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PREFACE

A veview of the avallable literature on the subject of
subeaqueous rock removal has made possible the development
of an outline of the progress in this breanch of engineering.
¥With this beekiround FPart II is devoted to a proposed method
of removing vrock from the Culuﬁﬁia‘ﬂiv@w» |

It should be mentioned that the subject 1s sonfined to
the breaking snd excevetion of solid roock. Since much is
known of the methods of excavation of loose meterisl, s
supplenent to the extensive literaturs on dredging would de
of 1ittle value. For this reason, partioular aettention will
be directed to the drilling and blesting while the asubses -
quent dredging will de trested moderately.

Acknowledgment 1s due perticularly to Mrs Ls Ae Peacook
of Slemswilelmers, Inc. for the useful information pertaine
ing to thelr operations on the Columbla Rivers Valusble
data were received from Mrs Chas. C. Hansen, Engineer,
Ingersolleiiand Co. and Hessrs, CGordon and Finkhﬁxnar.»?artw
land Salea Agents for the Ingersollefiand Co. Acknowledge
ment 1a also due to Hre T, Ge Wler of the Worthington Cos,
to lire s O« Groshong, and to those who have contributed
mach of thelr time in correcting the test.

Special oredit is gilven to Dre Ce As Hookmore, Head -
of the Department of Clvil lingineering, under whose supors
vision and guldance this paper was written.



INTRODUCTION

The removal of subaqueous rock is a phuse of conastruoe
tion which has perplexed engineers since the first artifie
¢ial chanuel or subaqueous foundation was visuslized,
Hevertheless, many million yards of submerged rock have
hasen removed through the ingenulty of men confronted with
the problems of lmprovemont,

Although this work 1s being carried on to an increase
Ing extent, it 1s unfortunste that the subject has been one
1y moderately treated by engineering writers. Hany articles
of & very general nature have been written in recent years,
but only o few writers have desoribed thelr experiences so»
curately and in detsll. The limited materiel treating of
this work %s so sdésttered snd incomplete that 1t is diffie
cult for & practising engineer to profit by the records of
his predecessors. !any mistakes result which, slthough exe
cusahle to a pionﬁar in this fleld, could be avolded with
some knowledge of previous experience.

Excaveting a shlp channel in the upper Columbis River
prosents itaelf as & eipnificant problem, &ven with the mode
ern aquipﬁant in current use, the satisfactory removal of
solid roek to form & channel in a river of this magnituds
and velocity is & challenge to the enginsering profession,

It is with the thought that the avallsbls literature on
this subjeet of value in performing simialr work in the Coe
lumbia Kiver, that the author sompiles this treatise.
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STHOPSIS

The ﬁu@p&ﬁ& of this paper 1s to present a study of the
methods employed in removing solid rosk from below a water
surface, applyling the principles to the construction of &
channel in m'ﬁaimbia Hivers A descripbtion of the mﬁw
ods end memmry mlwaﬂ in Burcps am &mﬁm, Mgim-
ing with the first crude m:lu used sarly .’m the nmtm%h
century, is presented as s beckground for cmmt opares
tions. The devices which have been used in the water-ways
of the world are dimcussed and classified in the order of
their importence ss petterns for modern machines,

Hony devices in current use sare desoribed, wmd&ng
upon these which are allled with ‘mavmsim' performed from
8 floating barges The drill boat which is now employed axe
tensively is snslyzed in detall in order that its features
mey be understood and modifled to it apecific conditionse
Submarine blssting technigue leads m the Mwlamt of &
method of spacing and leosding drill m&aa in ordey iw
realize maximm benefit from the explosive employed, 4

moderate treatment of dredges and dredging wothods oone

cludes the discussion of general practicos.

Attention is then devoted to the improvement of the
natural channel in the upper Columbis Rivers A descriptlon
of the adverss comnditions and the channel requirameuts equips
the resder with a concept of the pm‘blm Two typee of



plant which have previously been proposed for removing
the 8011 rock from the channel mpre presanted for cone
sideration. | |

The treatise includes the design of a &rill bost to
arill and blast the solid rock in the Columbiam Kiver,
assuning a hypethetical projest requiring the removal of
7ifty thousand cubie yards within s pericd of two yoars.
fmploying the principles which have besn used in the past,
and recognising the conditions to be ﬁmmnmm, the plant
is designed to meet the speeific mquimntn ear this mrk;
It inoludes the dimensioms of the mull, & discussion of all
equipnent, and gomputstions relative to required sizes and
power, This lesds to an mﬁ.win of the distribution of
weight and drsughts | R

 %he importense of satisfactory ;mfiiam equimt,

composed of a tughoat, work bostas, snd an anchor barge, is
suphasized, A brief dimsoussion outlines the type of mmche
ine to use for dredging the blasted material from the ehanw
nels

The organization of & oompetent erew and practisal
methods of amtmg the drill boat are presented as ime
portant factos for consideration. An snelysis of the probe
sble cost of operating the proposed plant congludes the Alse
cussions The eritericn euployed for determining a satise
factory method of removing this rook hes been safety to
human 1ife and economy of ooat.



