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HYDRAULICS BY ANALOG 

·A Three-Part Series on the Use of Electronic Models in 
Hydraulic Engineering 

PART 1. AN ELECTRONIC MODEL OF A PUMPING PLANT 

BY HENRY M. PAYNTER,* Member. 

PREFATORY REMARKS 

ON November 5, 1958, a combined meeting of the Hydraulic 
Section and the Sanitary Section of the BSCE was held at the Ameri­
can Center for Analog Computing in Boston. A demonstration was 
given of the applications of high speed electronic models to the design 
and operation of engineering works related to sto_rm drainage and 
sewage disposal problems in Metropolitan Boston. 

This paper serves as the introductory part of the three-part series 
on this general subject. The latter two parts are intended for future 
issues of this JOURNAL. 

Here we treat very briefly and somewhat dogmatically the case 
of a pumping plant of a fairly common type. Only the most salient 
steps are indicated, leading to the direct establishment of an operating 
model, comprised of standard commercially available computing com­
ponents. However, once interconnected, such an electronic model can 
serve for many design and operating studies. When these are com­
pleted, the parts are totally "salvageable" and available for other uses. 

For further details of the physical situation, the mathematical 
formulation, and the computing art, readers are referred to the many 
excellent existing books and papers, some of which have been indicated 
in the short Bibliography at the end of this paper. We shall assume 

* Assistant Professor of Mechanical Engineering, Massachusetts Institute of Technology 
and Director, American Center for Analog Computing. 
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198 BOSTON SOCIETY OF CIVIL ENGINEERS 

here that the mathematical formulation is correct, and will be con­
cerned only with the steps necessary to make useful computer model 
studies. This particular problem was chosen primarily to demonstrate 
the benefits of modern machine computing but otherwise represents 
excessive over-simplification employed only for the sake of brevity; 
from the versatility and generality of the methods used, the extensions 
to actual cases should be apparent. 

THE PHYSICAL SITUATION 

Figure 1 depicts a commonly recurring type of centrifugal pump 
installation, supplying a standpipe with water, or other liquid, through 
a conduit, pipe, or force main. Typically, as shown, it might be 
equipped with a throttled air ch\l,mber to protect the discharge main 
from excessive pressure fluctuations, especially in the event of power 
interruption to the motor during operation and subsequent closure 
of the check valve. If there were no check-valve, the flow would 
reverse through the pump, ultimately reversing rotation and causing 
the pump to run as a turbine. Under such condition, the large reverse 
flow might flood the suction well and, in any event, would tend to 
drain the standpipe and other parts of the connected system. 

AC 
SUPPLY 

rv 
WRZ 

H1.._--r--___ STAN'DPIPE 

I 1Ha --------52.. Hd 
I I -
I I . 
I 
I 

I AIR. CHAMBER. 

'lfa. 
I 
I 

A'PUMP I 

! Lm 
I=­

m gAm 
~m 

CHECK VALVE 

PUMP INSTALLA'TION 
FIG. 1. 
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Typical engineering studies are those concerned with effects on 
transient pressures in the discharge main of the following physical 
constants, among others: · 

(a) Check valve characteristics 
(b) Air Storage: Va 
( c) Throttling loss: K 1 

(d) Flywheel effect: WR2 

In particular, such investigations (which, of course, correspond 
to those made conventionally by graphical or numerical methods) are 
used to determine the economic size of the control features, such as 
the air storage and the flywheel effect, and the design values of such 
items as the throttling constant and check-valve parameters. 

Table I outlines the physical situation in terms of the inter­
relationships between essential components and variables. In the 
computer model to be derived we are able to measure the values of 
these variables from instant to instant and are therefore able to study 
both transient and equilibrium conditions, for design and operating 
decisions. 

TABLE I-COMPONENTS AND VARIABLES 

ELECTRIC SYSTEM 
AC Voltage (volts) : E1 -.J,, I t 11 : AC Current (amps) 

INDUCTION MOTOR 
Motor Torque (lb. ft.) : M2 -.J,, I t N 2 : Motor Speed (rpm) 

MECHANICAL INERTIA 
Pump Torque (lb. ft.) : M3 t I t N3 : Pump Speed (rpm) 

CENTRIFUGAL PUMP 
Pump Head (ft.) H 4 t I t Q4 : Pump Discharge (cfs) 

CHECK VALVE 
Head Below Chamber (ft.) H 5 t I t Q5 : Check Valve Flow (cfs) 

AIR CHAMBER 
Upstream Head (ft.) H 6 -.J,, I t Q6 Upstream Flow ( cfs) 

FLUID INERTIA 
Gradient Head (ft.) : H 7 t I t Q 7 Force Main Flow (cfs) 

FLUID RESISTANCE 
Standpipe Level (ft.) : H 8 t I -.J,, Q8 : Downstream Flow (cfs) 

STANDPIPE 
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The paragraphs below treat each of the components indicated and 
demonstrate how the basic relations can be used to establish a part-for­
part electronic model. The computing components actually employed 
are described in Appendix A. 

INDUCTION MOTOR CHARACTERISTICS 

INPUT SIGNALS: 

OUTPUT SIGNALS: 

Voltage E1 

Current I 1 

INPUT I E, = c.onst:-1 Q----
Current-

1, 

Output o--~--------o 

Input 

FIG. 2. 

and Speed N2 
and Torque M2 

INPUT I E,=const: I 

Speed N:z Input 

The standard characteristics for a 60 cps, three-phase, squirrel­
cage induction motor have the form indicated in Figure 2. For com­
puting purposes, such characteristics may be generated very easily 
through a direct representation of the simplified equivalent circuit 
portrayed in Figure 3. The corresponding equations can be written: 

L· 
dI1 L Motor Inductance --=E-E 
dt 1 

Reactance /27T (Frequency) 

E [RN.] I 1/(N.-N2 ) R Motor Resistance 

M2 [~] · E · I 1 
7TN. 

N. Synchronous Speed 
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L 
-1-- 1oo1>u-~~--. 

I . ~ E l /R = R•Ns 
E1 (t) : rv ( J.1\L/ Y I / s (Ns-N) 

I I 
__ I __ .__ __________ ,__. N

5
= Synchronous Speed 

Frn .. 3. 

These equations may be directly instrumented in terms of the 
four basic computing components described in Appendix A. The 
resulting electronic model is given in block diagram form in Figure 4. 

+ 

SetL { 
.__..,....__. 

K5·U 
f 

I E=RN5•­N5-N 

KS·M } ..:.. Set R 
• 

FIG. 4. 

---- + .,_ ... _Ns 

Actual measured characteristics for the computer model are 
indicated in Figure 5. These can be brought into conformity with any 
particular motor either by calculation of the motor constants R, L, 
and N., or by direct manipulation of the corresponding constants in 
the model. · 

FLYWHEEL EFFECT 

INPUT SIGNALS: Motor Torque M2 

OUTPUT SIGNALS: Motor Speed N 2 

and Pump Torque M3 

and Pump Speed N 3 

This physical element manifests the effects of the rotary inertia 
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of both motor rotor and pump impeller, together with the interconnect­
ing shaft and any gearing. This involves the dynamical relation 
between speed variation ( or acceleration) and the net accelerating 
torque, in the form: 

[ 
1rWR

2
] dN 

30g . dt = M2 - Ma 

where N = N2 = Na = Shaft Speed (in rpm) 

WR2 = Flywheel Effect (in lb ft2
) 

g = Gravitational Acceleration (in ft/sec2
) 

This relationship is instrumented by a single KS-U element used 
as a temporal integrator, as depicted in Figure 6. 

N2 --------a-------------------- N3 
FIG. 6. 

CENTRIFUGAL PUMP CHARACTERISTICS 

INPUT SIGNALS: PumpSpeed N3 and Pump Flow Q4 

OUTPUT SIGNALS: Pump-Torque Ma and Pump Head H 4 

The conventional characteristics of a typical medium head cen­
trifugal pump would appear as sketched in Figure 7. Here, the 
variables N 3 and Q4 serve as the inputs to produce as outputs, Ma 
and H4 , as indicated. 



204 

Pump 
Head 

H4 
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Input 
'Pump Flow Q.4 

Input 
-Pump Flow Q4 

FIG. 7. 

A very useful and practical approximation can be made to the 
characteristics of any fluid machine which is assumed to obey Euler · 
similitude laws as the speed is varied. This representation can be ex­
pressed by the equations: 

HEAD: H = N (aN + bQ) - cQ2 

TORQUE: M = [ 3~w ] Q (aN + bQ) + dN2 

M3 ~Q [aN+bQ] N [aN+bQ] 

K5-U /4 K.S·U 

~ -- ,...____. ~ 

KS-M KS·M 

X N aN+bQ Q X 

K5·U 

~ 
+ + 

N3---1 ________ ..., _ _, ._ _____ .,_ ___ ,..__Q4 

FIG. 8. 
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FIG. 9. 
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where w is the fluid specific weight (lb/ft3
), and the constants a, b, c, 

d, depend on the particular type of pump. While these numbers 
generally can be related to the pump specific speed it i;'l simplest to 
determine them by experimentation for each particular case. 

Here, the term NQ ( aN + bQ) represents the whirl power or 
reversible conversion: fluid energy ;;=: mechanical energy. The terms 
on the extreme right of each equation represent fluid and mechanical 
losses respectively. 

The execution, of these relations, in terms of the two components 
K5-U and K5-M described in Appendix A, is indicated in Figure 8. 
Actual computed characteristics are. indicated in Figure 9, for speeds 
100%, 75%, and 50% of motor synchronous speed. The reduced 
speed characteristics are, of course, of extreme importance during 
normal start-up and shut-down as well as for power failure studies. 

Most such pumps are equipped with a manual or motor operated 
. discharge valve. The throttling action of such a valve can be included 
very simply in the value of c in the above relations. 

CHECK VALVE CHARACTERISTICS 

INPUT SIGNALS: Pump Head H4 and Chamber Head H 5 

OUTPUT SIGNALS: Pump Flow Q4 = Valve Flow Q5 

I 
I 
1 0ackward 
~ Valv<e: Leakage 

+Q 

-Q 
Frn. 10. 

Forward 
Valve Loss 

+baH 
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The check valve is provided to prevent reverse flow through the 
pump d1,1ring an emergency loss of power. Typically, a swing-check 
would be used in such an installation, having a head-flow characteristic 
as depicted in Figure 10. 

For most design and operating purposes, the detailed character­
istics are not so important as the ascertainment of the head loss which 
can be tolerated for forward flow, when the check is opened, and the 
leakage reverse flow permissible under closed conditions. Thus a 
simplification in modeling is justified, which results in the block 
diagram of Figure 11 and the computed characteristics of Figure 12. 

H4---,o,,...--- ~--------------H5 

K3 

B 

B(AH) 

FIG. 11. 

+AH 

FIG. 12. 
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Here, the loss characteristic is represented as two straight lines, with 
vertex at the origin: LiH = O, Q = 0. 

AIR CHAMBER CHARACTERISTICS: 

INPUT SIGNALS: Check Valve Flow Q5 and Upstream Flow Q6 
OUTPUT SIGNALS: Chamber Head H5 = Upstream Head H6 

The relationships governing the behavior of a throttled air cham­
ber are determined in terms of the variables and parameters indicated . 
in Figure 13. 

'1/4,Ha 

~tKt 
Qt 

Qs Hs = H6 Q6 

FIG. 13. 

Thus the performance of any such system may be closely pre­
dicted in terms of the relations: 

CHAMBER OUTFLOW: Qt = Q6 - Q5 

AIR VOLUME: Va= Vo+ PQt dt 
AIR PRESSURE HEAD: Ha= [HoVoJ/Va 
CHAMBER HEAD: H = Ha - KtlQtlQt = H5 = H6 

where V
0 

Ho 
Va 
Ha 
Kt 

Steady State Air Volume (in ft3) 
Corresponding Pressure Head ( in ft) 
Instantaneous Air Volume (in ft3

) 

Corresponding Pressure Head ( in ft) 
Throttling Loss Factor (in ft/cfs2

) 

Again these relations are simply and directly realized in terms 
of the three basic units (K3-V, KS-M, KS-U) indicated in Figure 14. 
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Hb 
Hs ------------.-----+------ H6 

Q5-----------
FIG. 14. 

Note that incorporation of the loss characteristic permits the explora­
tion of various throttle sizes (i.e. values of Kt) and their effects on 
performance. Similarly the size of the air chamber may be varied by 
altering .the value of V

0
• 

FLUID INERTIA CHARACTERISTICS 

INPUT SIGNALS: Upstream Head H 6 and Gradient Head H 7 

OUTPUT SIGNALS: Upstream Flow Q6 = Main Flow Q7 

If the compressibility of the water in the discharge main is 
neglected, which is a reasonable assumption for the present situation, 
with an air chamber at one end and a standpipe at the other end, the 
acceleration of the mass of water in the force main demands that: 

Q6 = Q1 = Flow in the Main ( cf s) 
Equivalent Developed Length of the Main (_ft) 
Equivalent Cross-Sectional Area of the Main (ft2

) 

Gravitational Acceleration (ft/sec2
) 
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For the general case of a nonuniform pipe, the inertial factor, 
Lm/ Am, is given by: 

Lm/Am = / L ds/A(s) 
0 

This fluid inertia effect may then be included merely by realizing 
the above relationship in terms of a single KS-U operator as indicated 
in Figure 15 .. The value of Lm/Am for any installation is altered by 
decade switch settings. 

+ 

Q,-------------+-------------Q7 
QM 

FIG. 15. 

FLUID RESISTANCE CHARACTERISTICS 

INPUTS: Pipe Discharge Q7 and Standpipe Level H 8 

OUTPUTS: Gradient Head H 7 and Pipe Discharge Q8 

This element rep~esents all the pipe friction in the discharge main. 
The output flow Q8 is, of course, the same as the input flow Q7 • If we 
can assume fully turbulent flow in. a relatively rough pipe, then the 
head loss• across the entire length of pipe is given by: 

H7 = H8 + Kr[Q1 [Q7 
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where the resistance coefficient Kf can be defined by the expression: 

fLm 
Kr --- . ----

2g DmAm2 

1 
f = Pipe Darcy Friction Factor· 
Dm = Equivalent Pipe Diameter 
and Am, Lm, and g are as defined 

previously. 

The value of Kf can be determined either by calculation or by 
observation for any pipe or composite series of pipes. 

The corresponding block diagram for this element is indicated in 
Figure 16 with its performance as indicated in Figure 1 7. For those 

.------. + 
H1------ K'5-u ----------------Ha 

l: 
---- + K.f I Q7 I Q7 

K3 

V 

FIG. 16. 

+AH 

-AH 
FIG. 17. 

KS·M } 
X Set Kt 
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systems in which the forward loss constant Kf +, is not the same as the 
backward. loss constant Kf-, it is possible to represent this effect 
simply and directly on the model. 

FINAL COMPUTER MODEL 

These performance relationships are programmed for solution by 
electronic computer following the block diagrams indicated in Figure 
18. All the variables in such a computer representation correspond to 

FIG. 18. 

actual plant variables and when the computer is properly inter­
connected it becomes, in effect, a flexible working model of the system. 

It is flexible in the sense that every physical characteristic in 
the actual system corresponds to an adjustable constant in the com­
puter setup so that changes in design or in operating conditions can 
be explored fully. It is a working model because it reproduces both 
transient and steady-state phenomena present in the actual setup but 
frequently to different scales and of course in a different medium. For 
engineering studies of this sort, such an electronic model has many 
advantages, both for design studies and for simulated operating ex­
perience. When the particular studies are complete, such models can 
be disassembled, with complete and total salvageability. The next 
instalments in this series will indicate these advantages in more detail. 

APPENDIX A 

GENERAL NATURE OF ANALOG COMPONENTS 

Recent advances in nuclear science, space travel, and automation 
testify dramatically to the value of computers in analysis, design, and 
development. The two major categories of computers are digital and 
analog. The first deals in numbers only; the latter, in continuous 
physical variables. In electronic analog computers, voltages are set . 
up in direct correspondence with the pertinent physical quantities 
(such as speed, pressure, flow) of the problem to be solved. These 
voltages, the computer variables, are forced by obey relationships 
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closely approximating those of the problem to be solved. Time is 
generally the independent variable. The electronic components which 
establish the required relationships are principally amplifiers, poten­
tiometers, resistors, diodes, and capacitors. However, those .circuit 
elements are now commercially packaged so that no knowledge of 
electronics is required for successful use. 

Such standard computing components form the major part of the 
equipment installed at AC/ AC, the American Center for Analog Com­
puting, which is a division of George A. Philbrick Researches, Inc. 
located in Boston. 

