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JACOBS & DAYING, INO,y CORITRUOTION ENGIREERS, HALRS 3AR, TERN,
PESORIPTION-«OFP-HALES-BAR-DAMN
= HIGTORY OF PROJECT -
Original Ochome of Govermment.

e corstruction of o dam on the Temnessce River in this neighborhood
was first opropomed by the Unitéd Otates Covernment; primarily, for the purpose
of improving navigation on one of the worst seotions of the rivers

Singe the curly mart of the last cenmtury, the United States Sovermment
has been deairous of improving the navigetion of the Temnessee River; the moun-
tain section, of which in the neighborhosd of Chattancopgs, most loudly salled for
improvement, From Chattanonga to Hales Bar ineluics what io knoun as the moun=
taln seotion anl comtains a larger mumber of obstructions to navigntion than any
othor similar length of the river. As the river here pusace through the Unmbers
1lnnd Hountaine, ite charscter is quite dlfferent from the parts above and below,
ond in some parts of this seotion 1t has erocded a conom eight hundred to one thoys-

end feet desps In this mountain seotion thers are ten shoals as well ns marrow
plagesy whore the stream is evceedingly swift, making navigntion diffioult at aoll
times and imnoseible ¢t low water for boats drowing noretthan three et

The Government had up to nov confined itself to such I-provements as coull
bo mnde by drodging the channel or removing some of tie lorger obsSructions; but,
on the whole, these minor efforts were not of rmeh value, The 4iffionity fuaing
the Govermment was that %o tuild a dam adequ-te to permanently inprove navigetion
wio prohibitive in ocoste '

In 1500, several plans for loaproving navigntion by 2 dam were tuien up
and sensidered, among which were the ol lowing:-

(1} A & to bagk the water up over Tumbling Ghoals onlye

(8) A dmm o improve the entire distance betwesn the Skillet and Chatianooss.

(3 “he oonstruetlion of & logk and dam pesr Savennah Towhends

(4) 4 plan for susinglo lookx and dom nesr the Skillet, o loulat:d to back thp
water up, and thus seoure at the lowest stuge of the river a de-th of not less thm
five feet for navigntion.

Huch d4ifficulty was experienced in the effort to Tind - sultadble slfe; and,

aftor exanination of many places, Jcott's Point was finnlly selented, ond pluns
wore mado for a timber orid dam and s masonry lock,

Owing to the wvast improvements made in Apdrco~clectric developmente about
this time, it was cugsested that these works, for the bettermunt of river traffie,
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might be allied with the produetion of elestrieal pover, thereby making the ex-
penditure subserve the double emd. Thiarput fresh 1ife into the mstter, nnd en
s0t of Congrean, apwroved April 26th, 1904, suthorized the Secretary of War to
grant permission %o the Clty of Chsttansoge to build a look and dam at Scott's
Points This aet provided that, 1f the Cithy of Chattenoops within four months
falled to nitify the Jeoretory of Tar of i%s intention to comstruet the look and
dam, them the Seoretary of Yar was empowercd to offer tie franchise to Ca Bu Jomed
and Je Ce Guild of Chattanooga. These pentlemen accented the offsr and orgonized
the Chattanooga & Tenneasee “iver Power Uompanys

The feheme of the Chattanooga & Tennessee Niver Power Companys

The Chattanooga & Tenresase River Power Company engeged Mr. John Bogart
of New York as Chief Bnginece, and Hy. Thomas Nurray of the same olty as Consult-
ing Enginoer.

On examination bdhe fcott Point project was not considered the moat fave
orable after consultation betwean the GCovernment Inginear and the Company's ingl-
oy and other Doints atirasted the Lngineers' attention as better fitted to pro=-
vide, not only more power, but also to improve nrv.tmtm over a longer stretoh of
the mountain sootions Acocordingly, an smendrment %o the act wae presented and pasred
Jamuary 2nd, 1905, suthorizing the losation of the dem at snch otiwr point in the
mountaln section delow Scoth Point as the Zesretary of ¥ar might approve.

Combinotion of the Two, Invelving Look snd Govermnmental Ipspeotion.

o or Bales Pariwas, thernfore, fimally aeleated as the most fovor-ble site
n:ﬂumh sp it renjersd possible the produstion of, mot only & lorge smount of
poner, dut very lergely inoreased the length of river improvements The flrat rescon
wig fmportant for the Posor Company insemuch ss the contrnot for the Government

pus tho entire expense of the projoat on the Company in return for the use of the
pouar for ninty-nine yoars.

As the Temmessse 1s o navigndle river, -nd, thersfors, unicr the gontrol
of $he War Derartment, this combination entuiled Govormmental inmpootion of all pone

struotion worx that sould in any way, shape or form ba conatrued to affect navige-

tion: so that, although the work le helng sarried on-and the money provided by nri-
vote Anteresta, It 1s =t the pare time subjected to the severe and mont exscting
serutiay and control that is’slwsys applied to Government conptruction.
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GEOGRAPRIOCAL SITUATION

Goenoral Situstion.

Halos 3ar is situsted on the Tennesseo River oloss to the southern bor~
der of the State of Tennessecs The distonce from Chattanoogs ie thirty-three miles
by river, tventy-two miles by roads, end fifteen miles on sn ailr line, The maln
iine of the Hashville, Chatignoogs & 5te lLouis, ‘s Re ¢t Ladds® Owitoh ie three miles
from the site of tho dam, amd the propoeed and pertly conmstrusted branch of the Doutiw
ern fnilrond is thre: miles up the sbtroam.

The Temmesses River - Gemeral Descrintion.

The Tennessoe Hilver im the thixd lersest river in the United tates, &nd
takes i%o rise in the atates of Tirginias, North Carolin: and Temnosoee, flowing In -
o southwestly direction until 1t enters the northern port of the State of Alabama,
whioh 1% traverscs from enet to wests 1t just touches the northeasterly garsiar of
the %tnte of Hisslealppi anl ro-enters the State of Tennessee .rumning dus north, ond
in the #tate of NenSuaky 1% Joins the Ohls River st Padvon, There ave only two othor
rivers in the United S%ates whieh earry more water than the Tennossee, namely the
Bisslesipnl anl the Hisscuri. The Temnesses 2t its junctlion with the Chie sorries
slightly more water than doeos the Ohio itself,

Degoription of the Countyry at Hales 3ar.

In the immediste nelghborheod of Halcs Bar and northwerd, the country la
termad mounteinous; more correctly, it is & plain that has been oroded by the river
and 1%s Sridutarics during the ocourse of sgess The so-galled mountsins are aboud
fourtesn hundred to sixteon hundred fest above the son level and about eight hnn-
dred to one thousand feet above the nresent river level. These clevations are oo~
ersd with red omk, pine and avsmall amount of red cedar; smd it is only in the river
bottoms and the wider wnldeye that any arabdle iand existe,

e drainsge ares of the Tennessee River above Chattanoogn is 21,4168 acuare
miless the -ainfall per anmum in the nelghborhood of 47.6 inghesn, This rainfsll
would produse an sverage flow the year round of 74,600 cuble feot mor second if all
the wateor reschisd the river; but, =8 the observed meann flow in only 41,500 cuble
foot, 35,100 cubic feet per second 1s lost by evipomntion cs well ns some in all pre~
b:bility by subterranscus chnhbels.

Hydreulic Conditions of the Temmossee River,

The minfmum flow of the Temnessos River, observed during the last sighty
oors, i 4,200 cubla fect per second: the mean flow is 41,500 cublo fesrt per socond,



and the maximum flow is sbout §00,000 ocudlo feot por seconds A flood renching
thirsy~five foet on the Chattanoopn gouse meane 2 river discharge of 220,000 -~uble
foet por seconds During o period of tweuty--ive years this etase hes boon reached
seventeen timesy,mid has held for an averags of three days s years £ few instances
of the fifty foot st~pe having bedn resched is on record, md the maximum stsge ever
mown is one of sizby. This enormous veriation botween the high and low wator per-
foda, while {1t onuses conslidersble diffionlty in the developmemt of power, &t the
same time promises grat things in the fature when these floodrwaters are impounded
farther up strdem, Overy such up-river improvemamt, lnssmuoh as it decresses the
smoont of wator in the flood porlod snd imereaces the amount in the Jry season, will
beafmm advantage %o the lales Bar project.

Tae following table shows the melation of <+ horsepover to the etasge of
the river:= .

Chattanooge R.Dschorse Elevation Rlovetion Heod cawey in IL. P. ot Gm'rm

Gange Oublis Peet Tall Hesd On n _owitenbog
Becdings  2er Jegond Vater Inter ihects ma. -
Dol 6700 5986 63040 395
045 7900 859847 63840 b
10 400 5920 63540 320
B0 13000 60042 6304406 38425
340 17600 £01.,9 638475 57.78 - ' _
B0 27000 G02.7 63345 368 53000 58800
100 m 6070 GAlel SheD 55800 sesnn
15,0 611.2 6454 322 HEGBOD - 53800
20,0 120000 G15.8 645433 29,83 58800 58300
2040 155000 6177 847425 27,58 58800 58800
3540 243000 628.2 681.1 22.9 46800 46800
40,0 295000 63245 652483 20433 36800 . 36500

Ganeral Description of the Geology of ths Dlstriot.

The foundotion of the dam is in vhnt is kmown ns Bangor limestone, lyiag in
nearly iovel strata and seventy to one mundred fert helow the cosl monsures Above
the limsetone therc are altermate lagers of olay shale, sanistone and eoal up %o $he
tone of the mountalne; the wicle bolng covered more op leas thioxly with » blonket of
of pravelly ret slay. !

“he Bangor limsctone, in which the fund tion of this dem i» construsted, is
honeyocombed with crevicess the explanation, that geologists give of this crevices ‘
conditiony of this limostone, is that it is 81lightly soluble in railn water, so thal
in the sourse of sges the solid yo-it has been dissolved, following linee of groster
polubility, into crewices =nd savities, which have been lator filled with gravel,
pand snd olays Oprings of clesr cold water rre onsountered in some of those urvvmei
wille excovatlag, the majority sre completely fillet with olay snd gravels The
source of the springe, discovered while excavating the foundutionm, 1s undoudtedly
vain sater that lles im the orevicce under preseure from the water in similar and
conneating arevices in the mountains; in proOf of vhich the following comparative
annlysis of wnter 48 glven:~



higher them was neceesary to meet the hydrostotis hend of mater &n the wpper side

Parte per 100,000,
Al! somplos turbids PFiltered water analyzed.

Sample #1
Caienon © Sammle #3

37" below Semple §2 Oriven Well  Sample ¥4
m m—— m—m navurat o

Alkelinity 12,50 5400 15,00

Lime 5. 50 266G 730 2460
dagnecla 0488 016 0468 0e24
Total Solids 14,16 G668 18408 10,00
Caleium Carbonnte 11,00 4463 13,00 4463
Nagnosium Carbopate 1.04 Da61 1.84 De49

It will be moticed in ‘he adove snalyses that the semple Saken in Calpeon
Gy thirty-seven feot below the river bed, weas slmest $f6ntical with that taken from
the driven will, 170 fect deep: and, agein, the sample ‘aven fyrom the river snd the
paturel apring were nlmoa® identiscal in thelr minersl contents.

It vns cobtended by some persons that the water encounterod in these foun~
dation springs was river wnter, tut the above analyses conclusively proved this not
to be the onses 1In addition o the amalyses, there wne o 4lfTerense in temperature
botwaen the sorings and the river water smounting to more than ten degrees !‘nhrmhs!.t
warmer in winter snd colder in summer, which also points to the same conelusion that
the wator in the crevices is opriag and not river wnter, .

The advocctes of the river water theory made an experiment to try and ascer-
tain if there were any direot commeotion between the river watior outside ths coffer §
anl the water coming in through the spring in the bottonm of Cals on Ce For this pur- §
pose they put some pormanganate of potesh in o sack and dragped it along the bottom offf
the riverthrough the weter on the wpstroom side of the coffers ™oy then ook sam- i
plen of the wter soming into Caisson U and olaimed to have found tmo of tho per- U
m?u:. in the water. They fargot, hovever, to mote two faots which vitiate this §
sonelusions

In the first pluoe ths air prescure in Caleson C was ot the time two pounds

of the Damg snd, if thelr conolusion is eorrect, the permangonnte of petm mst
have forced its iy into the calseon agninst the presswro.

The sesond point is that the epring weter coming into the omleson Aid and §
does flow inSo the calessons in epite of this higher pros-ure, comglusively proving ' §
that the spring weas subjeoted to suffiolent pres-ure from ite sources in the hille
on elther side of the river $o overcose the 'wad of air In the ocaissond.

Anotipy point is timt the flow of gravel, sond and rmd in this river i :
iably fllls up overy crevice in the bottom of the river oxcept those in which epring
wator from the Wills Drees its way in under the hesd from the mountainse. From thie
polnt of view the pormangmnate of potash mmst have oxerted itscll %o fravel apuinst
the pressure of wator in an open crevice and obstinately persisted in reaching the
donired objeotive point unier the omlpsons In spite of the nstural obetacles of
spring w:ter under he.d and compressed nir,

This conclusion that the water in the eaierons wio apring weter mnd not river



wetor is of Fmest importsnee; for, were this water from the rivery ites presence
within the enlasone during constrstion would imply that direet lesks under the dam
might ocoup af'ter the dam wes built, whish, in the low water secoon, might seriousl!
diminich the smemnt of woaber awallable for povers . -
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tion of g Bar Dam,

= DESIGN -
Original f Gove t.

s

The original proposal of the Govermment was to bduild a erid d
lock, (See History of Project). -

Final Design Adopted.

: The final design was for a cyclopean concrete masonry dam with a cross section
as shown in sketech No. 1+ 1In the dam proper further modification was made in the cross
section after Jacobs & Davies, Inc., took hold of the work by adding 4'3" to the thickness
of the dam and a change of the surface over which the water flowed, as shown in sketch
No. 2+ Both of these designs for a oconcrete dam were intemded to be built on solid rock
foundation which, as a matter of fact, existed for only a small portion of the dam. The

rock actually encountered was not solid as expected, but very mmch broken and ereviced
as will be described later on. : e " ;

The Leading features of the Whole Design.

The dam is 2,376 feet lomg from shore to shore, including Lock, Spillway, Power
House, Transformer House and Core Wall Masonry» The dam proper is built of cyclopean con-

. erete, 1,200 feet long between the Power House and the Lock, 58' to 72' wide at the base,

11'6" wide at the top and the extreme depth of concrete below the crest varies from 50' to
82' according to the depth it was mecessary to go to seocure adequate foundation. The up-
stream face is vertical and the downstream face is battered nine on twelve with a curve at
the foot of 20" radius. When solid rock was encountered the conorete base was keyed into
the rock both on the upstream and downstream faces. A longitudinal gallery running through
‘the upper part of the dam provides space for imspection and installation of electric ducts,
etc., by means of which power can be conveyed to the right bank of the river to work the
gates and for other purposes. :

Power House. Bach bay of the power house contalns two power units, consisting
of three vertical turbine water wheels, directly connected %o one vertical e, 60-cycle
6600=-volt, 3133=kcilowatt, alternating current gemerator, which revolves at 11 revolutions
per minute and develops over 4000 horsepower. There are ten of these units already in-
stalled and fourteen will be the ultimate installation.