‘A STUDY OF EXCAVATION OF SUBAQUEOUS ROGK
WITH SPECIAL REFERENCE TO TE
COLUMBIA RIVER

PART I

JAVATION OF SUBAQUEOUS HOCH

HISTORICAL UEBVELOPUERT

SURFACE BLASTING, The earllest lmown method of loosenw
ing subaqueous vock wae to place explosives on the surface
of the materisl to be removed, This scheme was used vesrs
ago on the Ahine and Severn Rivers in Zurope. Ons wethod

of vemoving the rock from the famous Hiver Dambe®3+58eye,

to plece hundles of powdor on the b&ttam of armoured spuds
and lowor them to the surface of the rock whore they were
exploded. Unfortunately the spuds wers ususlly demaged move
then the rooks It was found that the first shot was offeg-
tive to a depth of one or two fest but that the subsequent.
explosions in the same place wers absorbed by the sushion
of Lirolen roock,.

This procedure has had a varied history and ia used
oceaslionally even today where conditions are favorsble. The
Hleml ship ahannnl,ﬁa‘a soft porous limestone formation,
was recently deepened at . nominal cost by this method of
Ydobying® or "surfece blasting®. Here small paclets of 60%
golatin were welghted and lowersd to the rock surface. All
conditions being favorable, no wind or fast ourrents exlate
ing, this method proved more economical then driilinge The



removal of boulders and pinnacles under the water surface

1s often performed in this manner, but in general 1t might
be said that surface blasting has been very unsatlsfactory
in formations where ledpes and large aress of flat bottonm
predomingte. cst of the rock which hes been dealt with in
the past falls into this elassifisation, therefore, it has
been found advisable and importent to resort to s nmores pvau+

ticable method of removel.
Ploneering in BEurope

With attention centered about Burope during these yesrs
of ploneering many sehemes for removing rook were abtempted,
The {irst method of whioch records are available was naturw
ally that of drilling holes in rock by hand® *and the use
of black powder, The writincs relete that the men stood
on raftas and drilled through s pipe,; one holding and rotate
ing the steel, while others strueck with sledges, In this
esrly development of the hand method s ealason or diving
bell was often employed. As long ego as 1814 men descended
to the bottom of the iHowth Harbor and drilled holes in the
rock by hand and loaded with blaek powder. The diving bell
and calseon has been used ever since but with many refinse
mentse | .

THE JIRIPER DRILLe Probebly the first improvenment wes
the use of the jumper drill in removing the msrl beds slong

Eote:» Rumbers ia text refer te bibliography.
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The River Severn?9*in 1860, This tool, although hand opere
ated, was more satisfactory than striking the steel with
harmers, esspecislly in goft rock formetions. It was a heavy
steel bar welpghing sbout £fifty pounds and eguipped with o
forged bits As it was raised and dropped it wes guided in
an irvon pipe so that it sontimied ¢to penstrate in one place.
~ The firat combined unit was composed of a shaft on which a
 murber of slip ropes were mpmw‘m #lip rope waas
sttached to one of the jumper drills and as the shaft was
rotated by hand, the bars were ralsed and dropped by pulling
and releasing the ropes. |

The first machine used for drilling roek in Europe wes
invented by Mry Hipp in 1863." *$¥*mis eonsistes of & heavy
bar wnish, like the jumper drill, wes reised and let fall st
a single point of conteets. The improvement rested in the
fact that rether than using hand labor the shaft was rotated
by steam power. This mechine was short lived bBut wes @ vale
“uable contribution to progress in subaguesus drilling. Hany
other improvements were made during this peried, Although
they were sipnificent at the time, the sdvent of more satise
factory mechines soon put them lnto obsourity.

POWDER. Engineers at that time were not only cone
fronted with difficulties in arilling holes, but the blaok
powder in use wes inadequate for under water service, Blask
powder had long been lmown and used in firearms, but it wes
Just beginning to f£ind employment as & method of breaking



rocks

In order to keep the black powder dry, as was necessary
it wes placed in cenvas bags, whioch were tied and ﬁhan Aipe
pod in piteh and tallow to close all the pores A fuse,
known s the Dlokford fuse,” *was inserted in the bag, then
the entire unit was lowered into the hole. If the charge
failed to explode, the workers wers not discouraged but
calmly heated a rod red hot and foreed 1t quiskly inte the
hole whers it penstrated the bag, eithor firing it or wete
ting the powder so that 1t wes no longer sxplosive.

The revolutionary invention of nitropgelatin dynamite
by Alfred Nobel in 1863 completely changed submarine blaste
ing teshniques. The eleetric blesting esp has replaced the
fuse in this type of work, and nitroegelatin is used satise
factorily today., This material may reamin submerged for a
long period of time without serlous depletion in astrength.
Water has & tendensy to replece the nitroeglycerin in the .
gelatln but this astion takes place very slowly, and gone
sequently may be ignored in most operations.

THE HOCK DREAXER. The flrst machine whioh shattered
the rock by impact ani later Lecame known ai the Lobnite
Fock Dreskdr was bullt by a German, Mrs Neblling, and used
1n the Hhine River.}®*In the early days of the Dambe ime
provement Ny Kvupp and My, ILuther of Brunswick used s roek
breaker, It was not until 1084 that thile popular machine
was bullt asstisfectorily. VYhen the necessity was seen for
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Fig., 1. The Lobnitz Rock-Breaking Dredge "Derocheuss”,
(Engineering News)



improving and deepening the Suez Canal, Messrs, Lobnitz and
Company of Fenfrew, Seotlend”*5%+sonstructed a plant whieh
sombined the features of a ladder dredge and a rock breaker.
The *Devocheuss”, as thils ses~going dredge was ghrise |
tened, wos eqvinped with a battery of five rane arranged in
a row on eaoch sm«'af the ladder as shown in Figure Y. As
these Tour ton rams were ralssd and dropped, shattering the
rock, the busket ladder lmiedistely removed the 10cse mabewe
181, leaving a cleamn surface on which the rams continuously
operated. By mim‘g a spud Rt the stern of the boat as a
pivet 1% wae possibdle to control the ares of operaticn and
then to mdvance upon the sompletion of easch are made by the
drodzo. , |
Although the Derochouse successfully sompleted the work

for which 1t was deslzned, 1t was too large and cumbersome

in 8 confined ares. The operation of the entire plant was
dependent upon each unit, therefore when onse of the vamse
falled to funotlon properly the progress cessed, For this
reason it waa found more satisfectory to separate the rosk
breaking from the dredginz. "iile breaking soft materisl
the rams often penetrated and stuek fast resulting in a
groat loss of time,

