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Overview 

Bridge Rehabilitation 

Given the country's aging 
infrastructure, bridge 
rehabilitation provides 
an economical and 
environmentally sound solution 
to a massive national problem. 

FRANK STAHL 

0 ur shrinking resources have begun to 
drastically affect how we live. For ex
ample, recycling has stopped being 

just a fashionable battle cry of environmental
ists. Nowadays, the recycling of common 
household materials such as glass bottles, 
metal cans and·newspapers is becoming man
datory in many parts of the country. The reha
bilitation of our bridges, for whatever reason, 
is but another aspect of recycling or preserva
tion of existing and scarce infrastructure re
sources. 

In the past, when a bridge was severely dam
aged or had outlived its functional usefulness, 
it was abandoned and replaced with a new 
structure at the same or adjacent location. 
Today, such action is very rare, notwithstand
ing such prominent projects in New England as 
the replacement of the Charter Oak Bridge in 
Hartford, Connecticut, and the proposed re
placement of the Boston Central Artery. In
stead, it has now become standard practice to 
make every effort to rehabilitate rather than 
replace bridge structures. 

Reasons for Rehabilitation 

There are many reasons why rehabilitation or 
replacement of a structure becomes necessary 
- no structure has an infinite lifespan. Chief 
among these reasons are structural damage, 
structural inadequacies and functional inade
quacies. 

Structural Damages. The most obvious reason 
for rehabilitation or replacement is damage to 
a structure caused by the forces of nature or 
man. For example, the Niagara arch bridge, 
built in 1898 at the site of an early Roehling 
suspension bridge, was completely destroyed 
by ice flow in 1938 and was replaced by the 
present structure. Probably the n'l.ost famous 
bridge failure was the collapse of the Tacoma 
Narrows Bridge in heavy winds on November 
7, 1940. This bridge was completely rebuilt, 
utilizing only the foundation and portions of 
the approach viaducts of the original structure. 
San Francisco's Golden Gate Bridge suffered 
considerable damage to its stiffening trusses 
and lateral wind system during a severe storm 
in December 1951. Subsequently, in addition to 
the necessary repairs, the bridge was rehabili
tated in 1954 by the addition of a lower lateral 
bracing system. 

In addition to windstorms and floods, earth- · 
quakes can inflict considerable damage to 
bridges as was dramatically attested to recently 
by the damage to the San Francisco Bay Bridge 
and the Oakland Viaduct during the Loma 
Prieta earthquake on October 17, 1989. In addi
tion, the 1971 San Fernando, California, earth
quake caused serious damage to nearly 70 
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highway bridges. Seven of these bridges either 
collapsed or were sufficiently damaged to war
rant their replacement. Earthquakes occur 
more frequently than is generally realized, con
stituting a serious problem in many parts of this 
country and throughout the world. 

Bridges are often key targets in armed con
flicts. Hundreds of bridges were severely dam
aged or destroyed in Europe during World War 
IL Many had to be completely replaced, but just 
as many were built and rehabilitated using ex
isting foundations and substructures, as well as 
portions of the superstructure. The historic 
Chain Bridge across the Danube in Budapest 
and the sixteenth-century Ponte a Santa Trinita 
in Florence were two such bridges that were 
rehabilitated. More recently, the unique cable
stiffened San Marcos suspension bridge built 
across the Lempa River in 1953 and the 
Cuscatlan Suspension Bridge on the Pan Amer
ican Highway built in the 1940s were casualties 
of the fighting in El Salvador. 

Not infrequently, the loss of, or damage to, a 
bridge results from accidents such as a ship or 
truck colliding with a bridge superstructure, a 
ship colliding with bridge foundations, or an 
overheight truck colliding with truss portal 
bracing. 

A more recent phenomenon is the sudden 
failure of individual bridge components, or 
even entire bridges, due to a local fracture ini
tiated at a metallurgical defect produced dur
ing the fabrication of the detail or in the steel 
fabrication process itself. 

Damages to bridge structures caused by ero
sion and corrosion are much more widespread, 
but far more subtle in their effects. Recent no
table examples of the effects of longtime dete
rioration are the collapse of the Schoharie Creek 
Bridge on the New York Thruway that was 
caused by scouring erosion and the undermin
ing of a pier foundation, and the collapse of the 
Mianus River Bridge on the Connecticut Turn
pike that was caused by corrosion build-up in 
the pin-and-hanger assembly. In addition, New 
York's East River bridges, in particular the 
Williamsburg Bridge, have suffered extensive 
corrosion damage that was caused not so much 
by old age as lack of proper maintenance. 

The lack of proper maintenance, or "de
ferred" maintenance, is a chronic problem that 
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affects both steel and concrete bridges, and the 
concrete components of steel bridges. The long
standing habit of unrestricted use of de-icing 
salts and other chemicals is taking a heavy toll 
on bridges. Bridge deck repairs and replace
ment have become a routine cause of traffic 
delays not only in this country but also in 
Europe. 

Structural Inadequacies. Structural inadequa
cies result from changes in design codes or 
traffic loads that have occurred since the original 
design. Many major bridges in this country 
were constructed in the nineteenth century or 
early in this century. The Benjamin Franklin, 
George Washington, Triborough and Golden 
Gate Bridges were built in the 1920s and 1930s. 
Hundreds of smaller bridges were built during 
the Works Progress Administration (WPA) 
days of the Roosevelt Administration. There 
was a tremendous increase in automobile and 
truck traffic shortly after World War II that 
brought about the creation of a national high
way network. This evolution has been accom
panied by improved design theories, a better 
understanding of the strength of materials and 
the discovery of new materials. Allowable 
stresses in current codes vary substantially 
from those used in the original designs of these 
structures. In addition, entirely new concepts 
such as fatigue and earthquake parameters 
must now be taken into account in evaluating 
structure safety. 

Similarly, vehicle loads have increased dra
matically since the turn of the century. The only 
reason that such structures as the Brooklyn 
Bridge, Williamsburg Bridge and Eads Bridge 
- all of which were designed prior to the ad
vent of the automobile - can still serve traffic 
is that they were designed to carry railroad 
traffic in addition to horse-drawn vehicles. 

Functional Inadequacies. Functional inade
quacies also result from code or usage changes 
that have occurred since the structure was orig
inally designed. However, code changes gener
ally result directly from usage changes. Some 
older bridges were built for a mixture of rail
road traffic and horse-drawn carriages. In the 
early twentieth century, relatively light and 
slow-moving automobiles started to compete 
with horse-drawn vehicles. Soon thereafter, the 
automobile took over the road and ,after World 



War II motorized vehicle dimensions, speed 
and traffic density began to seriously affect 
design code requirements. Prior to World War 
II, a lane width of 9 feet sufficed; a IO-foot lane 
was considered the norm and there were few 
other geometric or safety requirements. 

Today, a lane width of 12 feet is standard, 
with 13-foot lanes desired for truck lanes. Func
tional design requirements include minimum 
dimensions to side or overhead obstruction; 
cross slope, superelevation and sight distance 
specifications; and curb and centermall traffic 
barrier standards. In determining the design 
plan for the rehabilitation of a structure, all 
such requirements must be carefully consid
ered, since the Federal Highway Administra
tion (FHWA) rarely provides funding for struc
tures with substandard features. 

Rehabilitation vs. Replacement 
Not infrequently, the merits of rehabilitating a 
structure must be weighed against those of 
complete replacement. Factors that have to be 
considered in such an evaluation fall into four 
basic categories: 

• Economic 
• Environmental 
• Historic 
• Political 

Economic considerations cover construction 
costs (including design, construction manage
ment and financing costs), traffic maintenance 
costs during rehabilitation, the cost of tempo
rary repairs to keep a structure serviceable until 
the replacement structure is completed, and 
land acquisition and business and private relo
cation costs. A thorough economic evaluation 
should be based not on a first-cost basis com
parison but on a reasonable life-cycle basis that 
includes one or more rehabilitation cycles and 
maintenance costs. In addition, the costs on 
businesses in the area affected by traffic detour
ing, the costs of moving businesses and resi
dents from land acquired for new construction 
as well as the costs of removing tax-producing 
property should also enter into this equation. 

Environmental factors, most of which have 
a large cost component, affect the quality of life 
in the area in a way that cannot be completely 

evaluated in monetary terms. Typically, they 
include the air-pollution and other effects of 
backed-up traffic on detour roads, or exposure 
to lead paint during rehabilitation. For a re
placement structure, especially if on a new 
alignment, the effects of the loss of business 
establishments, churchs, schools or other pub
lic facilities on the remainder of the neighbor
hood, as well as the removal of homes on 
nearby schools and churches or on the ethnic 
composition of the area, must be evaluated 
somehow. 

Older bridge structures must be given some 
consideration with regard to their historic sig
nificance. In some instances, bridges have been 
made historical landmarks and are, thus, pro
tected by laws that make it difficult or impossi
ble to change features, or replace parts, even if 
it is necessary for safety's sake. Other structures 
are eligible for landmark status and, conse
quently, responsible authorities are reluctant to 
permit alterations that would endanger this 
status. A replacement bridge on a new site 
might impinge on nearby historic structures. 
Or, the rehabilitation design might not "fit in" 
with nearby historic structures. 

Political considerations include all of the 
above factors since all public actions fall into 
the sphere of politics, especially in an election 
year. No matter how detached and profession
ally the arguments are presented, occasionally 
the political process will take over and force 
decisions to be made not so much based on the 
facts presented, but on what satisfies a vocifer
ous segment of the population. Engineers are 
challenged to persuasively recommend the 
best solution based on engineering, economic 
and environmental considerations. 

Design Approach to Rehabilitation 
Bridge rehabilitation is normally preceded by a 
thorough inspection and structural rating. De
tailed instructions and regulations for these op
erations are now available. However, when the 
need for engineering inspections was first rec
ognized, engineers had to develop their own 
program, criteria and test procedures. Probably 
one of the earliest such efforts was the inspec
tion of the Brooklyn Bridge, performed from 
1943 to 1945 by a Board of Consulting Engi
neers that had assistance from a team of engi-
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neers from the New York City Department of 
_Public Works. Their report, "Technical Survey 

• Inspection procedures 

of the Brooklyn Bridge," remains an appropri- The manual requires that the individual in 
ate model for all engineers engaged in this type charge of inspection operations be a registered 
of work.1 professional engineer or have a minimum of 

The Golden Gate Bridge was the subject of ten years' experience in bridge inspection in a 
an in-depth inspection from 1967 to 1968. The responsible capacity and have completed a 
work included removing various materials comprehensive training course based on the 
such as cable wires and several suspender United States Department of Transportation's 
ropes for testing. While standard ASTM test "Bridge Inspector's Tiaining·Manu·ai:"3·For_a_ 
methods and material specifications intended bridge inspection team operating under the 
for new materials were employed, testing general supervision of a professional engineer, 
methods and acceptance criteria had to be es- the manual requires that the team leader have 
tablished-for materials that had been in servic·e a minimum·of five years of responsible experi-----
for more than thirty years. Much path-breaking ence and have completed the training course. 
work was accomplished by the inspecting en- Lately, these minimum requirements have 
gineers who worked in collaboration with the been superseded by many agencies that now 
steel industry in developing the methods and require that each individual inspection team be 
criteria. headed by a registered professional engineer 

The collapse in 1967 of the Point Pleasant and that each team have an assistant team 
Bridge (Silver Bridge) across the Ohio River in leader with a bachelor's degree in engineering 
West Virginia with the loss of 46 lives provided or equivalent experience. In addition, the as
the catalyst for a national policy on bridge in- signment of an independent quality control en
spection. As a result, the-first national specifi-_ gineer.who is not part of the inspection team is_ 
cation, the Manual for Maintenance Inspection of now frequently required. This quality control 
Bridges, was issued by American Association of engineer must be a professional engineer. 
State Highway and Transportation Officials The manual specifies that each bridge must 
(AASHTO) in 1970.2 This specification re- be inspected at regular intervals that do not 
placed the many different, and mostly non- exceed two years. Interim inspections are re
mandatory, specifications and guidelines for quired for any bridge with known deficiencies 
bridge maintenance and inspection in use by or in questionable condition. A stretch-out of 
various highway authorities. inspection schedules, or having initial biennial 

Code Requirements 
The Manual for Maintenance Inspection of Bridges 
is now in its fourth edition and has become a 
standard reference for the engineering profes
sion. The manual covers two basic topics: 

• Inspection 
• Capacity rating 

Procedures for correcting deficiencies have 
been specifically excluded from the manual 
since they must be addressed on an individual 
basis. · 

Inspection. Specifications for inspection fall 
into three basic categories: 

• Personnel qualifications 
• Frequency of inspection 
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inspections performed by maintenance person
nel rather than an engineering team, are accept
able provisions for new structures. 

Inspections should be conducted in a sys
tematic and organized fashion. The manual 
presents a comprehensive general listing of the 
items that require inspection from foundations 
to superstructure and railings. This listing must 
be modified or supplemented to conform to the 
actual condition of the structure. The project 
manager and the chief inspector should visit 
the site at the beginning of an inspection project 
to perform a reconnaissance examination that 
would be used to determine the schedule, type 
and experience of personnel needed, means 
and equipment for access and whether any 
special tools are required. Drawings and past 
inspection records that are needed to prepare 
sketches and forms for use by the inspectors 



should be requested. 
Necessary preparations should be com

pleted in the office before the start of field op
erations. Since inspectors frequently have to 
work in exposed areas, from scaffolds and in 
inclement weather, any unnecessary move
ment to record inspection data will not only 
delay the project but also may affect the safety 
of the operation. The use of voice-recording 
devices is sometimes helpful, especially if the 
equipment is not hand-held and there are suf
ficient resources to transcribe the recordings 
afterwards. 

Rating. A check of the load capacity or rating 
of the structure is normally an integral part of 
any inspection assignment. This effort requires 
careful evaluation of many conflicting factors 
in an effort to extend the useful life of the 
structure and to safeguard the public. The more 
questionable the condition and capacity of a 
bridge, the more detailed an analysis will be 
required. Not only the physical condition of the 
bridge as determined by the inspection, but the 
governing laws and legal requirements of the 
local jurisdiction, the degree to which bridge 
load restrictions can be enforced and the inter
est of the public in obtaining the maximum safe 
utilization of the facility must be considered. 

Ratings must be performed for the" as-built" 
and "as-is" condition of the structure. The as
built calculation is based on the original design 
dimensions and member sizes, including any 
later modifications, but using current design 
load requirements. For older structures, suffi
cient field checking must be done to assure that 
the plans are truly representative of the 
structure's current status. If no plans are avail
able, sufficient field measurements must be 
taken to permit an adequate as-built analysis. 
This as-built design check normally need be 
performed only for the initial bridge inspection 
and should be available as a reference for any 
subsequent inspection and rating. 

The design check of the structure in the as-is 
condition is based on the results of the current 
field inspection - i.e., considering member 
sizes reduced by corrosion and wear, mem
bers damaged by accidents, and other defects 
affecting the capacity of the structure unless 
such defects are scheduled for immediate re
pair. 

Each bridge must normally be rated for two 
load conditions. The first, or upper, load level 
determines the absolute maximum permissible 
safe load level to which the structure may be 
subjected and is referred to as operating rating. 
The second, or lower, load level determines the 
permissible load level at which the structure 
can be safely utilized for an indefinite period of 
time. This level is called the inventory rating. 
Either the load factor or the working stress 
method can be employed to determine these 
ratings. 

The manual permits a certain degree of in
dependent judgement in such areas as allow
able unit working stresses and assumed load
ing conditions. The engineer may want to 
modify the allowable material stresses based 
on judgements of its quality- as is most com
monly done in the case of timber structures -
or based on actual tests such as concrete cores. 
A reduced or increased load impact factor may 
be assumed based on road alignment, traffic 
speed and pavement condition. It may also be 
advisable to use a higher safety factor for a 
bridge carrying a large volume of traffic as 
compared to a structure carrying only light 
traffic. 

Reports. The preparation of an all-inclusive 
report is one of the most important functions of 
the bridge inspection program, since the use
fulness of the information gathered in the field 
depends on its current and future availability 
to the bridge operator. 

For each structure there should be an inven
tory that contains complete information on the 
bridge, including a general description, history, 
plans, inspection reports, a stress analysis with 
data on the capacity of the structure, and rec
ommendations for repairs and improvements. 
Once a basic inventory has been established for 
a bridge, succeeding inspection reports need 
only provide updates of the original inventory 
report to reflect the conditions found during 
the current inspection, or to record any modifi
cations made to the structure since the last pre
vious inspection. Many agencies have devel
oped their own standard structure inventory 
and appraisal form that must be filled out by 
the inspector and made part of the permanent 
bridge inventory. A sample form is shown in 
Figure 1. 
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041 - ~ Some conditions as 039, 040 - e9 . 
041 -.~ Some condition as 039, 040 - [llJ. 

,. 

041 -~ Heavily corroded and crbcked support angles of the roadway joint. West bound roadway (Flog No. 

89-150) 

043 to 045 - lffi Roodwoy wearing surface hos poor rideobility and extensive mop crocking. 

045 - [!I North outer curb is spelled and crocked, reinforcing steel is exposed. 

045 - § Scupper at Brooklyn bound outer curb is clogged with dirt and debris, no longer operational. 

046 to 050 - lffi Roadway wearing surface hos poor rideobility and hos extensive mop crocking. 

046 - @ Scupper at Brooklyn bound inner curb is clogged with dirt and debris. No longer operational. 

047 - [!I North outer curb spoiled and crocked, reinforcing steel exposed. 

047 - § Some as 046 - !D), on Monhotton bound outer curb. 

048 -~ Bridge underdeck hos efflorescence, random crocking and wetness throughout. Photo No, 39. 

048 - e9 Crock in floorbeom to girder connection (Flog report no. 88-904). Fascia stringer hos moderate to 

heavy corrosion full length. Photo No, 40. 

048 - ITII Point on fascia stringer in poor condition. Point is also chalky. Moderate corrosion, full length. 

FIGURE 1. Sample bridge inventory form. 
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Strength Assessment 

Materials Testing. Determining the actual 
strength of the materials incorporated in a 
bridge structure, especially in older structures, 
is an important part of the inspection and rating 
process. Normally procedures call for the test
ing of samples that are removed from conve
nient places in the structure. 

The taking of concrete test cores usually 
presents no problems except on heavily trav
elled roadways where interfering with traffic 
should be avoided. Concrete cores are tested 
not only for their compressive strength but can 
also be subjected to a variety of other tests that 
help to establish the future serviceability of the 
concrete. These other tests include petro
graphic and chemical analysis to determine the 
basic composition of the concrete materials, 
cement and air content analysis, chloride ion 
analysis to establish the level of chloride con
tamination of the concrete (a chloride concen
tration of 1.3 lbs/yd3 is normally considered 
the level above which the corrosion of reinforc
ing steel becomes irreversible), and freeze-thaw 
cycle tests (since freeze-thaw deterioration is 
the most prevalent and most pervasive type of 
deterioration in the northern area of the coun
try, this test is very important in determining 
whether to repair or replace a deck slab). 

Steel samples are usually taken from low
stress members such as stiffener plates, gusset 
plates and diaphragms; or, if necessary, they 
can be obtained from the edge of main carrying 
members in a section along their length where 
calculated stresses are lowest. Normally, the 
size of the removed material is not sufficient to 
make a test coupon with standard dimensions 
as used in the mill testing of new material and 
on which all ASTM and AASHTO require
ments are based. The testing laboratory nor
mally has to revert to so-called sub-size speci
mens that, for some properties, require the 
application of correction factors for compari
son with the standard mill test samples that 
form the basis for acceptance requirements. 
Mill test samples are taken from specified loca
tions in a new plate or rolled member; samples 
from other randomly selected locations can 
produce strength results as much as ten percent 
below those obtained from the specified loca-

tion in the same piece of steel. 
Load Testing. The calculated strength of a 

structure, whether based on specified allow
able material strength or on strength estab
lished by materials tests, often produces results 
that require restrictions on the use of the facility. 
When such restrictions, such as load or speed 
posting or complete closure, impose unneces
sary hardships on the public, actual load testing 
provides an alternative method to establish a 
structure's acceptability. 

Load tests are most commonly performed 
on structures where the condition of the deck 
slab or the supporting superstructure produces 
calculated stresses that require posting or clo
sure. The test is usually performed by operat
ing a truck of known dimensions and weight 
over the questionable portion of the structure 
which is instrumented with strain gages. Stress 
readings normally fall considerably below cal
culated values. The lower readings are most 
likely due to frame action in the superstructure 
members and/ or composite action between the 
deck slab and superstructure, even where no 
built-in provisions for composite action exist. 
The AASHTO code permits acceptance of such 
tests under certain operating and monitoring 
conditions. 

In extreme cases, the load testing of an entire 
structure can be performed. This was done 
twice recently on the Williamsburg Bridge in 
New York City to verify the deflection of the 
cables and their interaction with the stiffening 
trusses. The load test results were then com
pared with the results of a three-dimensional 
analysis of the cable and stiffening truss sys
tem. 

Service Life Assessment 
Functional Capacity. The service life of a bridge 
does not depend solely on its strength. The 
question whether to rehabilitate or to replace 
often depends on whether a structure is, or will 
soon be, functionally obsolete and on whether 
it is economically and environmentally possi
ble to sufficiently improve its functional capa
bilities. 

Many bridges were built at a time when cars 
and trucks were smaller and lighter, speeds 
were considerably slower and traffic density 
was but a fraction of today's. Ten-foot wide 
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Clean cracks free of dust, 
dirt, oil & grease with 
vacuum or oil-free air jet. 

Step 3 

. 
. •o 

•• • C 
... •A. 

When sealer has cured, inject 
epoxy penetrating crack sealer 
at a sufficient rate & pressure 
to completely fil I the crack. 
Pumping pressure should be 
kept as low as practicable. 
Crimp the nozzle hole when 
epoxy appears at the next hole 
or the crack ceases to take epoxy. 

FIGURE 2. Typical crack repair. 

lanes are no longer satisfactory. Traffic studies, 
based on anticipated regional and local 
changes in population, business and real estate 
development, are a prerequisite for the proper 
assessment of a structure's anticipated service 
life. 

Fatigue. In rating-a structure, fatigue strength 
is determined based on fatigue cycles and al
lowable stress at the time of rating. For a service 
life assessment, fatigue cycles and allowable 
stresses have to be projected into the future and 
the often drastic reduction in fatigue strength, 
especially for riveted construction, must be 
taken into account. 
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Apply 
Epoxy Sealer 

Step 2 

0.12-in. Plastic, Aluminum 
or Copper Tubing 
(12 Gauge Min.) 
Split One End 

Place nozzle over crack & 
seal into place with epoxy 
surface crack sealer. Seal 
adjacent cracks at same time. 

Step 4 
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After epoxy has cured, 
remove the nozzle & grind 
the surface smooth. 

A considerable improvement in a structure's 
· fatigue rating can be obtained by replacing riv
ets with high-strength bolts since a higher 
fatigue stress range is permitted for mechani
cally-fastened connections. Replacing rivets 
with high-strength bolts also provides a con
venient method to increase the load capacity of 
an old structure because of the higher allowable 
stresses permitted for bolted construction. For 
structural or economical reasons, however, this 
solution is not always feasible. 

Repair of Structural Systems 
Typical Repair Details. The rehabilitation of 



Existing Reinforcement Where Exposed to 
Be Cleaned by Sandblasting & Vacuumed 
Clean Immediately Prior to Applying Apply Neat Binder to Concrete 

Surface & Exposed Reinforcing the Neat Binder. Care Should Be Taken 
Not to Damage Reinforcing During 
Removal of Unsound Concrete. 

Chip 0.5-in. Depth 
Normal to Surface 
All Around (Typ.) 

FIGURE 3. Typical spall repair. 

structures requires a high degree of engineer
ing expertise and creativeness as well as a thor
ough knowledge of materials and construction 
procedures. Design codes and standards, 
which provide the designer of a new structure 
with guidelines within relatively narrow limits, 
must be applied very judiciously in the rehabil
itation design. The designer must judge 
whether material condition, construction detail 
or actual usage load can justify deviations from 

Remove Unsound Concrete & 
Restore to Original Contour 
With Copolymer Cementitious 

. Mortar Patch 

1-in. Min. 
-----+- Removal 

specified standards that often can make the 
difference between rehabilitating or replacing a 
structural member or the entire structure. 

Nevertheless, a certain standardization of 
procedures covering repair methods and de
tails has occurred over the years, primarily as a 
result of the extensive bridge rehabilitation pro
grams already carried out by the various state 
highway departments. 

Foundations. Since foundations normally are 

CIVIL ENGINEERING PRACTICE FALL 1990 15 



below ground or water level and out of sight, 
little thought is often given to their condition. 
The recent collapse of the Schoharie Creek 
Bridge, however, has highlighted the conse
quences of insufficient attention to subsurface 
structures. In-depth inspection of a bridge 
should include test pits or inspection by divers 
to ascertain the condition of the foundation 
structure. Any deficiency found should be im
mediately repaired. However, conditions 
rarely allow for the typification of repair details 
and the designer must rely heavily on ingenu
ity to solve the problem. 

Substructure. Cracks and spalls are a com
mon occurrence in concrete substructures 
(abutments, walls and piers). Typical details 
have been developed by most agencies. Static, 
narrow cracks are generally repaired by epoxy 
urethane or conventional grout pressure injec
tion (see Figure 2). If the crack penetrates the 
full thickness of the structure and the pressure
injected material cannot be contained, epoxy 
mortar treatment, chemical or portland cement 
is used. Typical repair details for two condi
tions of spalls are shown in Figure 3. 

Bearing shoes connect the superstructure to 
the substructure. Corrosion and deterioration 
of bearings occurs typically under roadway 
joints, caused by the accumulation of moisture 
and dirt on abutment and pier seats. The re
placement of such deficient bearings requires 
the careful jacking of the bridge superstructure 
to avoid local overstressing and the cracking of 
the roadway deck. Good maintenance, includ
ing timely repair of joint seals, can prevent 
bearing deterioration. 

Steel Superstructure. Prior to making deci
sions on the repair of corroded steel members, 
representative parts of the structure should be 
blast-cleaned of all corrosion products, since its 
appearance usually exaggerates actual dam
age, particularly to corroded rivet heads. 

In addition to rivet heads, corrosion usually 
affects the edges of plates and rolled members 
and areas where dirt can accumulate. Feathered 
or knife-edges should be ground smooth. The 
acceptable metal loss in thickness or width of a 
member should be determined by calculations 
or experience and standardized on repair 
plans. Losses exceeding these standardized 
limits should be repaired by such means as 
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adding welded patch plates, or removing and 
replacing a member locally. Excessively cor
roded rivets are normally replaced by high
strength bolts. 

Major repairs, including rehabilitation re
quiring a necessary increase in the strength of 
a member, can be provided by adding cov
erplates, replacing rivets by high-strength bolts 
in connections, or completely replacing indi
vidual members. Occasionally, prestressing or 
post-tensioning with cables or high-strength 
rods has been found feasible. Some typical de
tails are shown in Figures 4 and 5. 

Concrete Superstructure. Concrete super
structure members (cast-in-place and precast 
beams, prestressed beams and boxes) fre
quently develop cracks; spalls are a less com
mon occurrence. Cracks can be repaired by in
jection similar to the procedure shown for 
substructure components in Figure 2. For the 
repair of spalls in cast-in-place or precast 
beams, shotcrete is the preferred material (see 
Figure 6). 