The staff and equipment at this Center have enjoyed considerable 
experience in the application of these arts to a wide variety of physical, 
chemical, biological, economic, and engineering systems. 
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SUMMATION AND INTEGRATION 

In this paper, these two operations are indicated by the blocks: 

For Summation ( L) 
lt-lPUT 

lfOLTAGE,S 

For Integratlon (J) 
OUTPUT INPUT 

VOLTAGES VOLTAGE5' 
OUTPUT 

VOLTAGES 

i----e 

Both of these operations are embodied in the standard Philbrick 
Model KS-U Universal Linear Operator illustrated: 

This unit combines inverting, proportioning, . summing and in­
tegrating in a natural mathematical fashion. It provides set-run-hold 
conditions via perpetually reliable mercury relays. A combination of 
amplifiers maintain accuracy and stability, while coefficients and 
modes of operation are established by means of easily-set and easily­
read decade switches. 
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MULTIPLICATION AND DIVISION 

In this paper, these two operations are indicated by the blocks: 

Both of these operations are embodied in the standard Philbrick 
Model K5-M Universal Multiplier-Divider illustrated: 

This component, in its most general usage, computes the product 
of two input voltages divided by a third. A constant voltage, adjusted 
by a triplet of decade switches, is additive to either type of input or 
to the output. Special cases taken in stride are the operations of 
squaring, reciprocating, and the evaluation of ratios and square roots. 
Accuracy, long-term, is of the order of 0.1 %, 
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BOUNDING OR LIMITING 

In this paper, this operation is indicated by the block: 

INPUi OUTPUT 
VOLiAG-E VOL iAGE e,-ill-- e 

This operation is embodied 
in the standard Philbrick 
Model K3-I3 
Bounding Component 
illustrated: 

OUTPUT. 
VOLTAGE 

e 

INPUT 

INPUT 
VOLTAGE 

e, 

The output voltage from the K3-B is a limited version of the input 
voltage, in which the Positive and Negative bounds are individually 
adjustable. Each bound may be set linearly from zero up to a maxi-
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mum of 50 volts. Except for being bounded, the output voltage follows 
the input and is not otherwise transformed. 

ABSOLUTE VALUE OR RECTIFICATION 

In this paper, these two operations are indicated by the block: 

INPUT OUTPUT 
VOLTAGE VOLTAGE 

e,--ll-e 
e =AI e1 I 

This operation is embodied 
in the Philbrick Model K3-V 
Absolute Value 
Component illustrated. 

e 
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The K3-V Component, often called simply the "Vee," computes 
instantaneously the absolute value of the input. Adjustment of the 
0-100 front dial varies the numerical scale factor A from zero to unity. 
The "full-wave rectifying" action of this unit has a number of applica­
tions in dynamics and controls. 
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DRAFT FOR THE PROPOSED AMENDED PART 23 
LIVE AND DEAD LOADS OF THE BOSTON 

BUILDING CODE 
BY FRANK H. WHELAN 

AT THE request of Mayor Hynes and under the sponsorship of 
the Building Commissioner, a meeting was held on December 11, 1958 
at the City of Boston Building Department to organize a committee 
to draft a revision of Part 23 of the Boston Building Code. The mem­
bers of the Committee are Frank H. Whelan, Chairman, Lawrence 
Burke, Vice-Chairman, Professor John M. Biggs, Miles N. Clair, 
Harry J. Keefe, William J. LeMessurier and David Mathoff, Secretary. 

The separate sections of Part 23 were studied by the Committee 
and resulting recommendations were discussed, revised and approved, 
one by one, at the subsequent meetings. 

On April 17, 1959, a copy of the final revision was distributed 
to several engineers for constructive criticism and on May 25, an 
open meeting of the Committee was held at Boston City Hall so all 
interested persons might give their views on the proposed revisions. 

The final draft as presented here meets the approval of the Com­
mittee and will be submitted to the Building Commissioner for further 
action. 

PART 23 
LIVE AND DEAD LOADS 

Section 
2301-Design for Loads. 
2302-Dead and Live Loads. 
2303-Weights of Materials. 
2304-Loads from Partitions. 
2305-Live Loads on Floors. 
2306-Special Concentrations. 
2307-Partial Loadings. 
2 3 08-Impact. 
2309-Lateral and Uplift Forces. 
2310-Reduction of Live Loads. 
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2311-Roof Loads. 
2312-Wind Loads. 
2313-Load Tests of Structure. 

SECTION 2301 DESIGN FOR LOADS 

221 

All buildings and other structures and parts thereof shall be 
designed to support the loads and withstand the forces, to which they 
are subject; that is, live, dead and wind loads as required in this part 
without exceeding the stresses allowed elsewhere in this code for the 
various materials. 

SECTION 2302 DEAD AND LIVE LOADS 
(a) The dead loads of a building shall include all the forces due 

to weight of the walls, permanent partitions, floors, roofs, framing 
and all other permanent stationary construction and fixed service 
equipment entering into and becoming part of the building. 

(b) The live loads shall include all loads other than dead load. 

SECTION 2303 WEIGHTS OF MATERIALS 
(a) The actual weights of the elements of construction and of 

materials to be supported shall be used in calculation of loads. The 
materials listed in the following table, in the absence of other data, 
shall be assumed to weigh not less than there indicated: 

Brick (face, clay, shale or concrete) masonry 
Brick (common) masonry 
Cast iron 
Cast stone masonry 
Brick (sand, lime) 
Gypsum 
Cinders, dry, in bulk 
Cinder fill 
Clay tile masonry 
Sand-cinder concrete, fill 
Glass block masonry 
Sand-cinder concrete, structural 
Stone or gravel concrete, plain 
Stone or gravel concrete, reinforced 
Common earth, dry and packed· 
Sand and gravel ( compacted) 
Granite masonry 

Pounds per 
Cubic Foot 

140 
120 
450 
144 
113 
37 
45 
60 
54 

100 
54 

110 
144 
150 
100 
110 
165 



222 BOSTON SOCIETY OF CIVIL ENGINEERS 

Limestone masonry 
Marble masonry 
Sandstone masonry 
Steel 
Timber 
Water (fresh) 

Plaster on metal lath exclusive of furring 
Roofing, tar and gravel 

SECTION 2304 LOADS FROM PARTITIONS 

160 
160 
144 
490 

40 
62.4 

Pounds per 
Square Foot 

8 
6 

(a) In buildings in which permanent partitions occur, their 
weight shall be counted as· affecting the design of all supporting struc­
tural members, including columns and foundations, as part of the dead 
load; and in those portions of buildings used for office occupancy, in 
which the prescribed live load does not exceed fifty pounds per square 
foot, allowance for partition weight shall always be made, whether or 
not partitions are shown on plans. 

(b) If a lay-out of partitions is included in the building plans, 
the weights of the partitions and their locations shall be determined 
in accordance therewith, or such lay-out may be used to determine 
an equivalent load per square foot of floor to be applied uniformly as 
a super-imposed dead load for purposes of design. But the allowance 
for partition weight in portions of buildings given to office occupancy 
when expressed in pounds per square foot of floor, shall in no case 
be less than a minimum of two pounds for each foot of story height 
for each square foot of floor. 

( c) In estimating loading from actual weights of partitions, it may 
be assumed that the partition occupies a space one foot wide, and a 
deduction may be made of the live load displaced on this width. 

( d) Arch action of partitions shall not be assumed to relieve the 
supporting members. 

SECTION 2305 LIVE LOADS ON FLOORS 

The live loads assumed on floors for purposes of design shall be 
the greatest loads that will probably be produced, by the intended 
occupancies, but the following distributed live loads, in pounds per 
square foot, shall be taken as the minimum for the occupancies named. 

For occupancies not listed, the design engineer shall submit in 
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writing the proposed designlive load to the Building Commissioner for 
approval. 

Pounds per 
Square Foot 

Domestic Occupancy: all parts of private dwellings, rooms and suites 
in apartment houses, lodging houses and clubs; private, ward or 
dormitory rooms in hospitals, asylums, educational and religious insti-
tutions, including corridors giving access thereto; and bedrooms of 
hotels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

· Office Buildings : 
Basement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
First Floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Upper Floors ......................................... ; . . . 50* 

Church Auditoriums: with fixed seats, including aisles, sanctuary or 
chancel, sacristies, choirs and chapels . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

Class Rooms: not exceeding nine hundred square feet in area, or larger 
size rooms where fixed seats are used . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Kitchen, other than domestic, and school laboratories . . . . . . . . . . . . . . 100 

Theatre Auditorium and Assembly Halls: t with fixed seats, including 
aisles and passageways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . 7 5 

Theatre Stages: gridirons and fly galleries . . . . . . . . . . . . . . . . . . . . . . . . 150 

Public Occupancy: lobbies, foyers, vestibules and similar public spaces 
of hotels, theatres, churches, clubs, and public buildings; assembly halls, 
including class and lecture rooms exceeding nine hundred square feet in 
area, without fixed seats; dance halls, public dining rooms and restau-
rants, public rooms for social purposes, skating rinks, gymnasiums 100 

Bleachers: 

Grandstands and temporary grandstands 150 

Corridors: 
In theatres and serving assembly halls . . . . . . . . . . . . . . . . . . . . . . . . 100 
In school buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 
Other corridors-same loading as heaviest occupancy to which 
they provide access. 
Fire escapes and exterior balconies: in theatres and serving 
assembly halls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
In other · buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 

Stairs :t same loading as heaviest occupancy to which they give access, 
but maximum required .................................... , . . . 100 

* See Section 2J04. 
·t For special floor concentrations and lateral thrusts on stair and balcony rails, see 

Sections 2306 and 2309. 
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Stores: 
For light merchandise, first and basement floors . . . . . . . . . . . . . . . . 100 
For light merchandise, above first floor, including mezzanine . . . . 7 5 
For heavy merchandise, all floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

Storage: 
Light storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 5 
Heavy storage .... ·.·...................................... 250 

Manufacturing: 
Light manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 
Intermediate manufacturing .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
Heavy manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

Locker Rooms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 

Garages :t including apparatus rooms of fire stations: 
Class A-Floors used for vehicles exceeding 20,000 lbs. in weight, 

including loads; and first or street floors of garages except 
those limited exclusively to passenger vehicles of not 
more than 9 persons capacity . . . . . . . . . . . . . . . . . . . . . . 250 

Class B-Floors not included in Class A and first or street floors of 
garages limited to passenger vehicles exclusively weighing 
n,ot more than 9,000 lbs. . . . . . . . . . . . . . . . . . . . . . . . . . . 150 

Class C-Floors above the first or street floors for passenger vehi-
cles weighing less than 6,000 lbs. . .. , . . . . . . . . . . . . . . . . 100 

A floor connected directly with the street or by a ramp or driveway not 
more than eight feet high shall be regarded as a first or street floor. 

Sidewalkst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 50 

Drivewayst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

All plans filed for permit shall include a list or notation of the live 
loads used in design. 

SECTION 2306 SPECIAL CONCENTRATIONS 

In the design of floors and structural systems, consideration shall 
be given to the effects of known or probable concentrations .of load to 
which they are subjected; and in structures designed for the occupan­
cies listed herein, floors shall be made capable of carrying the pre­
scribed distributed loads or the following minimum concentrations, 
whichever may result in the greater stresses. The concentrations 
indicated shall be assumed to occupy two and one-half feet square, 
and be so placed as to· produce maximum stresses in the members 
affected. 

t For special floor concentrations and lateral thrusts on stair and balcony rails, see 
Sections 2306 and 2309. 
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( 1) For office floors including corridors, theatre stages, gridirons 
and fly galleries and corridors serving them a load of two thousand 
pounds. 

( 2) For portions of garages subject to Class A loading, a con­
centrated load of twenty thousand pounds, and for Class B loading, 
ten thousand pounds. 

( 3) For sidewalks, a concentrated load of 12,000 pounds. 
( 4) For driveways, and for trucking spaces within the limits of 

a structure, a concentrated load of twenty thousand pounds. 
( 5) For structural supports of ceilings under accessible spaces, 

for trap doors and skylights a concentrated load of two hundred 
pounds. 

( 6) That portion of hangars subject to concentrated loads shall 
be designed to accommodate the heaviest vehicle housed therein. 

( 7) For elevator machine room grating ( on an area of four 
square inches), a load of three hundred pounds. 

(8) For stair treads (on center of tread), a load of three hundred 
pounds. 

( 9) For exposed metal light floor plate construction ( on an area 
of one square inch), a load of two hundred pounds. 

SECTION 2307 PARTIAL LOADINGS 

(a) The effect of a partial live load on a structure taking into 
account its construction, connections, and rigidity, which will produce 
maximum stress in any member, shall be provided for in the design, 
as well as full live loading. 

(b) The partial loading shall also conform to the design require­
ments of other sections of this code. 

( c) For snow load requirements, see Section 2311. 

SECTION 2308 IMPACT 

The live loads prescribed herein may be assumed to include a 
sufficient allowance to cover the effects of ordinary impact. For 
special occupancies and loadings involving unusual impacts, such as 
those resulting from moving loads, machinery, elevators and crane­
ways, provisions shall be made by suitably increasing the live load. 
In the case of machinery care shall be taken to avoid near resonant 
conditions. 
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SECTION 2309 LATERAL AND UPLIFT FORCES 

(a) In the design of basement walls and similar approximately 
vertical structures below grade, the forces due to lateral pressure of 
adjacent soil shall be calculated. Due allowance shall be made for 
possible surcharge from fixed or moving loads. When a portion or 
· the whole of the adjacent soil is below a free water surface, calcula­
tions shall be based on the weight of the · soil as diminished by 
buoyancy, plus full hydrostatic pressure. 

(b) In the design of basement floors and similar approximately 
horizontal structures below grade, the upward pressure of water, if 
any, in the supporting soil, shall be taken as the full hydrostatic pres­
sure applied over the entire area. 

( c) Balcony and stairway railings, exterior and interior, shall be 
designed to resist a horizontal thrust of twenty pounds per linear foot 
applied at the top of the rail. 

SECTION 2310 REDUCTION OF LIVE LOADS 

(a) Roof Live Loads-No reduction shall be applied to the roof 
live load. 

(b) Live Loads 100 Pounds per Square Fe1ot or Less-For uni­
formly distributed live loads of 100 pounds or less per square foot, 
the design live load on any member (not including one-way slabs) 
supporting 150 square feet or more may be reduced at the rate of 0.06 
percent per square foot of area supported by the member, except that 
no reduction shall be made for areas to be occupied as places of public 
assembly. The reduction shall exceed neither R as determined by the 
following formula, nor 50 per cent: 

D+L 
R = 100 X 

SL 
in which 

R = reduction in percent 
D = dead load per square foot of area supported by the member 
L = design live load per square foot of area supported by the 

member. 

(c) Live Loads Exceeding 100 Pounds per Square Foot-For 
live loads exceeding 100 pounds per square foot, no reduction shall 
be made, except that the design live loads on columns may be reduced 
by ¼ the quantity specified in (b). 



BOSTON BUILDING CODE 227 

SECTION 2311 RooF LOADS 

(a) Flat roofs, and roofs having a rise of two inches or less per 
foot of run shall be designed to support a vertical snow load of thirty 
pounds per square foot of horizontal projection. Roofs used as roof 
gardens, or for other such purposes shall be designed as floors to 
support the load prescribed for corresponding occupancies. 

(b) Roofs having a rise of more than two and less than twelve 
inches per foot of run shall be designed for a vertical snow load of 
( 34-2r) pounds per square foot of horizontal projection in which r 
is the rise in inches per foot of run. 

( c) Roofs having a rise of twelve inches or more per foot of 
run shall be designed for a vertical live load of ten pounds per square 
foot of horizontal projection. 

( d) Roof structures or portions thereof shall be designed for 
stresses produced by partial snow loading whenever such stresses 
exceed those produced by full snow loading. In such cases the partial 
snow load may be assumed equal to two-thirds of the load required by 
paragraph a, b, or c of this section. 

( e) All roofs shall be designed for the wind loads specified in 
Section 2312. Two-thirds of the wind load required by Section 2312 
shall be combined with two-thirds of the snow load required by para­
graph a, b, c or d of this section, whenever such a combination 
produces higher stresses than those existing with wind or snow load 
acting separately. 

SECTION 2312 WIND LOADS 

(a) All buildings shall be designed to resist wind forces applied 
to both walls and roofs without exceeding the stresses allowed in this 
act. 

(b) The design wind pressure P in pounds per square foot shall 
vary with the height above the average ground elevation adjacent to 
the base of the structure in accordance with the following table: In 
the case of a sloping roof the height shall be the average height of 
the roof. P in Lbs. per 

Height in Feet Square Foot 
0- 25 20 

25- 50 25 
50- 100 30 

100- 150 35 
150- 400 45 
400- 700 55 
700-1500 65 
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( c) Wind pressure on the elements of a building shall not be less 
than the following values: 

Total horizontal pressure on the walls of rectangular buildings ( combining 
the effect of pressure on the windward wall and suction on the leeward wall) 1.0 P 

Total horizontal pressure acting simultaneously on each of any two per­
pendicular walls of a rectangular building ( combining the effect of pressure 
on the windward walls and suction on the leeward walls) .7 P 

Pressure in or out on an exterior wall 1.0 P 

** Total suction on the entire surface of all roofs 1.2 P 

Pressure normal to windward surface only of roofs with slopes equal to or 
greater than 30 degrees (to be combined with zero pressure on leeward 
slope) .9 P 

Uplift on eaves, cornices or other local projections, and fastenings of roof 
coverings 

Total pressure on gross area of signs with less than 25% openings 

Total pressure on net area of signs with more than 2 5 % openings 

Total pressure on projected area of round chimneys or tanks 

1.5 p 

1.2 p 

1.6 p 

.7 p 

(d) As an alternative to the provisions of Section 2312 (c) and 
with the approval of the Building Commissioner, wind force on a 
building may be based on shape coefficients obtained from wind tunnel 
tests of models or by other approved methods. Such shape coefficients 
shall include the full effect of openings in wall or roof surfaces. In 
such cases the velocity pressure "q" to be used at any height shall 
be taken as .77 P where Pis given by the table in paragraph 2312 (b). 

