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ABSTRACT

The object of this thesis 1s to present the
methods of organization, management and the comstruction
used on a specific power plant project. All information 1s
obtained from main and field office interviews with the
personnel of the owner's representative, the general and
sﬁbcontractors, and the working forces, and by inspection
of the construction plans and specifications along with

field observations and plctures of the procedures used.

This information includes analysis of the job design,

equipment, and layout for installatign and operation.

The organization and management section includes
detailed explanatiohé of all the functioning groups on the
job with reference to their manpower, duties,’and services
performed. The arrangements of the general contractor with
each of his subcontractors are discussed with reference to
the over=-all plans and objectives of the owner. A detailled
explanatioﬁ.of the trade divisions and supervision is given
for all the work being performed.

The final section includes a word and picture
presentation of the actual constructlon procedures being
used on the job in an effort to give some idea of how the

plant 1s constructed and made ready for operation.
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PREFACE AND ACKNOWLEDGMENTS

In arriving at the subject and title of this
thesis‘the author has considered the main aspects of all
building construction work that, he feels, the competent
Junior Engineer should be familiar with and has chosen
three mein categories which-will give the general over-all
picture of the building cbnstruction project. These cate=-
gories are Organization for construction, Management dur-
ing construction, and éctual procedures used in the con-
struction which are to serve as examples for study and
comparison, and to provide "food for thought" during all
further study and experiencé in the field.

The author has chosen to apply this analysis to
& specific project in preference to trying to touch alightly
upon several projects, because more specific gain can be
made in this way. The Power Plant has been chosen bvecause
it 1s one of the most COmplicated types of project, due to
the range of units aﬁd machinery which must be compacted
into an orderly functional type of building unit capable
of performing efficlent economical service. The problems
of design and construction are complicated bj the emphasis
that must be placed on the mechanical and electrical aspects
of the project which demand firs? consideration even over

the bullding 1tself. The problems encountered are often
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the most complex of their type and therefore should cover
like problems of & simpler nsture in other types of Jjobs.
The euthor 1s indebted to Mr. Carl Anderson and
Mr. J. F. Kenney of New England Power Service Company, Mlr.
Frank Bell of United Engineers and Constructérs Company,
and to all others too numerous to list by name who are
connected directly or indirectly with the Salem Harbor

Project.

L. P. M.

vii
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INTRODUCTION

It is necessary at the beginning of any such
project as this to set down formally, ﬁhe aims of, and the
scope to be included by, the author. This has proven to be
a very definite problem on this particular subject due to
the complicated conditions which prevail throughout the
entire construction project. The intricacies and detalls

of the‘project are in many ways necessary for a clear view

of the entire picture. On the other hand, however, 1t is

quite possible to lose the object of the analysls due to
the many entangling details and exacting procedures. One
of the aims of this thesis 1is to provide an adequate re-
ference of the three main points of Organization, Manage-
ment, and Procedures, and therefore enough of the details
will be included to accomplish this aim.

As to scope, the entire project that is in the
construction state will be considered. This will be nar-
rowed down by taking the time increment from the time the
cdntractvis let to the general contractor until about 1 May
1951, which date will approximate the time when all data
must be terminated‘and the final informatlon gesthered in
preparation for the final drafting of the thesis. The
author will attempt to give some information to bring the

thesls up to date by getting as much information as possible



on what was actually'started prior to 1 October 1950. Since
the author 1s primarily interested in construction after
design has been completed, only such detaills of design as
arevneéessary for & complste and clear picture of what is
being constructed will be included. It is not the aim of
this thesis to gb into any portion of the actual design ex-
cept to designate who 1s responsible for it in the organi-
zation section. This scope is to 1nclude the construction
of unit one, through operation, although it will be im="'
possible to separate entirely the preparation for or actual
work on, the second unit within the building. |
The-method of analysis to be followed has been
chosen so as to present the working tools for the discus=
sion first. This is not to be considered the main toplc
but more of a necessary evil in order to establish common
ground for the dlscussions on organization, management, and
procedures. The analysis of the job will include all
detalls necessary to provide a check list for further dis-
cussions and’to provide a more complete picture of what 1s

being constructed.

ANALYSIS

General Information

The project under consideration 1s located at
'Salem Harbor, Sslem, Massachusetts. It is being constructed
by the United Engineers and Constructors Company of Phila-

delphia, Pennsylvania, for the New England Power Company,




who will taske over the plant upon completion of construction
activities. The location is N.E. of the township of Salem
end located directly on Salem Harbor.

The site chosen is on the bay or harbor end as
seen from the accompanying diagrams is split into two sec-
tions by the small cove in the center. See Fig. 1. Thils
cove is to be filled partially by rock end earth and used
for oil storege and measuring tanks, and the rest will be
filled with fly ash from the plant after starting operatlon.
The plant section ls located on an outcrop ledge which ex-
_tends'quite far out into the bay. This made 1t necessary
to do considerable blastihg in the entire area. The termi-
nal section, which has been in operation prior to any con-
struction revisions or additions, is located on level ground
with subsurface clay layers beneath the storage areas. The
terminal has been used for receiving coal from ships and
" handling it through storage and redistribution to railroad
and trucking systems. The existing equipment at the time
of the beginning of construction will be considered laters.
This qoastal location has been chosen so thaet fuel can be
brought in on ocean-golng vessels and so that the essentlal
supply of_cooling water needed for condensing 1s readily
available.

| The total initial cost of the two-unit plant 1s
estimated at about $30,000,000. This includes the ma jor
~portion of ail new construction taking place on the entire

site.




Figurs 1
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The plant will have a normal yearly output of
1,000,000,000 kilowatt hours and will constitute the pri=-
mary source of electriclty for Salem, Beverly, Gloucester,
Rockport, Medford, Melrose, Malden, and Everett. This
plant will also be interconnected over transmission lines
with the entire New England Electric System which serves
over 2,000,000 customers and 1ls composed of a balanced sys-
tem of 24 hydro-electric stetions and 13 steam=-generating

plants.

The lmportant features of the project include =

more detailed explanation of each of the component parts

which make up the entire operative unit. A great deal of
the information below will be presented directly from the
design specifications and the blue prints, since this is
the most exact way of obtaining = compzete and well 6rgané.,~
1zed picture of the features of the plant. The details

that are included hereln may not be of general intereét,

but are being presented so as to give a complete basis for
comparison and study of what 1s being done on this job.

An installafion of this type involves a vast
amount of plannihg, designing and scheduling by a large
number of individuals in the flelds of Civil, Structural,
Mechanical, Electrical and Chemical Engineering, Metallurgy,

and Architecture. The construction phases include the use

of nearly all of the trades in the industry.

The specific parts of the installation can be

identified from the original plot plan. The entire station



including all auxiliaries is designed for convenlence and
the most efficient and economical operation possible with
the site facilities avallesble and/or within the scope of the
expansion.

Important Features

Each portion of the installation will be taken
separately, and the detalls will be presented covering the
building, major equipment, yards, storage areas, and termi-
nal system. The bulilding is designed as & complete gener-
ating unit consisting of two boilers and generating units
~and the necessary equipment for their operation._AThe bulld-
ing is composed of four parts as can be seen in the diagrams
shown. See Fig. 2. These are the fan room, the boller room,
the turbine room, and the screen house and office bullding.
It is designed in contemporary style with every effort to
make the building as pleasant 2 land-mark as possible.

See ig. R2e.
Type of Installation

| | The building is constructed of steel, and re-
inforced cdncrete with a light buff face brick extérior.
The foundations ere set on solid rock end the steel skeleton
is the kind encountered with such large and heavy equipment.
The superstructure is composed of over 4500 tons of steel,
all of riveted construction that has been fabricated at the
steel plant and is shipped to site by rall snd erected in

place according to careful engineering plans. The brick
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work amounts to over a million and 2 half bricks and in-
terior tile units. The face bricks are standard size and
are backed up byzNational Fireproofing Qorboration Speed-a~-
Backer tile and common brick. Trim for the exterior is of
Chelmsford gray granite and 1t provides an exceptional
combinetion of color scheme.

The interlor sectlons are faced with ceramic
glazed tile, buff in color, and in the storage areas and
some shops clay face bricks are used. The lobby interior

is high-lighted by use of Architectural Terra Cotta which

‘1s built into the structure by use of Everdur Bronze anchors.

Other detalls of the construction of the masonry
work include the use of asphalt imprégnated cotton fabric,
reinforced with wire mesh spandel and wall flashing through-
out the building. The sequence for wall construction pro-
vides for the laying of & courses of face brick, parging
on the back, and then laying two courses of backing tile.
All steel is parged; and hot dipped galvanized steel wall
tieé are used throughout the masonry work. There are also
several large panels of 12" glass block in the building,
and slate window sills are used. The following 1s a table

of liortars used on the jobs
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Unit | Mix Lime Sand Admix Joints
- | Cement
Buck Master Bullding
hollow. 1 2 |7 =9 - Unicorn, Flush
tile ' Mortar-proofing | 1/4"
Interior 1
Facing white 2 7 -9 do
Tile
Glass 1 1 4
Block by dry do
- | volume

Terra- Non=- 5
Cottea Staining 1 white do

1
Non=- 1/5 by
Steining do volume do -

C ° :

Bond is full-running headers every sixth course,
with concave, with large radius tool joints on the exterior
pointing. All wall surfeces are to be cleaned with 5%
solution of murlatic acid if necesssry and thoroughly washed
down. All caulking is to be done with gray compound around
all windows, doors, frame openings, and in all_joints in the
exterior walls between masonry and any other material,
Weathercap seal is used and sét in the caulking compound
where necessary.

On the concrete work, similer details are aveil-
able concerning construction detzils. The following table

glves most of the data:
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All of the above concrete is Ready-mix transit mixed. De-
talls of placement that sre specified include those for

cold weather. All concrete must be kept at 50°F for 72
hoursAﬁhen the temperature is below 40°F, and must be pleced
et & temperature in excess of 70°F but at no time above
100°F. This was asccomplished by hesting the aggregate prior
to adding water. The curing details provided for protection
from meshing of all surfeces by means of water and covering
for at least 72 hours. Honey-combing, stone pockets, and
other defects had to be removed and keyed and filled'with
good concrete,

Ail expansion joints in the concrete work had to
be made by use of 1/2" mastic materisl, end waterstops were
of 8" wide 12 gauge black steel welded at the corners of all
vjoints.

On the concrete used for casting the precast slebs
In the roof construction an accelerstor wes permitted so -
that the stripping time could be decressed from the 96 hours
to 48 hours on the slaebs. The sccelerator used was Incor
Admix, All aggregate used had to pass a soundness test and
be grester than 1/4". Sand had to te less than #4 and 92%
on & #100 mesh sieve; pess a soundness test; have a mortar
ratlo strength of at lesst 90%; and pass the organic test
for good sand. All of the above tests are 4. S. T. M.
Standards.

The windows were originally to be divided into

two.classes. Those in the permanent wall construction




by the different topping surfsces. Red Quarry Tile 1s to
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were to be bronzed frame, but tiese could not be obtsined

so that steel 1ls being used throughout the bullding on both
the permanent and temporary wall construction. All sash

are of hot rolled steel members and ere the projecting type.
These frzmes sre shipped to the site, bonded and rainted and
equipped with the necessary materials for complete cons£ruc-
tion and operation. Where 1t is necessary to have mechanical
operation for windows spanning openings or high up in the
alr, worm and gesar type openers are provided.

A1l roof decks are constructed of precast concrete

~slabs or of concrete cast in place by the general contract-

of, who also provides ell concrete fills and crickets, roof

dralns, and sleeves, vents and rain hoods. The roofing,

flashing and insuletion has been sublet.

There are two maln sections of the roof as divided

be used over the Screen house and the Fan Koom areas, and
& built-up tar and gravel on the remalning sections.

The fleshing work which is 211 sheet metal and

covers all cap flashings end coping was all shop sheped and
shipped to the site as such. Lssentially it is 21l con-
structed of lead.coated copper msteriel which is 16 oz.
copper with no less than 7 1/2 # of lead per 100 sq. ft.

Construction is to be completed using resin flux and =

40% lead and 70% black tin solder. The flashing on the

canopy roof section 1s all of 16 oz. copper; it is to be
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constructed by use of a 50% lead and 50% black tin solcer.
The flashling detalls call for all base flasﬁing to be
carried up a2t least 8" on all vertical surfeces, end shall
be lapped about 4" by the cap flashing. All end laps are
3" and sre soldered.

The sequence of construction provides for e
thorough cleaning of all deck surfeces prior to the sappli-
cetion of the roofing. The roof is composed of a priming
of hot pitch and several layers of hot asphalt whichbhas e
melting point of over 190°F. This was saturated with
asphalt and 2 plies of 15# roofing felt laid with hot as=-
phalt maintaining 19f laps throughout construction.

The insuletion, which is 2" Foamglass under the
quarry tile and 1" Vapor sesal Celotex, corkboard, or equsal,
with a K value not over 0.33 over the rest of the bullding,
ls lald on hot mopped asphalt and covered with waterproof-
ing. Water cut-offs consisting of 2 plies of felt and 3
moppings of pltch extending at least six inches on the deck
and éverlapping the insulatlion st least 4", are being in-
stalled about every 25' and at all vertical surfaces. The
built-up roofing consists of 4 plies of 15# felt under the
slag and gravel topping and 5 plies under the quarry tile.
The tile was laid on the cleer foofing with a setting mortar
1 part type II Cement. All joints sre 1/2" and are pointed.
Expansion Joints, 3/4" wide extending from surface of the

tile through the morter shall be installed about 20' apart in

each direction end et all walls, curbs, and projections.
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The main emphasis in power plant construction
must be placed on the major mechsnical equipment that is
used in’the instellation. For this reasson = very thorough
analysis will be made of all of the major equipment used
and of its operation and reference to all other operating
units in the installation.

Mg jor Equipment

| Two 1dentical Babcock & Wilcox Boilers and all
their auxiliary equipment provide the necessary steam for
operation of the plant. Each of the units is a water tube,
bent tube type boiler with a water-cooled furnace of the
dry bottom type. The units are designed for economical use
of a two stage superheater, reheater and horizontal econ-
omizer, of the continuous loop type, 8ll constructed wlthin
the setting of the boiler. Esach uhit has & working cepacity
of 575,000# of steam per hour, eveaporsating 65,000 gallons
of water to 625,000 lbs. of steam in one hour at 1450 1lkbs,.
Pér square iInch of pressure =t the generstor, and 1000°s,
heaﬁ eand rehest 1000°F. The burners are direct firing
type designed to burn bituminous cosal after 1t has been
pulverlized to about the consistence of flour in the pul-
verlzers, bunker "C" oil, and possible netursl gas 1n the
off seasons. The units will use 1350 tons of coal per day
or 252,000 gallons of oil per daye.

The water used in the bollers will be composed of

the éondensate from the deaersting hot well plus sbout 1%
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‘city water méke up which has been properly treated with
caustlc and sulphate in 2 hot process softener system fol-
lowed by an evaporator. Feed water is brogressively -heated
in a six bleed heater system before entering the boiler,

The final treatment is accomplished by the addition of phos=
phate at the boiler drum.

The suxiliery equipment includes two section air
heaters end all ducts and duct work between the air heaters
and the boilers, and to the coal pulverizers., The air is
circulsted by forced draft fans and the exhaust gasses are
extracted by the iq@uced draft fans. The exhaust‘gasses
would contaln any soot leaving the system through ordinsry
operation or due to the use of the sutomatic sequential gir-
puff type soot blowers which are Instelled for the boiler,
supér heater, reheater, and economizer. 411 dirt and soot
is removed just before the gasses pass out the stacks by
means of mechanical dust collectors and Electrostatic

Precipitetor which collects the dust particles,

‘ The fuel system can be traced for the use of coal
from the pulverizers, of which there are four for easch unit.
These grind the coal to a fineness of 90% past a #ZOOAsieve
8o that powder can be blown through & system of cdalvpipes'
from the mills to the burners by means of variable speed
feeder motors. The pulverizers are driven by squirrel cage
induction motors developing 200 horsepower at a high start-

ing torque.
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The burners include the wind boxes and meanual
ignition oll burners of the steam atomlzing type for each
coal burner. Provisions have also been made to make it
possible to instell full cepacity burning of fuel oil by
replacing the plates on the ignition oil guns.A

The entire boiler is encesed in steel plate over
the required insuletion of high temperature cement and 85%
magnesia blocks with 1" extra 85% magnesla in addition to
the usual boiler-makeré standards.