Deck Slabs. The deck slab is the bridge mem
ber most susceptible to wear, deterioration and 
corrosive attack. Outward signs of trouble are 
cracks, spalls and potholes. Determining the 
reasons for these defects is essential to arriving 
at a proper decision concerning the rehabilita
tion or replacement of the deck structure. Other 
factors entering into this deliberation are the 
extent of damage, cost of repair, cost of future 
repairs for any continuing or expected addi
tional problems, and the structure's anticipated 
service life. Non-destructive testing - such as 
infrared thermography, ground-penetrating 
radar, or electric potential measurements (satu
rated copper-copper sulfate half cell method
see Figure 7) to determine laminations and 
chloride ion content of the concrete - is often 
warranted to assist in the decision-making pro
cess. 

If the decision is made to rehabilitate the 
existing deck slab, several rehabilitation meth
ods and materials are available, depending on 
the nature of the problem to be repaired: 

1. Epoxy injection of cracks. This method 
is recommended only if the chloride content 
of the concrete is at a low level. 

2. Removing and replacing concrete in 
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FIGURE 4. · Typical structural steel repair - angle repair. 
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Report Width 

See Detai I "A" 

~ r Report "Grooving" of · 
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/ 

Metal Loss in Riveted Connection 

Detail "A" 
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..__ ____ Metal Loss 
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FIGURE 5. · Typical structural steel repair - rivet replacement. 

spalled areas. This method is recommended 
only if the spalled areas are limited in num
ber and size, and if the chloride content of 
the concrete is at a low level. Various mate
rials with different drying times can be used 
for the patching of spalls depending on the 
time available for keeping traffic off the re-
paired area. · 

3. Removin·g concrete above the top layer 
of reinforcing steel (where chloride contam
ination is generally at its worst) and replac
ing it with normal concrete, latex-modified 
concrete (LMC) or silica fume concrete. 

4. Scarifying the concrete surface and ap-
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plying thin overlays (LMC, silica fume or 
bituminous concrete). 

5. Installing a cathodic protection system. 

The variety of repair methods and materials 
is almost limitless and greatly varies from state 
to state. However, caution must be exercised in 
selecting and applying the more exotic materi
als such as LMC or silica fume. These materials 
require proper mobilization, equipment, 
trained personnel and supervision that are nor
mally available only on large projects. 

Reinforcing steel corrosion as a result of 
chloride contamination is the most frequent 
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FIGURE 7. Electrical potential measurements. 

cause for the deterioration of bridge decks. 
Cathodic protection is the only known system 
that will effectively stop this corrosion after it 
has started. Cathodic protection systems were 
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first installed on bridge decks in California in 
1974. Since then, demonstration projects have 
been installed in many states and in Canada, 
and are encouraged by the FHWA. Initial cost 



and necessary continued maintenance are fac
tors that have prevented the widespread use of 
this method so far. 

Suspension System. Suspension bridges make 
up only a relatively small fraction of bridges in 
the United States. However, because of their 
prominence, it is worthwhile to list a few com
mon maintenance and repair problems. 

Where problems exist, their solution nor
mally requires engineering imagination and in
novative ideas. The main cables are, as a rule, 
little affected by corrosion._ However, sus
pender ropes are susceptible to the accumula
tion of moisture and dirt and corrosion at their 
bottom attachment detail to the suspended 
structure. The replacement of suspender ropes 
has become almost a routine operation. Never
theless, check calculations are necessary to de
termine whether the suspended floor can be left 
unsupported during rope replacement or 
whether installation of temporary suspender 
ropes is necessary. 

Cable band castings are the one location on 
the cables where routine maintenance and re
pair will most likely be required during the 
rehabilitation of a suspension bridge. Unless 
they are properly caulked around their uphill 
circumference and along the top joint between 
casting halves, they provide entry ports for 
water running down along the cable. Such 
entry must be avoided at all costs. On the other 
hand, the bottom joint between casting halves 
must be kept open and all caulking, if present, 
should be removed to permit any water that 
has penetrated into the cable to exit at this 
point. The bolts that hold both halves of the 
band together and provide the friction for hold
ing the bands in place and preventing sliding 
downhill must be checked occasionally and be 
retightened if necessary. This retightening is 
now performed with hydraulic jacks. 

Seismic Retrofitting. The risk of earthquakes 
severe enough to affect the safety of bridge 
structures is not limited to California. The 
AASHTO seismic risk map identifies large 
areas in the East and Southeast, in addition to 
the West Coast and Alaska, where earthquakes 
of sufficient force to create damage must be 
expected. 

The major damage caused by earthquakes 
usually results from shifts of the substructure 

supports or from heavy vibrations of the super
structure, causing the dislocation of bearings 
and loss of support. The total or near .total 
collapse of bridge superstructures in the San 
Fernando earthquake as a result of loss of bear
ing supports started a serious research effort, 
backed primarily by the California Department 
of Transportation, to find ways to confine and 
control damage to predictable levels and loca
tions. That research indicated that restrainers 
utilizing cables; or rods with springs or neo
prene compressive end details, would help to 
keep structures from vibrating apart or falling 
off their bearing supports, while permitting 
sufficient movement for temperature expan
sion and contraction. 

Guidelines for the seismic retrofitting of 
highway bridges have been published by the 
FHWA.4 A number of preventive retrofit pro
jects have been completed with the goal of 
increasing the resistance of bridges to seismic 
forces and to minimize the possibility of total 
collapse. The cost of such retrofit measures is 
justified by the avoidance of possible loss as a 
result of an earthquake. 

Limitations and Precautions 
Maintenance of Traffic Flow. Other factors than 
design-related ones need to be considered in 
the planning of bridge repair and rehabilita
tion. Probably the most important of these fac
tors are the maintenance and protection of traf
fic. Traffic impacts not only the repair and 
replacement of roadway slabs (where traffic 
demands affect construction schedules as well 
as construction sequences and details), but also 
substructure repair (which can impact adjacent 
roadways) and superstructure repair work 
above the travelled lanes of a roadway spanned 
by the bridge (where detouring traffic below, or 
adequate shielding or netting, is required). Oc
casionally, traffic in the lanes carried on the 
bridge may have to be interrupted to permit 
local jacking to replace bearings, temporary 
disconnection of joints to replace corroded 
members or replace rivets with high-tensile 
bolts, or similar operations that could tempo
rarily weaken the portion of structure being 
repaired. 

Systems Compatibility. The compatibility of 
the repair with the original construction should 
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FIGURE 8. Brooklyn Bridge rehabilitation stages. 

· be considered. For instance, field welding of 
high-carbon steel found in old structures can 
cause more problems than it would solve. Weld 
repair to riveted or bolted construction can cre
ate fatigue problems because it changes the 
relative stiffness of the assembly. 

In concrete construction, attention must be 
given to the joining of new concrete to old 
concrete. Rather than relying on some instanta-
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neous decision-making by construction per
sonnel at the site, proper details should be in
cluded in construction plans and specifica
tions. Some of the overlay materials are not 
compatible with remnants of previous, re
moved paving material or with the curing com
pound applied to fresh concrete. The manufac
turer of the overlay material should always be 
consulted. 



Case Studies 

Over the last thirty years many bridges have 
been rehabilitated. In order to gain a better 
understanding of the finer points of the choice 
of rehabilitation over replacement, and since 
the decision-making process is in many ways 
site-specific, it is best to review some of the 
significant bridge rehabilitation projects. 

Brooklyn Bridge 
The Brooklyn Bridge has gone through several 
phases of rehabilitation to keep up with its age 
and the changing demands on its services. 
When the bridge was opened to traffic in 1883, 
it carried on each half of its cross section a 
16-foot, 7-inch wide outer roadway for two 
horse-drawn vehicles and one railway track for 
a Pullman railroad car. An elevated pedestrian 
promenade occupied the space between the 
two interior cables (see Figure 8). In 1898, the 
outer roadways were modified to carry one 
lane of automobile traffic and one trolley car 
track each. In 1944, the elevated railway was 
discontinued and their tracks were taken over 
by the trolley cars. The space formerly used by 
the trolleys was now available for a second lane 
of automobiles. 

Following the recommendation made in the 
"Technical Survey" report released in 1945, the 
intermediate trusses were removed in 1952, the 
outer trusses were rebuilt and the overhead 
bracing was extended to the outer truss.1 These 
changes resulted in the present two 3-lane, 30-
foot wide roadways for automobile traffic (see 
Figure 8). Trucks are not permitted on the span. 

As part of the federally-mandated inspec
tion program, the Brooklyn Bridge was sub
jected to a complete and detailed inspection in 
the late 1970s. The extent of deterioration and 
corrosion found during this inspection resulted 
in the recommendation for a fifteen-year reha
bilitation program (1980-1995) that includes: 

• Rehabilitating the cable anchorages, in
cluding enlarging the anchorage cham
bers, realigning the cable splay strands 
and replacing badly corroded cable wires 
or strands. 

• Replacing suspender ropes and diagonal 
stay ropes. 

• Strengthening the suspended bridge 
structure, particularly the roadway 
trusses. 

• Rehabilitating the pedestrian promenade. 
• Rehabilitating approach ramps. 
• Replacing roadway decks on approaches. 
• Improving lighting and bridge drainage 

systems. 
• Rebuilding the protection system at the 

base of the Brooklyn Tower. 

At this time, rehabilitating the cable anchor
ages has been completed and all suspender 
ropes have been replaced. The replacement of 
the diagonal stay ropes is in progress. Strength
eriing the suspended structure and replacing 
the roadway decks is scheduled for the near 
future. 

George Washington Bridge 
The George Washington Bridge was initially 
conceived as a double-deck structure with the 
upper deck accommodating seven lanes of ve
hicular traffic and the lower deck for four tracks 
of heavy rapid transit trains or additional ve
hicular lanes (see Figure 9). The lower deck was 
to be added when the need for such additional 
capacity arose. Owing both to the economic 
conditions at the time of bridge construction in 
the late 1920s and real traffic demands, the 
upper deck and the approaches were built to 
accommodate a total of six traffic lanes, three 
on each outer roadway. The center portion of 
the roadway deck was left open, to be com
pleted at a later date when traffic volume de
manded it. This demand came with the auto
mobile explosion following World War II, and 
the center portion of the upper deck was com
pleted in 1946 to accommodate a reversible 
two-lane roadway. 

A future expansion of the bridge to serve the 
ever-increasing metropolitan traffic was rec
ommended in the "Joint Study of Arterial Facil
ities" performed by the Port Authority of New 
York and the Triborough Bridge and Tunnel 
Authority in 1954.5 This study also included a 
recommendation for the construction of the 
Verrazano-Narrows Bridge and the Throgs 
Neck Bridge. The lower deck was added to the 
bridge in 1962 and provided two additional 
three-lane roadways for a total bridge capacity 
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FIGURE 9. George Washington Bridge rehabilitation stages. 
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FIGURE 11. The lower lateral system of the Golden Gate Bridge. 

of fourteen lanes (see Figure 9)'. Rehabilitation 
work was performed on portions of the upper 
deck roadway concurrently with the lower 
deck construction. This rehabilitation included 
work on the roadway joints and fingerdams of 
the upper deck. In addition, several suspender 
ropes were removed for testing and replaced by 
new ropes, and all cable bands were 
retightened and recaulked. 

In the following years, more and more main
tenance repairs were required on the upper 
deck roadway. A study performed by the Port 
Authority showed that in the ten years between 
1961 and 1970, 25 percent of the total deck area 
had to be patch repaired. As a consequence, it 
was decided to replace the deck rather than 
keep on repairing the rapidly deteriorating 
concrete slab. 

The new orthotropic deck that was installed 
from 1977 to 1978 consisted of a 0.625-inch thick 
plate of ASTM A588 weathering steel, stiffened 
by WT7x13 ribs welded to the deck plate and 
connected with high-strength bolts to the ~xist
ing subfloorbeams (see Figure 10). The project 
required replacing each night a 44-foot wide by 
60-foot long section of the roadway (or one 
half-width of the bridge between existing road
way expansion joints). Adjacent sections of the 
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deck were not disturbed during this nightly 
operation. The new deck modules consisted of 
four 60-foot long by 11-foot wide panels that 
were installed separately and then bolted to
gether along their longitudinal edges. The pan
els were prepaved with an 1.5-inch thick as
p haltic concrete pavement and were 
immediately ready for traffic after installation. 

To maintain traffic flow, New Jersey type 
barriers were installed for the full length of the 
bridge. During peak hours, all eight lanes were 
available to carry traffic. During off-peak 
hours, and at night, all traffic was diverted to 
one of the two four-lane roadways. The other 
roadway was prepared for slab removal during 
off-peak hours; actual deck removal and re
placement took place at night. The well-orches
trated use of the various trades permitted max
imum utilization of workers and machines in 
the limited space available. By 6 A.M. the new 
panel would be in place to permit flow of the 
daily rush-hour traffic. The entire deck replace
ment project was completed well within the 
specified two-year period. 

Golden Gate Bridge 
The location of the Golden Gate Bridge where 
the Pacific Ocean enters San Francisco Bay ex-



poses it to fierce winds, salt spray and almost 
daily fog, all of which have an extremely detri
mental effect on the condition of the bridge. 
With its seismic exposure to the movements of 
the nearby San Andreas and Hayward faults, 
and ever increasing traffic demands added to 
its problems, the bridge has become a textbook 
example for bridge rehabilitation. 

Aerodynamic Improvements. Heavy winds 
began to barrage the Golden Gate Bridge even 
during construction. Severe storms during the 
first decade of its operation culminated in the 
storm of December 1, 1951, when a strong 
southwest wind peaked at 69 miles per hour 
and created double amplitudes of 130 inches at 
the southeast quarter point and 108 inches at 
the southwest quarterpoint of the mainspan. 
During the height of the storm, which lasted in 
great intensity for more than six hours, the 
suspended structure oscillated longitudinally 
through the full length of travel permitted by 
the expansion provisions at the towers. Consid
erable damage was caused by this storm; parts 
of the lateral wind system connections at the 
towers had to be replaced. 

As a result of this storm, the District Board 
of Directors authorized a Board of Engineers to 
investigate the feasibility and desirability of 
adding a lower lateral bracing system to the 
bridge that would effectively stiffen the origi
nal longitudinal trusses at each side of the 
bridge (see Figure 11). This system, which was 
installed in 1954, has solved the wind stability 
problem on the bridge and, for all practical 
purposes, has reduced the motions to values 
unobjectional to the traveling public. The 
bridge experienced a storm in December 1982 
that greatly exceeded the storm of 1951 in in
tensity and length. While the bridge had to be 
closed to traffic because of the danger to auto
mobile traffic (one light truck was actually 
blown over on its side), bridge movements 
were well within acceptable limits and no dam
age to the bridge was reported. 

Concurrently with the installation of the 
lower lateral bracing system, travelling mainte
nance platforms were installed in the mainspan 
and both sidespans that now greatly facilitate 
bridge inspection and maintenance. 

In-depth Inspection. In the early 1960s a com
prehensive painting program was initiated that 

was supposed to provide the entire bridge 
structure with a. paint system that was guaran
teed to last at least 20 years between repainting 
cycles. After extensive tests, a system of inor
ganic zinc-rich primer with vinyl top coat was 
selected. However, as soon as painting opera
tions were started, it was recognized that wide
spread and severe corrosion had taken place in 
many parts of the structure. Consequently, a 
complete inspection of all structural compo
nents of the suspended structure and ap
proaches was authorized and undertaken be
tween 1967 and 1969. This program included 
the inspection of the main cables and the re
moval for testing purposes and replacement of 
several suspender ropes. As a result of this 
in-depth inspection it was found necessary to: 

• Replace all suspender ropes and their 
connections to the stiffening trusses; 

• Make e~tensive structural repairs of cor
roded members in the approach viaduct 
structures; and, 

• Study further the condition of the road
way slab. 

Suspender Rope Replacement Program. The 
testing and inspection of the removed sus
pender ropes indicated that there was severe 
corrosion in areas · that were inaccessible for 
maintenance directly above the bearing socket. 
A progressive general loss of the galvanized 
protective coating throughout the length of the 
ropes, both on the exterior and core wires, was 
noted. More important, the bearing connec
tions to the stiffening trusses were extensively 
corroded, showing severe loss of metal section 
in plates and stiffener angles and complete loss 
of rivet heads in many areas. Due to the config
uration of this detail, it was impossible to prop
erly maintain this area or to inspect and dis
cover the serious structural deficiencies while 
the ropes were in place. 

Since the safety of the ·entire suspended 
structure was put into question as a result of the 
discovery of extreme corrosion in the sus
pender rope connection detail, immediate re
placement of the ropes and their attachment 
details to the stiffening trusses was considered 
a necessity. Because of the severity of the con
dition, this replacement program was carried 
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out in two steps. The first provided for the 
replacement of every other suspender rope and 
connection to safeguard the structure; the sec
ond stage replaced the remaining ropes. The 
new bearing connection detail provides ample 
space for inspection and maintenance (see Fig
ure 12), and the new suspender ropes have been 
provided with Class C galvanized coating (3 
oz/ft2) on the outer wires and Class B coating 
(2 oz/ft2) on the inner wires to guarantee a 
SO-year life. 

The contract documents required that the 
contractor provide temporary suspenders be
fore removing the existing suspender ropes. 
Anticipated and permissible jacking forces for 
every suspender panel point were made avail
able to the contractor as part of the contract 
documents. 

The contractor elected to work with travel
ing platforms riding on the two main cables 
from which all temporary ropes and jacking 
equipment were suspended. This concept 
proved to be extremely successful, so much so 
that the entire replacement operation was 
hardly noticed by the commuting public. The 
only effect on traffic was that there were three 
short periods of approximately two hours at 
midnight when the bridge had to be closed to 
traffic to permit erecting and removing the 
traveling platforms. 

Approach Repairs. The high level approach 
roadways are carried by long-span steel trusses 
and girders, supported primarily by trussed 
steel columns. Extensive corrosion was found 
during the in-depth inspection on both ap
proach viaducts on anchor bolts, rivets, struc
tural angles of chord members and diagonals, 
gusset plates, tie plates and similar members. 

Additional anchor bolts were installed to 
secure the bases of all approach viaduct tower 
columns. Defective rivets were replaced with 
galvanized high-tensile bolts and individual 
corroded steel members are being repaired or 
replaced as part of a long-range maintenance 
program by bridge maintenance personnel. To 
facilitate access for inspection and maintenance 
operations, an inspection walk was installed 
for the full length of both approach viaducts in 
1978. 

Seismic Improvements. When the Golden Gate 
Bridge was designed, earthquake engineering 

was in its infancy. The design analysis made at 
that time assumed earthquake accelerating 
forces equivalent to five percent of gravity. Be
cause of the exposed location of the bridge, its 
susceptibility to seismic disturbances has over 
the years received repeated attention. The most 
recent study was made based on basic research 
performed at the Earthquake Engineering Re
search Center of the University of California at 
Berkeley and published in their report, "The 
Effects of Seismic Disturbances on the Golden 
Gate Bridge."6 The engineering analysis, utiliz
ing most up-to-date knowledge gained from 
the 1971 San Fernando earthquake, revealed 
that the suspension bridge itself was originally 
designed with a sufficient safety factor to with
stand the maximum earthquake forces ex
pected in the Bay area, with no or only very 
limited and inconsequential local structural 
damage. However, the approach viaducts were 
designed to a much lesser standard and re
quired local structural modifications to secure 
them against collapse during a major earth
quake. 

Consequently, earthquake restraining fea
tures were installed in 1981. Designed in accor
dance with the requirements of California De
partment of Transportation standards, these 
restraining features consisted of three basic 
types: 

• Structural steel members, including rods, 
ropes and springs to prevent separation 
of the superstructure from the supporting 
steel towers (see Figure 13). 

• Longitudinal and transverse steel bracing 
members of the towers themselves. 

• Longitudinal and transverse concrete 
struts to tie together the individual tower 
column footings. 

Adding these members greatly increased the 
stability of the high approach viaducts and 
their ability to resist earthquake motions. 

Roadway Replacement. As recommended in 
the report of the 1969 inspection, a detailed 
investigation of the condition of the roadway 
slab and its supporting stringers was subse
quently carried out over several years and con
cluded that an extensive rehabilitation with rel
atively brief life-time benefits or a complete 
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FIGURE 13. Seismic restrainerfor the Golden Gate Bridge approach viaducts. 

replacement of the roadway slab was neces
sary. The investigation revealed such defects as: 

• A general wearing of the riding surface, 
in particular along the edges of transverse 
expansion joints. 

• Widespread cracking of the concrete slab, 

30 CIVIL ENGINEERING PRACTICE FALL 1990 

consisting of transverse cracks along rein
forcing bar trusses, longitudinal cracks 
along the distribution steel, random 
crazed pattern cracking, and shear cracks 
(on the Marin anchorage deck). 

• Scaling and spalling of riding surface due 
to wearing and internal delaminations. 



• Separation of the roadway slab from sup
porting stringers at expansion joints, 
probably caused by water leakage. 

• Separation of the roadway slab from sup
porting stringers over intermediate 
floorbeams. 

• Cracking and spalling of concrete 
haunches, opening up avenues of attack 
on slab and stringer top flanges. 

• Excessive chloride ion contamination of 
the concrete in the areas of the reinforcing 
bar mats, iri particular the bottom layer, 
resulting in rusting of reinforcing bars 
and in concrete spalls at the bottom of 
slab. 

Most surprising and disturbing was the dis
covery of high chloride ion content in the area 
of the bottom reinforcement (see Figure 14). 
Normally, a higher chloride concentration can 
be expected in the area of the top reinforcing 
mat resulting from the use of chloride de-icing 
material. However, such materials are not used 
in the Golden Gate Bridge area. In this particu
lar case, salt particles are apparently carried by 
the ever-present fog and deposited on the un
derside of the slab from where they seem to 
travel upward into the concrete slab. 

An analysis indicated that replacing the 
deck slab rather than repairing it was by far the 
more economical solution. Consequently, a 
complete replacement of the roadway slab of 
the entire bridge, including approach viaducts, 
was authorized by the District's Board of Direc
tors. 

Since the bridge provides the only direct 
vehicular route between San Francisco and the 
counties to the north, deck replacement had to 
be designed to permit full use of all lanes dur
ing the daily rush hour periods, restricting all 
necessary construction operations to off-peak 
hours and at night. These traffic restrictions 
required that the replacement elements be 
modular, prefabricated, compatible with the 
existing deck at its interface, and immediately 
usable upon installation. 

The new orthotropic deck (see Figure 15) is 
composed of a 0.625-inch plate stiffened with 
JI-inch deep, 0.375-inch thick longitudinal 
trapezoidal shaped ribs, all of ASTM A709 
Grade 36T, Zone 2 impact structural steel. The 
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FIGURE 14. Roadway chloride contamina
tion on the Golden Gate Bridge. 

typical deck module is between 14 feet 3 inches 
and 16 feet 9 inches in width and 50 feet in 
length, corresponding to the basic structural 
module of the bridge. The orthotropic deck is 
fitted with 0.5- by 12-inch deep subfloor-beams 
transversely at each end and at the midpoint. 
This design resulted in a 25-foot span between 
subfloorbeams. Welded steel plate pedestals of 
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ASTM A709 Grade SOT steel connect the deck 
element to the main floorbeams of the bridge. 
Twenty-eight million pounds of structural steel 
were required for the fabrication of the new 
deck sections and other components of the 
project that included the suspended spans, and 
the San Francisco and Marin approach viaducts 
for a total area of new deck of 567,000 square 
feet. 

Except for bolts in the field splices of trans
verse subfloorbeams and in the deck-to-sup
port pedestals-to-floorbeam connections, the 
new deck consists of all-welded construction. 
The fabrication and installation of the 756 or
thotropic deck panels required applying a wide 
range of welding techniques, from fully auto
matic full-penetration groove welds (as in the 
more than twelve miles of weld joining the 
deck plates in the shop and in the longitudinal 
splicing of adjoining deck units in the field) to 
simple manual fillet welds. 

Since adequate fabrication facilities were not 
available in the San Francisco Bay area, the 
majority of the fabrication was performed in 
Utah, with other parts coming from Oklahoma 
and Texas. All fabricated components were 
shipped to a marshalling yard near the site, 
where the deck units were preassembled and 
paved with a temporary riding surface consist
ing of 0.5-inch crushed stone embedded in 
epoxy mastic. Field installation of the new deck 
included removing the existing concrete road
way and its supporting steel stringers; remov
ing, rehabilitating and reinstalling sidewalks; 
and installing the new orthotropic steel deck. 
Reinstalling the sidewalks one foot outward 
from their original position permitted the wid
ening of the roadway from the original width 
of 60 feet to 62 feet, thus providing 11-footwide 
curb lanes for safer operation of trucks and 
buses. 

Two high-speed 25-ton mobile hydraulic 
cranes were acquired specifically for this proj
ect. Traffic corn;traints required the contractor 
to perform all preliminary work necessary to 
remove the old concrete slab and install the 
ne, .. , steel dech during the day from a 500 foot 
long scaffold platform suspended under the 
deck. The actual deck replacement operation 
could be performed only at night. Typically, 
one sidewalk section and two 20-ton deck sec-

tions, or a SO-foot long portion of one-half 
width of the bridge were replaced each night. 
Traffic interferences was kept to a minimum; 
the entire bridge was available daily to carry 
rush-hour traffic. Redecking was completed 
401 working days after installing the first deck 
unit. 

The final wearing surface, composed of a 
2-inch thick course of epoxy-fortified asphalt 
concrete that was compatible with the tempo
rary riding surfq.ce, was placed after ortho
tropic steel deck erection had been completed. 

Because of its concrete beam and slab con
struction, the deck over the Marin anchorage 
was the only area on the bridge that was not 
replaced with the new orthotropic steel deck. 
Cracks in the concrete slab were repaired with 
epoxy injection prior to applying the epoxy
asphalt pavement. 

Painting. Painting operations have contin
ued throughout the last several years. In this 
process, all steelwork is being sandblasted to 
bare metal before receiving its new paint sys
tem of zinc-rich primer paint and vinyl top 
coat, retaining its landmark color of interna
tional orange. Completion of this re-painting 
process is finally in sight. 

Other Deck Replacement Projects 
Throgs Neck Bridge Approaches. The Bronx and 
Queens approach viaducts to the Throgs Neck 
Bridge in New York City carry two 38-foot wide 
three-lane roadways separated by a median 
divider. Rolled beam stringers spanning be
tween relatively shallow floorbeams with long 
cantilevers support the 7.5-inch thick rein
forced concrete deck. The floorbeam cantilever 
supports the heavily travelled exterior truck 
lane as well as part of the middle lane. The 
floorbeams are braced by two deep plate gird
ers with simple spans ranging between 140 and 
190 feet. 

In the early 1970s, severe cracking and spall
ing was noted in the exterior lanes, which soon 
began spreading into the remaining part of the 
roadway. Inspection and design checks deter
mined that this deterioration was caused by 
overstress in the concrete deck that resulted 
from the effects of differential deflections of 
longitudinal stringers elastically supported on 
the flexible floorbeam cantilevers. Such effects 
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FIGURE 16. The orthotropic steel deck for the Throgs Neck Bridge. 

are not recognized in the AASHTO design spec
ifications that base concrete deck design on the 
assumption that stringers provide rigid sup
port. Inadequate distribution reinforcement 
and chloride contamination bolstered the deci
sion to replace the concrete decks. 

The new orthotropic deck (see Figure 16) 
consists of a relatively heavy 1-inch thick plate 
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that was required by the shape and spacing of 
the trapezoidal closed-cell ribs that had to be 
fitted between the longitudinal stringers. The 
ribs are 0.44 inch thick and 12 inches deep, and 
are supported by new W16 diaphragms that 
transfer the load to the existing stringers. Deck 
plate and ribs are of ASTM A709, Grade 36T 
steel with Zone 2 impact requirements. The 



new orthotropic deck is fully continuous 
within each span of the approach viaduct; lon
gitudinal and transverse deck plate splices 
were field-welded and rib splices were bolted. 
The temporary riding surface consisted of a 
0.125-inch thick shop-applied epoxy and grit 
seal coat that was topped in the field with a 
1.5-inch thick bituminous asphalt course as the 
final surface. 