The later rook breakers wore mounted on separate barges
end operated independently of the dredges These rams usual
1y ranged in weight from four to twenty tons, dapending upon
the hariness and depth of rock to de rmmﬁ“g*m:x using



Fig, 2. General Arrangement of Rock Breakers Used in
Black Rock Harbor, Buffalo, New York, 1910,
{Enginesring Record)
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heavy i*ams it was more economiosl to place only am or two
on & small barge which could be mancuvered sasily, as shown
in Figure 3. These mammoth chisels mounted on barges are law
teresting from s historicsl standpoint since they have been
used extersively in breaking rock in all parts of the world,
- 3+44483spyen today they mey be found operating in Burope
where condltions are favorable, The ram w@ long and oeyline

drical in shape, usually tapered silghtly at both endday The

mein body of this massive columm was solid mild steel squipe
ped with specinlly tempored removeble points, The polints |
wore oglval In shape, "igure 4, and harder at the center
than near the udggaag‘ consenuently were self sharpening.
These rams were ralsed and dropped in guldes in mach

the same way as the pile driver 1s operatod, the distance
Gepending upon the conditions and the abllity of the equipe
mant to meist the shooeks The 1ife af the wim‘ rope uséd
to »alse the ran was very shork, owing to the gontinucus
bending st the point where it was ettached te the rame. This
lod to the development of & follow socket in the heady which
permitted the line to follow into the ram sbout three feat
after 1t atruck the bottoms This improvement waz fipst used
in removing rock from Black Rock Harbor as shown in Figure

£ and wana found very sumasam@?” Anohor spiads were come
monly used to stabealize the barge vwhile in aspemstion, but
these wers not always nscossary and were omitted when inoons

Vaﬂiﬁnt .



Mg. 4,

A twenty ton mild steel rem with removedblse
points, (™zineering Record)
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The rock bresker was soonomieal in that it eliminated
the use of powier, but 1t operated very slowly. Beocause of
the great wolght of the ran, the aversge mmber of blows
seldom exceeded one hundred £ifty per hour snd the effective
depth %o whish the ram broke the rock decreased very rapidly
as the ram psnetrated the bottom. This was dus to the cushe
ion of brolken rock formed on the surfsce which absorbed the
fores of impaset, As & result the rock was broken and dredged
in layers sbout two feet in depth. In soft wvook the machine
was vory unsatisfactory because the ram falled to frasture
the rock but simply penetrated and stuek firmlys This maghe
ine has hed a very interesting history and ls prastlicsble
where labor goats are low snd time is of little importance,

THE DIAMOWD DRILL. At aspproximately the same time that
the Lobnite rock cutter was flrst used the dismond drill,
which 18 & votating machine, equipped with dismonds or soms
other hami material as & cutting egent, waas introduced by
I, The Jones and Jy He Wild of Leeds, England,®®*These dlae
mond drills were freely suspended from floating dbarges and
permitted to operate In much the same manner as they do on
land todays Those wers later used by Fontaine and Tedesoo
on the Dambe Hiver and the Panama Canal.lZ¢fhe dlamond
drill hes never been thoroughly successful in this type of
work sinee it operstes very slowly and must be cerefully
held in position, It has given way to the more populay pise
ton or hamer drill which ecuts by impact rather than boring.
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THE 3C0UT & OODSIR CUITEX. The Sgott and Godslir Gube
ter was designed by HMessrs R. Me Scott and As Godsir of |
Sidney, New South Wales in 1887, This mashine ingcorpope
ates @ combination of the principles of the rock sutter
and the steam drills A very heavy rod was directly o
ted to a steam plstons The reciprocating mution caused the .
rod equipped with a bit to strike the rock beinging abow
its fresture and pulverization. 7This mechine operated fsster
than the Lobnits rock breaker but .usually struck the lighter
blow sinse the weight of the moving parts rarely smsesded
three and one half tons, The mmber of blows was spproxis .
mately fifty per minute when operating under full steam,
This type of plant was used for a few mm in Barope
gradually disappeared with the new improvements in obthe
machines.

Progress in Americs

At the same time that Eurcpesn enginsers weie
with lmproving nevigation, similsr problews wers present here
in the United Ststess The first attempts made in this gov
try to remove solid rock wore guite nsturally the methods
hend drilling and blesting with black powder,

THE STEAX PUNCHe The fiwrst improvement upon this prees
tice was lirs Chas, T, Harvey's "Stesm Punch”,*wnieh n
used suseessfully in breaking a ledge of rock in the 5,
ierys Fall Ship Cenel in 1884, This machine consisted
shaft which dropped and struck the submepged rock with
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estimated fores of twenty tona per square insh, This shaft
consisted of & heavy wrought iron base which tepered down
to & steel DIt one inch squares, To the upper snd of this
bese wes attached s heavy oak timber operating In guides.
This memmoth chisel or punch, ss it was oalled, when dropped
from the top of the guldes struck with Serrific foras.

