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FLOOD FLOW FORMULAS 
BY H. B. KINNISON, Member* 

(Presented at a meeting of the Hydraulics Section of the Boston Society of Civil Engineers 
held on May 2, 1945.) 

INTRODUCTION 

THE age old expression, "as old as the hills", is applicable to 
the problems relating to. floods and flood-flow formulas. The floods 
of this and bygone centuries were principally responsible for carving 
out of our land masses .the valleys and flood plains of today. In the 
ad~ance of civilization through the centuries, man has contendec;l 
more and more with the tremendous fo~ces of nature, one of which 
is expressed in the occasional floods that rush down river valleys 
and fill them from hill to hill. 

As a result of the work of those floods, river valleys are particu
larly attractive to a number of human uses. The flood. plains have 
been developed and enriched by the deposits of silt brought down by 
the rivers, thereby making the valleys ideal for agriculture. They 
provide easy grades for highways and railroads and convenient loca
tions for homes and cities. The rivers themselves provide water for 
transportation, water pow.er, city water supply, sewage disposal, fish
eries, and many other human needs. 

Owing to the many natural advantages possessed by the rivers 
and the valleys they occupy, there has always been a tendency for 
people to encroach upon the rivers and become co-occul)ants of the 

*District Engineer, United States Geological Survey, 939 Post Office Building, Boston 9, 
Mass. 

-----, 



L 

2 BOSTON SOCIETY OF CIVIL ENGINEERS 

river channel. At times the river becomes an unfriendly bed fellow 
and, if not controlled, it attempts to force out or destroy all encroach
ments. At such times, human habitation is ruthlessly eliminated and 
structures built by men i_n the river bed and on the flood plains are 
subject to damage and destruction if not adequately designed. These 
structures i~clude bridges, culverts, highways, railroads, factories, 
cities, homes, dams, water-supply and sewage-disposal works, and all 
of the other facilities that are commonly found encroaching on a 
river valley. 

It behooves us, therefore, when designing any one of these vari
ous structures to give adequate consideration to the flood possibilities 
of the stream in whose valley the structures are to be built. The 
attempts of the engineers, present and past, to evaluate the flood
producing potentialities of a river are largely responsible for the 
formidable array of flood-flow formulas in our engineering literature. 

Natural floods result from the integration of a series of natural 
phenomena intimately related to weather, climate, hydrology, topog
raphy, and geology.· They are only in part the direct result of weather 
occurrences and are more unpredictable than New England weather. 
Our only way of predicting future floods· is from a study of the 
records of the flood occurrences of the past. The records can be 
classified as follows: 

(a) 

(b) 

(c) 

(d) 

A flood record contained in continuous stream-flow records of 
considerable length at the site. This is the most desirable type 
of data and. if of sufficient length ( not yet determined), need 
not be supplemented by other data. 
Relatively short, or intermittent, stream-flow data supple
mented, if possible, by high water marks. This type of data 
can be analyzed by means of the unit hydrograph method in 
conjunction with rainfall records. Practically all data now 
available are included in this class. 
Flood data contained in recorc:Is of stream flow in a nearby 
basin of similar fundamental characteristics. Considerable 
care should be exercised in the application of flood records to 
another river basin as no two river basins are identical. 
No satisfactory stream-flow records or flood data at any place 
in the river basin. Only in cases such as the lcl,St two should 
resort be made to the use of general flood-flow formulas. 
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A flood-flow formula is a mathematical expression by means of 
which a determination can be made of the magnitude of probable 
future floods in a river basin. Practically all flood-flow formulas here
tofore developed have been general in character and have employed 
coefficients of variable magnitude. They have been based on data 
covering relatively short periods of time or for one stream only. 
The collection in recent years of a mass of flood data has led to the 
general opinion among hydrologists that a general flood-flow formula 
is a poor substitute for a reliable record of flood flows covering a 
considerable period of time. Such records are becoming mor~ numer
ous as the years go by. 

GENERAL FLOOD FORMULAS 

Flood-flow formulas of a general nature can be classified accord
ing to the purpose for which they were developed such as fo_rmulas 
for extreme floods, formulas for floods of a given frequency, and 
formulas for a specific application, such as for culverts and drains. 
Als9 formulas involving rainfall, and those for total runoff and formu- · 
las with the frequency relation expressed. 

Formula for Extreme or High Flood 

An example of this type of formula is Q = CMn. This is the 
general formula for extreme floods in which Q is the discharge in 
c.f .s., C is a constant, and M is the area in square miles. The expo
nent n usually varies from 0.5 to 0.8. There are many such formulas 
listed in engineering handbooks. • However, because of their limited 
significance and questionable value, they will not be enumerated. 

Formulas with Flood Frequency Implied 

Numerous formulas for floods of an implied frequency have been 
proposed, such as the modified Myer formula, and the Kuichling, 
Craig, and Burge formulas. 

Modified Myer formula: Q = 10,000 Py M where Q = peak 
discharge in c.f .s., P = Myer percentage rating, and M = drainage 
area in square miles. 

The value of this formula, as well as many others of this type, 
depends upon the ability of the engineer to choose the proper per
centage rating. Records of floods in the vicinity, and the known 
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characteristics of the drainage basin are used as a guide in the selec
tion of the rating. 

Kuichling formulas: 

Frequent Floods: 

Rare Floods : 

44,000 
. Q = -----+ 20 

M + 170 

127,000 
Q=----+7.4 

M+370 

In these formulas, Q = sec.-ft. per sq. mi. and M = drainage 

area in sq. mi. These formulas are based principally on records of 
rivers in India prior . to 1900. 

Craig formula: Q = 440 n B (hyperbolic log 
8L2 

---) where 
B 

Q = p~ak discharge in c.f.s., L =·length of drainage basin in miles, 

.B = average width of basin in miles, and n = a coefficient ranging 

from less than 1 to more than 2 depending on the rainfall and 

topography. 
This formula was published in 1868 and was based on records 

of rivers in India. It represents the early efforts of engineers to intro

duce the physical characteristics of the drainage basin into the flood 

formulas. 
iv.I . . 

Burge formula: Q = 1,300--- where Q = peak discharge m 
L21a 

c.f .s., M = area in square miles, and L = length of basin in miles. 

This formula, which was also based on records of strean1s in 

India, is of .early origin and is interesting historically because the 

length of the basin is included. 

This group-of formulas is given in order to illustrate the type of 

formulas developed generally prior to 1900 and to show the beginning 

of the use of the shape of the drainage basin in such studies. The 

flood data were in general very meagre and foreign to the United 

States. The Myer formula in its modified· form has survived and 

has been widely used in the United States. It has been kept up to 

date by adj~sting the percentage rating as more flood data were 

obtained. 
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Formulas for Culverts and Storm Drains 
Among the best-known formulas that are used in the design of 

culverts and drains are those of Burkli-Ziegler, Talbot, and Fanning. 
Of these formulas, the Burkli-Ziegler is the only orie that includes 
a term for rate of rainfall. 

Burkli-Ziegler formula: Q = RMC 
4 

/ S where Q = discharge . \I M 

in c.f.s., R = maximum rate of rainfall in inches per hour, M = 
drainage area in acres, S = average slope of ground in feet per thou
sand, and C = a coefficient varying from '0.2 5 to 0. 7 5 depending on 
the type o•f land being drained. 

This formula is designed principally for urban areas, although 
it has been applied to rural areas as well. · 

Talbot formula: A =CV M 3 where A = the area of the water
way in square feet, C = a factor depending on the topography and 
varies from 1/5 to 1, and M = area in acres. 

. The Talb.ot formula is based on observations in the Mississippi 
Valley, and has been used in railroad and highway design. 

Fanning formula: A = 0.23 \1/ M 5 where A= the area of the 
waterway in square feet, and M = area in acres. 

In this formula no allowance is made for variations in conditions 
which affect the flow. 

Formulas of this type are useful only as rough guides in making 
an intelligent guess. They should be used only when no specific 
information ·exists, and only to the extent that the formulas and co
efficients are known, from long usage and observation of results, to 
fit local conditions. 

Formulas Involving Rainfall 
Among the recent formulas developed by investigators are the 

following that t:;tke rainfall into account. 

Grunsky formula: 
3,200a R 60 

q = ----- where a=-------
. t 112 60 + C -~-t- ' 

q = c.s.m., t = the critical time, in minutes, during the continuance 
of a rainstorm for the area under consideration, within which the rain 
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will produce the maximum rate of runoff, R = maximum rainfall for 
one hour, and C = a coefficient, varying from 0.5 to 250. 

This formula was published by C. E. Grunsky in 1922, and is 
'applicable to California streams (A.S.C.E. Trans., Vol. 85, 1922). 

Lillie formula: Q = VR),~ (OL) where. Q = peak discharge in 
c.f .s., V = standard mean velocity of river in flood, 

annual rainfall 
R = 2 + -------

15 
A= a factor based on length of basin, and ~(OL) is proportional to 
the width of the basin. 

This formula, published by G. E. Lillie, contains provision for 
both rainfall and shape of basin (Inst. Civil Eng., Vol. 217, 1924). 

Pettis formu-la: Q = CPW1.25 where Q = peak of flood in c.f .s., 
C = a coefficient representing the combined influence of other factors 
such as drainage basin characteristics, P = a rainfall coefficient, and 
W = average width of basin in miles. 

The Pettis formula was published privately by C. R. Pettis in 
1927 and was modified in June 1934 to Q = C(PW)1.25 

Besson formula: Q,,, = PmTG,,.A" where Q,,, = maximum flood 
flow in c.f .s., P,,. = maximum precipitation during the flood period, 
T = factor representing topography, G,.. = factor representing influ
ence of ground conditions, A = drainage area, and X = an exponent 
to be determined for each drainage area. 

This general formula by F. S. Besson (Military Engineer, Sept.
Oct. 1933) has rather involved methods of obtaining the various fac
tors, and requires considerable flood-flow. data to be useful. 

Switzer and Miller formula: Q = P
0
CW" where Q = the 24 hr. 

average flood in c.f.s., P
0 

= rainfall factor, W = width of basin in 
miles, and C and n are empherical constants. 

This formula (Floods: Cornell Univ. Eng. Exper. Sta., Bull. 13, 
1929) was developed by F. G. Switzer and H. G. Miller from a study 
of 47 rivers in different parts of the United States. 

Formulas for Total Runoff 

Following the very severe New England flood of Nov. 192 7, the 
Boston Society of Civil Engineers appointed a committee of engineers 
to investigate the causes and extent of the flood and report their 
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findings. In this report* the committee published the following 
formula that involves drainage basin characteristics where a flood 
hydrograph of the river being studied is available. 

Boston Society of Civil Engineers formula: Q = C1R vA where 
Q = peak flow in c.f.s., C1 = coefficient, based on drainage basin 
characteristics, R = total flood runoff in inches, and A = drainage 
area in square miles. 

The maximum coefficient suggested for New England streams is 
C1 = 1000 with R =8. Where flood data are available C1 can be re-

. . 1290 
placed by the expression --- A, where T = the total flood period 

T 
in hours. By this means the flood characteristics of a basin are 
brought effectively into the formulas. 

Formulas with Frequency Relation Expressed 

In a number of flood formulas primary consideration has been 
given to the frequency with which floods of any given magn_itude 
may be expected on a certain stream. In the following formulas a 
direct relation has been expressed between the magnitude or intensity 
of flood peaks and the expected frequency of their occurrence. 

W. E. Fuller (1914) formulas: 
Qavc. = CA 0·8; Q = Qave. (1 + 0.8 log10T); Qmax. = Q (1 + 2A-0

·
3
). 

Q,we. -:-- average of the annual 24-hr. floods in c.f.s., Q = maxi
mum 1-day flood in c.f.s., Qmax. = peak discharge in c.f.s., A = drain
age area in square miles, T = number of years in period considered, 
and C = coefficient, constant for a given point on a stream. (A.S.C.E. 
Trans., vol. 77, 1914.) 

R. E. Horton formula: q = 4021.5 _( ~-
25

) where q = flood 

"equaled or exceeded" in the ~verage interval of T years, and 
A = drainage area in square ·miles. 

This formula applies to Pennsylvania streams and is based on 
records prior to 1914. (A.S.C.E. Trans., vol. 77, 1914.) 

E. W. Lane (1926) formula: q = K(log I+ B) where q = dis
charge in c.s.m. which would be equaled or exceeded once in / years, 
K is a constant for the station in question, and B is a constant for 
New England streams. (A.S.C.E. Trans., vol. 89.) 

*Journal of the Boston Society of Civil Engineers, Sept. 1930. 

---, 
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W. P. Creager formula (Hydroelectric Handbook, p. 55, 1927) ~ 

Q = CAo·{ 2 - e;·
04

A
0

·
3 

( l _ log ~.lT ) + log ~.lT ] 

where Q = peak flow in c.f.s., A = drainage area in square miles, 
C = base of Naperian Logarithms, T = frequency in years, and 
C = coefficient depending on characteristics. 

The above are only a few of the great number of formulas devel
oped by engineers in recent years to serve as a rough guide for the 
judgment of investigators. A more complete discussion of many of 
these formulas can be found in Water Supply Paper 771. 

In his "Elements of Hydrology," p. 366, edition of 1928, Adolph 
F. Meyer states: "When meteorological and hydrological data are 
entirely wanting, so that the cause of floods in the given stream can
not be studied, the use of such formulas as Fuller's may be justifiable, 
in that they serve as a rough guide." 

As Fuller's paper was presented in 1914, it can be stated that 
he could utilize only the flood data available at that time. The amount 
of flood data collected since then, however, has greatly increased and 
in the last few years complete records have been obtained on all of 
the recent great floods, many of which have been the greatest ever 
known. It is probable, therefore, that should Fuller undertake a 
similar· study today he would arrive at a formula entirely different 
from that originally presented. . 

Most of the formulas contain factors or coefficients, the values of 
which cannot be precisely determined. The engineer using the formula 
must form his own judgment as to their value after taking into 
account his knowledge of the character and accuracy of the base data, 
the general character of the drainage basin involved, and the purpose 
for which 'the flood .estimate is being prepared. After full considera
tion of all pertinent conditions, th( engineer must choose a value for 
the coefficient that will determine the flood discharge. Too often it 
is the final value of discharge that is the basis of his judgment, the 
coefficient being merely a means by which he justifies his conclusions 
as to what he considers a reasonable figur·e. Under those circum
stances he might as well have selected the value of the discharge in 
the beginning. 
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FLOOD FORMULAS FOR MASSACHUSETTS 

From studies of recent great floods in New England, it is appar
ent that equal rainfall with similar intensities produce flood peaks in 
New England rivers that have a wide variation in magnitude. In fact, 
assuming equal drainage areas, we have as many different flood peaks 
as we have rivers. It is known that this variation is caused to a 
great extent by differences in drainage basin· characteristics. The 
Boston office of the Geological Survey recognized the possibility of 
developing a method by means of which the magnitude of flood peaks 
could be determined for each drainage basin from a study of the drain
age basin characteristics. 

A cooperative project was ini_tiated in cooperation with the 
Massachusetts Department of Public Works and the Works Progress 
Administration. The project was divided into four principal parts: 

F11Yst, the determination of the magnitude of flood peaks of vari
ous frequencies at each stream gaging station in the State of 
Massachusetts and adjacent areas. 

Second, the accurate measurement and evaluation of a large 
number of drainage basin characteristics. 

Third, the determination of the relation between all significant 
basin characteristics and flood peaks of various magnitudes 
and the elimination from consideration of physical character
istics that did not correlate with the flood peaks. 

Fourth, the determination of flood flow formulas for Massachu
setts streams determined by the relationships developed from 
correlation curves between the significant physical drainage 
basin characteristics and the resulting flood peaks of various 
magnitudes and frequencies. · 

These flood-flow formulas were to be different from previous 
formulas in that they were to be without coefficients or other unknown 
quantities and could be determined precisely for any drainage basin 
in Massachusetts. All estimating of the value of coefficients and other 
unknown values was to be eliminated. Furthermore, they were to 
give the peak .discharge for a flood of any frequency in any stream. 