Deck units were up to 52 feet long and be
tween 12 and 13 feet wide. Erection proceeded 
along one roadway at a time from beginning to 
end, with traffic diverted during each night to 
one lane of the other roadway. Sections of exist
ing concrete slab were removed and new deck 
panels installed for the full width of the road
way each night, with all lanes open in the morn
ing. The total area of replaced deck in both 
approach viaducts was 492,000 square feet. 

Benjamin Franklin Bridge. This suspension 
bridge across the Delaware River in Philadel
phia has a 1,750-foot mainspan and was 
opened to traffic in 1927. It carries seven lanes 
of traffic with a daily volume of 100,000 vehi
cles, and two transit rail tracks. The original 
6.5-inch thick reinforced concrete deck slab was 
progressively deteriorating as a result of heavy 
traffic and chloride contamination from de
icing salts. Corrosion of the supporting steel 
stringers below the frequent open joints added 
to the problem. Replacement of the entire 
600,000-square-foot roadway area with an or
thotropic steel deck was decided in 1982. 

An open-rib system was chosen for the new 
deck (see Figure 17). While somewhat heavier 
than a closed-rib system, it offered the advan
tages of simple splices for the continuous deck 
system, easier connection details to the existing 
floorbeam supports, and total accessibility of 
the deck underside for maintenance. The 0.625-
inch thick deck plate is stiffened by specially 
rolled 12.5-inch deep bulb sections, all of ASTM 
A36 steel. The deck is directly supported on the 
existing floorbeams that permitted removing 
the corroded roadway stringers. The deck units 
were made fully continuous; field splices of 
deck plates and ribs were made with high
strength and interference body bolts. The elim
ination of all deck joints removed the mainte
nance problems that had added to the demise 
of the old concrete deck. The continuity in the 

suspended spans also permits the new deck to 
act as a fully participating component of the 
stiffening truss system of the bridge in carrying 
stresses, increasing the flexural and torsional 
rigidity of the bridge and improving its aero
dynamic characteristics. 

The base surfacing course of 1.25-inch thick 
epoxy asphalt was placed on the deck plate 
under controlled conditions in the shop. The 
final 1.25-inch thick bituminous asphalt course 
was placed in the field. after completing the 
deck installation. 

Erection of the new deck units proceeded in 
four construction phases. During each phase, 
five lanes were open to traffic during peak com
muting hours and four lanes in off-peak hours. 
Work was performed during daytime hours 
between fixed traffic barriers. 

Bronx-Whitestone Bridge Approach. Deck re
placement with orthotropic steel plates is not 
restricted to suspension bridges and other large 
area projects. It has been successfully employed 
on small, simple span bridges where savings in 
weight were desired and in cases where closure 
to traffic could be tolerated only for a short 
period. 

On the Bronx-Whitestone Bridge approach 
in Queens, a three-level structure carries the 
Whitestone Expressway on- and off-ramps 
over the Cross Island Parkway. Deterioration of 
the concrete deck of the uppermost level (on
ramp) became so severe in 1984 that complete 
deck replacement was considered the only ac
ceptable solution. 

Since the only detour available for the heavy 
truck and automobile traffic using this ramp 
led through local residential streets, the closure 
of this ramp bridge for the period normally 
required to place a new concrete slab was un
acceptable. The solution was the construction 
of a pre-paved welded orthotropic steel deck 
of a design similar to that prepared at the same 
time for the Throgs Neck Bridge approaches. 
Replacement of the deck for this two-lane wide 
and 70-foot long bridge was performed over a 
weekend, with traffic diverted from 9 P.M. Fri
day night to 6 A.M. Monday morning. 

Tobin Bridge 
The Tobin Bridge in Boston was built with a 
reinforced concrete deck, although it was orig-
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FIGURE 17. The orthotropic steel deck for the Benjamin Franklin Bridge. 
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inally designed for a steel grid system. Even 
though it was opened in 1950, by the late 1960s 
there was so much serious deterioration that 
the deck had to be replaced with a partially 
filled steel grid system. The replacement work 
was installed one lane at a time. 

Some ten years after the new deck was in
stalled, it again began to show indications of 
severe deterioration, both underdeck and on 
the surface, particularly along the lane lines. A 
detailed inspection determined that the pre
dominant problem was the lai:ie line deteriora
tion that probably resulted from the difficulty 
in placing concrete in the narrow spaces of the 
grid floor adjacent to active traffic. In other 
areas of the deck, local deterioration most likely 
resulted from poor consolidation of the con
crete and infiltration of surface water. In all 
cases, the visible damage consisted of break-up 
and potholing of the asphalt overlay, severe 
rusting and loss of the metal form pans used in 
placing the concrete fill, and local break-up of 
concrete fill. The latter was considered of pri
mary importance because of the danger any 
metal object or loose concrete falling from the 
upper deck would pose to traffic on the lower 
deck. 

A large number of rehabilitation and re
placement options were investigated that in
cluded patch repairs, concrete replacement, 
grid replacement and even orthotropic plate 
deck replacement. Each option was reviewed 
on the basis of initial costs, operational impacts 
and life-cycle costs. 

Since investigations and tests indicated that 
the steel grid itself and the weld connections to 
the subfloorbeams were in satisfactory condi
tion, it was decided to remove the overlay 
pavement and all concrete fill, to make local 
repairs to the steel grid where necessary, and to 
place new concrete for the full depth of the grid 
floor. 

This rehabilitation is being carried out in 
stages. The first stage, a portion of the upper 
deck on the Boston approach, has been com
pleted. Removable wood forms were em
ployed and silica fume concrete was used to 
provide impermeability. A 0.375-inch thick 
epoxy concrete overlay was placed over the 
concrete-filled grid floor. The second stage, 
consisting of work on the Boston approach 

upper deck that incorporates the same rehabil
itation method, has yet to be completed. 

Royal Gorge Bridge 
Considered the highest bridge in the world, the 
Royal Gorge Bridge spans the gorge of the Ar
kansas River near Canon City, Colorado, at a 
height of 1,053 feet above the tracks of the 
Denver and Rio Grande Railroad that hugs the 
canyon walls only a few feet above the river. 
Built in 1929, the bridge has a main suspended 
span of 880 feet and a total length between 
abutments of 1,200 feet. Steel framed towers 
perched at the rim of the canyon support the 
two parallel wire cables, each about 9 inches in 
diameter and containing 2,100 No. 9 galva
nized steel wires. The unstiffened, timber
decked floor is 18 feet wide. Wire rope wind 
cables anchored to the canyon wall provide the 
necessary wind stability. 

The main cables were anchored in concrete
filled trenches· cut into solid granite. Several 
years ago severe rusting began to appear at the 
stone abutments where the cables entered the 
trench. Careful excavation found that more 
than fifty years of burial in the ground had 
taken a severe toll. Water running inside the 
cables had been trapped in the crevices of the 
concrete and corroded the embedded cable 
wires causing a reduction of as much as 40 
percent in the strength of the cable. Since the 
cables outside the anchorages were found to be 
in excellent condition, it was decided to replace 
all four cable anchorages and both ends of each 
cable, a feat never before attempted. 

New anchorages consisting of rock anchors 
and structural steel members embedded in con
crete were constructed on either side of each 
existing cable anchorage to receive the ends of 
new parallel wire strands. These strands were 
brought to a point approximately 100 feet from 
the anchorage where a new splay cable band 
had been installed on the existing cable. At this 
point, wires of the existing cable were individ
ually spliced to a companion wire of the new 
strand extending up from the new anchorage. 
A total of 8,400 individual wire splices were 
thus made to connect the existing cables under 
proper tension to their new anchorage ends. 
The new cable anchorages are completely 
open to inspection and easily accessible for 
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FIGURE 18. Foundation rehabilitation for the Ashley River Bridge. 

maintenance. 
The rehabilitation included replacing all sus

penders that connect the bridge deck to the 
cables and completely reconstructing the wind 
cable system. Traffic was restricted on the 
bridge during all these operations. 

Connecticut Bridge 
Rehabilitation Program 
Spurred on by the tragic collapse of the Mianus 
River Bridge on the Connecticut Turnpike, the 
State of Connecticut embarked on a com
prehensive Transportation Infrastructure Re
newal Program that put the state into the fore
front of bridge rehabilitation in the country. 
During a ten-year period that started in 1985, 
a total of 1,620 state bridges and 1,300 local 
bridges are scheduled for rehabilitation, recon
struction and improvement, at a total cost of 
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$1.5 billion. Federal funds will pay for 80 per
cent of the costs on state and interstate highway 
bridges. The state will aid local governments in 
various ways in financing the costs for local 
bridge rehabilitation. 

In the initial program, some 500 bridges 
were identified by state department of trans
portation engineers as being in poor to fair 
condition, with another 110 bridges expected to 
deteriorate to poor to fair condition each year 
of the program. Engineering contracts for the 
inspection and rehabilitation design for groups 
of bridges were initiated on an expedited basis; 
construction contracts followed the approval of 
consultant inspection reports and rehabilita
tion designs. 

Work performed for this renewal program 
includes every imaginable item from improv
ing fotJ.ndations, repairing cracks and spalls in 



abutments, replacing bridge bearings, replac
ing rivets and corroded steel members, repair
ing cracks in concrete beams and bridge slabs, 
replacing bridge decks with new concrete slabs, 
grid floors and orthotropic steel decks to wid
ening or replacing entire bridges. 

Ashley River Bridge 
While rehabilitating or replacing a bridge su
perstructw·e has become a familiar occurrence, 
the unusual replacement of a bridge founda
tion provides an excellent example of innova
tive engineering and imaginative design. The 
bridge crosses the Ashley River in Charleston, 
South Carolina, and connects the historic 
Charleston Peninsula with downtown and the 
state highway system. Completed in 1926, the 
bridge is 1,733 feet long and it carries 40,000 
vehicles a day on its three lanes. The super
structure consists of a 202-foot long double-leaf 
bascule channel span, flanked by concrete T
heam approaches that have an average pier 
spacing of 76 feet. The approach piers consist 
of three-column bents with a concrete cap and 
partial depth diaphragms, resting on an unre
inforced pile cap supported by precast concrete 
piles. 

An underwater inspection in 1987 revealed 
extensive losses of column section, voids in the 
pile caps and major cracking. At one location, 
the tops of several piles were not in contact with 
the pile cap above. A preliminary analysis indi
cated that load and stability margins were se
verely reduced and the bridge had to be posted 
with load and speed restrictions. 

Alternative studies of rehabilitation meth
ods and total replacement were evaluated in 
the light of several considerations: 

• Historic and architectural significance of 
the bridge; 

• Speedy return to maximum traffic levels; 
• Maintaining the reduced level of traffic 

during construction; and, 
• Cost. 

The solution that met all criteria favorably was 
the replacement of the deficient piers (see Fig
ure 18). 

Groups of new 24-inch square prestressed 
concrete piles were driven adjacent to each ap-

proach pier and capped with a new concrete 
footing. Cast-in-place concrete beams were 
then placed to span transversely between these 
new pile foundations to support the existing 
bridge superstructure. Specially designed 
falsework and concrete placement procedures 
had to be employed to support the weight of 
the freshly placed concrete without adding 
loads to the existing piers. Post-tensioning ten
dons and some normal reinforcing steel of the 
new support and load transfer beams were 
threaded through the existing T-beam webs. 
Shallow jacks placed between the top of the 
new footings and the bottom of the new sup
port beams were used to transfer the super
structure load from the existing piers to the 
new footings prior to the grouting of the new 
permanent beam bearings. 

A total of 18 piers were reconstructed at a 
cost of about $3.6 million. The entire operation 
from inspection and discovery of the founda
tion problem through design and construction 
was completed within one year. 

Summary 
The concept of regularly scheduled inspections 
has become well established throughout the 
country. Nevertheless, problems persist. Bridge 
failures, and the sudden unscheduled complete 
or partial closures of bridges such as New York 
City's Williamsburg and Manhattan Bridges, 
are all too frequent reminders of long years of 
lack of timely attention and" deferred" mainte
nance, of wasteful management and of utter 
disregard for the long-term needs and safety of 
the public. 

Adherence to a long-range inspection pro
gram will permit the early identification and 
tracking of problems. It will enable the bridge 
operator - as was the case, for example, with 
the George Washington and the Golden Gate 
Bridges - to properly schedule necessary reha
bilitation efforts with minimum impact on the 
community and maximum cost benefits. For
tunately, the importance of such programs is 
now generally recognized. 

Bridge rehabilitation design requires famil
iarity with materials, equipment and construc
tion procedures in addition to a detailed know
ledge of the behavior of the structure. While 
there is a certain similarity in the problems 
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befalling different bridges that permits typi
fying rehabilitation methods, details of applica
tion usually vary from structure to structure 
and demand the engineer's wide range of ex
perience and full attention on an individual 
basis. 
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Site Study 

The History of Leather 
Industry Waste 
Contamination in the 
Aberjona Watershed: A 
Mass Balance Approach 

Performing a mass balance 
analysis is an important 
step in determining 
the amount of hazardous 
materials discharged 
within a given area. 

JOHN L. DURANT, JENNIFER J. ZEMACH 

& HAROLD F. HEMOND 

There is concern that leather industry 
wastes that were discarded into the 
Aberjona watershed in eastern M::u:;s;i 

chusetts may constitute a potential human 
health risk. Chemicals used in hide- and skin
tanning processes, as well as chemicals found 
in tannery wastes (in particular, chromium, 
which is a common tanning agent), have been 
shown to be toxic to aquatic organisms and 
humans, 1,2 mutagenic and carcinogenic in ani-

mal assays, 3-5 and carcinogenic in human epi
demiology studies.4 The Aberjona watershed, a 
25-square-mile area ten miles north of _Boston 
(see Figure 1), was once a major center for 
tanning, leather finishing, and hide and leather 
rendering. Between 1838 and 1988 approxi
mately 100 tanneries, leather-finishing compa
nies, and rendering factories operated at over 
67 sites in Woburn, Winchester, and Stoneham 
(see Figure 2 and Table 16-24). 

Records from as early as 1871 to the mid-
1930s indicate that the Aberjona River and its 
tributaries were the main conduits by which 
tannery and rendering factory wastewater was 
discarded. Tannery and rendering factory 
sludges were commonly disposed of on site or 
at centrally located dumping areas.11,20,25-44 

At present, there are six sites in the water
shed that are being investigated for the pres
ence of leather industry wastes.8,17,18,22',45,46 

Five sites are being investigated by the Massa
chusetts Department of Environmental Protec
tion (DEP) under the provisions of Massachu-
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FIGURE 1. Study area location map.· 

setts General Law, Chapter 21E, section 3(A)b 
and the Massachusetts Contingency Plan (310 
CMR 40.00). The sixth site,. the "Industriplex" 
Superfund site, is being investigated by the 
United States Environmental Protection 
Agency (EPA) under the Comprehensive Envi
ronmental Response, Compensation and Lia-
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bility Act (CERCLA) and is currently ranked 
fifth on the "National Priorities List." 

Possible links between environmental con
taminants and human health effects in the 
Abetjona River watershed are being investi
gated. Work is being done to determine how 
hazardous chemical wastes are distributed in 
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FIGURE 2. Location of tanneries, leather-finishing companies and renderers in the Aberjona 
watershed between 1838 and 1988. 
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Site 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

TABLE 1 
Tanneries, Leather-finishing Companies & Rendering factories 

in the Aberjona Watershed (1838-1988) 

Last Company to Operate Type of Approximate 

at the Site Operation Dates 

Woburn Hide & Leather Co. Tanning 1957-1960 
Stauffer Chemical Co. Rendering 1934-1968 
Algonquin Leather Co. Tanning 1918-1926 
Foucar Leather Co. Finishing 1918-1926 
Rathburn Leather Tanning 1875-1939 
Eaton, Winn & Co. Tanning 1875- I 
North Star Japanning Co. Finishing 1926-? 
Porter Japanning Factory 2 Finishing 1918-1939 
Porter Japanning Factory 1 Finishing 1894-1939 
Linscott Heel Manufacwrers Tanning 1888-1926 
Bond & Tidd Tanning 1875-? 
Bond Leather Specialists Tanning 1918-1926 
H.W. Clark Patent Leather Finishing 1904- I 
Woburn Degreasing Co. Rendering 1871-1977 
Bacon's Patent Leather Co. Finishing 1871-? 
Colgate & Son Tannery Tanning 1871-? 
E.G. Place Split Leather Tanning 1888-? 
W.P. Fox Grain & Split Tanning 1888-1904 
Kinney & Murphy Tanning 1875-1894 
Paterson Patent Leather Finishing 1926-? 
Murray Leather Co. Finishing 1918-1979 
J.J. Riley Co. Tanning 1918-1988 
Crescent Tanning Co. Tanning 1918-1940 
Morocco Manufactory Tanning 1871-? 
Stephen Dow & Co. Tanning 1875-1894 
Prime Tanning Co. Tanning 1888-1926 
Bay State Japanning Co. Finlshi11g 1913-1926 
Amer. Hide & Leather Fact. H Tanning 1875-1904 
Winn Tannery Tanning 1875-? 
J.H. Connolly Tanning 1875-1 
Murray Leather Co. Finishing 1875-1961 
Woburn Japanning Co. Finishing 1875-1961 
Griffin Place Curry Shop• Tanning 1894-1918 
Tanners Degreasing Co. Rendering 1939-1977 
Atlantic Gelatin Rendering 1875-Present 
A. Buckman Co. Tanning 1924- I 
J.H. Murphy Curriers Tanning 1924-? 
Blank Brothers Curry Shop Tanning 1887-1903 
Best Leather Nut Co. Tanning 1924-1 
W.H. Tidd Tanning 1840-1903 
Van Tassel Co. Tanning 1897-1924 
Ballard Japanning Co. Finishing 1904-1926 
J. Kendall Chrome Tannery• Tanning 1888-1918 
Prime Tanning Co. Tanning 1875-1934 
Tolman-Fox Corp. Tanning 1875-1938 
W.P. Fox Leather" Tanning 1875-1918 
Dorrington Leather Co. Tanning 1888-1939 
Amer. Hide & Leather Fact. D Tanning 1875-1939 

E. Cummings Leather Co. Tanning 1888-1926 
E.C. Cottle'" Tanning 1888-1894 
Watauga Tanning Co. Tanning 1888-1894 
Middlesex Leather Co.'" Tanning 1888-1904 
Cottle Leather Co. Tanning 1888-1918 
American Hide & Leather Rendering 1918-1926 
B.H. Nichols Grease Factory Rendering 1888-1904 
Beggs & Cobb Factory 1 Finishing 1888-1926 
Beggs & Cobb Factory 2 Finishing 1888-1926 
Kean Brothers & Bedell Finishing 1926-? 
Amer. Hide & Leather Fact. E Tanning 1875-1926 
Amer. Hide & Leather Fact. 5 Tanning 1875-1939 
J.O. Whitten Co. Rendering 1872-1980 
A.H. Mclatchy Co. Finishing 1916-1929 
Pantasote Leather Co. Tanning 1899-? 
Haley Patent Leather Co. Finishing 1904-1916 
Beggs & Cobb Tanning 1871-1957 
Blank Brothers Tannery Tanning 1876-1910 
Waldmyer Tannery Tanning 1838-1894 

Reference(s) 

6,7 
8 
9 
9 
9,10 
10 
9 
9 
9 
9 
'IQ 
9 
9 
11,12 
11 
11 
9 
9 
9,10 
9 
9,13 
9,13 
9,14 
11 
9,10 
9 
9,11 
9,10 
10 
10 
9,10,15 
9,10,15 
9 
9,12 
9,10,16 
9 
9 
9 
9 
9 
9 
9 
9 
9,10,17 
9,10,18 
9,10 
9 
9,10 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9,10 
9,10 
19,20,21,22 
9,20 
9 
9 
11,20,21,23 
19,21,24 
21 

· In 1918 incorporated into Woburn Japanning at Site 32. .. In 1918 incorporated into Fox & Sons at Sile 45. ••• In 1904 incorporated into Amer. Hide & leather Fact. D at Site 48 . 
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and move through the watershed, and how 
humans may be exposed to and affected by 
particular waste chemicals. In order to help 
identify which hazardous chemicals are most 
widely distributed in the wastershed, mass bal
ance techniques are being employed to quan
tify chemical consumption and waste genera
tion by specific industries in the watershed, 
with special emphasis here on the area's major 
industry. The mass balance approach is em
ployed to estimate the amounts of four metals 
- chromium, copper, lead and zinc - pro
duced as by-products of tanning and leather 
finishing. (Since there were insufficient records 
to properly characterize the rendering industry, 
wastes generated by rendering operations were 
not included in the mass balance). 

The Rise of the Leather Industry 
in the Aberjona Watershed 
The history of tanning in the Aberjona River 
watershed spans over 320 years. The first tan
nery was built in Woburn in 1666.47 During the 
1700s several more tanneries were constructed 
in Woburn, but it was not until after the Mid
dlesex Canal was completed in 1803 that the 
tanning industry became firmly established. 
Built to facilitate the exchange of raw materials 
and manufactured goods between Boston and 
the city of Lowell to the north, the canal had a 
significant impact on the economies of the 
smaller communities that developed along its 
banks. The canal ran through what is now Wo
burn center, providing Woburn' s tanneries di
rect access to markets from which they could 
acquire new hides and skins, and to which they 
could distribute finished leather products. By 
1837 there were four tanneries in Woburn em
ploying over 75 workers. 48 

The early development of the leather indus
try in the watershed was helped considerably 
by the concurrent development of machine 
making, chemical production, and shoe and 
boot manufacturing. Machinists produced new 
and innovative tanning machinery; chemical 
companies both supplied chemicals to, and de
rived raw materials from, tanning operations; 
and, shoe and boot manufacturers provided a 
steady market for finished leather. Although all 
three support industries were important to the 
early success and growth of the tanning ind us-

try, the making of shoes and boots had perhaps 
the most significant impact. Along with Phila
delphia and Lynn, Massachusetts, the Aberjona 
watershed was one of the nation's largest man
ufacturing centers for leather footwear. In 1850, 
there were 26 shoe and boot manufacturing 
shops in Woburn alone.48 

By the 1860s the production of leather had 
become the dominant industry in the water
shed. The construction of the Woburn branch
line to the Boston & Maine Railroad in 1844, the 
increasing supply of skilled tannery workers, 
the continued demand for finished leather by 
local shoe and boot manufacturers, and the 
growing reputation of the quality of Woburn 
leather goods all contributed to the prosperity 
of the leather industry. In explaining the dom
inance of the leather industry in the watershed, 
historians also suggest that the quality and sup
ply of water was an important factor. In 1920, 
one historian wrote: 

From the beginning of tanning in this city 
[Woburn], it has become a well known fact 
that the opportunities here presented for 
tanning were unexcelled, and that better re
sults could be obtained here because of the 
water properties, than in any other known 
locality.47 

Not only were there abundant supplies of sur
face water from which to draw water for pro
duction and in which to discharge wastes, but 
there were considerable groundwater reser
voirs as well. According to the United States 
Geological Survey, the Aberjona watershed has 
some of the most transmissive aquifers in the 
northeast Massachusetts coastal drainage 
basin.49 

Peak Years of the Leather Industry 
The most productive period in the history of the 
leather industry lasted from the late 1870s to the 
1920s. During that period, from 15 to 20 tanner
ies and leather-finishing companies were con
sistently in business, nearly 55 percent of all 
wage earners in the area were employed in the 
leather industry, and the value of tanned and 
finished leather products accounted for over 
half of the total annual value of goods pro-
duced in the watershed.50 · 
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Two factors that had a significant impact on 
the growth and success of the industry in this 
period were the introduction of chrome-tan
ning methods and the increased specialization 
of the industry in the production of "upper" 
leather (i.e., the leather from which the upper 
parts of shoes are made). Prior to 1900, most 
tanning was performed using tanning agents 
that were derived from plants - principally, 
tannins from wood, leaf and bark extracts. 
"Vegetable" tanning, as it is known, was per
formed in vats of tannin solution in which 
hides and skins were soaked for as long as 
several weeks, depending on the thickness of 
the leather and the desired qualities of the 
tanned product. The introduction of chrome
tanning methods to the watershed around the 
tum of the century, however, revolutionized 
the production of light leathers by greatly re
ducing the time necessary for tanning. Chrome 
tanning, in which chromium salts - usually 
basic chromium sulfate - are used as the prin
cipal tanning agents, is completed within six to 
24 hours, and produces a leather that has 
greater heat and abrasion resistance than vege
table-tanned leather. 

The specialization of the tanning industry in 
the production of upper leather was influenced 
not only by the development of chrome-tan
ning methods, but also by technological inno
vations and market demand. Such inventions 
as the belt knife splitting machine (used to sep
arate the grain side of the leather from the flesh 
side or "split"), the staking machine (used to 
soften leather), the shaving machine, and em
bossing and buffing machines improved the 
productivity of upper leather tanneries greater 
than tenfold.47 Likewise, the use of trucks in
stead of railroad cars and horse-drawn w~gons 
to deliver leather to market both increased the 
speed of distribution and allowed access to 
new distribution centers. 

In response to market demands for new 
types and styles of finished leather goods, tan
neries and leather finishers produced patent 
leather for shoes, and special grades of upper 
leather such as glove grain, pebble grain and 
crimping splits. By the 192Os, tanneries and 
finishers had markets in England, Europe and 
South America. In the United States, the cities 
of Woburn and Winchester were referred to as 
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the nation's "home of upper leather manufac
turing."51 In order to keep up with demand, it 
was estimated that in the late 192Os tanneries in 
Woburn were producing approximately 30,000 
sides of leather per day, or seven million sides 
annually.47 

The Decline of the Leather Industry 
The finished leather industry had its best years 
in 1927 and 1928, and then experienced signif
icant losses as a result of the stock market crash 
in 1929 and the depressed national economy in 
the early 193Os. In 1928, the value of leather 
goods produced in Woburn was just over $10 
million, 1,299 wage earners were employed in 
the leather industry, and 24 tanneries and 
leather-finishing companies were in business. 
By 1932, however, the value of leather goods 
produced in Woburn had decreased by two
thirds to just over $3.2 million, the number of 
employees had been reduced to 759, and the 
number of tanning and leather-finishing busi
nesses had fallen to 16. The leather industry hit 
bottom in 1940 when only six tanneries re
mained and the value of goods produced was 
$38O,ooo.50 

Despite the downturn in the finished leather 
economy in the 193Os, other sectors of the 
leather industry - specifically, leather and 
hide rendering - still managed to post modest 
gains. Rendering companies took advantage of 
the cheap surpluses of hides and unfinished 
leather, and built large factories to manufacture 
grease, gelatin and glue. By 1939, five rendering 
plants were operating in the watershed. 

In 1940 there were eleven tanneries, leather
finishing companies, and rendering factories in 
the watershed. Between 1940 and 1948, the in
dustry posted modest gains as the value of 
products sold reached its highest levels since 
1929. By the 195Os, however, it was clear that 
the industry was stagnating. No new establish
ments were going into business, and industry 
profits were not keeping pace with growth in 
other sectors of the local economy. Increasing 
competition from foreign companies for mar
ket share, fluctuations in wholesale prices and 
rising production costs also contributed to the 
slow demise of the industry. The remaining 
companies began going out of business one by 
one in the late 195Os. The last company to go 



out of business closed in January 1988, thus 
ending the long tenure of the leather industry 
in the watershed. 

