95 

Average attendance - 107 

Sections 

Twenty meetings were held by the Sections of the Society during the year. 
These meetings of the Sections offering opportunity for more detailed discussions 
continue to demonstrate their value to their members and to the Society. A wide 
variety of subjects were presented and large attendance at these meetings has 
continued. The Annual Reports of the various Sections will be presented at 
the Annual Meeting and will be published in the April, 1959 JOURNAL of the Society. 

Funds of the Society* 

Permanent Fund. The Permanent Fund of the Society has a present value 
of $65,517.28. The Board of Government authorized the use of as much as 
necessary of the current income of this fund in payment of current expenses. The 
amount used from this fund for current expenses was $2,582.44. 

John R. Freeman Fund. In 1925 the late John R. Freeman, a Past President 
and Honorary Member of the Society, made a gift to the Society of securities 
which was established as the John R. Freeman Fund. The income from this fund 
i3 to be particularly devoted to the encouragement of young engincerG. Mr. 
Freeman suggested several uses, such as the payment of expenses for experiments 
and compilationG to be reported before the Society; for undenvriting meritorious 
books or publications pertaining to hydraulic science or art; or a portion to be 
devoted to a yearly prize for the most useful paper relating to hydraulics con-

* Details regarding the values and income of these funds are given in the 
Treasurer's report. 
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tributed to this Society; or establishing a traveling scholarship every third year 
open to members of the Society for visiting engineering works, a report of which 
would be presented to the Society. A Scholarship of $5000 was awarded to 
Robert G. Dean, Member, for year 1958-1959. An appropriation of $1000 was 
made for use of Flood Committee. 

Edmund K. Turner Fund. In 1916 the Society received 1,105 books from 
the Library of the late Edmund K. Turner, and a bequest of $1,000, "the income 
of which is to be used for library purposes". The Board voted to use $50 of 
the income for the purchase of books for the library. The expenditure from this 
fund during the year was $50. 

Alexis H. French Fund. The Alexis H. French Fund, a bequest amounting 
to $1,000 was received in 1931, from the late Alexis H. French of Brookline, a 
former Past President of the Society. The income of the fund is "to be devoted 
to the Library of the Society". The Board voted to use $50 of the available income 
for the purchase of books for the Library. The expenditure from this fund during 
the year was $44.40. 

Tinkham Memorial Fund. The "Samuel E. Tinkham Fund", established in 
1921 at Massachusetts Institute of Technology by the Society, "to assist some 
worthy student of high standing to continue his studies in Civil Engineering, 
had a value of $2,778.86 on June 30, 1958. Frank S. Koppelman of Newark, New 
Jersey, a student in Civil Engineering, class of 1959 was awarded this Scholarship 
of $100 for year 1958-1959. 

Desmond FitzGerald Fund. The Desmond FitzGerald Fund established in 
1910 as a bequest from the late Desmond FitzGerald, a Past President and 
Honorary Member of the Society, provided that the income from this fund shall 
"be used for charitable and educational purposes". The Board voted on April 
7, 1958 to appropriate from the income of this fund the sum of $100 to be 
known as the Boston Society of Civil Engineers Scholarship in Memory of Des
mond FitzGerald and be given to a student at Northeastern University. It was 
VOTED on January 19, 1959 "to adopt the recommendation of the Committee 
at Northeastern University, namely, a $100 Scholarship be given to Walter 0. 
Spofford. Presentation to be made at the Annual Dinner meeting of the Society, 
March 18, 1959. 

Clemens H ersc!tel Fund. This fund was established in 1931, by a bequest 
of $1000 from the late Clemens Herschel, a former Past President and Honorary 
Member of the Society. The income from this fund is "to be used for presentation 
of prizes for papers which have been particularly useful and commendable and 
worthy of grateful acknowledgment". The Board of Government voted on April 
7, 1958 that payment of Herschel Prize Award and Section Prize Awards be 
appropriated from the income of this fund. The expenditure made during the 
year from the income of this fund was $100.00. 

Edward W. Howe Fund. This fund, a bequest of $1000 was received in 1933 
from the late Edward W. Howe, a former Past President of the Society. No 
restrictions were placed upon the use of this money, but the recommendation of 
the Board of Government was that the- fund be kept intact, and that the income 
be used "for the benefit of the Society or its members". The Board of Govern-
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ment voted on April 7, 1958 "that a sum not to exceed $52.50 be appropriated 
from the income of this fund to pay for Prize Awards for year 1958-59". 

William P. Morse Fund. This fund, a bequest of $2,000 was received in 
1949 from the late William P. Morse, a former member of the Society. No re
strictions were placed upon the use of this money but the recommendation of 
the Board of Government was "that the fund be kept intact and that the income 
be used for the benefit of the Society or its members". Upon recommendation 
of a Committee appointed by the President, the Board voted on April 5, 1954 
to appropriate from the income of this fund the sum of $100 to be known 
as the Boston Society of Civil Engineers Scholarship in Memory of William P. 
Morse, and be given to a student at Tufts University. It was VOTED on February 
16, 1959 "to adopt the recommendation of the Committee at Tufts University, 
namely, a $100 Scholarship be divided between Leroy E. ·Christie and Richard 
J. Levine. Presentation of $50 to each to be made at the Annual Dinner meeting of 
the Society on March 18, 1959. 