( e) Where dead load forces reduce the effect of wind loads, two­
thirds of dead loads shall be used in calculating the net effect of wind. 
Roofs and walls shall be anchored against uplifting or overturning 
when such forces exceed two-thirds of counter-balancing dead load 
forces. 

SECTION 2313 LOAD TESTS OF STRUCTURES 

(a) The Commissioner shall have the right to order tests under 
load or other tests of any portion of a structure when the conditions 
have been such as to leave reasonable doubt as to the adequacy of 
the structure to serve the purpose for which it was intended. Such 
tests shall not be required to be made on any concrete or masonry 
construction until it is at least sixty days old. 

** Resulting from wind parallel to the ridge in the case of gable roofs. 
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(b) In such tests, the member or portion of the structure under 
test shall be subjected to a total load, including its own weight, which 
shall equal the total dead load plus twice the live load for which it is 
required to be designed. This load shall be left in position for a period 
of twenty-four hours before removal. The structure, if a floor or 
portion thereof, shall be considered to have passed the test if within 
twenty-four hours after the removal of the load such floor or roof 
recovers three quarters of the maximum deflection under the test load. 
If the member or portion of the structure shows evident failure or 
fails to meet the recovery requirement, it shall be rebuilt or may be 
modified as is necessary to make the structure adequate for the rated 
capacity, except that, where lawful, and where the structure is un­
damaged, a lower rating may be established. 
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ENGINEERING FOR NATIONAL SECURITY 
BY MAJOR GENERAL EMERSON C. lTSCHNER* 

Read by BRIGADIER GENERAL ALDEN K. SIBLEY,** Member 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Boston Post, 
Society of Military Engineers, held on January 21, 1959.) 

THE engineer has played a more significant role in national 
security and advancement in the United States than perhaps in any 
other nation. That has been due to the peculiar "circumstances of our 
national origin and the availability of a large, rich frontier suddenly 
opened for development by an aggressive people who were ready 
for it. 

The engineer was a key figure in winning our national inde­
pendence. His skills hastened the settlement of the frontier. His work 
in constructing roads, canals, harbors, waterways and railroads 
made possible the economic integration of this vast land within a 
single century and helped to build our modern industrial society. 

The engineer's role in defense. from the earliest days to the 
present time has been equally fundamental and dynamic. In the 
1Jnited States, the engineering profession originated with military 
necessity and grew out of the establishment of the Army's Corps of 
Engineers and the U.S. Military Academy at West Point for the 
training of engineers and other military leaders. There has been a 
close community of interest between the military and the civil engi­
neer from that period to our own time. 

Thus, in addition to his modern technological skills, the Amer­
ican engineer has an excellent background of tradition for meeting 
the requirements of our present military and economic emergency. 
For the primary problems of national security today are basically 
military and economic, and the two are closely integrated. 

Many people are so appalled by the prospects of nuclear war 
that they tend to overlook the risk that we could lose the world 
conflict by failure to counter Soviet efforts for economic penetration 
and political domination of the undecided nations outside the Iron 
Curtain. While we must be prepared to fight a hot war and marshal 

* Chief of Engineers, U.S. Army. 
** Division Engineer, New England Division, Corps of Engineers, U.S. Army. 
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military strength to deter it, we are already fighting an economic and 
political war. To lose it would be as disastrous as to lose a military 
war. 

Both types of conflict present new, difficult and important tasks 
for the engineer. Primary· among these are the technological aspects 
of how to cope with two of the most formidable forces known. These 
have been loosed upon the world by Science opening the Pandora's 
box of technological advancement before we were morally and 
spiritually ready for it. They are: 

The inter-continental missile, with its nuclear blast that 
could devastate a nation in a single, concentrated attack, within 
a few minutes time; and 

The pressure of the world's explosive population growth 
on the limited natural resources of this already crowded planet. 

Two recent events· highlight the imminence of these threats as 
problems demanding immediate action: 

In mid-December, the world's largest and best equipped missile 
facility was put in service at Vandenberg Air Force Base in Cali­
fornia. Here men are being trained to fire the new inter-continental 
missile. Bases for actual deployment of the weapon are already 
under construction in the United States. The enemy too, has ad­
vanced far, and either has or soon will have the capability for sending 
nuclear destruction over the great Polar arc to destroy wide areas 
of our country. The problem of how to survive the availability of 
such a weapon is upon us. 

Last November, Dr. Philip M. Hauser, Head of the University 
of Chicago's Population Research Center, announced that the United 
States may grow to as much as a billion people in less than a century, 
if current trends continue. He thinks we may number almost a 
quarter billion people just sixteen years from now. 

Even though the growth may fall short of that predicted, it will 
certainly be extremely large. Moreover, it is part of a global trend. 
Great Britain's leading soil scientists a few weeks ago warned that 
the world would need to support six billion people in the next century. 
That is three times the present population. 

This problem, too, will soon be upon us in full force. We see 
its advance effects in world-wide social, economic and political tur­
bulence upon which the Soviets seek to capitalize. At home, we 
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already feel the repercussions. And we are beginning to feel the 
pressure of our own population growth: in urban expansion, the over­
crowding of our schools and thoroughfares, the increasing problems 
<Ji_water supply, flood protection, stream pollution and soil depletion, 
and in many other ways. 

So, on the one hand, we must be prepared to fight an inter­
continental nuclear war, if necessary, and to repel country-by-country 
"installment plan" aggression whether it be military, economic or 
political, or a combination thereof. 

On the other hand, we must support the phenomenal growth of 
our own population, and help friendly or undecided nations to find 
ways to support theirs. 

These tasks call upon us to exercise the utmost of engineering 
ingenuity in military advancement and in keeping our country strong 
and dynamic. They hold special significance for engineers of all 
kinds-military and civilian. For we must literally, as well as figu­
ratively build our way to security, military and economic. All aspects 
of technological warfare and military construction to support it, as 
well as economic activity such as water resources development, the 
highway program, schools, housing, utilities, industrial expansion­
all must move ahead-at an accelerating rate. 

Sdentists and engineers 11:re in a very real sense ultimate weapons 
in our struggle for suvival in the nuclear age. Before the plans for 
a new weapon or a new piece of equipment are off the research and 
development drawing board, the construction engineer must plan its 
installation. Many of his designs will be unprecedented, requiring 
pattern-making engineering solutions, such as the Arctic airbases 
using ice and snow as materials; snow tunnels in lieu of roads on 
the ice cap, and for crack-proof rigid pavements to carry 240,000-
pound gear loadings on frost-susceptible, glacial till material. The 
construction engineer is among the first to come to grips with reali­
zation of the national strategic concept. Construction capabilities 
frequently dictate the feasibility of military plans and operations. 
Meticulous design, careful supervision and inspection must produce 
the high standard of construction for which the Army Corps of 
Engineers is reputed. 

Our revitalized military defense program is now and will con­
tinue to be costly. The Corps of Engineers is concerned, of course, 
with the military construction, combat engineering and other tech-
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nological support aspects of the program. The Corps' military con­
struction program in recent years has amounted to about $1¼ billion 
per year in Continental United States and overseas. Under our unified 
defense system, the Corps performs construction for the Army, Air 
Force, National Guard and some construction for the Navy. 

The Air Force is our biggest client. Although most of the con­
struction for the Air Force is still conventional, consisting of modi­
fication and expansion of existing facilities and bases, construction 
of missile installations is rapidly coming to the fore. This year missiles 
account for 15 percent of the Corps' military construction. In Fiscal 
Year 1959 however, we expect support of missiles to amount to about 
40 percent of our military construction. 

New England has a big stake in the military construction pro­
gram. This strategic, northeast corner of the United States is now 
in the front lines of potential inter-continental warfare. The shortest 
air route from Moscow to Washington would pass over Maine, Ver­
mont, New Hampshire, western Massachusetts and on to Washington. 
A Soviet jet bomber flying that route would be within 15 minutes 
of any New England city. An inter-continental missile could span • 
the whole distance in little more than 30 minutes. Thus New England, 
by virtue of its geography, its industrial targets and population 
concentration, is indeed of critical strategic importance. 

What does this mean to New England? The U.S. Army Engineer 
Division, New England, has constructed and is now adding to one 
of the most concentrated centers of defense in the nation. We have 
the multi-million-dollar Strategic Air Command bomber bases like 
Loring, Dow, Westover and Portsmouth. We have our warning fa­
cilities dotting the area and the Texas towers ever watchful off the 
coast. We have a complex system of aircraft control and warning, 
and we are now building inter-continental missile facilities at Presque 
Isle in Maine. We are building such weapons systems as these in 
strategic areas throughout the nation. With their development and 
the sure knowledge of their retaliatory capability comes one of our 
greatest deterrents to war and therefore one of our greaters powers 
for peace. 

The industrial and air-base complexes of New England are now 
defended by the Army's NIKE AJAX missile batteries designed to 
sp,ell the doom of the piloted bomber. These facilities are now being 
modified to accommodate the longer range NIKE HERCULES 
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missiles. These deadly air-defense missiles are being supplemented 
in New England by the Air Force's BOMARC IM-99 missile, a 
long range ground-to-air interceptor missile designed to operate at 
high altitudes and supersonic speeds. Launched by a liquid-fuel 
rocket engine, the BO MARC is a weapon 47 feet long with a wing 
span of 18 feet. In Presque Isle, Maine, the first operational SNARK 
missile base in the United States is now under construction. This 
mi~sile, not to be confused with a ballistic missile, is a surface-to­
surface intercontinental cruise (subsonic) missile with a range of 
over 6,000 miles. 

Besides construction, another missile responsibility held by the 
Corps is Engineer support for Army deployment of the weapon. The 
Redstone Missile, for example, which uses great quantities of liquid 
oxygen ( called LOX) as a propellant, requires refrigeration at minus 
296 degrees (F) in order to avoid excessive loss in storage and 
transportation. Already five and 20-ton transportable manufacturing 
plants have been developed for operation by Engineer troops close 
to launching sites, and a SO-ton plant is under development. Nine­
ton tractor-trailer LOX units are being procured in New England 
to equip IRBM units deployed overseas. 

In support of ground and airborne forces in the missile age, the 
Corps has devised airborne construction equipment, tank-mounted 
bridges, mechanical minelayers, jeep-mounted mine detectors, and 
tank-mounted mine-clearing devices that will help troops move more 
rapidly and fight more effectively. We have infra-red equipment to 
help them see at night. We are helping meet problems of supply to 
small, fast-moving groups. We can quickly provide large numbers 
of accurate maps, which contain more information about trafficability 
than ever before. Meanwhile we are cooperating with 63 other nations 
to establish a unified international mapping grid system for use in 
missile operations and strategic planning. 

I have given you only the highlights of what engineering is 
contributing to military defense through the Corps of Engineers. 
And now, what are we doing about the second aspect of engineering 
for national security-the problem of population growth? 

One of the most essential elements to a strong and growing 
economy, to support both military defense and national growth, is 
water resources development. The Corps of Engineers holds a large 
share of the national responsibility for this activity. We are pushing 
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forward a nation-wide $800-million annual program of investigations, 
construction and operations of flood control, navigation, hydro-electric 
power, water conservation, and related activities. Our investigations 
and construction programs are proceeding on the basis that we shall 
ultimately need full use of our water resources to meet the seemingly 
insatiable demands being placed upon this vital resource. We shall 
need greater flood protection as the centers of production· along our 
rivers expand. Our inland waterways have become virtually floating 
mass-production lines as heavy, bulk materials are carried from plant 
to plant in the various stages of processing. Barge traffic has about 
doubled over the past decade and will grow considerably. Our har­
bors are becoming increasingly important as we look more to the 
importation of essential raw materials. 

Just three short years ago the flood control program in New 
England was given added impetus as the result of one of the worst 
floods in the history of the northeast. In an effort to prevent the 
recurrence of a similar major economic dislocation in one of the most 
highly industrialized areas of our country, the Corps of Engineers 
has made rapid progress in the construction of the New England 
flood control system. In fact, the progress we have made in the past 
three years in planning and constructing protective facilities in this 
area has been truly remarkable. I know of no other area in the 
country where so much has been accomplished in such a short time 
following a flood disaster. 

Under this accelerated planning and construction program, seven 
new flood control projects have been completed at a cost of $10 mil­
lion, 12 projects at a cost of $104 million are now under construction 
(many of which will be completed within a year) and six more proj­
ects aggregating about $11 million in cost are now being designed. 
This is a total of 2 5 flood control projects which will be completed 
soon at a total Federal cost of over $125 million. 

The significance of this accomplishment is evident when we 
compare this three-year record with the total history of flood control 
construction in New England prior to August 19 5 5. In the more than 
30 years following t-he major flood of 1927, 23 flood control projects 
were built. This represents about 20 percent of the comprehensive 
program recommended by the Corps· of Engineers and authorized 
by Congress before 1955. In other words, when our present program 
is completed, we will have done more to provide flood protection in 
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the few years since the 19 5 5 flood than was accomplished in the whole 
previous history of New England. 

This is only part of the picture. With the aid of their Congres­
sional delegations, the people of New England have gained a greatly 
augmented flood control program, in addition to the millions of dol­
lars appropriated for projects already authorized. The Northeast 
Flood Studies and Hurricane Studies have thus far resulted in the 
authorization of two major hurricane protective works on Narra­
gansett Bay and in New Bedford Harbor. 

The task of engineering for national security demands that we 
preserve a sound and healthy domestic economy to support our mili­
tary defense programs. We must not sacrifice one on the altar of 
the other. We must never lose sight of the fact that the Soviets have 
declared and are fighting the economic "cold" war. As Kruschev 
challenged: "We declare war upon you in the peaceful field of trade. 
We declare war. We will win over the United States. . . . We are 
relentless in this, and it will prove the superiority of our system." 

To face this challenge with success, while at the same time de­
terring the Communist bloc from open military aggression, will 
require more than the taxpayer's dollar, more than national determi­
nation and fortitude. It will require national brains! 

We must remain acutely conscious that the greatest power on 
earth is and always will be the human mind-the thoroughly trained 
and highly educated mind. The real war of today and tomorrow is 
the war of men's minds. We can no longer afford to rely upon the 
scientists of Europe to provide us with the basic scientific knowledge 
on which our great technology rests. As engineers we can help im­
prove the lot of the small and devoted group of pure scientists in 
the United States by understanding them and applying the fruits 
of their basic research to technological development. The military 
engineer today can no more afford to ignore the methods and achieve­
ments of pure science than can the statesman ignore the inter­
continental missile and the Pentomic Army. 

We must feed our strong and virile technology with solid scien­
tific nourishment, and the engineering profession must digest this 
nourishment and put it to use building national growth and strength 
as rapidly as it emerges froni the laboratory. Herein lies our pro­
fession's great challenge. 
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SURVEYS IN CONNECTION WITH THE PREPARATION 
OF CONSTRUCTION PLANS FOR SEWERS IN 

DERRY, N. H. 
BY HARRY R. FELDMAN,* Member 

(Presented at a meeting of the Surveying and Mapping Section, B.S.C.E., held on 
January 28, 1959.) 

THOSE of you who have driven through Derry, N. H. have done 
so perhaps by way of the Londonderry Turnpike ( Bypass 2 8) and 
think of it as being simply a route junction with two service stations 
and an ice cream stand. The main portion of Derry is about one 
mile west of the above mentioned intersection, called West Derry, 
and is actually a picturesque modern community with a population 
of about 6,000. It has several successful industries among which 
is the original Harvey Perley Hood Milk Farm. 

As in so many other similar towns, however, it had failed to 
develop a satisfactory sewage disposal system. The present Board 
of Selectmen realized the need for urgent action on this problem, 
"because of the increasing deterioration of Derry's water supply 
and the antiquated and unsanitary method of the town's sewage 
disposal system-" and engaged Camp, Dresser and McKee, con­
sulting engineers, to propose and follow through a satisfactory 
solution. 

After making sufficient preliminary studies, the consulting engi­
neers engaged Harry R. Feldman, Inc. to make the. surveys from 
which contract drawings could be made. It is with this phase that 
this paper is concerned. 

The survey requirements were these: 

( 1) Plans of all streets to be drawn at a scale of 1" = 40' show­
ing buildings, trees, utilities, travelled ways, and other pertinent 
topographic features. 

( 2) Profile data along all streets with sill elevations to 0.1' 
or better. 

( 3) Topography of two cross-country strips ( for interceptors) 
to be plotted at forty scale and with two-foot contours or better. 

* President, Harry R. Feldman, Inc., Boston, Mass. 
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( 4) Research and field work in regard to land takings or ease­
ments. 

From an existing small scale map of the town, it was estimated 
that there were about one hundred streets averaging 1,000 feet in 
length or approximately twenty miles of streets to be mapped. Also, 
through this area of about three square miles, were two brooks which 
met at a "Y" intersection in the south west part of the town close 
to the area of the proposed sewage stabilation ponds. It was felt 
that these brooks were suitably located and, with their natural 
gradients, would be ideal along which to place the trunk line inter­
ceptor sewers. These were the two cross-country strips to be sur­
veyed as mentioned above and were each about 7,000 feet long. 