Surface Water Contamination 
There is a substantial historical record docu
menting leather industry waste contamination 
of surface water bodies in the watershed. Much 
of this history was documented by the Massa
chusetts State Board of Health and later by the 
body that replaced it, the State Department of 
Public Health. In one of its first investigations 
of the relationship between industrial and mu
nicipal waste disposal practices and the con
tamination of drinking water supplies, the 
Board of Health studied the problems in the 
Upper Mystic Lake watershed. In 1871 a report 
was issued on the condition of Upper Mystic 
Lake (which then provided drinking water to 
Charlestown, Somerville and East Boston), its 
main tributary, the Aberjona River, and other 
water bodies in the watershed. Although no 
industrial or municipal waste contamination 
was found in Upper Mystic Lake, the report 
indicated that tannery wastes were present in 
Hom Pond (which was then part of Woburn's 
water supply) and its tributaries.11 Subsequent 
reports by the Board of Health in 1874 and 1875 
described the extent of tannery waste contam
ination in Russell Brook, a tributary to Hom 
Pond Brook.25,26 Investigators identified eight 
tanneries that were directly discharging efflu
ent to the brook. Sewage from nearby homes 
and coal degassing wastes were also adding to 
the foul condition of the brook, leading Board 
of Health officials to speculate that the contam
inated water had contributed to the recent in
crease in mortality rates in the community: 

Within the last ten years, there has been a 
large number of deaths in this district, espe
cially from consumption, typhoid fever, 
diphtheria and scarlet fever. During the past 
summer and fall, when the brook [Russell 
Brook] was in its worst condition, there was 
sickness in most of the houses. It is fair to 
infer that the prevalence of disease was in
fluenced, if not caused, by the polluted 
stream .... 26 

In 1876, just five years after declaring Upper 

Mystic Lake water "unquestionably good and 
wholesome," Board of Health investigators re
turned to the watershed to assess conditions in 
the Abetjona River. Fueled by growing con
cerns that discharges of municipal and indus
trial wastes would lead to the contamination of 
Upper Mystic Lake, investigators found that a 
1.5-mile-long section of the river directly up
stream of Upper Mystic Lake received inputs of 
glue manufacturing wastes, "putrescent ani
mal matter and lime" from tanneries, and sew
age.27 Fifty-five factories (of which twenty 
were "leather-works") were identified on trib
utaries to Upper Mystic Lake, and it was esti
mated that "about seven percent of the water 
that flows in upper Mystic Pond is drainage 
from [these] factories." 27 In their report, Board 
of Health investigators also observed that 
"[f]ish have been killed in this pond, and cattle 
have refused to drink the water of the 
'Abajonna' River." 27 

The Board of Health (and later the Depart
ment of Public Health) continued to make ex
aminations of surface water conditions in the 
watershed between the late 1870s and the 
1950s. During that period, health officials fo
cused much of their attention on promoting the 
establishment of legislation that would prevent 
further pollution of surface waters in the water
shed, and on the construction of a sewer system 
that could meet both municipal and industrial 
waste disposal needs. Particular emphasis was 
given to Russell Brook and the Abetjona River, 
where tannery and rendering wastes were fre
quently found. Investigations of Russell Brook 
in 1904 and 1907 (and again in 1915 and 1921) 
revealed widespread contamination by tan
nery effluent discharges.20,28,29,31 Likewise, 
leather industry waste contamination was re
ported in the AbetjonaRiverin 1912, 1915, 1922, 
1927through 1929, 1931 through 1934, 1936and 
1939_20,30-35,37-42 

Development of the Sewer System 
The development of the sewer system in the 
watershed has a complex and interesting his
tory. The first major sewer line in the watershed 
was constructed in Winchester in 1878, along 
the course of the Aberjona River. Fearing that 
discharges of industrial wastes and raw sewage 
would contaminate drinking water supplies in 
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Upper Mystic Lake, the city of Boston built the 
"Old Mystic Valley Sewer," complete with a 
precipitation facility to separate liquid and 
settleable wastes. Sewage and industrial efflu
ent from Winchester center and factories oper
ating on the Aberjona River were treated in 
settling tanks and mixers before being dis
charged into Lower Mystic Lake. From its in
ception the Old Mystic Valley sewer system 
proved to be inadequate to handle the volume 
of wastes generated by its users. Also, the water 
quality of Lower Mystic Lake rapidly deterio
rated, leading the Board of Health to write in its 
1884 annual report that the sewer provided 
"but a partial remedy for the evil of the Mystic 
Valley." 52 The Old Mystic Valley sewer was 
used until 1895 when connections were finally 
completed to sewer lines that discharged at 
Deer Island into Boston Harbor. 6 

After the tum of the century, worsening pol
lution problems in the watershed prompted 
area residents to issue complaints against Wo
burn and Winchester companies that were 
found to be discharging waste into surface wa
ters.48 In addition, Board of Health investiga
tors continued to document the extent of con
tamination in Russell Brook and in the 
Aberjona River, and made concerted efforts to 
identify the offending dischargers.28,29 In re
sponse to increasing public pressure to take 
action, the Massachusetts General Court 
passed two pieces of pollution control legisla
tion. One piece of legislation (Chapter 235), 
passed in 1907, prohibited the pollution of 
Hom Pond Brook and its tributaries. The other 
law (Chapter 291), passed in 1911, prohibited 
the pollution of the Aberjona River. 6 The Chap
ter 291 Acts were intended to prohibit: 

[T]he entrance or discharge of sewage 
into any part of the Aberjona River, or its 
tributaries, and to prevent the entrance or 
discharge therein of any substance which 
might be injurious to public health or might 
tend to create a public nuisance. 

The Acts established a maximum fine of $500 
for each offense. In addition, the Board of 
Health was instructed to provide technical ad
vice to assist companies in reducing discharges 
to the Aberjona River or its tributaries.53 
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Despite the clear mandate of the 1907 and 
1911 legislation, their implementation and en
forcement were made difficult because many 
tanneries and rendering companies were either 
unable or unwilling to comply with the pollu
tion control laws. Prior to the passage of the 
Acts, leather industry firms that were not 
sewered typically stored their wastewater in 
lagoons to permit solids to settle before dis
charging the effluent to surface waters. Because 
the Metropolitan District Commission (MDC) 
sewer system (formerly the Old Mystic Valley 
sewer system) did not extend into north Wo
burn where many leather industry firms were 
located, companies had no alternative but to 
discharge their wastes into surface waters. Fur
thermore, with pressure mounting at both the 
local and state levels to prevent further pollu
tion of the Aberjona River from sources in north 
Woburn, leather industry firms recognized that 
the extension of the MDC sewer was inevitable, 
and they were therefore reluctant to invest in 
expensive waste treatment technology. 

Although there was almost universal sup
port for the development of the Woburn exten
sion sewer, conflicts over the allocation of costs 
significantly delayed its construction. Between 
1921 and 1923, several bills were introduced in 
the state legislature to provide for the construc
tion of the sewer as part of the MDC system, 
but in each case the bills were defeated because 
other communities felt the cost of the sewer 
extension should be borne by the city of Wo
burn and not the state. After considerable de
bate, a compromise was reached in which the 
legislature agreed to share the costs of con
structing the sewer extension. 48 Work on the 
sewer line finally began in 1927, but due to 
problems caused by excessive groundwater in
filtration, the sewer was not put into operation 
until 1932.6 

Land Disposal of Waste Sludge 
The disposal of waste sludges presented an 
additional problem for tanneries and rendering 
factories in the watershed. Tanning and render
ing wastewater contains high concentrations of 
solids - mainly hide and leather residues such 
as fleshings, hair, trimmings, shavings, buffing 
dust, etc. - that readily settle and create dense 
sludges. Because these sludges frequently 



caused sewer lines to become clogged and to 
eventually overflow, tanneries and rendering 
factories in the watershed were required to pre
treat their wastewater in settling lagoons before 
discharging it to the sewer. Sludges were then 
removed from the lagoons and placed in either 
on-site dumps or in public landfills. 

Several problems caused by these sludge 
dumps were reported by the Department of 
Public Health and other investigators. For ex
ample, in 1915, the Department of Health ob
served in its annual report that: 

In the course of many years large quanti
ties of organic matter, chiefly from tanneries, 
have been deposited upon the ground at 
many places in this valley, and the natural 
effect of the rainfall is to carry matters from 
these deposits, partly in solution and partly 
in suspension, into the streams.31 

In 1920, a Red Cross investigator reporting on 
health and sanitary conditions in Woburn 
noted: 

Because of the fact that chrome-tanning 
sludge is not allowed to flow into the Metro
politan Sewerage system, this material is 
kept in catch basins for two months and then 
piled upon a dump which is near Russell 
Brook. From this material a very irritating, 
obnoxious odor goes forth. 43 

Also, between 1921 and 1922, while conducting 
a survey of the watershed to assess the condi
tion of fish populations in the Aberjona River 
and its tributaries, State Department of Fisher
ies and Wildlife biologists identified three tan
ning sludge dumps that were draining into 
either Russell Brook or its tributaries.20 Simi
larly, in 1970 a Department of Public Health 
investigator found that leachate emanating 
from rendering residue dumps on the Stauffer 
Chemical Company property was draining 
into Halls Brook.44 

Even though tanneries and rendering com
panies in the watershed were required to per
form primary treatment to remove settleable 
materials prior to discharging wastewater into 
sewer lines, solids were invariably introduced 
into the sewerage. As a result, the deposition 

and accumulation of solids in the sewers con
tributed to several incidents of sewer line over
flow. Between 1927 and 1929, for example, the 
MDC sewer in Winchester regularly over
flowed, causing raw sewage and industrial 
wastes to drain directly into the Aberjona 
River.33-35 Also, for several years after it went 
on line, the Woburn extension sewer repeatedly 
overflowed, and, as a result, tanning and ren
dering wastes from companies in north Wo
burn spilled into the river.41,54-56 In order to 
reduce the frequency of sewage overflows, the 
Department of Public Health tried to institute 
a program of periodic sewer cleaning.41,56 The 
program successfully decreased the incidence 
of overflowing; however, in its report on sani
tary conditions in the Aberjona River and the 
Mystic Lakes in 1957, the Department of Public 
Health noted that material removed from 
sewer lines during cleaning was often left in 
piles near the manholes from which it was re
moved and, therefore, was a potential source of 
surface water pollution.6 

Leather Industry Waste Sites 
There are currently six sites in the watershed 
that are being investigated for the presence of 
leather industry waste contamination. The 
Massachusetts DEP is investigating two former 
rendering factory sites and three former tan
nery sites under the Oil and Hazardous Mate
rials Release Prevention and Response Act of 
1983 (i.e., MGL c.21(E)). The federal EPA is di
recting the investigation and remediation of the 
"Industriplex" site - where a large rendering 
factory once operated - under CERCLA (i.e., 

Superfund). 
60 South Bedford Street. Tanning and render

ing wastes were first discovered at 60 South 
Bedford Street (Site 14 on Figure 2) in October 
1984. Water from a brick vault uncovered dur
ing the installation of a swimming pool in a 
residential area was found to contain low con
centrations of metals and volatile organic com
pounds. A second vault was later found that 
contained "a red sludge with animal hairs." 
Sludge samples were analyzed and found to be 
contaminated with high concentrations of 
chromium and lead. A title search revealed that 
from the mid-1830s until the tum of the century 
a tannery operated on the site, and that be-
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tween the 1900s and 1977, the site was used by 
a hide and leather degreasing company. 

Following the discovery of the vaults, emer
gency measures were taken to reduce risks 
posed by the contaminants present on the site. 
A trench was excavated from which contami
nated groundwater was pumped, the sludge 
materials and vaults were removed, and wells 
were installed to monitor the migration of pol
lutants in the groundwater. A Phase II "Com
prehensive Site Investigation" has been 
planned to determine whether additional 
waste materials are present on the site and 
whether contaminant migration in groundwa
ter could impact local drinking water sup
plies.45 The site was placed on the state DEP's 
list of "confirmed" hazardous materials sites in 
January 1987.57 

5 Green Street. An assessment of the 5 Green 
Street Site (Site 45 on Figure 2) was performed 
in October 1984 to determine whether petro
leum products or other hazardous materials 
were present on the property. Six test pits were 
excavated and soil samples from one of the test 
pits were found to contain elevated concentra
tions of chromium. Site investigators attributed 
the chromium to tanneries that had operated 
on the site from before 1875 until 1938. Al
though other metals including beryllium, thal
lium and barium were also detected in soil 
samples, investigators concluded that the con
tamination does not pose a threat of off-site 
migration, and it was recommended that no 
further action be taken on the site.18 The DEP 
placed the site on its "Remedial Sites List" in 
January 1987.57 

8 Green Street. The results of an investigation 
of the 8 Green Street site (Site 44 on Figure 2), 
performed in December 1986, indicate that 
groundwater beneath the property is contami
nated with petroleum products and metals. 
Both oil and grease were detected, as well as 
low concentrations of arsenic, cadmium, mer
cury and lead. Historical records indicate that 
tanneries operated on the site from around 1875 
until 1934. A number of filled pits were also 
discovered on the property. Investigators spec
ulated that "the pits contain materials associ
ated with the tanning business such as leather 
scraps, wood, animal remains, minor amounts 
of grease and solvents, etc. "17 As a result of the 
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investigation, the DEP was notified, and in Oc
tober 1988 the site was placed on the DEP's list 
of "Locations to Be Investigated."57 

J.O. Whitten Company Site. An evaluation of 
the former J.O. Whitten Company property in 
Winchester (Site 61 on Figure 2) was performed 
in December 1984. A total of 33 test pits were 
excavated, eight monitoring wells were in
stalled and numerous soil, soil gas, sludge and 
groundwater samples were collected. In addi
tion, surface water and sediment samples were 
taken from the Aberjona River that abuts the 
eastern edge of the property. It was found that 
the soils and sediment samples were contami
nated with arsenic, chromium and mercury, the 
groundwater and surface water samples con
tained arsenic, barium, cyanide, toluene and 
benzene, and the soil gas samples had concen
trations of mercury vapor. Historical records 
indicate that a tannery operated on the site 
from 1872 until around the tum of the century. 
The property was then purchased by the J.O. 
Whitten Company which operated a gelatin, 
and later a glue, manufactory there until 1980. 22 

The DEP placed the site on its list of confirmed 
sites in January 1987. In January 1989, the site 
was given "Phase III" status, indicating that the 
development of the remedial response plan 
was underway.57 

J.J. Riley Company Site. The J.J. Riley Com
pany tannery (Site 22 on Figure 2) was first 
investigated by the EPA in 1980 to determine 
whether waste disposal practices at the site had 
resulted in violations of Resource Conservation 
and Recovery Act or Clean Water Act stan
dards. During a site inspection, EPA investiga
tors were told by company officials that two 
lagoons had been used until 1970 for the sepa
ration of settleable solids from chrome-tanning 
wastewater prior to discharging the wastewa
ter to the MDC sewer. Although the lagoons 
were no longer in use, the investigators noted 
that materials leaching from the lagoons could 
pose a threat to groundwater. The investigators 
were also told that waste sludge from an exist
ing sedimentation tank was routinely piled on 
the ground near the lagoons.58 In 1983, officials 
from the DEP inspected the tannery. In their 
report, the state inspectors wrote: 

With reference to non-hazardous sludges, 



John J. Riley Co. appears to be in violation of 
M.G.L. c.24 section 43 which prohibits the 
discharge of pollutants to the waters of the 
Commonwealth without a valid permit. ... 
The Company also appears to be in violation 
of Chapter III, section 150A, of the Solid 
Waste Disposal Act.59 

As a result of the EPA and the DEP investiga
tions, the site was placed on the state's "Loca
tions to Be Investigated" list in January 1987.57 

Industriplex Site. The "Industriplex" site (Site 
2 on Figure 2) is one of the oldest industrial sites 
in the watershed. It was first developed in 1853 
by the Chemical Works Company, which made 
acids and other chemicals for textiles, paper 
and leather producers. In 1863, the Chemical 
Works Company was acquired by Merrimac 
Chemical, which used the site to manufacture 
arsenic- and lead-based insecticides and explo
sives such as trinitrotoluene (TNT). By the tum 
of the century, Merrimac Chemical had devel
oped over 400 acres of the site and it soon 
became one of the largest chemical producers 
in New England. Between 1927 and 1936, own
ership of the chemical works changed three 
more times as the Monsanto Company (from 
1927to 1934), the New England Chemical Com
pany (from 1934 to 1936) and Consolidated 
Chemical Industries rebuilt the facility into a 
rendering factory. The companies used hides 
and leather scraps from tanneries in the water
shed as raw materials to make glue and grease. 
Consolidated Chemical used the site until 1960, 
when it was purchased by Stauffer Chemical 
Company. Stauffer maintained the glue manu
factory until it went out of business in 1968. 

Shortly after Stauffer abandoned the glue 
works, the property was acquired by the Mark 
Phillip Realty Trust. The trust wanted to de
velop the entire 400-acre site into an industrial 
park. As development proceeded in the north
ern end of the site, workers began to uncover 
piles of waste materials that the chemical com
panies had buried. In June 1979, the Army 
Corps of Engineers took action against the re
alty trust when it was discovered that dredging 
spoils and fill material were being dumped into 
the Aberjona River and adjacent wetlands. Act
ing under the authority of section 404 of the 
Federal Water Pollution Control Act, the Corps 

served a cease and desist order to the devel
oper, thereby temporarily barring work on the 
site. In its preliminary assessment of wetlands 
violations by the developer, the Corps noted 
that there were increased levels of heavy met
als, biochemical oxygen demand (BOD), bacte
ria and sedimentation in the Aberjona River. 
Suspecting that additional waste materials 
were also present on the site, state DEP and 
federal EPA officials conducted their own in
vestigations. These investigations revealed 
sludge lagoons contaminated with high levels 
of chromium, an earthen pit filled with lead
and arsenic-laden soil, twenty acres of render
ing residue piles that were generating large 
quantities of hydrogen sulfide and methane 
gas, and plumes of benzene and toluene in the 
groundwater. As a result of these discoveries, 
the EPA obtained a court order to prevent fur
ther development on the property. In October 
1981, the site was named to the EPA "Super
fund Interim Priorities List" of sites eligible for 
federal clean-up funding. In December 1982, 
the site was added to the final EPA "National 
Priorities List." 60 

Mass Balance Analysis 
of Leather Industry Wastes 
Taking into account the chemical characteris
tics of the wastes produced by tanning, leather
finishing and rendering operations, as well as 
historical manufacturing records, mass balance 
techniques can be used to estimate the amounts 
of waste chemicals produced by tanning oper
ations. Because much of the tanning industry 
in the watershed specialized in making 
chrome-tanned upper leather for shoes, special 
focus is given to chrome tanning of cattlehide. 

Cattlehide Tanning 
& Leather Finishing 
Tanning is the chemical process by which hides 
and skins are converted into non-putrescible 
leather. Tanning is accomplished by first re
moving the epidermal layer and subcutaneous 
flesh layer of the hide, followed by chemically 
stabilizing the remaining middle layer that is 
composed mainly of the protein collagen. 
Leather finishing involves any of several chem
ical processes such as bleaching, fat-liquoring 
and coloring, or mechanical operations such as 
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FIGURE 3. Process flow diagram for a "com
plete" chrome tannery. 

drying, staking and buffing. Finishing is per
formed to alter the surface characteristics of 
leather, such as thickness, texture, feel, etc., for 
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making specific leather goods. While there are 
basic steps to produce finished, chrome-tanned 
leather from raw cattlehide, there was perhaps 
wide variation in tanning practices among the 
many tanneries in the watershed. In the ab
sence of a complete record of each company's 
methods, the general practices of the industry 
as a whole are reviewed. 

When hides are removed from freshly 
slaughtered cattle, they are typically salt-cured 
to prevent bacterial decay. As a result, upon 
arriving at a tannery, cattlehides are often de
hydrated and contain large amounts of undis
solved salt, dirt, blood, manure and non-fi
brous protein. In order to prepare the hides for 
tanning, new hides are first processed in what 
is called a "beamhouse" where they are rehy
drated and cleaned (see Figure 3). After being 
"sided," or cut in half along the backbone, new 
hides are soaked to restore lost moisture and 
then washed to remove extraneous matter. The 
flesh layer is then cut away to allow easier 
penetration and more effective action of the 
tanning agents. Finally, the hair and epidermis 
are removed from the hide. Unhairing is fre
quently done by soaking hides in a series of 
successively stronger lime baths. Lime causes 
collagen fibers to separate, thereby allowing 
the dissolution of non-fibrous proteins. Lime
softened hides are then immersed in solutions 
of sodium sulfide, the strength of which can be 
controlled either to loosen hair for subsequent 
hair recovery or to pulp hair if hair recovery is 
not desired. 

Once hides have been prepared in the beam
house, they are transferred to the "tan yard" 
where tanning is performed. In the first tan yard 
process, called "bating," the surface properties 
of the lime-soaked hides are adjusted to facili
tate tanning. Hides are soaked in solutions of 
buffering salts, such as ammonium sulfate or 
ammonium chloride, and proteolytic enzymes, 
such as trypsin and chymotrypsin. Bating re
duces the pH and swelling of the hide, peptizes 
protein fibers and removes protein degradation 
products. It also softens the hide texture by 
removing unhairing chemicals and non-fi
brous proteins. After bating, hides are typically 
immersed in pickling solutions of salts and 
acids to reduce the pH of the hides so that 
chrome-tanning salts do not precipitate on the 



protein fibers during tanning. 
Once bating and pickling have been com

pleted, the hide is ready for tanning. Tanning is 
accomplished by milling the hides in baths con
taining chrome liquor (i.e., high concentrations 
of chromium salts dissolved in water). Triva
lent chromium in the liquor binds with the 
carboxyl groups (-COOH) on different peptide 
chains, thus increasing the chemical stability of 
collagen molecules. In chrome tanning, the 
most widely used process is the II one-bath" 
method, in which basic chromium sulfate is the 
tanning agent. Following tanning, hides are 
split into two distinct layers: the upper layer or 
grain layer, and the lower layer or split. The 
grain layer is more valuable than the split and, 
thus, many tanneries process only the grain 
layer, selling the splits to split-finishers or ren
dering factories. In the final tanyard step, the 
grain layer is shaved on a shaving machine to 
uniform thickness. 

After tanning, most cattlehide leather re
quires considerable finishing work before it can 
be made into leather goods. Typical finishing 
processes include vegetable retanning, bleach
ing, coloring and fat-liquoring. Vegetable 
retanning, in which chrome-tanned leather is 
given short baths in weak solutions of vegeta
ble tannins, results in leather that is in general 
fuller, plumper, more easily tooled and more 
water resistant than non-retanned leather. In 
bleaching and coloring processes, pigments 
and synthetic dyes - many of which contain 
cadmium, chromium, iron, lead, titanium and 
zinc61 - are used to give leather its desired 
appearance. Fat-liquoring is a procedure in 
which oils, greases and waxes are applied to 
leather to keep it soft and pliable, and to in
crease the strength and tear resistance of the 
leather fibers. 

A number of mechanical operations are also 
performed during leather finishing. The most 
common are trimming, drying, staking, dry 
milling and buffing. Trimming removes the 
rough edges and improves the appearance of 
the leather and makes the sides easier to handle 
for subsequent finishing steps. Trimming is 
often repeated several times during leather fin
ishing; as a result, trimming scraps can become 
a sizeable fraction of the solid waste stream. 
Because unfinished leather typically coi::itains a 

significant amount of water, sides are dryed 
until the desired residual moisture content is 
achieved. In drying processes, sides are either 
stretched on metal frames, pasted on large 
plates or hung on racks and then placed in 
low-temperature ovens, heated rooms or out
doors in direct sunlight. Buffing, or light sand
ing, of the grain side is typically performed to 
improve the final appearance of the leather. 

Characterization of 
Chrome-Tanning & Finishing Wastes 
The chemical properties of chrome-tanning 
and leather-finishing wastes have been well 
characterized. In studies by the New England 
Interstate Water Pollution Control Commis
sion62 and the EPA,63,64 which were conducted 
in order to assist the leather industry and pol
lution abatement agencies in their efforts to 
reduce waste pollution, tanning and finishing 
wastes were chemically analyzed. The results 
of these analyses indicate that tanning and fin
ishing wastes are composed of complex mix
tures of dissolved chemicals as well as settle
able and nonsettleable solids. Wastewater 
samples were found to contain dirt, blood, ma
nure, bactericides, salt, fleshings, grease, lime, 
acids, enzymes, hair, unfixed tanning agents, 
dyes, pigments, oils and buffing dust. Waste 
solids were shown to be composed mainly of 
protein and fat from fleshings, trimmings, 
shavings and buffing dust, in addition to undis
solved tanning and finishing chemicals. A list 
of tanning and finishing chemicals used in a 
typical complete chrome tannery is presented 
in Figure 4. The figure also shows the amounts 
of waste solids produced in each tanning and 
finishing component process. 

Efforts have been made to identify the haz
ardous chemicals in tanning and finishing 
wastes th~t pose the greatest risks to human 
health and the environment. In assessing the 
chemical composition of tanning and finishing 
wastes, EPA-contracted investigators classified 
wastes as II potentially hazardous" if hazardous 
constituents were present at levels exceeding a 
selected threshold. Potentially hazardous 
waste was defined as: 

[W]aste or combinations of waste which 
pose a substantial present or potential haz-
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Materials Added .. . .. 

IBa~ri::e~) - 7 
I lime (1,980) 
· Soda Ash (990) 

~a2S/NaHS~62_ _j 
r-----1 
I 

Cr(OH)SO4 (3,960) I 
(NH4)2SO4 (1,540) 

I NaCL(990) I· 
NaCOOH (792) 

I H2SO. (506) I 
LM~e~e: (550~ J 
rSyn~;~l,606-;- - 7 
I Fat Liquors (1,100) I .. · · 

Cured Cattlehides 
(27,060) 

Retan 
Color 
Fat Liquor 

F·leshings (1,760) 
I 
I 
I 

I I 
I I 
I I 
I I 

Miscellaneous Process I I 
Solid Wastes 1 I 
(1,210/990) ~ 

I I 
Trim (715/308) I I 
Shavings (i,046/880) 
S lits (l 6,720/7,480) 

l 
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Dyes & · · 
I Pigments (660) I r-~L--_J----'!'-- Volatiles to Atmosphere (880) 

L Misce~~s ~O~ J 
r Wale-;; s:i:e;;- - - 7 
I Base Finishes (2,200) I · · 
L Misc~~s~~ _ ~ 

Dry 
Trim 
Condition 
Buff 
Finish 
Trim 

Finished 
Leather 
(11,000) 

I 
I 

' Wastewater 

Leather Trim (251/220) 

Buffing Dust-(59/55) 

Finishing -Residues (330/99) 

Screenings (858/198) 

Sludge (5,940/66Q)_ 

Wastewater 
(Solids: 20,240) 

All units are 11¥1 ,000 equivalent hides on a dry weight basis, 
except solid wastes which are given on a weight/dry weight 
basis. An equivalent hide equals 40 square_feel. 

From Ref. 64 

Solid Waste 
(ll ,902/3,850) 

FIGURE 4. Materials used and wastes generated by a "complete" chrome tannery. 

ard to human health or living organisms 
because such waste is lethal, non-degrad
able, or persistent in nature; may be biolog
ically magnified; or otherwise cause or tend 
to cause detrimental cumulative effect_s.64 

Waste constituents were considered hazardous 
if they were radioactive, infectious, explosive, 
flammable, irritants or strong sensitizers, cor
rosive or toxic. The hazardous concentration 
threshold for various constituent chemicals 
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was selected as the mean of background con
centrations in soils in the United States. 

