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POLITICAL ENGINEERING - PROS and CONS 

by 
Clair N. Sawyer 

(The second Thomas R. Camp Memorial Lecture of the Boston Society of 
Civil Engineers _1974) 

It is a distinct pleasure and honor for me to be invited to deliver this lee~ 
ture in honor of Thomas R. Ca:mp. I must say that it was not ,easy to decide 
to emerge from a semi-retired life in a sunny clime to return to wintry 
Boston. 

When the invitation arrived from your Chairman, my first inclination 
was to decline but, upon the advice of my chief advisor, I accepted. Follow
ing that occasion, I was faced with the problem of deciding upon a topic 
that would be appropriate fpr the situation. As you might know, retired 
people can not be expected to continue to pump,life-blood in the form of 
technical information at will. Rather, if we are to speak with any sense at 
all, it must be as prophet or to review the past in hopes it will improve our 
prophetic vision. 

It was my privilege to· have known Tom Camp over a period of 30 
years, first as a professor and then as a practicing ·engineer. Our acquaint
ance was first struck at the University of Wisconsin in September 1940 
where he had come to deliver a lecture upon "Quantitative Biochemical 
Relations in·the Activated Sludge Process", at a Symposium on Hydrobiol
ogy. As the years passed by our friendship strengthened and my admiratio.n 
increased because the principles by which he lived were so firmly inter
locked with those of two of my great teachers under whom I had no formal 
training, namely, Daniel W. Mead and E. Sherman Chase. I state this his
tory so you wm have some appreciation of the convolutions my mind went 
through in selecting the topic for discussion tonight. 

Era of Engineering Science 

At this point in time, with regulatory authorities promoting the concept 
of effluent standards, which in essence is an attempt to force the same shoe 
upon everyone's foot, there is grave danger that the science of stream sani
tation will become an area of ignorance among on-coming generations of 
engineers. The basic philosophy supporting such a trend has· been that we 
Americans can have anything we desire and set our minds1 to, regardless of 
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cost. I shall have more to say on this issue later but, for the time being, it 
should be sufficient to say that the current energy crisis, and its threat of 
being with us for some time to come, has dealt proponents of such 'noble 
dreams a cruel blow. · 

For future generations, it is desirable that we keeP. alive the basic knowl
edge developed by Streeter, Phelps, Hoskins and others of the U.S. Pul;>lic 
Health Service at the original Stream Studies Laboratory at 3rd and Kil
gour Streets in Cincinnati. Others who have added greatly to the knowledge 
of the effects of biodegradable organic matter upon our streams have been 
Fair, Moore, and Thomas of Harvard andVelz of Manhattan College and, 
later, Michigan University. A notable example of the application of this 
information was the Clarion River Pollution Abatement report by Camp 
Dresser & McKee developed for the Commonwealth of Pennsylvania. Mr. 
Camp presented me with a copy of this report while I was still a professor 
at M.I.T. and from that time on our classroom discussions on Stream Sani
tation were seasoned with a sense of the practical. 

No discussion on Stream Sanitation would be complete without reference 
to the problem of establishing reaeration constants under field conditions. 
In this regard, we can be ever grateful to Churchill and his colleagues at 
TV A who were keen enough to capitalize upon the unique conditions pro
vid~d by ~each~_below dams in the Tennessee RiverValley. 

While in-landers were busy studying the behavior of streams, those living 
near the oceans were concerned with the practice of ocean disposal. Alop.g 
the Atlantic coast, many problems were solved by proximity to the Gulf • 
Stream. In others, old practices were continued and supplemented by var
iqus degrees of treatment as public demand and aesthetics dictated. On the 
west coast, because of unfavorable locations, on-shore winds, and rapidly 
growing populations, greater stress was placed upon the engineering of long 
outfall sewers. Among the westerners whose names we associate with these 
studies are Rawn, Bowerman, Brooks and Palmer. A report on American 
practice in the design of ocean outfall sewers was prepared by Pearson for 
the State of California. 

Although the use of rivers and the oceans is currently frowned upon as 
an acceptable means of wastewater disposal, it seems reasonable to predict 
that, due to population growth and after the "affluent glow" of the Ameri
can public has subsided, we shall be using our rivers and oceans in a sensi
ble manner and · we will. all be grateful to those pioneers who have 
established .the facts: that'will a~low:ustodo so. ' . . ' . . ·. . ... 

·. Er: ~f Stat~'s Rights 

The concept of State's Rights:has:be~n a part of.our American tradition. 
It governed the actions, in the water' pollution control field initially and up 
to the time·of passage of Publfo ~aw 660 in 1956. Many states made giant 
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steps forward under the guidance of State Sanitary Engineers .when sup
ported by strong State Health Departments. Programs were normally estab
lished on the basis of river or drainage basins and were often quite 
successful in solving problems due to domestic wastewaters when a public 
health factor could be promoted. With many people having memories of 
typhoid fever outbreaks, this was not too difficult. Industry, in general, 
however, was normally exempt from the pressure of public health argu
ments and was not prone to follow the pattern set by some cities. In many 
cases where cities had lagged behind and done nothing, industries used this 
as an argument, regardless of the relative magnitude of their problem. 

In many northern states as pressure was brought to bear upon industry to 
correct their waste disposal practices, many found they could start life anew 
in one of the southern states that offered numerous incentives cheap 
land, low taxes, cheap power, an unexploited labor market, and liberal laws 
relative to stream pollution control. As a result, there was a great exodus of 
industries from north to south, particularly in the field of textile manufac
ture. Many consultants in this audience saw this happen and were powerless 
to change the tide. I ain reminded of an incident in Philadelphia where a 
large textile mill was ordered to stop discharging its wastewatets to a 
nearby creek. After some lengthy deliberations and over the objections of 
the inciustrial waste engineer for the city, the wastewaters were admitted to 
the municipal sewer system tributary to the Northeast plant on a trial basis. 
Although the plant was found to operate satisfactorily during the trial 
period to everyone except the industrial waste engineer, company officials 
decided the climate was not right in Philadelphia and moved to South Caro
lina .. The major satisfaction I received for my effort was two bushels of 
beautiful peaches I purchased in New Jersey on my return to Boston, much 
to the dismay of my wife when I arrived home on a Friday night. As for the 
company that moved to South Carolina, they operated without restriction 
until the Corps of Engineers developed an impoundment and changed the 
rules of the game. Then I had another opportunity to help the industry with 
its problem. 

All during the Era of State's Rights, the Federal people in the U.S. Pub
lic Health Service were more or less innocent bystanders of the passing pa
rade. Their chief roles were to conduct fundamental research and serve as 
expert consultants when invited by State Health Departments to participate 
on local problems. My first experience with this service was while I. was 
running the Madison, Wisconsin Lakes Survey. Upon the request of the 
State Health Officer, Dr. James Lackey, an expert algalogist was assigned 
to assist me on a part time basis. 

As time passed it became obvious that interstate rivers and waters were a 
special problem and joint ventures were organized. Perhaps the first of 
these was the Interstate Commission on the Potomac River Basin in 1940. 
Other Commissions were formed shortly thereafter, notable ones being the 
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New England Interstate, 1947, Ohio River Valley, 1948, Interstate Com
mission on the Delaware River Basin, and Interstate Sanitation Commis
sion (N.Y., N.J. & Conn.). In addition to promoting the development of 
waste treatment facilities within their jurisdictions, some sponsored 
research programs to enlarge the knowledge of wastewater treatment, par
ticularly the New England Interstate Commission and Orsanco. 

Enter Uncle Sam 

Apparently, the formation of Interstate Compacts to further the interests 
· of stream pollution control set wheels in motion in the heads. of many con
gressmen. Not to be outdone, they passed the Water Pollution Act of 1948, 
Public Law 845, with provision for building a large research center in Cin
cinnati which was to become known as the Robert A. Taft Center, making 
planning grants to municipalities of up to $20,000 and construction loans 
of up to 1 million dollars at 2 percent interest for 5 years. Funds were never 
appropriated for the grant and loan features, however: The "stick" was 

. there but no "carrot" ever dangled from it. Implementation of Public Law 
845 was vested in the U.S. Public Health Service and funds were allocated 
for the development of nine district offices from which surveys were to be 
conducted to obtain information on the magnitude of the municipal and 
industrial waste problem facing the nation. 

Public. Law 845 did allow the USPHS to expand its forces considerably 
and begin to operate on its own in the front lines of action. The latter 

· caused some friction and a few sparks in areas where Interstate operations 
had progressed because of the duplication of effort at taxpayers' expense, 
particularly here in New England. This effort of the PHS to steal the show 
led to some ill will for a few years until areas of responsibility became bet
ter defined. 

Although Public Law 845 was amended in 1950 to increase the loan 
provisions from 1 million to 5 million dollars per request, the total funds 
were limited to 50 million for the entire U.S. and use of the funds was 
restricted to distressed cities. As a result, the benefits were mainly in small 
cities and the big problems in the large municipalities continued to fester. 