Ten feet below the main floor of the power house is the basement floor on which
are installed the thrust bearings which support the revolving portions of the wheels and
generators, Here are also the delicately-controlled water wheel regulators which open
and close the gates to the wheols and maintain a constant speed.

The two lower 72-inch wheels will develop the full nmormal 4200 horsepower at sll
stages of the river and the upper third wheel comes into service only when ths effective
head of water is decreased during floods. So full power can be obtained with all stages
of the river within wide limits from low water to high water. When all wheels are in ser-
vice, they will gemerate 58,800 horsepower.

Overlooking the main genmerating room is a gallery on which is located the oper—-
ating room from which all of the apparatus in the plant is controlled, The operator has
an unobstructed view of all of the gemerators and signals are made by a gigantie annuncia-
tor of steel 9 feet high with mumerous windows of porcelain containing the mumbers of the
units and other symbols

Transformer Houge. The transformer house, contimaous with the power house, fomr
stories high, is a maze of concrete compartments in which every plece of apparatus is in-
stalled., On the main floor are ten pingle-phase transformers of 3133 kilowatts each which
are for stepping up the voltage from 6600 volts to 44000 volts at ~hich pressure the cur-
rent is transmitted to Chattanooga.

Transmission Line. The transmission line consists of two 3-wire circuits of
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hard-drawn copper cables, one-h=lf inch in diameter, supported on pin % insulat
heavy steel towers spaced, on an average, about 600 feet apart. Tlh,a lin’f'h aig:t:; "
miles long from the power house %o the sub-station in Chattancoga. It crosses the Tenn-
essee River twice with spans 1400 feot and 1486 feet long on towers 200 feet highe The
right-of-way 1s 1500 feet wide and is cleared of all trees and buildings. 211 land was
purchased outright and it was not necessary in a single instance to resort to condemma~
tion proceedings. X

Sub-Station. The substation in Chattancoga has a ¢ ity of 40 epower.
It §8 a steel and concrete structure similar to theg;anr hmggmandyo:ntai;goommgmu- §
formers for stepping down the voltage from 40000 %o 4000 and 2300 volts, at' which voltage
the power will be distributed to power users. The sub-station is located at the corner
of Nineteenth and Carter Streets at the end of a private right-of-way 150 feet wide and
half a mile lomg from the river. ' :

Pole Lines. The pole lines are the most substantiasl ever put wp in Cha!ta-
nooga--the main routes having heavy, creosoted pine poles as straight as lead pencils
and varying from BO to 70 feet. Some of these poles cost $40,00 each erected.

The power house, transformer house, sub-station and transmission line and all
the eoleetrical work were desigmed by Thomas B, Murray, comsulting engineer for the company.
In general, this hydro-electrie development is, in every way, far above the average in
point of excellemce of design, substantial character of the work, provision sgainst damage
from floods and in means for obtaining a constant amount of power from the varylng stages
of the river. .

Slulce-Way. A large sluice-way 9 by 13 feet in the river pler of the power house
provides for the discharge of 5000 cu. ft. per secomd, this being the minimum flow of water
" at zero on the Chattancoga river geuge, nesessary to maintain navigation et a time when the
turbines are not in operation and no water is going over the dam. The sluice~way was called
for by the Govermment engineers, bit it is not likely it will ever be used, .

Wall. Rastward from the Power House the dam is extended by means of an em-

bankment about 50 feet maximum height with s battered conerete core wall. :

At the west end of the dam there is & lock with a chamber 60' wide and 312°
long, quarried out of solid rock on its land side. It is the highest single 1ife lock in
the United States =nd has 2 river wall sbout 630' long and 60' in maximum height, This lock
has a 1ift of 20' to 40", according to the stage of the river. The lower gates sre 34' by
§9* high and will weigh 130 tons. The upper gates are 37" high. The accompanying plan
shows the general arrangemcnt.

Specifications ©

Foundations. Cement, TO be Portalnd Cement conforming to specifications and tests recom=

mended by Board of Imgineer Officers, June 6th, 1901.
¥ixture. Proportions of conmerete; 1 vbl. of cement to 10 cu, ft. of Sand and

20 om. £t of gravel, broken stone.
SAND,. 50% ;o be retained om #50 sieve. If it contains more than 5% earthly

matter it must be washed.

Broken Stone or Gravel. Hard & sound; maximam 2k" and minimum 1/4”

Mortar. Face 13" proportions 1 bbl, cement to 8 cu, 4. sand.

Large stomes, hard & sound, allowed in conerete one foot away from forms and
geparated 12" horizontally and 9" vertical:y.

. Hot less than 2" planks, dressed for exposed surfaces.
ﬁ. By machinery gemerally.
) ¥mst not be dropped. No slides or chutes permitted, Mo concrete

placed at lovwer temperature than 34 degrees Fahrenhelt.
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Look Oatogs Provided and plased by Us S Governmont,
Core Jalle OFf conerote stepped into roai,

Uucexvisions The arrangements for supcrvision of this work were of o
gpomevhat peeullar netures Ae Shis dam was bullt on a mavigadle river, thy United
Ototan Englnesr O0fficor of this 8istriat hat eontrol of all parts of the work thet
in any way could be considered as affoeting navimation, and the Powmr Company's
Enginoors supervised all work outside of this. Inm conpliancs with Shis arrange~
wpont the Govermment Eoglncers had s Jusior Enginesr ewd a stall of inspectors oa
the Job who were sunpose’ %o igsue thelr arders te the Uontractor through the Pover
Oompany'e Engineers, Wt for gonvenlente oriera were given direet to the Contractor:

Under the spooifications 1t would have besn possitle for the Pover Com=
pany to have eppointed thelr own inspeotors, sad the Governxent need not them have
had more than tne Junior Englpeer mnd porhaps ome ar Lwo asclstants under hime It
seemp tha' the artangemnt in foroe was adopted by the Power Company in order to
scve the exponse of inspociorsy =nd thie,; 2= it turned out, was a very serions error
in matters of doliars and ceats, bocanse ae is well Ymown, inspectors appointed by
the Govermnment do thelir work with an excess of partioularity and pronieion, whioh
wae in Ghle case far beyond the requirarents of a good Jobse The rasult was that,
while the Power Company probably ssved the emall smount of money pald the inepecliors
in wages, they were compelled by the severity of this inspection to spend prabably o
several hundred Saou and Gollses more than wae neoesnarys Put this was among the
. many large incoresses of coat luewrred from the initisl fallure to tost the rock in
the bottom of the river, as ths %ime taken Lo do the woprk was very mach longer than
anticipated ami ae wet lnowrred emommously greater in all deportments of $he worke
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= CORTRACTORS ARD THRIR KETRDDA UP T0 JACOBS & DAVIES PERIOD -

8o far, the work of thoe construation has boom in the honds of four sopar-
ate and distinet organizations, namely~

(1} October Bth, 1906 to December 14th, 1907 - ¥illlam Ju Olivers

The woriz done by this contractor was almost exelusively confined o vork
on dry land, ineluding the Core ¥all and its foundation and part of the Egbanioment
and thet portion of the Power fHouse and Transfowmer Howse foundabtionsthnt wore on
dry land on the east side of the rivers

On the west side, o eofferdem wee constructod to unwater the mnin wall of
the Look, which dld not Inslude the Upper snd Lover Guard Yallise. The founiation of
the Lock Walls, which was on good rook without erovices, anl a considernble amount
of sonerete was mut iz,

In the river bed sore oof fordaming wae done sround the site of the Vaver
House and Hoction Unes

(3} Mereh, 1908 to January lst, 1910 ~ Plrm imown sg Dalley & Dumary suparseded
Yiiliam Jy Olivers

This firu attempted % pump out the seotion on the ezet elde of the »ver
aad added some more cof fordam work arcand Section Twos They proceeded to do some
exg.vation on the Power flowse site ond sleo in Jootion Une, Wt accomplished this
with grardet desl of diffiouity through the fnflux of watsr thyough the rosks Tuge-
ing the time this firm had charge a small portion of the Hundation of the Pownp
Houwsa slte on the east ond was put in, covering asbouwt two of the soven bays requirad.
At this enst end of the Power House foundstion wvery little water was ~noountered
but, when they attempted to exsav:ts the foundstion rock on the west end of tls
ZPouey Howso, large leake interfered with progress.

_ In Seotion Oney after very heovy pamping, & pertion of rock foundation about
40* by 60' wao convered with conorste, but this waa all of the Dam proper thet any of
the comtracliors vore able %o build bolore Janodbs & Devies $ooit holds During this
period three well drille were purchuesd snd sone abtbempt made to grout the leaks
through the foundation rook bub with very small auocess; and, during the peried of
nearly two yeare In which they continuwed work, an enormous ammount of pumping in the
sections oncloged resulted in preotioally nothing being acocmplisheds The Tall Asce
was partly enclosed in oof ferey and an at omot wep mde to romove the river ailt by

moans of a sand pump, but, owing %o the olayey mature of the river silt, was partlel .y

a fallure.

On the west slde of the river the comrate construction of the Malin Nosk
Walle was contimned with some vigor, but zot ~oro then sbyut halfl the work comaleteds
The oo ffer was Wnilt around part of the =ite of the Upper Juard ¥alls, and thw foun-
dation of three of thoso seoureds _ _
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Turing this poriod ne sbtenpt was made %o ancortuin the oharseSer of reok in

%o bottom of the river not yet enclosed in coffers, and comparatively 1ittle use was
rade of the welliodrille,

{3) Jamsary las, 1910 to June 18th, 1910 - Willima M. Plsherty vas in cmtrol of
the works

Sring this perdiod he contimmed the work of Balley & Dumary, mainly in the
Powsr House “here g portion of the Power House Plors, between bays 3, 4 and 5, was
saourcd, but 20 work was done in the Dem proper ezgept So contlimue the pumplag
that aad alrendy bson nroved to be futile. A portion of tho supsrstrusture of the
Trans former House was @ue on with, the fuundation having boon nrevionsly secusad?
by Balloy & Dumawy, In the Tall Rsoe no more work was attompiod nelither was any
attempt made W proceed with vigor in Jesiion One of thé Twn propear where conslder-~
able foundetion might have becn secureds

{4) Junme 18th, 1910 So present time - JA00RE & DAVISS, 1M,
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Desoription of Hales Bar Dam.
- ACCOUNY OF JACOBD & RAVIESY WORE -

Genersl Aocount of Jacobs & Davies! Vork. &

Farly in June, 1910, A. N Brady, the original contractor, requested
Jacoby & Davies to take over the work, and, on June 1l8th, 1910, Jacodbs & Davies, Ince
took aotual control at Hales Bar and procesded to attaok the work vigorously.

e 5 e

It was early reBlised that the securing of foundation wae the orux of
the whele afaiy, and speeisl attentlon waa, therefore, given to this with a vicw
to aseortain what wus the sharsoter of the roek under the remaining unexplored nor-
tion of the river while muphing thet portion of the work thal wes oven and in shape
to go on with . -

The work was diwlded inte river seoticns, 1, 2, 5 and 4, Tall Rece,pewer Hou
Lock, including the Guard Wall, both above snd below, snd the neeeseary exonvasion |
a%d riprapplng that goés with 1t,. ]

-
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In earrying on the work and in view o7 the large sums of money thmt had
alrendy besn spent, exnediticn of sonstruction was Judged to be of prime importance,
1% was, therefore, decided that Jegtion Pour should bo atlaeked early on tha west side
while the Power House, Tall Race, Beces One and Zecs Two wore progressing on the eaet
sides It would have overloaded the enst bank plant fucllitics hal Seotlion Three
beon started Yefore Jection Four; and also, in locklag to the fubture, an exira piant |

on the West shore would come into play with that on the sast shore, snd bots could|
be somoentrated on the work of Secs Three, Liw csloslip secctlon, and thue provide ample
gtenm, alr, wotor and supplios from Doth cldes of the river at onoos About eipht i
mandred aorsepover of bollers wore surchased and set up on tlp baok of the Land ¥all
of the Look; end, ns the celsson vwork calling for corpresaed aly wns strrted in See. j
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Four, the first air comnressing machimery wes installed near these bdollerse Derricite
were srented on (e priver coffers et suitcble loentions $o move material as the exi-
gencies of the work requireds

A+ Brothers' Balanced Cahleway, with olcar spen of about eighteen hundred
feot, was taroun across the river, the weast cnd being supported by as “A" frame and i
the caet end going over the top of @e Pover Uouse anl anchored in the grows of the |
Core Wall Embankment. : 4

A Ltdgdmod CUable, with ahout Swelva hundred fent span, was crected, one
tower south of the vailwapy on the oant baak and %he other tower on the morth side
on the Dem supported dy a large orld in the river,

W Ny

These two onbloways by means of the transfer platform, vhers they crossed, |
wore of the greatest uso, ospesially in flood times, in tramsferring all Xinds of
material from the railway om the oset bank to all garts of the work as well as loading
and unlonding matorial “rom the flosting eynimment on the norwh side of the Dam.

On tho sast hank of e river the szlsting powsr plants were improved and
extended. Repair shops were put in efficient worzisg condition, snd thie part of
tho ontfit was oxceedingly useful aml busy as moat of the repeirs S0 the plant wers
of necsselity domo on the Job.

At firmt, 1t wa presumed that the campalign of vigorous deilling end grout-
ing of the river bottom misht socure the foundation snd aveld adiing to tho slrealy
enormous expensa thst had boen incurred in pumping the seotioms encloseds In Seas



I ; mw and in the Pover House the well drills were net to work end adiitional ones;ito-
5 number of twelve machines, were purchased in order $o both explore the underlying
mk ma aloo provide holes through which grout could bde faresd ghonld open crevites
be found, “uring the late sumeer and fall of 1010, Section One and Jection Two and
the Paver Home were porsistently drilied and then flooded and cement grout forced
through pipee to refusal. 47,122 bags of comont were used in this way, the dulk of
it besing taen by Jection Two. By thismesns the vuming wis very tmuch redused and
wors of exosvating loose rook wns renderel pepsible, but fregusntly the rsomoval of
small portions of the rook would open wp new aregioes bearing water, the influx of
waich drovs the men out of the oxeavation and rendered s resumption of drilling snd
grouting methods necessary. In foreing wt into orevices discovered the smallest
amomnt of olr prossure was used that would cleur’ the miger, and it was found that
e=ch hole would tawe n fow charges vory oaniiyg. but, o the eavitics got filled, it
rocuired Migher pressures until the 1imkt was resched of 75 to 80 poundse Each hole,
before grouting, was tﬂo&w&n air Proseurs alone, %0 pet an idea of the extent and
romi fication, AfYer this &l JoT water was tried because in soms ouses 1t was:
found that, vhere the hole %ook sir foirly resdily, it would not toke cement grout,

80 that a charge of water wne tried to aveld & wunte of cemont in trying %o put grout
inte holes that would not take it

It was Tound that some orevices in ‘&eottnn arore comnected with those in the
Porer House, od the method umed to sscoRtain this wsb by putting pemenganate of
potash in the holes 1n seetions Ome snd Two, and 1% wes nod many mimmtes bvefore the
red color shoved in the pumsing out of the Power Tlouse axo-votion.