In their study, the investigators analyzed 
waste samples collected at different points in 
the solid waste streams of 28 tanneries in the 
United States. It was found that chromium (tri
valent), copper, lead and zinc were present in 
several waste samples at levels that exceeded 
their hazard thresholds. Citing the well-estab
lished toxic properties of chromium, copper, 
lead and zinc, the investigators concluded that 



TABLE 2 
Concentrations of Metals in Complete• Chrome Tannery Wastes 

Wastewater 
.. 

Concentration Weighted Mean Concentration Weighted Mean 
Range Concentration Range Concentration 

Metal ... (lb/1,000lb)§ (lb/1,000lb) (mg/I) (mg/I) 

Chromium§§ 3.3-5.8 4.0 40-120 76 
Copper 1 .2 X 1 o• l 1.2 X ,o-l 2.3 2.3 
Lead 7.7 x 1 0-2- 1 .4 x 1 o· 1 1.3 X ,o-l 1.5-1.7 2.5 
Zinc 4.2 x 1 o·2-6.7 x 10·2 6.2 X 10·2 0.8-1.3 1.2 

Waste Solids§§§ 

(mg/kg) (mg/kg) 

Chromium 1.2 X 10·1-3.2 8.9 X 10"1 7 .5xl 02-2.0x104 5.4 X 103 

Copper 4.6 X 10·5-7.7 X ,o-l 3.5 X 10·2 4.8x ,o·1-7.9x 103 3.6 X 102 

Lead 8.6 X ,0·4-4.0 X ,o-l 5.6 X 10·2 7.1-3.3x103 4.6 X 102 

Zinc 8.6 X 10·4-2.2 X 10·2 1.7 X 10·2 7.3-1.9 X 102 1.5 X 102 

·Ina "complete" tannery, both tanning and finishing are done. 
·• Includes concentration in settleable suspended solids. In converting units it is assumed that 6,300 gallons of water are used per 1,000 pounds 

of hide tanned. (From Reference 63.) 
··· Chromium is used primarily in tanning agents; copper is used in bactericides; lead and zinc are used in dyes and pigments. 
§ Units are expressed as pounds of constituent in waste per 1,000 pounds of hide tanned. 
§§ Values for chromium in wastewater are from References 62 and 65. 
§§§ Values from Reference 64. Based on 1.625 lb/ft2 average hide density. 

the solid wastes that contained these metals 
were potentially hazardous. Other hazardous 
constituents including arsenic, beryllium, cad
mium, mercury, selenium, zirconium, phenols 
and pesticides were also found in the waste 
samples, but at concentrations that were below 
the selected thresholds.63 

Concentrations of chromium, copper, lead 
and zinc in wastewater 'and waste solids sam
ples from "complete" chrome tanneries where 
both tanning and finishing were performed are 
presented in Table 2. In general, the average 
levels of chromium are an order of magnitude 
greater than the levels of the other metals. 
Although concentrations of these metals have 
been shown to be fairly steady in equalized 
discharges, unequalized effluent can have a 
widely varying composition. Bailey, for exam
ple, found that the chemical properties pf tan
nery effluent fluctuated considerably as a func
tion of discharge rate.66 Samples that were· 
collected over a 24-hour period from a catch 
basin in which effluent was held prior to dis
charge to the sewer showed the following vari
ations: 

• Suspended solids: 0 to 8,500 mg/1 
• BOD: 100 to 10,000 mg/1 
• Sulfide: 0 to 500 mg/1 
• pH: 3.0 to 11.0 

Samples of equalized effluent, however, 
showed considerably less variation: 

• Suspended solids: 100 to 500 mg/1 
• BOD: 600 to 900 mg/1 
• Sulfide: 0 to 24 mg/1 
• pH: 7.5 to 8.5 

The concentrations shown in Table 2 are for 
equalized discharges of wastewater and waste 
solids. 

In addition to the rate of discharge, chemical 
interactions in raw tannery wastes can have a 
large effect on concentrations of dissolved con
stituents. Chelation by organic matter and dis
solution due to the presence of carbonates can 
cause concentrations of metals - especially 
chromium - to deviate significantly from pre
dicted levels. In order to compensate for the 
effect of such interactions, the amounts of met-
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als generated in tannery wastes are normalized 
by the weight of hide tanned. Normalized con
centrations are used in the mass balance analy
sis to predict the total amounts of metals gen
erated in tanning and finishing wastes. 

Hide & Leather Rendering 
Rendering is the process by which grease and 
glue are extracted from animal hides, bones 
and leather. Rendering is typically performed 
by cooking raw materials in vats of water in 
order to liquefy fats and collagen. Grease is 
recovered by skimming off the fat layer that 
forms on the water surface. Glue is made by 
concentrating the dissolved collagen in the 
glue-stock. 

When chrome-tanned leather (i.e., scraps, 
trim and splits) is used in rendering, it is typi
cally treated with acids so that rendering prod
ucts are free of chromium. Leather is first 
placed in lime baths to allow fibers to swell, 
thereby increasing the surface area over which 
the detanning agents can act. The limed leather 
is then washed in solutions of suliuric acid, 
which cause the chromium to dissolve from the 
leather. Because leather contains chromium in 
concentrations of 1 to 2 grams/ ft2, considerable 
amounts of dissolved chromium may be pres
ent in rendering effluent. 

Although it is generally known when and 
where rendering activities took place in the 
watershed, detailed records documenting ren
dering operations could not be located for the 
majority of rendering companies. The only in
formation that was found was from the Stauffer 
Chemical Company, which operated a render
ing factory at the "Industriplex" site from 1960 
to 1968. Records from the late 1960s indicate 
that chrome-tanned leather accounted for ap
proximately 25 percent (or around 29 tons an
nually) of the raw materials used by the com
pany, and that nearly 50,000 to 60,000 pounds 
of rendering wastes (25 percent solids) were 
generated per day. 8 Information concerning the 
operations of other rendering companies in the 
watershed could not be obtained because the 
companies had either gone out of business or 
never kept such records. Because there was not 
enough production or raw materials consump
tion data to accurately characterize the render
ing industry in the watershed, chromium from 
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rendering wastes was not included in the mass 
balance analysis. 

Mass Balance of Metals in 
Tanning & Leather-Finishing Wastes 
Mass balance (or chemical accounting) tech
niques were used to estimate the amounts of 
four metals- chromium, copper, lead and zinc 
- produced in tanning and leather-finishing 
wastes in the watershed between 1900 and 
1936. The 36-year period was selected for three 
reasons: 

• During this period chrome tanning was 
the dominant tanning method practiced 
in the watershed; 

• It was the period during which the leather 
industry was most productive; and, 

• During this period most tanning and 
leather-finishing wastes were discharged 
into surface water bodies and dumps 
(after 1936, the majority of tanning and 
leather-finishing companies in the water
shed were connected to the sewers, and 
sewer overflowing was no longer persis
tently occurring). 

Two mass balance methods were used in the 
analysis. The first method, called the "Value 
Method," is based on the gross value of finished 
leather produced by the leather industry. The 
second method, the "Labor Method," is based 
on the amount of hide tanned and finished per 
manhour worked. Data used in the two mass 
balance methods was obtained from Census of 
Manufacturers records for the city of Woburn 
and from national statistics. Manufacturers're
cords for Winchester and Stoneham were not 
available for the period of interest. 

The two mass balance methods were used to 
generate independent estimates of the annual 
amounts of leather produced in Woburn. 

In the Value Method, shown in Table 3, the 
total annual value of products, in dollars, made 
by tanners and leather finishers in Woburn was 
compared to the national average unit price of 
leather ($/ ft2). In the Labor Method, shown in 
Table 4, the average number of wage earners 
employed in tanneries and leather-finishing 
companies in Woburn was compared with na
tional statistics for average number of hours 



worked per week and production per manhour 
(ft2/hr). The amounts of leather, in square feet, 
predicted by the two methods are shown in 
_column 4 of Table 3 and column 5 of Table 4. In 
applying both methods, it was assumed that 85 
percent of the leather produced was chrome
tanned. The total amounts of chrome-tanned 
leather estimated by the Value Method and the 
Labor Method for the 36-year period are 550 
million and 1,630 million ft2, respectively. 

In order to predict the amount of metals 
produced in tanning and leather-finishing 
wastes, effluent concentrations from Table 2 
were used. The amount of chrome-tanned 
leather (ft2) produced annually was first multi-

. plied by the average density of an equivalent 
hide, 1.625 lb/ ft2, 69 to determine the total 
weight of hide tanned (lb). The weighted mean 
concentrations of chromium, copper, lead and 
zinc in wastewater and waste solids (lb/1,000 
lb) were then multiplied by the weight of hide 
tanned to estimate the total amounts of metals 
(tons) generated in tanning and leather-finish
ing effluent. 

The amount of chromium in tannery 
wastewater and waste solids estimated by the 
two mass balance methods is presented in col
umns 5 and 6 of Table 3 and columI_ls 6 and 7 of 
Table 4. The two mass balance methods indi
cate that, between 1900 and 1936, on the order 
of 2,000 to 4,000 tons of chromium were gener
ated in tannery wastewater, and on the order of 
400 to 800 tons of chromium ·were generated in 
tannery waste solids. It is further estimated that 
during this period, tanning and leather-finish
ing companies produced on the order of 50 to 
110 tons of copper, 60 to 120 tons of lead and 30 
to 60 tons of zinc in wastewater, and on the 
order of 15 to 32 tons of copper, 26 to 52 tons'of 
lead and 8 to 16 tons of zinc in waste solids. The 
results of these estimates are plotted in Figures 
5 to 7. The total amounts of the four metals in 
both wastewater and waste solids predicted by 
the two mass balance methods are depicted in 
Figure 8. 

Three assumptions were used in applying 
the mass balance methods. First, it was as
sumed that the chemical characteristics of 
chrome-tanning and leather-finishing wastes 
have not changed significantly since the intro
duction of chrome-tanning methods. Thus, 

chemical analyses of tanning and leather-fin
ishing wastes performed in the 1950s and 1970s 
can be used to characterize wastes generated 
between 1900 and 1936. This assumption is 
reasonable for chromium, which is still the 
most widely used tanning agent; however, be
cause the history of copper, lead and zinc use 
in tanning and leather finishing is not well 
documented, it is uncertain whether this as
sumption leads the mass balance models to 
overestimate or underestimate the amounts of 
these metals produced in leather industry 
wastes. Second, it was assumed that 85 percent 
of the leather produced in Woburn between 
1900 and 1936 was chrome-tanned. This esti
mate is based on research conducted recently 
that indicates between 80 and 85 percent of 
leather produced in the United States is 
chrome-tanned.63,68 And third, in using the 
Value Method, it was assumed that the Census 
of Manufacturers' value of product data (col
umn 2 in Table 3) represent the value of finished 
leather. This assumption would result in an 
overestimation, using the Value Method, of the 
amount of leather produced if tanners and 
leather finishers reported profit on the same 
leather (i.e., if tanners sold unfinished leather to 
finishers and both reported income on that 
leather). 

Discussion 
In the absence of complete historical records 
documenting the amount of leather produced 
and describing the chemical characteristics of 
wastes generated by the leather industry in the 
watershed between 1900 and 1936, it is difficult 
to assess the accuracy of the waste metals esti
mates predicted in the mass balance analysis. 
Considering the limitations in the data avail
able for the analysis and the uncertainty inher
ent in the assumptions used, it is possible that 
the mass balance estimates could be off by as 
much as a factor of two. Nonetheless, if the 
results are skewed, then it can be argued that 
the bias is in favor of underestimation rather 
than overestimation. Leather industry statistics 
could not be found in Census of Manufacturers 
data for Winchester and Stoneham, and, there
fore, tanning and leather-finishing wastes gen
erated in these two towns were not included in 
the analysis (rough estimates suggest that Win-
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TABLE 3 
Amount of Chromium in Tannery Wastes as a Function of the 

Total Gross Value of Finished Leather Produced 

Square feet 
... 

Chrome- Chromium§ Chromium§ 

Total' Cost Per 
.. 

Tanned in Waste- in Waste 

Value Square Foot Leather Water Solids 

Year ($1,000) ($/ft2
) (1,000) (tons) (tons) 

1900 3,352 0.299 9,529 31 7 
1901 3,252 0.299 9,245 30 7 
1902 3,152 0.299 8,961 29 6 
1903 3,052 0.299 8,676 28 6 
1904 2,952 0.299 8,392 27 6 
1905 2,852 0.299 8,108 26 6 
1906 2,932 0.299 8,335 27 6 
1907 3,012 0.299 8,563 28 6 
1908 3,092 0.299 8,790 29 6 
1909 3,172 0.299 9,017 29 7 
1910 3,252 0.299 9,245 30 7 
1911 3,332 0.299 9,472 31 7 
1912 3,412 0.299 9,700 32 7 
1913 3,567 0.256 11,844 38 9 
1914 3,451 0.268 10,945 36 8 
1915 6,169 0.278 18,862 61 14 
1916 7,397 0.325 19,346 63 14 
1917 7,244 0.139 14,026 46 10 
1918 7,232 0.412 14,920 48 11 
1919 8,465 0.640 11,243 37 8 
1920 4,818 0.617 6,637 22 5 
1921 2,909 0.312 7,925 26 6 
1922 6,409 0.258 21,115 69 15 
1923 8,376 0.260 27,383 89 20 
1924 8,999 0.264 28,974 94 21 
1925 8,561 0.274 26,558 86 19 
1926 9,363 0.253 31,457 102 23 
1927 10,021 0.320 26,618 87 19 
i928 10,019 0.369 23,079 75 17 
1929 7,134 0.288 21,055 68 15 
1930 5,277 0.238 18,846 61 14 
1931 4,341 0.204 18,088 59 13 
1932 3,214 0.162 16,864 55 12 
1933 3,743 0.194 16,400 53 12 
1934 3,631 0.188 16,417 53 12 
1935 3,136 0.188 14,179 46 10 
1936 3,322 0.196 14,407 47 10 

Totals: 553,219 1,798 400 

· Reference 50 (1900-1904, 1906-1913 values interpolated from 1895, 1905 data). 
·• Reference 67 (values for 1900-1912 are average of 1913-1936 data). 
~-- It is assumed that 85 percent of the leather produced is chrome-tanned.63

·
68 

!t An "equivalent" raw cattle hide is 40 square feet in area. It is assumed that the average weight of an equivalent hide is 65 pounds.69 

.. The average amount of chromium in wastewater of a complete chrome tannery is 4 lbs/1,000 lbs of raw cattle hide.62
•
65 

!t!t The average amount of chromium in sludge generated by a complete chrome tannery is 0.891 lb!tl ,000 lbs of raw cattle hide tanned.64 

chester and Stoneham may have produced as 
much as one-tenth the amount of wastes gen
erated by the leather industry in Woburn). Also, 
_because there was not enough information to 
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adequately characterize the rendering industry 
in Woburn, it too was excluded from the anal
ysis. In light of recent investigations at former 
rendering sites in Woburn, the exclusion of ren-



TABLE 4 
Amount of Chromium in Tannery Wastes as a Function of the 

Amount of Finished Leather Produced Per Manhour 

. .. ... Square Feet§ 
Chromium§§ Chromium§§§ Average Average Product Chrome-

Number Number Per Tanned in Waste- in Waste 
Wage Hours Per Manhour Leather Water Solids 

Year Earners Week (ft2/hr) (1,000) (tons) (tons) 

1900 915 39.50 25.56 40,832 133 30 
1901 901 39.50 25.56 40,207 131 29 
1902 887 39.50 25.56 39,583 129 29 
1903 873 39.50 25.56 38,958 127 28 
1904 859 39.50 25.56 38,333 125 28 
1905 845 39.50 25.56 37,708 123 27 
1906 843 39.50 25.56 37,619 122 27 
1907 842 39.50 25.56 37,574 122 27 
1908 840 39.50 25.56 37,485 122 27 
1909 839 39.50 25.56 37,441 122 27 
1910 837 39.50 25.56 37,351 121 27 
1911 835 39.50 25.56 37,262 121 27 
1912 833 39.50 25.56 37,173 121 27 
1913 832 39.50 25.56 37,128 121 27 
1914 919 39.50 25.56 41,011 133 30 
1915 1,274 39.50 25.56 56,853 10'.J 41 
1916 1,264 39.50 25.56 56,406 183 41 
1917 1,100 39.50 25.56 49,088 160 36 
1918 1,040 39.50 25.56 46,410 151 34 
1919 1,140 39.50 25.56 50,873 165 37 
1920 865 39.50 25.56 38,601 125 28 
1921 593 39.50 25.56 26,463 86 19 
1922 1,200 39.50 25.56 53,550 174 39 
1923 1,568 39.50 25.56 69,972 227 51 
1924 1,453 42.54 23.90 65,296 212 47 
1925 1,223 43.07 25.81 60,091 195 44 
1926 1,259 43.18 24.30 58,390 190 42 
1927 1,379 41.19 24.63 61,836 201 45 
1928 1,299 41.71 23.53 56,350 183 41 
1929 1,105 44.18 23.69 51,118 166 37 
1930 911 40.89 24.69 40,652 132 29 
1931 795 42.74 26.98 40,520 132 29 
1932 759 42.74 24.68 35,387 115 26 
1933 842 41.29 27.02 41,521 135 30 
1934 916 37.75 27.84 42,550 138 31 
1935 814 34.08 28.94 35,485 115 26 
1936 762 17.99 26.26 15,911 52 12 

Totals: 1,628,987 3,677 819 

• Reference 50 (1900-1904, 1906-1913 values interpolated from 1895, 1905 data). 
•• Reference 67 (values for 1900-1912 are average of 1913-1936 data) . 
... Ibid. 

§ It is assumed that 85 percent of the leather produced is chrome-tanned.61
·
68 

ss An "equivalent" raw cattle hide is 40 square feet in area. u·is assumed that the average weighi of an equivalent hide is 65 pounds.b'J 
The average amount of chromium in wastewater of a complete chrome tannery is 4 lb~l ,000 lbs of raw cattle hide.62

·
65 

m The average amount of chromium in sludge generated by a complete chrome tannery is 0.891 lb,/1,000 lbs of raw cattle hide tanned." 

dering wastes from the analysis would result in 
the omission of significant amounts of chro
mium. At the "Industriplex" site, for example, 
glue manufacturing wastes are distributed 

over a 35-acre area, of which approximately · 
half contains chromium at concentrations ex
ceeding 1,000 mg/kg, or 0.1 percent by 
weight.60 Using conservative estimates of the 

CIVIL ENGINEERING PRACTICE FALL 1990 59 



;;; 
(I) 

< .,, 
C: 
g 
E 
:::, 

.E 
0 

..c 
u 
0 
.£ 
"E 
ctl 
:::, 

a 

300 

250 

200 

150 

100 

so 

1900 

.a.•••• Labor Method 

+ + 1 1 + Value Method 

1910 

- ------

1920 1930 1940 

Year 

FIGURE 5. Comparison of the total quantity of chromium in tannery wastes as predicted by 
two mass balance methods. 

depth (20 feet) and. density (2 g/ml) of the 
rendering wastes, it is estimated that on the 
order of 1,000 tons of chromium are present on 
the site. It follows, therefore, that if wastes from 
the other rendering companies that operated in 
the watershed were also included in the analy
sis, the amount of chromium predicted would 
be considerably larger. 

An important question raised by the results 
of the analysis is: What has happened to the 
waste metals generated by the leather indus
try? It is likely that large amounts of metals 
discharged in leather industry wastewater are 
no longer present in the watershed. Wastewater 
discharged to sewer lines was carried out of the 
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watershed and then either treated at Deer Is
land or dumped directly into Boston Harbor. 
Wastewater discharged to the Aberjona River 
and its tributaries ultimately flowed into the 
Mystic Lakes. Because leather industry 
wastewater contains large amounts of solid 
materials, it is likely that the binding of waste 
metals to settling solids was a significant trans
port process. In support of this hypothesis, 
there is mounting evidence that large quantities 
of waste metals were deposited in quiescent 
zones along the course of the Aberjona River 
and its tributaries, and in the Mystic Lakes.70,71 

Rough estimates suggest that as much as ten 
percent of the chromium predicted in leather 
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FIGURE 6. The quantity of metals in tannery wastes based on the gross value of the finished 
leather. 

industry wastewater (200 tons) is present in the 
sediments of the Mystic Lakes. Current re
search is focused on identifying other surface 
water bodies where metals may have accumu
lated. 

In addition to finding high concentrations of 
metals in river and lake sediments, large 
amounts of waste metals have also been discov
ered in abandoned lagoons and sludge dump
ing areas in the watershed. Though efforts have 
been made to identify the dumping areas that 
pose the most immediate environmental and 
human health risks, it is likely that other, less 
obvious leather industry waste disposal sites 
are scattered throughout the watershed. 

Conclusions 

Tanning, leather finishing, and hide and leather 
rendering were once an important part of the 
economy in the Abetjona watershed. Records 
indicate that between 1838 and 1988, approxi
mately 100 tanneries, leather-finishing compa
nies and rendering factories operated at over 67 
sites in Woburn, Winchester and Stoneham. For 
50 years, between the 1870s and the late 1920s, 
the leather industry employed nearly 55 per
cent of all wage earners in the area, and ac
counted for more than half of the total annual 
value of goods produced in the watershed. His
torical documents and records also indicate 
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FIGURE 7. The quantity of metals in tannery wastes based on the finished leather produced 
per manhour. 

that the leather industry used considerable 
amounts of hazardous chemicals, and rou
tinely discharged wastes to surface water bpd
ies, lagoons and dumps throughout the water
shed. Mass balance models based on 
manufacturing statistics estimate that between 
1900 and 1936 roughly 2,000 to 4,000 tons of 
chromium, 65 to 140 tons of copper, 85 to 175 
tons of lead and 40 to 75 tons of zinc were 
generated in leather industry wastes. 

Currently, officials from the EPA and Massa
chusetts DEP are investigating six sites in the 
watershed that are contaminated with leather 
industry wastes. On one former rendering site, 
it is estimated that over 1,000 tons of chromium 
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discharged in leather detanning effluent are 
distributed over a 35-acre area. Other locations 
where waste metals have been found in the 
watershed include depositional areas in ponds, 
lakes and tributaries. 

Pollution problems have been investigated 
for the past ten years, but not on a watershed
wide basis until the last three years. Surface 
water, groundwater, sediment, soil and air 
samples have been collected and analyzed to 
determine the extent and approximate concen
trations of anthropogenic chemicals at sites 
throughout the watershed. The ultimate goal of 
this research is to determine how hazardous 
wastes are distributed in and move through the 
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watershed, and how humans may be exposed 
to, and affected by, particular waste chemicals. 
An important first step is to identify which 
hazardous chemicals were most widely used in 
the watershed, and which are most likely to be 
present in environmental samples. From the 
descriptive history of the leather industry, its 
chemical usage and its waste disposal prac
tices, it is eviden t that wastes containing haz
ardous metals - in particular, chromium, cop
per, lead and zinc - were routinely discharged 
to surface waters and dumps throughout the 
watershed . Mass balance analyses indicate that 
considerable quantities of these metals were 
present in the wastes. Based on these conclu-

sions, it is hypothesized that a significant frac
tion of the total amount of metals discharged in 
the leather industry wastes is still present in the 
watershed. In testing this hypothesis, research
ers have used the historical information to di
rect sampling and analytical programs toward 
identifying metals in samples collected in sed
iment deposition areas and in parts of the wa
tershed where the most active leather industry 
sites were located. 
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Issues 

Ethical Engineering 
Practice & Creativity: 
Educating Younger 
Engineers in a 
Computer Society 

Old means of providing the 
apprenticeship of engineers 
can no longer keep apace 
with the benefits in time, 
cost and creativity that 
computerization brings. 

BRIAN BRENNER 

In recent years, advances in technology 
have had a tremendous effect on the design 
profession. With the advent of the greater 

availability of powerful, inexpensive comput
ers and effective software, engineers can now 
directly solve technical problems in a few 
hours, ten times as fast as the old manual solu
tions, which were less accurate. 

Much attention has been focused on the 
technical application of these significant ad
vances in computer science within the profes-

sion of civil engineering. Less has been said 
about another aspect of this subject that is hav
ing as great, if not greater, effect on the way 
engineers do their work. Computers are not 
only changing the technical quality of civil en
gineering work, but they are also changing the 
way engineers go about the business of their 
profession. This change affects engineers both 
individually (in terms of how they perform 
their own work) and collectively (in terms of 
how they work with and report to each other), 
especially with regard to the training of new 
engineers. The question of the conflict between 
creativity and ethical engineering is integral to 
this change. It is of particular interest to youn
ger engineers, the ones who are most involved 
with, and affected by, computer use. 

The Apprenticeship Method 
Traditionally, civil engineering education has 
been handled, in a broad sense, by a master 
engineer-apprentice format. For most design 
offices, newly-graduated engineers need to ac-
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quire several years of that magic, all-important 
ingredient called "experience" to complete 
their education. The key elements of civil de
sign could not be learned solely through four 
or more years of formal education. Only 
through a period of informal on-the-job educa
tion could the younger engineer gain the skills 
needed to make the jump from engineering 
graduate to design professional by a sort of 
"osmosis." The length of this apprenticeship 
period varied according to the young 
engineer's chosen discipline within civil engi
neering and the nature and structure of the 
organization taking a chance on completing his 
or her education. This arrangement served the 
design industry well for many decades. 

In the past, all branches of civil engineering 
design have required weeks of manual calcula
tions to solve design problems. Over the years, 
clever engineers developed short-cut methods, 
rules of thumb, and effective approximations to 
get at the required information. Despite the use 
of these short cuts, the brunt of the work re
mained: days of tedious moment distribution, 
days of tedious processing of geotechnical lab 
results. For the experienced engineer, this prob
lem was actually an opportunity. Younger en
gineers were assigned the task of completing 
these manual calculations. 

The basic assumption of this method was 
that in the process of trudging through this 
work, the new engineer would indirectly gain 
the required knowledge that defines experi
ence. By working through different analyses, 
the younger engineer learned not just how to 
perform the analysis, but also determined 
which method was most appropriate to solve a 
particular design problem. By manually mark
ing up drawings, the engineer not only helped 
complete the work, but also learned about ap
propriate details and how drawings were put 
together. For the senior engineer, it was a good 
arrangement: the cumbersome manual work 
provided a format to train inexperienced engi
neers, and the availability of the younger engi
neers to do this work freed the more senior 
engineers to conceptualize the problem and 
guide it to its solution. 

The Effect of Computerization 
However, computers - especially the prolifer-
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ation of the new cheap and powerful personal 
computers (PCs) - are changing the tradi
tional process of completing design work. In 
minutes, computers can solve problems that 
used to require days to complete. For example, 
an inexpensive PC-based frame program can 
analyze the whole frame and even select the 
appropriate members. In this way, a week's 
worth of the young engineer's time is reduced 
to a few hours. Lengthy manual calculations 
are no longer necessary. On the other hand, no 
longer will the junior engineer gain that intan
gible - "experience" - by plowing through a 
mountain of tedious manual work. 

Ethics & Creativity 
In general, ethical engineering practice requires 
that engineers provide their clients with safe, 
economical, utilitarian designs that take into 
account the various constraints that are recog
nized to affect the design. In the American So
ciety of Civil Engineers Code of Ethics, two of the 
Fundamental Principles state that engineers 
should uphold and advance the integrity, 
honor and dignity of the engineering profes
sion by "using their knowledge and skill for the 
enhancement of human welfare" and by" striv
ing to increase the competence and prestige of 
engineering." 1 

With the widespread availability of comput
ers, what is possible in design has been ex
panded dramatically both in terms of the qual
ity as well as the quantity that can be generated. 
It can be viewed as being unethical not to pro
vide clients with the type of service that the use 
of computers can provide, now that that capa
bility exists. In addition, there is the issue of 
competition to address. Firms employing com
puters might be better able to compete with 
firms that use more highly-skilled labor-inten
sive methods. Organizations with half the per
sonnel of larger firms may be now able to com
pete effectively. 