The Carrot and Stick Era 

By 1956 The Congress was firmly convinced that something more attrac
tive must be presented to the public if the cause of stream pollution control 
was to be advanced in a suitable manner. Their displeasure was expressed 
in the Water Pollution Control Act of 1956, commonly known as Public 
Law 660. This act preserved the principle of State's Rights and kept admin
istration of the Act within the USPHS. It provided for grants to States and . 
Interstate Agencies for research and stream pollution control studies of up 
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to 3' million dollars, and a total of 50 million dollars per year for construc
tion grants at 30 percent of cost with a $250,000 dollar maximum, later 
raised to $600,000. The Act was definitely partial to small "distressed" 
cities. 

Public Law 660 contained "teeth" that made enforcement actions pos
sible. This was a provision that was badly needed in some areas of the coun
try. It is true that the "teeth" consisted largely of coercive measures through 
threats of withholding other Federal funds, but it did work. St. Louis, Kan
sas City, Omaha, Sioux City and St. Joseph all decided to test the Jaw and 
were forced to relent. The Law was amended in 1961 to allow use of Grant 
Money for the construction of water storage reservoirs to supplement low 
summer flows, in lieu of constructing facilities for higher degrees of treat
ment. This was in concert with the existing professional concepts of stream 
sanitation. Presumably, one would have to talk long and loud to gain such 
an advantage today. 

A major limitation of Public Law 660 and its amendments was that it 
totally ignored the industrial waste problem. Industries that were connected 
to municipal systems got a free ride, while those that did not were required 
to make their own way, This was viewed as unfair competition and most 
industrialists with any political acumen did something about it. A few illus
trations from personal experiences will explain. 

In a small southern city of 2,500 population to which one of our north
ern industries had fled, a large textile mill with daily wastewater flows of 
about 8 million gallons had attempted to handle its problem by lagooning, 
with disasterous results in terms of damage claims. When an aerated lagoon 
system was recommended involving considerable expense, the industry 
induced the city officials to help build a plant to treat combined wastes and 
the industry would operate it. The plant was built with the aid of a Federal 
Grant and has been· a widely recognized success. 

A large textile company operated two mills in and near a city of about 
50,000 people. The mill within the city discharged its wastewaters to the 
municipal system which was served by a new. biological treatment plant 
financed in part by a Federal Grant. The other mill with about a 10 million 
gallon per day flow was located just beyond the municipal system and dis
charged its wastewaters · via a dry run to the river about a quarter mile 
away. Although c,:ompany officials had noble intentions of demonstrating 
how textile wastes should be treated independently, and financed pilot plant 
studies to the tune of about $100,000 capital investment plus operation, 
supervision and engineering advice, their enthusiasm faltered when cost es
timates of various alternative systems of treatment were presented. In fair'
ness, it should be stated that the· matter of declining earnings due to foreign 
competition played a part in this change of attitude. 

As a result, the company officials began to "warm toast" with city offi
cials and the city was persuaded to build an interceptor sewer and a new 
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wastewater treatment plant designed, of course, to employ one of the newer 
schemes of treatment, paid for in part by Federal Funds. 

Perhaps the most ingenious maneuvering of all to get under the Federal 
Grant umbrella was accomplished by a midwestern industrial complex with 
a wastewater flow of about 30 mgd, in a village of about 300 people. When 
the industrial complex was planned, it was considered advisable for the vil
lage to own the sewer system. Since the laws of the State did not allow 
incorporation with less than 300 residents, people were urged to buy lots 
and live in tents until the desired number had been reached. Needless to 
say, the village was incorporated and the sewer system was built and a 
pumping station provided to force wastewater through the levee into the 
river during periods of high water. 

Eventually the State Water Control Board was forced to take action 
because of studies by USPHS personnel who found excessive amounts of 
phenols, oils and heavy metals entering the river at this point. There was a 
strong feeling that the State would not have started action against the 
Goliath by the river without the backing of the USPHS and evidence con
tained in a report they had prepared. 

Following rendition of an engineering report which recommended segre
gation of metal and oil bearing wastes for special treatment and biological 
treatment of the phenolic and other organic wastes, a long series of confer
ences with state officials ensued at which the consulting engineer was not 
normally invited. Result: a primary treatment plant was built on the prom
ise that the major contributor of, phenolic compounds could reduce its 
losses by 85 percent. Of course,· the plant with a capacity of 30 · mgd, serv
ing about 300 people and employees, was built with aid of Federal Funds. 
' My purpose in reviewing the three cases above, and I am sure there are 
hundreds more like them, is to demonstrate that laws made by Clever poli
ticians will be twisted and distorted by even cleverer people when there are 

. strong feelings that the law is unjust or discriminatory. Certainly, many 
people in high positions controlling Federal Funds must have felt sympa
thetic. 

Era of Confusion and Rhetoric 
,. 

The years following enactment of Public Law 660 represented a period 
of disillusionment for many career men in the USPHS. They felt stymied by 
the lack of Federal funds for construction grants in terms of the real needs 
in larger cities, by the uncomfortable position in which many of them found 
themselves when industrial interests forced their way in to share the limited 
funds, and by the continual promises emanating from The Congress for 
larger grants. The latter, in particular, led to much frustration because it 
resulted in foot-dragging by municipal officials who, for political reasons, 
were not prone to accept a 30 percent grant when waiting offered the prom-
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ise of one of 50 percent or more. In addition, each day of delay meant sig
nificant savings in operational and maintenance expense. 

In order to overcome these deficiencies, a campaign was started to alert 
The Congress by the means it understands best Public Opinion. It 
started with a series of well written articles and speeches by recognized ca
reer men in the Service Hollis, Mackenzie, McCollum and others, sup
ported by well illustrated brochures, radio and TV shorts, and teach-ins at 
schools at all levels, designed to impress the reader or listener that water is 
a precious commodity and should be handled with respect. Many of us here 
tonight had a part in supplying materials and ideas or appearing in person 
in this effort. To stimulate the conservationists, the Is.aac Walton League 
and the League of Women's Voters were brought into the act. Soon other 
groups were springing up like mushrooms to have a part in the action. 
Among the most noisome have been The Natural Resources Defense Coun
cil, Environmental Defense Fund and Ralph Nader's raiders. Many State 
Health Departments joined the Crusade to save the water, air and land. A 
notable stage production "The Well of the World" by the New York group 
brought wide acclaim. The Water Pollution Control Federation played an 
important role by making statements and passing resolutions on water pol
lution control and keeping them up to date by periodic revisions. The Fed
eration also promoted the cause by electing John Charles Daly, noted 
television and radio reporter to Honorary Member in 1963. The same honor 
was conferred upon Representative John A. Blatnick in 1972. In 1971, the 
Federation awarded the Harry E. Schlenz Medal to Gladwin Hill, national 
environmental correspondent for the New York Times. During this period 
anyone who said the right words in the right places often enough was in 
danger of being honored in some manner. 

With this bombardment of public and professional opinion, there is small 
wonder that The Congress reacted in the early stages in a very confused 
way. In 1961 amendments to Public Law 660 increased construction grants 
somewhat, broadened abatement jurisdiction to all navigable waters and 
allowed reservoirs· to be constructed as part of pollution control programs. 
The amendments also called for the USPHS to become part of the Depart
ment of Health Education and We'ifare, and for control of water pollution 
activities to remain under the Surgeon General. 

The Water Quality Act of 1965, Public Law 234, did little to relieve the 
confused state of pollution control. It removed, the responsibility of admin
istering the law from the Surgeon General ro the Secretary of HEW under a 
new name of Federal Water Pollution Control Administration. Other provi
sions allowed for keeping funding· of increased grants at 30 percent but 
the maximum to any one city to 1.2 million dollars. Total funds au
thorized wert! increa,sect to I 50 million dollars per year. Transfer of the 
administration of water pollution control from the Surgeon General to the 
Secretary of HEW was a crowning blow to many. career men in the Public 
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Health Service and many of the most capable resigned. This left a gap or 
wound which has never completely healed. 

In 1966, a Water Restoration Act was passed and became Public Law 
7 53 with many provisions due to expire in 1971. It provided for an acceler
ated construction program by increasing the construction grants to 50 per
cent, and for the establishment of water quality standards. By Presidential 
Edict, the Federal Water Quality Administration was transferred from 
HEW to the Department of the Interior. This edict could have been coun
termanded by The Congress but it made no attempt to do so. 

The National Environmental Policy Act was enacted in 1969 but con
sisted of little more than a statement of objectives and good intentions. From 
it, the FWQA issued a regulation that consulting engineers should prepare 
plant operating manuals for all systems fathered by them. This was a good 
move, as many consultants caught in the competitive whirlwind had shirked 
this responsibility. Another provision required that Environmental Impact 
Statements be submitted on all projects receiving Federal aid. Strange as it 
may seem this applies to pollution control facilities and has been a thorn in 
the side, of many consultants. A major bone of contention is the require
ment for submission of 200 copies. From this, one might assume that there 
will be 200 reviewers. If this be the case, is progress possible? 