The bollers have automstic combustion control sys—
tems aﬁd temperature controls operated from a central con=
trol station. Over-sll operstional efficlency will be over
89.5% at full load rating. Safety items inélude water col-
umns at each end of the boiler drum with.high-iow alarm,
working safety valves and Yardway unit type blow=-off valves
for the boiler and water walls. |

The coal hendling system will be discussed later
in connection with the Terminal System. The Flow Disgream
pictﬁred in Fig. 3 will give a schematic picture of the
complete system which 1s bLeing discussed &t this time. The
boiler unit, the softener snd the feed water preparation
which have slready been discussed can be‘ﬁied in with this
diagram. |

The complete feed water preparation system in-
cludes the flow system from the condenser hotwell to the

boller. The heat cycle section of this system includes the
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six stage heater system, the evaporsastor, and the make-up

from the city water., The heater bleeds can be traced from

the various take-cffs from the high pressure, intermediate,
and loﬁ pressure sections on the tufbine.

The turbine room section of the bullding houses
the Turbo Generators and their auxiliary equipment. Both
units, though designed and constructed by two different
companles, are designed for the same inlet conditions from
the boilers. Each 60,000 to 75,000 Kw unit is designed for
inlet steam at the 1450 pounds per square inch provided,
-and 3600 r.p.m. operation. Non-automatic extraétion 1s used
for reheat condensing operation, ahd the units are designed
for continuous opefation to meet lighting and power demands
when operating along, or in parallel with, other units, and
to regulate frequency automatically throughout the system.

The turbine is to be of the rehest two-cylinder,
tandem compound, double flow, impulse, condensing type, and
designed to insure continuous, safe, reliasble and economic
operation Without undue heating.

The turbine operating condltions include pressure
exhaust of one inch of mercury sbsolute pressure snd suf-
ficlent steam to supply heat cycle et a temperature of about
455°F. at number one hester, and conditions such that only
1% make-up will be necessary.

The turbine parts in contact with the stesm are

designed to resist corrosion and electrolytic action of the
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steam and of the chemically trested feed water. The steam
from the boller comes through the mein steam line, which is

a 2" wall,‘chrome molybdenum alloy steel pipe with controlled
carbon content and phosphorus and sulfur. The flow in this
line is controlled by the throttle and interset valves which
are operated by the overspeed governor trips. The throttle'
valve also trips the boller in event of sudden electrical
load loss, so as to provide complete coverage.

The generator 1s the second portion of the turbo-
generator units, designed to capacity with 95% power factor.
1.0 shdrt circult ratio hydrogen cooled at 0.5'psig pressure,
at & phase, 60 cycle, 14,400 volts output. It consists of a
stator and rotor, the latter of which weighs about 150 tons,
and is equipped with motor driven turning gear.

| The‘generator is internally cooled as described
above and the coolers are built in units of tubes of Ad-
miralty metal with bronze tube sheets to provide the neces-
sary protection of the'equipment, The’lubricating oll
system consists of o0il coolers for 95°%. and 125 psig forced
feed including storage tanks, centrifugal type main oil
pump that is driven off the main shaft; and an auxiliary
main shaft pump, emergency oil besring pump to supply hesders
and booster pump to suction off main shaft pump .
| Excitation i1s accomplished by mesns of a self
neutralizing excitor that 1s connected directly to the gener-

ator, and 1s egquipped with 2 self ventilating pilot excitor,
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Also as auxiliary equipment should be included the automatic
low;vécuum trip devices and the blow out diaphregms, the
automatic packing steam unloading valve, and the ihdicating
Lochomeﬁer. The generstor 1s insul:ted with plastic type
insulation, except where blanket type asbestos is used over
flanges. The outer surfacé of t he generstor is covered by
a sheet metal casing.

The\control system with the exception of that por-
tion that will be discussed later under the electrical dis-
tribution system Includes the valves and controls necessary
forkcomplete automatic control. For the turbine the system
consists of a2 main speed governor which is of the hydraulic
oll relay type, the pre-emergency overall and the emergency
overall speed control valves, the multiple stesm control
valves with remote menual load limit devices and a Selsyn
indlcator, and a motor opsreted speed exchanger.

Three main governors are responsible for the over-
all.control of the unit. These include a speed response
governor to prevent hunting =zt all loads; the emergency and
pre-emergency governor which trips the throttle and inlet
control valves, and which finally trips completely shutting
the intercept valve in case the genersztor loses its load and
prevents tripping of the emergency overspeed governor men-
tioned abovse.

Directly beneath the turbine is the surface con-

denser which re jects 370,000,000 E.T.U. of heat per hour
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from the steam by condensing in a vacuum and by use of
86,000 gallons per minute of cold sea water which is in
contaét with the 47,500 square feet of gluminum brass tubess
The condensate 1s then recirculated for re-use 1ln the boller.
bThe circulation of water is maintained by means of two ver-
tical propeller type pumps which operate agsainst a head of
37'-0" at extremely low tide.

The last remaining equipment that need be men-
tioned is the overhead 150 ton traveling crane that operates
the length and breadth of the turblne room. Thls unlt was
designed to handle the generstor stator at mid span. The
crane is also equipped with an auxiliary hook capable of
hoisting an additional load of 20 tons.

The screen house equipment includes the circulation
pumps mentloned above and just ashead of fthese pumps on the
ocean slde are the rotary screens thet are deslgned to keep
out the fish end other marine life. There 1is an outsidse
crane that will handle the rotary screens after construction,
and the maintenance and dismantling that 1s necessary on the
pumps. |

The Electrical work and the entire distribution
system of the project 1s & very intricate system which 1s
quite complicated as to detaills andvfunctioning; for this
reason it will only be discussed in general terms. The
simplified line diagram shown ih Fig. 4 will give a con-

plete picture of the entire distribution system from the

generators out to the transmission lines.
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The first thing to be considered.in the electrical
line 1s temporary installations that were necessary befors
any other work could be done on the job site in the way of
constrﬁction. Temporary facllities were first established
by the local company which instélled the first section of.
the 2400 yard. Trensformers were installed to step the in-
coming voltage down from 22,000V within the substatilon.
Facllities also included two banks of 450 KVA transformers
which stepped down to 440V for all general use, two banks
of 100 KVA stepping down to 440V again but being reServed
for stress relieving mechinery, and finally two banks of
75 KVA stepping down to 110/220 for lighting and small
power requlrements. ,

The initial generstion is at 14,400V and the linés
run directly from the generator to the main transformers,
The main electrical work at the generstors is the control
facilities. ILach generator is protected by a system of pro-
tective relay differential and ground fault relay and
neutralizer. These are important in the protection of the
generator agalnst damage that might be caused by difficulties
on the line or elsewhere in the system. FProtection includes
delay timing and complete cut-off if necessafy. The differ-
entlial trips the 23 KV, 115 KV, ststion service, and excitor
breakers and the throttle valves. The genersztor ls designed
mechanically to withstsnd three-phase fault, but high fault

currents would damage the generator stator and would
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necessitate expensive repairs. Previous to the development
of the ground fault neutralizer, very high resistors were
used to keep these currents down, but these were much more
expensiﬁe than the new system of using transformers and
reactors.

Other main control items sre the generator volt-
age regulator which controls the Kx, and the voltage differ-
entlal which effects regulation of the generator field so
as to glve the desired voltage and Kx. The metering and
control trips which are indicated include all the equipmenﬁ
for recqrding-the performance and the output such ésigmmeter,
wattmeter, Kx meter, watthour meter, Synchroscope, and volt
meters.

The generators have bushing type transformers with
four cables per phase golng under ground to the main trans-
formers through the bus structure. LEach has a set of three
gang motor operated dilsconnect-switches on the low voltage
windings.

| There 1is a direcct take-off on each line to the
station service.transformers, two of which are fed from the
generators and two of which are fed from the local 24007
lihes in the 2400V yards. These transformers are all three
phase and supply 24007 aﬁd 480V power to‘the building for
its operation. These two voltage systems are broken down
Into a 2400V bus system, a 2400V common feeder system, and

480V systems including the following: unit bus, control
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center, and three feeder busses. The 24007 system feeds
the pulverizer motors, forced draft fans, induced draft
fans, circulating water pumps, condensate pumps, boiler
feed-pﬁmps, and one lead to the common feeder system. The
common feeder system includes the salt wabter pumps, ash
pumps, spare exclitor, soot blower air compfessors, feeder

to coal handling equipment, and future installations of
warm water pump-frazzie ice equipment. The 480Y unit bus
system includes the alr compressors, electrical precipators,
bearing coolling water pumps, city water booster pumps; soot
blower alr compressor excitors, the control air compressors,
end the fuel oil pumps. The 480V control center system in-
cludes the coal vibrators, coal scales, coal feeders, boiler
room supply fans, sludge recirculating pumps, backwash pumps,
chemical feed softeners pumps, phosphate pumps, sulphite and
caustic pumps, condensate cooling pumps, agitator pumps,
vapor extractors, oll purifiers, turbine suxiliary oil
pumps, make-up water pumps, boller feed valves, circulating
water valves, chlorinator evaporator, revolving screens,
salt water chlorine pumps, salt water service pumps, Zen=
erator main leed duct fan, the hydrogen vacuum pumps, and
the M.G, set Buck-=DBooster exciter. The remainder of the
4807 bﬁs systéms Include the following: MNotors for dobrs,
turning gesrs, boller house and office elevétor motors;
feeders to the electrical shops, gate house, outdoor

switch yard, fan floor holst, machinp shops heating
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boiler, and turbine room crene, transformers for lighting,
and chlorinator control; fans for the tollet and locker
room supply and exhaust, chemical lab_and coal lab main
steam vslve unit exhaust, mechanlcal control foom air con-
ditionlng and compressors, chlorine room vent, conference
room exhaust, office supply and the chlorine storage purge;
pumps for the heating returns, bearing cooling water, city
water booster, emergency bearing and turning gear oil, hy-
drogen seal oll, sumps in the boiler room, manholes, turbine
room, and screen house, and the salt water priming; soot
blower ailr compressor excitor, coal conveyor, turbine room
roof vent, hoist for the chlorine tanks, and lastly the
gantry crane at the screen house.

! This entire system ls all laid out through the

condult systems in the plant, end gives some indication of
the cbmplexities of such a system. DNo attempt will be made
to explain how such a system would be laid out or wired
since 1t would involve far too many details.

| The next plece of equipment in the line system is
the éain transformers. The primary purpose of these trans-
formers is to step up the initial energy of the generators
to 115,000v which is to say 11557, These are huge oil-
cooled single phase transformers which are mounted on rails
so that they can bereadily moved from position to position
on a rail system, which makes possible interchanges and

allows for maintenan ce and repairs. The oil is provided
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through a permanent oil system which includes the oil tenks
and storage, pumping house equipped with fllter presses
which clean the ﬁsed 0oil and render it ready for reuse.

| The 115V lines go underground from the main trans-
formers to the yard. The yard, as can be seen from the
wiring diasgram, is made up of a yard ring system consisting‘
of oll discomnnect switches and the neceésary relays, meters,
and synchronism equipment. The ring system makes it possible
to take any one section of the yard out of service for main-
tenance and repairs and still leave the rest of the yard in=-
tact for operation. Th;s system is used throughout the yards.
The leads from the yard to through underground duct lines
in o0il-filled cables pass through the clity to a terminal
where they are converted to overhead transmlssion lines and
meke thelr way across the countryside to two other sub-
stations of the New kngland Electric system, as can be
seen on the Map layout by referring to Fig. 5. This entire
system 1s controlled according to districts and the power
demands within the ares.

The secohd side of the main transformers feeds

the 23,000" or 23KV yvard. This yard is composed of a five
sectlon three bank ring system similar to that explained
above. Hach section has the necessary transformer and bus
differential wiring and the necessary metering and control
and relay wiring. The taps from these sections include that

for distribution to the local townships, the return taps to
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the station service transformers, and the taps to the 2400V
yard which are connected by means of disconnects and oil
SWitches.

" The 24007 yard does not follow the ring system.
It steps down the voltage so that it canéég;used directly
for the local house distribution in this end of the town,
for the nearby power requirements of industry and for the
construction power, as has been mentioned previously. This
yard 1s constructed similsr to other local company yards
that serve the ﬁurpose of stepping the power down for use
in a specific area,

The terminal facilities will be discussed in three
maln sectlons, these being the wharf, the coal storage and
local distribution facilities, and the coal handling equip=-
ment. The wharf section at the beginning of the construc=-
tion activitles included all of the present facilities. All
of the work is remodelling, rebuilaing or reconditioning.
The actual wharf itself 1s being remodelled and rebuilt to
accommodate larger ships, so that the most modern ships
afloat will be sble to dock and be unloaded by means of
the gantry crane. The relative layout of this entire sec-
tion can be seen by reference to the site plan in Fig. 1.

In order to accomplish the above the existing wharf line
had to be moved back, since the gantry crane arm has limited
reach. This can be seen in Fig. 6. The existing wall and

mooring dolphins indicate present conditions. Since five
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feet more depth was desired, some type of retaining was
required; for the intense weight of the coal being stored
would cause slippage within the clay layer plctured, and
would caﬁse 1t to subside out into the bay, causing large
settlements in the wharf area;

A new retsining wall of steel sheet plling heas
been designed to maintain present conditions aftef the
dredging 1is completed. This wall with its H column bracing
will meke possible the additional excevation and allow the
wharf to be moved in towards the gantry. The old fender 1is
to be replaced by & new one, which willl allow the ships to
get six feet closer to the shore.

The wherf and bulkhead are designed to restrain
the clay layer agalnst lateral flow. &1l sheet piling is
designed to a capacity of 55 tons and all batter piles to

a capacity of 30 tons, according to the following equatilon:

P

Fh(W+ap)
( 1)

(
S = 0.

In which P = Load in pounds

S = hverage penetration in inches under
last five blows

W = Weight of double acting hammer and ram
a = Effective area plston in square inches
p = llean effective pressure in pounds per

square inche.
h = fall of hammer or stroke in feet

F = Constant for soil, 3.0 for " medium clays."
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All of the driving is being done by McKiernan - Terry Double
acting hammers; therefore the above gives a penetration‘for
the last five blows of not over 0.46 inches, on the sheet
piling,

The wharf storage area will accommodate 80,000
tons of coal and will provide for the unloading of the oil,
for the oill storage area. The storage area 1s serviced by
a large overhead gantry crane which has a span of over 260'-
0" and which has 2 service running length of over 650'=0".
However, conveyor arms extending from both ends lengthen
the reach both on the ocean and storage sides. |

The old use of the terminal as an unloeding and
redistribution center for the coal companies in this ares
will be maintained at least for a few more years. The old
conveyor system that was used to fl1ll the coal pocket is
being replace by new heavier equipment which will serve both
the distributlion system and the coal handling equipment for
"the new plant. This conveyor will run the entire length of
thevgantry crane run, as can be seen on the plot plan. It
will be fed by the arm conveyors on the gsntry by meéns of
& large traveling hopper which 1s designed so as to be sble
to move élong the entire length of the conveyor and esct as
- a transfer box from one conveyor tq the other. The ground
conveyor will terminate in a transfer pit which will serve
to trensfer the coal to another conveyor; and this will

1ift the coal to the Jjunction house. The junction house
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will be the separating station where the coal is shifted to
the conveyor going to the pocket and to that going to the
coal handling equipment for the power plant.

The conveyor to the pocket from the Junction house
will again raise the coal to the very top of the coal pocket.
This pocket is now being rebuilt due to a fire which par-
tlally destroyed the entire top section. The pocket 1is con-
structed so as to facilitate easy loading of commercial coal
trucks which serve this area.

The conveyor to the coal handling equipment will
.also 1ift the coal up into the breaker building. .This is
the first section of the coal hendling equipment for the
plant, which is entirely separate from the redistribution»
system. The breaker house contains the equipment necessary
for the proper preparation of the coal for transportation
across the cove to the plant, for storage in the cosal
bunkers, and for use in the pulverizgers at the boilers.

The conveyor system used ié supported by bents
at éeveral intervals scross the cove and is completely
covered throughout the length to the top of the plant,

This conveyor-run from the Junction house to the plant
proper 1s over 900' long. The bunkers which extend com=-

" pletely across the builcing will store 4;000 tons of coal;

this 1s enough coal for full capecity operation over a

three day weekend without requiring the use of the coal

conveying system.
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Fuel Usage

The coal will probably all be Eastern bituminous
with a heating velue around 13,900 B.T.U. per pound. This
will be stored first on the terminal area and then will be
conveyed to the breaker house, as explained, wherse it will
be crushed to a size that will allow passage through a 3/4
inch screen before it continues on 1ts journey to the cosal
bunkers in the plant. The pulverizers will further crush
it to the consistency of cement or flour, so that it can be
blown into the bollers and will flash and burn instantly.

011 will be used for lighting off during initial
operation and also for full capacity operetion leter after
‘sufficient storage cean be built up. The 0il scheduled for
use is Bunker "C" which has about the consistency of light
tar énd a heating value of sbout 150,000 B.T.U. per gallon.