THE CHISEL BOAT. Upon this same prineiple Hajor Je Gs
Floyd of the Us S. inginesrs designed and bullt what wes -
called & "chisel boat®™ in the Des Hoines Hapids the following
year,55+784 1t wns composed of & heavy steel cap tled with
revhide to en oak timber studded with rails which worked in
guldes, Thie boat did not operate very well on the Des
folnes Rapids where 1t was necessary to remove large boule
ders, It was later used more suscessfully to remove 4 thin
layer of ledgs formation in the Rock Island Replds of the
Hiseisalpnl River where navigation was hazardonss This
chisel boet was improved upon and used continously until
1869 when it wes cisesrded and replaced by more modern equip-
mente v

 An interesting observetion is that slthough the Lobnits
Rock cutter is penersily oonsidered a Buropean invention, in
reclity the same prineiple was used et leat three places in
the Tnited States many yeavs before the birth of the "Deros
cheuse”s | B - o _
THE DHILL mﬁ‘iﬁ. As river and harbor improvenents be-
camg more Imperative in the mited States, Mre Co Fo Dunbap,
S¢7ogno wns®?*aotively engaged in this typs of work, was



carrying on drilling operstions using the Juper drill,

hend steel, and crovwbara, These rouh devices mounted on
rafts, coupled with experiments with o stemn opereted naghe

ine for drilling on m, led to his invention of wiab

proved to be &m prototype for the wodemn Ameriean Aplll
%@gﬂ; iips Dunbar was m f;im me of a drilllng m@?&%ﬂm e
remove vook from Port Colborne larbor 1n iehe Nrlee The
 rock was so hard that three men could dwill orly one foob
per ﬁaj by hand methods, In 1878 he aogulred oo old barge
and equipped 1t with two stesn plston drills mownted on
movable towers pluced on tracks along one side of the bargee.
Steam yia%m; arills had Just beoun to be used Tor driiling
im}.ea m rook qmim and othew tyy
' The barge wes moved and held in position by lines and
heavy breasting chains attached to enchorse 4 stesm boiler
installed on the bargs furnlshed power to the drills and to
the drums which Wﬁml&eﬁ t};}@ lines aund chelins. A wooden

g of dey ﬁmwatimag

] oed in vertieal paldes at each of the ‘our
corners of the barge uw&é Bg an aﬁ@it@i@mi stahiliser dure
ing the mumg oparation, Uk 60 the boet was noved to the
desired lae&tzm the spuds were fopced dows to the bottonm
with hand winehes until the barge wes raiged o Low inchos
above its normal buoysney umg thus i:mmw tting part of
the welght of the secow to 1ts logs.

The wooden towers @9@:& which the drllls wore mounted
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6o The Ingersoll Drilling Scow,
(De Ven Hostrend Co,, "Dredges & Predging”)
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Tmprovement in 1909
(John viley & Soms, "Rock prilling")
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were designed to move along the full length of the fifty
foot barge. 3y skidding these towers along the track with
crowbars sleven holes apeced at five foot intervals could
be drilled without moving the boste The drills wers mounted
on the towers in vertical guldes overhanging the side of the
barges They wers controlled by hand wineches and sould opers
ate for a wertical distance of nine feet bafore it was negs
essary to exchange the blt for a longer one, The drill sted
was connested dlrectly to the platon rod by means of & Ue
bolt chuck snd moved the full length of the stroke which wes
sbout seven inches, These drills struck at e rate of 2850
blows per minute, which was s great incresase over the hend
operation, |

Upon the souwpletion of each hole, it was loaded and
blested without moving the barge, ‘hen & row of holes wee
finished, the barge wes moved six feet from the renge and
the cperation was repeated, After e lsrge area of the rosk
was broken it was removed by ordinary dmedging methods,

Within the following few years Uy, Dunber instelled hye
draulic reams to move the towers and to fesland holst the
drill in the guldes, In order to kesp the overbuwden and
the looas mﬁﬂnga from falling into the drill hole a cusing
or "mud pipe™ was used to psnetrate the overburden and rest
on the surfaes of the solld rogk. This also served ans &
guide when loading the hole with powders

A water jet was later inserted in the hols either dure
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ing the drilling or when the bit was withdrawn for the pure
pose of washing out the cubtings and fine particles from the
bottom of the hole, The successful removal of outtings inw
cressed the spesd of 4rilling end slleviated the Aiffieulty
of stioking the bit due to "sanding in" as 1t is celleds
This was one of the major improvements in drilling historys

The drill bost waes so successful that many new ones
were bullt in the ragion of the Oreat Lakes shortly afters
wards,?* The Ingersoll dril) scow, Fig, B, and the Rand
drill boat soon made thelr sppesrance. The united States
Army Englosers built one to improve the ghannel in Rook
Island Repids. Plgs, 6 & 7 show more recent boats used on
the Livingston Improvement of the Detroit River and in Bleek
Rock larbor, respectively. , o

THE DRILL STACE. The drill atage, invented by Mp. We
Le Smunders and used succesafully in the removal of Blsek
Tom Reef in New York,$9*incorporated the smmwe prineiple
but the anchor spuds were designed to 11ft a light stage
clear of the water in order to aveld high tides and wave soe
tion, Upon this platform were mounted ordinary triepod
drills commonly seen on land, The drills were moved sboub
the platform and the drilling was done through holes in the
deck, The steam bHoiler and sll appurtances were installed
on a vender barpe moored alongside in order to remove as
mich weight from the atage as possible, This method was