During 1970, the Water Pollution Control Program was summarily 
removed from the Department of the Interior and placed in a new Environ
mental Protection Agency, another move by Presidential Edict. This new 
organization was welcomed by many, including the Water Pollution Con
trol Federation, in spite of its political birth. It began taking its fir~t steps 
under Public Law 753 guided by the philosophy of the 1969 National Envi
ronmental Policy Act. 

All through 1971, The Congress struggled with new pollution control 
legislation · and became so involved that it neglected to appropriate funds 
for fiscal year 1972 until 3 months of the year had passed. As if to add 
more woes, on September 15, the EPA published, in the Federal Register, a 
proposed regulation that would permit municipalities to engage engineering 
and construction on a turnkey basis, when using Federal Grant funds. This 
created a furor on the part of the WPCF, consultants, and municipal offi-
cials that caused the EPA to retreat in some degree. · 

Era of Federal Control 

After a tumultuous gestation period of nearly two years, the Amend
ments of 1972 to the Water Pollution Control Act were finally passed, 
vetoed by the President, and passed over his veto by both houses of The 
Congress. Before the ink was dry on the signatures to the Act, now known 
as Public Law 92-500, a minor form of rebellion developed among State's 
Rights people. The first confrontation occurred at Detroit at a workshop 
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sponsored by the WPCF and the Michigan Water Pollution Control Asso
ciation. The battle was joined again at the 1973 WPCF annual meeting in 
Cleveland and was continued in Boston at a "Town Meeting of J:'l'ew Eng
land" at which 10 resolutions were presented for discussion on January 23, 
1974. 

It is now apparent that The Congress was overly influenced by public 
opinion and special interest groups and was, perhaps, in a vindictive mood 
when it passed many of the provisions of PL 92-500. As a result, we have a 
Law engineered by political opinion with impossible deadlines and some 
requirements that will be impossible to fulfill except at ari exhorbitant 
expense to the public. 

From my position in the "catbird seat", I must applaud the provisions 
for controlling infiltration to sewer systems, particularly that of illegal con
nections allowing entrance of storm drainage from roofs and paved areas, 
and the capture for treatment or recycling of all overflows, including by
passed flows at treatment plants. There is serious question, however, rela~ 
tive to the wisdom of delaying construction of needed treatment facilities 
while the stormwater problems are being corrected. I also applaud the 
provisions for requiring all plants to employ secondary treatment or its 
equivalent by the most practical method. I can not agree with the require
ment for best available treatment within an additional 6 years. This should 
be changed to 20 years or the end of the design· period. By the letter of the 
law, this could mean complete abandonment of capital structures and con
struction of entirely new ones. This provision is a particularly tricky one for 
consulting engineers, because who is to judge what is the best available 
treatment for a given situation in 1983? Furthermore, should not stream 
standards be considered as a basis for need? Or are we going to replace 
facilities just to satisfy our "Tinker Toy" instinct? 

The provision for zero discharge of pollutants by 1985 is the most 
absurd of all the requirements of PL 92-500. It totally ignores any thought 
of cost-benefit ratios. It is based solely upon the silly philosophy that 
Americans can have or do anything they want, costs be damned. The pres
ent energy crunch has cast an entirely new light upon U.S. capability and 
highlights the importance of Prof. Cleary's warning before the recent Fed
eration meeting in Cleveland. He commented that removal of the last 10 
percent of pollution could cost as much as 20 times the energy needed to 
remove the first 90 percent. As time passes and the public sobers up from 
our splurge of affluent living, I am certain .that even our. most ardent envi
ronmentalists and doomsday heralders will come to realize that harnessing 
our rivers to accomplish the final stages of biological treatment and carry 
inert materials to the ocean will be one of our major ways of reducing 
future energy needs. No longer will the cry "Effluent standards are the 
answer because they are easy to administer" be accepted doctrine in the 
critical years ahead. These statements are not meant to condone the release 
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of heavy metals or other substances at levels known to be toxic or detrimen
tal to aquatic and wild life. 

A part of PL 92-:500 that most engineers and municipal officials applaud 
concerns provisions for including industrial wastes in the planning and 
financing of municipal works. The days of subterfuge to circumvent the . 
meaning of the pollution control laws appear to be over. However, applica
tion of this provision is not an easy or cheap matter because of the need for 
a municipality or its engineers to allocate sharing of capital and operating _ 
costs before Federal Grants for construction can be made. In one city with 
a population of about 150,000 and 26 industries, the engineers proposal for 
the industrial surveys involved a cost of one million dollars. Already 3 
months have passed and the Commission has not authorized the work. The 
full significance of this aspect of the new Law and some of the other provi
sions in delaying construction is still to be recognized by many engineers 
and Federal officials. The question before the house now is: Will the 
"action-now crowd" be patient and understanding? 

There has been much criticism of the President for withholding part of 
PL 92-500 funds voted by The Congress. How much of this is justified and 
how much is political is difficult to ascertain. No doubt, projects that were 
sufficiently advanced to be exempt from the provisions for infiltration
stormwater overflow control and assessment of industrial waste contribu
tions put a real strain upon the funds released for fiscal year 1973. Because 
of the two criteria mentioned above, it is anticipated there will be a real 
slowdown in the rate of grant requests as a result of the long time required 
to get such information in cities of significant size or having a multiple
based industrial economy. 

Engineering a la Maryland 

Although many people enjoy a variety of foods served a la Maryland, the 
general public was greatly surprised to learn that the practice of "Payola" 
involved engineering and contracting firms operating in the field of public 
works. The greatest shock, no doubt, was concerned with the realization 
that it could reach as high as governors of states and could pay royalties in 
later years like copyrights on a play or a book, to those who climbed to 
higher political perches. 

All consulting engineers have long been aware of the intricacies of doing 
business or should I say "getting" business. Codes of Ethics have been 
enunciated and revised from time to time. The three great engineers men
tioned early in this paper were all stewards of professional ethics that led to 
a high degree of respect. Undoubtedly, there are hundreds more like them. 
Contractors and equipment salesmen are subject to the same problems of 
doing business. A compaign contribution or a new car with two sets of keys 
was all that was needed to "grease the skids". I remember well a first 
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attempt to win a joint venture commission in Montreal just prior to an elec
tion. Also, the "flap" that occurred about 10 years ago when a midwestern 
firm of consultants was caught more or less "red handed" in unethical prac
tice. Although there was a strong feeling the representatives should be 
"called onto the ethical carpet", nothing was done about it because doing 
something would have meant filing a list of violations by someone and no 
one wishecl to throw the first stone. 

A decade ago Senator Barry Goldwater made an attempt to become pres
ident of our country. Many of the electorate, in fact too many, thought he 
was too square for the round hole the president is supposed to fill. As the 
years have passed, his stature has grown in the eyes of many people, and I 
must admit mine has too since taking up residence in his home state of Ari
zona. 

In conclusion, I wish to quote from comments by Barry Goldwater in a 

1 
recent interview by the American Way. His thoughts support mine in words 
which are more eloquent than I could hope to produce. 

Senator Barry Goldwater: "If what George Orwell predicts for 1984 
becomes the truth, then America will have joined the long, unceasing, tir
ing, disasterous period of civilizations and governments who have lost their 
way because they have forgotten fundamental principles. 

I fully expect that by 1984 this country will have decided it is going to 
remain free, or it will yield to the yet rather obscure pressures to put mate
rial needs over moral and spiritual needs and become a slave nation. When 
man puts more value in the material things of life than he does in freedom, 
freedom goes out the back door. Let's pray Mr. Orwell will be proven 
wrong." 
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SHEAR WAVE VELOCITY AND MODULUS 
OF A MARINE CLA V 

by 
Paul J. Trudeau1, 

Robert V. Whitman2, 

John T. Christian3, 

Introduction 

Knowledge of the shear modulus of a soil is essential for any study of 
dynamic amplification of earthquake effects, whether the analysis is per
formed by lumped mass shear beams, continuous shear beams, or finite ele
ments. It is also an important part of static and dynamic analyses of soil
structure interaction. In all of these studies most current methods require 
that the modulus be determined at very small strain levels; in some cases 
this is because these are the strain levels to be expected and in others 
because the nonlinear stress-strain relations require the engineer to specify 
the initial modulus. Consequently·, there has been since the middle of the 
1960's a sizable research effort to develop empirical formulas for obtaining 
the initial shear modulus and to develop field and laboratory methods for. 
measuring it directly. All of these techniques must contend with the fact 
that even small amounts of sample disturbance are sufficient to destroy ini
tial structure of the soil and to render measurement of the shear modulus by 
conventional axially loaded triaxial tests meaningless. 