Thy Power House exerw tion wss about thirty-five feet into the limestone
rooks Some of the horisontal str ta encountersd were honeyoonbed with figemmes ssd
filled with sanl =nd gravels 1In order $o avoid drecking into water-boaring crovises,
most of the remaining rook wap querried wish the use of only small chnrges of powder.
In spite of this precoution, the broghing in of leiks necessitated the ﬁaodlng and
grouting of the foundatlon before even the balamce of the exaivation could be gene on
withe Aftor s long continmed strug-le a layor of roor was uncovercd sufficlently
solid to tuild foundntion one  On this layer the dontractors wir nermitipd to yut Gova
a vlab of about two feot thick of somgrete in which were plased verticsl short sieces
of threo ineh pipe through which drilling eould be done with a view to anamun!nc
the looantion of any live water-bearing seams and to provide s sover tarough whieh
grouting could go on without the secessity of floodinmg the mum Thily ind Of treat-
mont wos contimously osrried on for four monthe bufore the Huniation was. mqm by
the Governmemt Offleorss At one time there wore go many of theso pipes o8
the floor of this seationm, there ums herdly room o stund up a gorousaion mu., Ebout
16,083 bags of cement sore w-ed. for grouting in the Power lHouse foundution alone,

Aftop drilling holes, water wez foreed in urder high prossure +1t%h e view of wsshihg out
the arevices.s it the smme tims compressed sle vas Put in by a hose &6 snother md
water and oir slternately forsed into the oroviess with the same objects 4As somn us

the water would run clesr from sny o thuse pordions, the inspestors wvould vermdt

grout to be forced inm, but thls Xind of work simply substituted grout for olay waich
was equally as @ood for foundation purposess Whon, at length, the foundations were sc~
copted 1t m only & short time to Iuild up the conerete plers carrying the super~
structure of the Povir Houses

Conorete in the Power MHowse is Built in layors of wvarying deptha , firom
five %o eight fest usuaslly. The kxind of forms msed have horisontal two inch planks
beveled on the side and one fnoo drossed and 1oid agalnst six by elght inch vertloal
posts thres or fouwr feet spart, which in their turn are suprorted by four by siz
norizontal wsling pledess The walimg pleces are hold by horizontal bolts whish are
embeded in the conerete immedistely balow thai adout to bde 1aid, where they sve held
in plagcs by snchop nuts end washors. Thess bolts are well grecsed when being set

E
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Desoription of fales Bar Dam, 13.

80 that no diffieulty is experienced in removing them after the concrete is finished,
but the mat is left embedded and the bolt hole filleds

Heanwhile, 6n the west side of the river, Jection Powr cofferdam was com~
menced and seme of the gravel overlying the foundation of the Dam was dredged oubs
Immediately quiet water was secured behind the first oribs put in, well drills were
put to work on floats and the bottom of Section Four was thoroughly explored. Alarm-
ing conditions of foundation were thus disclosed, and for the first time it wes as-
certained that conditions wore worse considersbly than those foumd on the @ st eide.
The drill holes, however, showed g dif ference %o those on the e-st side, which was
that the cavities wers here filled with gravel and elay, whereas on the east side
thoy had been found %o a lsrre extent empty. This curious differemce was emplained
by the fact that for more than two years tho henvy pumping in seotions One and Two
had gr=dually removed, by means of inmshing leaks, the gravel and olay that ori-
ginally existed in thems This fact also gave rise to mnother very serious Aiffi-
culty which was that grout could not be forsed into these holes in Seotion Four like
it hed been in sections One and Two. A persintent eoffort was made by foreing water snud
air scparately and combined into these well holes in the effort to wash out some

of these holes so tihat cement and grout sould be forced in ami thus blogk the leaks
and enable the section %0 be pumped out, This scheme partially suoceeded because

in November this Cection Four was dry and could be kept pumped out, and the le
both through the oo fers and through the bottom, Hept undér control dy one 10 )
centrifugal pumo; but, as soonm as the overlying gravel, vhich is impervious to water
in its natursl etate, was removed, the leaks through the bottom continually inoreased
to such an extent ss to overcome,the available pumps, although stooheitime no fewer
than nine centrifugal pwmws, varying from eight o twelve inches in diameter,of die-
charge, and four six inch Emerson pumps wore used at the same timed s

A1l the time this excavation was going on, the well drills were not idle
but were used to put down sdditional holes for grouting, and percussion drills were
also called into play wherever any rock could be found on which they could be set up.
¥ hen the lesik water beat the pumps, holes thus prepured were roady to pipe snd bring
to the surface of the waster of the section when flooded, ani grouting could be gone
on with, After letting the grout stand for forty-eight hours, it was possible to pump
out the section once more snd rosume operations of excavation and redrilling. Thais
process was contimaonsly carried on, working all the men and machines that could be
gotton into the srea of the sectlionm until the winter floods compelled the cessation
of the works

At & meeting held on November 7th, after the well drilling had shown the con-
ditions of the bottom,at which wore present Major Harts, Col. Bogart, lir. Forgie, and
Mre Cs Jo Crowley, sttention wis called to the unsultable design of Dam for the act-
ual foundations discoverel, Nothing was done, however, by Major Harte and Col, Bo~-
gart, dut Jucobs & Davies were requosted to continue in the method then being used in
the hope that bdetter fortune might attend theme In the carly spring, following the
winter flonds, consecuently, this ssme method wae contimued; but, after reposted
flooding and grouting, it becsme evident that that method was absolutely hopeless,
at lesst in Section Fours :

In the meamwhile on the ocast side of the river, falrly good progress had
been made with seouring foundation in sections Ope and Two, where the grouting method
was of some efficiensy becsuse the orevises were empty and could be filled with

grout,
In the early part of Jume, 1911, it wne sugested by Jacobs & Davies, ut a

meoting where were present Msjor Harts, Colonel Bogart, Mr. Forgle anml lMr. Oro ley,
that the use of reinforced concrcte calssons and compressed air would probabdbly be
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resuired i€ 1t was dosired to olose the NDam wit dm & reasonabls period of times After
some eonslderation, this permission was grented , but six weeks delsy was inowrred by
an objection rnised by Uajfor Harts that the Govermment speocifications recd that sll
foundation mast be secured "in the open™, and that of flser 4id not feol that he could
pemt the new methed to be tried unless sporoval was first cocured fyrom Vashington.
pomiuloa m mﬁr reamated. mt no rnpl.y lmn fonmm:g for six wesk, and
ghle poriod in JSaker. Bosson Wes-entieeli-Loahe In the WM%O
3 p ant mw fa eompressed aly work,
was loanted and proﬁa&ontlly bought, o0 thaﬁ no more time need be wseted then wae ﬂec-
ecoary while walting for the Governwent decisions

The ealstons were of relnforoed gonorete =ith stecl cubtin. odge. They wewe

of two sizes:in scotions 3-4 and 4; a row of caiscoms 40' by 40' on the upsirean amq

of the Damy mnd & rov of 30 by 52' on the downstresm slde, losated 20 as So drogk

Joint, as illustrated in sieteh plan. The thickmese of conorete was fyom 8 to 12

fect from $he roof of the - orking ochwnber, thel latior being 4'6" high and affording

up:.e space for the woriomens Two shnfte wore unsed in esch of these calssons, one for
the romowal of exoarwted matorial end the other fMr the entraomce of themens e rein-

foreing nsed was one inch twioted stoel rods, =nd the oubiing edme conalsted of 1/2"

snd 5/3% steecl plate. The caisson was tullt of comoretc with proportions the ssmo se

that in the Dam; and, aftor sinking, the wvorking chumber wae filled with conorate
through the two shalfte. After the ciscon wse sunk until ite Sop was level with the
ground withing the oo fferdams, an adiitional 1ift of concrete wns put on varylsg from

8 %o 12 fest In thickness, avd thus provided the mocossary welght to claik the sailsson
N as’ grenter depths were reached. In some camos two 1ifts of ten fert sach were Wuilt

/ on top of tho original cslsson before foundation satisfatory to the Jovornment Dngie
neers wae rosoched, The shafting and vorious pipes throughthe conmerete were, of course,
ought up through the new liftss These plpes were used for Blowing out lesimpe water,

for pasting in long drill steel for testing and finally for grouting through Yhe esis-
sonss Tourteen of those osissons wore bullt and sunmi in Soetion Pour during the eummers
af 91 ml 1912,

?hn type of olr look veed on those oalssons -os one designed by Jesobs & Davies
mnd vsed very successful iy on ths thipty~rive oaissoms subk under Cortlendt snd Mal-
toh atreots forming the aporosch tunsels of the Hudson & Manhattan Teruinal Station
“ 4in Nev Yorite These looks have a side door yunning on hanpgers and a bottom door work-

. #d byilevers and welghts on the outsides The ropo, to whiich is attached the buciket,
rums Yharoui o atuffing box on the top of the looky and, passing over a sheuve, runs

to ¢ siagke drum Mbisting englno placed et & convenient distance on the ountnldes. These
locks sre very mmol ¢uicker in setlon than any other looks weed in calmion work; be-
oanse, aftoriiumping at the siiding door, the buoket is returned o the ladorers below
at onee, vhoreas, with the orliinary type of look a bucket atinched to s derriex boom

is lowered through a top doowy $hus at all times either the gung inelde tiw calseon 1o
walting for o bucket or the derriek la tied wp to ome loek.

The same type i slze of csissorns was usel in what wos lmown ae Jeation J-4,
vhore seven calssons wore put down during the sumwer of 1912, in some cases having to
be sunk 40 fent Lefore satis Pctory founiation was found. Late in 1212 in wan declided
t0 build larger aalscons of similar type %o clore the Tam; so, $hat after Section 3-8
wis olosed vith eoffers, reinforoed sonercto ealssons of & slsc 72" by 54' were cone

q Y strusted, these cals-ons bein- in every reepect like the others exeept a larger amount
e of reinforeing rods were uged and the thiciness of the cutting edge plate wus imoreased
to 3/4", Oix shafts wore built into tose oo srons, fowr for excavating material end
two for men. In woe found that thess large ool ssons could be sunit at the sawe rate of
spoed that ths smaller ones were, Between the smaller calscons a space of 5 foot %o
15 inches was lof%; between the lavger osissons & space of two feot wep left with a
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in the conorete of the calsoons were left 00 that tho oanlscoms could de solldly bond-

ol together when the epuceoe botween tihem wepre clemnet cut and Mlled with conoraties
In pown oases, in sesling between the smaller cxienons, 1t was found noness ry to
bulld s roof of congrete ond put om comprossed tlr, Yecause of the large amownt of
leakape of spring waters In other cmsos it was poscible to clesu out to make theose
#sal s without serious tpoudle from water. OShest piling was driven at the ends of

all suoh Joints snd elay piled up on the outslde so that stosm syphons or a snall
Bmsrgon vusp wers able to keep the water down until the concrote oould Le put fn. In
811 ocuses, bufore Ll oslsson was bask-fille! with conerete, all rook and olay W
gxanvatad under the entting edge and under the eptce %o be secled between oal

™iis antalled some loss of alr, mt the olosing by these means of the bottem of the
space between calssons with comorete was of the greatest help in macing the sealy
botwsen calseons without sire 3

The 2leturbance in the seation emused by the airking of these gslssons srade
nally inoressed losks from the springs to sugh -sn extent that the pumpling capscity
of the sontrattors wae triod to the wimoet: nt ove Sime vo lose thet nine contrifu-
gal purps; vorying from elght to twelve inches in dlegmrge, mnd flve large mema
yonpe were working ot one tire and still the valter conld not be drawm below the'
of the ocls omes In apite of MWis the eaismns wers continuoualy sunk by mesne of
oha fting, thus allowing the woyk to go.or In conditions of flood that would by any
other mosns hove defected the whole projests Watle the lnst few ealssons were going
down, piping for grouting wee put dovp clong the upsirecs face of the finlshed o~ .
sons and alse hetrecn ouircons end slong thelr downstresm face, holes bvelnp arlliﬂ, 3
for tie purnoze where mecosesry, These plpes, in sdiltion to thome brought up through
the ahafting of $he oal snong themeelves, the lover ond of whleh wore in crev a8y wnl
all gronted nt the seme time, After grout =as vut in in this way o couple of times,
it wan found Yo have secured complete control of the leasks, Tr two twelve imch mﬂt
working only part of the time, wers found amply sufficient $o teke onre of all mhr
fron every sourse iuside the e Cfordome, ¢

view to scaling them together with the help of comoressed aire In adlition, recesses ‘é
:

™6 rote of sinvnge of ol socns when working sns found to resch sbomt ﬁgu :
one %o two fesot a day in the soft meterial overlyiag the rosi and 1n the rook from «6'
to ope foot per daye The men workmd threc oight hour shlfts in comoressed alp whlch %
444 not ot sny time have o ezeecd twenty=five pounds to the sousre inei. |

Tha rdole disoovered under the oel scous in mst oases steadily improved
with depth end sonsisted of lagore of good limestons 1ying horizontally shere orig-
inally laid lors by pebure, but the (lssodving action of the rain water had grods
uslly caten crovim in them of gll éhapes and sizes. Come of the layers of rock
seamed more snacertidle o this dlssolving sotlon than otherse All the orevices ua-
aovored, sxsept those comparatively few in -hieh spring water wop dlscovered, were
f1lled vl th ocorpact aard, gravel smd eley, which in i%e undistorbed condl Slons wha

dry and hards
The method of procedure in getting found.ilon paaned »as as follows:w

gl S NS .'"—c-_"-’-';.L = i

|

Thes the ecatrastor had sleaped of€ wigh the nid of small peroussion drills
and small oharges of dynanile o lager of rock that sppoared to be sufflelently good
foundation porcussion drills waro brought in md ast %o work on a row of holes three
to four feet mpart, driven eight feet or move dedp, all around the inside odge of e
calnson. The Goverammmt inspecotrs kept cloge resord of these borings snd the re-
walte whre subzitted Yo the onginear officer in chorze of the work, who decided by
them 1f the foundetion was pood enough to build on. 1If tho decision was faversble, ﬁ}
erevices large and small in the layors of rook vers oleaned out, sometimes %0 & .
3
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depth of fourteen fest, and dack-~Tilled with conerete. Grout pipes were put into
all test holes or nrevices bearing running water and brought up through the oals-
son's cshafts and grouted fpom the outaide, as described above. The orevices thus
formed excellent anchorage for the dem found tion.

When it is considered tha.t. gome of theae fbumiats.om are elighiy-twn |
below tha great of tha Dam and thirt»-saven fec 810y o 08 the. ixer
: 3 ion '_’I' m|
s . "o stabiliy of fhe, Dam,..