AWARD 

Clemens Herschel 
Award 

Hydraulics Section 

Prizes 

RECIPIENT 

Peter J. A. Scott ) 
John B. McAleer ) 
Dr. Giulio Pizzetti 

Prize Award Robert S. Kleinschmidt 

Sanitary Section 
Award Robert H. Culver 

Student Section 
Award Paul Guertin 

Library 

PAPER 

"Hurricane Protection m New 
England". 

"Some Considerations of the Past 
and the Future of Reinforced 
Concrete". 

"Design of Hydraulic Laboratory 
at Harvard University. 

"Pilot Plant Treatment of Sew
age-Textile Wastes Mixtures". 

"Procedure of Operation of the 
Rockaway, New York Sewage 
Treatment Plant". 

The report of the Library Committee contains a complete account of the 
Library Committee activities during the past year. 

Committees 
The usual special committees dealing with the activities and conduct of the 

Society were appointed. The membership of these committees is published in the 
JOURNAL and the reports of the committees will be presented at the Annual Meeting. 

Your Board in conclusion, wishes to express its appreciation of the excellent 
work done by the Officers of the Sections and by the Committees of the Society. 

WILLIAM L. HYLAND, President 
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REPORT OF THE TREASURER 

To the Boston Society of Civil Engineers: 

Boston, Massachusetts 
March 18, 1959 

The financial conditio11 of the Society is summarized in four tables attached 
to this report, namely: 

Table III Distribution of Funds-Receipts and Expenditures 
Table IV Record of Investments -Bonds 
Table V Record of Investments-Stocks 
Table VI Record of Investments-Co-operative Bank 

Table I, shown below, compares the book value as of March 1, 1959 with 
the market value as of March 1, 1959 of our Bonds, Stocks, Co-operative Bank 
deposit, and monies available for Investment. 

Bonds 
Stocks 
Co-operative Bank 
Available for Investment 

Total (1959) 
Total (1958) 

Increase 

TABLE I 

BOOK VALUE 3/1/59 

$ 52,944.75 
52,026.74 
4,155.11 
1,208.18 

$110,334.78 
109,555.74 

$ 779.04 

MARKET VALUE 3/1/59 

$ 47,671.60 
135,493.75 

4,155.11 
1,208.18 

$188,528.64 
162,080.60 

$ 26,448.04 

Table II compares the book value as of March 1, 1959 with the market value 
as of March 1, 1959 of our Funds. 

FUNDS 

Permanent 
John R. Freeman 
Edmund K. Turner 
Desmond FitzGerald 
Alexis H. French 
Clemens Herschel 
Edward W. Howe 
William P. Morse 

. Surveying Lectures 
Structural Lectures 
Publication 
Boring Data 

TABLE II 

BOOK VALUE 3/1/59 

$ 65,517.28 
33,195.96 

1,260.10 
2,459.65 
1,268.38 
1,110.41 
1,180.87 
2,439.24 

445.64 
321.83 
135.42 

1,000.00 

$110,334.78 

MARKET VALUE 3/1/59 

$111,949.14 
56,721.82 

2,153.13 
4,202.80 
2,167.28 
1,897.35 
2,017.75 
4,167.92 

761.46 
549.91 
231.39 

1,708.70 

$188,528.64 
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Two of the above Funds are of immediate interest. The Publication Fund 

was established July 1, 1953, to publish Volume II of "Contributions to Soil 

Mechanics" and republish Volume I of "Contributions to Soil Mechanics". 

A sum of $5,000.00 was borrowed for this purpose and this original sum has 

been realized and returned to the Permanent Fund. The number of copies of . 

Volume I remaining to be sold are less than 100, therefore, the publishing of 

another edition of Volume I is imminent. The Boring Data Fund was established 

for the purpose of collating all of the boring data as published in various Boston 

Society of Civil Engineers JOURNALS into one comprehensive edition. This 

comprehensive volume will soon be ready. 
The Boston Safe Deposit and Trust Company acts as our investment counsel. 

The Boston Safe Deposit and Trust Company, also, is custodian of our stocks 

and bonds and as custodian collects interests and dividends for the Society. At 

the close of business as of March 1st, the treasurer receives a certified copy of 

all the securities held in trust for the Society by the Bank. This certified copy, 

also, lists all interest, dividends, book value and market value, the interest 

and dividends received from March 1, 1958 to March 1, 1959, and the book 

and market values as of March 1, 1959. 
CHARLES 0. BAIRD, JR., Treasurer 
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Distribution of Funds 

Bonds 
Co-op Bank 
Stocks 
Available for Investment 

Book Value 
March I, 1958 

I 

$ 5-1,907.25 
5,003.89 

51,432.25 
1,212.35 

$109,555.74 

Interest and Dividends 
Cash Credit 

2 3-

$1,738.85 

4,708.05 

$6,446.90 

$151.22 

$151.22 

Columns I + 3 + 6 - 7 = 8 

Net Profit or Loss 
at Sale or l\iaturity 
+ 
4 

Receipts and Expenditures 

Transfer of Funds 
Purchased Sold 

+ 
6 

$5,037.50 

852 .19 

$5,889.69 

$4,000.00 
1,000.00 

257. 70 
4.17 

$5,261.87 

Book Value 
March I, 1959 

$ 5~,944.75 
4,155.11 

52,026.74 
1,208.18 

$110,334.78 



TABLE III-Continued 

Book Value Allocation of Inco;,..e-Profit and Loss Book Value 
Funds :March !, 1958 Income Col. 2 & 3 Net Profit Col. 4 & 5 Received Expended March 1, 1959 