As part of an overall study of optimal seismic protection, the authors 
undertook to determine the shear modulus and . the shear wave velocity of 
Boston Blue Clay. It is well known that the shear modulus and the shear 
wave velocity are related by the formula: 

(1) 

in which p is the mass density of the material, G is the shear modulus, and 
Cs is the shear wave velocity. Therefore, a direct measurement of either the 
shear modulus or the shear wave velocity conveys the same information. 

1Engineer, Geotechnical Division, Stone & Webster Engineering Corpora
tion, Boston, Mass. 
2Professor of Civil Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 
3Consultant, Geotechnical Division, Stone & Webster Engineering Corpo
ration, Boston, Mass. 
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The study was conducted on Boston Blue Clay to develop input for later 
soil amplification and soil structure tnteraction studies. This marine clay is 
one of the most widely studied soils and one for which a great deal of con
ventional laboratory data exists. This makes it an ideal material for which 
to try to apply the current state of the art. The study consisted of (a) direct 
in situ measurement of the shear wave velocities by seismic cross-hole tech
niques, (b) obtaining samples of the soil from which to measure the proper
ties necessary to calculate the modulus from empirical formulas, and (c) 
measurement of the shear modulus by torsional resonant column tests on 
undisturbed samples. These are all standard techniques in use in earth
quake engineering, but, so far as the authors know, they have never before 
been applied to the Boston Blue Clay. It was the objective of the study to 
evaluate the accuracy of each of these methods and, if possible, to reconcile 
the differences in the data provided by each. 

A similar program of in situ shear wave velocity measurements using the 
cross-hole technique, laboratory testing of undisturbed specimens in the 
Hardin Oscillator, and comparison of these values with those obtained from 
empirical correlations was undertaken by Stokoe (11). The materials ranged 
from a silty sand to a clayey silt. Based on the tests of the sandy silts and the 
clayey silt, Stokoe reported similar trends in the laboratory test data due to 
secondary time effects as are reported herein. Also, the results of Stokoe's 
test program indicated that laboratory tes( data underestimate in situ data, 
mainly because of the secondary time effects, as is later shown in the paper. 

Borings and in Situ Shear Wave Veloeity Measurements 

Four borings were made at the west end of the MIT campus in the pat
tern illustrated in Figure 1. All were advanced by standard wash boring 
techniques using drilling mud and were then cased with plastic casing. In 
boring B-1, 3-in. fixed-piston Shelby tube samples were taken continuously 
through the clay layers. The soil profile in the area is illustrated in Figure 
2, which includes simplified logs from borings B-103 and B-202 taken ear
lier near the site of the present boring program. 

The in situ shear wave velocities were measured by Weston Geophysical 
. Research, Inc., in May 1972, by the cross-hole method. This method mea
sures the time for a shear wave to travel a known distance between bore
holes. The shear waves are generated at various depths in one borehole 
while sensors at the same levels are placed in the other boreholes to await 
their arrival. From the travel time the shear wave velocity can be com
puted. 

The shear waves were generated by detonation of blasting caps in one of 
the boreholes. The. sensors consisted. of three velocf ty transducers sealed in 
a section of PVC pipe approximately 6 in. long x 21/s in. outside diameter, 
the assembly being referred to as a "jug". The transducers were mounted in 
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the jug in such a way that, when lowered into the holes, one measured verti
cal motions and other two measured horizontal motions. These jugs were 
lowered in three boreholes to the same elevation as the blasting cap in the 
fourth hole. The arrivals of the shear waves were recorded photographi-
cally. · 

Testing was begun at the bottom of the casing, and measurements were, 
taken at frequent intervals coming up the profile. This ',\'.as done because in 
some cases the blasting caps destroyed the plastic pipe, preventing the low
ering of subsequent charges to greater depths. Also, for this reason, Weston 
Geophysical Research, Inc., took many readings at the same elevation 
before moving up the boring. 

The in situ results reported by Weston Geophysical Research, Inc., are 
presented in Table I and are plotted by the solid line in Figure 3. Weston 
Geophysical reported that the values of shear wave velocity are valid to 
within ten percent. An average value of approximately 820 ft/sec is seen 
from Figure 3 to apply to almost the entire depth of Boston Blue Clay in 
this profile. 

Laboratory Test Program 

The laboratory test program included Hardin Oscillator tests (1) and 
index property tests on several samples from different depths in the clay 
layer. Standard triaxial specimens, with diameters of approximately 3.5 cm 

TABLE I 
SHEAR WAVE VELOCITY DATA FOR BOSTON BLUE CLAY 

I 2 3 4 5 6 7 8 
I 

9 

c, y Oz equiv. c\ c, c, secondary C c, c, 
measured max. c, atY= 10 b alY= 10- 6 !-fardin- time 20,000 modified Weston 

(lab.) (lab.) Black effects years Hardin- Geophys. 
Black (field) 

Test 

fps. xio-'' fps. fps. 
fps. per 
log cycle fps. fps. fps. 
of time 

T-3&4 535 2.5-5. 0.99 540 772 40* 820 890 805' 

C-1&2 564 I 0.99 570 747 41 857 859 810 

G-1 490 I 0.99 495 701 44 803 807 840 

L-1 510 I 0.99 515 675 39 788 777 875 

' 
S-2 480 7-10 0.97 495 732 40* 775 843 890 

S-1 436 5-7 0.98 445 732 40* 725 843 890 

AA-I 508 I 0.99 513 717 44 821 825 800 

*Assumed 



16 

&3 
C/l ...._ 
I-' 
Lr. 

8 
Q 

8 
a:, 

8 
Ul 

0 
>-- __J 

w 
ii: 

r--L 

BOSTON SOCIETY OF CIVIL ENGINEERS 

I 

. -_:.;,....._ . -
E •-s. 

-- .......... 

0,A...._....____ 

0 
lO 

I 

~8lQ 
mQ< -,:ow 
__JC\)>- -,,., 

d -- w 
~ -- -■~ ~ L"' ----- - . -~ 

-- -w----- ------- fG "! 
"G-- - ----1-0-- -- s 

(lJ 
""- L<->'.3 

"' 0 -
0 

~ 

DEPTH FT. 

>- r<) 
l-
o 
0 ~::, 
w>.J £! 

IL 

and lengths of about 8.0 cm, were trimmed from the 3 in. diameter undis
turbed Shelby tube samples. Index property tests were performed on the 
trimmings, including .the determination of Atterberg Limits, specific grav
ity, natural water contents, and total unit weights. Additional information 
concerning in situ effective stresses and maximum past pressures was 
obtained from Ladd and Luscher (7) and the relationship of K0 versus Log 
Overconsolidation Ratio (OCR) for Boston Blue Clay from Ladd (8). 
These data were used to calculate the dynamic shear modulus, G, using the 
empirical equation proposed by Hardin and Black (2,3) for cohesive soils, 

G= 1230 (2·973 - e)
2 

OCRK 0: 112 (2) 
l+e 

0 

in which G is the dynamic shear modulus in psi, e is the void ratio, OCR is 
the overconsolidation ratio, and ifo is the mean principal effective stress in 
psi. The value of K depends on the plasticity index, PI. 

1 

Index property tests were performed by standard procedures except for 
the determination of the total unit weights and mass densities, which were 
found by measuring and weighing the Hardin Test specimens immediately 
after trimming. The Atterberg Limits gave a plasticity index of about 30, 
leading to K = 0.24 in Equation (2). The in situ void ratio was approxi
mately 1.0. These values are typical for Boston Blue Clay (7). 
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Equation (2) was then used to compute G for each specimen. The results 
are plotted in Figure 3 versus the depth from which the sample came. The 
variations of the index properties themselves versus depth are shown in 
Figure 4. 
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Hardin Oscillator Tests 

-~ 

0 
Q 

l 

0 

The theory of the resonant column test and the details of the construction 
and use of the torsional oscillator have been presented in the literature (1, 
5, 6, 10). Therefore, the following brief description covers the general 
operation of the test and includes only the details particular to the present 
test program. 

The Hardin apparatus applies a torsional vibration to one end of a speci
men within a triaxial cell. A load cell is included within the apparatus so 
that anisotropic states of stress similar to estimated in situ stresses can be 
applied to the specimen within the triaxial cell during the dynamic test. The 
electromagnets in the driving oscillator are excited by an AC current from 
the audio oscillator, producing a sinusoidally varying torque at the top of 
the specimen. The base of the specimen rests upon a rigid pedestal which 
has sufficient inertia to make the motion of the attached end of the speci
men essentially zero during vibration of the specimen (1). 

An accelerometer is attached to the oscillator to monitor the movement 
of the top of the specimen. The frequency of oscillation is varied until the 
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maximum output of the accelerometer is obtained. This output is monitored 
with an oscilloscope or can be measured with an AC voltmeter. The reso
nant frequency of the system and specimen occurs when the maximum out
put of the accelerometer is ·achieved.· From the calibration of the 
accelerometer, the test can be run at a given level of shear strain by varying 
the input voltage and the frequency such that the desired output of the ac
celerometer is obtained. The theory presented by Hardin (1,6) uses this 
resonant frequency to determine the dynamic shear modulus: Equation (1) 
is then used to obtain the shear wave velocity. 