Realizing the relative magnitude of the job, the question arose 
of how best to make the necessary surveys keeping in mind the usual 
parameters, for the least cbst in the shortest time. Aerial methods 
were immediately considered. Although aerial photogrammetry is 
more than one hundred years old, it has only been in the past decade 
that it has made its greatest advances and then thought of mostly 
in terms of large highway projects. Then too, the elevation require­
ments were, for the most part; too fine for standard photogrammetric 
methods. 

An estimate of time and cost, therefore, was made up in two 
ways: 

( 1) Complete conventional ground survey. 
( 2) An aerial survey for planimetric data with conventional 

methods for elevations. The results indicated that the combination 
aerial and ground method would be better in that the cost would be 
about 30% less and would take only half the time of the conven­
tional method. Needless to say, the job was flown. 

The U. S. G. S. "quad sheet" (Fig. 1) was delineated and the 
area flown by Lockwood, Kessler and Bartlett, Inc. in the early 
Spring before the foliage appeared. In the interim, surveys were 
started along the banks of the two brooks keeping in mind to have 
the survey lines as close as possible to satisfactory interceptor sewer 
locations. 

The aerial photographs were delivered with requests to locate 
· and coordinate 18 horizontal control points. Since there were no 
geodetic coordinated points in the area concerned, it was decided to 
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use an arbitrary coordinate system with a value of N 10,000, E 10,000 
in the center of town at the intersection of the main street (Broad­
way) and the B & M R.R. Broadway and the railroad made an 
"X" intersection and it was along these that the main control traverses 
were run with closing sides to make two loops called the "A & B" 
traverses. The bearing system used was based on the R. R. baselines. 
The closures of the loops were of second order accuracy. The traverse 
points were of a semi-permanent nature, painted for future reference. 

The cross~country trunk line surveys, which were originally 
random traverses, were tied into the aerial control lines to give a 
check on these and create additional loops with a minimum of work. 

As soon as the traverses were run and checked out, the coordi­
nates of the ground control points were calculated and noted on the 
9" X 9" aerial contact prints. They were returned to Lockwood, 
Kessler and Bartlett, Inc. with these instructions: 

( 1) Provide working drawings only, at a scale of 1" = 40'. 
( 2) Show streets, buildings, poles, large trees, travelled ways, 

ponds and brooks. 
( 3) Indicate any other planimetric data which may be helpful 

for determining property lines such as walls, fences and cultivated 
fields. 

Briefly, the essence of photogrammetry is the creation of a 
measurable spatial model, the basic principle being similar to the 
manner in which our brains perceive a three dimensional scene with 
depth provided by superimposed images from our two eyes. In one 
method, light rays which originally went from the object (in this case, 
the ground surface) to the camera are reversed. The reversal of the 
light rays is done by pairs of projectors which are closer than were 
the original adjacent camera positions during flight and thus making 
a "model" which is smaller than the object. For planimetric data, 
the operator traces the desired details such as buildings, roads, and 
the outline of wooded areas. If contours were needed, the operator 
would follow a "floating point" over the model which had been pre­
set with identifiable points of known elevation. As the operator 
moves over the model a plan is created by means of suitable linkage 
arms not unlike a pantograph. 

While the aerial photographs were being processed through the 
plotting machines, the vertical control points were established on the 
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ground. The U.S. Geological Survey provided bench mark infor­
mation on the Seal Level Datum of 1929. Three bench marks were 
found to be useable, two along the B & M R. R. and the third at 
the town fire station on Broadway. Several level' loops were made 
from these and the turning points and temporary bench marks were 
located, painted, and described to facilitate the profiling of each of 
the streets to be done later. 

A field office was set up and a procedure was arranged for 
profiling each of the streets. Stations were marked off with a cloth 
tape from L to L of travelled ways. Using the pre-established T. P's, 
elevations were taken at 50 ft. intervals and at the sills of the build­
ings on each side of the street. This data was turned into the field 
office where it was checked and plotted on the photogrammetric work 
prints. The stationing on the ground and the scaling on the plans 
between streets checked out very well. Also added in colored pencil 
were underground utilities as observed in the field and· as indicated 
by the various town departments. 

All of this work was accomplished and turned over to Camp, 
Dresser and McKee in less than three months. The key point in this 
whole process, we believe, was that duplication of work was elimi­
nated by following through with working plans from the outset to 
the final contract plans. This was accomplished by close cooperation 
between Lockwood, Kessler and Bartlett, Inc., Harry R. Feldman, 
Inc., and Camp, Dresser and McKee. It was found also that the 
aerial method provided at all times a "bird's eye view" of the project 
and the photogrammetric plans gave infinitely more details than would 
be economically feasible by ground surveys. 

There remained only to obtain property owners and lines for 
easements and taking plans. Although, from our point of view, the 
assessors' records were incomplete, the town officials were extremely 
cooperative and helpful. The work involved with property lines will 
not be detailed here, but a few points will be mentioned. Here again 
the photogrammetric plans were exceedingly helpful in that they 
showed walls, fences and hedges which were excellent clues to the 
property lines. For the most part, it was a matter of going from 
door to door to obtain the owners' names and other information. 

In this regard, it may be of interest to quote here verbatim a 
small portion of the report by one of the men working on this phase 
of the project. "Horne Brook Easement-Owners unknown-Land 
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north of Maple Street, between the Derry Dressed Poultry Com­
pany's land, and that of the Derry Fibre Mills, Inc., including a 
gravel drive and a small wooden building. The abuttors believe that 
this parcel belongs to the Boston and Maine R.R. The Boston office 
of the B & M denies ownership. The Selectmen's Clerk believes that 
it is owned by the Derry Fibre Mills. There was no one around the 
small building, nor was there any identifying name on it. A January 
19 5 5 plan of the area, by a local surveyor, has the building labeled 
'Marr Scaffolding Co.' This plan was made for land taking purposes 
for a proposed street, but the Selectmen dropped the project when a 
question over land ownership developed." Possibly, had the research­
er scrutinized the little wooden building more closely he may have 
discovered a design cut in the door-a crescent shaped moon. 
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DISCUSSION 
Bv DARRELL A. RoOT,* Member 

THE results of the survey work performed by Harry R. Feldman, 
Inc. were turned over to us in the form of two sets of photogrammetric 
sheets. The work sheets covered the whole area in which sewers, 
interceptors, pumping station and treatment facilities were to be 
constructed. These. sheets showed all the necessary topographical 
features, and in addition the surveyors had plotted the elevations 
of the centerline of the streets at every 50 ft, or at shorter intervals 
where necessary, the elevations of the sills of all the buildings, and 
the rim and invert elevations of all manholes, catch basins, and 
culverts. The underground utilities as observed in the field and the 
information furnished by town officials were also shown on the work 
sheets. We were furnished a set of aerial photographs which were 
used occasionally to check the photogrammetry, and in some cases 
used to check topography by the use of stereGscopic glasses. 

Before the field surveying was undertaken, we advised the Sur­
veyor that we would need detailed topographical surveys along the 
interceptor routes. This work was included with the base line survey 
work, and the details were placed on the photogrammetric work 

. sheets. In addition to the street profiles, we required some profiles 
cross-lots which had been selected with the initial sewer layout. 
These profiles were taken at the time the street profiles were made. 
This information was also included on the photogrammetric work 
sheets. 

Previous to the receipt of the photogrammetric work sheets, 
we had laid out a map of the proposed sewer system on a street map 
with the scale of 1" = 400 ft. By using the photogrammetric work 
sheets, we first checked the locations of various sewer lines and the 
ends of the various sewer lines and corrected the proposed layout to 
agree with the details furnished on the . work sheets. Construction 
plans on plan and profile sheets were then laid out to cover the pro­
posed system, and these plans were started by tracing the plan 
information from the work sheets. Prints were made from the con-

* Partner, Camp, Dresser_ and McKee, Boston, Mass. 
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struction drawings after the plan material had been completed, and 
these prints were then used as work sheets for designing the sewer 
system. 

The first step in preparing the design work sheets was to plot 
the ground profile from the information on the photogrammetric 
work sheets. After the ground profile was plotted and the utilities 
shown on the profile, the size and location of the sewers was estab­
lished and placed on the work sheets. At this time the information 
to be added to the plan was also included on each work sheet, such 
as the location of sewer line, manholes, and other information which 
was required to be added to the plan. 

After a work sheet was completed, it was set aside until the 
work sheets that were tied into the sheet in question were completed. 
Such sheets covered upstream sewers, downstream sewers, and all 
lateral sewers which might come into any particular work sheet. All 
of the work sheets were then rechecked to ascertain that all the 
necessary and related changes were completed. The work sheet in­
formation was then transferred onto the construction drawing. This 
final construction drawing was the first time that a drawing, as such, 
had been prepared, b€cause up to this time all the information was 
contained on either the photogrammetric work sheets or the sewer 
design work sheets. 

During the development of the design sheets, it became apparent 
that minor changes were required in the overall layout. For example, 
a few lateral sewers were taken cross lots instead of around the 
block, and it was necessary to sewer a few additional streets. Because 
the photogrammetric work sheets contained information between the 
streets as well as along the streets; and because they showed all of 
the existing buildings, it was a simple matter to make adjustments 
in the sewer design work sheets because the information was available. 

Before the preparation of the construction drawings was started, 
it had been decided that these plan and profile sheets would be 
reduced by half, so that the plans issued to the bidders for bidding 
purposes would be approximately 11" x 18". Considerable thought 
was given to the size, spacing of lettering, the weight of lines, and 
the. presentation of material on the final drawing, so that when the 
sheet was reduced, we would have a legible, workable · drawing on 
which contractors could base their bids. We also planned to use 
these same reduced drawings in the field for construction purposes. 
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A total of 93 plan and profile construction drawings, divided into 
two contracts, was prepared to cover the work on which bids were 
received. A total of 82,130 ft, or about 15.5 miles of intercepting 
and street sewers was laid out on these drawings. In additionto the 
sewers, these contracts called for the installation of 16,180 ft of house . 
connections which were built within the street lines. 

Low bid on the first contract was in the amount of $372,000, 
and low bid on the second contract was in the amount of $572,000. 

We were particularly pleased with this method of developing 
the construction plans from the survey data furnished to us. The 
advantages to us were that the data was presented in a relatively 

. short time from the date we authorized Harry· Feldman, Inc. to pro­
ceed with this work, the photogrammetric work sheets contained more 
information than would have been developed from street surveys, 
we were furnished aerial photos of the area in which we were work­
ing, and that the cost of the survey work was reduced and we were 
able to pass this saving on to our client. 

Mr. Chester C. Pease, Jr. was the Engineer in charge of the 
preparation of the construction plans on this project, and he is now 
Resident Engineer in charge of the construction. His principal assist­
ant on both of these assignments is Manning S. Chellis. 
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BOSTON SOUTH BAY INCINERATOR - THE EVENTS 
LEADING TO ITS CONSTRUCTION 

BY JOHN F. FLAHERTY,* Member 

(Presented at a meeting of the Sanitary Section, B.S.C.E., held on· December 3, 1958.) 

MUNICIPAL incineration has been a long time coming to Boston, 
and has finally arrived with the construction of the South Bay 
Incinerator. 

The problem of an adequate and sanitary method of refuse dis­
posal for the City of Boston has been the subject of studies and 
reports extending back to 1908 and possibly earlier. In 1908, a special 
Commission appointed by Mayor Hibbard to investigate the collection 
and disposal of refuse, and a second Commission appointed in 1910, 
reported that the present methods of disposal were unsatisfactory 
and objectionable, and recommended that the City construct incin­
erators. 

In 1922, George A. Johnson, a consulting engineer, made a study· 
and submitted a comprehensive report on the problem to the Com­
missioner of Public Works, in which he stated that-

"The dumps in which these materials, often heavily mixed with garbage 
due to poor separation, are now being deposited, are rapidly nearing their 
capacity in many cases. In from one to three years some of the largest dumps 
now in use will have to be abandoned, necessitating much longer hauls to new 
points of deposit, and consequently increased cost of collection and transport." 

and further stated in his conclusions that-
"The evidence at hand admits of no other conclusion than that the existing 
procedures involving refuse collection and disposal in Boston are unsanitary, 
inefficient, unduly costly, and as a whole unsatisfactory to the people. 
"There is but one wholly satisfactory method of refuse disposal, and that is 
its complete destruction by fire." 

Commissioner of Public Works, George G. Hyland, engaged the 
services in 1941 of the engineering firm of Metcalf & Eddy to make 
a study and report on refuse disposal in the so-called 10-year Contract 
Area-comprising the older sections of Boston-and in 1950 retained 
the Thomas Worcester Company-another engineering organization-

* Division Engineer, Sanitary Division, Boston Public Works Department. 
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to study and report on refuse disposal as it affected the entire City. 
Both engineering firms reported that the present practice of refuse 
disposal at open land dumps is un~sanitary and a potential health 
menace and nuisance. Both recommended the construction of ade­
quately designed incinerators as the best and only satisfactory solu­
tion to the refuse disposal problem. 

Although the problem of refuse disposal has been under study 
for over fifty years, and all investigators have been unanimous in 
their recommendations that the City resort to incineration, we do not 
have one municipal incinerator operating in the City -of Boston. 
There are several factors responsible for this delay, the chief ones 
being: 

( 1) The low cost of operating open land dumps ( excepting the 
Spectacle Island operation) as compared with the high cost of con­
structing and operating incinerators. 

( 2) The continued availability of land dumping sites. 
( 3) The objections of residents and public officials to an incin­

erator being constructed within their district. 
The first two factors have been discounted for most sections 

. of the city due to the rapidly approaching exhaustion of land dumping 
sites. The opposition of citizens to the location of an incinerator any­
where in their district led to the selection of the South Bay section, 
an industrial area with unrestricted zoning, as the incinerator site, 
although it was known that subsoil conditions would result in a 
foundation problem. 

In 1951, the firm of Metcalf & Eddy was engaged to submit a 
report on and to design the South Bay Incinerator. In their report, 
the engineers made the following recommendations: 

1. The capacity of the plant should be 7 50 tons per day. 
2. Mechanical stoking of the furnaces rather than hand-stoking 

should be provided. 
3. The specifications should be so drawn as to permit corp­

petitive bidding by makers of chain-grate furnaces, Volund furnaces, 
and circular mechanically stoked furnaces. 

4. Bids should first be received and the contract awarded for 
the purchase of the incinerator equipment. Thereafter, the building 
and other features of the plant should be designed and a separate 
contract awarded by competitive bidding. 



248 BOSTON SOCIETY OF CIVIL ENGINEERS 

5. No provision should be made for salvage of waste materials 
at the new incinerator. 

6. Waste heat energy should be utilized by generating steam 
in the new incinerator. The steam should be transmitted to the City 
Hospital for use in that institution. 

7. The burning of refuse in the incinerator should be confined 
to the five-day collection week. On Saturdays, Sundays and holidays 
when collections are not made, steam should be generated by burning 
oil under the new boilers in the incinerator. 

8. The saving to the City in fuel and power bills by utilization 
of waste heat energy is estimated to be not less than $115,000 an­
nually. 

The selection of the South Bay area for location of the incinerator 
was influenced by the· fact that it was zoned Unrestricted, was cen­
trally located with respect to refuse hauling and was close enough 
to City facilities for effective waste heat utilization. Obtaining the 
plant site, however, was subject to several frustrating delays covering 
a period of over four years, from 19 51 to 19 5 5. 

The first site selected was found to interfere with plans of the 
Massachusetts Market Authority for a wholesale meat market in 
this area. A second choice was objected to by the New Haven Rail­
road-which had taken over the market development from the Com­
monwealth-as it would be located in a proposed wholesale produce 
market area. A third site was selected on vacant land owned by the 
Commonwealth. 

This latter site was under jurisdiction of the State Department 
of Public Works. Their plans for expressway construction in this 
area included using part of this land. When they had determined 
what land could be allotted to the City for an incinerator site, per­
missive legislation was filed in the General Court providing for the 
transfer of title to this land from the State to the City. Coincidentally, 
the City, in January 1955, made a taking of an adjacent parcel of 
94,110 square feet from the New Haven Railroad. 

Unfortunately, 1955 was an election year, the incinerator site 
became a political issue, and the bill was defeated. The City then 
made an additional taking from the New Haven Railroad in No­
vember, 1955 of 30,711 square feet, the only remaining land adjacent 
to the original taking and not owned by the State or needed for the 
expressway location. The total area of 124,821 square feet provides a 



BOSTON SOUTH BAY INCINERATOR 249 

compact but adequate site. To obtain additional space for equipment 
and materials during construction, a 100-foot wide strip adjacent to 
the site has been leased from the Commonwealth for a five-year 
period. 

About the time these takings were made, a petition signed by 
the wholesale meat dealers and processors in the area, strenuously 
objecting to this location for the incinerator, was submitted to City 
officials. They stated that the incinerator would be detrimental · to 
their business in spite of the fact that state and local health author­
ities had approved the incinerator site, and the local Federal Meat 
Inspection Bureau was not opposed to it. A few days after the peti­
tion was filed, I toured the market area and counted over twenty 
barrels with burning trash in front of the petitioners' establishments, 
all actively polluting the air. 