Pigs 7o Tapire ™ngineering Cerporstion Boet
in Black Rock Herbor, Buffalo, Tew
York, 1611,
(John wiley & Soms, "Rook Drilling")
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Mg, 8, A drill boat which 1ifts it.
self clear of the water operating at
port Weller, Ontario on the "®lland

Ship Canel, 1514, (Engineering Tews )
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used extensively in many places where tides and winds made
drilling rrm e floating bherge lmpractisable. Thia type of
plant shown in PMigze 8, has found current uss where shallow

wator iz encountered,
The Damube River

During this time progrsss in drilling in the United
Stetes and Europe had been made separately and independente
1y. ‘"hen it bsoame necessary to remove the “Iren Ustes”
trom the River Damube,%*48sthe work on this tremeherous |
river wes of sufficlent charecter to enlist world wide ine .
terests 4s a vesult practically every known typs of memahe
ine for drilling end breaking vock was used, Although cone
ditions wers very wnfavorsble with the awift ourrer

an irvegular bottom ths engineers wers to be comme:

the calibre of work done in removing rosk from this sestlon
of the Damube, With the orude devices in use at that time
the BEuropean Commlisszion of the Derube removed 200,000 subis
yerds of roeck from Stemka Rapids, the OGreden sectlon, Xoglse
Dojke Repide snd the "Iron Gates”, It 1s doubtful if any
project as difficult as this one has been mamd since,
This extensive work brought together all of the more
sdvanced detalle of subaqueous rock removal where 1t wes
posalble to compare the equipment in use at that time, From
the results obtained 1t was found that the Lobnits rook oute
ter end the Amerlcan drill boat were the two most satisfuce
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tory types of machines, Althouch much grief was exporienced
with both of these, 1t wes found that ecoh one possessed gde
vantageous features not found in the other,

~ The rock breaker was not satiafastory in shattering

more than two feet at & time, As the surface rock becene
pulverized 1t formed & eushion which protested the roalk L
lowe This necessitated dredging after two feet of rock
were broken and then e repstition of the same Process. m
this vesson the drill barge was used in areas where more |
than two feet were %Yo be removed, and use of the rook breake
er gonfined to shallow amwtiw.w'“‘m*m&u mle was
quite generally cbserved for years afterward where both
types of plant were used on the same projects

The drill berge was difficult to hold in position in
the swift current whille in operation. The alight shifting
often csused the bit to stieck in ths bottom of the hole res
sulting in a grest loms of time and equipment, Ite operaw
tion in the Techtalia and Jues Rapids of the Damib§®hus mode
erately succesaful and introdused the éﬁilﬁ scow to m

The general outooms of this famous project was the elim-
ination of nearly ell eguipment in fsvor of the rock break
er snd the drill boat, The Lobnitszs rock outter has sontine
ued to be popular in Burope whers labor sosts are m‘hmn
hibitive and the slow operation sonsurs ﬂm&womn PRy
chology. It hes also been used in the Panems Cann1>*BReqy



20

Black fock Harbor in Buffalo, New York®7*and in Censdian fme
provemanta®¥* An sccurate rescord of 1ts operatlion and costs
in the Harbora of Avliles, ian Betaban de Pravia and Port de
5ilbec in Spaln s available.

 ‘The darill boat hap contimued to be more popular in the
United Statese In the last £1fty years millions of cuble
yards of rock have bheen ramcoved from herbors and channels
throughout the world,S!+60¢72:78ey aneat wajority of the work
has besn pecformed in the reglon of the Ureat lalkes and in
Esst Alver in New York where drill scows have operated aone
tinuously since the nipetesnth zmw#yﬂ" It 1 an expenaive
plant to operate and therefore must function rapidly and com
tinuously in order to avold exeessive unit cost, In view of
this fact meny nechanical refinements have bheen added in ore
der to increase the speed of operstions

The Drill

In disucesing the svolution of the drill scow, the major
interest has centered sbout the drill itself, In geneml tie
development of the ﬁriil uzed in subaqueous work has follow-
ed the lmprovements made on the land dr111.55+as the ohannel
depth regquirements inoressed from six to forty feat it was
nesessary to improve the drill meghanlism in oxder to handle
the longer steel and grester welight. With these changes the
érill began to differ somewhat from the land-operated mashe
ings The inertia of the reciprocating steel necessitated a
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very heavy slabsback on which the drill wms mounted in order
to avold vibratlon as much as possible. The sovew Peed wes
slow and ingonvenient, necessitating stesl chenges every few
feet, This inedequate device wes replaced by s hydraulis
eylinder end lster the drill wes holsted and fed into the
hole by a steanm wﬂ._z?' i%gg aﬁggﬁfﬂ at the top of the tower
and down to the drills Susller winshes and capstans vere
also mounted on the tower to handls the stesl and send pipe
during the changess The full tower was not always used but
2 coluwn was employed where the pange in tiﬂ& wns &8 mumbeyr.
of feet. This solumn was slmiler in construction to the eme
¢hor apuds and pested on the bottom whers 1t worled fresly
in vertlesl) guldes on the barge: The drill with the fesd