The oll will be stored in the aree which was orlginally the

~cove separating the tefminal from the main plant site. The
layout of this srea can be seen on the plot plen of Fig. 1.
The.initial storege will handle‘about 6,000,000 gallons and
final faciiities will include five 143,200 barrel oil teanks,
one of which is included in the original construction sched-
ule. Three sets of smaller mesasuring tanks will be used

| during full capacity oll operation, but only one set is now
scheduled for construction. These service tanks each have
a capacity of 8500 barrels and are located on the plping

route between the storage tanks ana the pump house. The
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pump house will include all necessary equipment for full
capacity operation ard will hendle the oil as it flows from
the heated oil lines end send it on Into the station. The
0il will be piped at & tempterature 160°F., but will be
hested to about 250°., which is just below the flash temp-
erature before it is fired.

Informaetion on the opeation of the plant by use
of netural gas is quite limited, since at the present time
the likelihood of its being used 1s quite remote., Its use
has been considered in the design as & possible off=-season
fuel. The gas used would have a heatling value of about
1040 B.T.U. per cublic foot, and will probably be piped di-
rectly to site and into the plsnt through suitable meterling

devices.
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ORGANIZATION AND MANAGEMENT

The diagram shown in Fig. 7 gilves the complete
organizational chart for the construction activitles con=
cerned with this project. An attempt will be made to give
a complete breakdown of this chert and to give some saddi-
tional information as to the methods of management and the
management procedures used within each of the functioning
brackets. The organizational breakdown will include the
approximate number of men, as listed according to title,
necessary for each group to function as it is presently
being managed.

An sttempt will be made to explain the function

of each individual group within the orgenization, explain-

ing what they do and how they do 1t. Eéch discussion will
include an explsnation of the relative position of each
office or operating group, snd how end what they sre doing
is tied in with the other groups and the entire orgaenization
ags & whole.
Owner
The New England Powér Company will be the owner
of the entire facilities upon completion of the construction,
and will take over the direcﬁicn of the plant at that time.
The long renge plen of the Company is to provide
e New England Electric System which is a completely balenced

system of hydro-electric and steam generating plants in this
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area. The accompenying map, shown in Fig. 5, gives a more
complete picture of what the system includes.

This particulsr project is one of the newest addi-
tions to the system and is designed to provide the most eco-
nonical steam generating piant avallable 2t this time in the
light of the type of installation desired by the Company.
The Jjob is designed to be a complete operating unit which
can be incorporeted in the system &s a whole.

An Important division between the New England Power
Company and the New England Power Service Company should be
explained. The Service Compeny is directly responsible for
all contracting and specifications, end then likewise for
all purchasing of the major equipment on the construction
projects. The Service Company, ss the owner's representa-
tive, is responsible for "on the job" supervision and resi-
dence engineéring, and meilntains an engineer on the project
site for-that PUrpose.

Engineering and Construction

The entire station is being designed by both the
United Englneers and Constructors snd the Power Serviée
Company together, with the division line being a matter of
discussion throughout the entire process. Essentislly, the
scope end jurisdiction of the United Engineers is the de-

sign of the plant proper and includes all structural and

‘architectural design and drafting, eand placement of mechan-

ical equipment and the design thereof. All of this work is




44

done in their home office engineering section. There is one
exception within the plant itself, nemely in the electrical
work. This 1s also being désinged jointly es it is Deing
constructed. In general the United Engineers design will
stop at the terminals of the equipment; and the Service Com-
pany will continue the design from that point and places its
work wherever convenlent in conrection with the general lay=-
out or plan which is drawn up by the United Engineers.'

Throughout the entire job each of the companies
is respOnsiblé for the construction part of the installa-
ﬁions that they design. As has been explalned, the geheral
contractor's work is being constructed under the direction
of a resident engiheer who 1s & regular employee of the
Service Company; but this is a speclal case where the~owner
has requested the engineering firm which 1s famlliser with
this type of installationAto supervise and check 1lts con=-
gtruction. In this case 1t has happened to be the Service
Company which 1s also responsible for other duties on the
jobe

The electrical yards, pump house, reley house,
dock work at the terminal and the oll storage and equipment
is not included within the ecope of the generasl contractor's
work except for the general layout end placement of this
equipment on the Job site pilctures The coal handling equip-
ment and especially the electrical work iIn connection with

it is also divided between the United Lnglineers and the
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Service Companye. The United Engineers ls responsible for
the work inside the building and out to the transfer house
on the exterior handling equipment. The rest of the equilp=-
ment from the transfer house to the storage area and also
to the dilstribution pocket is being done by the Service
Company.

The éontract between the Power Company and the
United Engineers as general contractor is a cost plus
fixed-fee contract. This type of contract i1s almost a
mist in all power-plant work, because it 1s usual procedure
to haveba general contractor who 1s responsible for design,
management, and construction, but it is not usually possible
to have definite plans or complete specifications on the Job
so that it is impossible to bid upon exsct conditions and
work. The work is designed as it 1s constructed, and usually
the sections are completed one by one curing the construc-
tion of the previous section. This type of contract is el=-
most 2 must on eny job of this size and price bracket, since
materisls end lsbor costs are constantly changing and the
length of time needed to construct such a project will allow
for éonsiderabla price chaenges. The project contract for
the job was let over two and & half years ago. It wes based
on a preliminary layout of the site and a genersal plcture
of the requirements of the installation in terms of the ca-
pacity desired end the general terms of estimsted costs and

time of completion.




In connection with control and supervision, the
owner has also stipulated that an oﬁtside firm will be em-
ployed to be responsible for all actual concrete control
with réference to mixing at the ready-mix plant snd for
placement and testing on the job. The arrengements for
this control have been made jointly by the Powere Company
enc the United Engineers, but the control is actually main-
talned on the supervisor's level, unless called for in
higher offices for checking and reference. The Thompson &
Lichtner Company, Inc. has been employed to perform these
duties. In connection with the above 1t maintszins an
engineer at the mixing plant to control quantities and to
make the necessary tests there, and also one on the Job to
control placement and to make the necessary tests. The
control reports are filed in the fileld office and actual
Jurisdliction of the control is meintained by the United
Engineers. The report procedure, details of how tests arse
made snd how reports are kept is beyond the scope of this
thésis, but the author feels that it is importent and cer-
fain information is being included strictly as reference
meteriesl. For these reasons,.sample forms thet are use in
the reports and also others that asre of interest, will be
included in Appendix A.

The line functioning group on the entire job 1is
headed by the General Superintendent and his assistant,

The Superintendent is responsible for the construction of

46
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the entire job and 1is the Contractort!s Field Hepresentative
on the job, and usually in the entire ares, in the case of
an out-of-town company. He is responsible for all work belng
done on the site and for the planning and scheduling. The
assistant superintendent, who carries out all of the above
end sees to 1t that everything is completed according to
plans and schedules, 1s actually the leg man of the superin-
tendent, since he usually tekes part in most of the on-the-
job planning and carries out all the directives from above.
It will be taken for grented that the dlscussion will in-
clude” the sssistant and that, when directives sre issued

on the job, he will be carrying them out, snd the superin-
tendent will look to him for the completion of all work,

The general superintendent directs the work of ell
of the separate fields end subcontractors on the job, énd
in the special case he also directs the scheduling activ-
itles of the other constructors, even though they are not
directly under his control, so that the entire project will
run more smoothly, with a minimum of friction and complica=-
tions., This 1s accomplished through weekly planning or
scheduling meetings which the superintendent holds with all
working groups presente. The overzll jot schedule governs
whet will be discussed and planned for the week to follow,
snd the esctual deteils are worked out for each phase of the
job, so that the necessary meéterials can be moved in and

the work continued with a minimum of confusion on the already
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congested construction area. This is especilally true in
the case of work going on inside the bullding area proper.
All the varilous foremenkor their supervisors attend the
meetiné and likewise a representative of the subcontractors
on the Jjob. |

Each of the various trades ars told what must be
completed durlng the following week, and they in turn are
asked what is necessary to complete that work. Some sched-
ule must be drawn up for the use of the cranes and open -
storage ereas, so that all trades don't try to use the same
space and the same equipment at the same time. Thus, all
the detasils are worked out for the week following, so that
the Jjob will progress smoothly, and so that no mistske or
omissions will be mads,

The position of the superintendent is mainly an
administrative one, with his assistant carrying ouﬁ all the
line functioning inthe field. He receives his directives
from the main office, engineering, constructing, and other
sections directly concerned with the completion of the job.
It is his job to carry those orders to completion on the
Job and still at the same time run a safe, economical, and
»weli organlzed Jjob.

There gre a number of departments under the di-
réction Qf tiie superintendent, each of which is ususlly in-
dependent and functions separately by itself, with the ex-

ception of those which sre needed or used by 21l the other

functioning groups on the job.
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Accounting and Time Office

The accounting and time office handles all the
field office accounting and field time keeping and payrolls
or all the United Engineers'! rfield employees. This includes
all office personnel who are not already cafried on the home

office payrolls, all field superintendents sand engineers
| likewlse as above, and all tradesmen who work for the gen-
eral contrector.

The personnel in the section sre under the direc-
tion of an sccountant who 1s a permanent employee from the
home office. He hes en sassistant accountant, two accounting
clerks, and a typist in the accounting section; and a chief
timekeeper, an assistant timekeeper, payroll olerk; and one
field checker in the payroll section. The cost engineer is
also in this section, though he is directly under the control
of the general superintendent..

The time keeping section will be discussed first
since the payrolls are figured thersin and sre then checked
by the accounting section. Genersal records of the peréonnel
on the job, and the amount of time they work, are kept by
means of the brass check system. These zre broken down
according to trades, as likewilse are all payrolls. The
checks are picked up by the workers each morning and left
agaln in the evening or et any time during the day, should
the employee lesve the job or stop work for any reason.

After the morning horn the boards ere checked and the check
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numbers recorded; this becomes the first basils for the

days payréll. Bach foreman on the job turns in a time
sheet which includes the men working, and the distribution,
according to the Job they are performing. Thls report comes
in at the end of the day and provides & check agalnst the
brass board, and also provides the basls for coding the
labor costs on each portion of the Job according to the
code system set up in the original estimate. The fileld
checker also cheoksvthe men in the field once every morn-
iné end once again every afternoon, which alsc provides
esnother check on“the records.

Hiring cards sre used for all fleld employees,
and these provide the first basis for including eny em-
ployee on the payrolls during any three month period. These
are also used for indicetlon of termination since no sepa-
rate termination slips are used on this Job. All payrolls
are divided according to crafts ana are figured weekly from
the ledger sheets. The payrolls include a summary accord=-
ing to sheets, tax deductions, anc totals. All tax deduc=
tion records are assembled and grouped weekly and sent to
the home office which assembles all deductlons on all jobs.
Thus 1t 1s possible to figure‘returns guarterly on all de=
ductions for all of the United Engineer jobs in the country
and to make payments directly to the State and Federal
Governments with a minimum of office work, especlally in

the field.




The accountlng section takes care of all.bills
and wiﬁh the ald of the cost engineer codes all expendi-
tures. The office receives & copy of all purchase orders
from the main office or from the field office purchasing
departments. Copies of all invoices are alsb received
from the suppliers, and tnese are attached ﬁo the original
purchése orders, along with the msterials receipt which is
forwarded from the receiving department, and are checked
and coded according to use. The paymeht checks and vouchers
are made out directly from these three sheets. All of the
‘gbove are then turned over to thé auditors for checking.

A disbursement summary is made up at the end of
each month which includes every expenditurs during the
month and lists all bills paid, and all payrolls during the
month., This is extended to give a total figure for the en-
tire month and also a total for the.job to date according
to work order.

A cést ledger 1s maintained for each inéividual
account or code and this i1s checked and balanced against
the distribution book. #nother regular function of the
department i1s to maintain an accurste record of all fi-
nances, and to give a dally bank statement of the advances
recelved, the expenditures, and the totzl balance of the
United Engineers account as agents for the Power Company,
to the auditors, so that a transfer system can be main-

tained to insure thet the Power Company has forwarded

51
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enough money to the United Engineers to enable them to pay
all bills.

& time record is also kept on all equipment that
1s used on the Job, whether it be owned or rented equipment,
according to the use of that equipment as determined by the
.field personnel. This report is kept on each separate item
‘and all time 1s figured to costs and coded directly accord-
ing to use. A separate record is also maintained for all
gasoline used on the Job in all types of eguipment, since
it 1s possibls to get a State Tax rebate on gasoline used
for construction purposes,

| The last remaining function of the department is
to tebulate all the informetion that comes in from the field
engineers and to add to this the data on personnel for the
day, the man hours and cost figures, and to type up the
daily reports. These reports are checked by the resident
engineer and are kept on permanent file as a record of the
Jjoba.

The cost enzineer is responsible for all costs
and coding on the Jjob. He also maintains coples of the
eéstimates and thus has all the information that the super-
intendent might desire with reference to costs and ex-
penditures.

The estimate ltself was developed from a prelim-
inary estimate which was drawn up when the contract was

first let, and since has been extended té_include all final
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prices and estimated labor costs. The estimate will not be
discussed in detail, but the genersl divisions should be
gone through, so that a plcture may be obtained of how it
is developed and used. The general breakdown of the esti-
mate 1s as follows: Substructure, including foundations
below finish grade borings, excavation work, and pumping;
superstructure including ths exterior and interior walls
and partitions according to the four sections of the build-
ing; service equipment including all heating and ventilate
ing, lighting, elevators, fire protection, and electrical
‘facllities; outside improvement including ground improve-
ments of all types; boller plant equipment which is broken
down by tracing through the flow system; turbo-generator and
all accessories; electrical control work; and finally mis-
cellaneous equipment which is a final section which usually
includes everything not included as sbove. 411 equipment
and installations are divided as sbove becsuse of possible
changes in the course of the job or even in the future.
Thls breakdown according to location, equipment, and use
makes 1tveasy to separate any one item from the rest of

the estimate,

The cost engineer is responsible for the checking
and coding of all quantities. The values as used or erected
in the field are turned in by the field enginesrs, and re-
cords are kept on total quantities according to work order

and code number on all excavation, forms, reinforcing,
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concrete, steel and/or iron work, end masonry. & summary
report on materials is taeken off from this breakdown. Thé
item of concrete is very important because 1t 1s contracted
for by é blanket bill according to quantity at a certain
unit price. All deviations from specificatlons as to slump,
water content or 6thérwise, cause a difference in that unit
price.

Other records kept include a domplete record of-
man hours by work order end account number and & percentage
record of all work completed adcording to man hours} These
records are compiled from the information of the foreman's
distribution sheet and provide a permanent job record for
costs and progress. A labor survey is also taken from each
of the respective superintendents, which provides a check
on the man hours and the payrolls.

Monthly reports include a complete revised esti-
mate and cost report in which the cost engineer checks his
quantities and unit prices against what have become actual
costs to date. In the light of these figures and the man
hours and percent completion figures he recalculates the
remaining portion of the estimate and derives new estimated
costs for the rest of the construction work. This revised
estimate becomes the basis for edditional payments by the
owner and also 1s used as reference by the home'office es-

timating force on other jobs which are related in scope and

conditions. This is one of the most lmportant functions of

the cost engineers.
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Safety and First Ald

The safety and first ald section is maintained for
the use of all the other groups and trade divisions on the
jobe The section is maintained by the United Englneers as
the general contractor, but facilities are designed to ad-
minister emergency first-ald assistance %o any one injured
or hurt on the job at any time. A fully equipped <first-aid
station is kept up in the field office; a registered méle
nurse is on the job during all constructlon activities, and
arrangements have been made so that a doctor 1s on call at
all times. |

The safety section 1is un&er the direction of the
resident safety engineer. He is a home office representative
end 1s specilally trained in safety methods and procedures.
His responsibilities include overall direction of the entire
Jjob site safebty program; and hls decisions and directives
are final In all cases and must be followed by all personnel
on ﬁhe jobe The general superintendent is obligated to
carry out end complete all necessary safety precautions and
safeguards as directed by the safety engineer. The latter's
decislions remain the final word in all cases or discussions;
and he 1is responsible for checking,'locating and removing
all hazards, for location and maintenance of all fire pro=-
tection and fighting equipment, for all fire patrols, and

for safety instruction throughout the Job.
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Safety coordination is accomplished by means of a
weekly safety meeting and by organized safety instruction.
The safety meetings are held among all working superintend-
ents ahd/or foremen, and ere designed to convey instruction
and to discuss safety problems and the correction and pre=
ventlon of accidents. Most of the safety instruction is
carrled on by the working superintendents and/or foremen in
the field according to trades. They obtain their instruc-
tion subjects from the s=fety engineer and each are provided
with a‘"Manual on Safety Talks for Construction & Maintenance
.Foremen," which is published by the National Safety Council,
Chicago, Illinois. This publication provides all informa-
tion that any of the foremen need in order %o prepare and
give intelligent séfety talks and instructions to their men.