However, it is equally unacceptable to inad
equately train younger engineers. Because the 
new technology is making impractical the way 
junior engineers were trained in the past, the 
design profession must find new ways for 
young engineers to gain experience. 

As the structure of engineering design 
changes and engineers seek a new format to 



train inexperienced engineers, the profession, 
as a whole, should consider the following 
points: 

• Using computers to train new engineers 
• Developing standards for computer use 
• Motivating younger engineers 

Computer Training 
First of all, computers can be used to help train 
younger engineers. Junior designers can learn 
through the process of iteration, because com
puters make iterative design a speedier and, 
therefore, more feasible process. For example, 
in the same amount of time it takes to solve a 
complicated building frame by moment distri
bution, the young designer can run ten frames 
on the computer, varying assumptions and 
learning, by trial and error, how the structure 
behaves. Also, civil engineering software writ
ers can incorporate artificial intelligence meth 
ods into the programs so that not just analysis 
techniques, but the decision-making process 
itself can be learned. 

While it is unlikely that computers will re
place human beings in the design office, the 
machines, when creatively used, can speed the 
learning process, the gaining of experience. For 
this process to be successful, management must 
provide the apprentices with the time to do it. 
Previously, junior engineers involved in the 
preparation of manual calculations, however 
tedious, were considered to be performing 
"billable" work. This same accounting ap
proach must be provided for periods of educa
tion. Successive iterations and a "master-ap
prentice" analysis of these iterations should be 
viewed as integral to the design process and be, 
therefore, billable. 

Standards & Guidelines 
Consultants and professional societies should 
develop detailed standards and guidelines for 
the use of computers within the field of design 
engineering. Such standards can help form the 
framework not only for civil engineering com
puter use, but for the new, computerized edu
cation process for younger engineers. When 
prepared and applied properly, these standards 
should help fill the gap in the development of 
engineering expertise. These standards might 

cover such areas as: 

• Recommended or authorized applica
tion software (for example, spreadsheets 
or moment analysis or statistical manipu
lation); 

• Guidelines or instructions on how to use 
the application software for specific tasks; 

• Standard, minimal or average expecta
tions for work performed using comput
ers; 

• Standardized formats for data exchange 
(for example, for computer-aided design 
file transfer); or, 

• Standardized interfaces for applications 
to reduce the time required to learn new 
application programs. 

While these standards should help engi
neers avoid repeating past mistakes and pro
vide ::i meanc to ev::i.lua.te work produced using 
computers, they must not be allowed to be
come too rigid. Because of the rapidly changing 
nature of engineering software and hardware, 
designers must be free to creatively adapt de
veloping technologies to their needs. Com
puter standards must grow and adapt with the 
engineers, not stifle creative computer use. 

Motivating Younger Engineers 
Junior engineers must adopt a more aggressive 
approach towards the gaining of experience. 
The days of leisurely, tedious manual calcula
tions are ending, along with the framework in 
which new engineers learned their profession. 
In this period of change, with no firmly estab
lished process for gaining experience in place, 
young engineers must seek out engineering 
knowledge and not wait for it to fall into their 
heads. 

The new environment in consulting offices 
will provide less and less need for engineering 
"dog work," and, thus, less and less need for 
lazy junior engineers, or those who are content 
to perform such "dog work" and not rise be
yond it. On the other hand, the situation pro
vides a great opportunity for industrious 
young engineers to gain professional insight 
and make substantial contributions to the de
sign process sooner than in the past. Managers 
and senior supervisors must encourage this 
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kind of cont1ibution, and not fall back on the 
old, manual procedures as a way of maintain
ing control of younger engineers. 

Liability & Computer Use 
Any change in design and construction meth
ods makes liability a serious concern. As the 
use of computers has become more wide
spread, some engineers have had difficulty in
corporating automation into their work. All 
sorts of improper structural designs, construc
tion failures, and even bidding mistakes have 
been blamed on the machines. These engineers 
have concluded that the computers, and not 
their own ignorance, is at fault. 

Likewise, as computers are relied on more 
and more to help train inexperienced engi
neers, engineers will suffer through the laments 
of the old timers who claim that, if only those 
youngsters had done it the old, "correct" way, 
then they would know how to do it properly. 
The key point here is to remember that a com
puter is a tool. Members of a profession are 
expected to be able to use the tools of their 
profession in a competent manner. When they 
do not, they can be liable for negligence. When 
used correctly, excellent designs and competent 
engineers are the result. 

Summary 
Computers present a special challenge to youn
ger engineers who are at the forefront of the 
new automation technology. 

It is ethically required of the younger engi
neer to contribute more to the design process 
sooner in his or her career. Just as senior engi
neers and managers can no longer have the 
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luxwy of assigning weeks of "baby-sitting" 
manual calculations, junior engineers can no 
longer sit back and enjoy the luxury of allowing 
design experience to "seep in." It is ethically 
required of younger engineers to learn their 
profession more quickly. It is ethically required 
of younger engineers to actively help redefine 
the way design work is done, because, with 
their knowledge of computers, younger engi
neers know better ways of getting the work 
done. 

This type of contribution requires tremen
dous flexibility on the parts of both younger 
engineers and more senior managers. The re
sults of this contribution would be faster, more 
economical and more creative solutions to de
sign problems whether they be complex or sim
ple. Given the current state of the engineering 
profession, not to make such a contribution 
deprives the client of the best possible engi
neering work, and, thus, can be seen as being 
unethical. 

BRIAN BRENNER graduated from 
the Massachusetts Institute of Tech
nology in 1984 with thedegreesof B.S. 
and M.S. in civil engi.neering. He is 
currently a Senior Structural Engi.
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the lead tunnel designers for the depressed Central 
Artery in Boston. 
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Historical Review 

The Panama Canal: 
Uniting the World 
for Seventy-Six Years 

The background, planning 
and construction of an 
outstanding engineering 
achievement presents lessons 
that are still worth knowing 
in a high-tech age. 

FRANCIS E. GRIGGS, JR. 

O n August 15, 1914, the steamer Ancon 
made the first passage through the 
Panama Canal from the Atlantic 

Ocean to the Pacific Ocean. Following the ship 
through the Canal was Colonel George 
Goethals, the Chief Engineer of the Panama 
Canal project. The canal worked flawlessly on 
that day and has worked day-in and day-out 
for the past seventy-six years. No project built 
to that date, and possibly since then, has been 
of that magnitude and has been constructed 
under such unfavorable environmental condi
tions. 

The Isthmus 
The Isthmus of Panama runs primarily in an 
east to west orientation at a latitude of approx
imately 10° north (see Figure 1). The location of 

the canal is approximately at the same longi
tude as Buffalo, New York. The isthmus is as 
narrow as 35 miles at Darien and is approxi
mately 50 miles wide at the canal site. The 
northern slopes of the isthmus are drained pri
marily by the Chagres River which can range 
between the extremes of being a docile stream 
to a raging torrent that can rise over 40 feet in a 
twenty-four hour period. The rugged Cordille
ras that hug the Pacific side of the isthmus 
range from an elevation of 278 feet at Culebra 
to over 1,000 feet at other locations east and 
west of Culebra. 

There are two seasons in Panama: rainy and 
dry. The dry season is concurrent with winter 
in the United States and has been described as 
being a_s close as anyone could ever come to 
paradise. The rainy season, however, is as close, 
for anyone who is working with soil and rock 
excavation, to the worst possible weather that 
could· ever be imagined. It rains every day 
and at an intensity that has to be experienced 
in order to be appreciated. The isthmus had 
been called a pest hole, with diseases such as 
yellow fever and malaria being as common as 
measles and mumps were at that time in the 
United States. 

Panama was discovered by western man in 
1502 when a Spanish explorer by the name of 
Rodrigo de Bastidas sailed northward and 
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FIGURE 1. Map of Panama. 

went into a 200-yearsleep as far as ·exploration 
and development-was-concerned.----:--~----

westwarcia]ong the-isthmusa--The-follo_wing 
year Christopher Columbus, the Admiral of the 
Seas, sailed southward and eastward· from the 
Yucatan Peninsula to present day Panama. He, Initial-Plans for a Canal 
in fact, spent the Christmas of 1503 anchored in A canal across the isthm1,1s had been discussed 
the Bay of Limon, the location of the northern almost from the beginning. by the kings of 
end of the cai.:ial. Thi_s voyage; the fourth by · · Spain, but other than some crude mapping ex
Columbus to the new world in his search for a peditions little was done until the middle of the · 
strait to the west, was like his others.,..-- a fail tire. nineteenth century to bring the dreams of many . 
The strait to the west would have to wait for to reality. In 1846; th_e·United States signed the 

. twentieth century man. Bidlack- Treaty with. Colombia,· of which 
In 1513 Balboa mounted a hill on the isthmu·s Panama was then a part, giving the United · · 

and saw the Pacific Ocean, what the native $tates the right to build and ~aintain a trans
Indians called the "South Sea." This discovery, portation_ system across the isthmus by any : 
and subsequent pillaging and plundering ex- · means then known or that.would be known in 
peditions by the Spanish Conquistadors such the future in exchange for certain trading priv~ · 

· _ as Pizzaro and Cortez, made it necess!3-ry to· find ileges. The Senate ratified the treaty and Presi- · 
an easy way to move the rewards of their rape dent James Polk signed it! but they had ·little 
of the Indians back to Spain. As _early as 1560 . appreciation of the future significance it would 
the Spaniards built a road, El Camino Reale (the have. 
King's Highway), across the isthmus from the All this changed in 1848 when gold was 
area. around Panama City to several different ·discovered at Sutter' s Mill in California. The 
cities near the present northerly end of the forty-niners wanted t<;> go west by the fastest 
canal, first Porto Bello and later Nombre de means possible before the gold was all gone 
Dicis, both towns named by Columbus in his and they had missed their chance to become 
1503.trip. After the pillaging stopped, Panama · instant· millionaires. They had three routes 
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FIGURE 2. Survey of routes by the United States. 

open to them at the time: 

• Cross the plains and mountains of the still 
wild west (it took two months to travel 
those 3,000 miles); 

• Sail or steam around Cape Hom (it took 
two months to travel 9,000 miles); or, 

• Take a steamer to Panama, take a raft 
which was poled up the Chagres River by 
a native who would discharge the trav
eler at Gamboa, then be guided across the 
Cordilleras on foot, and arrive at Panama 
City to take a steamer or sailing ship to 
California (it took one month and covered 
4,000 miles, a good deal of which would 
be under high risk of attack from bandits 
in Panama). 

It was just prior to this time that two Ameri
cans, George Law and William H. Aspinwall, 
received concessions to provide steamship and 
mail connections from the east coast of the 
United States to the mouth of the Chagres River 
and from the west coast to Panama City. Next, 
they proposed the construction of a railroad 
across the isthmus and contracted with two of 

the premier civil engineers of the time, Colonel 
Joseph Totten and John C. Trautwine, to under
take such a project. 

Starting construction in some of the worst 
possible conditions in a disease-ridden country 
must have been a sobering experience even for 
men with the background of Totten and 
Trautwine. After five years of dealing with yel
low fever, malaria, cholera and serious finan
cial problems, sufficient progress was made 
and with help from the forty-niners who would 
pay almost anything to speed up their passage 
across the isthmus, they completed the railroad 
in 1855. It was not much of a railroad when it 
opened, b ut it did, on its single track, provide a 
connection between the Atlantic and Pacific 
Oceans, making it the first transcontinental 
railroad. 

The United States was never very far away 
from planning for the construction of a canal. 
Almost every President from James Polk on 
either commissioned studies or surveys to de
termine the best route across the isthmus. The 
Senate in 1866 had a comprehensive study 
made of all the routes that had been considered 
in the past. This report, replete with beautiful 

OVIL ENGINEERING PRACTICE FALL 1990 73 



FIGURE 3. Ferdinand de Lesseps. 

maps, shaped the United States' planning for 
several years until President Grant restated the 
country's position on any future canal: any 
such canal would have to be under the control 
of the United States. He sent out many survey 
teams to determine, using the best surveying 
techniques available, the most desirable route 
for a canal. On the basis of these surveys, the 
Nicaragua Route (see Figure 2) became the 
United States' choice. A private company in fact 
did start the construction of a canal on this 
route in the early 1870s but ran out of funds 
after a ve1y short time. 

The French Plan 
It was into this period of attempting to realize 
continually mulled dreams that Ferdinand de 
Lesseps (see Figure 3), the famed builder of the 
Suez Canal, became interested in the challenge 
of crossing another isthmus with a canal. After 
the opening of the Suez Canal in 1869 his status 
as an entrepreneur made him one of the most 
well known and respected Frenchmen of his 
time. Even though he was not an engineer, he 
was justifiably known as Le Grand Fraw;ais due 
to his having succeeded in instances where 
most of his contemporaries were sure that he 
would fail, either through lack of money or 
through lack of technical expertise. H e would, 
when people asked him what his business was, 
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FIGURE 4. Lucien Napoleon Bonaparte 
Wyse. 

answer "Isthmuses." 
De Lesseps commissioned, along with a 

group of movers and shakers interested in ge
ography, Lucien Napoleon Bonaparte Wyse 
(see Figure 4) to make a trip to the Panama 
region and make a survey of a route or routes 
that could be considered for a French canal. 
After a minimal effort at actual surveying, 
Wyse made a little side trip to Colombia and 
received a concession from the government 
permitting him to build a canal anywhere east 
of the existing Panama Railroad. On his way 
home, he traveled to Washington in order to see 
if he could obtain copies of the American sur
veys that had been commissioned by Grant, but 
he was unsuccessful in his attempts. 

Back in France, Wyse made his results 
known to de Lesseps and an investment-devel
opment group headed by Istvan Turr. They sent 
him back to Panama to do some more survey
ing, and then they went to work setting up an 
"International Symposium on an Isthmanian 
Canal" to be held in Paris in the spring of 1879. 
The purpose of this symposium was to bring 
together all of the experts from around the 
world to discuss which route across the isth
mus would be most advantageous. The sympo
sium included the involvement of engineers, 
entrepreneurs, politicians, shipping experts 



and bankers. 
The Americans came fully prepared to state 

the case for the Nicaragua route as well as to 
describe some of the other routes that they had 
considered. Wyse presented the French plan 
which was really not a plan at all, since it was 
based more on faith than fact. When the vote 
on a sea level route at Panama was being taken, 
de Lesseps with his usual flair for the dramatic, 
voted yes and made a triumphal boast that he 
would lead the effort. 

A review of the voting, however, showed 
that it was not the engineers who supported 
this route. Instead, support for the sea level 
canal came from individuals who were under 
the spell of de Lesseps. Those that were in a 
position to know said that the jungle, disease, 
and the Chagres River made it highly improb
able that the kind of canal that de Lesseps 
wanted to build could be built. One forward
looking Frenchman, Godin DeLepinay, had in
stead proposed an "Artificial Nicaragua" 
which would be accomplished by building a 
lock canal with an artificial lake that would 
store the waters of the Chagres River, thereby 
making it an ally rather than an enemy in the 
construction and maintenance of the canal. De 
Lesseps, attempting to repeat his success at 
Suez, was blind to these suggestions and was 
obsessed with his ability to accomplish the im
possible, just like he had done at Suez. 

The story of the initial financing of the canal 
by de Lesseps is a fascinating one, but it would 
require a book to fully relate all of its details. 
Suffice to say that the bankers and financiers, 
newspaper editors and politicians, as well as 
the average person on the street who invested 
his or her life's savings, wanted to get their 
hands into the very large pie that de Lesseps 
was proposing. After a false start that raised 
little money, he and his son Charles went along 
and played the game the way the money men 
wanted and raised enough to start the canal. 
The cost of doing business in this way, however, 
proved to be one of the main reasons for the 
eventual failure of the French effort. 

De Lesseps then made a symbolic journey to 
Panama to break ground on January 1, 1880. 
This trip was made during the dry season and 
was de Lesseps's first time in Panama. Reports 
of his excursion are filled with statements about 

his charm and vitality, even though he was in 
his late 70s. They portray him as a" rainmaker" 
type of individual who had supreme confi- · 
dence in his ability and the inevitable techno
logical fixes that would develop at the time that 
he needed them - just like what happened at 
Suez. He was not to visit Panama again until 
1886 when things were falling apart for his 
company and then only to try and salvage his 
effort to raise more money through the sale of 
lottery bonds. 

The story of the French failure that appears 
in most historical accounts centers around de 
Lesseps, money, corruption, greed, disease, 
earthquakes and even a revolution. From the 
vantage point of the typical civil engineer on 
the project, it was a constant struggle against 
bureaucracy, unrealistic expectations, insuffi
cient funds, inflexible leadership and finally a 
struggle against the three natural enemies: dis
ease, the Chagres River and the jungle. 

De Lesseps originally planned to have con
tractors build his canal and, true to form, con
tracted with Couvreux Hersent, the same firm 
that he had used at Suez to do the job. The 
company prepared for the massive project dur
ing 1880 and 1881. The best civil engineers in 
France were ready and eager to be part of this 
glorious triumph and many graduates from 
L'Ecole Polytechnique, the premier engineer
ing college in the country made the trip to 
Panama. 

What these engineers found was something 
altogether different from what they had bar
gained for. Almost from the beginning Paris 
started calling the shots from afar, thus depriv
ing the engineers of the necessary control. One 
of the first examples of this distant bureaucratic 
control came when Gaston Blanchet, the 
contractor's chief engineer, wanted to clear a 
path 400 feet wide across the entire isthmus for 
purposes of doing, for the first time, a profes
sional survey in order to provide the engineers 
with a good look at actual ground conditions. 
The response from Paris was to cut only a 40-
foot wide corridor. 

The definitive plan for the canal was also 
under development at this time, but there was 
no question that it was to be a sea level canal 
and the engineers had to develop plans to make 
this type of canal work. Keep in mind that 
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FIGURE 5. French ladder excavator. 

many engineers, French and American alike, 
had told de Lesseps that the Chagres River 
would not permit the construction of a sea level 
canal. In spite of this knowledge, the French 
engineers on the site were instructed to find a 
way to make it work. By this time, disease 
(mainly yellow fever and malaria) was starting 
to take its toll on the visitors from Europe. The 
natives who were still alive were immune to 
yellow fever since most had survived earlier 
cases of the dread disease. At this time, it was 
commonly thought that the disease came from 
some mysterious germ from the swamps called 
miasma. 

Excavating soil and rock during the rainy 
season proved extremely difficult. Under pres
sure to show some progress while they were 
working on a plan to harness the Chagres River, 
the engineers started dredging from both 
oceans inland using primarily American-built 
dredges. Progress for this type of excavation 
was good; in fact, if they were building a 100-
foot wide canal, their efforts would have been 
of value. The French equipment, however, was 
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unable to discharge the excavated material far 
enough away from the banks to prevent much 
of the excavated materials from sliding back 
into the already excavated canal. The ladder 
dredges (see Figure 5), despite excellent work
manship, were just too small to do the job. The 
railroad rolling stock that was employed was 
the best available in the early 1880s, but it was 
insufficient for the job. 

What the engineers did not seem to realize, 
based on the evidence, is that the task of exca
vation was only a relatively minor part of the 
overall challenge. The main difficulty was how 
to transport the excavated materials from the 
Culebra Cut to the spoil areas and, once there, 
how to quickly unload the soil and rock in order 
to get the cars back to the excavators. The 
French constantly found that their dirt trains 
got bogged down in their own previously 
dumped material. In short, they never had a 
system in place that could guarantee that the 
excavators would always be excavating and 
not sitting around waiting for the dirt trains to 
return. 



FIGURE 6. Map of the proposed canal route. 

Failure of the Sea Level Design 

The major problem, however, regarding what 
to do with the Chagres River remained un
solved by the French, perhaps because it virtu
ally precluded any solution. The elevation of 
the Chagres River at the point where it was to 
make its first contact, near Gamboa, with the 
line of the sea level canal was approximately 45 
feet above sea level and about 32 miles from the 
Atlantic Ocean (see Figure 6). The Chagres 
River drains a large and steep watershed and, 
as a result, is subject to rapid transition from 
stream to raging torrent. To prevent it from 
flooding the excavation, the French proposed 
to dam it upstream and dig a diversion channel 
in order to separate the river waters from the 
ocean waters. This project, however, required a 
major effort in and of itself, and it was for this 
reason that it was finally deemed to be totally 

FIGURE 7. Phillippe Bunau-Varilla. 

impractical. 
One French engineer, however, distin

guished himself for his vision in trying to solve 
many of the problems mentioned above. He 
was Phillippe Bunau-Varilla (see Figure 7), a 
graduate of L'Ecole Polytechnique, and a be
liever in de Lesseps and the ability of French 
technology to accomplish the task. He came to 
the isthmus to work for the company after the 
contractors were excused from their contract, 
and was given a responsible position im
mediately working for Jules Dingler, Director 
General and a well-known French engineer. At 
this time, yellow fever was rampant and even 
though the French built the best hospitals and 
provided excellent nursing care, the chances of 
surviving the fever were exceedingly small. 
Dingler' s wife and children diec.~of the disease 
as did many other Frenchmen. Bunau-Varilla 
himself was infected, but he was one of the few 
who managed to survive. 

After Dingler left the isthmus in late 1885, 
Bunau-Varilla found himself at the age of 
twenty-seven in charge as Director General of 
the largest construction project in the history of 
man until such time as another, more senior 
engineer could be sent over from France. Dur
ing his stay as Director General, he made many 
recommendations that, if followed, might have 
saved the day for de Lesseps. 
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If de Lesseps had been more directly in
volved with the project, he would have realized 
that the technological fix he always counted on 
resided in the mind and abilities ofBunau-Vari
lla. The young engineer had proposed, among 
other things, that all excavation for the canal be 
performed in the wet by creating artificial lakes 
with locks at either end of the lakes. This con
struction method would enable the canal to be 
used as a lock canal during the excavation pro
cess. Thus, within this system, excavation 
could be continued in order to deepen the lakes 
until such time as it would be possible to re
move the lock gates of the highest lake so that 
the highest level lake would now be at the level 
of the lower lake. In time, the canal could even
tually become a sea level canal, with the tolls 
collected in the meantime applied to the cost of 
completing the canal, thus minimizing the 
amount of capital that had to be raised by sell
ing bonds. He also proposed and implemented 
erecting large wooden railroad trestles in the 
dump areas in order to eliminate the problems 
of the dirt trains being bogged down in the 
mud. 

In 1886 Bunau-Varilla resigned as an em
ployee of the project development company 
and went into partnership with others and be
came a contractor on the canal. By this time, 
however, money was running out and word 
was getting back to France tl1at all was not well 
and that one of the greatest financial disasters 
in history was about to occur. De Lesseps had 
gone back to the citizens of France on several 
occasions for more support, always with glow
ing reports about the progress being made on 
the canal. He was able to obtain more money to 
carry on, but at progressively higher rates of 
interest which is usually the case when lenders 
question the safety and quality of their loans. 

The government, in order to check the exact 
extent of the progress being made on the canal, 
sent an investigator, Armand Rousseau, to ob
tain first-hand information and to report back 
on his findings. De Lesseps realized that his last 
chance to salvage the canal was at hand, and 
made his second trip to Panama to urge on his 
workers in late 1885, during the dry season of 
course. Based on what he saw during this trip, 
he decided to change the design of the canal 
(the conclusion reached by Bunau-Varilla, Ar-
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mand Rousseau and his own new Director 
General Leon Boyer) to a lock canal and to bring 
into the project leading French civil engineers 
such as Gustave Eiffel. 

After making these changes in 1887, de 
Lesseps again asked for authorization from the 
national Chamber of Deputies for the sale of 
lottery bonds. The Chamber of Deputies finally 
approved the sale of the bonds in June of 1888, 
but de Lesseps, despite frantic appeals to the 
French people, failed in raising the amount 
needed. It was shortly after this failed attempt 
to raise new monies that the company he 
headed was placed into receivership. Not too 
long after that, in February 1889, a liquidator 
was appointed to salvage what he could for the 
original shareholders. 

Restructuring for a Second Try 
The New Panama Canal Company was formed 
by the liquidator in 1894. Many financiers and 
contractors who had made small fortunes 
through their original involvement with de 
Lesseps on the canal, including Bunau-Varilla, 
were forced to invest in the new company 
under threat of prosecution and jail. Their 
primary task was to see that work proceeded 
on the canal at such a rate that the concession 
with Colombia could be maintained and ex
tended. The real purpose of the new company 
was, in the opinion of many, to keep the com
pany going long enough in order to sell its 
assets to someone else, most probably the 
United States. 

Investigations conducted in 1893 into the de 
Lesseps company revealed that fraud, bribery 
and greed were prevalent in the financial circles 
and newspapers of France. Much of the money 
raised through the sale of bonds had gone into 
the pockets of individuals who did not contrib
ute to the construction of the canal. 

It should not be forgotten, however, that the 
French engineers made significant progress on 
the construction of the canal. They excavated 
over 50,000,000 cubic yards of soil and rock; 
they built hospitals, villages, harbors and piers; 
and they left vast amounts of equipment that 
could be used by anyone who wanted to come 
in to pick up the pieces and translate de 
Lesseps' dream into reality. 

The fact that they had spent in excess of 



FIGURE 8. William Nelson Cromwell. 

$287,000,000 would, however, detract from the 
work the French engineers had performed and 
leave the impression in the minds of many that 
they had not accomplished anything. 

From an engineering standpoint, the French 
engineers had made excellent surveys, mea
sured the flow in the streams and rivers and 
had begun to develop a plan to perform the 
excavation of Culebra by following some of the 
suggestions of Bunau-Varilla. They also proved 
that western man could come into the tropics 
and build an isthmanian canal thousands of 
miles away from civilization. If the French had 
started the canal twenty years later when 
equipment of much larger size and capacity 
was available, and the source of yellow fever 
and malaria was known, there is not much 
doubt that, even with corruption on the home 
front, they could have built a lock canal at 
Panama. 

The Panama Canal 
How the United States got involved in the con
struction of a canal at Panama is told in great 
detail in The Path Between the Seas, by David 
McCullough, 1 and by Phillippe Bunau-Varilla 
in his fascinating book, Panama: The Creation, 
Destruction, and Resurrection. 2 The United States 
from 1899 to 1902 was strong in its belief that 
when a canal was built it would be built by the 

FIGURE 9. Theodore Roosevelt. 

United States and it would be a lock canal 
through Nicaragua. Largely through the efforts 
of Bunau-Varilla, William Nelson Cromwell 
(see Figure 8), lawyer for the New Panama 
Canal Company, George Morison, a civil engi
neer and member of the Isthmanian Canal 
Commission, Senator Mark Hanna and finally 
Theodore Roosevelt (see Figure 9), the new 
President of the United States, this sentiment 
was changed to Panama. As a result of their 
efforts, the Spooner Act was passed by Con
gress which gave the President the authority to 
negotiate with both Colombia and the New 
Panama Canal Company for the purpose of 
arriving at a treaty with Colombia and at an 
acceptable purchase price for the French com
pany. If these negotiations were unsuccessful, 
the President was authorized to initiate the 
process required to construct a canal through 
Nicaragua. 

The Senate ratified the Hay-Herran Treaty 
with Colombia and all was apparently set for a 
smooth beginning of construction by the 
United States. All, that is, except for ratification 
of the treaty by Colombia. After some bitter 
words back and forth between the United 
States and Colombia, the treaty was rejected by 
Colombia. The Colombians apparently wanted 
more than the $10,000,000 the United States 
was offering them and felt that the some of the 
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FIGURE 10. John Finley Wallace, first Chief 
Engineer. 