There are several junk yards in the plant vicinity where exten­
sive burning of automobile bodies is carried on, and which produces 

. dense clouds of black smoke. Smoke emission is heavy at times from 
some industrial stacks in view of the site. We have taken pictures 
showing some of these occurrences. The State Department of Public 
Health has placed air sampling stations at various points to measure 
the amount of particulate matter in the atmosphere around the in­
cinerator site. It will be interesting to see how these samplings 
compare with those taken after the incinerator is placed in operation. 

All of the recommendations made by the engineers were accepted 
by the City, but, as the preliminary design proceeded, some changes 
were made. Failure of all the metropolitan communities, excepting 
Boston, to accept Chapter 559, Acts of 1952, which provided for the 
Metropolitan District Commission to construct and operate incin­
erators for the disposal of refuse from communities accepting the 
Act, and failure of the Boston City Council to approve a site in 
Dorchester for an M. D. C. Incinerator indicated the advisability of 
increasing the capacity of the South Bay Incinerator from 7 50 to 
900 tons per twenty-four hours. 

During the four years spent in acquiring a site, construction 
costs increased to a point where it was deemed advisable to take bids 
on furnishing four as well as six 150-ton per day furnaces. This was 
done in order fo keep within the available appropriation by purchas­
ing only four furnaces-if necessary-and constructing a building 
to house six furnaces, the other two furnaces to be installed at a later 
date when money became available. 
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Bids were opened on December 2, 19 5 5 of proposals that could 
be made for furnishing four, five or six furnaces with combustion 
chambers, tubular waste heat boilers, fly-ash arrestors and other 
appurtenances, with four alternate types of mechanically stoked 
furnaces, namely; rectangular, circular, traveling grate and rotary 
kiln. No bid was submitted on a rotary kiln furnace. The traveling 
grate prices were high, and the award lay between the rectangular 
and circular grate furnaces, the low bids on both types being very 
close. 

It was decided that, of the two, the rectangular furnace was 
better suited for the refuse burning and steam generating require­
ments at this plant, and, as the slight difference in price of $2,300 
in a contract totaling $963,000 did not warrant an award based on 
price alone, the contract for four furnaces with Flynn & Emrich 
stoking grates was awarded to the George Allen Company. Exception 
to this award was made by one of the circular furnace bidders, who 
commenced litigation which delayed the final approval of this contract 
until May 28, 1956. 

Additional appropriations were made for the incinerator, and 
two more furnaces were contracted for in April, 19 5 7 at the price 
bid on December 2, 19 5 5. The equipment contract was at this time 
assigned to the Tynan Incinerator Company. 

The design of the building proceeded during the aforementioned 
litigation, and when it had advanced to a stage where the foundation 
could be designed, it was decided to award separate contracts for 
the pile foundation and for the refuse storage bin in order to have 
no delay in start of construction while awaiting completion of the 
detailed plans and specifications of the remainder of the plant. 

Borings taken by the Raymond Concrete Pile Company in 
August and September of 1956 showed a very deep bed of soft blue 
clay between a. top twenty-foot layer of loose fill and hard pan at a 
depth averaging 165 feet. One boring was driven 249 feet before 
encountering rock. 

A contract for driving approximately 65,000 linear feet of con­
crete filled 12-inch steel 'piling was awarded the J. F. White Con­
tracting Company. Work started in December, 1956 and finished 
in June, 19 5 7. The contract for construction of a refuse storage bin 
was awarded the Coleman Brothers Corporation in April, 1957, and 
the work was completed in January of 1958. The John Bowen Com-
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pany was low bidder on the building contract which was awarded 
in November, 1957, and this construction is still in progress. 

Plans and specifications for construction of a 12-inch steam 
main from the incinerator to the Boston City Hospital are completed 
and invitations for bids on this work will be advertised soon. As 
part of this pipe line will be located under the Fitzgerald Express­
way and Southeast Expressway interchange, construction will have 
to be co-ordinated with the highway work. In addition to furnishing 
all the steam requirements of the hospital, it is probable that the 
surplus steam will be sold to the Boston Edison Company under 
an agreement now being negotiated. 

The total cost of construction will be approximately $5,500,000, 
comprising the following main items: 

Engineering and Inspection 
Land (Estimated) 
Pile Foundation 
Refuse Storage Bin 
Equipment-Furnaces and Appurtenances 
Building and Site Work including Steam Main 
Miscellaneous, including Borings, etc. 

Total 

$ 275,500 

75,000 

4'18,900 

412,600 

1,456,000 

2,855,000 

7,000 

$5,500,000 

The annual operating cost, not including amortization, is esti­
mated to be $560,000, the largest item being operating personnel at 
$367,000 yearly. Fuel oil for burning over week-ends and as sup­
plementary fuel on days of peak hospital demand will cost approxi­
mately $113,000; electric power, $46,000; and maintenance $32,000 
per year. 

The South Bay Incinerator will dispose of the refuse produced 
in the older sections of the City, namely: South Boston, Charlestown, 
Roxbury and the City Proper, including the North End, West End, 
South End and the Back Bay. These districts have a combined area 
of thirteen square miles, approximately one-third of the City's area, 
and a population of 380,000, approximately fifty percent of that of 
the entire city. 

When construction of the South Bay Incinerator was recom­
mended in 19 51, the adoption of this method of disposal in place of 
the present method indicated a saving to the City of approximately 
$357,000 per year. Since that time, the reduction of $199,000 per 
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year in the disposal contract price and the increase in construction 
and operating costs show no appreciable savings to the City by 
incineration. 

The following table shows that the sum of the present cost of 
refuse disposal and the cost of generating steam at the hospital equals 
approximately the net cost of incineration including the cost of 
amortization and taking credit for income from private dumping and 
sale of surplus steam. 

COMPARISON OF REFUSE DISPOSAL COSTS-PRESENT METHOD VS, INCINERATION 

PRESENT DISPOSAL COSTS 

Scow and Dump Contract 
Labor at Wharf Station 
Rental of Dump Site 

Generating Steam at Hospital 
Fuel Oil 
Labor 
Maintenance 

Total Yearly Cost with Present 
Disposal Method 

EsTIMATED CosT WITH INCINERATION 

Incineration Amortization 
Operation and Maintenance 

Generating Steam at Hospital 

Income at Incinerator 
Dumping Privilege 
Sale of Surplus Steam 

Total Yearly Cost with Incineration 

$372,000 
30,000 
24,000 

$426,000 

$245,000 
83,000 
30,000 

$358,000 

$784,000 

$358,000 
560,000 

$918,000 

0 

$ 75,000 
60,000 

$135,000 

$783,000 

Neither economics nor sanitation was the determining factor in 
adopting incineration for refuse disposal. The prime factor was the 
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rapidly approaching exhaustion of refuse dump sites in the City. 
Neighboring communities, with one exception, do not have adequate 
capacity in their disposal sites for Boston's refuse. The . relatively 
small remaining capacity at dumping sites in Boston must be re­
served for incinerator residue. However, the increase in opposition 
to open land dumps and the tendency to legislate restrictions on them 
eventually may have forced Boston-if the incinerator was not built­
to resort to all disposal on the Boston Harbor islands, at a cost 
considerably greater than incineration. 

As stated in the beginning, municipal incineration has been a 
long time coming to Boston. However, the administrative officials 
of the City believe that once the leaders and members of civic organ­
izations have an opportunity to inspect and observe a modern in­
cinerator in operation, much of their former opposition to this facility 
will decrease, and we shall be able. to obtain fund? and sites for the 
additional incinerators needed to eliminate entirely the nuisance of 
land dumps in the City of Boston. 
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BOSTON SOUTH BAY INCINERATOR 
DESIGN AND CONSTRUCTION 

BY HARRISON P. EDDY, JR.,* Member 

(Presented at a meeting of the. Sanitary Section, B.S.C.E., held on December 3, 1958.) 

MR. FLAHERTY has described the difficulties of obtaining any site 
upon which this plant could be constructed. The one finally secured 
is about as tight a site as could possibly be used. Examination of 
old maps indicated that this was at one time water front property, 
in fact it may have been completely under water before the con­
struction ·of the docks at the south end of South Bay. 

In addition to having limited space around the plant, the site 
required expensive foundations. 

GENERAL DESCRIPTION OF PLANT 

The purpose of the plant is to burn mixed municipal refuse, 
consisting of garbage and rubbish. There are six furnaces, each of 
a rated capacity of 150 tons per day and three waste heat boilers, 
each of a capacity of 75,000 lbs. of steam per hour. Each waste 
heat boiler is served by two furnaces. 

The building is approximately 241 feet long by 200 feet wide 
and there are three large chimneys. 

The collection vehicles enter the building at the east end passing 
over truck scales at the entrance. They back against the curb and 
discharge their contents into the receiving bin. From the bin, refuse 
is hoisted by grab bucket cranes to the charging hoppers on the top 
floor, then falls by gravity onto the grates in the furnaces on the 
stoking floor. After combustion the ashes are dropped into ash pits 
below the furnaces whence, after quenching, they are discharged by 
gravity into trucks and hauled away from the plant and dumped. 

The flow of gases from the furnaces and combustion chambers 
normally passes through waste heat boilers, fly ash arrestors, and 
induced draft fans into the chimneys. Bypass flues are provided from 
each furnace to bypass the boilers when they require cleaning or are 
not required for steam production. When the bypass flues are in use 

• Partner, Metcalf & Eddy, Boston, Mass. 
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SOUTH BAY INCINERATOR LOOKING SOUTHEASTERLY. 

the gases may be cooled in a spray chamber before entering the fly 
ash arrestors and the induced draft fans, or may flow directly to the 
chimneys, bypassing boilers, fly ash arrestors and I.D. fans. The 
fly ash arrestors and I.D. fans were manufactured by the Fly Ash 
Arrestor Corp. and are the dry multiclone type. From the induced 
draft fans the gases go directly · to the chimneys, one chimney being 
provided for each pair of furnaces. The chimneys are 22 feet in out­
side diameter at the base and have complete self-supported refractory 
linings to the top. 

The boilers were manufactured by Babcock & Wilcox. They 
are three-drum, single pass, water tube, waste heat boilers and are 
equipped with the usual superheaters, soot blowers, and other auxil­

. iaries. In addition, each boiler has auxiliary oil burners to permit 
steam generation at periods when the refuse furnaces are not in 
operation. These boilers will generate steam at 250 lbs. per square 
inch gage. 

The steam will be used primarily at the large City Hospital 
nearby. As Mc Flaherty has pointed out, a connection will probably 
be made with the Boston Edfson steam system. If this is done, sur-
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SOUTH BAY INCINERATOR-BOSTON CITY HOSPITAL IN LEFT CENTER BACKGROUND. 

plus steam from the incinerator would become available for use in 
the Edison system. A small amount of steam will be used for certain 
auxiliaries in the incinerator building. 

The cranes, of which there are three in number, span the entire 
width of the bin and charging floor, a total of 67 feet. An end crane 
can be parked at either end of the room if out of order, at which 
time the other two cranes can serve all the furnaces. 

Charging of the furnaces is controlled by means of hydraulically 
operated charging gates with water cooled throats located at the 
bottom of the charging hoppers. The grates are operated hydrau­
lically and are inclined at an angle of approximately 15 degrees from 
the horizontal. As burning proceeds, the fuel bed is moved forward 
to the front of the furnace by the upward tilting of alternate sections 
of the grate. This grate action is controlled by the fireman as the 
condition of the fire warrants. After the refuse has been thoroughly 
burned and reaches the front of the furnace, the ash remaining is 
dropped through a hinged section of the grate into the ash pit below. 
The refuse for each furnace enters through three charging gates, one 
for each cell, and falls onto the high end of the stoker grates at the 
back of the furnace. 
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There are three ash pits, one for each cell of the furnace. They 
are closed on the bottom by water-sealed horizontal sliding gates. 
The ashes are quenched in the ash pits and then dropped through 
the gates into a dump truck on the floor below. 

The furnace and boiler contract was awarded to George Allen 
& Son Inc. and subsequently was assigned to the Tynan Incinerator 
Co. Although at the time the contract was signed by the City, suf­
ficient funds were available for only four furnaces and two boilers, 
subsequent allocations made it possible to extend this contract to 
include all six furnaces and three boilers, thus providing for the 
complete plant a furnace capacity of 900 tons of refuse per 24 hour 
day, with steam generating capacity of 225,000 pounds per hour. The 
furnaces are designed around the Flynn & Emrich Co. inclined rocker 
grate stokers. Furnace walls are of the gravity type Consisting of 
first quality refractories with a carborundum brick facing extending 
4 ft. above the grate to withstand abrasion and spalling of the furnace 
walls. N osings around the charging opening are also of carborundum 
brick shapes. Arches over the furnaces, combustion chambers and 

SOUTH BAY INCINERATOR BOILER ROOM-SHOWING ERECTION OF 3 DRUM TUBULAR 

WASTE HEAT BOILERS-CAPACITY 75,000 LB. PER HR. EACH. 



258 BOSTON SOCIETY OF CIVIL ENGINEERS 

SOUTH BAY INCINERATOR, STOKING FLOOR, INSTALLING REFRACTORIES IN RECTANGULAR 
FURNACES WITH FLYNN & EMRICH STOKERS. 

flues are of the Detrick ·co.'s American Design flat suspended arches. 
All walls outside of the furnace chamber are of the insulated unit 
or sectionally supported walls. Floors which are in contact with hot 
gases are insulated and air cooled. 

For use during periods "7hen refuse may bere{eived with con­
siderable moisture content or a · relative high volume of non­
combustible material, oil burners have been installed in the furnace 
chambers to aid in burning the refuse or to maintain proper tem­
peratures for deodorizing the gases. Forced draft fans, one for each 
furnace, are also provided to aid combustion or to increase steam 
production when their use may be required. Air for the forced draft 
fans is drawn from outside the building and blown directly into th~ 
furnaces without preheating. · . :;) 

A complete system of controls is provided to record temperatures, 
drafts and other pertinent information which will be recorded on 
instrument panels on the operating floor. Part of the control system 
is the provision for automatically controlled water spqiyr in. !]le l?ys 
pass flues to reduce the gas temperature to a degree· t6 permit 'fhe' 
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g~ses to enter safely the fly ash collectors and I. D. fans when they 
are not being chilled by the boilers. In the boiler room sufficient 
steam driven auxiliary equipment has been provided so that steam 
generation can be accomplished in case of power failure. 

FOUNDATIONS 

Borings indicated a deep layer of soft blue clay underlying 
several layers of fill, silt, peat, fine sand and clay, with compact 
material and hardpan beginning approximately 113 to 150 feet below 

. the surface. Rock was encountered at a depth of 243 feet at one 
point. After thorough consideration of various types of construction, 
it was decided that end bearing pile foundations should be used to 
support the heavy loads of this building, the chimneys and other 
equipment. 

Because of the steel shortage which was prevalent at that time, 
contractors were using great ingenuity in the use of used material. 
Accordingly, bids were invited for driving piles of various types and 
the bidders were given the option to bid on any number of types 
which they chose as well as on new and used material. Bids were 
received in October 1956. The lowest was for driving H piles but 
the delivery of the steel would have resulted in a delay of seven to 
eight months before starting driving. Therefore, the next higher bid, 
for driving second-hand concrete-filled steel pipe piles; was accepted. 
The pipe used was 12 ¾ in. o.d. oil country line pipe weighing ap­
proximately. 50 pounds per lineal foot. This pipe looked as if it had 
been used in acid Louisiana marshes because one side of it, perhaps 
the invert, apparently had been almost continuously riddled with 
corrosion but when delivered to the site it had been so thoroughly 
patched by welding that it was considered acceptable for use. In 
accordance with the Engineering News Record formula, these piles 
driven to a resistance of 22 blows per inch with a Vulcan No. 1 
hammer will carry a safe working load of 70 tons. A pile carrying 
70 tons and filled with 4,000 pound concrete will have stresses in 
the steel of 6,700 psi. and in the concrete 670 psi. which are above 
the Boston Building Code limits of 6,000 psi. and 400 psi., respec­
tively. Also, the borings indicated that the required resistance would 
not be met until a depth of between 150 and 180 ft. had been reached. 
This violates the slenderness provision of the Boston Building Code 
which requires that the load be reduced when the depth to diameter 
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ratio exceeds 40. An appeal was made, however, on the grounds that 
there had been in the past, no known failure of such a pile due to 
buckling, and the stresses were within reason and permitted by other 
codes. This appeal was granted. 

A pile loading test was made in November 1956, with two ad­
jacent piles for use as tension or anchor piles. The first section of 
the test pile was 98 feet in length and no driving was necessary for 
the first 18 feet as the weight of the pipe and hammer caused the 
pile to penetrate to that depth. Moderate resistance was encountered 
for the next 10 to 14 ft. and then little resistance as it entered the 
deep layer of soft blue clay until the 96 ft. depth was reached where 
driving was stopped to permit splicing of the upper section. When 
driving was resumed, little resistance was encountered to the 160 ft. 
depth where the resistance increased rapidly until 26 blows were 
recorded for the last inch of penetration at a final depth of 163.4 ft. 
below cut-off elevation. The loading test was conducted in accordance 
with the building code, applying the load in five ton increments every 
four hours, the final load of 140 tons remaining on the pile for a 
48-hour period. The maximum settlement recorded was 0.3 72 inches 
which was well within the limit of .500 inches allowable. With 
successful conclusion of tests the pile driving was commenced 
immediately. 