It will be noted that this calsson work wes dome in sections surromnded

by cofferdamss The roasomsiforifiio were os follows:~

In the first place, no test drilling in the bottom rock had beon done bo~
fore the work was commenced, md, therefore, no plan of proceédure took the ereviced
roek into comeideratioh, If the condition of the rock had beon known, and falling
a change of cite of dam on establishing ite condition,|the calsson method might per-
haps have been appllied %o bad scotions before any other sectlons had been attseked,
by floating stecl cniesons out end filling them with conorete and sincing them in
the open river in the way usual in putting down bridge pierse The balance of the
river chamnel would, during that time, have permitted the heavy floods to go hy
wi thout seriously endangering the osiscon work, After all calssong were down in thy
‘bad sections, then the balrnue of the foundntions might have beem serursd under cover
of cofferdams in the ususl way.

As no test of the rodk woo talken, however, and scotions One, Two and Fowr
warg already coffered before the calsson method was adopted, there remained only
JSection Three to findsh, =nd the @estion syoses Should this be e¢losed with eoffers
or an attempt made to sing calssons "in the open”.

The final space in the NDam to be closed was about 280' with a depth of
waber 1n it of 22' 2t extreme low water running aboub eight miles an hour and B50'
of wster during floods rumning fifteen miles per hour or more.

In adiltion, anothey A fPficulty was that no spillway through the look
had been left by previous contrastors, but the eross walls built up without sny
forethought of the troubll that would arise from inadequate spillway in high water.

Under these advérse clircumstanges it wa: felt thnt it vould have been im-
possible to control cais:ons of the floating type without Wuilding coffers %o pro-

tect theg.

Additional, but minor reaspns, lent weight to the decision to the use of
cofferdams, among vhich weare the followlng:~

The desipgn of the Dam renlered 1t necessary to lower the water below the
lowest stage in arder to couveniently form the lower curve of the dowmstream face.
This might have been changed by appeal to the IEngineering Department at Tashington,
but the loss of time incwrred in potting consent for such changes in other sasecs on
the work had proved so great that the idea of change was abandoneds

 Another reason was the desirsbility and the necessity of grouting around
the osl scons on the outside after minking in order to incorporate the conorete with
the loose rock in the bottom of the river and thus prevent leaks, This work required
& pool of water on both upper end lower sldes, so that hydrostatie conditions should
prevail during the grouting or the cement could not be held in place long enoagh

to set up.
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Anothor consideration was that large adiitions to the floating eguipment
would have been me@essary in the absence of the convenient stage afforded by coffer-

dams for the placing of derricks, mixers, otc.

The %111 more Important point was that the sealing of the caissone one
to the other would have been mumoh more difficult and tedious without the protection

of cofferdams,

From these various reasons, 1% was decided that the safest and guickest way
wes $o build and sink calesons under cover of cofferdams, Further than this i€ was
found of great advantage to the rapid carr;ing on of the construstion of calseons to
full up the middle of Seetion Three with gravel and other avallable material, so that
the cutting edge could be bBuilt on solid ground above low water or at least at an
elevation that reduced the pumping %o » minimum. The material for this filling was
gravel and sand dredged from the bottom of the river within a few hundred feet of
the Dgm, snd the bulk of it loaded on barges, witloh wero run into the section snd
unloaded before the lower coffer eribs were duilt in place.

The vork in these caissons went forward contlnurusly except in lood sea-
sons,and overy other Sunday, the day after pay day, only a watch shift was employed.
"he excavation of the material overlying the rock was done by means of plek and
ghovels The top layers of rook .ore separated by crevices caused by the dissolving
attion of the water, and the pleces looked more like boulders than stratified roek
in its original locetion; in fack, the men were in the habit of calling them boulders,
although nothing but limectome roek in 1ts undisturbed origingl horizontal loestion
was encountered. Small drills of the "Hardsoog Little Wonder " type were used with
compressed alr to drill shallow holes in which very small charges of powder of 60
percent dynamite were used, The exploding of these charpes was done with batteries,
or the electrie light current, in the usual way, snd usually the men simply climbed
up into the shafts and olosed the bottom door while shooting. This was cuite safe
and enabled a ¢uick return to be rade to work after the vowder fumes had dispersed.
In order to retain the compressed air in such open work fmdauona. w0 or three
men were ocoupied in finding and filling sir leaks, vhen they were large enough, with
bags of clay, and the small ones by daubing the surfnce generally below the outting
edge with clay « T his was alded on the outeide of the calswon by dumping a heavy
rod bank olay over where aly leaks showed themselves. By this means a comparatively
gmall amount of air was lost. Ip the river gravel the canisoons followed the exca-
vation down by thef® ovn weight, btnt sometimes it was necessary to reduce the aly
prescsure so ac to help them down, the rod clay dumped on the ouwtside secming to af-
ford sufficient skin friction added to the compressed alr to carry the calsson. The
rook under the ottting edges was found to be the groatest obstruction to the sinking
of the galsoons; end, in this regard, the rounl edge cutting édge, of the four types
in the simtoh herewith, was found to be the best. The type of cutting edpe with the
small channel more than dounbled the work of clearing the cut ting edige of rocky points
on which the calswon 'ung up. Small charge of dynamite were shoft fre-ly in close
proximity to anl immeRigtely under the cutting ddpge without seeming to damspe it at
all; in Tpet, st no %time d4id the csissons or their euntting edpe show signs of weak-
ness, and were in every way sdmiradly efficient for the work reguired of thems In
one or two instances excavation in ecrevices was fol!owed as {or as eight feet outaide
the area aoverod by calssons, =nd fourteen feet vertically was excaveoted gn one
erevice below the accepted found-tion, Fyom the roof of the caiscon's working chamber
to the bottom of this creviee was about twenty-five feet. Considerable delay and dAiffi~
culty was inourred by the requirements of the Government Engineors that test drilling
ghonld be done to the depth of elght feot below the rocik under the canissons, although
it was admitted that olay foundation at such depths would have formed an amply safe

foundotions Holes for this purpose were drilled with percussiom drills on tripods
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on a line about four fect from the cutting edge md $hree feot apart all around the
calseon, Thess holes had %o chow pool solid rook for nt least eight feet down be-
fors the foundstion was acrepteds This requirermnt, 1t wil)l be readily understood,
compelled the hanging up of the calsson a suffleolent helght above the foundstion
rook %o enable the drill stecls %0 be dropped into the holos; the roof of the worik-
ing ehamber thus being sometinmes as mush <2 eleven or twelve feot above the floors
This opened up a very large arcs in vhich lesks of alr could ocoury o0 that a very
ofriclent "madding uwp" with clay had to be maintained to avoid blow-outs on the one
hand and avoid the influx of water through the springs in the bottom or around the
outting edges In o fov cases 20° test holes were drilled under these csisrons, by
peroussion drills working in the air chamber, the long drill stesl being passed
tarough the ton of the salseon by mans of the three inch gmut pipes, whieh, for
that pmrnose, acted as air looim,

Hont elabdorate aléming prosesces were ineisted on by the Governmont in-
speotors, so that the floor of She rooik folndation, whon concrete was Cinally al-
lowed to be put on it, was as clean as subsdlalt street after a thorough serudbbing,
To mich & degree was this minute and mimcrosépic particularity carried that 1t neerly
always nost the eontractors more to olean off the reak surfoce than it did o put
the conorete in place.

After the foundrtion rook ia accented by the Cowrnment Ingineors and before
the working chamber is fillod with comerete, olay bags and rook nnder the cutting edse
1o olesred sway 1ittle at a time 80 ns 0 avoid unduo loss of alry and » wall of bage
of oement tuilt up to the autting edge from $ihe solid rook, This bag wall sometimes
extonds ontoide the ocutting «dge to the next calssons A sbiff coment mortar is them
plastered over the inside of the bags En order to hold alr; andy when this work is
finlehel, whioch goes on at the same Sire as the clennin: of the orevices, the working
ohamber is roady for filling with comoretes The gulicikest way toh do this filling wes

founi % be to remove the mmok look and substitute for I8 an oriinary disphregm doors
There were thus three doors used in oarryirg out Shie operntion; namely, ome at the
extrome bottom end of the shaft, ove nt the top end of thp chafting where 1t showed

above the cdeisson eonorete, and ome at the top o an extra length of shafting put on on
the mtaide, This center door was left opem while most of the comerete was put in,

it bolng maed only after the calsson chamber was no+rly filled up and there was not
room at the bottom shaft for mem to work. The process followed was to dump conorete
from a buoket delivered by a Jderriok into & hopmer over the top of the shaft; and,

with the top doer open, the conorote fell to the bettom door which was securely prosved
from below, siginal from the outnide that the Sop door wae closed, this bottem door
wag opened by the men in the caiscon, the concrete falling to the floor of the onis~
son and fyom there it was shovelled %o its places /s the roof of the cais'on working
chamber was horizomtal, this method of filling left a small spaoe between the new con-
arete and the voof of the original caisson, wilchwas subsoquently fowoe! fall of grout
through thres ineh pipes built in the calv on for the purposes A presvare as high os
80 poundsy when necesz ry, of ale was used %o force the grovt into all orevices

Sealine botweon aaissone. The spaces between the osissons was scnled by various methods
agoording %o socessibility. In sinking the caissons one or two of them moved one to-
ward the other, so that the spnce was thon smller than originally designed. The re-
sosses 1oft in the slies of the caissons for snohoring them one t2 thw other provided
gp- oo enongh gonerslly for mon %o work and fr pumps $o be Jowered, but ot the vorst

e stenm eyphon eould drvaw out the water. The narrow sprces wers filled with grout,

the final eleaning delng dome by means of water dellverei ot high prossure, wiileh

stirs up and thoroughly washes all alay and objection meterial. Uhis waber snd clay
mixed 1s romoved by ome or more steam syphons; and, when the space ia sufficlently
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cleen

+ 88 ovidenced by the wnsh water runsning clear, a thick cep ofue nerste is bailt.
m s the arons under trestwert havin - previously beoa dividsd one the ;
hor by woodem plank bulkhesds into conmvenlent seotions. In this conereta pires |
left through which grout utm:laataxxmwenqmrd.uptosom .
inch, The Covernment Engineers insisted on having these grouted spaces )
porcussion drille, a.nhnm it vas foud that very little additicmal e~ 4
fareed in aftor the treatment. The larper spnces, Whors 1t was possibld
to the bobttom, wore dlvided into sootions as above descori
' ._ Xmoryson pumps or syphons, where lesis oo~
led with eonor In all these larger epaces, before filliag in
as powsidble iato any c-evices found m
mqmm m«. In some of the wilder spacos, whewe 18
keop the water outy & heavy cap of conorete was buils
to be filled, with 1%s under side sloplsg down %oml
area tTreocted and alr locks put one This mothod was found to work very ss natig=
rily as the alr emablad the mm to zet down betwoon calesons dolow thelr ou ttm d
odge snd sometimes into the rook and make Jusy ae good a foundrtlon as was seoured in '
L0 onlosons themnolvos,
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In tho five last oale-oms S0 close the middle ssction, 1t is Jdesipned to
use this mothod, thersby rendaring 1% foasidle to lesve s coes botween oals ons larger
than was horatofore thoniht advisadbles.

The upstream cslsooms break Joiat with the downstream salssons in the first
calgvonssunk »0 that wiler spaces than usual were lef$ hbotweem tho new large caissons
and the small ones &% ench end in the nmiddle., It is proposed %o treat these spaces,
ono of shieh is twolve foot wide and ﬂw%gix foet wide, by miiding & cap of concrote
and putting on comprossed air. i3

It waa found praoticadle to WHark Shres, and on ond opcasion four, of the
szsller enlsoons at one 3179, and several of the oalssone toward the latter eud of the
finlshing of “estion Four were belng worked unler alr while the section was full of
water and pgrouting arotnd ths finished we.sm was golng one (See photo.)

Zall Race Wxesvstion. The emrth exagvation overlying the roeck was dene by
traveling dorrdoke using orange-peel buskets which ploked the materisl up md losded
1t in six yard dump curs wilch were hsuled away by locomotives rumning on standard
geuge tracks. jore ot Shis material wmas wasted end some hamled by rope traction %o Core
¥all Bank. The Pock was handloed in the ssme way, but skips were subastituted for orange-
peol buoketas The excavztlon of this Tsll Rane rock was expensive on sscount of the
large amount of water leaking in and alsc for the frot thet the crevicss in the yook
wore found filled with tenaclous olaye This soted in two ways. 1t not anly made the
drilling snd blasting Alfficult and imeffective, but 1t also onused tae looso rook to
booome embedded and mixed up in this clay, vhich readered the work of loadlng the skips
very telioue and expensive. Mkont of the raock eroavated was dumped on the river basi n
phort dlstance below the Tall Race sites Iome of the carth sxbavibion wes hauled up
to the Core Wall Dmbankmsnt, snd sowe of the rook was used for ripropring the bank of
the Tall Race ne well ss the north side of the Core Vall Embenioment,

The temporary S0Tferdams msed on this work were in all cases
pole oribs filied with stones Theso orids wore set in a double row from five %o ten
feot apart according to the depth of the wrter; the space botweun them, after being
sheesed with verdous types of sheet pilisng, was filled with olay to remder the enclosed
aren water-tignt.



These oride were Wmilt, as a rule, on bergee and plrced by derrickiboats.
Thoy were sat oz tha gravel dottom of the river, which in itself wis water=tight
owing to the presense of conoiderable elay mixed im =ith the gravel and sand.

The sofferdsms wer: of three tynes:~

' fioe 1, for shall ow walter up %o nine or ten feot, consisted of two rows
of oribe about twelve by fhfteon faet in size sbout mix feet npart on the grovel at
the bottom of the rivers 4 row of shaet plling on each side of the space hetween
the aribn was driven, broaking Joint, about twa feet into the mravel. Gix by eight
waling otripe nteadiod the planx in the drivinge Iron roda were put through the
waling strips from side to slde anf $he clay ohamber was filled %o the top of the
shoeting with river clay and then coverad with small stome or Yioraps

Type No. 2 for wator twenty feet desps 9 8rihe twelve by Swonty-six feet
were set on the bottom of the river anml loaded with atou as before, this time ten
foet spart. On sither side of this space sheet piling was driven oconsisting of mmt
by slx grooved planke with oak splines in the grooves. These sheet piling were ,
pointed and a shoe of light iron plate put on, Waling strips as above were fastened
to the orive ss low as the water would peralt ss a mide in the driving snd iron
rods were run through from side to side %o the slay chumbers, oize 3/4%, spacing 5°
cantar to center.

2 M ___&;'_;..; BRSNS
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Type Mo, 3, soncial pole eribs twenty-six foct long set in parallel with it
the axls of the stream, one end ten feot 'nd the othercvend fifteen feet wides These
eribs were used to close epillwsy sfter the chore sectlions were Tinighod amd rosdy
to have the water pass through thems In this channel, or spillway, there was tventy-
o fect of wetetmnning twelve milee per hour.