FLOOD FREQUENCIES 

In determining the magnitude of floods of various frequencies, 
it was necessary to designate floods of various frequenci~s by giving 
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them a name and also to designate their frequen.cy in terms of recur
rence interval. It was concluded that floods of four different magni
tudes or frequency would cover the range satisfactorily. These are 
as follows: minor flood, or one that occurred with a 15-year fre
quency; major flood, or one with a frequency of 100 years; rare 
flood, or one that occurs with a frequency of 1,000 years; and the 
maximum possible flood, the frequency of which approaches an un
limited period. 

If all stream flow records in Massachusetts were of sufficient 
length, the best method of determining the magnitude of the 15, 100, 
and 1,000-year floods would be from a frequency study of all floods 
that had occurred in each basin. However, flood records are so short 
that only the magnitude of the 15-year flood could be determined 
by means of the frequency_ study of past floods. In order to determine 
the magnitude of the 100-year floods on each stream, a study of the 
relationship between rainfall and runoff was made. Several rainfall 
records over 100 years in length were available for this study. The 
runoff resulting from storms having a 100-year frequency was deter
mined and by means of the unit hydrograph the resulting flood peak 
was determined for each gaging station. This point was plotted on 
the frequency curve for each station and extended by means of log
arithmic plotting through the point for a flood of 1,000-year frequency 
to the magnitude of the maximum possible flood. See Fig. 1. 

The maximum possible flood was computed directly from the 
U.S. Weather Bureau's 9etermination of the maximum possible precipi
tation occurring' when conditions would create the maximum possible 
runoff. It is a flood that can be. approached but can never be exceeded 
under our present concept of meteorology. It is the upper limit of all 
possible floods. Under present concepts of floods and their causes, 
it is recognized that there is an upper limit to the magnitude of possi
ble floods on a drainage basin. It is just as important for an engineer 
designing flood control works or other hydraulic structures on a 
river to know the magnitude of the maximum possible flood at a 
given point on a river as it is for the designing engineer to know the 
ulthnate _strength of the materials with which he is building a struc
ture. The magnitude of the maximum possible flood for each gaging 
station is determined by applying the proper unit hydrograph for that 
station to the maximum possible rainfall with complete runoff. Unit 
hydrograph_s have a tendency to have higher, sharper peaks as the 
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magnitude of the flood increases. Proper care and judgment should 
be exercised in selecting the proper unit hydrograph for the specific 
point on the river under consideration. 

DRAINAGE BASIN CHARACTERISTICS 

In conducting the study of drainage basin characteristics, all 
characteristics that could conceivably affect the runoff of flood waters 
on a drainage basin were considered. The following is a list of the 
characteristics determined and tabulated for each basin above each 
stream gaging station: 

Areas.-( 1) Drainage area; ( 2) area of lake, reservoir, and pond 
surfaces; and ( 3) area of swamps. 

Altitude.-(1) Maximum altitude; (2) minimum altitude (alti
tude at the outlet) ; ( 3) median altitude at which SO% of the drainage 
area is higher and SO% is lower); and ( 4) mean altitude. 

Slopes.-( 1) East-west land slope; ( 2) north-south land slope; 
( 3) average land slope; ( 4) slope of principal streams ( a principal 
stream being defined as a watercourse that drains more than 10% of 
the total area of the basin) ; and ( S) slope of tributary streams ( tribu
tary streams being defined as all watercourses contributing to a prin
cipal stream). 

Configuration of Basin and Streams.-( 1) Length of principal 
streams; ( 2) stream density ( total length of all streams divided by 
the drainage area); (3) average distance runoff must travel tci the 
outlet; ( 4) length of basin (twice average distance water must 
travel; ( S) width of basin ( drainage area divided by length of basin); 
( ( 6) form factor (length of basin divided by width of basin) ; and 
(7) branch index (length of stream channels, (selected according to 
an arbitrary criterion), divided by length of basin). 

General Type of Vegetal Cover.-( 1) Percentage of cropped 
land; ( 2) percentage of wooded land; and ( 3) percentage of grass 
land not cropped. · 

The work of determining these basin characteristics was exten
sive and involved many man years provided by a W.P.A. project 
operating under the supervision of the Boston office of the Geological 
Survey. U. S. Geological Survey topographic maps -provided the 
basis for this study with the exception of vegetal cover which was 
based on information supplied by the National Resources Committee. 
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CORRELATIONS. 

The correlations were determined for floods of a given class by 
plotting on logarithmic paper all flood peaks of that class against the 
drainage basin characteristics. Some characteristics were found not to 
correlate and were discarded. Four significant characteristics were 
found to correlate and their influence was determined from the corre
lation equations. These characteristics were: M, or drainage area; 
L, or average distance water had to travel from its origin in the basin 
to point of measurement; S, or median elevation of basin above out
let; and a, or percentage of the area in lakes, ponds and swamps. 

FLOOD FLOW FORMULAS 

The following equations were indicated by the correlations for 
the different classes of flood peaks: 

For minor floods: 

for major floods: 

for rare flqods: · 

for maximum floods: 

Q = (0.000036 s2
·
4 + 124) 

. Mo.9s 

ao.04 Lo.1 

Q = (Q.0344 S!.5 + 200) 
Mo.as 

Lo.s 

Mo.9s 
Q = (0.0595 s1.s + 342) -

Lo.1 

Q = (0.128 S!.6 + 1,800) 
MM 

LO.i 

In these equations Q = the peak discharge in cubic feet per sec
ond; a = percentage that lake pond and. reservoir surface is to the 
total drainage area; s = median altitude of the drainage basin in feet 
above the outlet; M = ·drainage area in square miles; and L = average 
distance, in miles, which water from runoff over the basin must travel 
to the outlet. 

Considering a river as ·a conduit P.assing' flood flows, M can be 
considered as a measure of the volume of water to be discharged; 
S is a measure of the fall in the conduit; L is the distance the water 
travels or the length of the conduit; and a is a measure of the effect 
of storage on the shape of the flood hydrograph and should always 
be assumed to equal or exceed .OS% even though the topographic 
map shows little or no water surface of lakes, ponds, or reservoirs. 

It should be borne in mind that these formulas are intended for 



TABLE !.-PHYSICAL CHARACTERISTICS AND FLOOD PEAKS 
:Maximum Discharge of Record Physical Characteristics Computed Flood Peaks in Cu. Ft. per Second 

Fre- From Flood Formulas 
Cu. ft. quency M: L s a 

Outlet of drainage area per sec. Date in Yrs. (sq. mi.) (mi.) (ft.) (%) 1\[inor Major Rare 1\:Iaximum 

N. Nashua R. near Leominster, Mass. 16,~00 3-18-36 600 107 10.9 578 2.2 4,310 11,000 18,600 65,400 

Concord R. at Lowell, Mass. 3,790 7-29-38 405 30.5 203 2.8 3,580 8,940 14,100 49,000 

Ipswich R. near Ipswich, Mass. 2,610 3-15-36 30 124 13.8 91 1.1 ~,940 3,710 6,080 23,900 

Aberjona R. at Winchester, Mass. -- -- 23.3 4.2 109 2.3 900 1,680 2,990 12,600 

Charles R. at Charles R. Village, Mass. 3,170 3-19-36 183 19.8 132 1.6 2,180 4,750 7,480 28,500 

Neponset R. at Norwood, Mass. -- -- 35.2 5.7 153 2.9 .1.090 2,280 3,970 16,000 

Taunton R. at State Farm, Mass.1 3,050 4-14-35 211 14.0 90 1.9 3,110 5,810 10,000 38,600 

Wading R. near Norton, Mass. 1,030 3-12-36 15 42.2 7.8 125 2.2 1,030 2,130 3,540 14,400 

Blackstone R. at Worcester, Mass. 2,520 3-18-36 31.3 5.2 266 4.3 1,160 2,860 5,000 19,500 

Blackstone R. at Northbridge, Mass. -- -- 139 13.4 341 4.2 2,780 7,530 12,700 44,400 

Blackstone R. at Woonsocket, R. I. 15,100 7-~4-38 417 19.6 365 3.2 6,390 16,600 29,100 97,200 

Quinebaug R. at Westville, Mass. -- -- 93.8 10.6 285 3.1 2,060 5,410 8,970 32,900 

Sugar R- at West Claremont, N. H.2 14,000 3-19-36 224 17.9 870 0.7 11,900 · 25,500 42,400 143,000 

West River at Newfane, Vt. 52,300 9-21-38 170 308 22.2 1,225 0.3 29,100 46,200 76,100 258,000 

Ashuelot R. near Gilsum, N. H. 5,220* 9-21-38 71.2 10.6 727 2.6 4,100 10,000 16,500 59,200 

Ashuelot R. at Hinsdale, N. H. 18,000* 3-29-20 420 28.5 984 1.3 19,900 40,000 65,000 213,000 

Otter Br. near Keene, N. H.3 6,130* 9-21-38 37.6 6.3 690 1.1 3,080 7,160 12,300 45,000 

Otter B'r. near Keene, N. H.4 6,130* 9-21-38 24.2 5.0 580 0.3 1,950 4,520 7,850· 29,500 

South Branch of Ashuelot River 
near Marlboro, N. H. 5,960 9-21-38 100 36.4 5.6 577 1.2 2,510 6,050 10,700 39,400 

Millers R. near Winchendon, Mass. 8,500 9-2 2-38 600 83.8 7.9 260 4.0 2,180 5,280 9,320 34,600 

Millers R. at S. Royalston, Mass. -- -- 186 12.0 285 3.0 3,680 9,000 15,900 55,,800 

Millers R. at Erving, Mass. 29,000 9-22 38 600 370 21.7 498 2.1 7,150 19,000 32,000 106,000 

Sip Pond Br. near Winchendon, Mass. 2,630 9-21-38 500 19.0 3.9 173 3.2 800 1,720 3,020 12,600 

Priest Br. near Winchendon, Mass. 3,000 9-21-38 1,700 18.7 5.8 243 0.3 710 1,660 2,670 10,800 

*Peak reduced by abnormal storage. 
1Excluding Assawompsett Pond. 
"Excluding Sunapee Lake. 
3Excluding Granite Lake. 
•Excluding Granite Lake a·nd Ellis Reservoir. 



TABLE.l.-(continued) 
~Iaximum Discharge of Record Physical Characteristics Computed Flood Peaks in C\t. Ft. per Second 

Fre- ~I L From Flood Formulas 
Cu., ft. quency s a 

Outlet of drainage area per sec. Date in Yrs. (sq. mi.) (mi.) (ft.) (%) ~[inor ~lajor Rare :\Iaximum 

East Br. Tully R. near Athol, :Mass. 5,140 9-21-38 90 49.9 6.9 430 1.1 2,120 5,350 9,260 34,000 

:Moss Br. at Wendell Depot, Mass. 1,540 3-19-36 60 12.2 3.8 343 1.5 700 1,800 3,040 12,100 

Deerfield R. at Charlemont, Mass. 56,300 9-21-38 362 27.2 1,446 1.3 40,100 60,200 97,100 326,000 

Deerfield R. at Charlemont, Mass.5 56,300 9-21-38 178 13.6 1,192 0.2 23,400 35,700 61,400 212,000 

),forth R. at Shattuckville, Mass. -- -- 88.4 10.1 978 0.2 9,890 17,500 30,300 107,000 

Green R. at Greenfield, Mass. -- -- 89.4 12.6 868 0.4 6,690 13,800 22,500 79,600 

Mill River at Northampton, Mass. -- -- 53.3 8.4 730 0.6 3,950 8,860 14,900 53,700 

Ware River at Cold Brook, Mass. 14,000 9-21-38 2,000 100 9.2 315 2.4 2,550 6,450 11,300 40,800 

Ware River at Gibbs Crossing, Mass. 22,700 9-21-38 2,000 201 20.0 510 1.5 4,420 12,200 19,500 65,700 

Chicopee R. at B'ircham Bend, Mass. 45,200 9-21-38 200 702 32.3 668 1.4 14,900 36,400 60,500 193,000 

Swift River at West Ware, Mass. 7,590* 3-19-36 188 16.0 410 0.9 3,980 10,400 17,300 59,500 

Quaboag River at W. Brimfield, Mass. 8,470* 9-21-38 149 16.2 460 2.6 3,380 9,410 15,400 53,300 

Westfield R. at Knightville, Mass. 37,900 9-21-38 900 162 15.8 966 0.2 12,700 23,300 38,800 133,000 

Westfield River near Westfield, Mass. 55,500 9-21-38 100 497 24.6 1,075 1.0 30,900 55,700 93,600 305,000 

:Middle Branch of Westfield River 
at Goss Heights, Mass. 19,900 9-21-38 1,300 52.6 10.3 998 0.05 6,620 11,600 '18,800 67,900 

W. Br. Westfield R. at Huntington, Mass. 21,800 9-21-38 200 93. 7 11.2 1,020 1.0 9,900 18,600 31,200 112,000 

Scantic River at Broad Brook, Conn. 7,360 9-21-38 150 98.4 11.5 387 0.2 2,750 6,760 11,200 40,100 

Farmington R. near New Boston, Mass. 0 18,500 9-21-38 500 75.3 7. 7 728 0.8 5,690 12,400 21,900 78,000 

Burlington Br. near B'urlington, Conn. 645 9-21-38 80 4.1 1.8 180 0.05 380 700 1,;230 5,4i0 

Hockanum River near E. Hartford, Conn. 5,HiO 9-21-38 80 74.5 10.1 372 1.8 2,o70 5,500 9,170 33,400 

Housatonic R. at Coitsville, Mass. 6,400 9-21-38 57 .1 7 .1 648 1.0 3,850 8,980 15,700 56,200 

Housatonic R. at Gr. Barrington, Mass. 11,500 9-22-38 280 24.4 712 1.7 8,310 20,700 33,200 109,000 

Hoosic River excluding Hoosic Lake, 
at Adams, Mass. 5,080 9-21-38 31.4 4.5 860 0.05 5,450 9,400 17,000 63,300 

N. Br. of Hoosic River at North Adams, 
Mass. 9,980 ll-?-27 35 39.1 5.4 965 0.2 6,910 11,900 21,300 78,500 

6 Excluding Harriman Reservoir. 
•Excluding Otis Reservoir. 
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application only to areas in Massachusetts or vicinity, and to areas 
ranging in size from one tO' about 700 square miles, although they 
probably could be used for areas up to 1,000 square miles. They 
have been developed from a study of all available precipitation and 
stream-flow data for this region. After additional years of stream
flow records have been added to the data now available, it is possible 
that the formulas should be modified. 

Table 1 gives for a number of gaging stations in or near Massa
chusetts the computed drainage basin characteristics used in the 
formulas, the maximum flood peak of record, and the peaks of the 
four floods as determined from the flood formulas. 

COMPUTATIONS 

The application of the formulas to a given area is accomplished 
by determining the four applicable drainage basin characteristics 
from topographic map_s of the drainage basin and substituting those 
values in the equations. In determining these characteristics the 
drainage basin is delineated on the topographic map and the area 
measured by means of a planimeter to obtain the value of M. The 
area of the swamps, lakes and reservoirs in the basin is measured 
.in the same manner to determine the value of a. L is determined from 
the same maps by dividing the basin into a number of small basins 
of approximately equal size and measuring the distance from the 
center of gravity of each sub-basin to the point of measurement. 
These distances are then weighted against their area and the weighted 
distance for the basin determined. S can best be determined by 
dividing the area into square-mile blocks, then finding the median 
elevation for each square mile and computing their average. Each 
equation can be solved in a few minutes by the use of a pair of 
dividers applied to Fig. 1 in Mr. Bigwood's following discussion. 