During the driving, careful observations were made in each pile 
as to its deflection from the vertical by means of dropping a light 
down the pipe. In granting the appeal the Boston Building Depart­
ment had stipulated that after driving, the pile should not be out 
of plumb more than 2 ft. for the upper 100 ft. and the remainder of 
the pile should not be out of plumb more than 2 percent of the 
remainder of its length. It was soon obvious that with piles of the 
length that were being driven, this specification was not being met 
in a number of cases. We were fortunate at this time that Dr. 
Bjerrum, the head of the Norwegian Geotechnical Institute, was 
serving as a visiting professor at M.I.T. Dr. Bjerruin had made 
extensive studies concerning the driving of piles in soft material and 
the lateral support that could be expected from such soil. Dr. B jer­
rum recommended and the Building Dept. agreed that piles be accept­
able if the radius of curvature for the upper 7 5 ft. were not less 
than 1,400 ft. and for the lower portion not less than 1,000 ft. This 

· criterion is based on a maximum allowable stress in the pile of 15,000 
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psi. resulting from the initial curvature and the load imposed by the 
superstructure. The use of this criterion has to be tempered to some 
extent by the nature of the loads which are carried and the consid­
eration of the number of piles which share the load. 

In order to determine the curvature of the piles, an inclinometer 
was devised. This instrument consisted of a frame with wheels that 
fit snugly inside the pile. Within the frame there was inserted a 
three-tube manometer connected to a common stop cock which was 
located at the lower end of the instrument. A nylon fish line was 
attached to the handle of the stop cock, so that it could be closed 
by a jerk at the surface ·of the ground. The inclinometer was lowered 
into the pile with the stop cock open. At a predetermined depth, 
the stop cock was closed and the instrument raised. By reading the 
difference in the level of liquid in the manometer tubes, the slope 
and direction of slope at the desired level was obtained. Of the 566 
piles driven, it was found necessary to use this instrument on approxi­
mately 140. Of this number, 30 piles were rejected as unsatisfactory. 
Seven additional piles were rejected for various other reasons, in­
cluding indications that the pile had cracked during driving. The 
worst devia.tion noticed was approximately 2 5 ft. from the top of 
the pile to the horizontal projection of the estimated location of the 
tip. In another instance, a deviation of 33 degrees was observed 
within a vertical distance of 10 ft. 

CORROSION SURVEY 

A study was carried out to determine the amount of corrosion 
of the steel pipe that could be expected. This study was made by the 
Electro Rustproofing Corporation of New Jersey and .included an 
analysis of the galvanic. action due to the differences in the various 
layers of soil and a survey of stray currents in the area due to the 
proximity of the New Haven Railroad yards. The results of their 
investigations indicated that the pipe piles would suffer minor gal­
vanic attack in the blue clay area adjacent to the sand and gravel. 
In addition, minor corrosion would also take place in the fill due to 
the presence of cinders and other deleterious materials. It was esti­
mated that based on surface potential gradients, a single pile would 
lose approxjmately 540 pounds of steel over a SO-year period due 
to stray currents. Considering all factors involved, it is estimated 
that without protection the steel pipe piles will have a useful life 
well in excess of 50 years. In order to minimize the effects of the 
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small amount of corrosion expected, design provided for keeping the 
piles insulated from one another and to ensure that they would not 
be used for grounding purposes or come in direct contact with any 
electrical current. 

RECEIVING BIN 

In order to provide storage for the refuse which will be collected 
during a day shift and burned throughout the 24 hours, a large storage 
bin was provided. It is 200 ft. long by 24 ft. wide and the length 
of the row of six furnaces. The bin had to be below ground because 
the site was so small that ramps could not be provided for an above-
ground bin and dumping floor. · 

The excavation for the bin was approximately 210 ft. long by 
35 ft. wide and 30 ft. deep below the ground surface. Observations 
made during pile driving indicated that the water table remained 
.fairly c_onstant at 6 ft. below the ground surface which meant a depth 
of excavation of approximately 24 ft. below the ground water level. 

SOUTH BAY INCINERATOR REFUSE BIN COFFER DAM. 
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Consideration was given to two methods of construction of the 
bin without using piles. One of these involved building it as an open 
tank or barge and launching it into a dredged channel and then 
sinking it into position, with the weight of the building helping to 
overcome flotation. Another method was to build the bin in place 
within close sheeting, placing a heavy floor of tremie concrete suffi­
ciently thick to overcome buoyancy. In either of these two methods 
the rest of the building would have been carried on pile foundations 
and there would have been hinged joints to permit differential move­
ment of the bin due to loading and unloading. It was finally decided 
to use pile foundations like those of the building with the bin tied 
into the piles to overcome flotation. As added protection, the bin 
was filled with water after its completion and prior to construction 
of the building to help resist buoyancy. The walls were designed to 
resist hydrostatic lateral pressure by cantilevering from the bottom 
slab. The . base slab was waterproofed by means of brick in mastic 
plus a 2-ply membrane. The sidewalls were waterproofed by means 
of a 5-ply membrane seal covered by a poured concrete protecting 
cover. 

The 66-ft. high bin wall in the direction of travel of the loaded 
bucket is completely armored with steel plate welded to I beams 
placed in the concrete wall, because with high speed crane operation 
the crane will bump into it and slide up the face of the wall so much 
of the time that otherwise disintegration of the concrete would 
probably be rapid. 

A contract for construction of the bin was awarded to Coleman 
Bros. in May 1957. Steel sheeting for the cofferdam was driven 
approximately 3 ft. outside the line of the bin walls to about 
35 ft. below the ground surface. Excavation inside the cofferdam 
was then carried on by clam shell bucket. At first water was pumped 
from inside the cofferdam at sumps at either end of the excavation. 
As excavation proceeded, however, the steel sheeting tended to move 
in and a system of well points was installed. The well points were 
pumped from July until the project was completed the following 
January. 
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TENNESSEE VALLEY AUTHORITY: INTERNATIONAL 
EXPERIMENT 

BY BENJAMIN w. WEST 

AMONG the changes of a very fundamental character in the 
economic life of the United States of America which were ushered 
in by the administration of the late President Franklin D. Roosevelt, 
perhaps none have been so controversial and few more far reaching 
in influence than has the Tennessee Valley Authority which was 
originally established by Act of the U. S. Congress, in 1933 for the 
development of the power and navigation potentials of the Tennessee 
River as well as to further certain other economic phases of the great 
fertile valley which constitutes the watershed of that stream. 

By virtue of certain basic U. S. National laws, the central govern­
ment has jurisdiction over all navigable streams in the United .States 
and this power is administered, in the main, by the Corps of Engineers 
of the United States Army. It was that agency which constructed the 
Wilson Dam near Florence, Alabama at the foot of a rapids in the 
Tennessee River known as "Muscle Shoals" within a few years after 
the signing of the Armistice in 1918-that structure having previously 
been authorized as a World War One measure, but it soon became 
apparent that such a structure could not be completed in time for it 
to make any contribution to victory in that struggle, so the work was 
held in abeyance until hostilities had ended. Even before the Wilson 
Dam was completed, a long and heated controversy ensued in the 
U. S. Congress and elsewhere in the political and industrial life of the 
United States over the question of whether the power plant and the 
war-time-constructed nitrate plants would be operated for fertilizer 
production by the U. S. Government (as actually required by the 
original National Defense Act of 1916 which had authorized the 
construction of the great dam) or by some private organization. This 
debate continued over a period of approximately 12 years until the 
F. D. Roosevelt Administration came into power in Washington in 
March, 1933. Mr. Roosevelt took almost immediate steps to bring 
about some adjustment which would embrace not only the war indus­
tries and Wilson Dam at Muscle Shoals, but would encompass a 



TENNESSEE VALLEY AUTHORITY 265 

comprehensive development of the natural resources of the region, 
including harnessing the river for navigation, flood control, generation 
of electric power, and other purposes; use of the chemical facilities 
for research and development to improve fertilizers and make them 
available as economically as possible, widespread tests and demonstra­
tions of fertilizers, encouraging reforestation and other activities to 
improve forest and agricultural land use, and further the agricultural 
and industrial development of the region. 

One of Mr. Roosevelt's chief motives in proposing the establish­
ment of the Tennessee Valley Authority was to set up what he termed 
a "Yard Stick" which would, so he suggested, serve as a guide in 
determining if the rates charged by electric power companies in the 
United States were in fact, too high as some had charged. Among the 
critics of the electric power industry in the United States (and, in­
cidentally, a great exponent of the Hydro-electric Power Commission 
of Ontario who had previously sought to bring about the establishment 
of a "Muscle Shoals Commission"), was the late U. S. Senator George 
W. Norris of Nebraska. He fought what was for several years known 
in the United States as the "Ford Offer for Muscle Shoals" which 
resulted when the late Secretary of War John W.. Weeks advertised 
the World War One Muscle Shoals Industries, including the then in­
complete Wilson Dam, for sale in 1921. Mr. Henry Ford came forward 
with an offer which precipitated one of the longest and most heated 
controversies in the history of governmental operations in the United 
States and ended only in 1933 with the establishment of the Tennessee 
Valley Authority. Senator Norris, prior to 1933, had introduced 
several bills for the public operation of the Muscle Shoals properties 
and two of them, one in 1928 and one in 1930, were passed by the 
Congress, but were vetoed by Presidents Coolidge and Hoover, respec­
tively. The depression and the election of President Roosevelt created 
a climate in which the TVA Act could be passed with the President's 
support. Therefore, after Mr. Norris had supported Governor Roose­
velt in the election of 1932 and when the latter proposed the Tennessee 
Valley Authority, he had the very enthusiastic and able support of Mr. 
Norris and many of the latter's colleagues so that the measure became 
law in the early part of the Roosevelt Administration. 

However, almost from the very beginning of its existence, the 
TV A, as it has become widely known, has been dogged by the opposi­
tion of those who champion the private financing and operation of 
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electric power enterprises. Some of these controversies have been 
decided only in the courts-in two instances, these cases having gone 
to the United States Supreme Court. In one such case, the late Mr. 
Wendell Wilkie, Presidential candidate in 1940, was seriously involved 
on the side of the electric power companies concerned. During the 
Eisenhower Administration, there have been grave differences of 
opinions with regard to over-all policies as may be illustrated by the 
so-called "Dixon-Yates" contract (now abandoned) which would have 
authorized the construction of a large power plant near the west bank 
of the Mississippi River at West Memphis, Arkansas. Under the 
plan, the Atomic Energy Commission would have purchased the power 
from the plant and delivered it to TVA as an off-set to some of the 
power delivered by TV A to the Atomic Energy Commission plant at 
Paducah, Kentucky. 

Under specific authorization by the U. S. Congress, the Corps 
of Engineers conducted what was, up to that time, perhaps the most 
thorough and exhaustive scientific study of the Tennessee River basin 
that had ever been made of any river system. This study was started 
in 1922 and was completed in 1929 at a cost of approximately 
$1,000,000 and dealt with navigation, flood control and electric power 
development. A complete coordinated scheme of navigation and water­
power development comprising 149 separate hydro-electric projects 
within the basin was worked out and presented in the detailed report 
with corresponding suggested designs, and approximate cost estimates. 

, This report proved to be a valued contribution to the rapid 
advances made by the TV A in the early stages of its development. 
An outstanding example of the helpfulness of this report may be cited 
in the case of what was suggested as the "Cove Creek Dam," but 
which, in reality, has been named "Norris Dam" in honor of the late 
U. S. Senator George W. Norris. Almost immediately upon the estab­
lishment of the main TV A offices at Knoxville, Tennessee, in the 
early part of 1933, work was started on the then proposed "Cove 
Creek Dam" and this was pushed to completion by 1936 to become one 
of the most spectacular engineering projects of the TVA and to form 
one of the greatest artificial lakes in the U. S. A. up to that time. The 
project was inaugurated with much "fanfare" and with numerous 
people of National prominence in the United States participating in 
the ceremonies. 

The Tennessee River is the largest tributary of the Ohio, which 
in turn empties into the Mississippi. It is formed by the confluence 
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of the Holston and the French Broad rivers at Knoxville, has a length 
of 652 miles, and a drainage area of 40,900 square miles. At times its 
discharge exceeds that of the Ohio, into which it flows. After flowing 
southwest through east Tennessee into Alabama, it flows westerly 
across north Alabama, touches a corner of Mississippi, and flows almost 
due north through Tennessee and Kentucky to its junction with the 
Ohio. Its source is 800 feet above sea level and it discharges into the 
Ohio at 302 feet above sea level. The main river is subject to wide 
fluctuations in flow with a minimum recorded discharge at Florence, 
Alabama (Wilson Dam) of 4,300 cfs and a maximum at the same 
point of 481,000 cfs. The average recorded flow at Florence is given 
as 53,300 cfs. 

Statistically speaking, it would require much more space than can 
be devoted to this subject to really do the TVA justice, but perhaps a 
brief summary of its outstanding accomplishments and activities over 
the last 24 years may be justified. Thus, to this end the following is 
quoted from a recently-published report by the TVA: "TV A has 
harnessed the Tennessee River and its tributaries with a system of 
multiple-purpose dams to extract the maximum control and usefulness 
from flowing water. Floods have been regulated, a new waterway 
opened to commerce, water supplies for cities and industries improved, 
recreation· opportunities afforded, fish and wildlife conservation ad­
vanced, and health conditions improved by the virtual elimination of 
malaria. Electric power has been generated economically in both 
hydro and fuel plants. It has been distributed widely and at low cost 
and used for the fuller and better balanced development of the 
resources of the region. It has also contributed greatly to the national 
defense. Chemical research and experimental production of fertilizers 
for use in widespread agricultural programs have provided a basis for 
improved farm management and land use, in the nation as well as 
the Valley region. Planting of seedlings, protection of timberlands 
against fire and other hazards, and better management have been 
encouraged to reestablish the beauty and economic value of the 
region's forests. Improved farm and forest management has brought 
better control of water on the land, curbing erosion, conserving mois­
ture for plant growth, and slowing the runoff into the streams. 

"Progress in these accomplishments in the Tennessee Valley region 
has been the work of many people, institutions, and agencies. The 
work of TVA in controlling the river, producing power and new 
chemical fertilizers, and in other activities has opened new opportuni-
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ties for people of the region to make better use of their natural re­
sources. Widespread cooperation with other agencies, as authorized 
and directed in the TV A Act, has helped build up and reinforce state 
and local units, private enterprise, and individuals in exercising in­
creasing responsibility and initiative in resource development. 

"The TV A flood control program was proven to be justified by 
virtue of its effects on major Tennessee River floods in 1946, 194 7 
and 1950 when it reduced by 10 to 12¼ feet the crests of the fifth, 
sixth, and seventh largest floods of record on that stream; thus saving 
property owners along its course millions of dollars in damage. In 
1950 TVA's 2-foot reduction of the Mississippi crest at Cairo, Illinois, 
spelled the difference that saved 200 square miles of farm land in 
the Birds Point-New Madrid floodway from evacuation and flooding. 

"Traffic on the new waterway doubled in five years. Grain traffic 
from the Midwest increased. Specially designed barges began regular 
transportation of automobiles. Navigation became a strong induce­
ment to industrial development. During World War II, even before 
the new navigation channel was completed, it was plied by tows 
stacked with military jeeps, trucks, and ambulances. Ocean-going 
ships were constructed on its banks at Decatur, Alabama, and dis-
patched down-river to the Gulf. . 

"In the electric power field, by the year 1956, TVA engineers and 
builders had brought to near completion the extraordinary 6-year 
program which added 6 million kilowatts of generating capacity to 
the TV A power system. During the year they placed in operation 
1,469,500 kilowatts of generating capacity, only a little less than the 
record of 1,734,300 kilowatts completed the year before. The total 
installed capacity had been increased from 2,993,610 kilowatts at the 
end of fiscal year 1950 to 9,279,485 kilowatts at the end of fiscal 1956. 

"The year included the ·completion and placement in operation of 
what is believed to be the 'world's largest' steam-electric power plant 
(in point of installed capacity of 1,600,000 kilowatts in nine units) 
at Kingston, Tennessee. This plant is a major source of power for the 
U. S. Atomic energy defense plants at nearby Oak Ridge, Tennessee 
and its great condensers use as much water in reducing the exhaust 
steam from the huge turbine to water as the city of New York 
consumes for various purposes. Its mammoth boilers consume a 50 
ton carload of coal every six minutes when the plant is in full opera­
tion. 

"The year 1956 also brought a new record in power generation of 
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57.5 billion kilowatt-hours, and a new record of sales to the U. S. 
Atomic Energy Commission. The Oak Ridge and Paducah plants, 
which together use from TV A more than twice as much power as is 
consumed in the city of New York, took 30.2 billion kilowatt-hours-
56% of TV A's total sales." 