Those dcvetall shoped eribs were set in plsce with the small end upstresm !
and every otler eribh being left out with the odject of radueing the rush of the wnter
in the olosing smee %0 22 small 2imensions ss possidles This closurs Work was very

ossily and guickly enyried ont by the following method.

The e»ids vere milt ez barges and 1ifted into place by two der-ickiboats.

The laorge dipper dredge wns pregiously dacked up on the dovmstrenm fide of the opon-
ing t0 bo cloced aml seonred in place by lines to tho oribas already pluced and stead-
fed by 1ts two spuds, snl 1ts duoket whioh was resting on the bottom of the river snd
aoting np 2 struts The orid was then lorered and slid down She renr spud of the
dradge into 1te place, where 1% was held urtll anfely losded with riprups This metm ,
14 omay with all ncoesnity for »opos and anchorase upatvesm. This closurs of the
ooffors saused the river %0 rise four feet highar while these oribn ware being ploceds

Jones & Langhlin type of stesl inter=locking piling, size 1B°, 40 long, wan |
then driven on the upstrest side of Shis singls row of aridbse 2 lurpge quantity of |
slay waa then dvopped on the upstraom alde of sthis piling, anl, subseguently, a sec=
ond row of aribs wes set on this elay five fert awny from the stsel sheet piling, and
tha alay chamber €111 brought up %o the height of the orida,

Torks The ar-ib work conaisted of pine poles bought in the nolghborhoad.
size 6" t5 8™ {n Jdlameter of the small end, length 12 to 26* longs These poles wire
fatened tosether wish Arift oins, 5/8" dlsmeter, affer beiny dapped out to fit at the
end ani bored for ths nine, and vertleal poles wers not in cach cormeor and spiked
there, Disgonal struts and tiso were ueed in deep water oribe. All cridbs wers built
tottomlent and filled with ripran to thelr tops after bdelog placeds A8 a rale the
srite wore bullt on the barges suffislently high to Juet resch the surface of the
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water when placed, and, where thoy needed any further elevation, poles wore built &
onto them $o the desired helpghts Cost of poles 2 ete. s foot delivered at river

The steel sheot piling was Jomes & Lamghlinm inter~locking
type, welght por foot 39,750 1lboe, o8t yor foot Y248 ntse., freight rute 44 centa.
& hmndred pounds from Pitteburg, dimensions 15" in 40° lenpgthse Thesc piles were
driven by & drop hammer, welght 3,000 1bs., and sometimes by an Arnott steam hame
mor, welght 8,000 1bas This steel piling was uaed for the upstrean coffor amd
driven down in the broken up rock and 1ts crevices immedistely under the gravels
ite purpose bolng to cheok any possible deep lea!cl and saleo %o help asnghor oriba,
lator cost of driving 70,068 per foote

Uood sheet piling was of two kinds:-

(1) 12 by 6”ylength 16 to 26", with groove for ock eplines, size of spline 2
x 4", This plling was used where driving into gravel was deemed necesssry. These
piles were sharpemed end & shoe put oa the ends Lumber was bought in Chattancogay
price Tor 26° lengths 18,6 ote. a foot, nrice for 16' lengths 13.2 cante per foos,
price of grooving 1.2 cts., freight ratel5.50 per hundred weight. Oplines wers
uade on the Job from cak logs bdought from the neighboring furmers.

(2) The second kind of wooden sheet plling wes two inoh planks, double broaking
Joint, on ench side of tie olay chambers, Thene weore tsed where heavy driving in
the gravel wae not deemed necessary, hammer used "Arnott”, welight 1400 lbe, slge 2
X 12 x 26", Gix by eight wallng strips were used to atendy all kinds of plling and
rods wore run through elay chambors to bu:d the sheoting togother; spaced J to 6
Mt R

Biprsp, The riprap was cuarrled in the immedinte neichborhend of the Damg «gd
was secured fyom found~tion rook exeawvition, cost of yuarrying per yard
21400, It wes lozded on barges and transported to the eridbe to be filled
hand into skipe and duwpel in plase by derrick borise Riprap was slso

: rtop elay ochambere to provent the clay from keling w:shed awvay when
flood water rose over the tops of the soffers. In some cases themw was eighteen feet
of water runming five to fifteen milos sn hour over the fop of these oribe; hence 1%
was necossary to bulld everything of gret strength to stand the long and porsistent
floods, rendered more destructive dy larpe gusntities of drift wood snd whole irees
brought down from the upper river.

w The best mterisl for this purpose was found %o be clay
dredged from the Toot of the river banks and losded onto barges. This materisl was
loaded Smetizmes by the dipper dredge and sowtimes by derrickibosts with orange-

peel tuockets, and transferred by derrick bdoats with clameshell buciets to the elay
chambers, Bank clay from the shore was tried for this purpose, but it was fou:d

it bridged over bottom leaks, whorens the river clay filled in and flowed down

vhere any wesh osoured at tie bottom of the river, theredy showing the loeatlom of
logis and materislly elded to stop thems In additiom, this river olay wes in a
neturally well puddled state and re uired no wetting down snd tamping as did the

bank clay.
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On top of the coffers stiff-leg derricks were erected in such
locctione that their booms coverei most of the ares enclosed by the ocoffers. BSooms
80' to 85" long were used, snd all parts of Jderricke wire designed to enmadle them
to handle & load of shout four to five tons, Fittings wero of various stondard
makess OGoose necks hoavily upsets Otiff-lege anchored in stome filled eribe so
places that, where possible, protection from flocds mnd drift was 2fforded to the
hoist engive end magt. In the begluning, in SectionsTwo and Four, those derriois
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were set on orids whose Sops were sdout twelve on the gauge. In Seotion Three, the
closing mection, the derricts were set at about elevation 620 on the gauge in order
%o have thom safe above minor floods. During ome flood no less than seven derrisks
were thrown and many ¢ the timbers brozen and loet, Two or three drum holots of
various standard makes with swinging gesr wére used, nd dead drumes were installed
where olam-shell and orango-peel buckete were to be operateds Gonerally epoaking,
the masts of the derricks were of pime trees with Juet the bark removed. They sost
about 120400 ¥4 Oy By Job per stick, anl were prosured from Sunflower Alsbmmss
The tullevhecls ussd woire nsually built on the job from timbers with bent rallway
ls for swingl gmwm. e ropes used were of stesl wire, the holsting

4" dlemeter, falls /0" and svinging gear 1/2%. Ropos of the American Steel &
Wire Cosy A Leschon & Son amd Non-Rotating were weds As ap ad'itiems] proteation %
wire yopon ware 1ald from Sl pin at the head of the mst along the top of the
stiff-log amd fastened So ¥io suchor artbs. This sreorution soved s good many stlexe,




o PLANT, BATORIAL ARD TRARGPORTATION =
Stationary sod Floating Plant.

The atiached list of plant gives the tolal used on they work the First
of Jamary, 1913,

Generally spoaking, the plant taken over by Jacobs & Diviee wse found
fo be in vory bad comlition, puaps wora ount, dollers: leaky and of wery insdequate
dimenolons and kindsy BEverything hod to bs thoroughly oveorhauled and =« great
deal of all kinds of plant purchased. HNearly all of the larger ond wors effle
eient typec of all elasses of plant In the aocompanying list had %o be purchased
or bullt aftor Jasobs & Davies, Ine. took holds

Then Jacobs & Davies, Ino, took ever the work, the floating plont was
in exceedingly bad conditlon and somsisted of a gravel dradge of very inade uate
sapscity, two staesmboats, tho hulls of ome of which was condenned and s01 had to
be rebuilt the firet winter, a miscellaneous sollection of bargen mmd two derriok
boates wmost of which were so vobten that almowt & complete new floating outfis had
%o be nilt before the work could be attascked with full foree:; so that, with the
exneption of the stoamer "Hargaret" and the gravel dredpe "Ajax", the whole ascom-
psnying list »f floating equipment had to be milt afrcsh by Jacobe & Daviess

Ship Yards.

In order %o build the mew sn’ repair the old floating emmipment, a ealp
A was started on the west bamik of the rlver and a larpe force of ship carpenters
kept stendily at wrk, This was the more necessary becasuse the River Temnessee ot
tale point becomes very shallow in the eummor monthe, and the floating equipment -
genarally wes constantly poing sground emd needing repairse The large dipper mm
"He Ae Cundy” had to be Xopt bpey nearly all sumer dredging chemnel-ways in the
bottom of the river in order to m it possible to trameport the large cuantities
of materizls necessarys :

In the Jatter part of 1912, a ship ways was graded on the left bank of the
river, so that stoamers and other hwavy parts of the floasting equirment counld be
heuled up snd repaired without the netessity of sending them long distances, na
below the dam thé noarest ship rd was st Degatur, and much time wae lost se
steamors down ond getting them baok boaides the poscible dangwr o the weter falling
go low in the river that the veswel could not de gotten back when finicheds In
fact, the river ls so low in the sumer that 1% was neceesspry o provide all fasil-
ities for repaiving and Wllding floating oquipment right on the jJobe

In the quarry on the west bank, the material was lnnded by a derriek onte
the barges along side snd conveye! %o the wark by stosmerse The Shree flonting
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derriok bonts wore indispensable in handléns material for the construction of coffer-

dams and the large variety of work needed on the rivers

daterial.

Nasant Tha mankitv af semvnt paed sinan Jenoba 4 Davies startad un &6
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Jenvtsyy Ist, 1910, was 176,300 bawrelsze The gement used on this Job L Dixle Pors-
land Coment, mamafactured at Richard 014y, Tennes:ge, and transported on the U, O.
& 5%, Le Be B and by company borgess % woe tssted by ihe Piltsburg Testing Labore
atory wader the supervision of Goverament Engineers.

Sonls Conl was brought in almost exclusively by the Mo Ce & 3% Le Re R
“fyom the werious mines on that reilposds This formed She henviest single item of

trensportations

: « he stone iu the work wae taken frén & guorry lmmedintoly sdjoining
tha Loak on She righd bank of the rivers A orusher hod beon provided to srush this
stone for wae in e whorete, but it was found to bu mush cheaper to dredge gravel
from the river, 5 *its use wns abandoneds The stons (married was used for large
dlmension stones in the comcrets anl for riprspping surth slopes and £1iling erids

for the cof farn.

Suni & Grawsl, Gravel pad saml were excsvated from the bad of the river by
montn of & bucket drodge, Muilt on the Job, and delivered on the job by Gawany bare

ges towed by Company stemmers,

' Tisber for dowrichks was browght from Junflover, Alabrese For
forma, lumber wes at firet bought st Chatlanooge, and part of the supply was provided
by losal sow milis; bus, sabsequently, the Corpany instglled a saw mill on the right
bank of the river and bought logs from the Tarmers In the mountalns between the Look
& Do and Chattanoogae 30%a oak end pine were prooursd this way, ond provideld am
exoellent and sheap svoply of all olssses oxcept where long timbor was necossary.

The reinforsing bars were purchrsed, some in Blm&nm and some in
Hew Yoﬂ. !ppua to the vorl,

Clay was provided purtly by a dipper dredge, partly from banks on M
shore of e river, aud dollveveld on bargnas ™he river clay was Dund best for clay
chiamders in cofferdims, M $he ved @ldy found on the banke wan fonsd to bo =ueh more
desirable for use around oalssons while sinking ssme,

Transporiation,

Truzsporiatlica %o the ~ito of the Dam wes provided psrtly dy viwsr, 35 milea
from Crattanoogny 14 miles from South Pittsburgh; 21 milee by N. Co & Ste Le Be Be 0
Ladds Owi teh Irom Chattancogs, whence, the Company, on the iy owe railvoud, 2=3/4 miles
long and thelr own suginez, hwnlsed metoriol to the Dame Considershbls madterial was
drought fyon Chabtbimoogs whon river condltions pormitted, partly by the Company's own
shoume re, when avallalle, and more often by the weekly boat of the (hutiancogs & Temn.

River Havigation Co.
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Deseription of Hples Dgr Dam. %
o ORGANIZATION -
Supervision of the Vork.

A general supervision was exerclsed by a Superintending inglmeer, resi-
dent on the Job, with a staf” ss indicated by the attached diagram of staflf orge-
nization

The Chattanooma & Tennessee Aiver Pover Comoany had a Resident Inglneer
with » emall astaff of asslstante.

The United States Covermment had a Resident Junior Englpeer on the work,
who was under orders from the Govermment Engineer, in charge of tals diatrict of
the Tennesseo River, residing at Nashville. During 1912, a Captaln of Englneers
was stationed at Chattamooga, to whom wes delegnted the power of the Major in charge
of the distriot when that officer had othor engrgements and attention wes needed
at the Dam. The Resldent Junior Engineer had from twelve %o eighteen insp
under hims The Gevernment suporvision was limited to work that in any way could te
interpreted to have to do with the continuity and safety of navigntion on the Tenn-
eeseo River; md, in the summer of 1912 féllowing declsions of the courts, the ontor~
prise was adjudged to be a Govermment work and the eight hour law wee fmmodistely
enforcod in all 1ts strictnesc,

Labor.

"me number of men employed on the wark varied from eighteen hundred down,
and was of evary natiomality of recent immigrations e largest percentage son=
sisted of nomroos from Tenmnessee snd neighboring statess OConsidersble diffienity
was exporienced in keeping a sufficient number of men on the work, as it is the
habit of cther contractors to send agents to the Csmp and induce the men %o leave
on all sorts of fallsoious promiges. A somewhat higher rote then current wages wos
maintained and theredy a fsirly effivient mumber of men kept on the wori.

Yorz. Three eight hour shifts were maintalned for all classes
of 1abor excent on floating equipment snd those men employed on the railroads. Somo
aiffioulty was ot flret exporiensed with green hands working in compressed air; but,
after a time, the aolored laborers pot acoustomed to 1t and made fairly good "sand=-
hoge”; slthough at first alarmed at the ccossional flooding of the calssons, they
soon got sccustomed to the work.

For shd sgfety of the men working in compressed sir, the reecident phaysiolans
examined every man defore permitting him to go %o work. A hoapital look was pro- .
vided so that any cases of the bemds could be trooted promptly. fHteam heated dress=-
ing rooms furnished with locmrs were provided for the men wrcing in slr, abd free
ooffee wan slso given them when coming off shift, and in colder wenther in the mlddle
of the shift. Do fatal esces of dends have s far occured; very fow men have needed
to use the hospltsl look.
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« ORGANIZATION -

Supervision of the York.

A general supcrvision was exerclsed by a Superintending Enginesr, resi-~
dent on the job, with a staf” ss indicatod by the attached dlagram of etalf orpga-
nization

The Chattanoogn & Tennessee fiver Porer Comoany had a Resident Inglineer
with 2 emall staff of amslstants.

The United Utates Jovermment had a Redident Junior Engineer on the work,
who was under orders from the Govermment Fagineer, in charge of thls diatrict of
the Tennesser River, residing at Nashville., During 1913, s Captain of Engineers
was stationed at Chattanooga, to whom was delesntcd the power of the Major in charge
of the distriot when that officer had othor engngements and attention wss needed
at the Dams The Nesident Junior Enginesr had from twelve %o eighteen inspead
under hims The Govermment supervision was limited to work that In any way could be
interpreted to have to do with the continulty and safety of mavigntion on the Tenn-
eoseo River; mnd, in the summer of 1912 following decisions of She courts, the entor-
priso was sdjudged to be a Goverment work and the eight hour law wea fmmedistely
enforcod in all its strictness,

LaYor.