This general instruction coﬁers the following:
Accldent preventlon; protection to the public; first-aid;
personal protection equipment; fire hézards; nail and hammer
hazards; how to lift and hendle materlals, creosote, cement,
e€tc.; moving heavy equipment such as shovels, cranes, drag- .
lines, etc.; hoilsting signals, rigging gin poles, and der-
ricks; handling fiber and wire rope; prevention of ladder
accldents; using ladders, scaffords, planks, scabs, and up=
rights; knots and hitches; falls and how to fall; electri-
cal work and protection thereéf; use of portable hand and
‘electric tools and how to ground them; Fower saw operation;

storage and use of welding equipment and cutting; and
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transportation of men by trucks. It also includes opera-
tional Instructions on the following: demolition by hend
wrecking, and the removal of demolished meterials; clearing
brush énd burning; tree falling and stump removal; excavae
tion, reamps, runways, loading trucks, dumping, trench work
and the use of wheelbarrows in excavsation work; form bulld-
ing eand erection for concrete work; mixing and placing con-
crete; form stripping; placement of reiﬁforcing steel aﬁd.
structural steel erectign methods; blasling operatlons; and
pile driving operations.

Thus the instruction which is given on the job 1s
gqulte complete and serves to give all'personnel a feellng
that job safety 1s as much his responsibility as it is the
safety englneer's. This training and instruction has been
of considerable assistance in keepling the job safe and in
keeping Job accldents down. |

The safety engineer has required that all persons

on the Job wear hard hats and that all injuries regardless
of how slight be reported to the first aid office. He must
report all progress and detalls on safety to the safety
section of the home office construction organization.
Materials and Field Purchasing.

| The materialséreceiving and field purchaéing sec-
tion forms a separete organization whose main job is that
of checking, storing, distributling, and replenishing all

job materizls. The section is under the direction of the
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general superintendent; all employees work for United Engl-
neers and thus are concerned only with the materials for the
portion of the job which United Engineers is general con-
tractiﬁg. This means that the department will officially
recelve only materlals for the steam plant proper, and any
other materials are routed to the slectrical or subcontrac-
- tors where they belong, with the exception of some courtesy-
receiving that might be done for any organization‘having work
on the Job, but which has not arrived on the site to start
opers tions, or which has not at that time set up its own re-
celving department.

The department staff includes a chief storekeeper
who 1s responsible for the operation on the section, his
assistant, two material receiving clerks and checkers, and
three storeroom and tool men. All material is checked upon
recelpt, when a Material Recelpt Slip is filled out, which
remains as a permanent record on the job. The department
recelves a copy of all main office purchase orders, whether
originated in Boston or Philadelphis, which are recorded in
2 Log of Purchase Orders by numver ahd wherein each vendor
is llsted. These arc then filed in an A - Z file according
to vendor, so that they can be easily located when the
material is received. One copy of the material-received
slips is posted to these orders; and the remaining two
coples go directly to the acéounting depertment to enable

them to keep their records up to date. Completed purchease
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orders are removed for the above file and are refiled =as such,
since they are of little use to the department for other than
back checking.

| The department also has the authority to issue field
‘requisitions on large items which have been overlooked or
which gre neéded on the Jjob for construction purposes. These
requisitions must first be approved by the general superin-
tendent, but then are sent directly to the Service Company
meain office whefe all large orders are placed. Purchase
orders would then be returned and would ve handled as above,
Local purchases can be msde directly from the field office
by use of Local Purchase Urders to cover items such as tools,
some lumber; lubricating oils, etc., on small items, con-
- trolled by a limited maximum per order. These are mainly
used in rush or emergency cases and also require the approval
of the general superintendent. Actual burchasing is com=
pleted in this office, as 1s all pricing, but checking and
orders are prepared, coded, and sent out by the fleld ac-
counting office.

These field orders go through the same

process as any other purchase order on the Job.

A rumning record is
to the job site except parcel
recheck on receiving records.
on all construction equipment

owned or rented. Numbers are

kept on all freight shipments
post. This also provides a
hctive records are slso kept
on the job whether company-

agsigned to each item, and

all records according‘to use are kept according to these



60

numbers. All purchased quipment must be ordered by Service
Company Purchase Orders or muét be brought directly from
another Power Compahy job or one that United Engineers is
constructing for the Power Compeny. All rented equipment
is obtaeined by locsal reQuisition to be ordered on a main
office Purchase Urder. Complete records on equipment in
use are sent to the sccounting department; and termination
of use is indicsted by use of a Material Heturn Slip which
also goes to that office and suthorizes complete payment
for use.
Field Englneers

The fileld englineering department ls one of the
most important of all the sections since its work includes
the field engineering and civil engineering layout work for
the entire jou site rather than for just the statlon proper,
under the direction of United Engineers. The Fower Company
has specified that all field engineering, lines, snd grades
shall be completely under the direction and cecontrol of the
United Engineers, S0 thaet there would not be any chance of
differences on the job, and so that all information would
be consolidated in one location and would be in the same
form for easy reference.

The department is under the dlirection of the Job
Engineer who is & permanent home office employee. The or-
ganization is divided into two sectlons as would be expected

with reference to the work to be done.
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The office‘sectinn is under the direction of the
Fleld Office Engineer who 1s also & permanent home oifice
employee, and who has the full time asslistance of several
junior éngineers. This section handles the receiving énd
filing of all drawings, specifications, recprds of con-
struction, daily reports, field sketches, quantities of
materials and compiles &8ll field information and records.
In connection with drawings, all prints are received and .
distribﬁted from this office, and all revisions are checked
and noted for attention of the constructlon superintendents.
Specifications are also handled in the same way, and any
conflicts on either drawings or specifications are inter-
preted herein and checked throughout the entire supervision
system. All questions as to interpretation of drawings and
specification are also decided In the engineering section,
and they are responsible for the checking on all subcon=-
tractors to mske sure that they are following the same.
Inspection to date‘has been mainly on steel and brick mason-
ry. All field sketches are made up in this office for dis=-
tribution to the main office engineering sectlon, main
office and field purchasing departments, sna to the con-
struction forces in the field.

The outsice engineering and lsyout work is under
the’direction of the Field Engineer who is‘also a permanent
home office employee, and who 1s asslsted by two engineering

party chiefs ana their perties each consisting of one
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instrument man and from two to three rod men. The engineers
are responsible for all quantity take=-offs, and for all
quantities as constructed in the field, and distribute this
information to the cost engineer and also for use in meking
up the constructlion schedules and progress charts. The sub-
contractors also turn in progress and completiqn charts, so
that the construction schédules cen be revised, and the
monthly reports can be drawn up for all the work on the Jjob.
The section also handles all permits through the Service
Company for constfuction on the Job and keeps these permits
forreference and inspection.

The field parties are responsible for all layout
and grades on the entire Jjob site. The owner provided the
originel property lines and grades were run in connection
with the city engineers. The work in later steges of the
Job was divided between tine crews as inside and outside work,
with the inslde geng handling all machinery and equipment
installation. These crews were also responsible for sll
field engineering records and for recofds on plumbing in-
spectlion for the clty engineers .nd for records on pile and
sheet pile driving as to penetration depths and capacity.
The surveying books provide an sccurate record of =1l site
layout informastion and elevetions. The surveylng crews are
2lso responsible in most cases for the informstion neces-

sary to make up the daily construction reports and progress.
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The rest of the organizetion breakdown concerns
individuals rather than departments, slthough these indi-
viduals would ordinerily be in cherge of working groups, if
the geﬁeral contractor:constructed the entire job himselfl,
General Foreman

The General Foreman's duties include supervision
and coordinetlon planning over all the working trades on
the jobs. These include the laborers, reinforcing men,
carpenﬁers, concrete placing men, blesting crews, cement
finishers, and holsting engineers. Lach of these union
groups has thelr own union foremen who usually directs their
work and gives out the ordcers, but the general foreman 1s

responsible for scheduling the work and seeing that it 1is

accomplished. Hé receives his directives from the general
superintendent and plans all necessary work so that the
trades can work in a minimum of confusion and in the most
economicel feshion. ZXach of these trades has a superintend-
ent in charge to see that the work 1s done properly and to
provide the necessary information for construction, but the
general foremsn heancdles the scheduling and coordination
planning.
Mechanical Superintendent

The first of these superintendents mentioned above
is the mechanlcal engineef who 1s the genersl superintendent's
special assistant in his fleld. =&ne 1s directly responsible

for supervision of the construction activities and the work
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of the millwrights on placing, upkeep, and repalr of all
equipment, end for the hoisting engineers. Supervision over
all subcontractors on all mechanical work on the entire Jjob
is included in the sbove also.

Riggers and Ironworkers Superintendent

The riggers snd ironworkers superintendent is

directly responsible for the direction and supervision of
all steel and light iron work on the Job including placing
and construotion; Rigging work includes unloading and re-
locating of materials and equipment in the stock area and
on the site, and handlipg of all heavy instellations.

Piping Superintendent

The plping superintendent is in charge of coordi-
nation and inspection of all the piping work which 1s a
subcontract on this job. Thus he is not directly over the
men who work for enother company but 1ls responsible for
seeing thet everything is constructed according to plans
and specifications. As superintendent for United Engineers,
he works directly with the Hartwell Construction superin-
tendent on planning the constructlion activities and on
carrying out the piping specificeations, He alsc handles
all the details of extra work end checks progress to reiate
it to that of the rest of the Job.
Boilermakers Supserintendent

The bollermskers superintendent is directly in

charge of the bollermakers who work for the United Engineers
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in this case. He is responsible for the actual construction
of the boiler snd its equipment and controls all construc-
tion activities through the union foremsn.
Brickwork Control Sﬁperintendent

The brickwork superintendent is responsible for
all wasonry construction sctivities on the station. All
bfiék layers, except on the stacks, work directly for the
United Engineers, so thet their work 1s directed through
the union foremen on the Job. Brick work is planned in the
regular weekly scheduling meeting, end quantities are kept
by the field engineers so thet materials, mixing, and erec-
tion are the primary problems of the brickwork superintendent.
The stacks are under»subcontract, so that in this cese the
work of the superintendent is in the line of coordination
planning, inspection and control.
Subcontractors

The discussion on subcontractors will include as
much informstion as possible concerning the contract, organ-
ization, and operation of each of the suboontractihg com=
panies. The sesme methods of discussion will be followed
except that all discussions will be cgnsiderably more limited
and will contain only such information as was avallable on
the job prior to 1 May 1951.>

The Bethlehem Steel Company constructed the super-
structure of the main building and later returned to con-

struct the oil storage tenks. The field force included the
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superintendent and his regular followers who made up the
ma jority of the organization in the form of a time keeper
and five foremen or pushers who worked the gangs on the
job. The superincendent works directly with the general
superintendent on the Job through the riggers and iron
workers superintendent.

During steel construction the problem of schedul-
ingis not as difficult since there are fewer trades working
on the job at the sasme time. The malin problem 1s quick,
efficient ana safe construction operation, with a minimum
of errors of routing and placing, and with great stress on
safety, since it 1s the most dangerous part of the construc-
tlon activities.

The superintendent 1s responsible for all company
relations on the job, and his only administrative assistant
is the clerk or time keeper. The clerk handles all office
work, time keeping, payrolls, field purchasing, expediting,
receiving and also all safety instruction. The compahy
affers incentive bonuses for perfect safety records to both
the superintendent end the clerk, since the insurance rate

wiil be ioﬁered according té the total number of safe hours
of construction, and this 1sg a mejor item in the cost of
cons truction.
| The contract provided for furnishing, fabricating,
delivering, and erecting all structural steel in the main

superstructure of the station proper. The contract was bid
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essentially on & unlt cost basis in per unlt weight of steel
as above with continuous erection insured by the genersl
contractor, or if not possible, delay time must be paild in
return by the general contractor per unit time.

A completely different field force was assigned
for the construction of the oll storage tanks because of the
specialized work required. The force was made up of a field
superintendent in charge of construction asnd a time keeper,
and construction force under two engineers end boilermaker

"and welder pushers. & resident engineer was on the job dur-
ing the entire construction) who'worked directly with the
superintendent, though employed by the Pittsburgh Testing
Laboratory which is resﬁonaible for the testing and control
of the construction activities. All of the tradesmen were
bollermakers with the large majority being qualified sas
welders also.

The American Bridge Company constructed the turbo-
generator foundations which were held separate from the
structural steel superstructure. The entire foundation is
essentially separate from the steel. The orgenizatlon was
probably similar to that of the steel contractors

The Babcock and Wilcox Company carried the contract
on the boilers within the station. The contract provided
for designing, furnishing, fabricating, delivering, unload-
ing, hauling, erecting and placing in operstion the complete

boiler with all i1ts operating equipment. The general
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contractor provided all field labor, crane service and block-
ing and rigging, for heauling eand erecting all meterials ex-
cept for the boller setting and the insulation work.k Ail
speciai tools, however, hac to be provided by Babcock and
Wilcox.

The contract also provided that the boiler maker
company would provide an experilenced field superintendent
who would erect all work through the direction of the boller-
makers superintendent and would also control the number and
quality of men. The Babcock and Wilcox Ssuperintendent is
also responsible for the proper assembly sana sequence of
erecting of the entire unit.

All piping on the job is within the contreact of
the Hartwell Company which is a subsidiary of the Grinnel
Company. In this csse the design work on the plping was

~done by the generel contractor and the contract provides

for febricsation, furnishing, delivering, unloading, and
erecting including testing on the Jobe The originsal con-
tract was bid on a portion of the work that was designed aﬁ
that time and was let on = lump sum basis. Since thsat time,
however; extras on piping have slmost doubled the work;
theee ere figured on a cost plus bPercentege basis and are
all considered additional to the criginal work. The piping
work now under the direction of Hertwell Qomprises over 90%
of all the piping on the job site and includes the piping

from the boiler to the turbine, condenser to the boiler




auxillary equipment and piping, the bleed steam, snd the
condenéate piping. |

The Grinnel Compeny's home office engineering sec-
tion d&es all of‘the fabrication design and sketch work for
all piping over 2 1/2", end these sre checked and approved
by the general contractor before they are adopted. Blue
- prints are then made up including all febrication and hanger
information for use in the field by the construction gangs.

The field superintendent is responsible for erec-
tion. ke works directly with the United Englneers piping
superintendent on all scheduling and control. The erection
. superintendent is a permanent employee,‘and cerries wilth him
& student engineer, who 1s being tresined on fileld opsrations
and who is responsible for all engineering work. The office
force includes time keeper and tool man, aﬁd the field work
supervislon is carried by three mesin steem fitter foremen.

A11 piping work is done according to standard
$pecifications and according to boller code requirements.
Grinnel has standard specificétions for fabriceting and
erecting all piping according to type, size énd use. The
‘following teble covers the meain idees behina esch specifi-

cation:
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This chert may seem complicated but it must be
kept 1n mind that the welding and preparaticn of the piping
is one of the most impor tsnt sspects of the job. All weld-
ers must be qualified according to standerd tests under the
Boiler code, and welding is closely inspected by the United
Engineer Plping superintendent. Temporary records are kept
on all stress relieving operations.

An unususl procedure was also followed in the case
of the plumbing subcontract on the job. The work was di-
vided between F. Gallagher Company and J. S. Cassedy Combany;
the former‘doing all the'temporary work on the construction
installations, and all the plumbing work in the way of drains

end piping below the ground floor elevatlon in the station,

and the latter handling all plumbing work above ground ele=-
vation. Actual detalls on these companies was not svail-
able but may be assumed to be simllar to that of other sub-
contracts.

The General Hlectric Company and the Westinghouse
Electric Company are each subcontracting one of the turbo-
generators in the station. &Zach contractor is working
under exactly the szme specifications for design and with
the same arrsngements for construction. Each contract pro-
vides for furnishing, delivering, unloading, and erecting
the complete unit with all piping between throttle valve
and turbine, between intercept valve and the turbine, all

piping for lubricating, governing, cooling, and all control
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accessories under the direction of a company Superintendent,
with the labor provided by the géneral contractor on the Jjobe
The superintendent will be in charge of all control and con-
struction procedures and will also be able to require labor
to be supplied in order that he may keep up with the sched-
ule. Specifications on the turbo-genérator also require -
that the complete asseﬁbly be shop tested prior to shipment
to the construction site and that all auxlliary equipment
also be pretested.

Other organizational details are not available
since the construction .activities had not been started prior
to this report.

The W. I. Donovan Company was given the subcone
tract on the coal handling equipment on the site and which
includes the conveyor system from the terminal to the sta=-
tlon. Although this work had been started at the time of
this report, detailed information on the contract and con-
struction activities was difficult to obtain due to the
stress that the contractor was operating under in an at-
tempt to gét the work under way and completed before the
scheduled starting date, since the Power Company plahs on
starting operation on coal.