Hardin (1) recommends using an average shear strain of2.5 x 10-5 in.fin., 
and the shear strains in these tests are close to that value. Two different sets 
of strain levels were used for the Hardin Oscillator tests. The first group of 
tests was run at three different levels of input voltage of the audio oscilla
tor, corresponding to maximum shear strains, at any point of the specimen, 
of about 2.5, 5, and 10 x 10-5 in.fin. This strain refers to the maximum 
movement at the circumference of the solid sample. For solid samples Har
din and Drnevich (4) define average shear strains as equal to the integral of 
the strain over the cross-sectional area divided by the area, which leads to 
an average shear strain equal to 2/2 of the maximum shear strain. The later 
tests were run at a maximum shear strain of approximately 1 x 10-5 in.fin. 
in an attempt to obtain the maximum value of the dynamic shear modulus. 
The dynamic shear modulus decreases with increasing strain, and 1 x 10-5 

in.fin. is the lowest strain at which satisfactory measurements can be made 
due to random AC noise in the cathode follower used to couple the output 
of the accelerometer to the measuring devices. 

A major problem arises from the electrical connections within the triax
ial cell. The connections must not be submerged in a fluid that conducts 
electricity; therefore, the cell can only be filled with a fluid up to the base 
of the oscillator. The cell pressure is then applied by air pressure acting on 
the fluid within the cell. The use of water or silicone oil as a cell fluid does 
not provide adequate protection from the diffusion of air through the cell 
fluid and the membrane to the sample, where it comes out of solution thus 
interfering with volume change readings. This is especially true for applied 
air pressures greater than 30 psi. An attempt was made to use silicone oil as 
a cell fluid completely filling the cell and mercury pots to apply the c.ell 
pressure. However, the 5 centistoke silicone oil was too viscous and the 
movement· of the magnets indu~ed motion in a certain mass of the oil thus 
interfering with the measured r~sonant frequency of the sample. Therefore, 
the tests were run with silicone oil covering only the sample, and air pres
sure was applied to the top of the cell. (Silicone oil was used instead of 
water because water corrodes the air pistons and aluminum of the support 
device for the Hardin apparatus during the set-up of the test.) 

Volume change readings were not made after the results of the first few 
tests indicated that they were no good. During subsequent tests, the sample 
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was kept wet by flushing water through the porous stone at the base of the 
specimen. It was found that consistent results for resonant frequency could 
be obtained by this procedure as long as the filter strips surrounding the 
specimen remained wet. That is, measuring the shear wave velocity imme
diately before pumping water through the porous stone and into the filter 
paper and measuring the shear wave velocity immediately after this wetting 
the sample indicated that the shear wave velocity had not changed. How
ever, if the specimen was allowed to stand under a confining pressure for 
several days this procedure yielded a change in the shear wave velocity 
measured before and after wetting. Therefore, since the shear wave velocity 
did not change as a result of pumping water into the porous stone at the 
base it was assumed that the air permeating through the membrane did not 
affect the results if it was removed by flushing every day. Consolidation 
was obtained by allowing approximately 24 hours to pass before running 
the dynamic test. From past testing on Boston Blue Clay, this is more that 
adequate time for primary consolidation. 

The samples in the initial tests, T-3, T-4, S-1, and S-2, were is tropically 
consolidated to the estimated in situ horizontal effective stress, at which 
point the resonant frequency was determined. Then the cell pressure was 
increased to the estimated in situ vertical effective stress, again the speci
men was consolidated, and the dynamic test was run. The specimens were 
then consolidated to higher cell pressures in approximately 20 psi incre
ments, up to a maximum cell pressure of 100 psi. After the dynamic test 
was run at the maximum confining pressure, the samples were unloaded in 
20 to 40 psi steps, allowed time to rebound, and the dynamic tests were run 
again. 

The results of the laboratory tests that were run at different confining 
pressures are presented as plots of the shear wave velocity versus the square 
root of the effective isotropic confining pressure in Figures 5 through 8. 
The shear wave velocities that are plotted are the values of Cs that were 
measured and corrected for strain amplitude. Also shown on these plots are 
the values of C8 as predicted by Hardin-Black (Equation 2). The values of · 
C8 ;at the effective in situ octahedral stresses were then interpolated from 
these results to obtain the values of Cs in column 4 on Table I. 

The later tests, C-1, C-2, G-1, L-1, and AA-1, were run at a maximum 
shear strain of about 1 x 10-5 in./in. These tests were loaded isotropically 
to the in situ effective octahedral stress as computed using the values of 
vertical effective stress and maximum past pressure as shown in Figure 4, 
and the values of Ko as determined by Ladd (8) for Boston Blue Clay. 

Resonant column tests, which can be carried out very quickly, were run 
at frequent intervals during both primary and secondary consolidation up to 
times of about one week. Running the test in this manner allowed observa
tion of the results while the specimen wa_s consolidating under each incre
ment of load. 
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The value of the shear wave velocity, Cs, is plotted versus the logarithm 
of time in Figures 9 and 10. Note in Figures 9 and 10 that after primary 
consolidation had been completed there was an increase in Cs versus time. 
This increase is linear on the Cs versus log time plot and is similar to 
increases observed by others (2, 9, 11). It amounts to approximately 40 
ft/sec/log cycle of time. 

Discussion of Results 

Table I is a summary of the results of this study for the specimens at the 
in situ effective octahedral stresses. The value of Csmeas (column 1) is the 
value of the shear wave velocity measured using the Hardin Oscillator at an 
elapsed time of approximately 1,000 minutes and at a cell pressure equal to 
the estimated in situ effective octahedral stresses. These values were 
obtained at the maximum shear strains indicated in column 2. In order to 
compare results for the same strains, the Cs meas , are divided by Column 3, 
the equivalent Cs/Cs max , which is the square root of the values given by 
Hardin and Drnevich ( 4) for G/Gmax as a function of strain. There is little 
difference in Csmax (column 4) and Csmeas (Column 1) using the Hardin 
apparatus due to the small strains at which measurements were made. 

The computed values of Cs using the Hardin-Black equation (Equation 
2) are indicated in column 5. These results are greater than the measured 
value by approximately 200 ft/sec. 

The laboratory measurements (Columns 1 and 4) were made after an 
elapsed consolidation time of 1,000 minutes. Figures 9 and lO show that 
there exists a nearly linear increase in Cs versus log time during secondary 
compression, and the increase is about 40 ft/sec/log cycle of time. Consider
ing this increase to continue for a length of time equal to the age of the clay 
(about 20,000 years) yields the values of C820,000 in column 7. These val
ues are very close to the results obtained using Equation 3 (column 8) and 
the in situ results by Weston Geophysical Research, Inc., (column 9). 

Hardin and Black (2) examined this effect and also the effect of different 
load increments. T.hey concluded that there is a secondary increase of the 
vibration shear modulus with time at a constant effective stress that is not 
accounted for by changes in void ratio. Furthetmore, this increase can be 
destroyed by changes in effective stress and, consequently, this effect may 
be quite important with soils in situ, for the laboratory values of shear mod
ulus (shear wave velocity) depend on the loading scheme used. Tests that 
Hardin and Black ran on a Kaolin clay using small load increments (about 
1 psi) yielded values of shear modulus which were about 20 percent greater 
than those predicted by their equation. These data fit the equation 

G = 1630 (2·973 - e)Z OCRK cfc, 112 
(
3). 

l+e 
Using Equation (3) together with the parameters for the specimens of 

Boston Blue Clay tested yields the values in column 8 of Table I. These 
values are in better agreement with the laboratory values extrapolated to 
20,000 years and with the in situ values by Weston Geophysical Research, 
Inc., than are those calculated using Equation (2). This agreement is more 
easily seen in Figure 3 which is a plot of the data in Table I. 
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Conclusions 

Insofar as the extrapolated laboratory test results, the calculated results 
using Equation 3, and the in situ results are in close agreement, the authors 
conclude that the shear wave velocity of Boston Blue Clay is approximately 
800 feet per second, which corresponds to a shear modulus of 17,000 psi. 
Figure 3 indicates that Equation 3 provides a good approximation for the 
determination of the shear modulus of Boston Blue Clay, and the authors 
propose that it be used rather than Equatio:n 2 in the absence of field or 
laboratory test data. 

The three techniques for measuring shear wave velocity or shear modu
lus of the- Boston Blue Clay - Hardin's and Black's formula (Equation 3), 
resonant torsional column tests, and in situ velocity measurements - agree 
on an average value between 750 and 900 fps. To obtain this agreement it 
is necessary to recognize that present sampling procedures cause inevitable 
sample disturbance and that this must be taken into account in evaluating 
the results of laboratory tests. 