Permanent $ 60,141.66 $3,791.93 $ 5,515.00 $ 3,931.31 * $ 65,517.28 

John R. Freeman 34,736.58 2,160.07 3,700.69 33,195.96 

Edmund K. Turner 1,239.77 77.52 57.19 1,260.10 

Desmond FitzGerald 2,424.40 151.31 116.06 2,459.65 

Alexis H. French 1,242.20 77.78 51.60 1,268.38 

Clemens Herschel 1,145.80 71.26 106.65 1,110.41 

Edward W. Howe 1,167.04 72.80 58.97 1,180.87 

William P. Morse 2,403.19 149.98 113.93 2,439.24 

Publication 4,328.88 905.79 5,099.25 135.42 

Surveying Lectures 421.68 26.41 2.45 445.64 

Structural Lectures 304.54 19.06 1.77 321.83 

Boring Data 1,000.00 1,000.00 
--

$109,555.74 $6,598.12 0.00 $ 7,420.79 $13,239.87 $110,334.78 

Current 1,500.00 2,582.44 18,006.90 20,589.34 1,500.00 
--

Totals $111,055.74 $9,180.56 0.00 $25,427.69 $33,829.21 $111,834.78 

Secretary's change fund of $30.00 should be added to show total cash. 

Cash Balance 
Investment Fund 
Current Fund 

Total Cash 

$1,208.18 
1,500.00 

----
$2,708.18 

*$3,931.31 is composed of the following: 
2,582.44 Transferred from Income to Permanent Fund 
1,000.00 Transferred to Boring Data Fund 

333.80 Proportional Share of Custodian Charges 
15. 70 Accrued Interest -----

$3,931.31 = Total 



TABLE IV-RECORD OF INVESTMENTS-BONDS 
MARCH 1, 1958 TO MARCH 1, 1959 

Fixed or 
Date of Current 

n,raturity or Interest Interest Book Value Market Value 
Bonds Classification Rate Received Par Value March 1, 1959 March 1, 1959 

U. S. Savings Bond Series G1 May 1, 1958 2½% $ 50.00 $ 4,000.00 $ 0.00 _$_ 0.00 
U. S. Savings Bond Series G May 1, 1960 2½% 25.00 1,000:00 1,000.00 - 1,000.00 
U. S. of America Savings Bond Series K Aug. 1, 1966 2.76% 193.20 7,000.00 7,000.00 7,000.00 
Columbia Gas System Inc., Deb., Series D July 1, 1979 3.50% 70.00 2,000.00 2,066.17 1,780.00 
Consumers Power Co. 1st Mtge. Sept. '1, 1975 2¼% 86.25 3,000.00 3,140.35 2,520.00 
Florida Power Corp. 1st Mtge. July 1, 1984 3.125% 31.25 1,000.00 1,017.50 812.50 
Florida Power Corp. 1st Mtge. July 1, 1986 3.875% •193.75 5,000.00 5,037.59 4,650.00 
General Motors Acceptance Corp., Deb. Sept. 1, 1975 3.625% 181.2 5 5,000.00 5,101.80 4,631.50 
Georgia Power Co. 1st Mtge. Dec .. 1, 1977 3.375% 168. 7 5 5,000.00 5,162.50 4,325.00 
Province of Ontario Sept. 1, 19 72 3¼% 97.50 3,000.00 2,936.25 2,640.00 
Public Service Electric & Gas Co. June 1, 1979 2¼% 115.00 4,000.00 4,097.50 3,160.00 
Scott Paper Co. Conv. Deb. Mar. 1, 19711 3.00% 30.00 1,000.00 1,"123.79 1,150.00 
So. Pacific 1st Series A, Oregon Lines Mar. 1, 1977 4.50% 180.00 4,000.00 4,191.30 3,822.40 
Superior Oil Co. Deb. S.F. July 1, 1981 3.75% 150.00 4,000.00 4,000.00 3,685.20 
Tidewater Oil Co. S.F. Debs. Apr. 1, 1986 3.50% 70.00 2,000.00 2,032.50 1,720.00 
Alum. Co. of America2 Apr. 1, 1983 3¼% 96.90 5,000.00 5,037.50 4,775.00 

Totals $1,738.85 $52,000.00 $52,944.75 $47,671.60 
1 U. S. Savings Bond Series G. matured llfay 1, 1958. 
2 Alum. Co. of America j)Urchased llfay 20, 1958. 