Electrical Contractors

The New England Power Service Company is both a
subcontractor and an independent genersl contractor on this

Job site. In the power station proper, all electrical work
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has been reserved for the Service Company'essentially as

a subcontractor to the general contractor, except that the
organizational and functional arrangements are slightly
differént, especlially with referencé to supervision in the
field. | |

The work in the yards on the other hand is the
direct opposite since in this case the Service Company is
directly responsible for the design and construction and
acts as a general contractor‘over all work with the United
Englneers doring some of fhe laboring work essentially in
‘the form of a subcontract. This arrangement is used through-
out the entire yard and substation work.

All of the main office engineering and design work
on the above mentioned work was handled similarly to that
discussed with reference to United Engineers engineering,
design, and purchasing. This is not intended to be the sub-
Ject of this thesis, and it should suffice to mention that
this work is being completed by the Service Company and hot
by the Power Company as the Owner.

All necessary field engineering work is being con-
pleted on the job in the electrical contractor's office
under the direction of the fleld superintendent who is in
charge of both engineering and construction activities. The
staff or office group handles all necessary engineering,
sketching and revision work, and all blue prints, time keep-

ing and stpre room work. The field englneer and draftsman
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haendle the former parts of this work, amd there is s time
keeper and materlials and store-room man to handle the latter.
~All payrolls and accounting are handled in the maln office
of the Service Company; thus 1t is not necessary to have a
large force to do this‘work on the Job.

The field construction work is carried on through
the direction of a géneral electrical foreman who is re-
sponsible directly to. the superintendent. The scépe of this
work has already been explained and is divided into the in-
side station work and the outside work, each division of
which is under the dircction of & separate foreman. Each
of these foremen has several pushers to keép tne working
gangs divided into small working groups of practical siie
and also to enable the most efficient use of more experi-
enced men on scme of the work.

Auditors

The auditing section is the only completely New
England Fower Company section on the tob and thus is com-
pletely separate from the construction and operational
aspects of the job. Tﬁe office 1s manned by =z field treas-
urer or accountant and a clerk who does all necessary form
preparation work and typing.

The auditors recelve all the funding operational
figures from the earliest begimning of the planning phase

of the construction project, which is usually the authori-

zatlon for expansion from the board of directors. This
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original auth@rizatioh includes a lump sum figure for the
entire improvement and/or expansion program. This is later
subdivided into work orders; these are then further broken
down according to standafd code systems, as provided by the
owners central auditing séctions.

The field office has over-all accounting control
of the entire construction project, and maintains all records
and final approved accounting forms for authorization for
payment. All checking on bills and all field payments either
originate or are authorized through this office. Requisi-
tions for material and/or equipment purchased for the entire
project, whether from the main office of the Power Company
or from the field office, are checked, approved, redistrib-
uted and a copy kept also by this section., All invoices are
elso checked, numbered, entered on the Invoice Register,

and redistributed to the United Engineers, 1if they are to

brocess and pay them or retained, if to be checked and paid
within the accounting office. These invoices are all Proe=
cessed first in the main office of the Power Company where

each is approved by the designated designing engineer after

the purchasing department pPlaces the orders. Vouchers are
prepared in the field office upon proper distribution and

approvals of invoices as sbove, and these are made up so as

to include as many invoices from one vendor as practicable
end are grouped with the receipt of materials. 411 vouchers
are recorded in the Voucher Hegister, and are posted to the

accounts according to codes. The avove mentioned Receipts
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of Materials are kept on all material, supplies, equipment,
machinery, or otherwise by the materials department and are
forwarded to. this office directly from them. This Voucher
Register-is also checked bi-monthly and all entries are also
recorded in el ther the General Reglster or the Cash Book.
The General Ledger comprises all accounts for the
entire job, and 1s to act as a line of control for all fundé
advanced for the ﬁnited Engineers and the Service Company.

This ledger is charged with all funds sdvanced and credited

with all disbursements as evidenced by the Record of Dis=-
bursements at the end of each month along with the vouchers,
original involces, and cancelled checks; ‘A special account
is also ﬁaintained for the use of the field office of ihe
Fower Company for costs other than those of the United
Engineers; and which are posted 1n the Cash Book. A sep-
arate account is also maintained for unfinished construc-
tion and improvements as recorded in the Detail Coét Ledger,
This account is charged‘or credited with all costs of the
projects A record 1s also kept of.the unadjusted credits
and construction advances from the Power Company main office
to the United Engineers and to the field office. The final
account 1s the accounts payable and audited voucher account
which is crédited for all vouchers in favor of the individual
vendors, except if covered as above in any of the special
accounts. Charges are made from the Cash bBook and the

Voucher Regilster.
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The Cash Book 1s used for recording all cash de=
posits in éhd for drawing all checks out. All cash receipts
from the maeln office are also recorded, and check disburse-
ments ére listed according to the voucher, date, check num-
ber,‘vsndor, and folio number used. This book is closed
monthly and the cash balance is brought forward as a receipt.

The unfinished construction and detailed Cost Ledg-
er- is made up of separate accounts according to work orders,
and postings are made direct from the vouchers according to
code number, quantity, and with a brief description.'

| A1l these records sre balanced each month and the
bill is sent to the main oifice in the form of a record of
disbursements, listing &ll costs by work order. This com=
prises the malin report of the field office.

It should be remembered that the Service Company
is the owner's resident representativé end is responsible
for the general supervision of the project, the installa=-
tion of all work not covered under the contract with the
United Engineers. All costs of services, labor, and ex=-
penses incurred are peid by the Power Company upon the
presentation of & monthly. All purchasing is done by the
Service Company in the name of the Power Company and is
paid for by the PFower Company upon receipt of the invoicesf

| The main function of the Power Company, regard-
less of the operational functiloning which has been made

necessary by the complicated organization for construction




78

on the slte, and by the unusual role played by the Service
Company, 1s to audlt all accounting and financisl records
of the United Engineers. For this purpose =ll detsiled
cost records of all the original vouchers and cancelled :
checks supported by the vendors invoices, record of dis=-
bursements, statement of sccounts and a reconcillistion of
bank statement, must be turned over to the auditors each
month. All of the invoices, and other advances for the

United Englneers' accounts must go through this auditing

~office first, and then are forwarded to the accounting de-

partment. All purchase orders and pertinent accounting

dates must be sent to this office to e maintained as

permenent records for future auditing as explained above.

£11 checks must be approved by first having all vouchers
with involces, receipts of matefial, payroll, etc., and
checks audited agd approved. No payments can be made withe
out first receiving full approval; thus complete financial

control is maintained.
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CONSTRUCTION PROCEDURE

Introduction

The object of this section of the thesis is to
give a word and plcture presentation of the actual construc=-
tion procedures used on the Jjob, anda to provide a background
of information on general construction procedures for future
referehce. As many pictures as possible will be used, since
it is far easier to explain actual procedure by a photograph
than by trying to give a word description alone. Ilost of
the photographs included have been taken by the author on
the Jjob site throughout the visits made during the months
of October to May. ©Some attempt will be made to give at
least some iInformation concerning the construction proce-
dures used prior to these field visits, but this will te
limited in scope.

The main object is to tell "the how and what"
of each particular phase of the project in question. Equip=-
ment will be pictured and explained where important and
where not discussed previously.

The main problem in the construction project is
one of timing, and it will continually be coming up in this
discussion also, since it is practically impossible to ex=
plain any detalls as to procedures without first 1ntegrating
the specific part under discussion with the project as a

whole and relating it to some other portion of the job.
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Construction Schedule

Proper construction requires that a very detailed
~and expliclt schedullng chart be made up so that all opera-
‘tlons will be bullt in such a way as to be integrated towards
a finel complete end result. A copy of the Schedule and
Progress chart for this project i1s shown in Fig. 8. This
chart is usually prepared in advance by the genefal contraé-
tor In an attempt to work out on paper a well organized and
well planned jol. Proper scheduling will eliminate errors
and omisslons during the construction, and will provide an
accurate check list on work to be comple ted.

It may not be possible to follow the construction
schedule right to the letter througout the entire job, due
to difficulties that might arise with reference to materials
and/or labor stopages on the job. For this reason periodic
reviews must be made of the work completed and the work
still to be done; and & revision of the schedule made if
necessary. The top horizontal line of each subtoplc on
the schedule Indicates the original planned timing of the
operation; and the lower line, usually drawn in red, indi-
cabes the actual scheduling and/or the revised estimated
schedule timing with reference to the rste at whicech the work
1s being completed at the time of the report. This allows
for any chenge to be indicsted as soon as 1t is apparent that

it must be made.
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The most advantageous way to discuss the actual
procedurgs would be to cover each item ss it was started in
the field and thus follow the actual construction schedule
throughout the discusslon. This would be all right during
the early months of the -job, but would be very complicated
during the peak of the constructlon activities, when there
may be several hundred small projects goling on szt exactly
the seame tims. It would be very difficult to carry on a
discussion on this meny items at one time, so that it be-
comes necessery to deviate from this strict schedule method
elmost lmmediately efter the mein porticn on the construc-
tion activities get under way. For this reason the schedule
will be followed only to the point that a new section of the
construction activities 1s introduced, and from then on that
perticular phase of the actlvities will be discussed until
the procedures sre brought‘completely up to date. In this
way‘each phase of the activitles will be traced completely
through constructicn and the methods and procedures will bé
explained completely without adding confusion by bringing
in any other iltems that sre not directly related to the

portion under discussion.

Preparatlion of the site

| The first sctivities were in the way of site
clesring and temporary constructlion in preperation for the
foundation and substructure work in the ares of the station

propers. The earliest of this work was started in October
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1948, but the actual stripplng ana ground work was not com-
pletely under way until the beginning of December of that
year.

The site was stripped over the entire area of the
station, yardsﬁyparking lots, stdrage areas, and teuwporary
bulilding areas ;n the station side of the cove., This in-
cluded all aress where future expansion is plannéd.

The entire area of the station was originally an
outcrop ledge of rock so that 1t was necessery to blast and
excavete even to level this area. This simplified the
foundation detalls in mahy ways but geve rise to some in-
tricate problems with'reference to the scfeen house ares
sand the tunnels for the cooling water. All loose earth and
rock was first removed by meens of a 1 1/2 cubic yard shovel,
bﬁlldozer, end carryalls. All excavated materisls were im-
rnediately place%in the permanent dike construction Which can
be seen on the plot plen of Fig. 1. The area within the
yards was leveled also so that no further operations would
be required when construction of the electrical erk was
scheduled to begin.

All blasting operations were prepared by means of
drilling by use of wagon drills on the knob of ledge. The
mejor portion of the earth and rock excavation when in full
swing was handled by means of a 2 1/2 cubic yard shovel and
clem shell buckets. Figure 9. Excavated meterials were also

used to construct the suxilisry dikes and to fill on the
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Figure ©

Figure 10
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terminal side of the cove. The ma jor portion of the entire
dike system was constructed in thils way.

Temporary~00nstruction

Temporary construction bulldings were sterted as
soon as the areas Wwere cleared. The locetion of these Can
also be noted from Fig. 1, Not all bulldings werc construct-
ed in the early stages of the temporary cons truction but in
most cases were added as additional room weas needed for
ofiice space, pe rsonnel, and storage.

The main features of the office bulldings include
separate facilities for each of the Tield offices and super-
intendents?! trade groups. The main field office houses the
United Engineers’ field supervision forces, engineers, and
of fice personnel; the Service Compeany's regident englneer
and supervision forces; and the FPower depany‘s auditing
section. This building 1s pictured in Fig. 10.

The other larger buildings house the foremen's
offices, and the material storage facilities as indioated.
Ihe smeller quonset huts are used as field shops and work-
mens! locker rooms and toilets. The larges?t of the shops
is the carpenters' shop which is designed with exterior’
working pletforms end storage racks for meterisls. This
and several other buildings are pictured in Figures ll-l4.

The construction storage areas sre divided be-
tween the statlon site and the berminal site. &1l materlals

that arrive on the Job DY rell ere first recelved on the
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terminal site where they ere stored until needed. Figures
15-19. The building are used for storage of materials that
mist. be protected from the wesather et all tiﬁes. Figures
20 & 21.

The second erea to be used 1s that around the build=-
ing itself. This area is used for materiasls thaet are in the
prbcess of being constructed at that time and these are
brought over from the terminsl areas as needed. The sec-
tion eround the other side of the knoll 1s also being used
as shown in Plgures 22-25.

Bﬂilding Excavation & Foundations

Within the station area most of the excavation
work involved blasting and a large emount of loose rock re-
movel. This ledge outcrop ran out inte the bey area and
mede it necessary to dGo & considersble amount of rock re-
moval in order to open the area for the inteke tunnel. Since
this excavation work required going from 14 to 16 feet below
the weter level it was necessary to construct a cofferdam
to keep the water out.

This cofferdam was designed to henule & meximum
high water level of plus 14'-0", and 1s constructed of I
’type steel sheet piling. The plling was all driven to the
rock level under the water end was sealed off by means of
exterior rock and eaprth fill which also scted as additlonal

support. Figure 26.
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Figure 23
Figure 24
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Figure 25
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Several difficulties were encountered in the
driving and blasting within the cofferdam. An underground
stream was located during the driving on the west side of
the dam and gave rise to an addlitional source of leakage.
This stream kept the level of water about a foot deep dur=
ing the entire screen house blasting operations and also
was the primary source of leakage during the later excava-
tion work.

The screen house blasting and excavation work re-
quired going down to an elevation of minus 17t=0" within
“the cofferdam for the bottom sections of the intake tunnels.
After this work was completed, the cofferdam was braced to
the building facing before further work was startede.

The facing on the ocean side was designed of
granite since this natural rock provides the best resist-
sance to the constant beating of the sea. The granite
blocks were set first and were used as the exterior form
for the concrete back up. All of the concréte in the
screen hbuse area was placed in sections according to the
structure of the tunnels and foundation walls. Most of
it was placed by use of long shutes which were made up from
sections of sheet piling with pivoted ends so that they
could be easily moved around within the area. Figure 27.

After the completion of the screen house area
and the construction of the stop logs which serve‘to keep

the water out of the tunnels when i1t is necessary to work




Figure 28
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in them, the work of clearing the cofferdam was started.
Figure 28. The entire structure was braced from the ex=

terior was so that there would not be danger of the sheet

piling failing during the excavation.worke.

| | The first layer of bracing was constructed prior
to .any excavation in the area. The design of these braces
and their construction can be seen in Figures 290-34. The

loose dirt was excavated first and the brécing was continued

on down as soon as spacing permitted. All excavation was
done by hand or by clam shell where spacing permitted its
use, and where there was no danger of injury to the coffer-
dam or the finished wallse. Figure 35.

The major portion of the excavation required
drilling to break up the rocks and to get them to managesable
sizes. Figure 36. Most of this work was accomplished with-
out blasting, although some light charges were uged in the
lower sections. The rocks had to be loaded by hand for the
most part since the limited space made it very difflcult to
maneuver the bucket around for independent loading. These
operations are shown 1n Filgures 37=40.

Two splits were located in the cofferdam piling
as fhe excavation continued along the interior section of
the piling. One leak developed due to & split in the sheet
piling at a seam in sbout the middle of the south side.

The split was probably caused by the twist or spread caused

by the rock at the baée. The gap had to be repaired by
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Figure 40

Figure 41
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wélding a plate into the split to close the leak. Figure
41. The other split occurred near the building on the
west side. It was also caused by compaction at the rock,
but in this case the gap was closed again by driving and
did not require‘further repalir upon bein uncovered.
Figure 42.

Most of‘the foundation work had been completed
and covered so that pictures could not be obtained, but
the standard methods were used in this section of the con=
struction. The process of forming, placing the reinforcing,
and then the concrete was followed on the tunnels, pedes-
tals, generator foundations, and grade beam construction,
in that order. The concrete work was built up to the
ground rough slab level throughout the entire bullding area,
and the column bases cohtinued above this elevation wherse
necessary. Figure 43.

Structural Steel

The structural steel erection was started in
May 1950 by Bethlehem Steel, and was construcfed without
interruption through November. Most of the work was done
by use of 40 and 50 ton cranes each with a boom of 140 ft.
Two guide derricks each with e capacity of 25 tons were
ralsed and used as soon as'possible. Pive gengs were used
throﬁghout the construction; each under the direction of a

gang pusher.




102

Figure 43

Figure 44
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All the structural members were shipped to the
site via rail and then transferred by truck to the build-
ing site according to the erectlon drawings. Accurate
planning as to placement of the steel members was most im-
portant because errors would be costly and would cause de-
lays in the erection. There are several views of the conm=-
pleted steel shown in Figures 44;49, and various other
views will be seen later in connection with other aspects
of the jobe Figure 50 also shows how steel stalrs were
projected during constructlon.

| The turbine room crane and the turbo-generator
foundations wereralso erected in connection with the
structural members asg soon as the supportié%members were
completed. Each of fhe box girders of the crane was ralsed
individually and the moving unit as raised last completing
the assembly. Figures 51-353.