RARE FLOODS OF RECORD 

As previously mentioned, it is likely that the greatest floods of 
recent history have been experienced over portions of southern and 
central New England since 1927. Although the storms producing 
these record-breaking floods were extremely severe and covered large 
areas, yet at only four gaging stations were floods measured that 
equaled or exceeded the 1,000-year or rare flood at that. station. 
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These stations are located as follows: Priest Brook near Winchendon, 

Mass.; Ware River at Cold Brook, ·Mass.; Ware River at Gibbs 

Crossing, Mass.; and Middle Branch of the Westfield River at Goss 

Heights, Mass. It is probable that other ungaged areas in the vicinity 

of these stations also experienced floods of similar magnitude. The 

exact location of the center of a great storm depends largely on the 

vagaries of the weather. Without doubt, by changing atmospheric 

conditions only slightly, floods of equal or greater severity could 

have been experienced on other nearby areas where floods of much 

lesser magnitude were experienced during the great storms of 192 7, 

1936, and 1938. The Ashuelot River, for example, could have experi

enced a rare flood as did the Ware River, yet the greatest flood 

recorded during the 38 years of record _on the Ashuelot River has 

a frequency slightly less than a major flood. Any area in the region 

covered by these studies may experience a rare flood at any time when 

the conditions favor its occurrence. It is interesting to speculate as 

to what may happen when these valleys which have not yet experi

enced great floods eventually ha_ve their 1,000-year flood. We cannot 

say that it was not expected. ,Any one of these valleys heretofore 

immune from great floods is likely to be due for a rare flood before 

the basins now being protected by reservoirs .receive_ their second rare 

flood. When they do, we may say that the reservoirs were located 

in the wrong valleys. Undoubtedly an attempt will be made at that 

time to build flood-protecting reservoirs in those valleys after the 

rare flood of the future has occurred and the damage has been done. 

Before the great flood of the future occurs, and the destruction is 

wrought, is the proper .time to build the dams for the control of the 

future rare floods which will eventually occur in the heretofore favored 

valleys. Studies should now be made for the purpose of determining 

drainage basins in which extensive flood damages would result if 
floods of rare magnitude were experienced. Reservoirs should now 

be built where possible flood damage would warrant. If a basin never 

has experienced a rare flood, that fact should not be considered con

clusive evidence that it never will, because in the natural course of 

events it may J?e the next one to be affected. Fig. 2 shows the relation 

between the maximum flood of record and the computed rare flood 

at the same location. This indicates that many of the gaging stations 

are located on streams on which a record of a rare flood has not yet 

been obtained. It also shows the variation between rare floods as 
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computed for the various gaging stations by means of the formula 
for rare floods and also the departure of these computed values from 
the maximum flood as computed by means of the formula proposed 
by the Boston Society of Civil Engineers. 

Practical considerations must govern the design of flood-control 
works. Some of these considerations are the cost of providing flood 
protection in relation to the value of the property to be protected; the 
nature of the. improvements located in the river valleys below the 
reservoir; the frequency of the floods for which the control works 
are designed; and the possibility of the loss of human life in the 
valley downstream. 
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APPLICATIONS OF THE KINNISON-COLBY 
FLOOD FORMULAS 

Ev B. L. B1cwooo* 

(A discussion of Paper by H. B. Kinnison at meeting of Hydraulics Sect.ion, Boston Society 
· of Civil Engineers, held on :lfay 2, 1945.) 

THE Kinnison-Colby formulas, obviously, are the fruits of a 
great de-al of coordinated effort and thought. Highly creditable to all 
concerned is the evident, original foresight which lead to the compu
tation and compilation of the mass of drainage basin statistics, or 
"characteristics", which are primary elements in the formulas. The 
subsequent work on derivation of flood magnitudes and frequencies, 
and the correlation of these to the basin characteristics, represent 
much diligent individual research and thought on the part of Messrs. 
Kinnison and Colby. That basin characteristics-some of them at 
least-are major controlling factors in the magnitude of flood disc 
charges from our streams, has, of course, been widely recognized, but 
it seems doubtful that few previous investigators have gone as far 
into the intricacies of this subject-and come out with as much-as 
have Messrs. Kinnison and Colby. Time may be expected to weigh 
the full merits of their work, after study, trial and experiment with 
the formulas have established their strengths, and if any, their 
weaknesses. 

Messrs. Kinnison and Colby, with every good reason, warn that 
the formulas should not be used outside of Massachusetts without 
careful analysis of stream-flow data in the area under consideration. 
However, it seemed probable that hydrologic conditions in Connecti
cut are, in general, ·about as closely analogous to Massachusetts 
conditions as may be found and, therefore, the formulas could be 
expected to apply to Connecticut watersheds with some degree of relia- · 
bility. Proceeding on this basis, application of the formulas was made 
to seventeen watersheds in Connecticut-seven in the Thame.s River 
basin, four in the Connecticut River basin, five· in the Housatonic 
River basin, and to the Quinnipiac River basin. Base dat~ and results 

*District Engineer, United States Geological Survey, Hartford, Conn. 
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obtained are given in Table I. For the Farmington River at Riverton, 
Pequabuck River at Forestville and Park River ( conduit inlet) at 
Hartford, valves of "L", "s" and "a" were computed in the Hartford 
office of the Geological Survey in connection with the preparation of 
this discussion. For all other. Connecticut streams listed in Table I, 
these physical characteristics were computed contemporaneously with 
those for many other New England streams by personnel of the 
Works Projects Administration under the supervision o.f the Boston 
office of the Survey. A forthcoming water-supply paper of the Geo-

. logical Survey will contain these data.1 

An early finding in connection with the application of the formu
las was that a single log.-log. diagram can be prepared, similar to 
Fig. 13 in the authors' article in March, 1944, Proceedings of the 
American Society of Civil Engineers, from which, by use of a pair 
of dividers, flow values can be determined with time-saving ease and 
rapidity for any class of flood. Such a diagram is shown in Fig. 1. 
Using the data for Middle Branch of Westfield River at Goss Heights, 
Mass., the determination of the Kinnison-Colby minor flood for this 
stream may be made from the diagram a.s follows: 

Physical characteristics: L= 10.3; a=0.05; M = 52.6; s = 998. 
1. Set one point of dividers at L = 10.3 on curve for L-0

-
1

, 

or at point marked "A" in Fig. 1. Expand. dividers to L = 10.3 at 
f (L) = 1.0, or to point B. 

2. Lay off distance AB vertically downward from a = 0.05 on 
· curve for a-·0

\ shown as A'B' in Fig. 1. Holding at A' close dividers 
to a= 0.05 at j(a) = 1.0, or to point C. 

3. Lay off distance A'C vertically downward from M = 52.6 on 
curve for M 0

·
95

; shown as DE on Fig. 1. Rotate dividers 180° about 
point E and expand to M = 52.6 at j(M'j = 1, or to point F. 

4. Lay off distance EF from s = 998 on curve for "0.000036 s2.4 

+ 124"; shown as GH on Fig. 1. Read value of point H in second
feet on discharge scale. H = 6,600 second-feet. Q.E.D. 

Use the dividers in similar manner and sequence with curves 
· for major, rare and maximum floods, to determine the discharge values 
for those floods, except that step No. 2 is eliminated since characteris
tic "a" is considered to have negligible effect in these floods. The 
distance ( such as AB) determined under step No. 1 is then used 

1 Topographic Characteristics of Drainage Basins and Their Hydrol~gic Significance, by 
\\'. B. Langbein and others. 

• 
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TABLE !.-PHYSICAL CHARACTERISTICS AND FLOOD PEAKS 

:Maximum Observed Kinnison-Colby Flood Peaks 
Peak Discharge Physical Characteristics :\[inor ;\Iajor Rare iraximum 

Yrs. of Per ;\[ L s a Per Per Per Per 
Outlet of drainage area Record C.f.s. sq. mi. Date (sq. mi.) (mi.) (ft.) (%) C.f:s. sq. mi. C.f.s. sq. mi. C.f.s. sq. mi. C.f.s. sq. mi. 

Willimantic River near S. Coventry, Conn. 13 14,900t 123 9-21-38 121 14.7 448 1.5 2,950 24 8,150 67 13,100 108 46,700 386 

Shetucket River near Willimantic, Conn. 17 52,200 130 9-21-38 401 17.0 460 1.0 8,750 22 21,700 54 38,200 95 127,000 317 

Hop River near Columbia, Conn. 12 6,450 84.6 9-21-38 76.2 9.3 325 1.2 2,050 27 5,300 70 8,900 117 32,800 430 

Natchaug River at Willimantic, Conn. 14 27,200t 161 9~21-38 169 13.7 424 0.8 4,200 25 10,900 65 18,200 108 63,000 373 

Quinebaug River at Jewett City, Conn. 26 29,200 41.1 3-19-36 711 31.6 473 2.3 10,000 14 26,800 38 44,5,00 63 142~QOO 200 

Five Mile River at Killingly, Conn. 7 2,480 42.6 7-24-38 58.2 10.5 316 2.8 1,350 23 3,950 68 6,050 104 23',300 400 

Yantic River at Yantic, Conn. 14 13,500 152 9-21-38 88.6 8.3 296 2.3 2,450 28 6,000 68 10,600 120 38,600 436 

Farmington River at Riverton, Conn. 15 37,100 186 9-21-38 199* 10.2 825 0.9 14,500 73 28,500 143 53,500 269 180,000 905 

Pequabuck River at Forestville, Conn. 4 3,800 84.1 9-38 45.2 6.5 472 0.6. 2,250 50 5,450 121 9,600 212 36,000 796 

Park River (conduit inlet) at Hartford, 

Conn. 8 5,700" 76.0 1-25-38 75 6.5 123 1.2 2,100 28 3,800 51 6,800 91 27,200 363 

Salmon River near E. Hampton, Conn. 16 12,400 118 9-21-38 105 7.8 410 0.9 3,800 36 9,350 89 16,400 156 59,000 562 

Quinnipiac River at Wallingford, Conn. 14 5,230 48.0 9-21-38 109 12.2 270 0.9 2,200 20 5,550 51 8,900 82 32,900 302 

Tenmile River near Gaylordsville, Conn. 14 12,500 61.3 9-22-38 204 17 .1 529 0.7 5,500 27 14,100 69 23,600 116 80,600 395 

Still River near Lanesville, Conn. 13 4,410 64.4 9-22-38 68.5 12 .0 358 1.4 1,650 24 4,600 67 7,200 105 26,800 391 

Naugatuck River near Thomaston, Conn. 14 9,970 139 9-21-38 71.9 11.S 606 0.3 3,250 45 7,950 111 13,000 181 46,500 647 

Naugatuck River near Naugatuck, Conn. 22 17,000 69.1 9-21-38 246 18.2 641 0.7 yso 32 .l,9,100. 78 32,300 131 107,_000 435 

Leadmine Brook near Thomaston, Conn. 14 3,050 127 9-21-38 24.0 5.0 450 0.4 1,450 60 3,550 148 6,050 252 23,000 958 

tNatural peak, after adjustment for dam failure upstream. 
*Excludi·ng Otis Reservoir drainage. 
nnased on peak discharge at gaging station 0.9 mi. upstream. 
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directly in starting step No. 3. It seems quite likely that this use of 
a diagram has occurred to others also. 

The results obtained for the 17 watersheds listed in Table 1, 
exhibit a consistency and reasonableness which sway one toward a 
favorable opinion as to their general reliability. For instance, the 
Farmington, Salmon and Naugatuck Rivers in Connecticut are con
sidered "flashy" streams, relative at least to most other Connecticut 
streams, and for all classes of floods on these streams the formulas 
give considerably higher unit rates of peak discharge-a logical ex
pectation. That the Pequabuck River at Forestville may also be 
classed as a "flashy" stream appears to be indicated by the magnitude 
of the unit rates of peak discharge obtained by application of the flood 
formulas to its drainage basin. 

The flood discharge values obtained for the Farmington River 
at Riverton, Conn. ( excluding Otis Rese~voir), as given in Table I, 
compare very favorably with the authors' results for Farmington 
River at New Boston, Mass. (also excluding Otis Reservoir), and 
appear to demonstrate the consistency of the formulas in application 
to different sites on the same streams. For a New Boston minor flood 
the authors show a result of 7 6 second-feet per square mile; the result 
for Riverton, with an effective drainage area about 2 .½ times greater, 
is 73 second:feet per square mile. For the major flood at New Boston 
the authors give 165 second-feet per square mile; the figure of River
ton is 143 second-feet per square mile. For the rare flood the com
parison is 291 second-feet per square mile against 269 second-feet 
per square mile, and for the maximum possible flood 1,036 second
feet per square mile against 905 second-feet per square mile. 

The maximum flood of record at both of these stations occurred 
in September, 1938. The observed peak flow at New Boston for this 
flood was 18,500 second-feet and at Riverton, 37,100 second-feet. In 
each case this flood falls in the range between the Kinnison-Colby 
major and rare floods and the formula results indicate that in this 
range peak flows at Riverton should be around 2 1/3 times the peak 
rates at New Boston. The actual figures for the September, 1938, 
flood show a Riverton peak discharge rate 2 times that of New Boston, 
wl1ich again appears to check the consistency of results by the formu
las as compared to actual occurrences. 

The Willimantic, Hop and N atchaug Rivers are the major head
water feeders of the Shetucket River. The gaging stations on the3e 
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three streams measure the runoff from 366 of the 401 square miles of 
drainage area above the gaging station on the main Shetucket River. 
There is, then, a close relationship between the combined flow of the 
three headwater streams and the flow at the Shetucket River gaging 
station. A study of several floods of record in the Shetucket River 
basin indicates that the curve of relation between peak discharges at 
the Shetucket River gage and the summation of peak discharges for 
the same floods at the three headwater gaging stations is a straight 
line on log.-log. coordinates. The curve is well defined for floods up 
to about 55,000 second-feet. Applying a like procedure to the four 
computed Kinnison-Colby type floods for these same gaging stations, 
i.e., summing the computed flow rates in each flood class for the three 
headwater streams and plotting these values against the computed 
rate in each corresponding ~ood class for the main Shetucket River, 
a curve of relation is defined (by the four points) that is also a straight 
line on log.-log. coordinates, parallel to and within 6 per cent of the 
curve of relation based on recorded floods. Inconsistencies in com
puted and observed_ results represented by the 6-per cent spread be
tween the two curves of relation seem of almost negligible import and 
it would appear that here again the flood formulas give very reason
able results in application to inter-related watersheds, judged on basis 
of actual, observed occurrences. 

The designers of the Park River pressure conduit in Hartford 
undoubtedly delved deeply into the question of possible flood flow 
from that 7 5-square-mile watershed. Prior to construction of the con
duit, model tests were made at the Alden Hydraulic Laboratory at 
Worcester Polytechnic Institute,2 to confirm the computed discharge 
capacities under varying differential heads. The rating curves for the 
conduit, reproduced in the report of these tests, indicate that a flow 
of 28,000 second-feet may be conveyed ·at maximum desirable head
water elevation, with the Connecticut River at low stage ( 10 feet 
m.s.l. datum). For the same headwater elevation but with the 
Connecticut River at so-called flood stage (about 15.5 feet, m.s.l. 
datum), 26,000 second-feet would flow through the twin tubes, while 
with the Connecticut River at 2 7 feet ( m.s.l. datum), about 21,000 
second-feet could be carried. (The ~atter stipulations as to headwater 

2See Report of Hydraulic )Iodel Tests of Park River Conduit, Connecticut and Park 
Rivers, Hartford, Conn. Alden Hydraulic Laboratory, \Vorcester Polytechnic Institute, C. M. 
Allen, Hydraulic Engineer. \Var Department, Corps of Engineers, U. S. Army, Providence>, 
R. I. )fay 1941. 
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and tail water elevations with a computed carrying capacity of 19,700 
second-feet constituted the controlling design requirements. Hence, 
the model test indicted that the discharge capacity of the conduit was 
somewhat in excess of the design requirements). At an extraordinary 
Connecticut River stage of 45 feet (m.s.l. datum) the conduit would 
still convey a Park River flow of 8,000 second-feet without exceeding 
maximum desirable headwater elevation. As shown in Table 1, the 
Kinnison-Colby rare flood for the Park River above the conduit inlet 
is 6,800 second-feet ~nd the maximum possible flood is 27,200 second
feet. Thus, with the Connecticut River at the highest stage conceiv
able the conduit will convey a flow nearly 20 per cent greater than 
the Kinnison-Colby rare, or 1,000-year flood, while, with the Connecti
cut River at stages that are more likely to prevail the conduit capacity 
approaches, and under most favorable conditions, equals the Kinnison
Colby maximum possible flood. There appears to be, then, a reason
able accord between flood formulas and conduit designers as to the 
hydrologic possibilities and probabilities on this watershed. 