TABLE V-RECORD OF INVESTMENTS-STOCKS 
MARCH 1, 1958 TO MARCH 1, 1959 

Number of Dividend Book Value Market Value 
Stocks Classification Shares Received March 1, 1959 March 1, 1959 

American Telephone and Telegraph Co. Common 69 $ 621.00 $ 7,729.00 $ 16,801.50 

Consolidated Edison Co. of ~ew York, Inc. Common 50 135.00 2,494.03 3,287.50 

Continental Insurance Co. Common 136 272.00 3,483.73 8,602.00 

General Electric Co. of New York Common 150 300.00 2,341.47 1-1,962.50 

Hartford Fire Insurance Co. Common 26 78.00 1,472.75 5,096.00 

Jewell Tea Co., Inc. Common 31 61.50 1,467.10 1,767.00 

National Dairy Products Corp. Common 100 180.00 1,154.74 4,925.00 

New England Electric System Common 198 198.00 3,075.89 4,158.00 

• Pacific Gas and Electric Co. Preferred 100 150.00 2,704.89 3,188.00 

Pacific Gas. and Electric Co. Common 105 251.25 3,625.34 6,720.00 

Radio Corp. of America Preferred 20 70.00 1,720.75 1,455.00 

Scott Paper Company Common 75 150.00 4,860.86 6,300.00 

Southern California Edison Co. Ltd. Preferred 40 96.00 1,140.24 2,360.00 

Southern California Edison Co. Common 55 128. 7 5 1,918.64 3,293.40 

Standard Oil of New Jersey Common 324 729.00 3,260.66 16,524.00 

Southern Railway Co. Preferred 75 75.00 1,136.80 1,443.75 

Texas Company Common 213 500.55 3,008.12 16,081.50 

Union Carbide Corp. Common 100 360.00 2,958.44 13,250.00 

Union Pacific Railroad Common 220 352.00 2,473.29 8,278.60 

Totals 2087 $4,708.05 $52,026.74 $135,493.75 



TABLE VI-RECORD OF INVESTMENTS-CO-OPERATIVE BANK 

Co-operative Bank 

Suffolk Co-operative Fet'leral Savings and 
Loan Association, Account No. lS-631 

Classification 

Savings 
Account 

Number of 
Shares 

Dividend 
Received 

$151.22 

Book Value 
March 1, 1959 

$4,155.11 

Market. Value 
March 1; 1959 

$4,155.11 
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REPORT OF THE SECRET ARY 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The following is a statement of cash received by the Secretary and of the 
expenditures approved by the President in accordance with the Budget adopted 
by the Board of Government. 

FOR THE YEAR ENDING MARCH 18, 1959 

0 ffice 
Secretary, salary & expense 
Treasurer's Honorarium 
Stationery, printing & postage 
Incidentals & Petty Cash 
Insurance & Treasurer's Bond 
Quarters, Rent. Tel. 
Office Secretary 
Social Security 

Meetings 

Rent of Halls, etc. 
Stationery, printing & postage 
Hospitality Committee 
Reporting & Stereopticon 
Annual Meeting, March, 1958 

Sections 
Sanitary Section 
Structural Section 
Transportation Section 
Hydraulics Section 
Construction Section 
Surveying & Mapping Section 

Journal 

Editor's salary & expenses 
Printing & Postage 
Reprints 
Advertisements 
Sale of Journals & Reprints 

Library 
Periodicals 
Binding 

Forward 

Expenditures 

$ 499.68 
200.00 
503.73 
131.30 

17.70 
3,633.96 
4,303.90 

118.78 

240.00 
52.50 

1,678.66 
29.00 

1,030.00 

29.70 
70.00 
2.00 

14.95 
21.50 
10.75 

511.93 
5,360.99 

110.31 
48.40 

94.50 
163.00 

$18,877.24 

Receipts 

$ 1,570.20 

772.00 

1,939.70 
1,705.75 

$ 5,987.65 
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REPORT OF THE SECRETARY (Continued) 

Brought forward 

Miscellaneous 

Binding Journals for Members 
Badges 
Bank Charges 
Miscellaneous 
Engineering Societies Dues and 

charge for Journal Space 
Public Relations Committee 
Membership Committee 
Flood Committee 
Legislative Committee 
Dues from B.S.C.E. Members 

Trans. Income Perm. Fund 

Entrance Fees to Permanent Fund 

Expenditures 

$18,877.24 

9.50 
261.51 

1,014.57 
52.50 
34.00 
60.02 

280.00 

$20,589.34 

$515.00. 

Receipts 

$ 5,987.65 

12.75 
10.00 

110.00 

11,886.50 
2,582.44 

$20,589.34 

48 New Members; 1 Associate Member; 21 New Junior Members; 6 New 
Student Members; S Juniors transferred to Member. 

The above receipts have been paid to the Treasurer, whose receipt the 
Secretary holds. The Secretary holds cash amounting to $30 included as payment 
under item 23 (Petty Cash) to be used as a fixed fund or cash on hand. $117.15 
withholding tax and $48.52 Social Security which is payable to the Collector of 
Internal Revenue and State of Massachusetts in April, 1959 is not included in the 
above tabulation. 

ROBERT W. MorR, Secretary 

REPORT OF THE AUDITING COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

We have reviewed the records and accounts of the Secretary and Treasurer 
of the Boston Society of Civil Engineers and we have compared the bank statement 
of securities held by the Boston Safe Deposit and Trust Company with the 
enumeration submitted by the Treasurer. 