After the completiong of the structural steel and
before the derricks were removed a large rotating guyed
derrick was raised on the roof for use during the construce
tion of the remainder of the plant. The roof derrick was
erected ina bout the center of the boiller room area with
o boom of sufficient length to reach over three sides of
the building so as to be able to raise loads from the
ground and place them almost anywhere within the building.
The foundation and details in the rigging are shown in
Figures 54=56. |
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Figure 45

Figure 486

Figure 47
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Figure 48




©
@]
—

Figure 49




107

Figure 50
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Figure 51
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Filgure 56

Figure 55

Figure 57
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A Chicago Boom crane was also erected on one
cornervof the boiler room area so as to be able to 1lift
from the storage area on the east side of the building up
to the turbine room roof. Figure 57.

Figures 58 & 59 are two later views of the csteel
work from & distance showing the roof crane and the holsts
on the south side of the bullding.

Wells, Floors, and Platforms

The masonry wall sections will be discussed first
showing the équipment used during constructlion and the ac-
tual masonry structure. All masonry materials were shipped
on to the site by rall and thus were stored on tne terminal
section prior to their required use. The cement préducts
were brought directly to the station site and stored in
quonSet huts reser&ed for thet purpose. Most of the other
meterials were stored in caﬁvas preframed storage areas near
the materisls hoilsts. Figures 60-€61l.

The sand was brought to the Job &s needed and un-
loaded in position for use in the mortar mixing unit. This
unit was bullt adjacent to one of the holsts and included
the mixer, heating pipes for the sand and storage space
for the lime and cement being used. The unit is shown with
one side open giving a view of the sand pile and plping,
and the mixer. Figure 62.

The standard patented type staging was used'through-

out the masonry work. Figures 63-66 show 1ts structure prior
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Figure &9

Figure 58

Figure 60
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Figure 61

62

Figure

Figure 63
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to connection to the roof supports, and the way it is used
in both warm and cold weather. The open view shiows how the
safety ralls are constructed and also how'the materialé
being used on a particular section of the wall ape kept
within easy reach of the workmen. This view is of the con-
struction of the wall structure on the screen house. Figure
66 shows how the staging is hested and lighted, and how

the materlals are stored on the staging for ezse in con-
struction of a wall section made up of face brick snd back-
up tile.

The structural detalls of the backed-up wall con-
struction of face brick and tile are shown in Figure 67.

The headers every sixth course fit into the sections of the
back-up tile if they are laid as shown. The spandrel de-
teils including the flaéhing and common back-up are also
shown in Pigure 68.

The corner sections are built up first to insure
proper coursing and Joint width; the rest of the wall is
theﬁ brought up to level end the corners again reised so
that lines can be used for the coursing. All steel must be
parged before the brickwork is laigd. Figure 69.

The entire building was bricked-in on the permanent
sices with the exception of the screen house ares which was
completed later. The staging encompsssed the south and west
sldes for the entire height and was raised simultaneously

as the work was completed. The views below are of the
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Figure 67

Figure 68
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brick work completed at verious elevations, Figures 70-72.

At the completion of all the brick work on these
two sides of the building the stagings were removed, and the
hoisting towers were used for holsting to fhe roof only.
The towers were removed by use of the guyed derrick on the
roof. Each tower was supported aé shown and dismantled from
the ground. Figures 73.

The additional views in Figures 74 & 75 show the
bullding after completion of all the brickwork and the re-
moval of the hoists and the roof derrick crane. Note that
a lighter and smaller boom has been instslled to replace
the derrick creane.

The temporsry side of the structure is enclosed
by vertical corrugated asbestos siding. This is attached
directly to the structural steel by lock nut bolts which
provide ample anchorege but also sllow easy removal. This
siding as shown will be removed when the future addition
to the ststion is constructed. Figures 76-78.

The floor systems include both reinforced concrete
and steel grating. The former are usually constructed as
rough floor slabs, f£ill, and finish floors. This division
mekes it possible to construct the floor slabs and thus
enclose the steel and provide worklng landings without sub-

Jecting the finishes to the wear and tear of construction

activities,
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Figure 70

Figure 72
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Figure 73

Flgure 74
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Figure 75

Figure 76
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The forms for the most part are constructed of
plywood even around the beems =nd girders. Figure 79 shows
the typical form construction as seen from the floor below.
The détails of construction at the intersections of beams,
girders and columns can be also seen in this view,

A ﬁop view of the same type of form, Figure 80,
shbws the placing of the reinforcing in the slab construc-
tion. The detalls of the supporting cheirs end of the
tying can slso be seen in these views.

The ground floor slabs that are poured on the
foundations and/or on fill present a different problem as
to reinforcing details. In this case the rods.are usueally
supported on precast concrete blocks that are set directly

- on the supporting structure or £i1l. Form sections that
are inserted to meke indentations or holes are also sup-
ported in this way. Figure 8l.

A1l inserts end condult must be place in the slabs
prior to the time of placing the reinforcing end the con-
crete. The conduit is usually run in groups. This systenm
speeds up the placing of condult and also simplifies the
forming details. Filgures 82-83/are of conduilt runs and also
show the typical type of floor passage sSpaces and supporting
structures used in condult work.‘ |

| A considerable amount of the concrete weas placed

on the job during cold weather which made it necessary to

protect 1t from freezing and to keep it at sufficliently low

i
%
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Figure 82

Figure 83
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temperatures to éllow time for proper curing. Live steam
pipes were used to accomplish this end throughout the Jobe
These were usually piaced below the floor sleabs and/or
sufficiently close to the concrete to keep it at the required
temperature. On exposed concrete work the entire area being
poured was protected from the cold by use df heavy tarpaulins
enclosing the steam pipes and forms. These tarpaulins were -
usually supported by planks-which in turn were supported on
a freme of 1ight reinforcing rods forming a monkey cage net-
work over and around the area being protected. An example

of this type of protection can be seen in the picture of the
placing of the turbine room floors, Figure 84. The concrete
is being placed by use of a concrete bucket supported by the
turbine room crane, and the picture shows the workmen plac=-
ing the pianks on the fremework and the canvas in turn on

the planks.

Special finishes or foundation preparations are
required on some of the floor slabs which support equipment.,
This often requires that special forms be supported within
thé slabs and that certain areas of the fléors be finilshed
rather than being left rough. An example of this can be
geen in the pilcture of the foundations of the water storage
tanks on elevation 101'-0%", Figure 85. This smooth finish
was required since the bottom plates of the tank lay di-

rectly on this surface.
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The majority of the interlor wall sections are

floor-to-ceiling partitions which are constructed of tile
and/or red face brick. This brick and tile work is laid
in the same way as the exterior masonry work with the ex-

ception of differences in wall ties and scaffolding. On

the interior sections the scaffolding 1s made up of
patented aluminum tubular members that come in sections

and require only a minimum of erection and can quite often

be moved without dismantling. A great amount of the work
can be done from the gréund and in this case storage of
materials and suﬂply of mortar is simple. Figure 86 shows
an example of the partition structure and the bricklayers
at worke

The roof slab 1s constructed precast slab sectlions
which are laid directly on the purline and are fastened with

emall metal clips. This structure can be seen in Figure 87.

of the slabs in position on & section of the turbine room
roof.

The completed roof slab looks like a poured slab
since all the joints are reinforced and sealed and the
crickets are built-up of cement mortar. Figure 88 shows
the roof ready for applicatilon of the insulation and the

| built-up roofing materials.
. The construction of the stacks should alsoc be
considered along with the rest of the masonry, éven though

they are a special type of construction and in thils case
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were even sublet to a.separate contractor. The stacks were
not sterted until warm weather was expected to continue for
the duration of their construction. The Russel Engineering
Company has the contract for the construction of both stacks
which they are building simultaneously.

| Construction is carried on from built-up platforms
which are reaised at convenient intervals as scaffolding from
the inside of\the constructed portion of the stack. Mate=
rials are raised to thié platform by means of holsting line
through the center of the scaffold. The materials are
stored within the constructed portion of the stack directly
below the working platforms and thus are protected from
the weather. Figures 89 & 90.

Figure 91 shows the construction of the platforms,
and the rigging and bracing for the hoisting line. The
masonry is covered during the off-work periods sc that a
minimum of water, and other foreign matter will get into
the open tile structure.

Boilers

The major portlon of the boilers and equipment
nas been constructed during the period of this report and
the procedures used in the construction will be discussed
according to the starting time of each Séction. Work on
the air heaters was started first since the tube sheets
were laid with the steel and the construction activities

on this section could be carried on from the exterior side
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of the boiler room section, with the roof of the fan house
ﬁroviding a working platform for receiving and unloading
materialse. There'are four sections to each heater,as can
bee seén in Figure 92, of the tube sheets in their final
pesitionse.

The tubes were lowered from the fan house roof
‘by placing them in position in the tube sheets and sliding
them down the complete length of the heaters. These were
placed according to a pattern which allowed room for the
workmen to get at the tuhes at the joints in order to cdm—
‘plete each layer as the sheets were filled. The tubes were
handled bf two men above and two below té ensure proper
sliding through the sheets and contact with the tubes
below, This system is shown in Figures 93 & 94.

The section above the alr heaters 1s constructed
of horizontal tubes which receive the heat from the hot
gases as they are turned in the top of the boiler proper.
These sections were raised to the fan house roof by the:
boiler room roof crane as pictured in Figures 95 & 96 and
there were placed on rollers on platforms which made 1t
possible to roll them directly into the area of air
heaters where they could be raised into position. This
last lift was accomplished by means of én alr hoist set
in the boiler section, and rigged through the top of the

boiler section on the supporting steel.




Figure 94

Figure 96
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The final enclosure of tubes is pictured in
Figure 97 with the boilermakers and welders closing the
joints on the exterior sections. This narrow working space
is provided from the ground floor to the top section of the
boiler and provides the sepearating section of the boiler
passés. The gases are thus forces up tThrough the boilers/
and turned at the main drum and then forced back down
through the air heaters and into the dust collection sec-
tion.

The main problem of the initial construction of
the boilers is that of reising the boiler drum to the top
of the buillding and setting it in 1its ﬁermanent hangers .
The drum was transported to the job site on a low bed
trailer which was also pulled and held back on hills by
two additional trucks one in the front and one ih thé rear
of the main trailer. Figure 98.

The rigging used to raise the drum is pictured
in Figures 99 & 100 along with the supporting members in
the top of the building. Later views of the drum in
position in its permanent supporting hangers are shown in
Figures 101 & 102. These hangers are "U" shaped and sup-
port the drum directly from the main structural members
above the boiier. The drum is also supported laterally to
prevent any side swaying due to construction loads, or

possible shifts in the steel due to faillure.
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The tubes come out of the drum radially in all
directions with exception of the top beck section. These
are all_turned down into the boiler sections and provide
the only connections to the drum except for the mailn
down=comers. Figure 103 shows the interior section of the
drum with the workmen completing the Joints of the tubes
entering the drum. Other views of the tubes and their
supporting members are shown in Figures 104 & 105.

The control and safety equipment was constructed
st a later time but is directly relsted to the drums.

Figure 106 shows the safety blow-off valves and the instru-
ment piping st the drums. The welding at the safety valves
mist be done by prehesting and stress relieving also and
Figure 107 shows the colls in position prior to the welding
operations.

In connection with this process the malin welding
job as to difficulty and importance was the welalng of the
down-comers from the main steam drums. These were con-
structed in three sections requiring two welds on eech downe-
comer. The sectlons were first supported &as shown in PFigure
108 which provided support during all construction and weld-
ing work. Preparation for welding included preheating by
use of electricel induction coils; These coils were placed
on the ﬁipe in such & way as to insure positive heating
action throughout the welding process. Figures 109-111

show the process partially completed with several passes
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Pilgure 104
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of the welding already made, &and again efter completion.
The process had to be continuous from the time the pre-

nesting was started and thus often required overtime work

due to the large number of pesses required on pipe of this
E size. The control and recording equipment used in preheét-
| ing and stress relieving 1s same as that used throughout
the job on all piping and boller work and is shown in
Figure 112.

The construction of the boller water walls and
tubes was cgrried on in sections according to type and lo=-
cation. The tubes from the drum wers csrried down first
and the walls were built in toward the center with the
interior sections belng constructed by the use of hanging
gcaffolding from the top of the boiler. The sectlon on
the bunker's side ﬁas started first, as shown in Figure
115, Fioures 114-116 also show different views of the
tube construction as it progressed around the different
sections.

The entire interior section of the boller 1s
built up with tubes in such a way as to direct the hot
gases around as many tubes as possible on their way out
to the sbacks. The various shapes and behds are shown in
the picture of the interior sections of Figures 117-119.
Note should be mede of the supporting members and theilr
location with respect to the boiler-tﬁbes and the econo-

mizer and heater tubes. These serve as working membsrs
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Flgure 115

Figure 116
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Figure 117

Figure 118
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Flgure 119

Figure 120

Figure 121
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during the construction and also for the main setting and
casing of the boiler proper.

_ The air driven hoist located within the boiler
setting on the support members was used for interior hoist-
ing within the boller and also the heater areas. A1l tubes
and headers were ralsed by use of this hoist,.

Figure 120 shows the tube. construction at the
fire boxes on the bunker side of the boilers and also the
casing plates which were not yet raised into position.
There are two such sections included within the entirve
fire box system.

The dust collecting syétem was sbtarted in con-
nection with the air heaters and was coptinued at the same
time as the work on the heaters and the boiler. The dust

collectors on the fan house roof were constructed first and

the ducts were run as the materials were received. MNost of
- this work was done with the aid of the boiler room roof
crane and with ailong boom crane on the ground. The exte-
rior and interior welding was completed first as shown in
Figures 121-125. Note the interior sepsarating fins in the

turning sections of the ducts.

The bunkers for handling the dust collected in the
avove mentloned equipment were constructed within the fan
house upon the completion of the lower section of the dust

collectors. These are pictured in Figure 1286.
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Another phase of the boller equipment is the pul=-
verizers which are located on the ground floor at the base
of theiboilers. There are four pulverizers for each boiler
and each one feeds directly into the firebox of the boiler
through the coal handling tubes. The first of these wes
brought into the ground floor area and set upon its founda-
tions prior to the erectlon of the main water wall in the
boller, but the rest of the pulverizers were held until
most of the boller work was brought into the srea and raised
into position.

Pigure 127 shows the first of the pulverizers in
position on its foundations with the top section still to
be placed in position. A frame or rail system was con-
structed on the unit #2 side of the pulverizer first placed
in position, in an effort to reduce the work required to
bring the rest of them into position. This proved effec-
tive but had tb be removed before all of the units were
in place. Some 5} the rigging used is pictured in Figures
128-130, | "

The remaining sectlons of the boiler system in-
cludes the fan system. DBoth the induced and the forced
draft fans are located in thelfan house section above the
maintenance shops. The forced draft fans recelve the heated
air from the air heaters and force it back around to the
fire box section of the boiler. The induced draft fans

pull the alr through the boller system and the dust
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Figure 128
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collectors and assist the natural draft of the stacks in
removing the hot gases from the entire system.

These induced draft fans are constructed 1ln sec=
tions of the rotors and the exterlor housing. The rotors
are set in the bearings by the millwrights ancd the casings
are set by the lron workers. The detalls of the construc-
tion design can be seen in Figures 131-133.

The duct work from the fans to the boller sections
was carried on simultaneously with the rest of the boller
work and iron work on the job. Most of the duct work was
'“shiﬁped to the site in rather large sections, so that con-
struction seemed faster than some of the other work. An
example of the typical duct construction is plctured in
Figure 134,

Turbo-generators

The foundations for the turbo-genercztors were
sublet to the American Bridge Company rather than being
constructed along with the structural steel, because of the
extensive amount of heavy steel plate work that 1s not
common to skeleton steel construction. The completed
foundatlons are shown in Figure 53. Note should be made
of the generator supports and the opening for the main
section of the condenser. The entire foundation 1s com-
pletely separate from the structural frame that surrounds
it, so that stressés or vibrations caused by the operstion

of the turbo unit will not be transmitted in any way to the
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bullding frame. Thls aspect of the design is of particular
lmportance and should be kept in mind throughout the dis-

cussions on the procedures in this section of the construc-
tion activities.

The first section of the condenser was raised into
positlon as soon as 1t was received on the job, and the
necessary piping was completed under the turbine sectlon.
There are several pieces in the condenser proper, but each
of these 1s designed to be erected and jointed with a mini-
mum of fitting, and had already been shop-fitted. Figure
135,

Very little of the auxiliary equipment for the
turbo-generators had been started, but it includes the
lubricating oil system, the condensate pumps, and the air
e jectors. The condensate pumps are located in the area
beneath the condensers, so will not be started until com=
pletion of the condensers. This locatioﬁ can be seen in
the general layout plan of Figure 2.