The most important effect is. that of secondary compression, which 
increased the shear modulus 40 fps per log cycle of time. This is lost when 
samples are taken from the ground. The laboratory test data indicate that 
the ground shear wave velocity increases linearly with the logarithm of time 
and this fact can be used to extrapolate the correct value of shear wave 
velocity back to the age of the soil deposit. In the present case this is 
approximately 20,000 years. 

It is recognized that there exist problems due to air permeating through 
the membrane and perhaps dessicating the specimen. Since the secondary 
time effects are so important it is clear that the effect should be investi
gated. A possible means of doing the additional work would be provided by 
modifying the triaxial cell so that a mercury bath could be used to surround 
the specimen as was done by Marcuson and Wahls (9). It was not possible 
in this testing program to investigate this effect, but since the shear wave 
velocity did not change due to pumping water through the porous stone 
(thus forcing most of the air out), and since the· results obtained extrapo
lated to a time equivalent to the age of the clay agreed well with the in situ 

. results and Equation 3, it is believed that the air had no appreciable effect 
on the specimen. 

Failure to incorporate the effects of secondary compression can seriously 
affect the accuracy of laboratory evaluations of in situ moduli. When prop
er consideration is given to\ these effects, all three methods used here give 
consistent results. 
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Notation 

Cs Shear wave velocity 
e Void ratio 
G Shear Modulus 
K Exponent in Equations 2 and 3 
K0 Coefficient of lateral earth pressure at rest 
OCR Overconsolidation. Ratio 
'Yoz Shear Strain in torsional test 
p Mass density 
u

0 
Octahedral or average effective stress 
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SUBSURFACE INFORMATION IN CONTRACT DOCUMENTS
THE RIGHTS AND LEGAL RESPONSIBILITIES OF OWNERS, 

ENGINEERS AND CONTRACTORS. 

by 
Herman Snyder* 

(Presented before a meeting of the Geotechnical Section BSCE on January 
16, 1974.) . 

The subject tonight, "Subsurface Information in Contract Documents", 
has been a fertile source of litigation as long as owners, engineers and con
tractors have had to struggle with the problems relating to excavation, drill
ing, boring and sail exploration generally. It has been a prime source of 
trouble and conflict because we are fundamentally dealing with the 
unknown. Borings are obviously inadequate as anything other than a possi
ble clue to what lies below. A New York attorney specializing in the prob
lems of the construction industry has suggested in a paper given at a recent 
meeting of the American Society of Civ,il Engineers that "adequate borings 
of such depth as to indicate the material below the bearing stratum through 
compressible layers and to indicate the contours of subsurface materials" 
together with orientation of foliations or seams in rock should be shown. 
But in my view, anything less than some kind of subterranean X-ray must 
leave the owner, engineer and contractor in the dark as to precisely what 
will be encountered and in what order of magnitude. 

These are basic problems for the scientific community. What we have 
been asked to do tonight as lawyers is to give you some idea of the legal 
consequences arising from this state of affairs. What are the respective lia
bilities of owners, engineers and contractors, what is it that each party must 
do before the contract is entered into, who bears the risk of loss thereafter? 

The original attitude of the State courts was quite hardnosed. In Massa
chusetts for example, until fairly recently the courts gave full weight to 
exculpatory language. The Supreme Judicial Court enforced quite literally 
contract requirements that the bidder satisfy himself as to conditions to be 
encountered - that he examine the site for himself - that the plots of bor
ings were not warranted - that the contract price was to cover all contin
gencies, known and unknown. The court followed the rather simplistic 
notion that the parties had contracted with each olber and that having 
agreed to such sweeping exclusions of liability the contractor was bound by 
them. Totally ignored was the usual unequal bargaining strength of the par
ties. The fact that the terms in question were not negotiated but were part 
of a big book which the contractor took as is if he was low bidder - that 
there simply was not time for a bidder to take borings in the interval 
between notice and receiving of bids - that a contractor who made careful 
*Partner - Snyder, Tepper and Berlin, lawyers. 



SUBSURFACE INFORMATION IN CONTRACT DOCUMENTS 27 

investigation of each project before bidding, would go broke before he ever 
got the job. 

In recent years the State courts began to relax the real hard-line 
approach and took to examining cases on their facts - sometimes finding 
reasons why that particular case differed from what had gone before. Thus 
in 1970 the Massachusetts Supreme Court decided Alpert, Trustee vs. 
Commonwealth, 357, 306, the so-called Golden and O'Brien case. There 
the trustee in bankruptcy of the contractor was.allowed to .recover damages 
where 165,000 yards of unsuitable material was found though the contract 
represented only 34,000 xards of such material. The rationale was that the 
D.P.W. had made a positive representation, viz., 34,000 yards and Golden 
had a right to rely on this representation "without further investigation and 
irrespective of the general language of several exculpatory clauses in the 
contract". Having said this, the court proceeds in the next sentence to make 
the contradictory assertion that "Golden did in fact attempt to make an 
independent investigation of the site, but because of the lack of time 
between the notice. to bidders and the date bids had to be submitted, it was 
impossible for Golden to take adequate borings". Thus, the court says in 
one sentence: 

a) Where the owner makes definite and positive representation the con
tractor can rely without further investigation. 

b) It is impossible for the contractor to make adequate investigation in 
the time allotted. 
These positions are somewhat inconsistent, but at least there is a recogni
tion at last that unreal exculpatory clauses, i.e., that borings are not war~ 
ranted, should not be enforced. 

I will not take the time to develop further the case law in Massachusetts 
since I want to hurry on to AIA and federal contracts. I must, however, call 
your attention to a recent statute in Massachusetts which goes part way 
towards a real changed conditions provision. Section 39N of Chapter 30 
requires that every contract essentially relating to construction by the state 
or any agency thereof shall contain a provision reading: 

"If, during the progress of the work, the contractor or the awarding 
authority discovers that the actual subsurface or latent physical condi
tions encountered at the site differ substantially or materially from 
those shown on the plans or indicated in the contract documents either 
the contractor or the contracting authority may request an equitable 
adjustment in the contract price of the contract applying to work 
affected by the differing site conditions. A request for such an adjust
ment shall be in writing and shall be delivered by the party making 
such claim to the other party as soon as possible after such conditions 
are discovered. Upon receipt of such a claim from a contractor, or 
upon its own initiative, the contracting authority shall make an inves
tigation of such physical conditions, and, if they differ substantially or 
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materially from those shown on the plans or indicated in the contract 
documents or from those ordinarily encountered and generally recog
nized as inherent in work of the character provided for in the plans 
and contract documents and are of such a nature as to cause an 
increase or decrease in the cost of performance of the work or a 
change in the construction methods required for the performance of 
the work which results in an increase or decrease in the cost of the 
work, the contracting authority shall make an equitable adjustment in 
the contract price and the contract shall be modified in writing accord
ingly." 

The statute is limited because it requires a variance from what is shown 
in the contract documents. Therefore, if the contract documents are silent 
we are presumably thrown back on the common law. This ·question I will 
leave to my colleagues and subsequent discussion. 

The changed conditions clause in AIA contracts governs the great bulk 
of private construction and Article 4, the changed conditions article, 
appears in most federal contracts. Article 4 is with one exception identical 
with Section 12.1.6 of the AIA contract and both provisions may properly 
be considered together. Section 12.1.6 of the present AIA contract provides 
as follows: · 

"Should concealed conditions encountered in the performance of the 
Work below the surface of the ground be at variance with the condi
tions indicated by the Contract Documents or should unknown physi
cal conditions below the surface of _the ground of an unusual nature, 
differing materially from those ordinarily encountered and generally 
recognized as inherent in work of the character provided for in this 

· Contract, be encountered, the Contract Sum shall be equitably 
adjusted by Change Order upon claim by either party made within 
twenty days after the first observance of the condition." 

Prior to 1967 only item 1 dealing with concealed conditions at variance 
with conditions inqicated by contract documents was covered. In 1967 
there was added the provision covering unknown physical conditions of an 
unusual nature differing materially from those ordinarily encountered and 
generally recognized as inherent in the contract. 

Two basic questions are raised in the interpretation of this section: 
1. Was the condition either at variance with conditions indicated by the 

contract documents or of an unusual nature differing materially from those 
ordinarily encountered and generally recognized as inherent in the work? 

2. If so, should the contractor have anticipated he was going to run into 
some such condition? 

There are many cases dealing with these two points but in general it has 
been held that, if the conditions encountered were substantially different in 
such matters as quantity, nature of material, location, and if the contract 



SUBSURFACE INFORMATION IN CONTRACT DOCUMENTS 29 

documents did not sufficiently warn the contractor in advance, and if the 
contractor should not for other reasons have anticipated the problem, he 
will be entitled to seek an equitable adjustment. 1 It is fairly easy to define a 
changed condition an enormous quantity of rock, the presence of unsta
ble or unsuitable material, etc. 