We have found them to be in order and to account accurately for the Society's 
Funds. 

KENNETH F. KNOWLTON 
JOSEPH C. LAWLER 
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REPORT OF THE EDITOR 

Boston, Mass., March 18, 1959 

To the Board of Government 

Boston Society of Civil Engineers 

The JOURNAL was issued quarterly, in the months of April, July, October, 

1958 and January, 1959 as authorized by the Board of Government on December 

20, 1935. 
During the year there have been published 18 papers presented at meetings 

of the Society and Sections. 
The four issues of the JOURNAL contained 406 pages of papers and proceed

ings, 6 pages of Index and 15 page5 of advertfr;ing, a total of 157 pages. An average 

of 1625 copies per issue were printed. 
The cost of printing the JOURNAL was as follows: 

Expenditures 
1.nmpnsition and printing .................................. . 

Cuts .................................................... . 

Wrnpping, mailing & post.age . . . . . . , . . ........ . 

F.rlitnr ... , ............................................... . 

Advertising Solicitor ...................................... . 

Copyright ....... _ ........................................ . 

RP-print.s ........................... • • • • • • • • • • • • • • · • • · · · · · · 

Refund .......................................... • ....... . 

Receipts 
Re,t>.ipts from sale of JOURNAL and reprints .................. . 

Receipts from Advertising ................................. . 

$3,7.39.00 
1,319.86 

297.13 
49.5 9:{ 

48.40 
16.00 

110 .. )1 
5.00 

$6,031.63 

$1,705.25 
1,939.70 

$3,644.95 

Net cost of JOURNAL to be paid from Current Fund . . . . . . . . . . . . $2,386.68 

CHARLES E. KNOX, Editor 
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REPORT OF THE LIBRARY COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The Library Committee met at the Society Rooms on February 4 and 
February 16, 1959. 

Each of the Section Chairmen was contacted and requested to submit a list 
of books for consideration. Although these lists were not forthcoming from all 
sections, the committee agreed that purchases should be made that would represent 
books useful to each section in so far as possible. 

With this premise in mind, the following books were purchased: 
Plastic Design of Steel Frames, Lynn S. Beedle $13.00 
A Policy for Arterial Highways in Urban Areas, 

American Assoc. of State Highway Officials 
A Policy on Geometric Design of Rural Highways, 

American Assoc. of State Highway Officials 

5.00 

5.00 
Advanced Mechanics of Fluids. Edited by Hunter House 9. 7 5 
Dock and Harbour Engineering, Henry F. Cornick 
Biological Treatment of Sewage and Industrial Wastes 

Vol. II 
Surveying for Civil Engineering, Kissam 
Who's Who in Engineering, Latest Edition 

15.65 

9.50 
8.50 

20.00 

And the following research papers by the Department of Geography at the 
University of Chicago: 

No. 56. Regulating Flood Plane Development, 
Francis C. Murphy 4.00 

No. 57. Changes in Urban Occupant of Flood Planes 
in the United States, Gilbert F. White 4.00 

$94.40 

The following recommendations are made by the present committee:-
1. That the Board of Government consider the implementation of a plan 

whereby a certain number of the previous year's committee members would be 
reappointed to the next year's committee. It was felt that if this were done 
the committee would function more efficiently. 

2. That the ·Board of Government consider the merits of printing in the 
JOURNAL a short resume of each of the new books during the year following their 
purchase. It was felt that this would more fully inform the membership of the 
material available at the library, and also would make the newer members aware 
that works in the library were available to them. 

The chairman of the committee wishes to thank the committee members 
for their part in the work of the committee. It is felt that they showed much 
more than usual interest in the work. 

LELAND F. CARTER, Chairman 
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REPORT OF THE HOSPITALITY COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The Hospitality Committee submits the following report for the year 1958-59: 

The Annual Dinner, a joint meeting with the American Society of Civil 
Engineers, a joint meeting with lhe Boston Post of the Society of Military Engi
neers, a Student Night Meeting, and five regular meetings of the Society were 
held during the past year. 

Catered dinners were served prior to all meetings of the Society and the 
attendance at each of these dinner meetings was approximately the same as 
that during the preceding year. 

The average attendance of members and guests for all nine meetings or 
dinners (using the larger attendance figure) was 126, slightly below last year's 
record figure of 129. The attendance at regular meetings of the Society was 81 
persons per meeting. This was slightly below last year's 84 average. 

·DATE 

March ·19, 1958 
April 21, 1958 
May 12, 1958 
September 24, 1958 
October 21, 1958 
November 19, 1958 
December 17, 1958 
January 21, 1959 
February 18, 1959 

SUMMARY OF MEETINGS AND ATTENDANCE 

ATTENDANCE 

MEETING DINNER 

Hotel Vendome 
Faculty Club, M.I.T. 
United Community Services Bldg. 
United Community Services Bldg. 
Tufts University 
United Community Services Bldg. 
United Community Services Bldg. 
United Community Services Bldg. 
United Community Services Bldg. 