Station Miscellaneous Eguipment

There are two maln items of the station service
equipment that were constructed as soon as possible, so
that they could be used during the construction of the rest
of the station. The first of these was the large station
alr compressors which were con:ztructed prior to the com=
pletion of the foundation and substructure work, in order

that they could be used to supply all the “air needed
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during the rest of the construction activities. These were
built on permanent foundations and were protected by tempo-
rary siding and roofing. Temporsry piping was also 1n-
stalled to serve the entire station area including the
temporary buildings where needed.

“Since all concrete work had to Dbe protected dur-
ing cold weather placing, it was necessary to have live
steam on the job from the early stages of the substructure
work in October 1949. This was first supplied by a tempo-
rary boiler constructed on the outside of the bullding in
such & way as to use the same stack system as would be used
by the station heating and domestic boiler. Thils boller
was coal fired and can be seen by referring back to
Figure 22. The stack has been removed in this plcture,
since it went through the wéll and the siding could not
be cut. |

The statlon heating and domestic boller was
eredteﬂ as soon as 1its foundations could be completed, since
its use would eliminate the need for the temporary boiler.
The main station heating boller 1s oil fired end is pictured
during construction in Figure 136. The boller was completely
insulated and piped prior to starting and was later protected
by a temporary enclosure similar to that of the compressors.
At full capaclty operation this unit‘serviced the entire
construction area with steam for heating end steam equipment

operation. All the témporary buildings were heated and
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likewise some of the important construction areas that could
be enclosed. The main use was'again for heating the concrete
-being placed throughout the station and yard erezs.

| The compressors for scot blowing and for air con-
‘trol are also included in this equipment but were not start-
ed until considerably later than the above mehtionsd equip=-
ment. These are all located in the same line in the boiler
room but each is of a different design, so as to provide
alr at required conditions. The station compressors are
the largest of the compressor units.

The service water and screen house pumps are also
included In this equipment but had not been started at the
time of this report. All minor equipment for the labora-
tories and shops should also be included, but this equipment
will likewise not be installed until congiderably later,

Figure 137 shows some of the equipment being
raised through the boiler ares for unit #2. The main
rigging 1s from an air hoist located on an elevation
higher than that at which the equipment is being landed.
Several chain falls are belng used in the process of pulle
ing the box onto the floor level and to prevent it from
swaying. This type of rigging was used on the ma jority of
the holsting work throughout the job, and several air hoists
were constructed and maintained in favorable locations in '

the building propere.
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Peod-water System

Most of the feed-water system will he discussed
in connection with the heat cycle piping, but the other
equipmént shown in the Flow Diagram as included with this
system should be mentioned.

The heaters and tanks were constructed first. All
of the heaters in the heat cycle section were raised and
erected one by one for the unit #1 sectlon. The rigging
details and erecting problems due to the closeness of the
structural steel members are pictured in Figures 138 & 139,
These tanks were raised directly ffoﬁ the floor below in
one bperétion with the exception of the shifting and set-
ting that was required after they were raised.

These heaters and the evaporstors which sre
located on Elevation plus 16f—O" were all brought into the
building and to their respective positions for erection on
preconstructed platforms which were used to support the
rollers under the equlpment skilds. Wooden rollers were
used throughout these operations which are pictured in
Figure 140. The evaporator has just been brought into
the bullding and removed from its skids in this view.

The boller feed-water pumps and drives are also
located on the ground elevation and consist of three units
for each boiler. These units are constructed on separate

foundations, though each unit of drive and pump are
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constructed together. Figure 141 shows one unit in posi-
tion and partially piped for operation.

The feed~water treating system is located on the
turbine.side of the boller room above the heat cycle piping.
It consists of the storage tanks of which there are three
for esach unit, the softener, and treating tanks and the
plping to the pumping system. The detalls of this section
have been given with reference to its meke-up and operation.
As to construction, it should suffice to mention that the
small units were holsted as described, and that the large
tanks for storege were erected on their foundations in
sections and welded.

Coal and O1ll Handling Equipment

The bunkers were constructed in connection with
the structural steel and will not be discussed here. OF
the equipment needed to fill these bunkers the exierior
conveyors and equipment were started first. Illost of this
equipment 1s located on the terminal site, but the portion
necessary for boller operation will be discussed herein,

This entire system can be seen in construction in

a view of the whole layout from about the building location

et which the conveyors will enter the boiler room. Figure
142. All of this work i1s being constructed by the W. T,
Donovan Company which has a job office on the terminal

site as shown in Figure 143.
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Tracing the coal from the uﬁloading equipment at
the wharfs, it will be first handled by the overhead gantry
crane and loaded into a traveling hopper woich feeds a
traveling conveyor system. The gantry was existing equip-
ment at the time of the beginning of construction activities
on the exterlor handling equipment. The gantry electrical
system is being reconstructed in connection with the con-
veyor work at the north rall system. Figures 144 & 145,

The conveyor plt was constructed first at the
station éhd of the coal storage areas., This pit serves to
transfer the coal from one conveyor to & second which will
11ft the coal to the junction house. The transler pit is
constructed of reinforced concrete as shown in Figures 146
& 147. Figure 147 also shows the conveyor base completed
and ready for the addition of the conveyor supports.

The rail system for the traveling hopper was
constructed upon the completion of the conveyor base steel,
and. is shown in Figure 148. & close-up of the hopper as
partially completed shows the maln structure and make=-up.
The wheels will be similsr to those used on the gantry
crane, Frigure 1l49.

The junction house will be the next main item in
the system. It serves to separate the coal and to reload
it on the proper conveyors for either the coael pocket or
the bunkers in the station. The soll condltlons required

thet plles be driven to support the building structure, 
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but the location of the water table was such that wooden
piles could be driven in so that they were completely below
the water table. The pile driving equipment and its use
ére shown in Figures 150-152. . These piles were cut off
and the area refilled so as to provide some support for the
pile ceps and foundation work. Figure 153,

The Jjunctlon house forms and reinforcing were
pleced in a manner similer to that previously discussed.
Figure 154, The steel work was erected by truck crane as
shown, with the entire frame work beilng completed prior to
‘the installation of any equipment. Figure 155.

The conveyor from the junction house to the sta-
tlon will pass through the Crusher House before starting
across the cove. This crusher house is designed to crush
the various sized coal to about the 3/4" size that can be
handled in the coel pulverlzers. by crushing the coal on
this siue of the cove and before storing it in the bunkers,
a conslderable amount of the handling difficulties can be
reduced or eliminsted.

An earth dike was used in this case due to the
shortage of steel piling, and since the permanent &nd
auxlliary dikes already constructed could be used in part
to form the enclosure. Wooden piles were also ariven here,
and the same equipment was used as on the junction house

foundations. The driving was started before the dike was »
completed and the area pumped out. Seversl groups of piles

were driven as shown. Figures 156-158.
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Figure 156

Figure 157
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Figure 158

Figure 159

Figure 160
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The forms and reinforcing details are also shown
in Figures 159-161. Note should be mzde of the bracing de-
tails on the forms.

The remalnder of the coal handling system is made
up of the conveyors to the statlion and the hoppers used
over the bunkers to mske 1t possible to unload at any one
particulser section at one time. This sectlon had not been

sterted with the exception of the foundstions for the con-

veyor supports. A Temporary steel pilling coiferdam was
constructed around each foundation area so that the piling
and concrete work could be completed. Freames were con-

structed to brace the sheet piling as it was driven, and

double acting steam hammers were used for gll driving. The
equipment end freames are pictured 1ln Figures 162 & 163,

The wooden plles were driven through the frames
constructed for thelr bracing ahd spacing by the scme
equipment used previously. Figure 164.  The close-up in
Figure 165 shows the structure of the cofferdam sand the
framing used within.

The oil handling equipment being erected includes
only the storage tenks, since the remainder of this equip-
ment has yet to be sterted. ALl the oll storage facilities
are locabted on the filled ares of the cove. Some of the
early rock and earth f1ll came from the excavation work in
the station and yards, but the greater pert had to be hauled

in from off the site over a distance of about six miles.
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For this purpose abouﬁ twenty trucks were kept on the road
at all times between the supply and the site. The extent
of this fill is shown 1n Figure 166. The entire ares will
be filled, with a small section above the auxiliary dam
being left open to be filled with fly ash from the station.

One of the storage tanks was started as soon as
weather permitted in the spring. The base was built up of
a guarter million cubic yards bf saend, pscked and lmpreg-
neted with heavy oll to ensure compaction and to help prevent
rusting of the base plates of the tank. This 3" sand layer
was laid on & 9" gravel base which was sheped in a 178!'-0"
diame ter with a 1'=-0" drop taper from the cenbter out to the
edge of the tenk base end then tepering off to provide
dreinasge. Figure 167 shows this base being rolled.

The tenk is constructed of steel plates welded
together to'form the bottom, sides, and roof. The bottom
plates are all 5/16" thick and are laid directly on the
o1l impregnated sand base and welded together with the ex~
terior plates being cut to shape in the fleld. These
plates are lapped end tacked first so that any distortlons
caused by construction loeds and/or distortlons can be
eliminated before the welding is completed.

The sices are constructed of & eight foot rings
which vary in thickness according to the following:

#1 - 1.0", #2--0.80", #3 - 0.50", #4 - 0.38", end #5 - 0.25".

These are all welded together by double "V" vertical joints
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and double bevel horizontal joints. The vertlical Jjoints

require four weld passes on each side end must test for
full penetration. These members are erected by use of an

r "AM Fypame crane which is pictured in Figures 168 & 169.
Bach ring is erected and welded before the next is started.

The roof section is constructed in the same way
as the bottom and is supported by an Iinterior column system
made up of two rings and & center column. Girders Jjoin the
tops of these columns and beams are used to support the
roof plates from the siaes to the girders, girders to girders,

and girders to center column plate support. The construc-
tion of these members 1s shown in Figures 170-172. A curb
angle will Pe used to complete the join between the sides
and the top plates. The roof plstes and vents are shown
in Figure 173,

Figure 174 shows the stairs. to the roof section
and the depth geuge holes. This stairway is welced,
cantilevered to the sice of the tank for its entire length.

This tenk haed to be constructed accordling to the
Americen Piping Institute Speclificetions for Welded 011
Storage Tenks. This requires that the bottom and roof
plates be vacuum tested with coap and water and that the
entire tank shall be tested with a water hydrostatic test.

Ash end Dust Handling Equipment

The greater pert of this equipment will not be

constructed until the completion of the bollers. The ash
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hoppers are located at the bottom of the boller sections
so that all fly ash cen be collected below the fire boxes.

The dust haﬁd}ing equipment has been discussed
in connection with the dust collecting system in the fan
house section.

Piping

A1l of the piping work is being erected by thse
Hartwell Company in accordance with standard piping speci-
fications. This plping includes that for the main steam
and reheating, condenser circulating water, power control,
boiler feed, bleeder steam, and condensate, and all insula-
tion and instrumentetion required.

A1l of the piping was first received at the termi-
nal storage areas and sorted according to fabrication
sketches there, so that the pieces could be brought over
to the station as needed during construction and could be
erected directly without further storage. All of this
hauling was handled by one truck by careful planning of
each trip; The pipe wes loaded and unloaded by means of
truck cranes, or other equlpment available in the case of
unloading at the station. Figure 175.

Construction scheduling was geared essentlally to
the msaterisls as they arrived on the job, and pleces were
erected in part as they were received. Though this quite
often left pieces hanging in the air unconnected at either

end, it dld get as much of the plping in position and in
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the hangers as possible in the time alloted. As more of
the pieces in a certaln system were received the work was
tack welded, and upon completion of the entire system the
final welding operations were completed as scheduled. All
of the welding was done with about 25 welding machines and
3 operating stress-relieving units similar to those dis=-
cussed in connection with the boiler welding.

The mein steam and reheat piping runs from the
boiler to the turbine sections and return for reheating.
This is the main piping in the station and is constructed,
as indicated under the discussion of the subcontract on
piping, of thick wall plpe requiring the strictest super-
vision during construction and welding. All welding must
be done continuously through the préheating and stress
relieving cycles. The hengers were erected from the support-
ing steel sbove the area between the bollers, and the turbine
and the piping was erected within these hangers as soon as
possible. PFigure 176 shows one section of these hangers in
position and the piping set in temporary hangers ready to
be connected. An indication of the relative welghts of
the various piping can be obtained by reference to the
relative sizes of the hangers. The maln stesm valve and
the type of elbows used on this 2" wall piping are shown
in Pigure 177. |

The boiler feed piping includes all of the pipe

work between the pumps, treating systems, heaters and the
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boilers. This includes the heat cycle piping at the closed
feed-water heaters. All of this piping will be constructed
as discussed and will be completed and tested as the fab-
ricated pieces arrive and are erected. |

The bleeder steem piping runs from the stages of
the turbine to the heaters and de-serator snd carries the
partially used steam and concensate. The condenser cir-
culating water and condensate piping includes that from
the condenser hot well back to the #6 stage heater and any
auxiliary piping in connection with this operation. A1l of
thié'piping will bé erected in sections anda welded accord-
ing to the specifications given., Figure 178 shows a typi=-
cal view of piping and valves with the necessary hangers
and supporting members.

All insulation will be put on after the comple=-
tion of each of the systems and will be composed of high
temperature and/or magnesia pipe covering sections. This
will be covered with sewn canvas or, ii there is danger of
fire, it will be covered'with‘asbestos.

Blectrical Work and Yards.

1t becomes necessary to go back to the early
stages of the Job to discuss the construction of the yard
work and the electrical facilities in the yards.

The actual yard work sterted with the construction
of the temporary access road to the various sections of the

job site. These roads were originally leveled dirt but were
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treated and greveled after the rain in the spring. During

the initisl blasting and excavation work, preparatlons were
made for grounding and laying the condult and cable ducts.

The duct menholes and stack foundations were also construc-
ted during the early concrete work.

- All the sewer and drainage systems were installed
throughout the yards and where needed around the building.
The sewers included are the 48“‘city éewer éxtension end the
sanitary sewers for the sftation. The fire protection piping
and the city water supply lines were also laid during this
work.

The blasting operations continued in connection
With the yard work long after most of the steel and con=-
crete work had been completed. Heavj steel nets were used
to prevent flying psrticles end blasting damage during these
operations. JLhese are pictured as used in Figure 179.

The greater part of the excavation wbrk was done
by truck cresnes loading into trucks which hauled the dirt
'and rock away. ~ome alr hammer work was required in con-
nection with the lerge rocks end bolders in the area, but
these could usually be broken up and required little
blesting. Figures 180 & 18l.

Ihe piers ahd column bases were leid out and con-
structed in connection with the support foundations for the
electrical equipment. These forms and a portion of the com=

pleted work ere pictﬁred in Figure 182.
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All of the electrical steel was constructed by the

electrical workers on the foundations and piers provided by
the United &ngineers. These structures support the switches,
breakers, and buses of the electrical yard systems, and will

be pictured later in general views of the yards.

One of the heaviest and largest pleces of equip-
ment in the electrical yards is the mein station trensformers.

i These are oil cooled transformers and require cooling oil

piping. A system must also be provided to ensble them to
be moved out of position and repleced, should repalr and
maintenance be required. # rail system was' designed and
erected to accomplish this purpose. Rach of the trans-
formers 1s set on wheels on this permenent rail system and
cen thus be rolled out of posiltion and bsck onto a main
line, replaced and moved out of the way for work. Figure
183 shows a detailed view of the cross switches. <Yhese
transformers were shipped to the site on low bed trailers,
and were removed from these directly onte the rail systems.
They were all shipped with the oil cooling fins removed,
SO as to make the base unit as small and as light as pos=-
sibles, The rigging used to transfer these units to the
rail system is pictured in Figure 184.

The station service transformers were shipped and .

unloaded in a similar way, but in this case they are set di-

rectly on their foundation bolts. The steel was erected
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around the units after they were in place. Filgures 185-187,
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All of the electrical work is scheduled to be
completed by working first on the foundsbtions and duct
work, then‘continuing with the condult runs, manholes,
23007 yard, and finally the llSkv_yards, completing the
work towards the station last with the connection of the
station service transformers.

The yard work also includes the piplng and pump=-
ing equipment for the cooling oil for the transformers and
01l equipment. This equipment and the steel work is pic=-
tured in the rest of the views of the yard work. Figures
188-191.

Ihe final phese of the yard work will be work on
the grounds removing extra soll, filling in some areas,
and general leveling. Lbout three feet of rock and earth
still had to be remoﬁéd from the area between the temporary
buildings and the statlon proper to bring this area down
to gradé. This was started after most of the heavy equip=-
ment and installations were made on that slde of the bulld-
ing. These last leveling operations required some blast-
ing, but most of the rock could be brokeﬁ up with the heavy
shovel used. Figure 192 shows the shovel in operation on
the excavation in this area.