mechanism end sand pipe wes vounted on the outboard side of

thls spuds  Upon the sompletion of eech hole the column was
raised and moved mlong the barge to the noxt positions Tha
advantage of thle design was that it operated Andepandently
of the barge and wes not affectsed by surge. This methed
was not too sstisfactory becsuse the long screw feed was
very slows and the position of the operator in a small cage
at the top of the spud was coveted by mm; | |
The two most comann types of plston (3,1!13.1 in use wore
the teppetevelve and the stesmmthrowmevalve designs. In the
tappet-vadve m:l.gn the piston had to strike the valve in
order to reverse the port opening to the pistons A full
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stroke of the piston was nscessary to operate this mashine.
Obvicusly vibration difficulties weve experienced when the
drill was running under full epoed and when it was crowded
close to the rock. “he steanethrownevalve design known ae |
the "Eolipae® operated on the principle of unbalansed ;}W
sure. It was not nesessary for the piston to strike the
valve, therefore, any length of stroke would operate the
velve mochenism, 7This festure affopded tle operator the
spportunity of rvegulating the length of stwoke and the
woight of the blow Ly proper z‘mmg of the drill, |

uring the perlod that these improvements were being
made, the drille ware also being bullt with a larger bore
and strokes The first submarine drills wers of only 8 fivew
inch bore. As the driliing depth inoreased and the drill
steal was longer and heavier the drilla were inomssed une
11 the longest of the plston drills wes made with a platon
64 inches in dlameter, This inorease is remsonable since a
2} inch drill stesl sizty fest long used to remsve rock to
8 depth of forty-two feet at lov tide welghs eight hundred
pounds.

The wmost recent development in gubagueocus drilling is
the adoption of the alrw-driven hamser drill, which has enw
tirely replaced the plston ¢rill on all land work. Although
the old piston crill 1s fast becoming cbsclote it has served
& valusble purposs. Throuch its use meny waterways in all
parts of the world are now avermes of cormerce whers ships



may pess without ds

nger of striklng hidden obstructiona,

Although thers is no written record of sowms of the
peactices which have been used 1n subnarine rosk removal,
the ingenmuity of wngimws coni'ronted with these problems
hes econtributed greatly to the development of modern methe
odss The nodern drill boat with its submerged hazmer drills
and dlesel powered aly compressors portrays a vivid past and
suggests an Interesting futuve.



HODERR METHODS

Rosk has been removed from beneath the weter surfege
in many ways. 4 thorough discussion of the methods employed
by engineers would involve a very extensive discourse in the
field of enginesring, It 1a the purpose of this paper to
emphaglize only that type of work which 1s allled with the
improvement of water-ways where the rock is in such a posiw
tion that it 1s not femsible to remove the water. To clears
ly define the relative position of the drill boat and the
rook cutter an outline of the common methods will be ine
oluded but only the prectices resltive to the drill boat
will be expanded, |

The most loglcal procedure in summarising methods !
general uasse would be to divide them into four elassifiose
tions. These are honeyeombing, employing the éofferdam,
- working in calssons and operating from a flosting bavge,

The honeyoombing method of rosk removal is favoradle
only when a large body of rosk ¢an be approsshed t‘mabm
the surface of the water through either a shaft or an inw
clined tunnels The procedure is very similar to that of
quarrying or removing large masses of rock commonly en=
countered in land lmprovementss. The only essential ALfferw



ence In working unier the surface of the weter ls ths roue
ble ensountered in seopage due to the presence of a water
head at an eslevation exceeding that of the operation. In
this type of work the rock is perforated with s network of
#xxxmolﬁ and shafts umm&y inown as ooyote holeas These
holes are subsequently losded with powder and blasted, use
ing sn eleotric cmp system which is often supplemented with
cordesu to insure proper detonations After the obatruotion
hes been broken into fragments 1% iz removed by ordinary
dredging methodse Hole FHockts in the Rhine Hiver, part of
the "Iron Gates” of the Dambe®®*gnd many other 1sdges have
besn removed by this processs Probably the nmost widely
kmown instance was the blasting of Flood Roek in Hall Cate
in Hew York Harbor by Genersl John Hewton of the U, 8¢
Avmy Engineers, *S+%0spoptunately e good ploture was teken
at the time end s replice is used as g frontisplece.

This famous roock had obstructed £reffiec in the narrow
and orooked water-way where the Essl River passes between
Blackwell Island and Vards Islsnd, ‘he channel was 80 deme
mad by this obstruetion that s difference of water level of
slnost two fest was often observed at high tide, The cons
sequent currents plus mavambla weather caused an AVOrege
of one out of fifty bosts to be dammged by striking this
rosks The work proved to be a mammoth undertaking and the
United States Army Engineers met with no 1ittle difficulty.
The femous blast on October 10, 1888 1a herslded as the
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lergest subsqueous blest in history, lany methods wers pre-
viously attempted In mﬂng this mnk but 1t was found
that honeyeombingwss the moat satisfuctory and mm&m at
the times If that mrk weore to be m todsy it inm ;ammmo
that a different method would be used dm to the N@iﬁ udu
vance in the &rfieianuy of mw drill ‘hwgh

Cof ferdea

A common prasctice in removing subaquecus rook in comw
nection with dam construction and the preparation of founw
dations 1s the use of the cofferdame The ares to be excas
vated 1s surrounded by some form of temporary dam end is
then unwetered, In reality the aves 1s converted to dry
excavation and from this point the work 1s ém&m in the
samé way as on rand. One r#' the famoua projeots oxecuted
in this manner wes the removal of the large rook st Henderw
son's Point in Portemouth Harbor. ®*Although many similar
jobs have been performed since, this 1s outstanding in m
history of the coffordam besause of its great size and nate
ural 4ifficulties encountered, A ciroular wooden coffer-
dam was bullt to an slevetlon above the water surface and
the interlor was pumped dry, then excavated to the reguired
depth belew the mean water level, Long drift holes were
then drilled horizontally under the base of the cofferdem,
These were loaded and the entire volume composed of 35,000
cuble yamia of rock plus the cofferdam was 1ifted by &
single blast. The wrecked cofferdam wes pulled away and
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the looss rock was excavated with dredges.