40 
80 
43 
57 

241 
93 
79 

190 
134 

200 
76 
37 
26 

256 
69 
56 

180 
95 

WHITNEY K. STEARNS, Chairman 

REPORT OF THE MEMBERSHIP CENTRAL COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The Membership Central Committee held two meetings during the year 
just past where ideas were exchanged as to the methods to use to increase the 
Society membership. President Hyland attended the second of these meetings 
and stressed the engineer's need for the Society and likewise the Society's need 
for the engineer. 
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Persons elected during the past year 
Members 
Juniors 
Associates 
Students 

Total 

Total Society Membership as of this date: 1123. 
Additional applications on hand: 24. 

48 
21 

1 
6 

76 

At two of the general metings of the Society, the chairman of the Membership 
Central Committee made some brief remarks citing the problems of the com
mittee and the importance of continuing the growth of the Society. At these 
meetings the names of many prospective members were given to the Committee 
which in turn followed up by personally contacting these men whenever this was 
possible. The others were contacted by mail. 

Many other personal and mail contacts were made during the year. 
The Committee recommends that additional copies of the descriptive brochure 

dealing with Society membership be ordered at once. Corrections must be made 
for the new dues figure and the new Society address. 

The Committee further recommends that the membership at all gatherings 
be reminded of the importance of individual efforts by the Society members in 
order to assure continued growth. 

PAUL J. BERGER, Chairman 

REPORT OF THE ADVERTISING COMMITTEE 
Boston, Mass., March 11, 1959 

To the Boston Society of Civil Engineers: 

No meetings of the Advertising Committee were held during the past year. 
In accordance with the procedure followed during the years 1956-1957, arrange
ments were made with Mrs. Virginia Boudia to act as advertising solicitor for 
the JOURNAL. The committee feels this arrangement was satisfactory and recom-
mends similar arrangements be made for the coming year. · 

During the past year $1939. 70 was collected from advertisers and commissions 
totalling $48.40 were paid to the solicitor. 

The following advertising has been carried on in the JOURNAL during the year: 

April July October January (1959) 

Professional cards 40 40 40 40 
¼ page 1 1 1 1 
¼ page 22 21 21 21 
Full page 1 1 1 1 
Inside Front Cover 1 1 1 

The Committee wishes to express its appreciation to all those who have 
supported the JOURNAL through advertising. 

ROBERT A. BIERWEILER, Chairman 
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REPORT OF THE JOHN R. FREEMAN FUND COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The Freeman Fund Committee last spring awarded a scholarship to Robert 
G. Dean, of Belmont. Mr. Dean is a graduate of the University of California at 
Berkeley, obtained his master's degree at the Agricultural & Mechanical College 
of Texas, and is now engaged in working for his doctor's degree at M.I.T., majoring 
in hydromechanics. He was awarded a $5,000 sch9larship and is doing research 
on floating breakwaters, including experimental work · in the hydromechanics 
laboratory. 

The Freeman Fund Committee this year contributed $1,000 towards the 
employment of a student at M.I.T. to do analytical work for the Committee on 
Floods. 

HOWARD M. TURNER, Chairman 

REPORT OF LEGISLATIVE COMMITTEE 

Boston, Mass., March 18, 1959 

To the Boston Society of Civil Engineers: 

The work of this committee has been wholly on the legislation relating to the 
Mandatory Registration of Professional Engineers and Land Surveyors. The 
Chairman of your .committee has met regularly with the representatives from 
A.S.C.E., E.S.N.E., and the various other engineering groups. 

The Joint Committee has been headed by Frank L. Heaney representing the 
A.S.C.E. and a member of the B.S.C.E. His efforts are almost wholly responsible 
for the passage of Ch. 584 of the Acts of 1958, the mandatory bill which became 
effective December 26, 1958. To him this Society owes a great debt of gratitude 
for his untiring and long continued efforts. 

Unfortunately, there are various bills before the current Legislature seeking 
to amend the 1958 Act vis: Sen-384, House 896 and House 1365. These bills as 
printed are not acceptable to the Joint Committee but Mr. Heaney and various 
members of the committee have appeared before the Legislative Committee on 
State Administration and it is possible that suitable changes will be made when 
the bills come on the floor of the House and/or Senate. It is possible that 
an amendment extending the effective date of the 1958 Act will be adopted. 

The Joint Committee has been disturbed at the delay in processing the heavy 
load of applications for registration before the Registration Board due to its 
inadequate staff and appropriation. It is understood, however, that this condition 
will shortly be corrected. 

Your committee if continued proposes to follow the engineering bills now 
before current legislature. 

EDWARD \.VRIGHT, Chairman 
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REPORT OF PUBLIC RELATIONS COMMITTEE 

Boston, Mass., March 18, 1959 
To the Boston Society of. Civil Engineers: 

The appointed Chairman of this Committee resigned early m the year and 
the undersigned was designated for the unexpired term. 

No formal meetings of the Committee were held, although several informal 
conferences were held with the Pr!!sident and others. 

No subject matter was evident to warrant a formal meeting of the Committee. 
It is recommended "that all members consider the subject of public relations 

and to submit ideas and suggestions to the President for review and action by 
your Public Relations Committee. 