$40,000,000 that was to be paid to the New 
Panama Canal Company should come to them. 
They also had some concerns about sover
eignty over the land on which the canal was to 
be built. To say that Theodore Roosevelt was 
unhappy with what he referred to as those 
"Bandits in Bogota" or "that Bogota lot of jack 
rabbits" would be vastly understating the case. 

In November of 1903, a group of Panama
nian locals unhappy with Colombia' s rejection 
of the treaty revolted and took control of what 
is now Panama. This uprising was planned in 
part by Bunau-Varilla, William Nelson Crom
well and a handful of Panamanians. In order to 
ensure its success, the revolution needed and, 
from a Colombian viewpoint, was granted the 
support of the United States and its gunboats. 

What happened behind closed doors in 
Washington is not entirely known. Some say 
that Theodore Roosevelt was fully aware of 
everything going on and that he approved of 
the dispatch of gunboats to Panama and the 
subsequent actions of United States forces 
taken to protect passage on the Panama Rail
road. However involved Washington was in
volved with the" revolution," Roosevelt recog
nized the new country of Panama two days 
after the revolution, which was fast even by his 
own standards. Roosevelt was to state later in 
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his autobiography that his foreign policy was 
based on: 

"the exercise of intelligent forethought 
and of decisive actions sufficiently far in 
advance of any likely crisis." 

He further stated that: 

"From the beginning to thf:' Pncl onr 
course was straight-forward and in absolute 
accord with the highest st,m<lardG of inlcrna · 
tional morality. Criticism of it can come only 
from misinformation, or else from a senti
mentality which represents both; mental 
weakness and a moral twist." 

So, in Roosevelt's mmd, what ht! <lit! was a 
measured response to the situation that he 
faced and one in which he had predetermined 
all of his possible courses of action under a 
variety of eventualities. 

As noted, we may never know the exact 
story behind the uprising. On November 18, 
1903, two weeks after the revolution, Secretary 
of State, John Hay, signed a treaty with Panama 
that had been drafted by none other than 
Phillippe Bunau-Varilla, Envoy Extraordinary 
and Minister Plenipotentiary to the govern
ment of the United States of America. The Sen
ate viewed this new treaty as an improvement 
over the Hay-Herran Treaty and it was ratified 
on December 2, 1903. The Hay-Bunau-Varilla 
Treaty was somewhat reluctantly ratified by 
the Panamanians on February 23, 1904, as the 
first order of business of the new government. 
On November 4, 1904, the United States flag 
flew over the newly acquired territory - the 
Canal Zone - for which it was, by treaty, to act 
as if it were sovereign in perpetuity. 

At that moment the dreams of Americans 
from Bidlack to Roosevelt seemed about to 
come true, but no less perhaps than the man 
with the greatest commitment to the canal in 
terms of time and passion - Phillippe Bunau
Varilla - would realize his dreams as well. He 
had been involved with the Canal since 1884, a 
period of over twenty years. Bunau-Varilla was 
to write in his book: 

"I have fulfilled my mission ... I had 



FIGURE 11. Bucyrus steam shovel. 

safeguarded the work of the French genius, 
I had avenged its honor: I had served 
France." 

He might have gone on to say that his company 
was to receive $453,200 of the $40,000,000 paid 
to the New Panama Canal Company. Perhaps 
he did what he did for the glory of France and 
French genius; or, perhaps he did what he did 
in order to salvage a bad investment. The actual 
motivations for his actions will never be 
known, but this may be one situation where the 
interpretation that puts him in the best light 
might be the most accurate one. 

It was now time for the United States to go 
in and pick up the pieces left by France and 
show the French how American know-how 
and determination would make the "dirt fly." 
Such was not the case, however, since the first 

year of the American effort made the French 
actually look good. The problem was not a lack 
of money but a lack of leadership and a circu
itous decision-making organization. 

John Finley Wallace (see Figure 10), one of 
the top construction engineers in the United 
States and President of the American Society of 
Civil Engineers (ASCE) in 1900, was selected by 
President Roosevelt to be Chief Engineer. Un
fortunately, the Spooner Act prescribed that the 
project be overseen by a seven-man lsthmanian 
Canal Commission without explicitly defining 
what were the lines of authority within the 
project. In addition, most of the commission 
was located in Washington, D.C., far away from 
the work. Given the failure of the French, there 
was substantial pressure on the chief engineer 
to produce results quickly. Wallace succumbed 
to this pressure and was seemingly obsessed 
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FIGURE 12. John Stevens, second Chief En
gineer. 

with making the "dirt fly" and, as a result, 
never really was able to share his plan, if he had 
one, with his men . 

Wallace's staff was also graced with the ad
dition of the n oted physician, Dr. William 
Gorgas, to control the effects of disease on the 
project s taff and workers. Gorgas had been se
lected for his post because of his experience in 
clearing Havana of yellow fever in a very short 
period of time. What he had learned and ac
complished there, Gorgas had been assigned to 
repeat in Panama. H owever, Wallace did not 
believe that mosquitoes spread yellow fever 
and malaria, and, as a result, did not support 
Gorgas's efforts. 

The layout of the area to be cleared of the 
Stegomyia and Anopheles mosquitoes was differ
ent from Havana, but the procedures to be fol
lowed were the same. Gorgas knew that 
Stegomyia, the yellow fever mosquito, would be 
easiest to eradicate, since h e knew their breed
ing habits, places where they laid their eggs, 
their range of movement and life cycle. He also 
knew the importance of keeping these mosqui
toes away from infected people. The Anopheles 
mosquito, the carrier of malaria, posed a much 
greater problem, but at least he knew how to 
attack them and minimize their effect. 

Wallace and the poor organizational struc-
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ture, however, did not supply Gorgas with the 
men and materials needed to accomplish his 
task. As a result, yellow fever returned to the 
isthmus. Even though the outbreak of the dis
ease was rriuch less severe than in the time of 
the French efforts, panic set in and many 
Americans abandoned the project. Morale was 
poor, output was poor, planning was not evi
dent, corruption flourished, and all Wallace did 
was keep on digging with the equipment the 
French had left behind. 

Observers would later say that Wallace 
never had his heart in the job and feared for his 
life. This evaluation may very well have been 
true, and the Canal Commission might have 
been partly to blame for the dismal state of 
affairs in Panama, but the man at the top must 
have a vision for a project of this magnitude to 
succeed in this type of inhospitable environ
ment. The project director must be able to instill 
confidence and enthusiasm for the task in those 
engineers that work for him. 

Wallace surely sh ould have been up to this 
challenge considering his background in the 
United States. The fact that h1s salary ot $25,000 
was higher than that of any government official 
except the President was an indication of how 
much was thought of him and how much was 
expected of him. As is often the case when a 
project is floundering, the man in charge does 
not measure up to the task. 

Wallace's inability to lead was covered up by 
his constant complaining to the Secretary of 
War, William Howard Taft, about his problems 
in getting the supplies he needed. He also 
brought up again for discussion the old issue of 
whether the United States should be building a 
sea level canal or the lock canal that had been 
recommended by the Canal Commission. 

Perhaps his greatest contribution to the 
canal project was the decision to u se the 
Bucyrus 95-ton steam shovel as the primary 
excavation machine (see Figure 11). Realizing 
the sad state of organizational affairs, he asked 
for more authority and was about to get it when 
he suddenly resigned (or was fired depending 
on whose account is to be believed) in June of 
1905, less than one year after he accepted the 
leadership of the greatest construction project 
ever attempted by the United States. In his own 
words written ten years later he stated: 

--1 



"The foundations of all great structures 
are hidden from sight, and only the architec
tural effect of an imposing building resting 
thereon appreciated. Nevertheless without 
the foundations the final structure could not 
be erected, and without any expectation of 
public appreciation either at present or in the 
future, I felt in my own conscience that my 
compensation would consist in the personal 
feeling that during the strenuous period of 
preparation at least a foundation of ideas in 
organization and plans had been made, and 
that the misunderstandings which I may 
have had with the administration and those 
above me at least made the way easier for my 
successors." 3 

It is hard to find anyone connected with the 
enterprise who agreed with Wallace's appraisal 
of the foundation that he believed that he had 
placed or of the plans he had developed. John 
Stevens (see Figure 12), the second Chief Engi
neer for the project and Wallace's successor, 
revealed: 

"When I reached the zone, conditions 
could have been worse, but they were bad 
enough. No real start at any effective work 
on the canal project had been made, no 
organization worthy of the name had been 
effected, sanitary reforms were rea1Jy just 
b eginning, little new plant had been 
provided, and little that was absolutely 
needed had been ordered ... In such organi
zation as existed, no cooperation was appar
ent-exactly the opposite-and no system
atic plan, as far as could be discovered, had 
been formulated toward carrying out the 
work along lines promising any degree of 
success."4 

Stevens also remaiked that Wallace had 
what appeared to be a " thorough case of 
fright." He was also to note shortly after he 
began to work that: 

" [T]here are three diseases in Panama, 
they are yellow fever, malaria, and cold feet 
and the greatest of these is cold feet." 

Stevens, a railroad builder of national repu-

FIGURE 13. George Washington Goethals, 
third Chief Engineer. 

tation, was a self-made man who made his 
career on the frontier working for James Hill in 
the layout and construction of the Great North
ern Railroad. He was a "can-do" man who 
believed that hard work was the key to success 
in any venture. When he anived at Panama in 
the summer of 1905, he found that the place, as 
noted above, was in as bad shape as President 
Roosevelt led him to believe it was. He saw at 
once that there was no coordination between 
groups that should have been cooperating, and 
that the Panama Railroad, which was the key 
to success, was in terrible condition. He also 
observed that the men were not being properly 
fed, housed and caied for. He found that: 

"[W]orse than all, over and above in the 
diseased imaginations of the disjointed force 
of white employees, hovered the Angel of 
Death in the shape of yellow fever."4 

His first major decision was to suspend all 
digging until he had determined that the proj
ect was in such a state that digging could be 
efficiently and wisely undertaken. As part of 
these preparations, he furnished Gorgas with 
all the resources he needed under the proviso 
that Gorgas control outbreaks of yellow fever 
on the isthmus in four months. 
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While the disease eradication efforts were 
going on Stevens had additional housing con
structed; he arranged to have recreational fa
cilities erected; he brought in food and ice; and 
he built bakeries for the workers. He then or
dered the latest and highest capacity locomo
tives and dirt cars, upgraded the track, and 
employing the Bucyrus shovels, which had 
been ordered by Wallace, laid out a railroad 
network that would move the dirt efficiently 
from Culebra and other cuts to the spoil areas. 
He was everywhere along the route and the 
workers finally could see that they had a leader 
who shared with them his vision, enthusiasm 
and plan. In short, he was everything that 
Wallace was not. 

Stevens also requested more authority than 
had been given to Wallace. Roosevelt modified 
the commission to give him what Wallace had 
requested. This level of authority later proved 
to be insufficient. Nevertheless, in less than six 
months Stevens had turned the entire project 
around and was ready to begin digging. 

One of the main problems Stevens faced was 
that some of the engineers still thought the 
United States should be building a sea level 
_canal. Wallace had urged Taft and Roosevelt to 
build a sea level canal before he was replaced. 
In fact, a commission formed by President Roo
sevelt with well:known civil engineers making 
up most of the membership, recommended by 
a majority vote that a sea level canal 150 feet 
wide should be constructed. A Senate commit
tee also voted in favor of a sea level canal. On 
the other hand, Stevens overwhelmingly' sup
ported a lock canal. This canal's primary design 
feature was a major dam at Gatun to store the 
waters of the Chagres River. The canal as pro
posed was in fact very much like that described 
by Godin DeLepinay in 1879 in Paris. Roose
velt, however, listened to Stevens who had seen 
the Chagres River in flood and decided to ap
prove the lock canal design as supported by 
Stevens. With that issue finally out of the way, 
excavation began in earnest and the United 
States embarked on the years of work necessary 
to accomplish the task. 

Stevens had fabricated a well-oiled machine 
that offered the promise of success. Things 
were looking so good that President Roosevelt 
made a trip to Panama to see for himself what 
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was going on. In one way, his visit was reminis
cent of de Lesseps's trips, since he seemed to be 
everywhere and seeing everything. However, 
unlike de Lesseps, he came in the rainy season 
and the workers were amazed to see the Presi
dent of the United States slogging through the 
mud. He was to report back to Congress that 
the "Army of Panama" was at work on this 
project, the most important construction job in 
the history of the country. 

Suddenly, early in 1907, Stevens began to 
disturb Roosevelt and Taft with the tenor of 
some of his statements and attitudes. Shortly 
thereafter Stevens either resigned, or was fired, 
once again depending on a subjective interpre
tation of the events and personalities involved. 
So, less than two years after he began as chief 
engineer, he left his post in a most curious 
manner. In three years the project had had two 
chief officers. However, the main difference this 
time from Wallace's vacating the post was that 
conditions on the isthmus were in far better 
shape. Stevens later reflected that: 

"We handed over to the army engineers u 
well-planned and built machine, one that 
was running fairly smoothly, with perhaps a 
squeak or a hot bearing here and there, as is 
always inevitable with new machinery. Im
provements in detail could be made, as 
would have been the case no matter who had 
been the engineer. But the fact remains that 
no radical change was made in any of its 
component parts, and that it proved such a 
success was no surprise whatever to me."4 

Roosevelt was beside himself and decided 
that: 

"[T]he only way to carry forward the 
great project was to put at the head of the 
organization a man who would be com
pelled, under the rigor of military law, to 
remain at his post of duty." 

This man turned out to be Major George Wash
ington Goethals of the U.S. Army Corps of 
Engineers (see Figure 13). Goethals was the son 
of Belgian immigrants who settled in Brooklyn 
in 1848, the year that gold was discovered in 
Sutter' s Creek in California. He attended the 



City College of New York for almost four years 
but did not graduate since he had received an 
appointment to the United States Military 
Academy at West Point in April of 1876, the 
year of the Centennial of the Nation. Graduat
ing in 1880 near the top of his class, he was 
commissioned as a Second Lieutenant in the 
Engineers Corps on June 12th. 

His assignments prior to his service on the 
canal included several years of teaching at the 
Engineer School of Application and at the 
Academ y. He also worked for Colonel William 
Merrill on the construction of locks and dams 
on the Ohio River, and as assistant in the design 
of locks and dams on the Cumberland and 
Tennessee Rivers. For that project, he had major 
responsibility for maintaining the river in nav
igable condition while keeping in operation the 
Mussel Shoals Canal. 

It was on this particular assignment that he 
rounded out the experience that he would need 
to succeed at Panama, since he built and oper
ated a 14-mile long railroad that served as a 
supplement for the construction and operation 
of the canal. Later, he was to design and build 
locks at Colbert Shoals that had a vertical lift of 
26 feet. This lock represented a remarkable 
achievement, since up until that time a lift of 14 
feet was considered to be a large lift. 

After a stint as Assistant to the Chief of En
gineers in the Spanish-American War, he re
turned to teach at West Point. He was subse
quently appointed to the National Coast 
Defense Board, which was also called the Taft 
Fortification Board. It was in this capacity that 
he came into close contact with William How
ard Taft, Secretary of War to President Roose
velt. He toured extensively with Secretary Taft 
and made a visit to Panama with him in 1905 
during Wallace's year as Chief Engineer. Taft 
later urged John Stevens to appoint Goethals as 
Assistant Engineer. Stevens declined this rec
ommendation, since he was looking for a "rail
road man" and not a specialist in locks. 

With Stevens's resignation, Goethals's time 
had arrived. It was as if his entire career had 
pointed him toward this moment and project. 
He had experience with the design and con
struction of locks, railroads, and major excava
tion projects. He also had experience in the 
management of large numbers of rnen and 

demonstrated an ability to work with the bu
reaucracy and Congress. In addition, he had the 
support of Secretary Taft and, therefore, of Pres
ident Roosevelt. 

On February 26, 1907, Goethals was ap
pointed Chief Engineer and arrived in Panama 
in March to take over from John Stevens. Real
izing that the civilians at work on the canal 
were apprehensive about working for a mili
tary man who would have other military per
sonnel as his assistants, Goethals stated early 
on that: 

"I am no longer a commander in the 
United States Army. I am commanding the 
Army of Panama, the enemy is Culebra Cut 
and the locks and dam." 

He further told them that the organization 
would be no more military than in the past, 
except in the precision of its work, and that no 
person who did his duty, whatever the person's 
rank or station, need have any fear of the in
coming administration.5 

Goethals, upon his appointment, possessed 
complete control of everything that occurred at 
Panama since Roosevelt had found another 
way to get around the Spooner Act. The Presi
dent simply made all of Goethals's assistant 
engineers members of the canal commission 
that was called for in the act. In addition, the 
engineers would all reside on the isthmus and 
report directly to Goethals. Roosevelt had sup
posedly informed the new members of the 
commission that: 

"[I]f at any time you do not agree with his 
[Goethals's] policies, do not bother to tell me 
about it -your disagreement with him will 
constitute your resignation."5 

The commission consisted of George Goethals, 
William Gorgas, William Sibert, David Gail
lard, Harry Rousseau, Joseph Blackbum and 
Harry Hodges. All of them were military men 
except for Blackbum who was a former Senator 
from Kentucky and who had little responsibil
ity and no authority. 

So when Goethals took the reins, the organ
izational problems were over, a lock canal had 
been decided on with a dam at Gatun, the 
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FIGURE 14. Gatun Locks. 
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railroad had been upgraded and a system for 
transporting the spoil had been pu t into place 
by Stevens. Gorgas had rid the zone of yellow 
fever and was working on malaria. Housing, 
food supplies and recreational facilities were 
provided for the workers and their families. In 
short, the United States was sparing no expense 
in order to provide everything needed to en
sure the project's success. 

Many people who have written about the 
canal have implied tha t all Goethals had to do 
was to oversee the continued functioning of the 
system that had been established by Stevens. 
Noth ing could be further from the truth: 

• Nothing had been done on Gatun Dam 
other than the taking of borings; 

• Nothing had been done on the detailed 
design of the locks; 

• Final plans for harnessing the Chagres 
River had not been drafted; and, 

• No one had developed a plan to stop or 
minimize landslides. 

While evidently not an inspirational leader 
like Stevens, Goethals gave the impression tha t 
he was "one of the guys," and he did gain the 
respect and admiration of the workers. Accord
ing to the workers, Stevens was referred to as 
"Big Smoke," while Goethals was referred to as 
the "white haired Colonel," the "old man" or 
"the Colonel." Most, if not all, of the workers 
on the isthmus would speak highly of Goethals 
years after the completion of the canal. He al
ways praised the workers and their dedication 
to the task. He was, however, quick to send 
home anyone whom he felt was not doing his 
job. 

As an engineer, he completed the plans for 
the Gatun Dam, the largest earth fill dam ever 
built. The dam was built in spite of some bad 
press back in the United States that held that it 
would never be safe due to excess settlement or 
that it would never hold water due to "under
ground rivers." 

Goethals also modified the arrangement of 
the locks on the Pacific side by moving one set 
of locks back from Sosa Hill to Miraflores be
cause of poor soil conditions encountered at the 
original site. This solution was also justified 
from a military standpoint, since Miraflores 

h 'j ,: 
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FIGURE 15. Gatun Dam. 

was safer from bombardment by ships lying off 
the southerly end of the canal. 

The construction of the dam and locks at 
Gatun was placed in the hands of Colonel 
Sibert who had worked on the famous Poe Lock 
on the Soo Canal and had other experience in 
building locks and dams around Pittsburgh 
(see Figures 14 and 15). His relations w ith Goe
thals were strained, but they never reached the 
breaking point. He did, however, get his licks 
in when he collaborated with John Stevens in a 
book enti tled, The Construction of the Panama 
Canal, 6 in 1915. 

The design of the gates for the locks and the 
maze of tunnels with their huge gate valves 
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FIGURE 16. Concrete work on the locks. 

went to Colonel Harry Hodges. Construction 
of the locks began in 1907 and was completed 
in 1913 (see Figure 16). A total of over 5,000,000 
cubic yards of concrete was used for the project, 
with all of the cement and sand having to be 
shipped to the isthmus. Never had such a quan
tity of concrete been placed on one project be
fore. 

Efficiency was the order of the day and the 
cost accounting system set up by Goethals was 
able to track costs accurately and, in many 
cases, able to challenge the workers to perform 
better. 

But all of these tasks, major though they 
were, could not measure up in magnitude to 
the excavation required at Culebra that Goe
thals had assigned to Colonel Gaillard. When 
Goethals took over, he estimated that he would 
have to excavate approximately 54,000,000 
cubic yards from the Culebra Cut. Before this 

88 OVIL ENGINEERING PRACTICE FALL 1990 

part of the project was completed, a total of 
more than 100,000,000 cubic yards had been 
excavated. Part of this increase was due to the 
fact that Goethals had widened the canal to a 
minimum of 300 feet, but most of it resulted 
from slides that had began in 1907 and contin
ued throughout the construction of the canal 
and for many years after it opened. It is hard for 
an engineer even today to appreciate the fact 
that slides containing over 7,000,000 cubic 
yards of material do occur, but that is exactly 
what happened time and time again. Names 
like the Cucaracha (famous for its slides) be
came almost like household words on the 
pages of Engineering News Record and still are 
found in the soil mechanics books of today. 

All Goethals could do when these slides oc
curred was to tell Gaillard to dig them out. He 
knew that eventually the slides would stop and 
the slopes would stabilize. Before the Culebra 



Cut was completed, the top width of the cut 
had increased from a planned width of 670 feet 
to over 1,800 feet. In many places, the slopes 
were as flat as 1 to 5. Goethals's system of drill, 
blast, dig, haul and do it over again day after 
day, week after week and year after year had 
apparently succeeded. When he directed that 
work begin to pull all of the tracks out of the cut 
in 1913, another Cucaracha slide filled the bot
tom of the excavation once again. After at
tempting to dig the slide material out in the dry, 
he decided to pull up all of the track, flood the 
excavation and dig using dredges. 

Since everything was being completed on 
schedule and under budget, it became clear to 
every one connected with the canal that it 
would be opened in the summer of 1914. Mo
rale was high and, as a result, production was 
also at a high level. George Goethals was the 
man of the hour. He had proved himself worthy 
of the trust that Secretary Taft, President Roo
sevelt and finally President Woodrow Wilson 
had placed in him. This military man, this en
gineer, had become an inspirational leader by 
example. He became judge and father confes
sor out of necessity. He was an early efficiency 
expert in his approach to cutting costs, and 
even played psychologist by including in the 
Canal Record, the weekly publication of the 
Canal Commission, details of the production of 
each shovel crew. This type of recognition cre
ated a spirit of competition between shovel 
crews that resulted in ever increasing volumes 
being excavated each period. 

The canal, when completed, had cost over 
$630,000,000 with the United States's share 
being $352,000,000. A total of over 260,000,000 
cubic yards of materials had been removed and 
over 5,000,000 cubic yards of concrete were 
poured. The world's largest earth fill dam had 
been constructed that impounded the world's 
largest man-made lake (see Figure 17) and a 
land that was considered to be a pest hole was 
now developed and free from the fear of dis
ease. Cities had been built and made habitable, 
the railroad had been upgraded and Panama 
was an independent country with a canal. 

When President Roosevelt visited the isth
mus in 1906, he addressed the workers: 

"You, here, who do your work well in 
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FIGURE 17. Plan of the completed canal and 
Gatun Lake. 

bringing to completion this great enterprise, 
will stand exactly as the soldiers of a few, and 
only a few of the most famous·armies in all 
the nations stand in history. This is one of the 
great works of the world." 

The "Army of Panama" had done its job and 
they had earned the right to be going home. 

Epilogue 
De Lesseps died in 1894 a broken man who had 
been convicted of fraud and mismanagement. 
Bunau-Varilla returned to victoriously sail 
through the canal in order to preserve some 
measure France's honor and contribution to the 
canal's construction. He was later to lose his leg 
in the battle of Verdun in World War I. John 
Wallace would have a very successful career. 
John Stevens also returned to a very successful 
practice in civil engineering and ultimately be
came President of ASCE in 1927. George Goe
thals would be promoted to Major General and 
remain as Governor of the Canal Zone until 
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World War I when he was appointed Head of 
the Quartermaster Department. Theodore Roo
sevelt, after running for President again and 
losing in 1912, would always consider the canal 
as one of the major accomplishments of his 
administration. He never saw the completed 
canal. Eventually, William Howard Taft would 
become Professor of Law at Yale University 
after losing in his bid for a second term as 
President and later be appointed Chief Justice 
of the United States Supreme Court. Colonel 
Gaillard would die in 1913 shortly before the 
completion of the canal. Colonel Gorgas would 
become Surgeon General and be recognized the 
world over as the man who, as much as anyone, 
made the canal possible. 

All of these persons in varying degrees, had 
accomplished what most had thought was im
possible - they had divided the land and united 
the world. From that August day over seventy
five years ago, the canal has done what it was 
designed to do - move ships between two 
oceans. It is, undeniably, one of the marvels of 
the twentieth century. 

The canal that the "Army of Panama" had 
built would be enlarged to a minimum width 
of 500 feet over the years. The Madden Dam 
would be built on the Chagres River further 
upstream from Gatun Lake to impound more 
water in order to meet the needs of traffic dur
ing the dry months. This dam, completed in 
1936, ensures that the 12,000 transits a year will 
not deplete the waters in Gatun Lake and will 
permit a minimum navigable depth in the canal 
of 38 feet. The small locomotives used to haul 
the ships through the locks were changed in 
1964 after a fifty-year life. 

Other than the modifications listed above 
and some improvements to the canal's lighting 
and general maintenance systems, the canal 
was able, fifty years after its opening, to handle 
all but 103 ships. At an age of more than 75 
years, it is still able to handle 93 percent of the 
ships currently in use. The super tankers, as a 
class of ship, are all too large to fit. into the 
110-foot by 1,000-foot locks. 

In 1977, President Carter signed a treaty with 
Panama that resulted in the United States sur-
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rendering all rights it gained in the Hay-Bunau
Varilla Treaty of 1903 signed with the newly 
emerged sta,te of Panama. The Senate, after 
much debate, ratified this new treaty in 1978. 
The treaty provides a twenty-year transitional 
period over which the management of the canal 
would gradually shift from an American oper
ation to a fully Panamanian operation in 1999. 

NOTE - This article was based on a presentation 
at a meeting of the BSCES Committee on Younger 
Members at Merrimack College in November, 
1989. 
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Historical Sketch 

The Engineering Center: 
One Walnut Street, 
Boston 

The new home of the 
Engineering Center incorporates 
a rich history and culture 
to serve as a living monument 
embodying the best 
of the past, present and future. 

H. HOBART H OLLY 

The engineering profession has a proud 
heritage that can serve as a guide and 
inspiration for the present and the fu

ture. It is therefore most appropriate that the 
Engineering Center should have as its home a 
building that is a monument to the past - a 
constant reminder of our engineering heritage 
and of our national heritage of which we both 
are a part. 

The heritage that a building represents is the 
people associated with it, people that will now 
include the membership and staff of the three 
sponsoring engineering societies that con
stitute the Engineering Center: the Boston 
Society of Civil Engineers Section/ ASCE, the 
Massachusetts Association of Land Surveyors 
and Civil Engineers, and the American Con
sulting Engineers Council of New England. 