Excluding the previously-mentioned Farmington, Salmon, Nau
gatuck and Pequabuck Rivers, the minor flood indicated by the for
mula, for most Connecticut streams, averages around 24 second-feet 
per square mile. The major flood averages about 60 second-feet per 
square mile, the rare flood about 100 second-feet per square mile, 
and the maximum possible flood around 360 second-feet per square 
mile.· These values relate about as 1 to 2.½ to 4 to 15. 

The peak flows given by the formulas for the different flood 
classes indicate that actual floods of record -on the streams in this 
section have very seldom equalled or exceeded the rare flood type. 
Of the 17 streams in Connecticut to which the formulas were applied, 
four have exceeded the computed rare floods-:--in September 1938. 
These are the Willimantic, Natchaug, Shetucket and Yantic Rivers, 
which drain the western side of the Thames River basin. In these 
instances the 1938 peak discharge exceeds the Kinnison-Colby rare 
flood by 14.%, 49%, 37% and 27%, respectively. 

FREQUENCY OF FLOODS 

A complete study of flood frequencies has been made only in the 
case of the .Quinebaug River at Jewett City, Conn. The 26-year rec
ord for this gaging station contains 192 flood rises in which the peak 
rate exceeded 3,000 second-feet (the approximate minimum annual 
flood of record). 
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From this complete study, and subsequent incomplete studies 
for a few other Connecticut streams, it seems fairly certain that, in 
Connecticut, the Kinnison-Colby minor flood has a recurrence interval 
of around three years, as against the 15-year interval found for 
Massachusetts streams. At Jewett City, the Quinebaug River has 
equalled or exceeded the computed minor flood twelve times in the 
26-year period of record, giving this flood a recurrence interval of 
2.3 years. 

Preferably, this divergence should be checked by additional com
plete frequency studies of Connecticut records, before being accepted 
as fact. However, assuming that this finding is correct, it seems ap
parently that the frequency curve of depth of runoff, Curve C, as 
pictured in Fig. 7 of the authors' article in March Proceedings of the 
American Society of Civil Engineers, gives 15-year depths which are 
too low for many Connecticut streams. Or, putting it another way, 
the 15-year depth of runoff shown by Curve C. has a much shorter 
recurrence interval in Connecticut. Comparing the Jewett City flood 
record with that for Millers River at Erving, Mass., for example, bears 
out this apparent Connecticut divergence. The floods at Jewett City 
which on 12 occasions exceeded the computed minor flood, at Erving 
surpassed the minor flood for that stream on only two occasions. An 
actual variance in meteorological conditions over coastal areas, repre
sentative of Connecticut, and inland areas, representative of central 
New England, probably accounts for this situation in respect to the 
minor type flood. 

On the other hand, the major, rare and maximum possible flood 
rates for Connecticut streams, as derived from the formulas, seem 
reasonable in comparison with observed flood magnitudes and with 
results for Massachusetts streams. Also, the standard recurrence 
intervals of about 100 and 1000 years for the major and rare floods, 
respectively, appear to fit Connecticut conditions with a degree of 
reliableness commensurate with Massachusetts findings. This may 
perhaps be accounted for in the fact that major and rare type floods 
usually are caused by meteorologic disturbances of wide extent which, 
therefore, should have nearly equal frequencies over large regions 
embracing several drainage basins. 

The standard recurrence interval for the Kinnison-Colby minor 
flood on Connecticut streams appears, then, to be about 3 years, and 
for the major and rare floods 100 _ah_d 1000 years, respectively. Now, 
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in studying the derived frequency curves for the 17 trial streams in 
Connecticut it was found, rather surprisingly, that in nearly every 
instance, the recurrence interval, I, varied about as the fourth power 
of the discharge, Q, or vice versa, the discharge, Q, varied as the 
fourth root of the recurrence interval, /. Extending the derived fre
quency curves on this basis to the maximum possible flood rates, it 
was found tha·t the standard recurrence interval for this flood class 
was between about 100,000 and 150,000 years in each case. In short, 
there appears to be a standard shape, or. form, to the derived fre
quency curves for these trial Connecticut streams. 

This can be demonstrated by adjusting the curves to pass through 
a common point, as shown in Fig. 2. Expressing the discharge in 
second-feet per square mile, the point common to all curves was 
selected at "Q" equal to 80 second-feet per square mile and "I" equal 
to 100 years. The value 80 is the average 100-year (major) flood 
for the Connecticut streams considered. Each stream class-value was 
then multiplied by the coefficient which made its 100-year (major) 
flood equal 80 second-feet per square mile. The resulting class values 
for each of the 17 trial streams, when plotted on log.-log. coordinates 
against the standard recurrence intervals of 3, 100, 1,000 and 150,000 
years, were found to group closely on a single straight line which 
best fitted the' groups when drawn on a 1 to 4 power relationship 
of "I" to "Q". 

The possibility indicated is that the defined portion of a flood
frequency curve for a given stream may be extended on the standard 
basis that at the higher frequencies "I" will vary as the fourth power 
of "Q". It works beautifully in the case of Quinebaug River at Jewett 
City, as shown· in Fig. 3. There is, however, no particular advantage 
to be gained in resorting to this procedure, but I have mentioned it 
here at some length because it was a rather surprising feature of the 
application of the formulas to Connecticut streams, and may perhaps 
have some significance. Figure 3 demonstrates, too, that the Kinnison
Colby minor flood appears to have considerably less than a 15-year 
recurrence interval in the Connecticut area. 

This about terminates the observations which I have to. make 
regarding these.flood formulas and their use. I have not studied them 
with near the completeness they require, and hence, this discussion 
is neither extensive nor comprehensive. I have, perhaps, one mild 
criticism, which is, that the authors, in my opinion, did not sufficiently 
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stress the fact that there is a limit to the area over which the formu

las will apply. I made a rough esimate, for example, of the probable 

peak flow of the lower Connecticut River, on the assumption that 

the contributory discharges had poured from everyone of its tribu

taries at a peak rate equivalent to the Kinnison-Colby maximum 

possible flood. The resulting down-river discharge would do credit 

to the Mississippi. It was, I am sure, a wholly improper application 

of the formulas but it emphasizes the point made in my· criticism. 

In conclusion, I want.to express my appreciation to the Hydrau

lics Section of your Society and its chairman, Mr. McDonald, for the 

courtesy extended me in the invitation to take part in this program. 

It has indeed been a pleasure and a privilege to meet with you and 

to join with Mr. Kinnison in this discussion. The· subject redounds 

with credit to him and to his collaborator, Mr. Colby. 
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(Presented at a meeting of the Sanitary Section, Boston Society of Civil Engineers, held on 
October 3, 1945.) · 

The installation of gas engines in sewage treatment works for 
the production of power and heat from sewage gas has become com
mon practice in large and medium sized plants having a considerable 
power load. Phenomenal savings have been reported due to the use 
of sewage gas for power production, and where gas engines have been 
installed in existing plants they have paid for themselves in a very 
few years. Sewage treatment plants are peculiarly constituted in that 
they can use not only the power produced by the engine but the 
heat rejected to the cooling water and to the exhaust, so that the 
efficiency of the engine as a producer of usable power and heat far 
exceeds the 25 to 28% thermal efficiency based on power output only. 
Diesel engines have proved to be economical prime movers for small 
municipal and industrial power plants where fuel has to be purchased, 
operators employed to care for the engines, and the heat in the en
gine jacket water is thrown away. It is no wonder, therefore, that 
gas engines have made such a record in sewage treatment plants where 
the fuel is a by-product, the operator is required anyway and looks 
after the engines in addition to. his other duties, and the waste heat 
can be 'used to heat the digesters and buildings. 

It should not .be necessary to point out that the utilization of gas• 
engines will not produce any better effluent, nor make the processing 
and disposal of the sewage sludge any simpler. However, the proper 
application of gas engines will grealty reduce the operating costs of 
sewage treatment which in many cases are a heavy burden on the 
community. In some instances this factor may be decisive in obtain
ing public approval of a proposed project. Whether or not to install 
gas engines in any particular case should be determined only after 
a detailed study of the cost of supplying the power requirements of 

*Senior Engineer, :Metcalf & Eddy, Engineers, 1300 Statler Building, Boston, Mass. 
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the plant with gas engines or by purchased power, including the cost 
of adequate stand-by facilities in both cases to insure continuity of 

service. In some cases the electric power company has been willing· 

to make a rate so attractive that the additional first cost of installing 
gas engines was not warranted. In other cases,, especially in the 
smaller plants, the. power load may be so small that the additional· 
complication of gas engines is not justified. This is particularly true 
where an operator is on duty during the day shift only. The situation 
is complicated further by the fact that the amount of gas produced 
is usually not sufficient to produce all the power needed, except in 
the simpler plants providing primary treatment only; and when suffi
cient, it is seldom abundant. 

This paper is an attempt to outline the various factors which 
must be considered in planning a gas engine installation. The pro
duction of power and the effect of the new dual fuel engines on the 
design of the power plant will be considered first, and will be followed 
by a discussion of various methods of waste heat recovery and 

utilization. 

POWER REQUIREMENTS 

The largest uses of power in sewage treatment plants are for 
sewage pumping, and for air compression for the activated sludge 
process. To these may be added the heat drying and incineration 
of sewage sludge, for although the power· requirements are not large, 

the amount of gas required for fuel is so great in most cases as to 
leave hardly any for power production. The author does not know 
of any plant including incineration or heat drying of the sludge where 

the power requirements for both sewage pumping and aeration have 
been met by sewage gas engines, although this was proposed by • 

• Metcalf & Eddy for Long Beach, California. In th'is case the munici
pal gas plant was located adjacent to the site selected for the sewage 
treatment works, and it was contemplated that considerable quanti
ties of city gas would be used as auxiliary fuel. The proposed Los 
Angeles plant contemplated both incineration of sewage sludge and 
gas engine driven blowers; but the sewage would not require pump
ing, and the plant was to utilize the modified aeration process rather 
than full activated sludge treatment. 
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POWER AVAILABLE FROM GAS PRODUCTION 

The stronger the sewage, the more power will be available per 

m.g.d. from gas production. Since the main pumping load is propor- . 

tional to the quantity of sewage and not to the strength of the sewage, 

a plant with strong sewage is more apt to be self-sufficient from a 

power standpoint than a plant with weak sewage. The quantity of 

power available from the digestion of sewage ·solids is shown in 

Fig. 1. This is based on the assumption tha:t the raw sludge contains 
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70% volatile solids, of which 60% are destroyed by digestion with 
the production of 16 cu. ft. of gas per lb. of volatile matter added to 
the digesters. Allowance is made for the fact that removal of sus
pended .solids by primary treatment is greater for strong sewage than 
for weak sewage,-40% removal being assumed for weak sewage 
with 100 p.p.m. suspended solids, and 60% removal for strong sewage 
with 350 p.p.m. suspended solids. The figure shows that for primary 
treatment only with variation in strength of sewage from 100 p.p.m. 
to 350 p.p.m. suspended solids, the average power which can be de
veloped will vary from 5 .6 to 29 .4 brake horsepower per m.g.d.; 
while for activated sludge treatment with digestion of the mixed 
raw and activated sludges, the power available will vary from 12.6 
to 44.1 brake horsepower per m.g.d. These figures are based 9n gas 
with a low heating value of 600 B.t.u. per cu. ft., and 10,000 B.t.u. 
per horsepower hour, which is approximately correct for gas engines 
operating at or near full load. Where gas engines drive electric gen
erators operating under part load these values must be reduced, and 
generator and motor efficiencies allowed for. An addition of 2 5 % 
to the estimated power requirements will cover motor and generator 
efficiencies, but the reduction in power output under part load will 
depend on the engine load factor. 

POWER REQUIREMENTS FOR SEWAGE PUMPING 

The power required for pumping will depend on the capacity, 
lift, and efficiency of the pumps. The proportion of gas power avail
able which is required to take care of the pumping load will depend 
upon the strength of the sewage as well as upon the lift, and efficiency. 
Fig. 2 shows the horsepower required per m.g.d. by pumps with 
efficiencies varying from SO to 80%, and with lifts up to 120 feet. 
The horizontal lines indicate the horsepower available from the diges
tion of primary sludge for sewages of different strength. The solid 
lines indicate the power available for direct drive, and the dotted lines 
the available power at the- pump coupling for electric drive assuming 
the generators well loaded. This figure illustrates quite well the 
effect of the strength of the sewage. For example, if the sewage 
strength as measured by suspended solids is 100 p.p.m. the sewage 
can be lifted only 2 5 ft. with the most efficient engine driven pumps, 
whereas the lift can be 61 ft. for 200 p.p.m. and 134 ft. for 350 p.p.m. 
of suspended solids. 
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The power required fo"r aeration will depend on the depth of 

the aeration tanks which determines the air pressure required, and 

the air used per gallon of . sewage. The latter varie·s within wide 

limits and _depends on the. tank design, detention period, sewage 

strength, degree of nitrification desired in the effluent, and the quan
tity and condition of the return sludge. In order to obtain prelimi-

7 
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nary figures for use in estimating power requirements, the author 
made up Fig. 3, which tends to show that the air requirements vary 
directly in a straight line relationship with sewage strength measured 
as p.p.m. of suspended solids in the raw sewage.* The data plotted 
were taken in large measure from "The Operation and Control of 
Activated Sludge Sewage Treatment Works" by Langdon Pearse 
and Committee, published in the January 1942 issue of the Sewage 
Works Journal. Using the average line from Fig. 3, the power re
quired by the blowers is shown in Fig. 4 for discharge pressures vary
ing from 6.0 to 8.0 p.s.i. gage, assuming an adiabatic efficiency of 
65 % . (The efficiency of blowers used in sewage treatment plants 
usually lies between 60 and 70%.) Fig. 4 also includes two lines 
showing the approximate upper and lower limits of power required 
for the spread of points plotted on Fig. 3. 

The total gas engine power available is plotted on Fig. 4, and also 
the power available from the activated sludge solids alone. The scale 
of abscissae of Fig. 4 is calibrated in both cu. ft. of air per gallon 
of sewage and parts per million of suspended solids in the raw sewage. 
In cases where the average curve of Fig. 3 does not apply, one scale 
can be used to find the power requirements, and the other scale to 
find the power available. These curves indicate that sufficient gas 
should be available except under unusual conditions for direct con
nected gas engine driven blowers, if the gas is not used for any other 
purpose. If the air pressure can be kept low, and the amount of air 
kept down to the average curve of Fig. 3 or somewhat below, and 
the pumping lift is low, it may be possible tu pump the sewage as 
well as compress the air by gas engine power. This is the case at 
Tallman's Island in New York City where the blowers are Roots
Connersville positive pressure blowers driven by direct connected 
Worthington gas engines, and the main sewage pumps are driven by 
Worthington gas engines through bevel gears. A connection with 
the gas company supplies city gas to the engines in case of a deficiency 
of sewage gas. The production of sewage gas is almost sufficient to 
supply the load, but some gas has had to be purchased for this pur
pose. All engine auxiliaries, which are electric motor driven, and all 
plant motors including the sewage pumps of the Powell's Cove Pump
ing Station (which are included in the same building and serve a 

*This may not be true where the B.O.D. does not bear an approximately fixed relation
shi11 to the suspended solids. 
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small drainage area) are supplied with electric power by the public 
utility. The total electric load amounts to about 20% of the main 
power load. The gas production at Tallman's Island amounts to 10.5 
to 11 cu. ft. of gas per ·pound of volatile matter added, due in part 
to. the large digestion capacity available with a sewage flow of only 
15 m.g.d. . 