Blossom ook in San Franciaco Bay 0" 5*was vemoved vy
& combination of the cofferdsm and honeyoombing. Since the
rock d1d not project above the water surface a amall cire
cular dem was bullt. As soon &s o sheft was sunk in %huwl
rock, tunnels were run in all ﬁ&rtatianau' They were loaded
with black powder and the charge was detonsted by slectries
ity from = boats

An interesting plece of work of this type was &taenﬂiy
performed in the Yangtse River in m%*m it was found
nacessary to remove two large rocks Crom tha channdl« Haﬁ
ing Chiness ladbor exclusively, irs Re ﬁ*.ﬁwtvth of the
Cinese Naritime Customs bullt two mmall cofferdams and sank
shafts into the rooks, Yany canals have been improved snd
deepensd in this manner by plaeing temporary deme at the
ends of the operations. The Walland Cana1®5*waa mwﬂtu&iy‘
deepened using methods comperable to those on land, The
cofferdam has been used extensively in sonjustion with dem
construstion within the last few years. A nbkéhxe sxample
1s the memmoth structure employed on the Borneville Dams
Thls method is precticable only where a large mm#u of materw
i1al may economically be 1aolmtad’by nﬁm@u»akxﬁalyﬁahﬁap SONw

struction.
Calason

The ealason method of excavation is extensively used whers
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acouracy is essential over e comparatively amall areas Its
use ls commonly assoclisted with the pkaim of foundee
tlonse This device insorporates the principle of s guu
shell open st the bottom whiech descends to the surface of
the rock. The water le prevented from entering the mitm
by the use of air pressure on the inailde nqml to m prege
sure of the watery This method and the d&v&ng bell, Mnh
is olosely related, are not confined alone to the work mmn
tioned ebovs but have been used in channel improving. Many
rosks have been removed In the Rhine River under Gorman
supervisions The diving bell waes uzed in nmwtm for a
Quay wall at iﬁansea, Pmm.%’an:m:wl Hmrbm uwmxawd
the use of the calsson in the mam af Flood Rook but con~
cluded that bone) was more satisfactory. Probadly

“the most notsble employment of the calsson has been its use

in preparing the roock for the plers of the twe bridges now
being bullt in the San Frenoisco Bays An thmiva trent»
ment of the use of oaissons 1s found in Hr. Chese Ku FMM
*Treatise on Sub-Aqueous Foundations®,Be ‘

Of all the methods used to remove subaguecus ook the
bloating barge is the most popular in channel mwm.
There are a nunber of typss of floating plant whioh should
be discuased separately with spocial attention directed to
the drill boat which 1s speedily usurping nearly all work
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of this types

LOBNITZ ROCK CUTTER. The Lobnitz rook cutter is still
found ocoasionally in the rivers and harbora of Europe, but
ite denmise is predicted within a short time. This mm
was deseribed in the historical dnwlopmnt (T mmu
tcml where vonditions ave favorable f‘w ite ammmam o
Practically no revisions have besn made in its construction
other than the minor refinements in mechinerys To summre
ize 1ts advantages®°*%%ethe rock breaker 1s ‘economical to
operate and 1t breaks the rock into small fmm which
in many cnses aides materislly in lessening the aost of
dredging. Its disadvantages ﬁnc 4n the fact that 1t is
not effective to & depth of more thm two feet without ree
moval of the broken roek. The rock bresker is unsatisfece
tory in soft rock and it operates very slowly ceusing the
labor cost to be amuaiw where the wage rates ars compare
able to those in the United Statess | .

THE PLATFORM, The platform which 1s classified ss a
floating barge bescsuse it 1s usually floated into plase,
is commonly used where the water is too shallow for the veg-
ular floating barge and where wave astion end eurrents sre
60 sxcessive s to make drilling from s flosting hull ime
pvﬁetimbhﬁ'“*m‘mﬁ plant insorporates the some prine
¢iple as the barge and 1s held in position by legs at each
correr which rest on the bottoms By thrusting the legs
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down as shown in Figs 8, the platform 1s raised eler of the
water where 1t 1s maintained in a atsble position by mesns
of lines. Drilling operations are carried on through holes
or slots in the deck where temporary sand pipes are placed
and held In positions Ordinery land drills are used, mouns
ted elther on 8 tri~pod or with the recent wagon mmﬁ:ing
which hms been used successfully on land projects. In very
shallow work the ordinary jackhmmer may be employed instesd
of the larger drills A tender<barge carrying the shop end
the compressors 1s moored alongside. In the ovent that the
work ls near shore the alr line may be carried out from the
bank. -

THE DRILL BJAT. The drill boat ia commonly used in
all perts of the world today. The developmenta since Mpe
Dunbarts invertion have not deen drastie, but are comprised
of refinements and improvements. Flge 9 shows a modern
drill voat used in New York Iarbor, Progressive changes em
steadily taking place with the construction of sach now
plant, which renges in size and type in order to £it the -
condltions for which it iz designed, The barge 1s of wood
or steel construction and bullt rigidly in opder to realize
maxlnum stability. The steel is commonly sdopted whore the
work 1s contizismma and a longer life is desirable, Anchor
spuda are usually placed st the four sorners and designed
to move vertically in the spud wells, These ere steel or
wood with ammoured points and studded with angles on the
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cornerss Although the rack snd pinion sre still seen in
the clder bests on all of the new barges, the spude are
holated and lowersd with lines attached to winches powered
by steam, air or internsl corbustion engines. In order to
develop suffieclent force on the spud the line ratio . is
usually sbout four to ong, thusz m«ma vertical losd
egual to four times the pulling foree of the winch, minus
the losa due to frigtion, These winches sre ordinarily |
bask gesred and %ma@zmtly develop & great pulling fores
at the expense of speed,