Shortly after the. late Dr. Albert Einstein wrote a letter to Presi­
dent F. D. Roosevelt in which he drew attention to energetic efforts 
by Germany to bring into being atomic weapons and urged him to 
undertake serious investigation in this field, a mysterious project of 
enormous proportions was under construction at Oak Ridge, Ten­
nessee. This plant, which produced essential materials for the experi­

.mental bombs tested at Almagardo, New Mexico and used against 
enemy territory for the first time at Hiroshima and Nagasaki, Japan 

. demanded about 300,000 kilowatts of installed power capa,city in 
1950. However, by 1956, this figure had climbed to 3 .½ million 
kilowatts. When World War II ended and the original mystery of 
the Oak Ridge operations was unveiled, it was revealed that one of 
the major reasons for locating the atomic plant in the Tennessee River 
Valley was because of the availability of large blocks of electric power 
in that area. Between 1950 and 1956, the atomic energy plants 
multiplied their demands for TV A electric power elevenfold so that 
they used 31 billion kilowatt hours in 1956, which was well over half 
of TVA's total output and was almost twice the amount of electric 
energy used in New York City that year. 

More and more frequently, TVA is being requested to supply 
consultants on foreign TVA-like projects around the globe. TVA 
engineers and other experts familiar with its development programs 
are being sought for responsible positions on foreign river valley de­
velopments. Visitors from all over the world come to TVA in increas­
ing numbers to study its operation and its development programs and 
to inspect its various projects. Since World War II, TVA has had 
over 12,000 visitors from 90 countries; in 19 54 alone there were 
some 1800 from 70 countries. Noted world travelers are pointing out 
that TV A is coming to be recognized around the world as a symbol of 
resource development, pointing the way to a higher living standard 
and more satisfying way of life. As an outstandingly successful test­
demonstration of multipurpose river valley resource development, 
TVA has become an example for the world and is being emulated on 
increasing numbers of the earth's river valleys. 
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HARVEY BANKS KINNISON was born in Hopkins, Missouri, July 
21, 1890: He spent the early years of his life in the West. He attended 
the University of Idaho, obtaining his B.S. in Civil Engineering in 
1914. In 1916 he married Anita Taylor in Eugene, Oregon. Mr. 
Kinnison died on March 14, 1959. He leaves his wife; two sons, 
Hallard Banks, and Philip Taylor; and one daughter, Mrs. Edward 
Jones. 

He started his engineering work as District County Engineer 
of Bonner County, Idaho. Later he was chief of party for the Colony 
Holding Corporation, Atascadero, California. In 1918 he joined the 
United States Geological Survey, which he served for the rest of 
his life. He was located first in Texas, then in Kansas, then in 
Massachusetts, where he became District Engineer in 1926. He served 
as District Engineer for the Boston District until November, 19 5 6, 
when he was transferred to California, where he was Branch Area 
Chief for the western states with headquarters in Menlo Park, 
California. With this appointment he became one of the four branch 
chiefs of the Water Resources Division of the Geological Survey in 
the country, having charge of its activities in the Western States, 
Alaska, and the Hawaiian Islands. 

As District Engineer of the Boston District, Mr. Kinnison made 
a very marked contribution to the whole subject of hydrology in 
New England. Very soon after he was appointed, the 192 7 Vermont 
flood occurred. This was the first of the large, recent floods in the 
northeastern United States and as such was one of the floods that 
led to the whole system of flood control in New England. It also 
was the start of modern analysis of the hydrology of floods. His 
Water Supply Paper on the New England flood of November, 1927, 
was an extremely careful and valuable analysis of this flood and was 
first of this kind of flood paper published by the Geological Survey. 

Mr. Kinnison's work in the Geological Survey's office in Boston 
extended over a period of 30 years, during which time the department 
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grew from a small office employing a few people to its present size 
with a total personnel of 24. 

Aside from the various publications of the Survey, Mr. Kinnison 
· also wrote many papers on stream flow hydrology covering both 

drought and flood conditions, descriptions of the various floods, and 
analyses of flood formulae. These were published in the Boston 
Society's Journals during the period from 1930 to 1948. His paper 
on "Stream Flow Data, Its Collection and Use," published _in 1931, 
was awarded the Desmond-Fitzgerald medal. 

His greatest contribution to the science of flood hydrology was 
a paper which he wrote assisted by B. R. Colby entitled "Flood For­
mulas Based on Drainage Basin Characteristics," published in the 
Transactions of the American Society of Civil Engineers in 1945. 
This was an analysis of floods in New England rivers resulting in 
a classification of floods of various frequencies based on the flood 
characteristics of their drainage area based on topographic features. 
Since the publication of this system of analysis, it has been widely 
used in New England in determining floods for the design of dams, 
bridges, and culverts. It was the first of flood analyses which gave a 
method of using the physical data of a river for its flood-producing 
characteristics. 

Mr. Kinnison joined the Boston Society of Civil Engineers in 
1926, served as a director 1947-49, vice president 1945-47, and was 
president in 1947-48. He served as a member of the Committee on 
Floods, beginning with the one after the 1927 flood. He was a 
member of the John R. Freeman Fund Committee. He was also a 
member of the American Society of Civil Engineers, the American 
Geophysical Union, and the New England Water Works Association. 

Until he left for California, he made his home in Melrose, where 
he was active in various community affairs such as the Y.M.C.A. 
and the Boy Scouts, and particularly for five years in the construc­
tion of the new Melrose Highlands Congregational Church. 

From his work with the Geological Survey, Mr. Kinnison was, 
of course, widely known by hydraulics engineers throughout all New 
England. No one who had contact with him could fail to be im­
pressed by his great ability in his special line of work, and even 
more than that, by his willingness to give help in the way of infor­
mation in any situation, even beyond the requirements of his office. 
Those who had dealings with him know how clear and direct was 
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his attitude on all engineering problems so that one was always sure 
of his interested cooperation in any case where his help was requested, 
and such assistance was always given with an authority and an ex­
perienced judgment that made it all the more valuable. His was a 
great contribution to the theory and practice of hydrology in New 
England. 
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OF GENERAL INTEREST 

I.__· ___ P_R_o_c_E_E_n_1_N_G_s_o_F_T_H_E_s_o_c_1E_T_v __ _____,;I 

MINUTES OF MEETING 

Boston Society of Civil Engineers 
APRIL 15, 1959.-A Joint Meeting of 

the Mass. Section of the A.S.C.E. with 
the Boston Society of Civil Engineers 
was held this date at the Hotel Lenox, 
Boston, Mass., President Ernest A. 
Dockstader of the Mass. Section of 
A.S.C.E. presiding. 

After dinner President Dockstader 
called the meeting to order at 7 : 30 
P.M., and after introducing the head 
table guests, turned the meeting over to 
President Edward C. Keane of the 
BSCE to conduct any necessary busi­
ness. 

President Keane requested the Sec­
retary of BSCE to present a. recom­
mendation of the Board of Government 
to the Society for action. The President 
stated that this matter was before the 
Society in accordance with the provi­
sions of the By-Laws and notice of such 
action published in the ESNE Journal 
dated April 13, 1959. 

The Secretary presented the follow­
ing recommendation of the Board of 
Government to the Society for initial 
action to be taken at this meeting. 

MOTION "to recommend to the So­
ciety that a Publication Fund, for pub­
lishing Sanitary Lecture Series on 
Waste Water Treatment, be established 
by a loan of a sum not to exceed $3000 
from the Principal of the Permanent 
Fund; also that a fund be established 
by a loan of a sum not to exceed $2 500 

from the Principal of the Permanent 
Fund for republishing Vol. 1 of Contri­
butions to Soil Mechanics." Proceeds 
from sale of publications to be used to 
repay the loans. 

On motion duly made and seconded it 
was VOTED "that the Board of Gov­
ernment be authorized to transfer an 
amount not to exceed $3000 from the 
Principal of the Permanent Fund for 
publication of Sanitary Lecture Series 
on Waste Water Treatment and also 
transfer an amount not to exceed $2500 
from the Principal of the Permanent 
Fund for republishing Vol. I of Contri­
butions to Soil Mechanics, and that the 
proceeds from sale of publications to 
be used to repay the loans." 

President Keane stated that final 
action on this matter would be taken at 
the May 20, 1959 meeting of the 
Society. 

The Secretary also announced the 
names of applicants for membership in 
the BSCE and that the following had 
been elected to membership on April 6, 
1959:-

Grade of Member-Donald Ball, 
James P. Collins, Andrew P. Fisi­
chelli,* William L. Fletcher, Karl 
H. Kinder, Robert C. Libbey, 
Bradford Saivetz, .Alden K. Sibley. 

Grade of Junior-Cosmo D. Capo­
bianco,** Dominic F. Frangioso, 
Jr.,** Neal B. Mitchell, Jr. 

* Transfer from Junior. 
** Transfer from Student. 
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President Keane then turned the 
meeting back to President Ernest A. 
Dockstader of the ASCE who intro­
duced the guest speaker, Mr. W. Dean 
Devereux, Technical Advisor, Olin 
Mathieson Chemical Corporation who 
presented an interesting talk on "The 
Fairchild Aluminum Bridge." The talk 
was illustrated. ' 

A brief discussion followed, with ad­
journment called at 9: 15 P .M. 

40 members and guests attended the 
dinner and 53 attended the meeting fol­
lowing the dinner. 

ROBERT W. Morn, Secretary 

MAY 20, 1959.-A Joint Meeting of 
the Boston Society of Civil Engineers 
and the Structural Section, BSCE was 
held this evening at the United Com­
munity Services Building, 14 Somerset 
Street, Boston, Mass., and was called 
to order at 7:00 P.M., by President 
Edward C. Keane. 

President Keane stated that the min­
utes of the previous meeting held April 
15, 1959 would be published in a forth­
coming issue of the JouRNAL and that 
the reading of those minutes would be 
waived unless there was objection. 

President Keane announced the death 
of the following members:-

Harvey B. Kinnison, who was 
elected a member May 9, 1928 and 
who died March 14, 1959. 
Wilbur W. Davis, who was elected 
a member December 19, 1906 and 
who died April 15, 1959. 
Daniel M. Moore, who was elected 
a member October 17, 1928 and 
who died April 14, 1959. 

The Secretary announced the names 
of applicants for membership in the 
Society and that the following had been 
elected to membership on May 18, 
1959:- . 

Grade of Member-Edwin F. Cof­
fin, Jr., William F. Swift. 

Grade of Associate Member-Wil­
liam J. Collins.* 

President Keane requested the Secre­
tary to present a recommendation of 
the Board of Government to the Society 
for action. The President stated that 
this matter was before the Society in 
accordance with the provisions of the 
By-Laws and notice of such action had 
been published in the ESNE Journal 
dated May 4, 1959. 

Secretary presented the following 
recommendation:-

MOTION "to recommend to the So­
ciety that a Publication Fund, for pub­
lishing Sanitary Lecture Series on 
Waste Water Treatment, be established 
by a loan of a sum not to exceed $3000 
from the Principal of the Permanent 
Fund; also that a fund be established 
by a loan of a sum not to exceed $2 500 
from the Principal of the Permanent 
Fund for republishing Vol. 1 of Contri­
butions to Soil Mechanics." Proceeds 
from sale of publications to be used to 
repay the loans. 

On motion duly made and seconded 
it was VOTED "to approve above 
recommendation of the Board of Gov­
ernment. 

President Keane stated that this was 
the final action on this matter. 

President Keane stated that this was 
a joint meeting with the BSCE Struc­
tural Section and called upon William 
A. Henderson, Chairman of that Sec­
tion to conduct any necessary business 
of the section at this time. 

President Keane introduced the 
speakers of the evening, Mr. George R. 
Rich, Director and Mr. Wilfred M. 
Hall, President of Chas. T. Main, Inc., 
who gave a most interesting talk which 
was illustrated with slides on "The En­
gineering and Design Features" and 
"General and Construction Phases" of 
the Niagara Power Project. 

The meeting was preceded by a 

* Transfer from Junior. 
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dinner and 54 members and guests 
attended the dinner. 113 members and 
guests attended the meeting. 

The meeting adjourned at 9 :00 P.M. 
ROBERT W. Morn, Secretary 

SANITARY SECTION 
MARCH 4, 1959.-The meeting was 

called to order at 7 :00 P.M., by Chair­
man Clair N. Sawyer after an informal 
dinner at the Smorgasbord on Prov­
ince Street. Eighty-eight members and 
guests attended the meeting and thirty 
attended the dinner. 

The annual report of the Executive 
Committee was read by the Clerk of 
the Section. 

The report of the Nominating Com­
mittee was read by Mr. Ariel A. 
Thomas, and the following people were 
submitted for consideration as officers 
and executive committee members for 
the coming year ; 

Chairman Prof. Harold A. Thomas, Jr. 
V-Chairman George M. Reece 
Clerk Robert H. Culver 
Executive Committee James L. Dallas 

. George W. Hankinson 
Charles Y. Hitchcock, Jr. 

The report of the Nominating Com­
mittee was accepted, the nominations 
were closed, and it was VOTED that 
the Clerk cast one ballot for the nomi­
nees presented. This was done. 

The elected officers and members of 
the executive committee were intro­
duced by the Chairman. The Chairman 
also expressed his appreciation for · 
having been given the privilege of serv­
ing as Chairman of the Section. 

It was requested that members con­
tact the officers of the section regarding 
their opinion of the Smorgasbord as a 
place for the informal dinner. 

The Chairman announced that ap­
proval had been given by the Board of 
Government for publication of the 
seminar lectures on sewage treatment; 
also that the annual outing would be 

held this year at the Wood's Hole 
Oceanographic Institute on June 6. 

The speaker of the evening was Paul 
E. Langdon of Greeley & Hansen, Chi­
cago, Illinois, who presented an il­
lustrated paper on the Deer Island 
Sewage Treatment Works. The speaker 
gave a lucid description of the treat­
ment works and the problems en­
countered in the design of these works. 
The paper was followed by a lengthy 
discussion concerning many aspects of 
the design. 

The meeting was adjourned at 8:45 
P.M. 

GEORGE M. REECE, Clerk 

TRANSPORTATION 
SECTION 

APRIL 22, -1959.-A meeting of the 
Transportation Section was held in the 
Harvard Room of Purcell's Restaurant. 

The 41 guests enjoyed the evening 
starting with a preliminary warm-up 
informal meeting from six to seven p.m. 
followed by the Dinner and speaking. 

Ephraim A. Brest, Chairman of the 
M~ss~chusetts Port Authority, was the 
prmc1pal speaker. 

Mr. Brest abandoned his prepared 
address to substitute an informal talk 
on his recent visit to the West Coast 
where he attended an International Air 
Conference and visited several of the 
airports. 

He stated that he was confident the 
jet-age for passenger transportation 
service was now here and that progress 
in this field is rapidly increasing. 

WILLIAM A. FISHER, Clerk 

SURVEYING AND MAPPING 
SECTION 

APRIL 1, •1959.-The thirty-ninth 
meeting of the Surveying and Mapping 
Section was held at the Society Roorns 
at 7 :00 P.M. 
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The meeting was called to order by 
Mr. Nelson Gay, Chairman of the Sec­
tion. The minutes of the January 28, 
1959 meeting were read and accepted. 

The Chairman then introduced Mr. 
Edward Mullaney of the Corps of Engi­
neers who spoke on Hydrographic Sur­
veys. Several methods, hand soundings 
and electronic soundings and locations 

were discussed and sketches showing 
results were illustrated by slides. 

Upon completion of his discussion, a 
question and answer period was held 
and the meeting then adjourned at 8 :45 
o'clock P.M. 

There were 28 members and guests 
present. 

RunoLF S. SLAYTER, Clerk 





PROFESSIONAL SERVICES 

AND 

ADVERTISEMENTS 

The advertiaing pagea of the JOURNAL aim 
to acquaint reader• with ProfeHional and 
Contracting Service• and Source• of Jlariow 
Supplie• and Materiala. You would find it 

of advantage to be repreaented here. 

Please mention the J oumal when writing to Advertisers 



Volume 46 JULY, 1959 Number 3 

BOSTON SOCIETY OF CIVIL ENGINEERS 
FOUNDED 1848 

PROFESSIONAL SERVICES 

LISTED ALPHABETICALLY 

INDEX TO ADVERTISERS 

PAGE 
ii 

BEACON PIPING Co., 200 Freeport St., Dorchester 22, Mass. x 

BERKE MOORE Co., INc., 8 Newbury St., Boston ix 

BosTON BLUE PRINT Co., INc., 120 Boylston St., Boston viii 

COLEMAN BRos., CORP., 85 Sprague St., Readville 37, Mass. viii 

FLETCHER, H. E., Co., West Chelmsford, Mass. Inside front cover 

HEFFERNAN PRESS, 150 Fremont St., Worcester xii 

HEINRICH COMPANY, CARL, 711 Concord Ave., Cambridge xi 

MAKEPIECE, B. L., INc., 1266 Boylston St., Boston xiii 

NATIONAL GuNITE CORP., 101 W. Dedham St., Boston ix 

NEW ENGLAND CONCRETE PIPE CORP., Newton Upper Falls, Mass. vii 

NORTHERN STEEL COMPANY, 44 School St., Boston viii 

O'CONNOR, THOMAS, & Co., 238 Main St., Cambridge vii 

OLD COLONY CRUSHED STONE Co., Quincy, Mass. x 

PIPE FOUNDERS SALES CORP., 131 State Street, Boston viii 

RAYMOND CONCRETE PILE Co., Park Square Building, Boston x 

SAN-VEL CONCRETE, Littleton x 

S. MORGAN SMITH Co., 176 Federal St., Boston xii 

SPAULDING-Moss Co., 42 Franklin St., Boston . ix 

TOMASELLO CORPORATION, 25 Huntington Ave., Boston vii 

UNITED STATES PIPE AND FOUNDRY COMPANY, 250 Stuart St., Boston xi 

WARREN BROTHERS ROADS COMPANY, Cambridge, Mass. xii 

WEST END IRON WORKS, Cambridge xi 

Please mention the Journal · when writing to Advertisers 

ii 



PROFESSIONAL SERVICES iii 

BARNES ENGINEERING 
COMPANY, Inc. 