.. 
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HEAT DRYING AND INCINERATION OF DIGESTED SLUDGE 

The gas requirements of sludge driers and incinerators for 
auxiliary heat are so great that, normally, gas engines are not con
sidered when they are installed. Assuming 70% moisture in the filter 
cake, heat drying requires from 60 to 95% of the gas produced as 
auxiliary fuel. Incineration of the sludge may be self-sustaining 
without auxiliary heat, but usually some heat is required, which with 
wet cake may amount to 70 to 90% of the _gas production. Many 
incinerator installations do not include digestion of the sludge, in 
which case there is no gas and oil is used as auxiliary fuel. Published 
data indicate that the power requirements may vary from 16 to 66 
Kwh. per ton of dry solids. 

MISCELLANEOUS MOTORS AND AUXILIARIES 

Sewage plants necessarily include a great number of small motors 
which operate only a few minutes or a few hours a day. The auxiliary 
motors will operate at a low load factor, rarely exceeding 20% of 
the installed horsepower or 30% of the main power load. 

PEAK LOADS 

The powe·r system must have adequate capacity to provide 
for peak loads; but where large motors are attached to manually 
operated shredders or infrequently operated sludge pumps it should 
be recognized that the plant operator controls both power produc
tion and power use, and can, when necessary, curtail the use of 
equipment to cut down the peak load without detriment to the 
process. Gas may be stored in low· pressure gasometers or high pres
sure holders to provide fuel for peak loads. A storage capacity equal 
to 6 to 12 hours' gas production is usually required. 

POWER REQUIREMENTS ~UST BE ESTIMATED 

In any given problem the total power requirements must be stud
ied carefully on the basis of performance curves submitted by the 
manufacturers for the main items of equipment, and an estimate of 
the power load of the auxiliaries. The above figures and diagrams 
have been given as an approximate guide, only, so that a quick deter
mination can be made of the schemes which should be given detailed 
study; and also to outline the situation regarding the installation of 
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gas engines in sewage treatment plants, which at the present time 
amounts to this: Gas engines are very efficient and economical, but 
the fuel supply is often inadequate, and stand~by charges are high. 

TYPES OF INSTALLATIONS AND STAND-BY POWER PROVISIONS 

The variety and complexity of modern sewage treatment plants, 
combined with the problem of a generally inadequate fuel supply and 
the need for assured continuity of service, has led to a large variety 
of gas engine installations. The various types of plants are listed in 
tabular form in Table I. It will be noted that they fall into two 
main classifications,-those that generate electricity, and those where 
all or part of the main power consuming equipment is gas engine 
driven. 

Gas engine driven generators are popular in primary treatment 
and trickling filter plants because there is usually more than enough 
power to pump the sewage, and the _extra power generated can be 
used to supply the auxiliary load of small motors. Often the power 
generated may be sufficient to carry the entire plant load, as at the 
Coney Island plant in New. York City. 

For activated sludge plants engine driven pumps and blowers 
are popular, first, because the available gas supply goes farther that 
way and it is too much to hope that if electricity were generated 
any would be left over for the plant. auxiliaries, and second, because 
engine drive has certain advantages. The speed of engine driven 
pumps and blowers may be varied at will, and the speed of engine 
driven pumps may be float controlled, with the result that the pump
ing rate may be made to follow the sewage flow closely without start
ing and stopping equipment, and the air flow can be adjusted to the 
minimum required by the quantity and strength of the sewage with 
resultant economy. This feature may dictate the use of direct drive 
where otherwise frequent starting and stopping of large pumps may 
overtax generator capacity or require expensive starting equipment. 

The flexibility afforded by electric motor drive, however, has 
led the installation of electric generators even in activated sludge 
plants, as witness the Bowery Bay and Jamaica plants of New York 
City. The electric drive costs no more in the case of large units than 
direct drive, and has the advantage, considering two large pumping 
units, that Generator No. 1 can supply power to either Puh1p No. 1 
or Pump No. 2, as can Generator No. 2; which means in effect that 
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TABLE I 
TYPES OF GAs ·ENGINE PowER PLANTS FOR SEWAGE 

TKEATMENT WORKS 

I. ELecrR1c PowER G1:NERAr10N aY GAs ENGINEs-A,t. t"~u1PMENr 
ELECTRIC MOTOR ORIVEN 

STAND-BY SERVICE 

A. Alternate Engine ruels . 
I. City Ga.r { ex. - Ooney Island) 
2.Gasoline {ex. - Rahway Valley Joint Meeting} 
3. Bottled Gas 
4. 01esel Oil {ConYerfiJ,le engines} 

B. E/ecfnc (/fi/ify Connection 
I. Generator.s phased in wifl, electric 1.dil/fy unifs wlfh 

provi.rions ror huying and selling povver 
(ex. - Oisf. o, Columbia., Cedar Rapids, Ia.) 

2. Provisions -for connecting till units fo engine generator 
bus or electric cufi/ify bus 

.3. E9uipment divided permanently between engine 
gener.afor bus and electric ut-ilify hus 

(ex.- Bowery Bay}_ 
C. Diesel Engine Driven Generators. t'ex. - Greenville,S.C.} 

II. MAIN PowER LOAD {PvN?PS ANO BLoWERS}G,u ENGINE DRIVEN 

WITH AUXILIARY EQI./IPMENT ELECTRIC MOTOR DRIVEN 

STANO-DY SERVICE FOil MAIN ENGINE 0RIVEN UNITS 

A. Alfernote Engine ruels 
I. City Gas {ex.- Tai/man's lsloqd) 
2. Gasoline (ex.-Aurora,III.) 
3. Baffled Gas (ex.- Pueblo, Colo.) 
4. Diesel Oil {Converfible Engines} 

U. Electric Mofor fJriven Stand-by 1/nifs supplied by the 
e/ecfric l/rilify (ex.- 6ary. lnd.} 

ELECTRIC ScRv1cE FOR Aux1LtARY MoroRs 
A. Electric Utility Connection {ex.- Tai/man's Island) 
B. Gas Engine OriYen Generators 

I. Alfernafe Engine Fuels 
a, City Gas 
h. Gasoline (ex.- Aurora,111.) 
c. Boffled Gas 
d. Diesel Oil(Convertible Engmes} 

,2. Electric Utility Connecfion {ex.~ Springfield, JI/.} 
C. Diesel Engine Driven Generators 
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one additional pumping unit is available as assurance against a com-
plete shutdown in the case of electric drive. · 

Stand-by power may consist in the case of electric generation 
of either an additional fuel supply for the engines, a connection to 
the electric utility, or a diesel-generator set. In New York City, most 
of the plants have a connection with the gas company. This is par
ticularly advantageous in New York because the plant can be started 
on city gas, but the gas company is not allowed to make a demand 
charge. This may not be true in other places, however, such as 
Boston, and city gas is expensive, although not as expensive as pur
chased electricity, and at many treatment plant locations may not 
be available. In such cases gas engines can be supplied with gasoline 
carburetors and the engines operated on gasoline until the gas pro
duction becomes adequate, or engines convertible to either gas or 
diesel operation may be installed. 

A diesel engine driven generator is an economical means of fur
nishing the extra power required, especially when combined with 
ample ga'.:l Gtorage. Sufficient diesel engine ,capacity chould be inctallcd 
to operate the plant in case of failure of the gas supply. 

Probably the commonest form of stand-by is a connection with 
the electric company. Where the company will permit, it is desirable 
to operate the sewage treatment plant generators in parallel with 
the electric company's generators on a give and take basis, the com
pany supplying electricity to provide for peak demands and during 
emergency shutdowns, and the plant feeding electricity into the util
ity company system when engine capacity and gas production exceed 
plant requirements. This system works very well at Washington, 
D. C., and Cedar Rapids, Iowa. 

However, the company may not agree to such an arrangement. In 
that case, if the gas supply is adequate, the electric connection may 
serve as a stand-by only, and the plant feeders and large motors be 
connected by double throw switches to either the plant generator bus 
or the utility bus. If the gas supply is inadequate, so that some power 
must be purchased most of the time, it may be preferable to divide 
the main plant equipmept permanently between the plant generator 
bus and the utility company bus. This is the case at the Bowery Bay 
plant of New York City,-where the rates for any other arrangements 
were prohibitive . 

. In case the pumps or blowers or both are gas engine driven, elec-
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tricity must be supplied to the auxiliaries and small plant motors. 
This may be provided by auxiliary engine driven generators as at 
Aurora, Illinois, by generators belted to the main engines as at 
Springfield, Ill., or by an electric connection with the utility company. 
With this set-up, provision must be made for an auxiliary fuel supply 
for the pump and blower engines, such as a connection with the 
gas company, bottled gas, or gasoline carburetors, unless additional 
motor driven stand-by units are provided as at Gary, Ind. Stand-by 
electric power for the auxiliaries may be provided by means of dupli
cate feeders from the electric company, or duplicate engine driven 
generators with provisions for an auxiliary fuel supply other than 
sewage gas. 

One fact that must not be overlooked by the designer is that 
when the plant first goes into operation there will be no gas. This 
means that stand-by facilities will have to be adequate for the entire 
plant load; and if electricity or gas is purchased from the utilities, 
a high peak demand will be established during the first few months 
of operation which may affect power charges for several years. 

THE DuAL FuEL OR GAs DIESEL ENGINE 

A recent engine development of extreme importance to sanitary 
engineers is the dual fuel engine, capable of burning either gas or 
fuel oil on the diesel cycle, and with diesel efficiencies. This develop
ment originated in Germany and England just prior to the war and 
resulted _in the commercial introduction of engines in which the fuel 
gas and intake air were introduced into the cylinder at about atmos
pheric pressure, compressed to diesel pressures of about 450 p.s.i., 
and ignited by the injection of a small quantity of fuel oil. In this 
country the dual fuel engine was pioneered by Worthington, and is 
now being offered by three manufacturers with the strong likelihood 
that other engine builders will manufacture it in the near future. 
This is inevitable on account of the sales advantages possessed by 
such engine~ aml Lhe facl il1al Ll1e µaleul on the fundamenlal prin
ciple of operation, which was issued to Dr. Diesel on April 30, 1901, 
has long since expired. A curious side light on this new engine is 
that, following the failure of Diesel's original work to reach com
mercial application and the success of Otto cycle gas engines, the 
belief that pre-ignition would occur if a gas-air mixture were com
pressed to diesel levels proved a stumbling block which effectually 
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sealed this avenue of research until recently. How effective this was 
is illustrated by the fact that the only commercial gas diesel in the 
United States, prior to 1944, was the Nordberg engine which utilizes 
high pressure gas injection. It is convertible to either gas or fuel 
oil, but is not a dual fuel engine in the same sense as the new engines, 
which can shift from gas to oil or vice versa without shutting down 
or losing speed, and can also operate on any proportion of gas and 
oil under full automatic control of the governor. Details of design 
and control systems are of course patented. It is claimed that the 
automatic governing system of the new Worthington engines is re
sponsive to the relative proportion of the fuels available as well as 
to speed and load requirements, so that they will use gas to the limit 
of the amount available, filling in with fuel oil as required. Both 
supercharged and unsupercharged engines have been developed and 
are available in a. limited range of sizes. Fundamentally the engines 
are heavy duty diesel engines with the addition of gas and pilot 
oil injection equipment and n~w governing systems. 

The importance of this development to the design of power plants 
for sewage treatment works can hardly be overestimated. In the 
first place it means that 20 to 2 5 % more power will be available 
from the same amount of gas as shown by the published performance 
curves ( Fig. 5). In the second place fuel deficiencies can be made up 
by burning five-cent fuel oil automatically as required in the same 
equipment. It should be possible with these engines to abandon with 
perfect safety all st.and-by connections with gas and electric com
panies, for the engines will have available at all times a cheap and 
plentiful fuel supply. Additional power will be obtained practically 
for the fuel cost ( equal to 4.2 mils per kwh.), while stand-by charges 
will consist of the fixed charges on the oil tanks and spare engine. 
Under these conditions, it may happen that medium and large size 
sewage· treatment plants will in the future tend to standardize on 
electric generation of power produced by dual fuel engines without 
utility company connections except in those cases where excess elec
tricity can be sold to the power company. 

THE ENGINE HEAT BALANCE 

When you buy power from the electric company, power is all 
you get; but when you make your own power with gas engines, you 
get from 6000 to 7 500 B.t.u. per kwh. bonus in the form of usable 
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heat in the engine jacket water and in the exhaust. If you burn the 
gas under boilers you will have more gas than you can use during 
half the year and will have to waste the excess, and you won't get 
any power. The preferable arrangement would appear to be the 
installation of gas engines which have a steady year round demand 
for the gas, with the purchase of oil for building heating during the 
winter. 

Fig. 6 shows typical performance curves for a 300 hp., 4 cycle, 
400 r.p.m., heavy duty sewage gas engine. From these curves, Fig. 7 
was computed by the author which shows graphically the proportion 
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of usable power and heat from the same engine. The proportions will 
vary somewhat for different engines, and especially for different types 
of engines. Where exact figures are desired, data should be obtained 
from the engine builder. Table II shows the heat balance at ½, ¾, 

TABLE IL-ENGINE HEAT BALANCE. 

As given by 
¼Load ¾ Load Full Load Walraven 

Percent of Heat Input 

Brake Horsepower 21.7 25.4 26.8 21-26 

Jacket Water Heat 34.4 34.0 34.6 30-37 

Exhaust Heat Recoverable 16.0 16.6 16.6 17-22 

Useable Power and Heat 72.1 76.0 7.8.0 75-81 

Exhaust Gas Loss 7.9 9.2 10.4 I 
Friction and Radiation 20.0 14.8 11.6 I 19-25 

--
Total 100.0 100.0 100.0 100 

and full load, obtained from Fig. 7, and also figures given by Wal
raven for Springfield, Ill., as reported by Keefer. These engines are 
equipped with oil coolers and water jacketed exhaust manifolds which 
increase the heat removed by the cooling water. 

AVAILABILITY OF WASTE HEAT 

The amount of water circulated through the engine jackets 
should be sufficient so that the temperature rise will not exceed 20 to 
25° F. at full load. The temperature of the water leaving the engine 
should be limited to the value recommended by the manufacturer, 
which in general will not exceed 140° F. Since the optimum tem
perature of digestion tanks lies between 80° and 90° F. and the tem
perature of the water circulated through the heating coils should 
preferably not exceed 130° F. if incrustration of the outside of the 
coils is to be avoided, it will be seen that the heat in the jacket water 
can be fully utilized. 

The· temperature of the exhaust gases will be approximately as 
shown in Fig. 8, which shows also the exhaust gas- temperatures of 
four stroke cycle mechanical injection diesel engines. It will be noted 
that the temperatme of the exhaust from the gas engine, due to 
throttling control, is almost constant with varying load and consider-
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ably higher than the exhaust from the diesel engine. It is expected 
that the exhaust gas t~mp'eratures of dual fuel engines and diesel 
engines, will be similar, although no data are yet available. 

PLANT HEATING LOAD 

The heating load will consist of the heat required by the digest
ers, and. the heat required for building heating and hot water. Al-
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though digester heating requirements vary considerably depending 

upon size, concentration of sludge added, insulation, ground water 

level, etc., expe_rience shows that where the bulk of the power require-· 

ments are furnished by gas engines, the heat in the jacket water 

and exhaust is ample to take care of digester requirements except in 

the coldest weather. During mild weather, the waste heat from the 

engines may be sufficient to provide for building heat requirements 

also .. Computations for the proposed Rockaway Sewage Treatment 

Plant for New York City", designed by Metcalf & Eddy, indicate that 

the heat in the jacket water alone should be sufficient to keep the 

digesters at 90° F. The heat in the exhaust will be used to make 

low pressure steam and will supply about one-third of the heat re

quirements of the several buildings, seven in all. A study of the 
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records of the sewage treatment plant of the District of Columbia, 
also designed by Metcalf & Eddy, indicates that the digester heating 
requirements have been furnished almost entirely by the heat in the 
jacket water. At other plants. where hot water systems are used for 
both building heating and digester heating, the available data indicate 
the need for supplementary heat, although the waste heat from the 
engines must furnish all the heat for the digesters plus a large pro
portion of the building heat. In some cases the supplementary heat 
is furnished by excess gas as at Aurora, Ill., and the District of 
Columbia. 