Terminal Equipment

The sectlon which remains to be discussed 1s the
improvement and reconstructlon work beling carried on at

the terminal site in connection with the coal pocket and
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Figurse 192

igure 193
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" the wharf system. The coal handling system up through the
junction house is common to both the station coal handling
equipment and the coal pocket equipment which 1s used for
comme rclal distribution.

The junction house will feed the coal from the
supply conveyor to the pocket conveyor as well as to the
station conveyor, so that it is merely & matter of switch-
ing to fill the pbckete This conveyor from the junctlon
house raises the coal to the top of the coal pocket where
it passes along the top of the various bins.

A fire in the coal pocket made it necessary to
reconstruct a large.portion cf the equipment also. This
reconstruction is shown in Figure 193. The new éonveyor
equipment required new foundation supports, and a new sys-
tem for separating and unloading at the top of the bins,
The support foundations were constructed between the
pocket and the junction house. Figure 194, The steel
sections of the new top for the pocket are shown in Figure
195. There will be a traveling hopper constructed similar
to those used over the bunkers to unload the coal at any
particular section 6f the bins.,.

The reconstruction of the wharf facllitles at the
terminal 1s being carried out in order to modernize this
equipment and meke it possible to handle the largest ships
now used to carry coal and oil. All of the work on the

wharf is belng done by Marrit, Chepman, and Scott Company.,

161




192

Figure 195

Figure 196

Figure 197




163

The general layout or thg construction area 1is
pictured in Figure 196. Note that the piles and "H" sec-
tions are unlosded directly from the frelght cars to the
érea between the tracks and the wharf, where they cah be
reached with the equipment driving the piles.

The old wharf section was left intact so that it
cbuld be used both for tying the floating construction
equipment and for bracing the new sheet piling during
driving. 7The general shape and size of the bracing used
is pictured in Figures 197 & 198,

The piling being used is "2Z" type, which is tLe
strongest of the shapes used in steel piling work. It is
driven one section at a time, as shown, with a double acting
steam hammer which isirigged to a fldating Crane. This
equipment in operation is pictured in Figures 199-202. The
steam hammer'and anvil used to drive the piling is shown
in a close-up in Figure 202.

Steel "H" sections were used to brace the plling
as explained in the section on design. These were driven
after the completion of & large section of the plling.

The slope and the detalls at the dolphins are shown in
Figures 203 & 204. <These "H" sections were driven with the
same bype of hawmmer, except that 1n the case of the batter
piles, a casing was required to direct the blow of the
hammer, since it could not be in & vertical plane. This

is shown in a close=up of the hamuer, Figure 205.
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Figure 198

Figure 199

Figure 200
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Figure 201

Figure 202
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Filgure 203

Figure 204
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Flgure 205

Flgure 206
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After the completion of the brecing of the new
wherf section, the area will be ready for dredging. This
will not be started for quite some time, but the dredging
equipﬁent that will be used in the wharf area and also in
all probability in the aresa near the screen house is

pilctured in Figure 2086,




CORCLUS ITUN

In the opinion of the author a great amount of
both Abackground knowledge and actual operztional experi-
ence has been gained in the time spent in preparing this
thesis, The project chosen has offered excellent facili-
ties for familiarization with tThe Jjob organization,
management, and construction procedurcs. A great number
of different design and construction problems have been
encountered. To see these problems solved in the fisld
by the fleld engineering and construction forces‘has
glven the author a vast amount of information.

The specific orgenization and management
procedurses used on this project may never be followed
again, but they will provide excellent background for
experience of how one system has been set up and used,
The advantage and disadvahtages of that system as they
have become apparent during the operation and function-
ing of the job. The specirfic procedure may likewlse
never agalin be used since every construction project
presents different problems with relatlon to how the job
mist be set up and how the work must be completed. In=-
formation so obtained will provide background reference
as to how certain scecific or related problems have been
handled and gould provide one mesthod of handling similar

prbblems in the future.




The author feels that this thesis has been sa

very worth while project and that he has made vast gains

to understand the practical application of bullding con-

§§ struction in the field of his principal interest.

et e




APPEIDIX A

Sample Forms Used in Enginesring Control

Q

The Thompson & Lichtner Company, Inc. has
exercised control only over the concrete mixing and
placing oh this project. Sample forwms that have been
ﬁsed in taking data and in reporting test results in
connection with this activity have been included herein.

Other sample forms that are used in connection

with control of the other construction activities have

also been included for future reference.
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For
Project
Inspection at:

' Class of concrete

Location of
Concrete Placed

e

DAILY LOG OF CONCRETE CONTROL
REPORT NO.

Slump

Site

Dry Batch
Central Mixed
Truck Mixed

Date
Weather

Cement
Source
Car

Plant Seals

BASIC CONTROL DATA
Wt /Cu. Ft. Sp.
Dry Loose Gr.

%

Name or

Aggregate Source

Abs.

F.M.

Proportions, dry loose vols.

Max. W/C ratio . g/s
Batch Volume, C.Y.

C
FA
CA
w

Basic Dry
Quantities

ACTUAL BATCH QUANTITIES

. Gals water
WEIGHTS MOIST AS USED  Added at

Time Mix C FA CA

Scales Checked

E * Indicates estimated moisture

FA

% Total

Moisture

CA

GRAVEL ANALYSES
Total|> If‘l

Net |22
gals/|2 “
sack {1l ”

1 e

3/4 ”

l/z ”

3/8 ”
No. 4
F.M.
Organic

SAND ANALYSES
No. 4
8
16
30
50
100
F.M.
Organic

lnspection‘ started Finished
No. loads inspected
T. & L. Inspection

Ticket Numbers

. Remarks:

Copies to:

Bbls. cement used
Cu. yds. inspected this date

Cu. yds. total to date

Test
Specimens

@ertified Qorrert _
THE THOMPSON & LICHTNER CO., INC.
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THE THOMPSON & LICHTNER CO., INC.

ENGINEERS
RESEARCH LABORATORY

8 ALTON PLACE, BROOKLINE, MASS..

FOR

REPORT OF TEST OF CEMENT

FIiLE No.
SHEET No.
DATE

Description

Brand F
Source’

Shipged to
Sataples received
Samples taken
Sampled by
Barrels

Test Number

Date Made
Temperature °F. & % Rel. Humidity
Per cent water (Ner. Consis.)

{ested days
1b. per. sq. in.
Mix:

tested days
1b. per. sq. in.
Mix:

Initial Set (Gillmore needle)
Final Set (Gillmore needle)

% Vol. Change (Autoclave)
Soundness (Atmos. Steam)

Surface Area, sq. cm./gm.
% passing No. 200 sieve

Oxides, Si O-
Fe, O;
Al; O
Ca O
Mg O
SOs
Loss on Ign.
Insol. Residue
Compounds C;A
CsS
C.S
ALO./Fe.0s

Remarks:

ertified orrect
THE THOMPSON & LICHTNER CO., INC. .
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BELOBL Ok LEEL Ok CEWEWIL

o~
{9

i ton

Soundness Test of Sample of Coarse Aggregatc

Test Number
Iote Recelved

Source

‘Sample

Teat Procedurc — A, S. T. M, Specifications C &&-UI T using
' magnesium sulvhate, five cycles

Resulte:- The following data have been obtained:
Sieve Size Grading of Weighted
Pagsing Ret.on Origiral Samvlc Average Legs
3 1-1/2" % %
11/? 3/h
3/ 3/8
3/8 # b
Totals % | %
Soundress —



Soundness Teot of Sample of Fine Aggregate

Test Number

Tate Received

~Sample

Test Procoiure ~ A, S. T, M, Specifications C &&-LU4 T ug ing
magnesium sulphate, five cyclew

Regultg:- | The follcwing'data have been obtained:
Sieve Sigze | ;_uradlng of Weighfeiﬁf
Passing Ret.on “riginal Sample Average Logs
3/8" #U % | %
#l 8
g 16
16 A 30
30 50
Totals % %
Soundnesg ————————m—

= Q

E): Q
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THE THOMPSON & LICHTNER CO., INC, REPORT OF TEST OF FINE AGGREGATE

ENGINEERS
BOSTON ~— CHICAGO
FOR
RESEARCH LABORATORY . FILE No,
620 NEWBURY ST., BOSTON, MASS. .
ol DATE

Description

Samples taken
Samples received
Sampled by
Clients' Mark

Test number

Date made
Temperature
Humidity
Cement
Aggregate
Water

7 days
Ib. per sq. in.

28 days
Ib. per sq. in.

Remarks

@ertified Qorrect
THE THOMPSON & LI_CHTNER Co., INC.
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THE THOMPSON & LICHTNER CO., INC.

REPORT OF TEST OF CONCRETE

ENGINEERS
RESEARCH LABORATORY
8 ALTON PLACE BROOKLINE, MASS. FOR FiLE No,
DATE
Description
. Air Temp.
Date received Mix ”
Storage
Date made
Date tested Slump Load
Age W/C Ratio
Mix
Materials :—
Cc
FA
CA Design Requirements
Admix.
Mixer
Strength
Test No. Dimensions Wt. per cu. ft. Lbs. per sq. inch
I.
2.
3.
4,
5.
6.
Average
Remarks:
Source

Condition of specimen

Type of break m /\‘ /\
1

2

Strength

3

RaNd

Qectifted Qoreect
THE THOMPSON & LICHTNER CoO., INC.




Date Specimens Mage

Report to Accompany Fleld Specimens and to be Delivered to

THE THOMPSON & LICHTNEKR CO. INC., 8 ALTON PLACE, BROOKLINE,

MASS.
PROJECT

b o e amneame e 4 s

CLIENT | . L

i e 4t - o e . B . e T - e

LOCATION OF PLACEMENT | o , . - b

TICKET NUMBER

- - B L L, [ CSCSSF U SN GRS UNNEE N

TRUCK (Plant & NOa)-mAmm;mmwuuw_.umW.mw_-m..nw. bo-.
"LOAD NUMBER = .

TRUCK (Time Left Plant) | ___
MIXTURE e -

CUBIC YARDS

CEMENT (Wt. & Brand) _ ; , . ]

SA (v!ty & Source) .
kot  cdepstag e

WATER (Gallons) . ; . . _—

ADMIXTURE (Type, amount) |

s -

TIME CONCRETE SAMPLED

WEATHER (Feir, Rain)

AIR TEMPERATURE _ 1o
CONC . "

“SLUMP (Test or Est.)
APPELRLNCE

BEANS CR
CYLINDERS ;(N°v & Mark: — -

—

STORAGE (Loca. & Protec.ﬂ

Plent Inspector : Cyle Made By




Aggregate
WD1L
Sp. Gr,
Abser,
F. M,
C= x_ 94
3,15 x 62,4
W= X
7.48
FA+CA

PROJECT
Class Concrete=

Proportions ———-

C. F. (sacks)~—

W/C, gal/sack——

FA, % o
C= x
FA = X X
CA = bid X
W = X
FA x
CA x

Slump

Date

Design

Check

gal



Test Number
Date Recelved

Source

Sample

Test Procedurs

Date

Analysis of Asphalt Cement

- Sampled by

- One quart of

with standard

from

asphalt cement

in bituminous concrete
for the above project.

Sample

- Analysis as shown below in conformity

me thods.

Results - The following data have been obtalned: =
Appearance Satisfactory
Watsr None
Specific Gravity 1,0
Fiash Point Op
Softening Point Cp
Penetration .
Ductility cm
Loss on Heating 0. %
Pen. of Residue %
Bitumen So. 1n CS2 %
Insoluble Organic Less than O, %

This material satisfies the requirements of the project and
specifications for
- asphalt cement.
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THE THOMPSON & LICHTNER CO., INC.
ENGINEERS REPORT File
BOSTON OF Da‘te
e rra e e wnss. - MECHANICAL ANALYSIS
TEST MADI;'. FOR
DESCRIPTION
(
SAMPLES TAKEN (DATE)
SAMPLES RECEIVED (DATE)
| CLIENT'S MARK
‘) LABORATORY MARK
Size of Sieve Percent | Percent | Percent | Percent | Percent | Percent | Per cent | Percent | Per cent
Size Opening Finer Coarser | between Finer Coarser | between Finer Coarser | between
in inches Than Than Sieves Than Than Sieves Than Than Sieves
3 inch 3.00
2inch | 200 | |
19, inch | 150
1inch | 1.00 |
3/ inch 0.75 i x
1% inch 0.50 |
%4 inch 0.375
No. 4 0.1875
\ No. 8 0.0937
No. 16 0.0469 ‘
No. 30 0.0232 .
Neo. 50 0.0117
) No. 100 0.0059
.’
F. M. \
GRADING

WEIGHT DRY LOOSE
WEIGHT DRY RODDED
SPECIFIC GRAVITY
VOIDS DRY RODDED
SILT

ABSORPTION

ORGANIC

SOUNDNESS & STRENGTH
COMPOSITION

REMARKS

SR

@ertified Qurrect
THE THOMPSON & LICHTNER CO., Inc.
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The Thompson & Lichtner Co., Inc.
Engineers Boston, Mass.
3

WELDING OPERATOR QUALIFICATION RECORD
A.W.S. Standard Operator Qualification Procedure

Name ' Date

Address Project

TEST RESULTS

Pogition of Test ,
Type of Weld Flat Horizontal Vertical Overhend
FILLET '

3 /3" BUTT
5/16" SQ. BUTT

1" BUTT

PROCEDURE SPECIFICATION
Fillet /8% Butt  5/16" Sq. Butt 1" Butt

Base Metal

Edge Preparation
Preheat
Electrode

\ Amperes
Volts
Procedure

Cleaning
Peening
Root Treatment
Heat Treatment

Remarks:

The undersigned certifies that the above record is correct and
that the test plates were prepared, welded and tested 1in accordance
with the A.W,S. Standard Operator Qualification Procedurc.

THE THOMPSON & LICHTNER CO., INC.




TE TioMpsoN & LICHINER Co, INC- BITUMINOUS CONTROL

pLaN DATE

pxzwgcr CLIENT.

LOCATION

OPERATOR ORDER - NEATHER.

INSPECTOR — | SAMPLESJAKEN

ARRIVED SCALES CHECKED

DEPADSTED %%‘ngréncé—"%r. A?s"T'

{&‘2‘3‘, é’ﬁ;’f » , 8 TYPE ISAN'D lFtuiz
= TaL Mix 0.0F BATCH QUANTIT\ES-ACTUAL | REMARKS,PEN., ETC.
a0 |TIME [TickeT |Tevek|TYPE | Tons |BATGE(BiTv. [1C NzC  J[3( )[4 )FiLLER |Tere BIT. AGG. MIX.

)
;

IVE S1zes | BIN®L_| Bin®z | Bin¥3 [ BN¥4 [FiLer | %% OF JoTAL _AGGREGATE COMBINED _
 Ass[RELoN| WT. (% | WT. [% | WL [%]| WL [%| Wr. [%[1C )2 )aC Y4 )JFiuiee| GRADATION




) DAILY LOG OF BITUM‘INOUS CONTROL -

For
Project
Inspection at

Loéétion of

REPORT NO.

Date
“Weather

Mix in Place )
Central Mix )

T

i

i Pla t
1 cemen Hot Mix )
- Cold Mix )
- BASIC CONTROL DATA
. Quantities for Classes of Mixtures Shown
Material _ Name or Source [6)) @ 3

r TAQTUAL BATCH QUANTITIES ANALYSES OF COMBINED AGGREGATES
' Pounds as Batched Class of Mix N
Time Passing Ret. on
; Mix ¢
Materials
Temp. of -
Bitumen
Aggregate
Mixture -
Scales Checked Organic, Fig.

inspection Started Finished

Total loads shipped
No. loads inspected

Samples - T&L Inspection |

Ticket Numbers §
S Tons Inspected this date
Remarks:’

Copies to:

Tons Total to Date

@ertified @Gorrert

THE THOMPSON & LICHTNER Cco, INC.
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THE THOMPSON & LICHTNER CO. INC.

BOSTON, MASS. . Sheet No

..............................

REPORT OF FIELD INSPECTION OF BITUMINOUS CONSTRUCTION.......ccocnnmninrnnn, 19........

OF
AT
FOR

Item Condition or
Inspected Location Sq. Yds; Yield Action Taken

sub{g“de

base

Application
Prime Coat

Tack Coat
Seal Coat

Penetration

Placement
Base

Binder
Top

Joints i
Rolling

Cleanup

Samples

Temperature Placement Inspection

Weather AM Noon  PM Start ’ Finish Start Finish Time

Max. Min.

Remarks

@ertified Correct
THE THOMPSON & LICHTNER CO., INC.