The more difficult question is that of anticipation. Did the contractor 
know, or should he have known what he was going to run up against? And 
this brings us to the question of contract information which we are sup
posed to talk about tonight. Suppose the contract says you will encounter 
some rock but the contractor encounters three times as much as he figures. 
Suppose the contract documents say, to take a specific case, you will 
encounter a condition of high ground water and the contractor encounters a 
very large quantity of subsurface water. The court in that case said the bor
ings were silent, the reference in the contract to high ground water was too 
vague, and were what the court called "low-key". In the absence of specific 
information in the borings, such vague references in the contract are inade-
quate. · 

In most cases that I have read, if what is encountered will entail a sub
stantial loss to the contractor and if the contract references are broad and 
generalized, the contractor will be allowed to recover damages. 

There are, of course, other matters the court will take into consideration. 
How much experience did the contractor have, should he have known about 
the problem from other jobs? Thus, where a contractor encountered a great 
quantity of permafrost in Alaska and the plaintiffs were local contractors, 
the court said the contractors knew that 80 percent of that area in Alaska 
was underlaid with permafrost. One thing the courts do not require is that 
the contractor do a research study in geology or soil mechanics in order to 
make a decision on his bid. 

What about exculpatory language? It does not mean much in this con
text. "That the bidder has examined the site" - that he must satisfy him
self as to conditions - that he has investigated and satisfied himself as to 
the nature and location of the work -· that borings are not warranted. No 
such language is effective to deny recovery if the other ingredients are 
there. As the court said in one case: 

"Even unmistakable contract language in which the Government 
seeks to disclaim responsibility for drill hole data, does not lessen the 
right of reliance." 
Foster Construction & Williams Brothers Company vs. U.S., 435 F. 
2d, 873, 883 (Ct. Cl. 1970) 

I. The contractor must, of course, satisfy the notice requirements, e.g., to make claim 
within 20 days after the first observance of the condition. Record keeping with 
respect to the damages attributable to the changed condition should be as accurate 
and detailed as possible. 
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In summary, if an unknown subsurface condition of an unusual nature is 
encountered, and if the contractor was not sufficiently alerted by the con
tract, by his own background, or by other circumstances which should have 
made him aware, he will be entitled to an equitable adjustment. The kind of 
contract warning which will be sufficient to bar an adj:ustment involves a 
specific and detailed description, not generalized or generic statements. The 
information must be of such a nature that a reasonable contractor would 
have been alerted to the possible danger. It is not enough to say that "rock" 
or "water" will be encountered. There must be something, either in the bor
ings, plans or specifications which strongly suggests the presence of a large 
quantity of rock or an unusual water condition. If the contractor was not 
adequately warned and encountered such a changed condition, he will be 
entitled to an equitable adjustment, despite the presence of catchall excul
patory provisions. Provisions imposing impractical burdens on a contrac
tor, or simply purporting to shift the burden from the owner's shoulders, 
will be of little avail. A full development of information on the part of the 
owner, and adequate delivery of that information to the contractor is essen
tial. In the last analysis, the question is, on whom should the risk of loss 
fall? It seems clear that the courts will not let it fall on the contractor unless 
he has been fully and fairly warned of the dangers which lie ahead. 
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PROCEEDINGS OF THE SOCIETY 

Minutes of Meeting 

BOSTON SOCIETY OF CIVIL ENGINEERS 

November 28, {973 A joint meeting of 
the Boston Society of Civil Engineers 
with the Massachusetts Section of Ameri
can Society of Civil Engineers and the 
Western Branch of A.S.C.E. along with 
the American Public Works Association, 
New England Chapter, was held at the 
Holiday Inn in Newton on November 28, 
1973. 

Following a social hour and dinner, the 
meeting was called to order at 7:50 p.m. 
by President Ron Hirschfeld of the Amer
ican Society of Civil Engineers. A brief 
business meeting of the Boston Society of 
Civil Engineers was conducted by the 
Secretary, who announced the following 
new members elected by the. Board of 
Government on November 20, 1973: 

For Member - Edward Leo Byrne, 
Herbert H. Einstein, Roy C. Fedo
toff, Franklin J. Morrison, and 
Albert H. Smith, Jr. 

For transfer from Junior to Member: 
Leland A. Jenkins and John E. 
Kavanagh, III 

Applications for Membership have 
been received from John A. Shuster and 
John King Chun Yen, and for Junior 
from Anthony M. Deltufo, Joan E. Harri
son and Gary J. Zawada. 

The members and guests present stood 
for a moment of silence for deceased 
members Gordon Gould and Percival 
Rice. 

At the conclusion of the Boston Society 
of Civil Engineers' Business Meeting, 
President Hirschfeld had a few remarks 
concerning the American Society of Civil 
Engineers; he, then, turned the meeting 
over to the A.S.C.E. Vice President, Tom 
Liu, who introduced the guest speaker of 
the evening, Mr. Alden E. Cousins, Direc
tor of the Bureau of Solid Wl:!ste Disposal, 
Massachusetts Department of Public 
Works. Mr. Cousins described the 
"Proposed Solid Waste Management Plan 
for the Commonwealth of Massachu-

setts." Following a brief historical review 
of the subject, the speaker described the 
current status and plans for the future. A 
lively question and answer period fol
lowed the formal presentation. 

The meeting was adjourned at 9:20 
p.m. Approximately 120 members and 
guests attended. 

Joseph F. Willard 
Secretary 

December 5, 1973 - A joint meeting of 
the Boston Society of Civil Engineers 
with the Massachusetts Section, American 
Society of Civil Engineers, and the Envi• 
ronmental Section, Boston Society of 
Civil Engineers, was held on this date at 
Purcell's Restaurant. 

In the absence• of Section Chairman 
Guertin, the meeting was called to order 
by Fred Blanc, at 7:30 p.m., following the 
social hour and dinner. 

The Secretary of the Boston Society of 
Civil Engineers was called upon to con• 
duct Society business, at which time he 
announced that J. Elliott Thomas, Jr. had 
made application for membership. 

The evening's chairman, Mr. Blanc, 
then introduced the speaker, Dr. Archie 
MacDom:iell, Professor of Civil Engineer
ing and Director; Water Research Center 
of Penn State University. Dr. MacDon
nell made an illustrated presentation on 
"Limiting Nutrients in Surface Waters". 

The presentation was well received as 
was evidenced by the questions after the 
formal presentation. 

Attendance at the meeting was 35. The 
meeting was adjourned at 9:00 p.m. 

Joseph F. Willard 
Secretary 

January 30, 1974 - A joint meeting of 
the Society with the Massachusetts Sec
tion of the American Society of Civil 
Engineers and the Hydraulics Section of 
the Boston Society of Civil Engineer~ was 
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held at the Ralph M. Parsons Water 
Resources Laboratory, M.I.T. 

Chairman Perkins of the Hydraulics 
Section called the Meeting to order at 
7:00 p.m. and asked President Sorota to 
conduct any Society business. The Presi
dent called upon the Secretary who read 
the list of new members elected by the 
Board of Government as follows: 

Member: John A. Shuster 
John Kung Chun Yen 

Junior: Anthony Michael. Deltufo 
Gary Joseph Zawada 

The Secretary then announced that 
application for membership had been 
received from the following: 

Natalie Joan Taub 
Mordecai Bennett 
Kenneth James Deardon 
Harry Jue 
Robert J. Ovagimian 
Douglas Charles Prentiss 

The members then stood for a moment 
of silence for C. Fred Joy, who passed 
away on December 6, 1973. 

It was then VOTED "That the Society 
approve the transfer of up to $10,000.00 
from the principal of the Perma
nent Fund to the Current Fund to meet 
Current Expenses." The second of the 
two required votes on this matter will 
be conducted at the February Meeting. 
The Secretary read notices of meetings 

for the month of February, copies of 
which have been sent to the members. 

President Sorota then turned the meet
ing back to Chairman Perkins, who 
introduced the speakers of the evening, 
Mr. K. Peter Devenis and Mr. Edward 
Dunn of C. E. Maguire, Inc., who 
described the Charles River Project, giv
ing a history as well as details of the new 
pumping equipment, locks, and other fea
tures for hydrologic control especially in 
the lower basin. 

More details of the Meeting may be 
found in the report of the Hydraulics Sec
tion. 

The meeting was adjourned at 9:10 
p.m. after a question and answer period. 

About eighty-one members and guests 
attended. 

Joseph F. Willard 
Secretary 

COMPUTER SECTION 

November 14, 1973 - The Computer 
Section met at the Red Coach Grill, Stan
hope Street, Boston. Twenty persons 
attended the dinner preceding the meet
ing, and 30 were present for the meeting 
and presentation. The meeting was called 
to order at 7:30 p.m. by David I. Hell
strom, Chairman. A few announcements 
were made; there was no other Section 
business. Dr. Robert Logcher then intro
duced the speaker for the evening, Profes
sor David Marks of MIT. His talk was the 
first of a series of coordinated sessions 
dealing with systems analysis and its 
application to civil engineering problems. 
Professor Marks presented an overview of 
the subject, including the basic philoso
phy of dealing with large scale systems 
and the analytic techniques which can be 
applied in their analysis. A discussion 
period followed the presentation. The 
meeting was adjourned at 9:00 p.m. 