Extremely cold weather, unless long sustained, will have little 
effect on digester temperatures on account of the tremendous heat 
capacity of the stored sludge. Computations for the Rockaway plant 
indicated that if no heat were applied during the coldest weather, 
the temperature drop on a real cold day ( 15 ° F.) would amount to 
only 1.5° F. 

METHODS OF HEAT RECOVERY 

Heat recovery systems are of two general types, but the details 
are many and varied. Where hot water heating systems are used for 
the buildings, the common practice is to put the jacket water through 
an exhaust gas heat exchanger or hot water boiler, increasing the 
temperature approximately 10° F. to 150° F. The exhaust gas heat 
exchanger may be a combination boiler and silencer designed to oper
ate with or without water, or the silencer and heat exchanger may 
be entirely separate, in which cas·e provision is usually made to by
pass the exhaust gases around the heat exchanger for summer opera
tion. Fig. 9 shows in simplified diagrammatic form the heat recovery 
system used at Bowery Bay, which is of this general type. The cool
ing water system is a closed system, heat for the digesters and build
ing heating systems being obtained from tubular heat exchangers. 
The high temperature building heating system heat exchanger is so 
connected that it can add heat to the jacket water system when more 
heat is required by the digesters, or it can serve as a feed water heater 
for the hot water boilers, thus furnishing heat for building heating. 
Additional cooling required during the summer months is furnished 
by a tubular cooler supplied with sewage effluent. This system has 
several variations,-in one the jacket water goes through the heating 
coils in the digesters, and in another, the digestion tank heating water 
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picks up heat from the jacket water in a heat exchanger and then 
flows through the exhaust gas hot water boiler. 

Trouble has been experienced with this system at some plants 
due to corrosion of the exhaust gas heat exchangers. Due to the large 
percentage of moisture in the exhaust gases the dew point will be 
about 130° F. Condensation caused by cooling of the exhaust gases 
below the dew point has been the apparent cause of this corrosion. 
Sizing of the equipment for higher exhaust temperatures ( 300° F. 
recommended) combined with automatic controls now on the market 
should eliminate these troubles. 

Where steam is used for building heating, the best arrangement 
is to install waste heat boilers to produce low pressure steam from 
the exhaust. Several varieties of waste heat boilers are on the market 
as well as combination boilers and silencers. The latter operate with 
a varying water level controlled by the steam pressure, and if eco
nomically sized, should give no trouble due to condensation. The 
waste heat boilers for the proposed Rockaway plant are of this type, 
and will operate with varying water level under· automatic control 
during spring, summer and fall, and under full load with maximum 
water level during the winter, when they will operate in parallel with 
the plant heating boilers to which the automatic control will be shifted. 
Specifications call for the boilers to produce 1.5 lbs. of steam per 
brake horsepower hour under full load, and it is expected that with 
this size boiler exhaust gas temperatures will not drop below 300° F. 
even at ¾ load. 

Fig. 10 is a simplified schematic diagram 0f the engine jacket 
water and digestion tank heating system as designed for Rockaway. 
Evaporative coolers will be used for auxiliary cooling instead of tubu
lar exchangers cooled by ·plant effluent. The evaporative coolers will 
have sufficient capacity operating wet to run two engines at full load, 
even if the digesters can take no heat, or the heating system is out 
of order. When operated dry the evaporative coolers will have about 
one-third* of their rated wet capacity, and during the spring and fall 
will discharge warm air to the engine room to help heat the power 
house at times of maximum load on the engines. Control of the 
temperatures in the system is fully automatic, the only manual opera
tion being putting in or taking out of service additional equipment, 

*Using recirculated air. With outside air the capacity would vary from 40 to 60% depending 
on the outside air temperature. 
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or throwing the switch to select wet or dry operation of the evapo
rative coolers. An indirect steam heater is provided for furnishing 
additional heat to the digestion tank circulating water when necessary. 

MISCELLANEOUS 

It has ·been impossible to deal with many details of the design 
of gas engine installations in such a short paper, and I have selected 
what seemed to me to be of most interest to Sanitary Engineers. It 
seems appropriate, however, to add a word about automatic alarms 
and shut-down devices for the engines. These are available in a 
number of good designs, and their use in engine installations has 
become common practice. The duties of sewage plant operators are 
so numerous and the mechanical equipment they have under their 
charge is of such variety, that it is impossible to give minute atten
tion to every p{ece of equipment. When things go wrong with an 
engine, the condition n:mst be corrected promptly; yet it may be 
inconvenient to shut down the engine, especially if it is driving a 
generator which at the moment is furnishing all the plant electricity. 
For this reason we advocate the installation of alarms to warn the 
opera.tor in case of high oil or water temperature or low oil or water 
pressure, as often the condition can be corrected without shutting 
down the engine. Devices should always be included for shutting 
down an engine automatically in case of overspeed, and they may be 
desirable also in case of low oil pressure. 

Details of engine design and of power plant layout including 
the design of engine foundations, intake and exhaust piping, and 
fuel and lubricating oil systems have had to be omitted for lack of 
space. They will be found adequately covered in various books on 
engines. 
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OF GENERAL INTEREST 

Logan Airport Inspection Trip 
East Boston 

[November 17, 1945] 
On Saturday morning November 17, 

1945 an inspection trip was conducted 
to the General Edward Lawrence Lo
gan Airport at East B'oston, through 
arrangements made with the Massa
·chusetts Department of Public Works, 
which is carrying out the enlargement 
of this airport. 

The group assembled in the Massa
·chusetts National Guard Hangar build
ing through the courtesy of Brig. Gen. 
Keville, Adj. General of Mass., where 
a number of speakers briefly explained 
the work of this project. President Car
roll A. Farwell, of the Boston Society 
of Civil Engineers opened the meeting 
and then turned it over to Everett N. 
Hutchins, District Waterways Engineer 
of the Department of Public Works, 
who introduced the speakers after de
scribing the project with the aid of maps 
and plans. 

Commissioner Herman A. MacDonald 
outlined the history of the development 
and portrayed the vast expansion now 
under way and gave figures of the future 
activities at this airport. 

Mr. William L. Shannon, consultant 
on runway construction and design, in 
speaking for himself and Prof. Arthur 
Casagrande, soils consultant, defined 
the relationship between the hydraulic 
fill-a heavy clay-which has been 
pumped into the area, and· the granular 
fill and pavement that will be placed for 

. the runways. 

Mr. Julius Waldman, resident engi
neer of the Department, explained the 
nature of its runway cross-section and 
some of the field tests that have been 
conducted to ascertain the bearing value 
of the clay and the determination of 
the thickness of gravel and sand to be 
placed over the clay to provide a run
way design for the heaviest airplanes. 

Mr. Miles N. Clair, of the Thompson 
and Lichtner Co., consultant on the pro
posed permanent terminal building for 
this airport described the general layout 
of the building to provide adequate 
plane stations for the air traffic expected 
for a long period and emphasized the 
features of office spaces, and all service 
areas and facilities to handle passengers, 
baggage and motor vehicle access to the 
loading platforms. 

Mr. Charles G. Loring, architect on 
the design for the temporary terminal 
at the airport described the building 
greatly needed now and at present un
der construction by the Marson Con
struction Co., to care for the rapidly 
growing airline business, including air
line offices, ticket counter, 240 feet long 
and other facilities for the immediate 
future until the permanent building is 
erected. 

Following these talks, the group, num
bering about 85 persons, made an auto 
tour of the airport, driving out to Gov
ernor's Island where, from the top of 
the hill, an excellent Yiew wa~ obtained 
of the expanse of area reclaimed by the 
hydraulic fill, totalling approximately 
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30,000,000 cubic yards, to date, placed 
under contract with the Gahagan Con
struction Corporation of New York, 
four dredges being used, discharging at 
the rate of about 2,400,000 cubic yards 
per month. 

Other contract work was visible, 
namely, the excavation of the clay for 
subgrade and the placing of gravel fill 
three and a half feet in depth over the 

clay, for certain runways, under a con
tract with B. Perini & Sons, Inc. 

After lunch a small group was taken 
by launch to the Dredge "Nebraska" 
through the courtesy of Mr. Louis New
burg, Vice President and Treasurer of 
the Gahagan Construction Corp. The 
operation of the dredge and its equip
ment was explained: by Mr. Vincent 
Russin, Assistant Superintendent. 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

OCTOBER 17, 1945.-A regular meet
ing of the Boston Society of Civil 
Engineers was held this evening at the 
20th Century Association, 3 Joy Street, 
Boston, Mass., and was called to order 
by President, Carroll A. Farwell. This 
was a Joint Meeting with the Design
ers Section, BSCE. Fifty-nine members · 
and guests attended the meeting and 
dinner. Guests at the dinner included 
the speaker, Capt. Mack W. Angas, of 
New York, Capt. H. C. Fischer, Public 
Works Officer, U. S. Navy Yard, B'os
ton, Capt. H. C. Griswold, Public 
Works Officer, U. S. Navy Yard, Bos
ton, and Mr. John Ayer, representing 
the consulting engineers on the Dry 
Dock Project. 

The President announced a change 
in the date of the November meeting 
from November 21 to Tue,day, No
vember 20, which will be Student Night 
and a Joint Meeting with the American 
Society of Civil Engineers, Northeast
ern Section and Student Chapters, to 
be held at Northeastern University. 
The speaker to be Mr. Charles Froesch, 
Chief Engineer, Eastern Airlines, Inc. 

President Farwell called upon Mr. 
Frank L. Lincoln, Chairman, Designers 

Section, to carry on any necessary busi
ness for that section. 

President Farwell introduced the 
speaker of the evening, Capt. Mack W. 
Angas, CEC, USN, Superintending 
Civil Engineer, Area II, who gave a 
most interesting talk on "The Develop
ment of the New York Navy Yard 
During World War II. The talk was 
illustrated by slides and motion pic
tures and by a unique model of con
siderable size of the large complicated 
steel forms, shm".ing framing and brac
ing which were erected and handled by 
cranes for floor and side walls of the 
two dry docks constructed of concrete 
by the tremie method. 

A rising vote of thanks was given 
the speaker. 

Adjourned at 9:15 P.M. 
EVERETT N. HUTCHINS, Secretary 

NOVEMBER 20, 1945. - A regular 
meeting of the Boston Society of Civil 
Engineers was held this evening at 
Richards Hall, Northeastern University 
and was called to order by President 
Carroll A. Farwell, at 7 :00 P.M. One 
hundred seventy members and guests 
were present and one hundred fifty-five 
persons atte.nded the dinner. 

This meeting was the Annual Stu
dent Night with representatives from. 
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the Student Chapters of the American 
Society of Civil Engineers at Harvard 
University, Massachusetts Institute of 
Technology, Tufts, Brown University, 
Dartmouth, Rhode Island State, Wor
cester Polytechnic Institute and of 
Northeastern University which is a 
section of the BSCE. This meeting 
was also a joint meeting with the 
Nor.theastern Section, American Society 
of Civil Engineers. 

The dinner was held in Commons 
Hall, in the New Engineering Building 
of Northeastern University. The Stu
dent Engineering Society at the Uni
versity arranged the details of the din
ner and assisted in the enjoyment of 
the facilities of the school which had 
been made available by the faculty 
members. 

The President extended a cordial 
welcome to the students present and 
expressed appreciation of the coopera
tion of the officers of the student or
ganizations and of the faculty members 
in making this event so successful. 

President Farwell announced that 
the December meeting of the Society 
would be held at the 20th Century 
Association, 3 Joy Street, Boston. This 
to be a joint meeting with the Sanitary 
Section .BSCE. Dr. Vlado A. Getting, 
Commissioner of Public HeaHh of 
Massachusetts, will be the speaker. 

Mr. Chester J. Ginder, acting Secre
tary, announced the following had been 
elected to membership: . 

Grade of Member: Louis H. Berger, 
William G. Stephenson* 

President Farwell called upon Mr. 
William B'assett, President of ASCE to 
conduct any business matters required 
by that Society. 

· President Farwell called upon Prof. 
Albert Haertlein, President of ESNE 
who explained the activities and aims 
of the ESNE. 

*Tra-nsfer from Grade of Junior. 

President Farwell then introduced 
the speaker of the evening, Mr. Charles 
Froesch, Chief Engineer, Eastern Air
lines, Inc., who gave an extremely inter
esting talk on "Influence of Air Power 
on the Future of America". The talk 
was illustrated by slides and also mov
ing pictures. 

A rising vote of thanks was given 
the speaker. 

Adjourned at 9.55 P.M. 
CHESTER J. GINDER, 

Secretary, pro tem 

DECEMBER 19, 1945.-A regular meet
ing of the Boston Society of Civil En
gineers was held this evening at the 20th 
<;:entury Association, 3 Joy Street, Bos
ton, Mass., and was called to order by 
President, Carroll A. Farwell, at 7 :00 
P .M. This was a joint meeting with 
'the Sanitary Section, BSCE. Twenty
eight members and guests were present 
and twenty-eight persons attended the 
dinner. 

The President announced that the 
January meeting would be held at the 
20th Century Association, 3 Joy Street, 
Boston. The speaker to be Mr. Bryant 
L. Hopkins, Hydraulic Engineer and 
Manager, Kennebec Water Power Com
pany, Bangs Station, Waterville, Maine. 

President Farwell called upon Mr. 
Murray H. Mellish, Chairman, Sanitary 
Section, to conduct any business mat
ters necessary for that Section. 

President Farwell introduced the 
speaker of the evening, Dr. _Vlado A. 
Getting, Commissioner of Public Health 
of Massac-husetts, who gave a· very in
teresting talk on "Flouride in the Treat
ment of Water Supplies and Its Effect 
on Dental Health". The talk was il
lustrated with slides. Numerous ques
tions of interest were presented by 
members. 

A rising vote of thanks was given 
the speaker. 

Adjourned at 8: 15 P .M. 
EVERETT N. HUTCHINS, Secretary 
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SANITARY SECTION 
OCTOBER 3, 1945.-A meeting of the 

Sanitary Section was held at the Soci
ety Rooms at 7: 10 P.M. on the above 
date following an informal dinner gath
ering at the Ambassador Restaurant. 
Twenty - nine persons attended the 
meeting. 

The Chairman announced that a 
joint meeting with the Hydraulics Sec
tion would be held on November 7, 
partially to replace the customary June 
meeting of the Section, which was not 
held this year. 

The speaker of the evening was Allen 
J. Burdoin, Senior Engineer, Metcalf 
& Eddy, who presented a very inter
esting, illustrated paper, entitled "Gas 
Engine Power for Sewage Treatment 
Plants." 

After a short general discussion, the. 
meeting adjourned about 9 P.M. 

GEORGE C. HOUSER, Clerk 

DESIGNERS' SECTION 
OCTOBER 17, 1945.-A joint meeting 

of the Designers' Section with the Bos
ton Society of Civil Engineers was held 
at the Twentieth Century Association 
at 6.00 P.M. President Carroll A. Far
well presided and introduced the speak
er of the evening, Captain W. Mack 
Angas, CEC, USN, whose subject was 
"The Development of the New York 
Navy Yard During World War II." 

Captain Angas described the addi
tional ship-repair, ship-service and oth
er public works facilities installed in 
the Yard, speaking in detail about the 
construction of the new battleship-size 
shipbuilding and repair docks. His de
scription, slides and moving pictures 
covered the dry dock project complete
ly, including the underwater pile driv
ing, the installation of tremie forms for 
underwater concrete, the handling of 
concrete by pumpcrete methods and 
the placing of concrete under water. 
A large wooden model of the tremie 
trusses and forms used for both floor 

and wall pours was displayed and 
explained. 

The paper was followed by a general 
discussion. . 

There were sixty members and guests 
present. The meeting closed at 9.00 
P.M. 