The wumber of men employed on the work varied from eighteen hundred down,
and woo of every nationality of recent immigrations ™e larsest percentage son-
sisted of negroes from Tennessee asnd neighboring statess Considerable diffienlty
was exporienced in keeplng a sufficient mumber of men on the work, as 1t is the
hadit o other contrastors to send sgents to the Camp and induce the men $o leave
on all sorts of fallaolous promises. A somewhat higher ruote then ourrent wages was
maintained and theredy o fairly effiviant nurber of men kept on the worik.

Iwe Hours of York. Three eight hour shifis were maintalned for all classes
of labor excent on floating equipment and those men employsd on the railroads. Some
difficulty was ot fivet exporienced with green hands working in compressed air; but,
after a time, the aolored labirers ot acoustomed %o 1t and made fairly good "sand-
hoge™; although at first alarmed at the occcasional flooding of the caissons, Shey
soon got socustomed to the work.

Por Ltud safety of the men working in compressed sir, the resident physielans
examined every man defore permitting him to go %o work. A hoapital look was pro-
vided po that any cases of the bends ocould be trooted promntly. “team heated dress-
ing rooms furnished with lociers were provided for the men working in sir, ahd free
ooffeoc was slso given them when coming off shift, and in eolder wenther in the middle
of the shift. o fatal eases of bends have o far occured; very Tow men have needed
to use the hospital look.
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= GERERAL DESCRIPTION OF CAMP -

Population.

The Camp grew up on the flats along the river and on the sides of the
mountain at the ends of the Dams The population amounted to about three thousand
people who were housed in two room shanties for married, while the single men were
provided with accomodation in what were commonly known as "bull pens”, being long
one story sheds. In addition, the neighboring village of Guild grew considerably
in elze owlng to the presence of the works, and men came to the works from long
distances from the various small villages and towns in the nelighborhood.

Water Supply.

This was provided partly from a natural spring and partly from a driven
well of about one hundred and sevenpy feet deep. Both of these sources gave a supply
of very pure water which contained on organiec but a somewhat large proportion of
mineral inpurities, but it is a supply better than most cities get and no sickness
has been experienced from this source.

Lighting.

Lighting was provided by means of electric are and incandescent lamps as
well as ascetylene lamps on the work, and incandescent electriec lighting is in many
houses ani "bull pens"”, This latter it was found advisable to afford, as several
comparatively large fires were traced to candles and lampse

Ice Supply.

Ice is manufactured on the job by the Company, and supplied to the employed
at a reasonable rate of 25 cts. per hundred poundis. Occasionally in the summer an
additional supply has to be hauled in from Chattanooga by railroad, but nine-tenths
of the time the Company can supply enough for all Camp purposes.

Fire Protection.

Fire protection is securod by verious means. There are pipe lines le:ding
to all parts of the built up section from a tank dn the mountain kept full by pumps
from the river. In addition, chemical engines are stationed with the necessary hose
reels at proper points in the Camp. Some of the employees have been desiginated as
firomen, and notice of any fire is given by 2 steam siren at the Master Mechanie's
Office, In addition, watchmen have been put on, who carry watBhmen's e¢locks,
making their regular rounds every night. :
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Food Supply.

Food supply is procured, partly from the farmers in the neighborhood,
mainly from Chattanocoga by means of a daily delivery of meats and perishable pro-—
visions. OSometimes this supply is received by river from Chattanooga. There are
sevoral stores in the immediate neighborhood of the Camp in addition to the Com-

pany's "commissary”, where a good supply of general merchandise is kept for the
convenience of the employees.

Police.

The Camp is policed by means of deputy sheriffs appointed by the Sheriff
of Marion County, Tennessee, and approved by the management., In addition, watchmen
are put on as above sobted and extra deputies are apnointed whenever any trouble
threatens,

Entertainment,

For a short time & moving picture show was rumning but did not seem %o pay.
An athletic elub was organized in 1911; and, during the winter of 1911 and 1912, box-
ing bouts were held to keep the men interested and in “amp, During the summer a base-
ball team wos orgenized and helped to armse the employees. Of other entertainments,
except one white and one colored poolrooms, there sre noneg

* Provisions for Verious Religions.

There is a colored church in the colored guarter, and a school house in the
white camp in which religious serviece is occasionally held, On the west side of the
. river religious service was held for 2 time in the saw mill.

Hospital Accommodation and Medical Supervision.

Orzanization., The Hoppital is in charge of 2 physician with one gualified
assistant. There are also employed at the Hospital two nurses and two servants.

Duties of Doectors. The doctors take care of all patients in the Camp on both
sldes of the river and sre to make calls on employees in the immediate surrounding coun-
try, including the villages of Haletown and Ladd's Switch.

Hogpitsl Patients, The Hospital is carried on for the benefit of the employeed
of Jacobs & Davies: hence no other patients are admitted unless people injured by the
Company or in cases where absolutely necessary. Women are not admitted as patients
unless injured by the Company or in cases where it is unavoidable.
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P y A charge of 25 ots., except to office men, 1ls made to 2l1
employees on the wrk for medical attendamse anl medicines If the employees are sick
and are cble to call at the Hospltal, they are to do so; if they are unadle to call
at the Hospital, the dootors will call at any place in Camp to give medleal attend-
ances In noither case will ghere be & charge mades The families, who reside in
Camp, of the men who pay the feoe of 25 ots. & week for medical atiendance,will be
tr ated free of oharge. Cut of Camp aalls are eharged at the rate of £1400 a miles

Sanitation., It ig the duty of the doctor in charge tomthat the Camp and
immedisate surroundings are Xept clean of all matter which may cause disease., Ie is
to have all stagnant pools drained or olled; to see that the water supply is kept

~ uncontaminated; $o inspeet both commissaries, dairies and ilce plant; to know that the

"bull pens" sre kept sanitary; to see thet the Camp grounds are always in a sanitary
condition and to have any other unhealthy condition speedily attended toe

Speeizl Cherges, Lveryone pays the following special charges:-
For circumcision ~ 710,00

For obstetrics at least §10.00 and not more than 525400, according to patient,

For male and femanle veneral dischses and for all operations where disease
ie not inourred in Company's service and for accidents caused by figbing emd drinking,
evoryone is charged ascording to the physiclan's Judgment.

The doector in charge reports to the Superintending Englnear every
week, This report contains the number of patients in both white and colored wards,
gn itomized report regerding sanitation, the number of camp cslls made, patients
oalling and trested at Hospital, number of drossings, births, deaths, end mumber of
pest house 02508, :

The exzct condition of any suspicion, infectious disease is carefull y watched
and the progress reported daily %o the Superintending Engineers

¢« Simce April 20%h, 1912,to Harch lst, 1913, there have bescn fortwi;
birthe and twenty-three deathss Taere has been a weekly average of six white patien®
snd four colored patiemts in the Hospital. The mamber of pest house cases has been nine,

Health of Usmp.

™e hoalth of Camp has been excellemt, very few cases of dangerous and conta-
glous discases have developed, but there is a pest house provided in csse such should
appears A few cases of smallpox and spinal memingitis have come into Oamp, but they
have becn promptly takem ocare of,
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BILIT CE.

The first polioy for Liability Insursnce was taken out by William H,
Flaherty in the spring of 1910 with the Travellers' Insurance Uompany, the rate
being $1.44 per $100.00 pay roll. This policy was carried until October 3lst,
1910, when it was cancelled by the Travellers' Insurance Company account of the
large number of accidents.

In the month of November, 1910, while we were negotiating for a new
policy, we had mo liability insursmce, amd, during this month, had only one
serious accident, viz., H. V. Bird, who was killed on the core wall and whose
relatives instituted suit, but were unable to recover. Therefore, we saved
the ontire month's premium for the month of November, 1910.

On November 30th, 1910, we obtained a policy from the United States
Fidelity & Ouaranty Company of Baltimore, Md,, at the rate of $1.39 per #100,00
pay roll., This rate remained in force until the fifth day of October, 1912,

When we started caisson work, which was in August, 1911, the insur-
ance company took up the matter of increasing the rates of the men employed in
the oaissons, they olaiming that the ourrent rate throughout the country was
from 28,00 to $10,00 per $100,00 pay roll for work of this character, but, on
our assurance that there was very little danger in the calssons, they agreed to
protect ms at the same rate, vize, $1.39 per $100,00 pay roll, provided the air
pressure did mot exceed 20 lbs. per square inch.

In the fall of 1912 the United States Fidelity & Guaranty Company
threatened cancellation of our polisy account of thelr losses in handling the
business, btut, after several conferenmces and on the advice of Mr, Williams of
Messrs. Willlams & Lancaster, it was agreed, on and after October 1lst, 1912,
that the premium should be imereased to $2.10 per £100.00 pay roll, we, however,
to have the privilege of operating our calssons with no alr pressure limit,
This removed the danger of the insurance company waiving 1iability in case an
accident ococurred if the pressure happened %o run a trifle over 20 1bs. per

square inch.

The protection on both the Travellers' Insurance Company's and the
United States Fidelity & Guaranty Company's policles is for $2,500 for one man
and $10,000 for ome accident, they to pay all logsl expemses for judgements in
these amounts, we to pay our proportion on judgoments over and above these

amounts.

The United States Fidelity & Guaranty Company have beem very 1liberal
in their settlements and in only a few cases we have settled, where there was
danger of a Jjudgoment exceeding the amount for which we were protected, we have
paid small amounts to assist in obtaining & settlement, but always on the advice

of our attorneys.



The closare of this dam was effected by & somewhat mmusual method, As the
foundation in eash section was secared all the concrete was duilt ap solid $o elevations
between 598.5 and 600. From that point to the orest the dam was built in detached plers
of varying widths lomgitadinally with the dam but with aniform 20 foot spaces between
thea. The problems was how %o £111 these 20 foot spsses affer the middle section was
s0lié and the water was raming throangh thom.

1t was first intended %o drop shattors over the openings on the apper side
and build ap conorete in 5 foot 1ifts in five or six of the openings, then remave the
shutters to other openings and bring the ctmerete up level with those already 1ifted
the first B fect., By repeating $his process the openings would be filled by a suc-
gession of § foot 1ifts and the water allowed to flow over the concrote as soon as it
had set uap enoagk $o yermit ik, This, at the best, ls a slow method snd, with the
main object of saving time, the method actually put into practise was devised.

This method was to build a soreen of conorele in the apper part of these 20
fost openings leaving a passageway for the water, measuring 13'x20' underneath.
This suspended concrete was bullt on & hanging platform of 15" "I" beams shown in
Irawing No. B2~-B-~193, and the block of concrete marked "A" in Irawing Fo. 52-B-232
was first put in place after a heavy notohed recess had beon out oub of the concrete
in the blook on either side, This recess was intended, after the concrete had set
ap, o glive a foot hold or ababtment support to a concealed arch in blook "A",
After this dlock was in place, blooks "B" and "C" followed in due course, all: of these
throe blocks being built above the water which, in the meanwhile, flowed through the
. 13'x20" opening below,

After the crest 1ift was in place a wide gange ¥rack was laid on top of
the dam, togethor with a third rail to form a narrow gacge track for "Dinkey” amd
cars to deliver conerete, the wide gange track being nsed by the travelling cranes
a8 well ss travelling "A" frames which handled the steel shuttora,

To close the 13'x20" openings a stoel shubter was designed which con-
sisted of 16" ™"I™ beaws laid horisontally and covered on the apatresm side by
1/4" steel plates, On the inside and around the onter edge of this shutter, which
measured 28'x15' was fastened s 12"x12" timber in which a half-romd recess was cut
to hold a 3" linen fire hose which was used as o gasket. Inside the gate, and
protruding 3/4" were five heavy cast iron rollers on eash side, on which the pate
rolled while being lowered into place, After the gate had reached its lecation
over the opeing, water at a pressure of 65 1bs. to the square inch was tmymed into the
fire hose thereby effecting a very efficient seal st the upper side. This can be
seen in drawing No. H2-B-23l. Previously to the placing end caalking of the shuatiers,
they were lowerod as nearly into place as might be with a view of discovering if any
log or other obstraction was in the opoing, and the diver was then sent down, reported
on the obstructions, and fastened a line on amything that conld be removed by that
method, If the obstruetion was rock or gravel which drifted rather freely in this
river, then a derrick boat with an orange peel bucket removed the obstruction, that
moethed being rendered necessary by the very swift current of water ranning through
the opening. A number of the first opeings, where the water did not come above the
top of the steel shutter, wers ¢anlked by mpans of the diver placing a 1/2" cotton
rope between the conerete and the 12" x 12" tirber on shutter for osccasionally it would
be found that the lowering of the gate had dlslodped the fire hose from its placs,
Of these methods, neither was distinetly better than the other and they were used
whereover it was Judged the most time would be saved, sbout half being caulked by one
mothod and half by the other,






JAMES FCRCIE
CONSULTING ENGINEER
M- 84 William Cireet :
' NEW YORK

UNITED STATEé GOVERIBIENT AND CHATTANOOGA & TENNESSEE RIVER POWER QO.

e O

THIS AGREEMINT entered into this 12th day of September, Nineteen Hundred
 and Five, between Major H. C. Newcomer, Corps of Engineers, U. S. Army, party of the
first port, =nd the Chat.anooga & Tennessee River Power Company, corporation organ-
{z6d under the laws of the State of Tennessee, with its prinecipal office in Chatta-
noogas Tennessee, party of the second part, ITHLSSETH:

That, in conformity with an act of Congress approved April 26th, 1904, enti=
tled "/n sct to enable the Seeretary of War to permit the erection of a lock and dam
in ald of novigation in the Tennessee River, near Chattanooga, Tennecsee, and for other
purposes” (35 Stat. L., 309) as amended by an act of Congress approved Jamary 7th, 1905,
(3% Stats L.y 603)and wlth the specifications hercunto attached and the drawings re-
lating thereto, =ll of which form a part of this contract,; the szid Major He Cs New-
comer, Corps of Engineers, U. S. Army, for =nd in behalf of the Unlied States of Amer-
ica, and the said Chali..nooga & Tennessee River Power Company do covenant and agree t0
and with esch other as followsi-—-

WHEREAB.- under the said acts of April 26th, 1904, and January 7th, 1905, the

: 3acretary of Jar is authorized amd empowered to grant permission to the City of Chatta-

noogs, Tennessee, or to C. Be. James and J. Ce Guild, residents of Chattanocoga, their ;
Jﬂlﬁ’rs and czssigns, upon fallure of sald city, within four months of the passage of sald
act of April 26th, 1904, to formally notify the Secretary of War of its intention to
avail itself of the benefits of said aet, to build and construct a lock and dam across
the Tennessee River at Scott Point, near Chattanooga, or at such other point or place
in the mountain seégtion of szid river below Scott Polnt =s the Secretary of War may ap=
prove, upon the Lerms, provisos, conditions snd stipulstions provided in soid acts of
Gongress;

AND THEREAS, the City of Chattanooga, Tenneessee, having failed within said

pariod of four months to notify the Secretary of War of its intentionm to avail itself
_ of the benafits of said act of April 26th, 1904, the sald C, He James und J. C. Guild, {

dié, pursuznt to the recuirements of said act of /pril 26th, 1904, within the period
prescribed therefor, formally notify the Secretsry of War of their intention to pro-
ceed with the construction of the lock and dam as suthorized, and did submit %o the
Jecretory of Jar, for his examination :nd approvel, meps showing the loc:tion of the lock
and dam st Hales Bar, which is in the mountain section of said river, about fifteen
snd one=half miles below Secott Point and about thirty—tntee milas below Chatbanooga,
Teunessee: _

AWD WHEREAS, on May 24th, 1905, the Secrebary of War did grant unto the said
Ce E. Jeomes and Je. Co Guild, theirs heris and assigns, permission for the constrmetion
of ‘che said loek and dam at Heles Bar, upon the following conditionss

v That this permission and apprmral are preliminsry only, and shall
be subject to all the provisions and conditions of caid =ct of Congress, includ-
ing the authority of the Seecretary of Viar to herealter re uire such bdnd as he may
congider necessary, not exceeding 100,000.00, to insure the cosmencement, prose-
cution and completion of the work herein authorized, :nd compliance with the terms,
conditions snd requirements of said acts of Congress.