WILLIAM A. FISHER, Chairnian 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
SANITARY SECTION 

Boston, Mass., March 4, 1959 

To the Sanitary Section, Boston Society of Civil Engineers: 

Five meetings of the Sanitary Section were held during the year, as follows: 
1. March 5 1958,-Annual Meeting. The· following officers and members 

of the Executive Committee were elected: 

Clair N. Sawyer 
Harold A. Thomas, Jr. 
George M. Reece 
James L. Dallas 
Robert H. Culver 
George W. Hankinson 

Chairman 
Vice Chairman 

Clerk 
Member 
Member 
Member 

An illustrated paper on "Pilot Plant Treatment of Sewage-Textile Waste 
Mixtures" was presented by Robert H. Culver. Sixty-five members and guests 
attended the meeting, and twenty-two attended the informal dinner at Patten's 
Restaurant. 

2. May 24, 1958-Joint Meeting and Annual Outing. A joint meeting and 
annual outing was held with the parent section of the Society at Gloucester, 
Massachusetts. In the morning, a tour of inspection was made of the Massachu
setts Fish Pier at Gloucester, which was preceded by a lecture by Leonard C. 
Mandel who spoke on "Experience and Method of Controlling Fish Odor Associated 
with the Fish By-Products Plant at Gloucester." 

The program was concluded by a boat excursion of the harbor for me~bers. 
3. October 1, 1958. A paper on "Suburbia: Satellite or Sprawl" was jointly 

presented by Roland B. Greeley and Worthen H. Taylor at this meeting. 
Thirty-four members and guests attended the dinner· at Patten's Restaurant, 

and fifty-two were present at the meeti~g. 
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4. November 5, 1958. A joint meeting sponsored by the Hydraulic Section 
and the Sanitary Section was held at the American Center of Analog Computing, 
Boston. Dr. Henry M. Paynter, a Director of the American Center, gave a paper 
on "The Application of the Analog Computers to Drainage Problems in Metro
politan Boston." Demonstration of the use of high speed analog computors for 

Fifty-six attended the joint meeting. 
study of hydraulic problems was given. 

5. December 3, 1958. A paper on "Background and Development of Boston 
South Bay Incinerator" was given jointly by John F. Flaherty and Harrison P. 
Eddy, Jr., at the Society Rooms. 

Twenty-eight members and guests attended the informal dinner at Patten's 
Restaurant, and sixty-two attended the meeting. 

Total attendance at the five meetings was 2 72 and the average attendance 
per meeting was about 54. 

Five meetings of the Executive Committee were held during the year. 
The papers prepared for three of these meetings have been published m 

the JOURNAL. 
GEORGE M. REECE, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
STRUCTURAL SECTION 

Boston, Mass., March 18, 1959 

To tlze Structural Section 
Boston Society of Civil Engineers: 

Seven meetings of the Structural Section were held during the year as follows: 
April 9, 1958. Mr. Ralph H. Gloss, Vice President of Timber Engineering 

Co. spoke on "The Future Role of Timber." Attendance 33. 
October 8, 1958. Mr. C. H. Hastings, Avco Research & Advanced Develop

ment Division, President, Society for Nondestructive Testing, who in turn intro
duced the members of the panel who were Mr. S. W. Carter, C. T. Morgan & Co.; 
Mr. F. L. Johnson, Bethlehem Steel Co.; Mr. A. H. Green, Arnold Green & Co., 
Inc. The panel, which was provided by the Boston Section, Society for Non
destructive Testing, gave short talks on the various phases of nondestructive 
testing. Attendance-3 7. 

November 12, 1958. Dr. Ruth Terzaghi spoke on the "Geological History 
of New England." Attendance-101. 

December 17, 1958. This was a joint meeting with the main society. Mr. 
Miles N. Clair, President of Thompson & Lichtner Co., gave a talk on "Draft 
of Proposed Amended Part 26-Reinforced Concrete of the Boston Building Code." 
Attendance-79. 

January 14, 1959. Mr. J. E. O'Keeffe, Engineer, Mechanized Functions, 
American Bridge Division, U. S. Steel Corp. spoke on "The Electronic Computer 
in Bridge Engineering." Attendance-66. 
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February 11, 1959. Paul S. Crandall and Mr. Kenneth M. Childs, Jr. gave 
an illustrated talk on "Railway Dry Docks-Nieuport, Belgium and Boulogne, 
France." Attendance-IS. 

March 11, 1959. Mr. H. F. Hedderich, Vice President, Pittsburgh Testing 
Laboratory, spoke on "Some Recent Developments in the Testing of Concrete." 
Attendance-27. 

The total attendance for the year was 361; average attendance 52. 

PAUL S. CRANDALL, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
HYDRAULICS SECTION 

Boston, Mass., March 6, 1959 

To the Hydraulics Section, Boston Society of Civil Engineers: 

The following meetings were held during the past year: 
May 7, 1958. Mr. Peter S. Eagleson, Assistant Professor of Hydraulics, 

Massachusetts Institute of Technology, spoke on Hydraulic Model Study of 
Protective Works for Fleet Berths in Narragansett Bay. The meeting was 
held at the M.I.T. Hydrodynamics Laboratory and included an inspection and 
demonstration of the facilities and tests under way at the laboratory. Attendance 
47. 