HENRY I. WYNER, Clerk 

NOVEMBER 14, 1945.-Following an 
informal dinner at the Ambassador 
Restaurant the Designers' Section of 
the Boston Society of Civil Engineers 
met at the Society Rooms, 715 Tremont 
Temple, Boston. Chairman Frank L. 
Lincoln called the meeting to order at 
6.50 P.M. 

The Clerk's report of the previous 
meeting was read and accepted. 

Mr. Lincoln introduced Joseph S. 
Newell, Professor of Aeronautical 
Structural Engineering, Massachusetts 
Institute of Technology, the speaker of 
the evening, whose subject was "Some 
Problems in the Analysis of Aircraft 
Structures." 

Professor Newell described the de
sign technique currently used in the 
airplane industry for. wing and fuselage 
structures utilizing thin structural ele
ments subject to local buckling. Appli
cation of the procedure was illustrated 
by a typical design problem. 

The talk was followed by an open 
discussion period. The meeting was at
tended by 19 members and guests who 
indicated great interest in the applica
tion of airplane design technique to the 
design of bridge and building structures. 

The meeting adjourned at 8:30 P.M. 
HENRY I. WYNER, Clerk 

DECEMBER 12, 1945.-A meeting of 
the Designers' Section of the Boston 
Society of Civil Engineers was held at 
the Society Rooms, 715 Tremont Tem
ple, Boston, following an informal dinner 
at the Ambassador Restaurant. Chair
man Frank L. Lincoln presided and 
called the meeting to order at 6: 5 5 
P.M. 
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The Clerk's report of the previous 
meeting was read and accepted. 

Mr. Lincoln introduced the speaker 
of the evening, Mr. Oscar S. B"ray, 
Structural Engineer with Jackson & 
Moreland, Engineers, who presented a 
paper entitled: "Design and Construc
tion of Mystic River Tunnel." 

Mr. Bray described the design anal
ysis and construction procedure utilized 
for the electric service tunnel driven 
under the Mystic River for the Boston 
Edison Company. Requirements for the 
crossing, various solutions studied and 
the final conclusions which determined 
the type of tunnel selected were dis
cussed in detail. 

The reading of the paper was fol
lowed by an open discussion period. 

The meeting, which was attended by 
54 members and guests, was adjourned 
at 8:05 P.M. 

HENRY I. WYNER, Clerk 

HYDRAULICS SECTION 
NOVEMBER 7, 1945.-A joint meeting 

of the Hydraulic Section and the Sani
tary Section was held this evening at 
the Society rooms at 7 p.m., following 
an informal dinner at the Ambassador 
Restaurant. 35 persons attended the 
meeting. 

In the absence of Chairman Mc
Donald, Harold A. Thomas, J~- intro
duced the speaker of the evenmg, Mr. 
R. M. ·Leggette, Consulting Ground 
Water Geologist, from New York City. 
He gave a very interesting and infor
mative talk on "Artificial Re-charge of 
Ground Water". 

After a considerable discussion the 
meeting adjourned at 9.15 p.m. 

J. G. W. THOMAS, Clerk 

ADDITIONS 
Members 

Lours H. BERGER, 3 7 Williams Street, 
Roxbury 19, Mass. 

VINCENT R. CAPUTO, 26 Eliot Street, 
Medfor"cl 55, Mass. 

SANFORD S. MITCHELL, 180 Common
wealth Avenue, Boston, Mass. 

EDWARD F. WILCOX, R.F.D. #3, Tor
ringford Avenue, Torrington, Conn. 

DANIEL W. MILES, 7259 Constance 
Avenue, Chicago, Illinois. 

Juniors 
JOSEPH J. BULBA, 368 Franklin Avenue, 

Hartford, Conn." · 
ROBERT N. KUEHN, 436 Mamouth 

Road, Manchester, N. H. 
ROBERT J. MARKELL, 595 Fulton Ave

nue, Hempstead, Long Island, N. Y. 
EDWARD MURPHY, 647 E Third Street, 

South Boston, Mass. 
SAMUEL J. PATTISON, JR., 122 East Side 

Parkway, Newton 58, Mass. 
FRANCIS SATTI:-:, 119 Harvard Street, 

Malden 48, Mass. 

DEATHS 
PROF. J. DONALD MITSCH Jan. 18, 1946 

APPLICATIONS FOR 
MEMBERSHIP 
[January 16, 1946] 

The B·y-Laws provide that the Board 
of Government shall consider applica
tions for membership with reference to 
the eligibility of each candidate for ad
mission 1fod shall determine the proper 
grade of membership to which he is 
entitled. 

The Board must depend largely upon 
the members of the Society for the 
information which will enable it to ar
rive at a just conclusion. Every Jnem
ber is therefore urged to communicate 
promptly any facts in relation to the 
personal character or professional repu
tation and experience of the candidates 
which will assist the Board in its con
sideration. Communications relating to 
applicants are considered by the• Board 
as strictly confidential. 

The fact that applicants give the 
names of certain members as reference 
does not necessarily mean that ·such 
members endorse the candidate. 
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The Board of Government will not 
consider applicants until the expiration 
of fifteen ( 15) days from the date 
given. 

For Admission 

HowARD B. ALLEN, West Roxbury, 
Mass. (b. May 2, 1910, Sedgwick 
Maine). Graduated from Northeaster~ 
U~iversity in 1930, B.C.E. Experience; 
City of Newton Engineering Depart
ment, on the cooperative plan while 
~ttending Northeastern University, work
mg as rodman and transitman in a field 
party, June to December, 1930, Chief 
of Survey Party for City of Newton· 
April-August, 1931, State of Main~ 
Highway Commission, as construction 
inspector, assistant resident engineer 
and survey party chief on highway con
struction. August, 1931-January, 1942, 
Commonwealth of Massachusetts De
partment of Public Works, Highway 
Division as Senior Engineering Aide. 
Drafting room work on preliminary 
plans, sections, profiles. ( 1931-1934) 
Pr~ject_ Department on location, design, 
estimatmg of quantities and preparation 
of estimates of cost of major projects. 
(1934-42) January to August, 1942, 
Shreve, Lamb & Harmon-Fay, Spofford 
& Thorndike, Junior designer on New
foundland and Arctic bases.' August
October, 1942, Metcalf & Eddy, struc
tural details and miscellaneous de§ign 
and layout for sewage and water works. 
October, 1942-May, 1943, Jackson & 
Moreland, structural detail and layout. 
May, 1943, to present with Metcalf & 
Eddy on design and layout work for 
sewage treatment, water works and ref
use disposal plants. Refers to T. C. 
Coleman, A. J. Burdoin, F. L. Flood, 
F. A. Marston, A. L. Shaw. 

JOHN F. FLAHERTY, South Boston, 
Mass. (b. October 10, 1907, B'oston, 
Mass.) Graduated from Mechanics 
Arts High School in 192 5; attended 
Lincoln Institute 1931-1933; Graduated 
Lowell Institute at M.I.T., in 1939. 

Employed by City of Boston Transit 
Commission as rodman in field party 
on construction of Sumner Traffic Tun
nel 1932-1932; Boston Public Works 
Department as Junior Engineering Aide 
1932-1935; as rodman-transitman 1935-
193 7; as senior engineering aide' 193 7-
1941, in field party on surveys for and 
construction of sewerage works and per
forming related office work such as cal
culations, drafting, etc; as Junior Civil 
Engineer 1941-1944, Chief of party on 
surveys for, and resident engineer on 
construction of sewerage works and 
performing the related office work es
timates, computations, drafting, 'etc; 
Represented the City of Boston in es
tablishing the ratios for Metropolitan 
sewerage assessments for 1942-1943 and 
determining the amount for the pump
ing contract between the State and City 
for the years 1942-1946; as Assistant 
Engineer 1944 to date, making studies 
of sewage pumping and flow records 
compiling data for post-war construe~ 
tion program, and assisting in prepar
ing a preliminary report oi;i a sewerage 
treatment plant for the Main Drainage 
District. At present Acting Engineer 
of Design in charge of the pumping sta
tions and disposal works of the Main 
Drainage system and draughting room 
of the Sewer Division. Registered Pro
fessional Engineer, Massachusetts Cer
tificate No. 511. Refers to G. Haskell 
H. Schiano, W. T. Morrissey, E. 
Wright. 

CLIFFORD E. MOFFET, Waltham. 
Mass. (b. October 4, 1917, Los Angeles; 
California). Pasadena Junior College 
in Pasadena,· California 1935-1937; 
June, 1937~September, 1938, worked 
for two general contractors on general 
construction work. Entered Mass. In
stitute of Technology, September, 1938, 
received S. B. degree in Civil Engineer
ing in June, 1941. 1939-1941 was em
ployed part time in the C. E. Depart
ment of M.I.T. During the summer of 
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1940 was employed by the Inland Steel 
Company at their Wheelwright, Ken
tucky, mines, and during the winter of 
1940-1941, was employed part time by 
Chas. T. Main,· Inc., of Boston, on de
sign at Camp Edwards; July, 1941-
June, 1942, was with Standard Oil Com
pany of California as Junior Engineer; 
June, 1942-February, 1943, with Leeds, 
Hill, Barnard and Jewett, Consulting 
Engineers in Los Angeles, as engineer 
on army camp and hospital design; 
Feb.· 1943, entered the U. S. Navy as 
Ensign Civil Engineer Corps, spent two 
years overseas at Tarawa, Pearl Harbor 
and Tinian, released from active duty 
as Lt. CEC, l:JSNR in December, 1945. 
For sixteen months I was a staff officer 
for Sixth Naval Construction B'rigade · 
in charge of designing and construction 
of camps and hospitals. At present em
ployed as structural engineer by Chas. 
T. Main, Inc., Boston. Refers to J. B. 
Babcock, D. W. Taylor, J. B. Wilbur. 

CHARLES A. PERKINS, Harvard, Mass. 
(b. March 15, 1913, Westminster, 
Mass.) Graduated from Northeastern 
University June 1936, with B. S. degree 
in Civil Engineering. Experience, July,· 
1936, with Parker, Bateman & Chase, 
Civil Engineering, Clinton, Mass., as 
transitman and stayed there until May, 
193 7; associated with the New England 
Structural Steel Company, Everett, 
Mass., until March 1939. At this time 
I took a job as transitman with the 
Metropolitan District Water Supply 
Commission, giving line and grade with 
a field party on the Quabbin Dam un
til it was completed in August 1940. 
Then took a position as a civil engi
neering. draftsman in the Navy Design 
Section at Quonset Point, R. I. Duties 
were to assist in making plans and cal
culations for roads, walks, runways, 
bulkheads, drainage and other items 
necessary for a new air base. During 
this time I took a refresher course in 
Structural Design at Rhode Island 

State College. In January, 1942, trans
ferred from the Design Section to Civil 
Service in the Public Works Depart
ment of the Naval Air Station. As 
Associate Civil Engineer my duties 
were to supervise the drawing of plans, 
to prepare specifications and cost esti
mates for all work coming under the 
jurisdiction of the Public Works De
partment. In November, 1945, I re~ 
linquished my position at Quonset to 
purchase the firm of Parkman, Bate
man & Chase, Civil Engineers, Clinton, 
Mass., which I now operate under the 
same name. Refers to C. 0. Baird, F. 
W. Bateman, E. D. Mortenson, C. A. 
Richardson. 

JoHN J. SCHEUREN, JR., Swampscott, 
Mass. (b. August 2, 1919, Boston, 
Mass.) ·Graduated from Massachusetts 
Institute of Technology in 1931, S. B. 
degree. Worked while on leave of ab
sence in 1930 for the Gow Company 
as rodman and for J. H. McNamara, 
Inc., as concrete plant engineer. 1931, 
1932, B. Perini & Sons, as efficiency 
engineer on concrete production (tran
sit mix) as assistant superintendent, 
charge concrete plans, paving, etc., on 
Boston-Worcester Turnpike; 1933, en
gineer at Quabbin Reservoir Enfield 
Dike for Perini, later assistant super
intendent, in charge of access roads, 
Grand Central Parkway, Jamaica, Long 
Island; 1933-1934, superintendent High
way Construction at Haverhill, N. H.; 
1934-1935 superintendent on Road and 
Bridge Construction on Concord Turn
pike; 1935, _engineer and night super
intendent on Barkhampsted Dam in 
Connecticut; 1936, superintendent con
struction, canal (Cape Cod) revetment 
and roads; 193 7, superintendent con
struction Barbers Crossing Grade Elim
ination at Worcester, Mass.; 1938, en
gineer, New Jersey Approaches-Lin
coln Tunnel; 1938-1939, superintendent 
construction, Pittsburg Reservoir Dam, 
N. H., Water Resources Board; 1939-
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1940, engineer on Tuscarora Tunnel, 
Penn., Turnpike; 1941-1942, General 
Superintendent L. S. Foreman Com
pany, Kansas City, Mo., 26" pipe lines, 
Kansas to Chicago; 1942, superinten
dent Watter B'rothers Roads Company, 
Syracuse Air Base Paving; 1942, super
intendent West Shore Construction 
Company, Suffern, N. Y., general su
perintendent, Roads, Railways and Util
ities at Seneca Ordnance Depot, Geneva, 
N. Y.; 1943, general superintendent 
for L. S. Foreman, Kansas City, on 
construction of "Big Inch" pipeline; 
1943-1945, Corps of Engineers, A.U.S., 
construction work, Africa and Italy. 
Refers to F. Dittami, J. L. Doherty, 
R. S. Holmgren, W. T. Morrissey, W. 
F. Uhl. 

Transfer from Grade of Junior 

CHARLES M. KELLEY, Dorchester, 
Mass. (b. April 8, 1912, Boston, Mass.) 
Graduated from Northeastern Univer
sity in 1935, with Honor. B. S. degree 
in Civil Engineering. Have taken re
view courses in Hydraulics and Con
crete Design at Brown University, 
Providence, R. I., in 1942, 1943. Also 
took special course in Prospecting and 
Mining given by the University of 
Alaska at Anchorage, Alaska in 1944. 
Presently engaged in the study of law 
at Boston College Law School, third 
year of the regular course leading to 
LL.B'. degree. Experience, 1935-1936, 
Massachusetts Department P u b Ii c 
Works, surveyor in the Highway Di
vision. Subsequently employed in the 
Waterways Division, as draftsman; 
1936, Merritt, Chapman, Scott Corp., 
timekeeper on reconstruction of plat
forms at Commonwealth Pier, So. Bos
ton, Mass.; 1936-193 7, Revere School 
Department, instructor in mathematics 
in the Evening High School; 1936-
1937, U. S. Engineer Office, Boston, 
Mass., Engineer draftsman; 1938-1939, 
U. S. Engineer Office, Memphis, Tenn., 
Civil Engr. draftsman; 1939-1940, U. S. 

Engineer Office, Concord, N. H., Junior 
Civil Engineer on real estate surveys 
and appraisals for the Franklin Falls 
Dam and the Blackwater Dam; and on 
Lhe subsequent construction of the 
Blackwater Dam as an inspector of 
general construction; 1940-1941, U. S. 
Engineer Office, Port-of-Spain, Trini
dad, British West Indies, Junior Engi
neer on original surveys for U. S. Army 
Air Base at Cumuto; 1941-1942, U. S. 
Engineer Office, Antigua, British West 
Indies, Junior, Associate Engineer, 
Chief of control surveys, then Office 
Engineer and finally inspector in charge 
of construction of concrete structures 
and of Air Corps buildings and hangars; 
1942-1944, U. S. Engineer Office, Prov
idence, R. I., Assoc. Engr. Assistant to 
Chief of Operations, supervising admin
istration of certain military construction 
contracts, including work of resident 
engineer, negotiating modifications to 
contracts, expediting procurement of 
materials, reviewing procurement of 
materials, reviewing payment estimates 
against completed work, etc. In the 
field, directed the layout and subse
quent changes in construction; 1944-
1945, Headquarters Alaskan Depart
ment, Office of the Engineer, Anchorage, 
Alaska, Associate Engineer, project en
gineer for one of the secret Aleutian 
posts reviewing requests for construc
tion, suggesting changes in some or 
recommending approval thereof to the 
Comm. General. Was also head of the 
Real Property sub-section. 1945 to 
present, New England Division Engi
neer Office, Boston, Associate Engineer 
in Real Estate Division performing 
necessary field work in connection with 
the acquisition of real estate interests 
for both military and civil projects. 
Refers to C. 0. Baird, E. A. Gramstorff, 
H. I. Wyner, W. W. Zapolski. 