2e That the said C. He James and J. C. Guild shall purchuse and cén-
vey to the United States the land, ete., required by said act of April 26th,

L
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1904, to be procured and donated to the United States within the peried of six
months from the date of this instrument”.

ATID VHEREAS, the said C.E., James and J.Cs Guild have transferred and assign-—
ed unto the party of the second par$ all the rights, privileges and franchises con-
ferred on or belonging to them under the aforesaid sets of Congress, and the aforesaid
grant of May 24th, 1905, from the Secoretury of Var, and have formally notified the
Secretary of War of said transfer and assignment: '

AND VHEREAS, the party of the second part has assumed sll the obligations
and duties develving uvpon the said C. K, James znd J. C. Guild under and by virtue
of the provisions of the aforecssid acts of Congress and grant from the Secretary of
War:

WOW, TANRUFORE, for and in conmsideration of the grant by the United States
of such rights as it possesses to use the water power produvced by szid dam snd to convert
the same into elecetrie power or otherwise wntilize the same for a period of minety-nine
years, as provided in the aect of Congress of April 26th, 1904, aforesaid, the sald
party of the second part do hereby agree as follows:

is To Lumild the lock and dam at Hales Bar in accordance with the plans and
specifications approved by the Secretary of War and as otherwise provided in the aiore-
said permit of the Secretary of War dated May 24th, 1905, and the aforeszid act of Congres
approved /pril 26th, 1904, as smended by the aforesaid act of Congress approved Jai—
uary 7th, 1905, and to conform to all other provisions of the szid act,

2« ™o bmild the works =nd structures necessery to utilize the water power
produced by Lhe said dam in accordance with the plans approved by the Secrete=ry of War,
and to use, ma2intain or strengthem these vorks and structures without cost to the
United States, in such menner s the Seoretary of War may deem necessary in the
interosts of navigation, ;

3« To hold and pave the United States harmless from and against all and
overy demand or demends, of any nature or kind, for or accourt of the use of any patent-
ed inventiom, article or process included irn the materials hereby agreed to be furnish-
ed ond the work to be donec under this contract, or on account of any damage to person
or property resulting from the construction of said loek and dam.

IT 19 FURTHER AGREED, by and botween the parties hereto, as follows:

4, /11 materials furnished and work done under this contrset shall, before
being accepted, be subject to a rigid inspection by an inspector appointed on the part
of the perty of the first part and such =s do not conform to the specifications set forth
in this contract shall be rejected. The decision of the engineer officer in charge cs
to |uanitty and (uality shall be final.

5. No claim whatewer shall, at any tine, be made upon the United §States by the
party of the second part for or account of any vork or material performed or furnished, or
alleged to have been performed or farnished, under or by virtue of this contract.

6. Te party of the second part shall be responsible for znd pay all liabil-
ities occurred in the prosecution of the work for labor and material.

7. Until final inspection and acceptance of all the material and work herein
provided for, no prior imspection or act is to be construed as a waver of the right of the
party of the first part to reject any defective work or material or to reuuire the ful-
fillment of any of the terms of the contract.



8, No work shall be done on Sundays or legal national holidays, except in
cases of emergency, upon the written consent of the party of the first part.

9, In the prosecution of the work herein specified, the employment of por-
gons undergoing sentences of irprisonment at hard labor which have been irposed by courts
of the several States, Territories or Municipalities having oriminal jurisdiction, 1s
prohibltieds

10. The pirty of the second part will be required to discharge any employee
who, in the opinion of the party of the first part, is objectionabdle or incompetent.
Such dischorge will not be made the busls of any claim for compensation or damages against
the United States or any of its officers or agents.

11 The party of the second part must at all times be represcnted on the work
by a competent agent, with full amthority to act for him in zll onses.

12, This contract shall be subject to approval by the Chief of Enginoers, U.S.
Army, and the Secretary of Ware :

1N WITHESS WHEREOF, the parties huve hereunto set their hands and geals the day
and year first above written. .

IN PRESENCE OF

JOHI M. G, VADT as to M, O, NEWCOMHR,
¥ Major, Corps of Lugineers,
Ue Se Armg.
Mo at to CHLATTANO0GA & TENNESSES RIVER POVER 00.,

By Re He WILLIAMS,
President.
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SPECIFICATIONS.

SR 7
1. _WORK TO BE DONE.

The work to be dome under these specifications is the comstruction of
a lock and dsm, exclusive of lock gates, iron work and mschinery to operate the lock;
algo the construction of the foundation and substructure of a power house; the tmda—
tion and substructure of a transformer house; the construction of an extension of the
dam including core walls and embankments; the excavation -md shaping of a head ba.y
and of & tall race and verious slopes, paving, riprap and other details.

2¢  LOCATION,

The location of the work 1s st Hales Bar in and at the sides of the
Tennessee River, about 33 miles by river below Chat tanooga.

3. __ GENERAL CONDITIONS.

The works and constructions included in the agreement and in these speci-
filcations are:

A, A lock and dam to be comstructed in accordance with an act of Congress
approved April 26th, 1904, and an smmendment to that act approved J anmuary 7th, 1905.

B. Constrmctions to utilize water power, including the foundations and
substructure of a power house; the foundations and substructure of s transformer house;
an extension of the dam, excavation and shaping of head bay, ant tail race and various
slopes, paving, riprap, metal work and other details,

‘For the works included uwnder Caption A plans and specifications have been
prepared and approved by the officers of the Corps of Engineers and by the Chief of
Engineers, U. S. A., and duly approved by the Secretary of War. These plans become
part of the agrecment and the specifications are included in the following apeaiﬂoa.—
tions.

For the works included under Caption B the plans have been prepared by the
Engineer of the Chattanooga & Tennessee River Power Company and approved by the Secre-
tary of Var and become part of the agreement and of these speciflications. The speeci-
fications for these works are also included in the following specifications,

4, SUPERVISION,

| The works included under Caption A will be conducted under the diree-
tion of the United States Engineer Officer in charge of the improvement of -the Tenn-
essee River. The works included under Captionm B will be conducted under the direc-
tion of the Engineer of the party of the first part in this agreecment, the methods
and detaila of construction being subject to the approval of the said United States
Engineer in all matters affecting the stability and permanence of those works and
structures that form a continuation of the dam and are essential to the maintenance
of the pool above the dam.

!

The party pf the second part in this agreement will be duly advised M
time to time as to the methods and details of supervision and inmspection. He will be
under the immediate direction 2md inspection of the Engineer of the party of the first
part and of his duly authorized agents, through whom, when necessary, the directions
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of the United States Engineer Officer will be transmitted.
~ B, DRAVINGS.

The work must conform in general to the drawings accompanying these
specifications and to such others in explanation of detall or minor modifications of
plans as may be furmished later; all such drawings shall be considered as forming a
part of these specifications.

6. MATERLAL.

: The lock, dam, substructure of power house, core walls and other masonry
shall be built of comorete either with or without the use of large stones imbedded there-
in as specified hereafter. ;

7o __ FRERDOM FROM WATER.

All excavztions and embankments shall be made and finished in the sir and
not under water. WNo comrete or masonry shall be laid under water, except to Stop leaks
or springs, no exposed to rumning water until set.

The Constractor shall furnish all materials requisite for this purpose and
shall erect, place, comnect, extend, maintain in good and tight condition and recomsiruct
or remew whem recuisite such coffer dasms, shest pilings, crid work, fillings and all other
constructions, enclosures and other comnections as may at any time be necesssry to secure
and maintain this condition of freedom from water. He shall alse furnish, place in prop-
or positions, maintain in good order and operate whemever required such pumps and other
meaons as may at any time be requisite to clear amd keep free from water all spaces and
places where masonry or concrete or other comstructions are in progress or sre to be laid,
or where excavations or embankments are in progress or are to be made or worked. The
location, materials, methods of comstruction and maintenance and of operation of these
provisions for freedom from water shall be such as the Engineer approves,. '

The payment of the amount agreed mpon for the item of "Construction end
Msintenance of Coffer Dams and other provisions to keep spaces and places free from
water® will coven in full, all materials, constructions, labor, the provision and operation
of pumps and all other requisities, slso the maintenance, renewals, new comstructions
and removals recuisitie for compliance with these specifications from the beginning of
the work until the final completion and acceptance.

p The total amount payable for this item will be paid in three eqmal install=-
nenta, \ z

’ . One eyual innﬁnllment will be paild when the excavations have been completed
at all points where concrete is to be laid cn rock.

One equall installment wiil be pald when all masomyy is completed to Eleva—
tion 605. : :

The final ecuall installment will be paid when the whole work is completed
and the materisls composing the coffer dams removed =s far as directed by the Engineer.

The furnishing of the requisite materials and the comstruction of the

proﬂ.siois to insure freedom from water shall begin immediately after the execution of the!
contract and shall progress with a speed and in a manner approved by the Engineer,

Fhe earth, gravel and any other materials over-lying the rock where the
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foundations of the lock, the dam, the power house substructure and the oonnactim‘ of .
ﬂ;:io. substructure with the core wall are to be laid, shall be excavated as soonm as pos-
e

The excavation of all material above the elevation of the water in the
river shall be begun immediately after the exccution of this contract and shall progress
with speed satisfactory to the engineer. The excavation of all material below the ele-
vation of the water in the river shall be made with speed and as soon as practicable.

The elearing and preparation of all surfaces upon which any foundations
are to be lald and the actual construction of the foundations are essential features for
immediate progress and shall be pushed forward to the satisfaction of the Engineer.

- £11 excavations shall be made to surfaces, lines and slopes in each case
directed.

The rock 1s to be excavated to the depth directed at each poimts Any
fiesured, loose, disintegrated or shell rock must be removed. In excavating rock.near
the foundation limes, explosives shall be used only whem sbsolutely necessary snd then onl
in small quantities and as approved by the Enginoer, The concrete is to be stepped
into the rock in such form as the Engineer shall direct at each point so as to secure
thorough contact and to provide against any possibility of movement or sliding, The
details for such stepping and for the exact form of rock foundation will be directed after
the rock surface is exposed and its stratification and character observed, All seams
encountered must be cleared out and filled with conmcrete; and all leaks or springs

found in the area to be covered by the lock and dam and other constructions must be

closed or otherwise $iheatdd as directed by the Engineer.

In the lower approach to the lock the rock excavation must be earri
down to elevation 591. In the lock chamber between the lower miter wall and he w;
end of the lower gate recess, rock exéavation must be carried down to elevation 590,
and from this latter point to the upstream edge of the upper miter wall at leash down
to elevationm 591. Any excavation recuired in the upper approach gbove the coffer wal'.‘
need not go below excavationm 620, The rock at the base of both lock walls for a dis-
tance of four feet back from the chamber face mmst be excavated to the same elevation
as th>t in the chsmber. The rock in the tail race =nd in its extension in the river
and the rock at all other points where directed shall be exc=vated to the 1lines, slopes
and surfaces as in each case directed. Where earth is to be excavated, the excava-
tioms shall be made to the depths, lines, slopes and surfaces in each case directed.

9 VATION OF SOL 0CK. L

i There shall be included in the classification of e'r:oava.ﬂon of solid rock
the excavation of solid rock and of all rock in ledges or detached masses exceeding oue
cubic yard each,

10 _ EXGAVATION OF E4RTH. :

¢lay, indurated clay, marl, gravel, material somuonly Xaown as hard pan
and all materials excavated of any character not clearly included in the above classl-
floation of solid rock will be classified and peid for only as earth excavation.

11, DISPOSITION OF MATERIAL.

< The material excavated shall be depositied where directed by the Engi-
neer. Top soil, is so directed, shall Dbe piled at locations not %o interfere with
other work snd after slopes are finished shall be spread over them to depths and
shopes directed. The price formexcavation of earth will be p=id for this second

movement and placing of top soil.
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£11 other materials which, in the opinion of the Engineer, are suitsble.
for embankment shall be placed in the embankments at such locations as shall be directed
for each separate grade of such material. The mcthod of deposit and treatment shall be
specified under head of embankment.

Any materials which, in the opinion of the Engilneer, are not sultable
for ?uao in any part of the embankments shall be deposited where and shaped in the man—
ner directed.

12, memAwONT.

: The embarkments both above and below the core wall shall be made from
materials from excavations suitable in the opinion of the Engineer. These materials _
shall be selected as in each case directed and deposkted at the various parts of embaniom|
ments in each case indicated. They shall be deposited in layers of a thickmess directed
at each point. After being deposited eash layer shall be wette by means of a jet
from a hose to the extent in each case directed and then rolled with rollers of a
weight and construction approved by the Engineer. The rolling shall be contimmed to
the satisfaction of the Engineer,

There direected, the material underlying the location of embankment shall
be excavated to the depths and forme in each case directed amd this material shall be
deposited where directed, =g

The slopes, lines, forms, dimensions and methods of comstruction of
embankments shall be at cach point as directed; connections between embankments and
othor points of the work or of the matural ground shall be made as in each case directed.

; The price paid for excavation of earth shall be in full payment for such
excavation and for the placing of the material in the emabnkment amnd for shaping, water-
ing, rolling and all other reculrements of these specifications, including haml up %o

Should the Engineer direct that material excavated be deposited at a
distance from the poi t of excavation exceeding ome thousand feet, there shall be pald
in sddition to the price for excavatiom, the price of ome and one-half cents per eubic
yard for each one hundred feet haul beyond ome thousand feet, the line over which hgul is
%o be made and the location of excavation and deposit to be determined by the Engimeer.

These provisioms will apply t0 any material, if such should occur, directed
to be excavated especially for the purpose of obtaining material for a special purpose.