November 5, 1958. At a joint meeting of the Hydraulics and Sanitary 
Sections Dr. Henry M. Paynter, Assistant Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, spoke on "Application of Analog Computers 
to Drainage Problems in Metropolitan Boston. Dr. Paynter is also director of 
the American Center for Analog Computing, and a tour was made of the Com
puting Center where the meeting was held. Attendance 56. 

November 19, 1958. A joint meeting of the Main Society and the Hydraulics 
Section was held at the United Community Services Center. Mr. John W. Leslie, 
Chief of the Engineering Division of the U. S. Army Engineer Division, New 
England, spoke on the Hopkinton-Everett Flood Control Project. Attendance 
was 69 at the dinner and 93 at the meeting. 

February 4, 1959. Dr. Hans-Werner Partensky, visiting Research Associate, 
Hydrodynamics Laboratory, Massachusetts Institute of Technology, on leave 
from the Theodor-Rehbock Hydraulic Laboratory, Germany, spoke on "The 
Jochenstein Power and Navigation Project on the Danube". Officers for 1959 
were elected. The meeting was held in the Society Rooms. Attendance 36. 

During the course of the year the officers held discussions on the type of 
program that would best serve the needs of the members and the views of the 
members were obtained by questionnaire. Open discussions were held at the 
last meeting and those present favored special lectures treating specific topics 
on a generally advanced level. 

The total attendance for the year was 232; the average 58. 

JOHN B. McALEER, Clerk 
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REPORT OF THE EXECUTIVE COMMITTEE OF THE 
SURVEYING and MAPPING SECTION 
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Boston, Mass., January 29, 1959 

To the Surveying & Mapping Section 
Boston Society of Civil Engineers: 

The following meetings of the Surveying & Mapping Section, Boston Society 
of Civil Engineers were held during the past year: 

April 3, 1958. Mr. Jack Nazar, Chief Land Planning Consultant, F.H.A. for 
Maine, New Hampshire, Vermont and Massachusetts, spoke on the subject "Land 
Subdivision Problems". 

October 18, 1958. A televised meeting in conjunction with the program 
"Boston Date Line", WHDH-TV. Mr. George Feldman, Director of the House 
of Representatives Select Committee on Astronautics and Space Exploration, Mr. 
Gordon Vaeth, Pentagon, and acting in conjunction with the National Air and Space 
Agency. 

Dr. Edward Hawthorne, Avco Corporation, and Mr. Charles E. Ruchstuhl, Jr., 
Eastern Representative, Bendix Aviation Corporation, had a round table discus
sion on peacetime and Military aspects of Space Travel, The Instrumentation 
of Guided Missiles and Space Vehicles and Problems of Re-entry Back to Earth. 
Attendance-Problematical. 

January 28, 1959. Mr. Harry Feldman, H. R. Feldman Engineering Service 
and Mr. Darrell A. Root, Partner, Camp, Dresser and McKee spoke on Survey and 
Preparation of Plans for Sewers-Derry, New Hampshire. Attendance-52. 

Total attendance-2 meetings-84; Average 42. 
Television meeting raises average attendance immensely. 

CHARLES F. MILLER, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
TRANSPORTATION SECTION 

Boston, Mass., March 12, 1959 

To the Transportation Section of the 
Boston Society of Civil Engineers: 

The Transportation Section of the B.S.C.E. held two meetings during 
the 1958-1959 season as follows: 

April 30, 1958. Joint meeting with the Construction Section of the B.S.C.E. 
John A. Volpe, former Commissioner of the Massachusetts Department of Public 
Works and former Federal Highway Administrator, spoke on "Greater Boston 
Transportation Problem". 

Mr. Volpe emphasized the need and action rather than further studies to solve 
the problem. He stated that such projects as the Inner Belt, the Second Tube for 
Sumner Tunnel and an Integrated Mass. Transportation System are of the utmost 
necessity. Attendance-103. 
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February 18,.1959. Joint meeting wi·th the main society. Prof. Arthur Casa
grande of Harvard spoke on the "Great Salt Lake Railroad Embankment". Dr. 
Casagrande reviewed the soil and foundation problems involved and traced t_he de
velopment of the construction to the present time. The illustrated talk presented 
several unusual foundation and construction problems on this $50 million project. 

Officers for the ensuing year were elected: 

Marcello J. Guarino 
Robert A. Snowbar 
William Fisher 
James A. Haley 
Joseph D. Guertin 
James Roberts 

Attendance-112. 

Chairman 
Vice Chairman 

Clerk 
Executive Committee· 
Executive Committee 
Executive Committee 

ROBERT A. SNOWBAR, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
CONSTRUCTION SECTION 

Boston, Mass., February 26, 195-9 

To the Construction Section 
Boston Society of Civil Engineers: 

The following meetings. of the Coi:istruction Section were held during the 
past year: 

April 30, 1958. Joint Meeting with Transportation Section. Mr. John A. 
Volpe, formerly Federal Highway Administrator and Commissioner of Public 
Works of Massachusetts, spoke on "Arterial Highways in Metropolitan Boston". 
Attendance-60. 

May 28, 1958. Mr. Charles Kiesel, Jr., Manager of Prestressed Products 
Division, Raymond Concrete Pile Company, presented an illustrated talk on 
"Construction of the Lake Pontchartrain Bridge". Attendance-SO. 

FRANK J. HAGER, Clerk 
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