The building at One Walnut Street was the 
product of Charles Bulfinch, the leading ar
chitect of his time. While Bulfinch was engaged 
as the architect for this building as well as for 
the Massachusetts State House and many other 
historic buildings, Loammi Baldwin was serv
ing as engineer for the historic Middlesex 
Canal, and Simeon Borden was establishing the 
Borden Base Line. Thus, One Walnut Street 
stands as a tribute to these pioneers in their 
respective related fields and to all of those who 
have made contributions to the Common
wealth of Massachusetts and the nation 
through the professions they represent. 

It is also appropriate that the Boston Society 
of Civil Engineers Section/ ASCE, as the oldest 
technical society in the United States (estab
lished in 1848), should have its headquarters in 
a building that reflects heritage and prestige. 

Henceforth, a visit to the Engineering Center 
will provide an experience that links the en
deavors of the present with a past in which the 
engineers of today can take pride and inspira
tion. 

Early History 
One of Charles Bulfinch's most noted achieve
ments was the design of many outstanding 
homes on Beacon Hill that established a style of 
elegance that has made the area on the hill 
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In the 1809 watercolor by J .R. Smith, the Phillips House is shown at the left with the entrance 
on Beacon Street. Courtesy of the Bostonian Society/Old State House. 

famous. The new home of the Engineering-Cen
ter was built on the corner of Beacon Street and 
what is now Walnut Street, with its original 
entrance on Beacon Street. According to the 
original development, Walnut Street was laid 
out as a way in 1799 and did not become an 
accepted street until some years later. Built in 
1804 in the "square style" for which Bulfinch 
was noted, it was one of the earliest, and most 
probably the first, brick house on Beacon Street 
on which it was later numbered 38. 

The builder and first resident of the house, 
John Phillips (1770-1823), was one of Boston's 
most prominent citizens. From 1804, the year 
the house was built, until his death he was a 
member of the Massachusetts State Senate, 
serving as presiding officer for the last ten 
years. When Boston became a city, Phillips was 
elected the first mayor in 1822. He served for 
one year and declined re-election for reasons of 
health. Born in the house was his son Wendell 
Phillips, the famous orator for anti-slavery and 
other causes. 

Of particular interest, the land deed from the 
developer, Jonathan Mason, to John Phillips 
contains the restriction that no building in the 
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development shall be over three stories in 
height, exclusive of cellar and roof, for a period 
of thirty years. During the Phillips ownership 
of nineteen years, there is no record of sig
nificant changes having been made to the 
house. 

Two years after John Phillips died in 1823, 
his heirs sold the house to Thomas Lindall 
Winthrop, who was also a very prominent Bos
tonian. He served in the State Senate and as 
Lieutenant Governor of Massachusetts from 
1826 to 1832 while he resided at the house. He 
was highly esteemed especially for his work on 
behalf of public schools. He served as president 
of both the Massachusetts Historical Society 
and the American Antiquarian Society. 

To accommodate his large family, Winthrop 
moved the entrance to the Walnut Street side 
and altered the Beacon Street facade. It appears 
that he raised the upper story and made the 
third-story windows higher, thus enlarging the 
living space while remaining within the three
story restriction. The ells were added in 
Winthrop's time and changes were made to the 
staircase and the interior. Since Bulfinch was 
still living at this time, it is possible that he 



This 1843 view shows the Phillips-Winthrop House with the entrance on Walnut Street. 
Courtesy of the Bostonian Society/Old State House. 

might have had a hand in the alterations. 
On Winthrop's death in 1841, the house was 

sold at public auction to Thomas Dixon. 
Thomas Dixon brought international fame 
with him. He was born in London but served 
the Dutch government as Consul General at 
Boston and abroad. He was made a Knight of 
the Netherlands for his services. 

During the time of Dixon's ownership, the 
Boston Society of Civil Engineers was founded 
not too far away at the United States Hotel in 
Boston on April 26, 1848. A few months later, 
on July 3rd, the first regular meeting of the 
society was held and a room for meetings was 
found in Joy's Building on Washington Street 
just a short walk away from the house. 

Dixon's family owned the house until 1858 
when they sold it to Nathan Matthews. Since 
Matthews also owned buildings at Nos. 3 and 
5 Walnut Street, he made some changes to the 
house on the side that faced his other proper
ties. Matthews was a self-made businessman 
who was noted for his philanthropies. He 
donated Matthews Hall and several scholar-

ships to Harvard. 
Matthews lived in the house only two years 

and then sold it to John Chipman Gray who 
owned it for but one year. Gray was a 
prominent lawyer. He served as Judge Advo
cate, and for five years was a lecturer at Har
vard Law School. 

Robert M. Mason purchased the house in 
1861 but appears not to have taken up residence 
there until 1866. Mason was a successful Boston 
businessman whose principal philanthropic in
terest was the Massachusetts Soldiers Fund. 
Mason's daughters, Ida M. and Ellen F. Mason, 
inherited the house in 1879 and lived there 
together for about fifty years. The sisters were 
prominent socially in Boston and at summer 
places in Newport, Rhode Island, and Dublin, 
New Hampshire. It was Mason who added the 
building's mansard roof, effectively ma.king it 
a four-story building, the three-story limitation 
having long expired. Also added were some 
Italianate features that may have reflected the 
Mason family's residence abroad for some 
years. 
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The Engineering Center, One Walnut Street, 
at the present time. 

Recent History 

In 1931 Mrs. James J. Storrow purchased One 
Walnut Street from the Mason Estate, and in 
1939 donated it to the Judge Baker Foundation 
as its headquarters. The work performed to 
transform the former private residence to ac
commodate institutional functions removed 
some of Bulfinch's and otl1er later architectural 
features from the interior, but made it adapt
able to the uses of the Engineering Center 
without requiring extensive alterations. Under 
this ownership a number of charitable and ser
vice organizations had activities in the build
ing, but by far the most important were the 
Judge Baker Guidance Center and the Boston 
Children's Services Association. 

In 1976 the building was acquired by the 
Phillips-Winthrop House Trust to serve as the 
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law offices of Mahoney, Hawkes & Geldings. 
Some interior changes were effected in order to 
suit its new, more modern function. In 1978 an 
exterior restoration was accomplished that 
removed many decorative features that had 
been added over the years. Most noticeable was 
the removal of its exterior gray paint in order 
to expose once more the old red brick. On June 
7, 1990, the Phillips-Winthrop House Trust sold 
One Walnut Street to the Engineering Center 
Education Trust. 

Heritage 
The building at One Walnut Street that one 
views today is an historic building that con
tributes to, and is part of, historic Beacon Hill. 
The mansard roof is certainly not Bulfinch, but 
even with this later addition the BuJiinch lines 
and features are still in evidence. The changed 
features thr1t 1emain reflect the histnry of 
Beacon Hill and Boston over the nearly two 
centuries since the house was built. The interior 
arrangement is much altered except in the stair
case and fireplaces. The proportions of the 
rooms and much of the original woodwork has 
been retained, preserving an atmosphere of 
substance and elegance culled from the past. In 
this building, engineers can be reminded of 
their rich heritage on which they base their 
present and future. 

As the Engineering Center, history will be 
made at One Walnut Street by the engineers 
associated with it. As these engineers will now 
become part of the history of the house, their 
actions will merge into the lives and dreams of 
the past residents of the house who are the 
heritage that we inherit. 

One Walnut Street represents a proud past. 
It will be a fitting reminder to those of the 
engineering societies that constitute the En
gineering Center of the great heritage that they 
represent as they make history today and in the 
future. 

H. HOBART HOLLY is Chairman of the History 
and Heritage Committee of the Boston Society of 
Civ il Engineers Section/ASCE. 



Discussion 

Applying Orthotropic Deck 
Design to a Vertical Lift 

Bridge by W .J. Gaddis and 
P.W. Clark, Vol. 4, No. 2, 

Fall 1989, pp. 65-68 

ALITOURAN 

The authors of the article "Applying Or
thotropic Deck Design to a Vertical Lift 
Bridge," W.J. Gaddis and P.W. Clark, 

should be commended for their attempt to 
bring to greater attention the merits of using 
orthotropic deck design under special cir
cumstances. The authors have noted, however, 
that orthotropic steel decks have been used in 
the United States in only five or six occasions. 
They have also provided two examples of 
major orthotropic bridges (the San Mateo 
Bridge in California and the Poplar Street 

Bridge in St. Louis). 
It is worth noting that more than twenty 

orthotropic bridge decks have been con
structed in the United States and Canada in the 
past three decades. Table 1 provides a listing of 
some of these bridges, their date of completion 
and length. 

Orthotropic steel decks are an attractive de
sign alternative because they last longer than 
concrete. They can also be used as a replace
ment deck for deteriorated concrete decks in 
congested urban areas without causing major 
disruption in traffic. The two most recent deck 
replacement projects using orthotropic decks 
involved the Golden Gate Bridge in San Fran
cisco (completed in 1985) and the Benjamin 
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TABLE 1 
Orthotropic Bridges in the United States 

Bridge Name 
& Location 

Humphrey's Creek Bridge, 
Sparrows Pt., Maryland 

Dublin Bridge, 
Hwy. 680, 
Livermore, Californ ia 

San Mateo-Hayward Bridge, 
Hayward, Cal iforn ia 

Poplar Street Bridge, 
St. Louis, Missouri 

Creyt's Rd. Bridge, 
1-496 near Lansing, 
Michigan 

San Diego/Coronado 
Bridge, California 

Queensway Bridge, 
Long Beach, Californ ia 

Fremont Bridge, 
Portland, Oregon 

Yukon River 
Bridge, Alaska 

George Washington 
Bridge,• New York 

Throgs Neck Bridge,• 
New York 

Golden Gate Bridge,• 
San Francisco 

Benjamin Franklin 
Bridge,• Philadelphia 

• Deck replacement only. 

Franklin Bridge in Philadelphia (completed in 
1987). In both of these projects, concrete decks 
were replaced with steel deck modules while 
keeping all travel lanes open during peak hours 
of traffic flow. 
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Year Completed Length (ft.) 

1965 

1965 

1967 

1968 

1968 

1969 

1969 

1973 

1975 

1978 

1984 

1985 

1987 

11 2 

320 

5,542 of 
Orthotropic Spans 

2,165 

192 

1,870 of 
Orthotropic Spans 

1,200 

2,159 

2,300 

4,760 

13,410 

8,981 

7,412 

ALI TOURAN is an Assistant Profes
sor of Civil Engineering at Northeast
ern University. He holds M.S. and 
Ph.D. degrees in civil engineering 
with an emphasis on construction 



management and engineering from Stanford. His 
areas of expertise are construction cost and produc
tivity analysis, simulation modeling, and heavy 
construction equipment and methods. He has per
formed research in concrete productivity, simulation 
and tunneling, material handling and bridge deck 
construction. He has lectured on construction pro
cess simulation, and data collection and analysis.· 

REFERENCES 

1. Touran, A., "Life Cycle Analysis for Orthotropic 
Steel Decks," Structures Congress, Baltimore, April 
1990. · . 

2. Touran, A., & Ladick, D., "Application of Robotics 
in Bridge Deck Fabrication," Journal of Const. Eng. & 
Mngt., ASCE, Vol. 115, No. 1, March 1989, pp. 35-52. 
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Publications of the 
Boston Society of Civil Engineers Section/ ASCE 

· -Price-Quan-. -Subtotal--
Environmental/Geotechnical 
1986 The Solid Waste Dilemma 

Geo technical 
·1989 Design, Construction and Performance of Deep 

Excavations in Urban Areas 
1978 Foundation Design for Dynamic and Repeated Loading 

Structural 
1987 Composite Construction 
1985 The Evaluation of Structural Concepts for Buildings 
1983 Structural Details in Steel and Concrete Buildings 

Waterways 
1984 Rehabilitationof Waterfront Structures 

Total Enclosed ------

$10.00 

$15.00 

$10.00 

$30.00 
$10.00 
$10.00 

$10.00 

Name ____________________ _ 

Company ___________________ _ 

Address --------------------

City ____________ State __ Zip __ _ 

Payment must accompany order, payable to BSCES. Please make all payments in U.S. dollars. 
Send this form to: Boston Society of Civil Engineers Section/ ASCE, The Enginering Center, 
One Walnut Street, Boston, MA 02108. 
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Take Advantage 
of Civil Engineering Practice's economical 
advertising rates and reach a professional 
audience that is interested in your ser
vices, equipment or products. For more 
information, call 617 /227-5551. 

'Im 1lle 
Geotechnical 
Grouplnc. 
CONSULTING GEOTECHNICJIL ENGINEERS 

100 CRESCENT ROAD, NEEDHAM, MA 02194 
Telephone 617-449-6450 

Hayden I Wegman 

Project Managers & Engineers 

Environmental and Civil 

Hayden-Wegman, a leading consulting engineering firm, is looking for Project 
Managers with 7-10 years of experience and Project Engineers with 3-5 years 
of experience in environmental design for sewers, pump stations and treatment 
.facilities and solid waste managemen~ and civil design for roadways, drainage 
and site development 

Excellent salary and fringe benefits package. Qualified individuals should send 
resume, in cont idence, to: 

HAYDEN-WEGMAN 
CONSUL TING ENGINEERS 

214 Lincoln Street 
Boston, MA 02134 

An equal opportunity employer M/F NIH 
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Professional Services 

ANDERS.,i'.NJCHOLS 
·:!!:~!J';l/~ompany, Inc. 

ESTABLISHED lt1l 

JI ST. JAMES AVENL'E, BOSTON, MA 02116 
TEI.EPH()NF. 617 695-3400 

6 LOUDON ROAD CONCORD, NH 03301 
603 21!-11.21 

ENGINEERS 
ENVIRONMENTAi. CONSIJI.TANTS 

ARCHITECTS 

1=~=1 
BARNES AND JARNIS, INC. 

CONSULTING ENGINEERS 
CML-ENVIRONMENTAL-STRUCTURAL 

216 TREMONT STREET 
BOSTON, lil 02116 
(617) 5~-6521 
FU: (617) ~6-7992 

bai 

373 PARK AVENUE SOUTII 
NE1i' YORK. NY 10016 

(212) 532~433 
FAX: (212) 665~142 

Barrientos & Associates, Inc. 
Engineering, Architecture, Suroeying, CADD 

48 Grove St., Suite 304 
Somerville, MA 02144 • (617) 628-8100 

Complete Engineering Services 

i.rl Black & veat:cn 
Offices Throughout the Nation 

125 Cambridge Park Drive 
Cambridge, Massachusetts 02140 
(617) 547-1314 

BRUCE CAMPBELL 

& ASSOCIATES, INC. 
TRANSPORTATION ENGINEERS AND PLANNERS 

~ 
~ 

38 CHAUNCY STREET 
BOSTON, MA 02111 

(617) 542-1199 
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HydroCADTM 
STORMWATER MODELING SYSTEM 

Runoff, channels, ponds, hydraulics, graphics & 
routing diagram in a single, easy-to-use program. 

APPLIED MICROCOMPUTER SYSTEMS 
Page Hill Rd., Chocorua, NH 03817 (800) 927-RAIN 

AMMANN & WHITNEY 
CONSULTING ENGINEERS 
(617) 423-0120 

911 MORTON STREET 
NEW YORK, NY 101114 

179 SOUTli STREET 
BOSTON. MA 02111 

Consulting Engineers 
Help prospective clients find your firm 
through the Professional Services listings 
in Civil Engineering Practice. Call 617 /227-
5551 and send your card in now. 

BETA ENGINEERING, INC. 
CONSUL TING ENGINEERS & PLANNERS 

• Traffic / Tr■n ■port■ tlon 
• Envlronm■nt■ I 
• SIi• D■Y■lopm■nl 

197 Portland Street 
Boston, MA 02114 
Phone: 6171227-BETA 

6 Blackstone Valley Place 
Lincoln. RI 02865 

Phone: 401/333-BETA 

CDM 
environmental engineers, scientists, 

planners, & management consultants 

CAMP DRESSER & McKEE INC. 
One Cambridge Center 

Cambridge, Massachusetts 02142 
617 621-8181 

offices nationwide 

CNMH/ll 
COMPLETE ENGINEERING CONSULTING 
SERVICES 
50 Staniford Street, Tenth Floor 
Boston, Massachusetts 02114 
(617) 523-2260 
Over 50 offices throughout the U.S. and abroad. 



Fil 
ENGINEERING 

CORPORATION 

CHILDS ENGINEERING 
CORPORATION 

Waterfront Engineering 
Diving Inspection 

BOX 333 MEDFIELD, MA 02052 
16171 359·8945 

Clinton Bogert Associates 
Consulting Engineers 

Complete Services for 

Water Pollution Control • Water Supply 
Solid Waste Management 

Professional Services since 1924 

270 Sylvan Ave, Engl~wood Cliffs. NJ 07632j 
(201) 567-7979 Fax (201) 567-8886 I 

Has Your Address Changed? 
Please write your new address on a 
subscription card, check off the change 
of address box, affix your old mailing 
label and postage on the card and mail it 
to us.· 

~ffl\ ~-
CALL US! 
Facilities Data, Inc: 
721 Main St., Waltham, MA 
617-899-4411 
Dela Collecllon • Surveys · • Dela Tebuletlon 

Place Your Card 
in Civil Engineering Practice's Profes
sional Services listings. 

Professional Services 

.Since 
1854 

CRANDALL 
DRY DOCK ENGINEERS, INC. 

Railway and Floating Dry Docks 
Waterfront Structures • Consulting 

Design• Inspection and Diving Services 
Dry Dock Hardware and Equipment 

21 Pottery lane 
Tel. (617) 329-3240 

Dedham, MA 02026 
Telex: 924406 

CULLllll4111 
IEIIIGIIIIIEIERIIIIG CO.. IIIIC. · 
CIVIL ENGINEERS - LAND SURVEYORS 

Boston. MA 
617·423-0817 

Trying 

200 Auburn Streel 
Auburn. MA 01501 

508-832·5811 
Princeton. MA 
508-464-5791 

to get your share of the expanding 
market for consulting work? Then you 
should try a display advertisement in 
Civil Engineering Practice. Write or call 
for advertising information and rates. 

G FAV. SPOFFORD & 
THORNDIKE, INC. 

Engineers 
TRAN■P0RTAT10N IIVBT■MB 

WAT■R ■UPPLV-■■W■RAGI■ 
0RAINAGl■ - ■Rl0Gl■■ -AIRP0RT■ 

PORT AN0 IN0U■TRIAL FACILITI■■ 
■NVIR0NM■NTAL IMPACT ■TU01■■ 

191 Spring St .. P.O. 9117, Lexington, MA 02173 
(617)863-8300 

~a, GERAGHTY 
Al' & MILLER. INC. 

"9f Environmental Services 

One Corporate Drive 
Andover. MA 01810 

(508) 794-9470 
01/ices Located Nationwide 
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Professional Services 

SURVEYS SINCE 1877 

BY LAND • BY SEA 
BY AIR • BY SATELLITE 

NEW ENGLAND SURVEY SERVICE 
SURVEY ENGINEERS OF BOSTON 

GUNTHER ENGINEERING, INC. 
(617) 439.4394 285 SUMMER ST. 

BOSTON, MA 02210 FAX (617) 951·2617 

■ 
Havens and Emerson, Inc. 

Consulting Environmental Engineers 

65 years experience 

Water Supply and Treatment 
Wastewater Collection/Treatment 
Sludge Management 
Solid Waste Management 
Hazardous Waste Remediation 

8 Faneuil Han Markeq,lace, Fifth Floor, Boston, MA 02109 (617) 248--0765 

ENGINEERS 
SCIENTISTS 
PLANNERS 

LARSEN SURVEYORS 

WASTEWATER TREATMENT FACil.ITIES 
BRIDGES• HIGHWAYS• nJNNELS 
ENVIRONMENTAL ASSESSMENTS 
CONSTRUCTION OBSERVATION 

C,rfillql MRR w#b MWRA +I SQMWRA 
"Profsulonal S.rvlcn Sine• 1955" 

50 ST ANIFORO STREET 
700 WEST METRO PARK 

617-723-15273 
716-272-7310 

BOSTON, MA 02114 
ROCHESTER, NY 14823 

LeMessurier Consultants 
Professional Engineers 

Structural, Mechanical, Electrical, Energy 

CAOO Services For Architects, Facility Planners & Managers 

1033 Massachusetts Avenue 
Cambridge, Massachusetts 02238 

6171868-1200 
Telex 710-320-7699 SCI CAM 

C.T. MALE ASSOCIATES. P.C. 
Engineers. Surveyors. and Planners 

One Arch Place 

c:;reenfielcl. MA 01.302 

(413) 77-1-72-18 

2 Central Street 

Ipswich. lvlA 01938 

(508\ 35(::-275(:; 
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P. GIOIOSO & SONS, Inc. 

~ ~ Stea 1962 

58 Sprague Street 
Hyde Park, Massachusetts 02136 

(617) 364-5800 

FRANK GIOIOSO 

HARDESTY & HANOVER 
Consulting Engineers 

Bridges Highways 

Special Structures 

1501 Broadway New York, N. Y. 10036 

1:1~ii=J 
HOWARD NEEDLES TAMMEN & BERGENDDFF 

ARCHITECT& ENGINEERS PLANNERS 

Nationwide Office• 
Suite 4200 Prudential Tower 

Boston,· Massachusetts 02199 
(617)267-6710 

LEA 
GROUP 
INCORPORATED 

Arc hi tee ts/Engineers/PI anners 

75 Kneeland Street, Boston, Massachusetts 02111 

Telephone (617) 426-6300 

A.C. LICHTENSTEIN 
& ASSOCIATES, INC. 
CONSULTING ENGINEERS 

BULLARD BUILDING 
12 IRVING STREET 
FRAMINGHAM, MA 01701 
508-879-2772 

NEW JERSEY 
NEW'IORK 
PENNSYLVANIA 
MASSACHUSETTS 
CONNECTICUT 
OHIO 

BRIDGE INSPECTION 
REHABILITATION & DESIGN 
•HIGHWAY 
•RAILROAD 
•MOVABLE 
•HISlORIC 

Lichtenstein 
MARITIME ENGINEERING CONSULTANTS, INC. 
PORT & HARBOR • COASTAL & OCEAN • STRUCTURAL 

JOHN GAYTHWAITE, P.E. 
CONSUL TING ENGINEER 

155 PINE STREET 
MANCHESTER, MA 01944 

(508) 526-4071 



========M: ~======= 
=====Metcalf & Eddy====== 

--====-=--- 10 Harvard Mill Square--_--=-..--=-..--:...--:...-=.-= 
Wakefield, Massachusetts 01880 ============ (617) 246-5200 ========= 

Has Your Address Changed? 
Please write your new address on a sub
scription card, check off the change of 
address box, affix your old mailing label 
to the card and mail it to us. 

25 J l..nu·Slrret 

Suite 2J2 

Neu·huryport 

Massachuutts 0l9SlJ 

JUDITH 
NITSCH 
ENGINEERING 
INC. 
Civil Engineers & Planners 

One Appleton Street 
Boston. MA 02116 

617-338-0063 
Fax 617-338-6472 

\\'laterfrrml 

1:ugiueeriug 

Con.udtan/.f 

(SOHJ 46S·l42H 

FAX (SOR) 465-2640 Nucci Vine 
ASSOCIATES 

Asaf A. Qazilbash & Associates 
. Consulting Geotechnical Engineers 
120 Beacon Street 
Hyde Park, Massachusetts 02136 
(617) 364-5361 

Professional Sione Deposit Evaluations 
Cost-Effective Subsu_rface Investigation 

Geotechnical Troubleshooting 
Concise Cqncrete Petrography 

Steven J. Stokowski Reg. Prof. Geologist 
10 Clark St. Ashland, Mass. 01721 (508) 881-6364 

T 

Professional Services 

Nicholson Construction Company 
Geotechnical Specialists 

ROBERT J. SPRUILL 
District Manager 

401ndusfrio1Po1<Rood Hlnghom,MA020d3 (617)749-7836 FAX:(617)740-0772 

• Al\ANTA • PITTSBURGH • BOSTON 

Norwood 
Engineerirlg 

Norwood Engineering Co., Inc. 
Consulting Engineen 
i1nd Surwyon 

lohn f. Toomey, P.E. and P.L.5. 
Principal 

1410 Roule One• Norwood, Ma. 02062 • (617) 762-0143 
95 State Road • Box 207 • Sagamore Beach, Ma. 02562 • (508) 888-0088 

617/482/6565 

,..,.,,,.. 
Brinckerhoff 
Guedea 
Oougl•-. Inc. 

Engineers 
Architects 
Planners 

120 Boylston Street 
Boston. MA 02116 
617-426-7330. 

STRUCTURAL DESIGN 

STRUCTURAL INSPECTION 

STRUCTURAL INVESTIGATION 

MAURICE A. REIOY ENGINEERS 
101 TREMONT STREET. BOSTON. MASS 02108 

A M s 
• TAMS CONSULTANTS INC • 

-ENGINE ER S • ARCH I TE CT S • PLAN NE RS 
38 CHAUNCY ST. BOSTON, MA. 02111 (617) 482-4835 
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Professional Services 

VHB Vanasse Hangen Brustlin, Inc. 
Engineers, Planners, and Scientists 

Traffic Engineering 
Highway Design 
Parking Facilities Studies & Design 
Environmental Studies 

Site Engineering 
Pavement Management Systems 

101 Walnut Street, P.O. Box 9151. Watertown. Massachusetts 02272 • 617 924 1770 

• Environmental Compliance Energy Studies 
• Facilities Engineering and Design 

• Construction and Operations 
• Residuals Management 

A Full Service Engineering Firm - Offices Nationwide 
Roy F. Weston, Inc. 
Landmark One 
One Van de Graaff Drive 
Burlington, MA 01803 
617-229-2050 

LEE MARC G. WOI.MAN 

Bt-:1.~10NT. '.'-l,,ssAc111·st-:T'rs l>:..!17B 

CIVIL ENGINEERING PRACTICE 

Company Services: 

TRANSPORTATION 
ENVIRONMENTAL 
PLANNING 
CONSTRUCTION MANAGEMENT 

URS 
CONSULTANTS 
MAKING 
TECHNOLOGY 
WORK" 

80 Boylston Street• Boston, Massachusetts 02116 
Tel: (617) 426-4953 

Weston & Sampson 
E N G I N E E ·R 5, I N C. 

Environmental 
Consultants 
since 1899 

Five Centennial Drive. Peabody, MA 01960 
Tel: 508.532. 1900 Fax: 508.977.0100 
Offices in Connecticut and Rhode Island 

Whitman & Howard, Inc. 
Environmental Engineers, Scientists, and Planners 

45 William Street 
Wellesley, Massachusetts 
02181-4050 
(617) 237-5000 

Offices in Maine 
and New Hampshire. W&H 

Rubin M. Zallen 
Consulting Engineer 

Investigation of Structural Failures ■ 
Investigation of Problem Structures ■ 

Consulting in Structural Engineering ■ 

260 Cochituate Rd., Framingham, MA 01701.(508) 875-1360 

Founded in 1848, and having merged with the American Society of Civil Engineers in 1974, the Boston 
Society of Civil Engineers is the oldest engineering society in the United States. Examination of the 
Society's history yields a proud record of involvement and leadership in both technical and profes
sional endeavors within the civil engineering profession. Underlying the activities of the Society since 
its founding is a firm resolve to provide the means for civil engineers to communicate advances in the 
art and scier,ce of civil engineering. The creation of the Journal in 1914 resulted from that resolve, and 
Civil Engineering Practice demonstrates our continued commitment. 

In Civil Engineering Practice we are seeking to capture the spirit and substance of contemporary civil 
engineering practice in a careful selection of articles which are comprehensive in scope while 
remaining readily understandable to the non-specialist. Typically using a case-study approach, Civil 
Engineering Practice places key emphasis on the presentation of techniques being applied successfully 
in the analysis, justification, design, construction, operation and maintenance of civil engineering 
works. 
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