Civil Engineers 

411 Lexington Street 

AUBURNDALE 66, MASS. 

BARNES & JARNIS, INC. 

ENGINEERS 

Liberty 2-6521 

261 FranJdin St. 
Boston 10, Mass. 

Brask Engineering Company 

ENGINEERS 

177 STATE STREET, BOSTON 

CA 7-3170 

CLARKESON ENGINEERING 
COMPANY, Inc. 

Design, Construction Inspection 
Airports, Bridges,· Tunnels, Highways, Traffic 
and Transportation Analyses and Reports, 

Valuations. 

285 Columbus Ave., Boston 16, Mass, 
Commonwealth 6-7720 

CAMP, DRESSER & McKEE 
Consulting Engineers 

6 BEACON STREET BOSTON 8, MASS. 
Telephone Richmond 2-1710 

Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations & Reports Design & Supervision 
Research and Development Flood Control 

Coffin & Richardson, Inc. 

Consulting Engineers 

68 DEVONSHIRE STREET 

BOSTON 9, MASSACHUSETTS 

Congdon, Gurney 

& Towle, Inc. 

Engineers 

53 State Street Boston, Mass. 

CRANDALL DRY DOCK 
ENGINEERS, Inc. 

Dry Docks .:.... Piers - Waterfront Structurea 
Skilled Divers for underwater examination 

and repair. 

238 Main Street Cambridge, Mass. 

William S. Crocker, Inc. 
(Formerly Aspinwall & Lincoln) 

LOUIS A. CHASE 
Registered Profeuional. Engineen 

Registered Land Surveyor, 

255 Atlantic Avenue Boston, Mass. 

IRVING B. CROSBY 
Consulting Engineering Geologi,t 

lnvestiirations and Reports 
Dams, Reservoirs, Tunnels, Foundations, 

Groundwater Supplies and Resources 
Non-Metallic Minerals 

6 Beacon St., Boston 8, Massachusetts 

Richard J. Donovan, Inc. 
CIVIL 

CONSTRUCTORS & ENGINEERS 
Designs 

Reporta--Su"eys 
Estimate-Locations 

Supervision-Appraisals 
Construction-Consultation 

540 Main Street, Winchester, Mass. 

Duffill Associates, Inc. 
Consulting Engineers 

655 BEACON STREET 

BOSTON 15, MASSACHUSETIS 

co 6-7070 

Please mention the Journal when writing to Advertisers 



iv PROFESSIONAL SERVICES 

Fay, Spofford & Thorndike, 
Inc. 

Engineers 
Airports, Bridges, Express Highways, Water 
Supply, Sewerage, Drainage, Port and 

Terminal Works, Industrial Plants, 
Incinerators. 

11 Beacon Street, Boston, Mass. 

HARRY R. FELDMAN, INC. 

Civil Engineers and Land Surveyors 

Engineering and Survey Service for 
Consulting Engineers Architects 

Contractors Appraisers 
Municipalities 

27 School Street Boston 8 Mass. 

William A. Fisher Co., Inc. 

Consulting Engineers 

Design - Supervision - Reports 

Traffic - Transportation - Planning 

185 Devonshire St., Boston 10, Mass, 

Ganteaume & McMullen 

Engineers 

99 Channey Street 

BOSTON 

GARDNER S. GOULD 
Consulting Engineer 

Port Developments, Wharves, Piers and 
Bulkheads, Oil Storage, Coal Uandling, 

Warehouses and Foundations · 

161 Devonshire St., Boston, Mass, 

HALEY & WARD 
Engineers 

Successors to Frank A, Barbour 

Water Works and Sewerage 
Valuations 

Supervision of Construction and 
Operation 

73 TREMONT ST. BOSTON, MASS. 

J. F. HENNESSY 
Civil Engineer 

4 Cypress Street, Brookline, Mau, 

Telephone LO. 6-3860 

HOWARD, NEEDLES, TAMMEN & 
BERGENDOFF 

Consulting Engineers 

Bridges, Structures, Foundations 
Express Highways 

80 Boylston Street 
Boston 16, Mass. 

99 Church Street 
New York 7, N. Y, 

JACKSON & MORELAND, INC. 
JACKSON & MORELAND INTER­

NATIONAL, INC. 
Engineers and Consultants 

Electrical - Mechanical - Structural 
Design and Supervision of Construction for 

Utility, Industrial and Atomic Projects; 
Surveys - Appraisals - Reports 

Machine Design - Technical Publications 

Boston New York 

C. J. KRAY 
Consulting Engineer 

Deshrns, Reports, Specifications 
Valuations, Investigations 

Supervision of Construction 

HUbbard 2-7240 
294 Washington St., Boston 8, Mass, 

Charles A. Maguire & 
Associates 

Engineers 

14 Court Square Boston, Mass, 

CHAS. T. MAIN, INC. 
Consulting Engineers 

Industrial Plants 
Steam & Hydroelectric Plants 

Electrical Engineering 
Investigations - Reports - Appraisals_ 

Boston, Mass. Charlotte, N. C. 

Please mention the Journal when writing to Advertisers 



PROFESSIONAL SERVICES V 

l\'.IETCALF & EDDY 
Engineers 

Water, Sewage, Drainage, Refu,e 
and Industrial Waste, Problem, 

Airports Valuations 
Laboratory 

STATLER BUILDING BOSTON 16 

MORAN, PROCTOR, MUESER 
& RUTLEDGE 

Consulting Engineers 
Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures; Soil 

Studies and Tests; Reports, Design 
arid Supervision. 

415 Madison Ave,, New York 17, N. Y. 
Eldorado 5-4800 

New England Survey Services Inc. 
Civil Engineers - Surveyors 

FIRST ORDER SURVEYS 
Bridges • General Construction • Highways • 
Housing • Land Court - Land Takings • Topo­
graphical Surveys. Fairchild Aerial Survey 
Inc. & Donald J. Belcher & Associates Inc. 
Representatives. Aerial Surveys • Oblique 

Views • Contour Maps. 
255 ATLANTIC AVE. BOSTON 10, MASS. 

Parsons, Brinckerhofl, 
Hall & MacDonald 

ENGINEERS 
Bridges, Highways, Tunnels, Airports, Harbor 
Works, Dams, Traffic and Transportation Re­
ports, Industrial Buildings, Sewerage and 

Water Supply. 

51 Cornhill, Boston 8, Mass. 
165 Broadway, New York 6, N. Y. 

The Pitometer Associates, Inc. 

Engineers 
Water Waste Suneys 
Trunk Main Suneys 
Water Distribution Studies 
Water Measurement and Special 
Hydraulic Investigations 

New York 50 Church Street 

Herman G. Protze 
lUatericds · Technologist 

Consultation, Control, Testing and Research 
on Concrete and Construction Materials 

Office and Laboratory 

170 HUNTINGTON AVE., BOSTON, MASS. 
Tel. Beacon 2-4460 

Alonzo B. Reed, Incorporated 

88 Broad Street Boston 10, Mass. 

Planning 

Civil, Mechanical, Electrical, 

Transportation 

Construction l\lanagement 

MAURICE A. REIDY 
Consulting Engineer 

Structural Designs Foundation■ 

101 Tremont Street 

BOSTON, MASSACHUSETTS 

Gilbert Small & Co. 
INCORPORATED 

Engineers 
Structural Designs 

Foundations • Buildings • Bridge, 
10 STATE STREET BOSTON 9, MASS. 

D. B. STEINMAN 
Consulting Engineer 

Highways - BRIDGES - Structures 

Design - Construction - Investigations 

Strengthening - Reports - Advisory Service 

117 Liberty Street, New York 6, N. Y. 

THE THOMPSON & LIGHTNER GO,, ING, 
Engineers 

Designs and Engineering Supervision 
Investigations, Testing and 

Inspection of Structural Materials 
Concrete, Asphalt, Soils Control 

Offices and Laboratory, 8 Alton Place, Brookline 46, Mass. 

HOWARD M. TURNER 
Consulting Engineer 

Investigations, Valuations, 
Supenision of Construction, 
Power, Water Suppl:r, 
Control, Public Utilit:r and 
trial Propertie■• 

6 Beacon Street 

Plans, 
Water 
Flood 

Indus-

Boston 

Please mention the Journal when writing to Advertisers 



vi PROFESSIONAL SERVICES 

WESTON & SAMPSON 
Conaulting Engineera 

Water Suppl:,', Water Purilieation, Sewerac• 
Sewace and lnduatrial Waste Treatment 

Supervision of Operation of Treatment Planta 
Laborator,. 

14 BEACON STREET, BOSTON 

FRANK H. WHELAN, INC. 
Consulting Engineers 

Bridges Buildings 
Appraisals Investigations 

11 BEACON STREET 
BOSTON 8, MASSACHUSETTS 

CApitol 7-8960 

WHITMAN & HOWARD 
Engineers 

(Est. 1869. Inc. 1924) 
lnvestications, Desicna, Eatimatea, Report■ 
and Supervision, Valuations, etc., in all Water 
Works, Sewerace, Drainace, Waterfront Im­
provements and all Municipal or Industrial 
Development Problems. · 

89 Broad Street Boston, Mau, 

EDWARDS and KELCEY 
Engineers and Consultants 

HIGHWAYS - STRUCTURES 
TRAFFIC - PARKING 

TERMINAL FACILITIES 

470 Atlantic Avenue, Boston 10, Mass, 

Please mention the Journal when writing to Advertisers 



ADVERTISEMENTS 

S. J. TOMASELLO CORPORATION 
General Contractors 
Asphalt Pavements 

25 Huntington Avenue Boston 16, Massachusetts 

Tel. Kenmore 6-3690 

New England Concrete Pipe Corp. 
NEWTON UPPER FALLS, MASSACHUSETTS 

LAsell 7-4560 
MANUFACTURERS OF 

Plain and Reinforced Concrete Sewer and Culvert Pipe 

Pre-cast, Pre-stressed Concrete Structural Units 
PLANTS 

Newton, Springfield, Dedham, Massachusetts Providence, Rhode Island 

THOMAS O'CONNOR & CO., INC. 

Structural Engineers and Builders 

238 MAIN STREET, CAMBRIDGE, MASSACHUSETTS 

Kendall Square 

Please mention the Journal when writing to Advertisers 

vii 



viii ADVERTISEMENTS 

PIPE FOUNDERS SALES CORP. 

CAST IRON PIPE AND FITTINGS 
and 

High-Silicon Acid Resisting Cast-iron Materials 
141 MILK STREET BOSTON 9, MASSACHUSETTS 

Liberty 2-2885 and 2886 

. COLEMAN BROS., CORP. 
GENERAL CONTRACTORS AND BUILDERS 

MAIN OFFICE 

85 Sprague Street, Readville 3 7, Massachusetts 
Tel. Hyde Park 3-4200 

Northern Steel Inc. 
1 STATE STREET, BOSTON, MASSACHUSETTS 

Conc1·ete Reinforcing Bm·s 

Works at 
Glenwood Station, Medford, Massachusetts 

Boston Blue Print Company, Inc. 
Boston, Mass1_1chusetts 

ALL TYPES OF REPRODUCTION PROCESSES 
Four Convenient Locations 

EXCLUSIVE DISTRIBUTORS 

GURLEY ENGINEERING INSTRUMENTS 
POST DRAFTING & ENGINEERING MATERIALS 

Please mention the J otirnal when writing to Advertisers 



COPIES- BLACK 
OR COL 

Satisfied customers 
are the best evidence 

offer to our 
we can hoto 
success in the p 
offset field. 

Call us now for your 
printing needs. 

ADVERTISEMENTS 

• PHOTO OFFSET LITHOGRAPHY 
• XEROX PRINTING 

• BLUE PRINTS • DYELINE PRINTS 
•PHOTOSTATS• SENSITIZED PAPERS,' 

• DRAWING - ENGINEERING 
SUPPLIES AND EQUIPMENT 

SPAULDING-MOSS CO. 
401 Summer Street • 413 Summer Street 
556 Atlantic Avenue• 263 Park Square Building 

,, 

Liberty 
2-3000 

BERI(E MOORE COMP ANY, INC. 

General Contractors 

8 NEWBURY STREET BOSTON, MASS. 
COM 6-0245 

NATIONAL GUNITE CORPORATION 
Experts in Gunite Construction for Restoration of Concrete Stacks, Dams, 
Abutments, Walls, Bridges, Etc. • Lining Steel Stacks, Bunkers, Tanks, 

Sewers, Tunnels, Etc. • Pressure Grouting. 

101 WEST DEDHAM STREET 
BOSTON 18, MASSACHUSETIS 

Telephone: COmmonwealth 6-7020 

Please mention the Journal when writing to Advertisers 

ix 



X ADVERTISEMENTS 

Telephone COiumbia 5-2600 

BEACON PIPING COl\lP ANY 
Power Plant Piping High Pressure Piping 

Fabricators of Piping 

200 FREEPORT STREET 
DORCHESTER 22, MASSACHUSETTS 

John Fairfield, Pres. H. G. Fairfield, Treaa. M. M. Stewart, Gen. Mer, 

Old Colony Crushed Stone Company 
Crushed Stone and Bituminous Concrete 

Truck and Rail Shipments 
OFFICE AND WORKS 

VERNON and INTERV ALE STS., QUINCY, MASSACHUSETTS 
Telephone: Office: PR 3-0604 

GOW BORINGS GOW CAISSONS 

CONCRETE PILES 

RAYMOND CONCRETE PILE CO. 
Park Square Building • BOSTON 

Telephone HA.ncock 6-1826. 

SAN-VEL CONCRETE CORP. 

Transit Mixed Concrete 

Proved and Approved for Better Construction 

•Littleton HUnter 6-3501 Boston CApifol 7-9898 

Please mention the' Journal when writing to Advertisers 



ADVERTISEMENTS xi 

Cast Iron Pipe and Fittings 
for 

Water, Gas, Sewerage and Industrial Service 

UNITED STATES PIPE AND FOUNDRY CO. 
250 Stuart Street Boston 16, Mass. 

WEST END IRON WORl(S 
CAMBRIDGE, MASSACHUSETTS 

Fabricators Structural Steel 

BRIDGES AND BUILDINGS 

Products of 

All Leading Manufacturers 

KERN • DIETZGEN 

SOKKISHA • BERGER 

DAVID WHITE • LUFKIN • LENKER 

KUKER-RANKEN • ROLATAPE 

UNiversity 4-4840 

Most Complete Stock of 

SURVEYORS' • BUILDERS'· & 

ENGINEERS' INSTRUMENTS 
and ACCESSORIES 

. SALES • RENTALS • REPAIRS 
Theodolites• Transits• Levels • Rods 
Tapes • Rules • Measuring Wheels 

fi CARL HEINRICH COMPANY 1~ 711 CONCORD AVE., CAMBRIDGE 38, MASS. 

Please mention the Journal when writing to Advertisers 



xii ADVERTISEMENTS 

HALF A CENTURY OF PROGRESS 
It's over a half century-seventy years to be exact-since the day the HEFFER­
NAN PRESS made its feeble start. That each year since then has shown an 
increase in the volume of business over the previous year should prove that we 
have kept pace with the times. 

THE HEFFERNAN PRESS 
150 Fremont Street 
Printers to 
Boston Society of Civil Engineers 
and OTHER good publications. 

S. Morgan Smith 

Con1.pany 

Manufacturers of 

HYDRAULIC TURBINES 

and Accessories 

Rotovalves 

Axial Floiv Pumps 

Butterfly Valves 

Liquid Heaters 

Worcester, Massachusetts 

From every ANGLE . ; . 

you can RELY on 

MAKEPEACE 
IUl.u.c 

and ~ ., ... ~ for 
TOP-QUALITY 

• Precision Instruments 
• Micro-Master® l 05mm 

• BLUEPRINTS • PHOTOSTATS 
• PLAN REPRODUCTIONS 

• OFFSET PRINTING 
176 Federal Street 

BOSTON, MASSACHUSETTS 

Complete. Repair and Rebuilding Ser.vice 
Call COpley 7-2700 

B. L. MAKEPEACE INC. 
1266 Boylston St., Boston 

Asphalt Paving 
WARREN BROTHERS ROADS COMPANY 

Leaders in design and construction of asphalt pavements· since 1902. 
Engineering staff and testing laboratory available to furnish specifi­
cations and advice on unusual paving problems. 

Cambridge, Massachusetts' TRowbridge 6-4320 

Please mention 'the Journal when writing to Advertisers 