13,  SLOPES.

A1l slopes of excavation and emhenkment shall be brought %o true lines and s
surfaces as direocted, whether to recelve poving, riprap, top soil or otherwlse.

34, BACK FILL VING.

The space behind the land wall of the lock must be backfilled with earth,
gravel and broken stome, thoroughly compscted by method of deposit or by ramming, and the
top must be paved with comerete or stome blocks not less than five inches thick. The
bank on the right side of the river for a distance of about 400 feet from the lmr end
of the land wall mist be graded amd riprapped with hsnd placed stonme of approved slzes
to a depth of twenty-four inches, with good substantial toe of heavy stone at the
foot of the slope. All other surfaces indicaged upon plans or directed by the Ingi-
geer shall be riprapped in the same mamer or paved with concrete or stonme blocks not
less than five inches thiek, in each case as directed. -
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L53 FOUNDATIONS.

_ All foundations for comerete work mmst be on or im solid rock, snd shall

be prepared and thoroughly explored in the open after the water is excluded from the

sites A sufficient mumber of borings must be made to ascertain the charascter of the
underlying material. The base of the lock walls is shown on the drawinmgs at elevation
592; this must be understood to be approximate only, as the character of the rock en—
countered may, on the one hand, nmecessitate decper foundatioms or, on the other hand,
pernit portions of the natursl rock to be included in the wall sections as shown .
The base of the masonry of the dam; of the substructure of the power house; of the
cors wall and of all other comstructioms extending to ‘roek shell be thoroughly excaveted
or left in natural condition and 2t such elevations amd in such forms and manner as at
each point directed.

16! Cm.

All comcrete must be mgde with Portalnd Cement to the specifications
and tests recommended by the Board of Engineer 0fficers, June 6th, 1901, and published
in the Professional Paper No. 28, Corps of Englneers, U. S. Army. The brand shall be
subject Lo approval by the Engineer. The comtractor must protect the cement from in-
Jury whilst in the shed and in handling and he will not be allowed to wse any cement
wetted or otherwise demaged. He must permit access % it at all times by the Engi-
neer or Inppector, and must afford fasilities for taking out samples for testing.

17, PRO. 0N,

The proportions of the concrete shall be ome barrel of cement to ten
cubic feet of sand or crucher dust and twenty cuble feet of broken stone or gravel.

18, S4ND.

The sand mmst be sharp and hard and so0 graded in size that at least
B0 per cent will be re#ained on & No. 50 sieve., If so required by the Engineer, 1t
mast be screemed, but it need not be washed unless containing a mixture of over 5 per
cent of earthly matter. Rock dust from the crusher passing a ymarter inch screen will
be accepted wholly or partly in place of sand, at the discretion of the Emgineer.

19, BROKEN STONE.

; The broken stome or gravel must be hard and sound and mmet run from
pleces passing a two and one-half inch soreem to pieces retained on a qna:rtar_ inch
screen, :

20, MORTAR,

All morter, except that in the concrete, must be composed of ome bar-
rel of cement to eight cubic feet of sand. _

21. gﬂ_'.l" LYERT LINING.

All culverts and other water passages as hereinafter specified mmst be
lined throughout with mortar facing, as specified,the thickness of the layer being one
and one~half inches.

§ Large Qtones of sultable form may be imbedded in the mass of conmcrete, :
Thoy mist be hard a2nd sound and must be placed not mearer than ome foot to the exter-
jor of any wall, They Bhall not be mearer to sach other than about twelve inches meas-

-
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ured horizomtally, and about nine inches measured vertically. They shall be set in
such manner as mot to interfere with the placing of any irom work, All these stones
mst be cleaned before being set and thoroughly moist at the time of laying. They
must be thoroughly bedded upon concrete placed immediately before laying the stone
with a bed free from voids. They must be covered with a layer of concrete and care
mst be exercised to compact the concrete around the stone thoroughly. A 11 stones
mist be set with their widest bed on the bottom, : :

23, TFORMS,

The forms in vhich the comerete is to be placed mmst be held st all
times firmly in position so as to secure acurately the required outlines of the masonry
and be strongly tled and braced to prevent deformation im ramming; and any objectionable
deviation from line before completion must at once be corrected. WNo comcrete shall be
laid in any section until all posts, braces, ties and logging are lined up to the satie-
faction of the Engineer. All form lumber must be of good (uality, sound and well season-
ed ond free from defects which would disfigure the concrete. The use of warped and
erooked lumber will,sot be permitted. All lagging for surfaces that will be exposed
to viéw in the completed work and that against which any faeing mortar is to be placed
mast be dressed on one side and be of even thickmess; it must not be less than two inches
thick bofore dressing. REspecial care must be taken to secure smooth and even surfaces
in the concrete formed sgainst dressed lagging, which must be neatly fitted, with close
joints and nust be laid and kept level. All butt joints mmust rest on posts, If tie
rods are used they must be provided with sleeves at least three inches inside the face of |
the wall so that the ends can be withdrawn when the concrete is finished; or the tie rods
msy be left bedded in the comerete. Templates shall be used for the mortar facing and
may be of steel or of thin boards, held one and ome-half inches from the jnside face of the
lagging, to separate comcrete and the facing while they are being deposited ., They mmst °
be in good working comditionm zll fhe time. Forms shall remain in position after the
conorete has been completed in them until permissi on is given by the Engineer for their
removalDuring this time suitable precamtions must be observed to prevent the concrete
from drying out too rapidly.  Such materiasl in the forms as may be sa‘bisfacto;y to the
Engineer may be used in the construction of other forms, after proper cleaning and trim—

ming.
24, VOIDS AND OPERINGS.

All necessary voids and openings for culverts, wells and for other purposes
as may be required by the Engineer mast be left in the concrete. Recesses for ladders,’
coffer beams, line hooks, etc., must be formed so as %0 leave a smooth surface on the
finished work., All exposed edges, such as top edges of lock walls, mext %o chamber,
gate recesses, ladler recesses, culvert openings, etc., mst be rounded to & radius of
two inches, unless otherwise directed.

25, MIXING CONCRETE.

Gonorete mst gemerally be mixed by machinery, but hond mixing may be allomo‘
for small quantities. The machinery may be of any type, approved by the Engineer, which
is capable of tmrning out good comcrete, thoroughly snd evenly mixed, If required by tl:o
Engineer, the gravel or broken stome mst be thoroughly drenched shortly before being lrm
in the mizer; the sand may be moist, but the use of wet sand will not be permitted. O 4

the four materials, stone, cement, sand and water, the cement must always be placed t: e
mizer sccond and the water last. The amount of water used shall be subject to variations

gincer. All mortar, whether by itself or in the concrete, must D
i:.s pa::epﬂbly hardn;eﬁ; otherwise i must be wasted by the Gontractor. No retempering

791l be allowed under any circumstances.
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26 _PLACING CONCRETE.

: The method of placing the eonerete in blosks or otherwise, s sub=
Ject to the asporoval of the Engineer. = The concreting must be earried'onhﬁldz;nﬁt
only, except by special writ em permission of the Engineecr for each occasion., Before
beginning work on the foundation, the bed roock must be $thoroughly cleaned, the rock be~
ing roughened if so directed by the Imgineer and a bed of mortar sbout one-hslf inch in
::;.:.m“ must be spread thereon to provide a tight joint between the foundation and the

The Contractor will not be sllowed to drop the comerete nor to use slides or
chutes for depositing it. As soom as the 6o nerete is depositied in the forms it n:st
be spread in layers from six to eight inches thick, and be compacted at omce by ramning,
The murber of men to be employed im ram-ing shall be as directed by the Engineer, as the
ramning mist be thorough., The rammers must have metal faces, and be of such forms, size
and weight as the Enginecer may direct. If the Contractor so desires, he may use pneu- '
matic rammers, subjeet to the approval of the Engineer.

Suitable provision must be made to secure 2 good bond between adjacent blocks
or nortions of the comcrete mass that are to b laid at different times. Vhenever con-
orete is to be placed on or agalnst other comerete that has set, the surface must be
thoroughly brushed off and roughened, as may be directed by the Engineer, and webted
and must be covered with a half ingh layer of mortak applied immediately in advance of
fresh conmcrete. No comerete will be allowed to come into comtact with dry, dirty or

dusty surface.

No comerete shall be laid in water, except to stop leaks or springs, norex-
posed to the action of running water wntil set. The planks against which conerete or
mortar is to be placed must be made damp just before such placing. -

87, TACING,

A mortar facing . ome and ome-hslf inches thick must be used for the slope
of the dam, for the interior surfaces of culverts and all waler passages. All other
concrete surfaces exposed to view in the finished work, ineluding the upstream faces,
the downstream faces and the river face of the power house substructure, must consist of
mortayr without any gravel or stone showing on the surface. If this result cammot be ob-
tained by methods of depositing and raming the concrete with the mse of facing templates
with mortar facing less then one and ome-half inches thick; then a mortar facing of one
and one-half inches thiek must be uwsed for all such surfoces. "he composition of this

facing is to be 25 moted in paragraph 20.

When the comcrete cnd facing have been deposited, the facing template must be wl‘#
drawn and the whole mass thoroughly rammed so that the facing and backing may go on simul- -
taneously in the same horizontsl layers. The Contrasctor must provide competent laborers
who shall be retained on the facing work vhenever it is being carried om, since the ap—
pearcnce of the structure depends upon the perfection of this work. o careless or un-

sicilled 1labor will be allewed to work onm 1t.

~  Yfhenever comereting is to be suspended for the day, care mst be exercised that
the facing is left fairly horizontal.

28, FACING PINISH.
As soon as the form is removed from any surface,
left by the withdrawal of bolts, or from any other cause, ms$t
ed with facing mortar as directed.

29, COPING.

The coping or top finish of all walls =nd piers shall be of meortar ome

all cavities or openings
at omce be carefully £ill=
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inch thick, and must be placed on the top layer of comcrete immodiately after this layer
has been tamped. The entire coping layer must be divided by joints ugout one—eighth
inch wide into rectangles of approved size and must have all edges rounded to a radius of
two inches, and have its surface slightly roughened with a specizl tool making indenta~
tions or small pits. The coping on the crest and toe of dam shall be one and ome~half
inches thick, laid as above specified, but without joints, Al1l this work mmst be done
in the best atyle of sldewdlk finish and any th-t is not satisfactory to the Engineer
mast be removed and replaced by the Comtractor.

30, PROTECTION OF CONCRETE,

When freshly laid comecrete or mortar 1s exposed to unfavorable weather
conditions before it has set, the Comtractor mmst supply suitable means of protection
and any injured by lack of protection shall be at once removed and replaced by him. No
concrete shall be placed when the temperature is lower tham 34 degrees Fahremheit, ex-
cept by permission of the Engineer and under such gonditions as may be required by him,

31, PLACING OF LOCK GATES, ETC.

The United States will furmish the lock gates, operating machinery and
211 other metal work of the lock necessary for its operatiom. The Contractor must place
in positiom all metal work thot must be embedded in the comarete when it is lald,

Bolts may be set with a template as the work progresses but if not found in
twme position when the comorete has hardemed they mast be taken out and reset correctly.
1£ not set in this manner, holes for them must be provided either by drilling after the
conmerete hes set or by using, during the progress of the work, & removable form of suffi-
clent size to allow the bdolt to be set Jater om with mortar filling in its exact location.

32, GAUGES, -

Two gauges must be formed in the river wall of the lock at such location
as may be directed. These gauges will be made by form as shown on detail drawing %o be
furnished by the Engineer and when the forms are removed the figures and tenth marks
must at once be filled with mortar colored red.

3 FOURDATION TURE OF POWER HOUSE.

These shall be of comcrete in all respects as herein before specified ex—
cept that in the plers between arched passageways no large stomes shall be used which will
be nesrer than ome foot to any face normearser each other than ome foot measured horizon—
tally and nine inches vertically amd such stones shall mot be placed so as %o interfere
with any metal comstruction. In the arches, roofs and floors betweon piers, including
those of the main floor and sub-floor of the power house, concrete only shall be use!
without the admission of stome larger than the brokenm stonce specified for comerete.

Pipes and appurtenamces, steel, beams, rods, or other forms gshall be accurately
placed where and as directed and the comcrete tamped in such manner as to form complete
contact with every part of the surface of the steele The concreote shall be quite wet
and tamped so as to be demse and without voids. The metal shall be cleaned before use
and protected by a coating of meat Portlandt Gememt applied with a brush as directed,

The price agreed upon =nd paid for steel and pipe used in the work shall in—

in the
clude payment for the delivery and pretection of the steel and for placing it
work a:d this price ond the price for conerete in power house foundationa and substruc-
ture shall include payment for all cost of stecl and concrete as Tinally laid and finished.

The price for comerete in foundati on and substructure of power house will
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will apply to all comorete in that foundation and substructure and to the extension of
oonorete from the power house to the junction with core wall of dam, such junction being t
at the point where the top of the core wall becomes concealed by earth covering, ;

Great exactmess will be required in the passages openings and details of this
power house foundatiom and substructure. :

The foundation and substructure of power house must progress with all possible
speed 50 that the water wheel appurtenances may be placed at an early date. -

: The coffer dams and means for keeping water from the power house substructure
mist be maintained in good condition unbil their removal is permitted. '

. 34, EXTEVSION OF DAM.

{_J", The dam between the power house and the high ground eastward will he formed by
/ & core wall amnd an embankment, '

$5. CORE WALL. ‘ s

The core wall shall be foundod upon or stepped into the natural roek which shall,
for this purpose be excavated to depths and forms directed. The core wall shall be of
concrete made and laid in conformity to clauses 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29 and 30 of these specifications. If an extension or any portion of the core wall
is directed to be founded at an elevation higher than the natural rock, the foundation is
to be made In such manner and with suck mafierials ss directed,

36, TRANSFORMFER HOUSE.

This skzll be founded upon concrete plers or in such other way as the Engineer
determines after examination and excavation at the site. Metal shall be placed in the cone
erete of the substructre of this house as and where directed and the specifications for pow-
er house substructure will apply to this substructurs.

37, SIUICEVAY IN DAM,

A sluiceway shall be formed in the dam at the pointe and in the manner to be
shown by detailed drawings and directions.

38, PASSAGHEVAY IN DAM,

The passageway shown in the cross section of dam shall be aouumte&iy formed and
treated as specified for culverts. Pipes of the size and at the points directed shall e
s6t in the concrete of the dam, leading to the downstiream face.

39, PROVISION OF FORMS,

The price sgreed upon for any concrete shall include the cost and provision of
all forms, centers, templates and appurtenances and also the facings and finish as specified,

N
40, COTFER DAMS; MATNTEANCE AND REMOYALe

For the comvenience of the United States or its agents In erecting the lock
gates and placing anynother metal work, the lock must be kept unwatered for such time as % 9
may be necessary, without extra expense to  the United States. |

When the necessity for any coffer dam shall have ended, the meterial composing
it must be removed at least down to the gemerzl level of the bed of the river; lmt if per-
mitted by the Engineer, some designated portions above the dam may be left 1‘11 position,
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