JOHN H. MANNING, Newton, Mass. 
(b. February 27, 1916, Boston, Mass.) 
Graduated from Northeastern Univer-
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sity in 1939, with B. S. degree in Civil 
Engineering. As co-operative work stu
dent, employed by City of Newton 
Engineering Department from 1936 to 
1939, as rodman, and transitman in 
survey party on municipal engineering 
work. June, 1939, to July, 1941, as 
transitman in survey party with City 
of Newton Engineering Department on 
municipal engineering work; July, 1941, 
to December, f943, with U. S. Engineer 
Department, as Chief Draftsman and 
Office Engineer and Assistant Area En
gineer at U. S. Engineer Sub-Office, 
Bangor, Maine, on airport and housing 
construction; February, 1944, to date 
with Civil Engineer Corps of U. S. 
Navy, as Lieutenant (junior grade) in 
the 28th U. S. Naval Construction Bat
talion, engaged in construction work in 
the European and Pacific Theatres. 
Refers to A. Q. Robinson, A. E. Everett, 
C. 0. Baird, E. A. Gramstorfj. 

ARTHUR J. YARDLEY, Edgewood, 
Rhode Island. (b. April 17, 1914, War
wick, Rhode Island). Graduated from 
Rhode Island State College, 1936, with 
B.S. degree in Civil Engineering. Ex
periences, July, 1936, to December, 
1938, worked for Taco Heaters, Inc., 
Providence, R. I., Assembly Man and 
Machine Operator. Mechanical experi
ences in construction of hot water 
heaters. In charge of ordering materials, 
machining and assembling eight differ
ent hot water heaters. Used lathe, ra
dial frill, gana drill and grinder; De
cember, 1938 to July, 1940, Student 
Engineer, Hydraulic & Report Section, 
worked on rainfall studies, flood fre
quencies, unit graph studies, flood rout-

ing, making area capacity curves for 
reservoir sites, spillway design flood 
gate operation of flood control reser
voirs, flood control economic studies; 
July 1940, to January, 1941, Inspector 
of General Construction, inspected plac
ing and compacting of earth rock fill 
in dam embrankment, peizometer tubes, 
settlement gages, sand and gravel fil
ters, drilling and blasting of ledge, con
struction of forms for concrete and 
collected cost data on plant and labor 
used by contractor; January, 1941, to 
August, 1941, Inspector and Senior 
Inspector, inspected excavation and 
backfill of building foundation, also 
inspect~d forms, steel reinforcing and 
placing of concrete. From March, 1941, 
until August, 1941, was Senior Inspec
tor of all sewer, water and electrical 
construction; August, 1941 to October, 
1941, Chief Inspector of construction 
of buildings, utilities, roads, hangers, 
taxiways and gasoline distribution sys
tems at Grenier Field Air Base, Man
chester, N. H.; October, 1941 to Jan
uary, 1944, Area Engineer, in charge 
of all military operations at Grenier 
Field Air Base, Manchester, N. H., 
project involving an expenditure of ap
proximately $8,000,000 and providing 
housing and operational facilities for 
5,000 troops. January, 1944 to Octo
ber, 1945, on duty with U. S. Navy as 
Ensign. Four months at Navy Schools, 
sixteen months as Executive Officer on 
LCl (L) 60.7, June, 1945, promoted 
to Lieutenant (J.G.); November, 1945, 
to present date, Engineer, (Civil) with 
U. S. Engineer Office, Park Square 
Building, B'oston, Mass. Refers to /. 
Chase, Jr., E. F. Childs, H. B. Shum
way, W. H. Fowler. 
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CHAS. T. MAIN, Inc. 
Engineers 

201 DEVONSHIRE ST., BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 

STEAM AND HYDRO•ELECTRIC PLANTS 

ELECTRICAL ENGINEERING 

INVESTIGATIONS-APPRAISALS 

FOUNDATIONS 

WILLIAM S. CROCKER 
(Formerly Aspinwall & Lincoln) 

Registered Professional Engineer 
Registered Land Surveyor 

Louis A. Chase Associate 
Amos L. Perkins Associate 

46 Cornhill Boston, Mass, 

Fay, Spofford & Thorndike 
Engineers 

Port Developments Airports Fire Prevention 

Bridges Buildings Foundations 

Water Supply Sewerage Drainage 

BOSTON NEW YORK 

FRANK A. BARBOUR 
Consulting Engineer 

Water Supply, Water Purification 
Sewerage and Sewage Disposal 

Tremont Building, Boston, MaH, 

HOWARD M. TURNER 
Consulting Engineer 

Investiaations, Valuations, Plans, 
Supervision of Construction, Water 
Power, Water Supply, Public 
Utility and Industrial Properties. 

6 Beacon Street : : : : Boston 

THOMAS R. CAMP 
Consulting Engineer 

6 BEACON STREET BOSTON 8, MASS. 
Telephone CApitol 0422 

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

Investigations & Reports Design & Supervision 
Research and Development Flood Control 

WESTON & SAMPSON 
Laboratory for the Analysis of Water. 

Sewage, Filtering Materials, etc., Desian, 
Inspection and Supervision of Water Puri
fication and Sewage Disposal Plants. 

14 BEACON STREET, BOSTON 

WHITMAN & HOW ARD 
Engineers 

(Est. 1869. Inc. 1924) 
Investigations, Designs, Estimates, Reporta 
and Supervision, Valuations, etc., In all Water 
Works, Sewerage, Dralnace, Waterfront Im
provements and all llrlunlclpal or Industrial 
Development Problems. 

89 Broad Street Boston, Ma111. 

H. K. BARROWS I J. R. WORCESTER & CO. 
Conaulting Hydraulic Engineer 

Water Power, Water Supply, Sewerage , 
Drainage. lrivestigations, Reports, Valua• 
tions, Designs, Supervision of Construction 

6 BEACON ST. BOSTON, MASS. 

METCALF & EDDY 
Engineers 

Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 

STATLER BUILDING, BOSTON 16 

Engineers 
Buildings Bridges Foundatlona 

Steel and Reinforced Concrete 
Designs lnvestlcatlons 

Expert Testimony 
Cement and Sand Testing 

89 Milk Street Boston, Ma1111. 

JACKSON & MORELAND 
Engineers 

Public Utilities - Industrials 
Railroad Electrification 

Design and Supervision - Valuations 
Economic and Operatlnc Reports 

BOSTON NEW YORK 
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MAURICE A. REIDY 
Consultin:g Engineer 

Structural Designs Foundations 

101 Tremont Street 

BOSTON, MASS. 

GARDNER S. GOULD 
Consulting Engi~er 

Port Developments, Wharves, Plera and 
Bnlkheads, Oil Storage, Coal Handllnc, 

Warehouses and Foundations 

89 Broad St. Room 412, Boston, Mass. 

New England 

Power Service 

Company 

Ganteaume & McMullen 
Engineers 

99 Channey Street 

BOSTON 

THE THOMPSON & LIGHTNER CO., INC. 
Engineers 

Designs and Engineering Supervision 
Investigations, Testing and 

Inspection of Structural Materials 
Concrete Quality Control 

Marketing and Production Service 

Offices and Laboratory, 620 NEWBURY ST., BOSTON, MASS. . 
Stone & Webster Engineering Corporation 

Engineering and Construction 

Reports Examinations Appraisals 

Consulting Engineering 
49 FEDERAL ST., BOSTON, MASS. 

E. WORTHINGTON 
Civil and Consulting Engineer 

Water Supply and Sewerage 
Municipal Work_ 
Established 1890 

Worthington Building 
26 NORFOLK ST., DEDHAM, MASS. 

Telephone 0120 · 

MARK LINENTHAL 
Engineer 

16 LINCOLN STREET 

BOSTON 

D I V E R S-Skilled, CapablE 
Mechanics for Underwater Examina• 
t-ion and Repairs. 

Crandall Dry Dock Engineers 
238 Main St., Cambridge, Mass. 

HOW ARD E. BAILEY 
Consulting Sanitary Engineer 

Water Works Water Purification 
-Sewerage Sewage Treatment 

Industrial Wastes Disposal 

6 Beacon St., Boston, Mass. 

FOUNDATIONS 
Engineers and Contractors 

·THE GOW COMPANY, 
Inc. 

957 Park Square Building 
Boston 

GOW CAISSONS 
RAYMOND CONCRETE PILES 

SOIL TEST BORINGS 

90 West St., New York City 
111 W. Monroe St., Chi~ago 
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Dredging Pile Driving 
Sea Wall and Bridge Building 

Submerged Pipe and Foundarion• 

W. H. Ellis & Son Company 
EAST BOSTON, MASSACHUSETTS 

New· England Concrete Pipe Gorp. 
NEWTON UPPER FALLS, MASS. 

Manufacture"rs of 

Plain and Reinforced Concrete 
Sewer and Culvert Pipe 

PLANTS 
Newton, Springfield, Mansfield, Massachusetts 

Providence, Rhode Island 

NORTHERN STEEL CO. 
44 SCHOOL STREET, BOSTON 

Concrete Reinforcing Bar• 

Works at 
Glenwood Station, Medford, MaH, 

Engineering Associates, Inc. 
DESIGNERS - ENGINEERS - BUILDERS 

Buildings Power Plants Bridges 
Air Ports Port Development Railroads 

Sewage and Tradewaste Treatment 
Water Supply Bf!d Purification 

146 SUMMER ST., BOSTON 
Tel. LIB. 4592 Cable Address "ENGAS" 

THE CHAPMAN VAL VE 
MFG. COMPANY 

165 Congress St., BOSTON, MASS. 
VALVES 

For All Services 
SLUICE GATES • SHEAR GATES 

FLAP VALVES 

S. Morgan Smith Company 
Manufacturers of 

Hydraulic Turbines 
and Accessories 

Rotovalves - Axial Flow Pumps 
176 Federal St. BOSTON, MASS. 

Edward F. Hughes Company 

Test Borings 

Artesian, Gravel and Driven Wells 

Water Supplies 

53 State Street Boston, Mass. 

T. Stuart & Son Company 

General Contractora 

70 PHILLIPS STREET 

WATERTOWN, MASSACHUSETTS 

THOMAS O'CONNOR & CO., 
Inc. 

Structural Engineers & Builders 

238 MAIN STREET 
CAMBRIDGE, MASS. 

Kendall Square 

Pipe Founders Sales Corp. 
Successors to 

FRED A. HOUDLETTE & SON, Inc. 

Cast Iron Pipe and Special Ca11tins11 
for 

Water, Steam, Gas and Chemical Uee 
Water Measuring Equipment 

6 BEACON STREET, BOSTON, MASS. 

METERS and CONTROLLERS • 
• Bulletins on request. Address Build-
• ers . Providence, Inc., (division of • 

Builders Iron Foundry), 72 Wey
bosset St., Providence 3, R. I. • • 

BUILDERS-PROVIDENCE 
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STAINLESS STEEL THOMAS MULCARE CORP. 
and 

Steel of Every Description 

Hawkridge Brothers Co. 
303 Congress Street 

BOSTON, MASS. 

SCIENTIFIC BOOI(S 
AND PERIODICALS 

The Old Corner Book Store 
50 BROMFIELD STREET 

BOSTON, MASS. 

Algonquin Engraving Co. Inc. 
Engravers & Electrotypers 

18 KINGSTON STREET 

BOSTON, MASS. 

Tel. Han 4855-6 

U. HOLZER, Inc. 

BOOKBINDERS 
29 COLLINS STREET HYDE PARK 

MAIN SHOP AT HYDE PARK 

Books Bound, Charts Mounted, Portfolios, 
Lettering, Photographs Mounted 

Concrete Structure Repairing 

Resurfacing Floors 

66 Western Ave. BOSTON 
STAdium 2244 

BUFF PRECISION 
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All Makes Repaired 
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BUFF & BUFF 
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AND 
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Phillipsburg, N. Y. 
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DR.EDGING 
RIVER AND HARBOR IMPROVEMENTS 

LAND RECLAMATION 
CONTRACTING ENGINEERS 

for 
U. S. GOVERNMENT - RAILROADS 

PRIVATE INTERESTS 

LATIN AND .SOUTH AMERICAN COUNTRIES 

Gahagan Construction Corporation 
90 Broacl Stree.t . New York, N. Y. 

Phone WHitehall 3-2558 

CABLE ADDRESS: W ALGAHAGAN, N. Y. 

Half a Century of Progress 
It's over a half a century-fifty-four years to be exact 

-since the day the HEFFERNAN PRESS made its feeble 

start. That each year since then· has shown an in

crease 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 · 

WORCESTER, MASSACHUSETTS 

Printers to . 
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GORDON M. FAIR 

COMMITIEES 
1945-1946 

NOMINATING COMMITTEE 

Pnst Presidents (Members of the Committee) 

Aan1un L. SeAw ALBERT HAEBTLIBN 

RAYMOND W. COBURN 

LAWR&NCB M. GENTLl<MAN 
DONALD w. TAYLOR 

ALEXANDER J. BONB 

JAMES F. BRITl'AIN 

LA WHENCE G. ROPES 

(Term expires March, 1946) (Term expires March, 1947) 

THOMAS R. CAMP 
STANLEY M. Dons 
FREDERICK S. Gmas 

JoaN B, BABCOCK 

BtmTIS S. BaoWN 
THOMAS C. CoLKMAN 

EDWARD S. AvBBBLL 

MURRAY H. MELLISH 

CaABLES C. McDONALD 

CHABLBB M. Au.EN 

ARTHUR w. DBAN 

GEOBCB w. COFl"IN 

LAWRENCE M. GENTLEMAN 

CBABLBS o. BAlllD 

MILES N. CLAIR 
IBVINC B. CROSBY 

CABRQLL ,\. F ADW~~ 

SPECIAL COMMITTEES 

Program 
CARROLL A. FARWELL, Chairman.· ex•offici.o 

EMIL A. GRAMSTORff 

EVERETT N. HUTCHINS 

HERMAN C. PROTZE 

Publication 
EvERETT N. HUTCHINS, Chairman 

I. STUART CaANDALL 

Library 
ALLEN J. Bunno1N, Chairman 

FaBOERIC N. WEAVBB 

Hospitality Committee 
JoeN H. HARDING, Chairman 

JOSEPH D. GUBBTIN 

Relations of Sections to Main Society 
FRANKL. LINCOLN, Chairman 

Welfare 
R.il.PB W. HORNE, Chairman 

John R. Freeman Fund Committee 
HOWARD M. TURNER, Chairman 

Desmond Fitzgerald Award 
AR.THUR D. WESTON, Chairman 

Sanitary and Hydraulics Section Award 
ARTHUR D.WESTON, Chairman 

Designers Section Award 
[MIL A. GBAMSTORFF, Chairman 

Highway Section Award 
AnTBVB W. DBAN, Chairman 

Subsoils of Boston 
DoNALD W. TAYLOR, Chairman 

Investment Committee 
CHESTER J. GINDER, Chairman 

FRANK L. LINCOLN 
MURRAY H. MELLISH 

CHARLES C. McDONALD 

Wu.LIAM c. PAXTON 

GORDON M. F AIB 

EOCENE l\fmABELLI 

RALPH M. SOULE 

FREDmncK. S. Cmes 

WILLIAM c. PAXTON 

Anmua HEBERT 

WILLIAM F. UBL 

EMIL A. GBAMSTORP'I' 

WILLIAM L. H'YLAND 

JOHN B. WWIVB 

HBBMON s. SWABTZ 

STANLEY M. DoRB 
LAWBRNCB G. RoPXS 

RAYMOND w. COBURN 
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