David I. Hellstrom 
Chairman 

December 11, 1973 The Computer 
Section met at the Red Coach Grill, Stan• 
hope Street, Boston. Nineteen persons 
attended the dinner preceding the meeting 
and 22 were present for the meeting and 
presentation. The meeting was called to 
order at 7:30 p.m. by David I. Hellstrom, 
Chairman. One item of business was 
transacted. A section nominating commit
tee consisting of Messrs. Gerald Wood
land, Robert Logcher and David 
Hellstrom was nominated and elected by 
unanimous vote. Dr. Robert Logcher then 
introduced the speaker for the evening, 
Professor Joseph Sussman of MIT. His 
talk was the second in a series of coordi
nated sessions dealing with systems ana
lysis and its application to civil 
engineering problems. Professor Suss
man's topic was the use of simulation as a 
technique for analysis. He discussed the 
advantages and limitations of using simu
lation, the general purpose computer pro
grams which are available, and he 
described some actual studies using simu
lation to solve transportation system 
problems. A discussion period followed 
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the presentation. The meeting was 
1 adjourned at 9:00 p.m. 

· David I. Hellstrom 
Chairman 

CONSTRUCTION .SECTION 

January 9, 1974 - The Regul~r Con, 
struction Section Luncheon Meetmg was 
held at the Red Coach Grill, 43 Stanhope 
Street, Boston. The meeting was called to 
order at 12:30 p.m. 

The subject was "Design and Construc
tion of Traffic Improvements in the Bos
ton Area Under the Topics Program". 

The Guest Speaker was Mr. George W. 
Casper of Tippetts, Abbett, McCarthy
Stratton. 

There were 23 members and guests in 
attendance. 

The meeting adjourned at 2:00 p.m. 
Laimonis Rieksts 

Clerk 

ENVIRONMENTAL SECTION 

December 5, 1973 - On Wednesday, 
December 5, 1973 the Environmental 
Section of the Boston Society of Civil 
Engineers met at Purcells' Restaurant in 
Boston. There were 31 persons in attend
ance. 

The meeting was preceded by cocktails 
at 5:30 p.m. and dinner at 6:30 p.m. At 
7:30 p.m. the writer introduced Mr. 
Joseph Willard who made some Society 
business announcements regarding mem
bership. 

This short meeting was followed by Dr. 
Archie MacDonnell's presentation. Dr. 
MacDonnell's interesting talk on Nitro
gen and recent data on limiting concen
trations for aquatic plants in streams went 
on for one hour, followed by 45 minutes 
of questioning until 9: 15 p.m. when the 
meeting adjourned. Judging from the 
questions asked and comments, the talk 
was well received and an educational 
experience for all attending. 

·· Paul D. Guertin 
Chairman 

GEOTECHNICAL SECTION 

November 15, 1973 Joint Lecture with 
M.I.T. Dr. Ralph B. Peck presented the 
Mathis Memorial Lecture on "The Civil 

Engineering Mind Nature and 
Nuture" at the Center for Advance Engi
neering Studies before about 80 members, 
students and guests. 
January 16, 1974 - A panel moderated 
by Dr. Stan Lucks and including Messrs. 
Herman Snyder, Robert Blakeney, 
Edward Langenback and Frank Matera 
was held at The Branding Iron before 7 5 
members and guests. The panel, all law
yers well-versed in legal aspects of design 
and construction, discussed "Subsurface 
Information in Contract Documents -
The Rights and Responsibilities of Own
ers, Engineers and Contractors". 

HYDRAULICS SECTION 
{ 

December 12, 1973 - A meeting of the 
Hydraulics Section of the Boston Society 
of Civil Engineers was held on Wednes
day, December 12, 1973 at the Reservoir 
Control Center of the U.S. Army Corps of 
Engineers located at the New England 
Division office in Waltham, Massa
chusetts. Attendance at the meeting was 
24. A brief meeting of the Executive 
Committee of the Section was held fol
lowing the meeting to coordinate details 
of the January Section meeting. 

The meeting was called to order at 7: 15 
p,m. by Section Chairman Frank Perkins, 
Section Executive Committee Vice Chair
man Saul Cooper, an employee at the 
New England Division Office briefly 
oriented the attendees to the function and 
operation of the Reservoir Control Cen
ter. This facility was the topic of the Sept 
tember 25, 1973 meeting. Chairman 
Perkins introduced the guest speaker Dr. 
Paul Bock, of the University of Connecti
cut. Dr. Bock discussed his work with and 
the capabilities· of the Earth Resources 
Satellite in relation to data acquisition 
and monitoring of hydrologic and 
hydraulic data as well as demographic 
interaction with certain hydrodynamic 
case studies within selected New England 
Lakes and Ponds. 

A question and answer session followed 
the presentation. The meeting adjourned 
at 8:30 p.m. · 

Thomas S. Baron 
Clerk 

January 30, 1974 - A meeting of the 
Hydraulics Section of the Boston Society 
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of Civil Engineers was held on Wednes
day, January .30, 1974 at the Ralph M. 
Parsons Water Resources Laboratory of 
the Massachusetts Institute of Technol
ogy, located at Main and Vassar Streets, 
Cambridge, Massachusetts. This assembly 
was further designated as a joint meeting 
with the Society whose officers conducted 
a brief business session prior to the main 
agenda. Dtails of the Society's transac
tions are reported under separate cover. 
Attendance at the meeting was 8 1. A brief 
meeting of the Executive Committee of 
the Hydraulics Section was held prior to 
the meeting to coordinate plans for the 
Freeman Lecture and to initiate nomina
tion procedures for the following year's 
Executive CommJtttee slate of officers. 

The meeting was called to order at 7:00 
p.m. following the brief Society business 
session, Section Chairman Frank Perkins 
introduced the Guest Speakers, Mr. K. 
Peter Devinis and Mr. Edward Dunn, 
respectively, Vice President and Group 
Manager of C.E. Maguire, Inc., of Wal
tham, Massachusetts. The subject of the 
joint presentation by the speakers was 
"The Charles River Project" and dealt with 
the historical background, site selection 
criteria, and the unique hydrologic para
meters and. elaborate hydraulic design 
features of the new Charles River Dam. 
Detailed descriptions of the multifaceted 
pumping arrangements, anadromous fish 
passage facilities, and navigation locks of 
this project were presented. 

A question and answer session followed 
the presentation. The meeting adjourned 
at 9:15 p.m. 

Thomas Baron 
Clerk 

STRUCTURAL SECTION 

December 12, 1973 The December 
12th meeting held in the Mezzaine 
Lounge of the M.1.T. Student Center was 
opened at 7:00 p.m. by R. Zallen, Chair
man. After announcements on current 
activities, Mr. Zallen requested nomina
tions for the 1974 Nominating Committee 
of the Structural Section. Accordingly, 
the membership nominated Jurgis Gim
butas, H. Simpson and Sepp Frinkas. 

In place of Rexford Wilson, the sched
uled speaker, Harold Cutler and Donald 

Bellis made a presentation on the charac
teristics of fire and discussed pertinent 
building code provisions covering fire 
protection for buildings. Following the 
talk, the floor was opened for questions 
and discussion ori various types of fire 
protection systems. 

The meeting attended by approxi
mately 30 members was adjourned at 
9:00p.m. 

Kenneth M. Leet 
Clerk 

TRANSPORTATION SECTION 

November 7, 1973 - The meeting was 
held at 5:30 p.m. at Purcells' Restaurant, 
School Street, Boston. The subject was 
"Implementation of Downtown Boston 
Parking Freeze". 

There being no office . business to con
duct, Mr. Plourde, Vice-Chairman of 
the B.S.C.E. Transportation Section, 
promptly introduced the speakers to the 
audience. Mr. Justin L. Radio, Deputy 
Chief Engineer, M.D.P.W., began by 
describing the historic events which led to 
the downtown parking freeze plan 
including the Governor's proposal, and 
the Clean Air Act Transportation Control 
Strategy. He then explained the relation
ship between the M.D.P.W. and Wilbur 
Smith & Associates in the actual conduct 
of the study to implement such a freeze 
and briefly reviewed the study's objec'. 
tives. 

Mr. John G. Schoon, Project Director 
for Wilbur Smith & Associates, next went 
into specific details of the study through a 
slide presentation, including community 
involvement, existing parking space utili
zation and capacity, existing parking 
charges, parking distribution over time of 
day, the relationship between transit avail
ability and parking utilization, and the 
effect of parking restrictions on growth 
and development in the city. 

A question and answer period followed 
the presentations by Mr. Radio and Mr. 
Schoon. The meeting was adjourned at 
approximately 9:00 p;m. Approximately 
35 persons attended. 

Rodney P. Plourde 
Vice-Chairman, Transportation Section 
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