The lines used to move the bLargs and to hold 1t Ina
Pixed lateral poasition during operation m also handled
with drums powersd in the sanme manner, The mumber of 1ines
euployed depends upon the conditions and ususlly veries
from four to six. The drums are mmmged in two genoral
mtm despanding upon the type of power which 'i&W* to
actuate them. When they are rotated by direot drive from
an ongine they are designed in two or thres drm units and
plmced with their axes of rotation perpendloular to the
longitudinal senter 1ine of the barge, Falir leads and
sheaves are employed to change She directlon of the lines
in order that they may be fed out st the required angle
with respect to th4 crart, |

If steam or air is employed the lines are handled by
single dmm zm:im,f which are commonly placed in amm pm&a
tlons that the cmbles extend in a straight line from the
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anchors to the drums, This elimimstes sheaves sand fair
lesds, except those which are utilized as guldes and placed
at the gunwale for the breast lines and on the trensoms for
the bow lines. This seteup is advantageous iIn that 1t rew
duces friction loss and increases the 1ife of the rope when
the bending steases are avolded, 5Steam or alir driven wine
ches are especially satisfectory in that they ave Bore flexe
ible snd sasier to handle under varying line pulls then a
drum directly conunected to a heavy duty engines This sys»
tem 1s generelly edopted on the plants employed in the rive
ors and herbors today,

In order to faclilitlate movement of the barge a cenw
tralized gontrol of all drums is incorporated into the modw
ern design. The pilot house or lever room, Fige 1l, is
ususlly located sbout amidships w & point where the operaw
tor can observe the ranges himself or san receive signals
from another who 1s directing the moving apﬂmﬁi@* With
this centralization one man is able to handle all of the
winches nscessary to move the barpe without the simultane
eous cooperation of others,

The cables cormonly used to hold the boat in place and
to move the apuds are 6 x 19 "regulay lay" plow steel wire
ropes with wire aenﬁam. These are adaptable sinoe they are
specially deaigned to withstend heavy losds under statie
conditions, 'The wire strand center ingresses the etiffness



but adds to the mtmmgth of the rope and aids in maintaline
ing & uniform oross sestion when under stress, This type

of rope is not used on moving lines where flexibility s
desirable tut gamg very well in holding and uauummuj
moving the drlll scows A stiff rope of this type demands
the use of large dlameter drums and sheaves in order to
realize full valus in the life of the ropes This fest ia |
often ignored in practice and falr lesds which are much too
soall are employed to gulde the lines.

I was mnﬁ’ commonly
utilized on all drill boats. Although these barges with

the steam piston drill are still in use the modern trend has
heons toward ﬂlaﬁelndviv#n sir compressoras which yruv&du
power to the winches and the drills. In some cases the oom-
pressors have been powered by gasoline, alﬁwﬁity or
stesm, but the modern boats are beling equipped with dieselw
powered compressors of suffisclent size to provide sir to |

Until a few years sgo stean po

8ll maohinery. Fortunately the stean winohes may be opers
ataﬂ by air, so the change has been possible in some of the
old drill boats, In 1927 U. 5. Englneers' drill bost "No.
426" used in Rock Island ﬂﬁpma was csonverted to an air opem
ated pant, Bsand the old piston drills were supplanted by
modern haaner drilke. This new plant has proved Lfar more
satiasfactory than its §w§énanaaan~' |
Two arguments supporting the use of alr in preference
to steam m the eonwvenisnce of handling without danger of



Pig. 10, Covermment drill bost
"Perrier 7o 2" engaged in testing
e hermer type drill and tower,

-

Pig. 11, A Siemserelmers, Tns,, drill

boat at work in San Prencisco Marbor,

showing the spud and enchor engines.
(Tngersoll-Rend Co.)

ae
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being burned by the exhsust from the drills, snd the elime
ination of froszen machinery during sold weather, When the
work 1s !m:umpﬁed the alyr presswre con be obtained ina
relatively short time as compared to fivmg the old steam
botlers |

In eddition w the power plant, the modern drill bost
1s saquipped wi‘m a atwp inoluding a forge and amumm i
forged ateel bits are used or a bit grinder 1f the detache
sble bits are employed. An adequate shop equipped to res
palr and replace parts gulickly is found to be economical
over a period of time and 1s part of the equipment on all
modern boatss The stock ineludes spare parts for the drills
and for any mechanism which 1s subjected to use and in cons.
stant danger of breaking or wearing beyond repair. o

The modern drill boat does not confine ite sctivity &a
the hours of day 1ight, so a lighting plant is instaelled,
powered by & separate unit or reseiving air from the coms
pressors, Throughout the entire doat lights are mounted
in such a position that the work may be oarried on just as
readlly at night as during the days If sn electris weldirg
wachine is used, the generator may supply current to this
during the day when the lights are not burning.

A platon pump designed to supply water under & prese
sure of spproximately two nundred pounds per square inch and
at o rate of about £1fty gellons & minute per drill is ine
stalled on the barges This equipment may be driven Dy a



37
separate mobtor.

An element of denger scoompanies s arining and blaate
inz operation, When adverse weather conditions, fast cude
rents and rocks sre added to this danger, certain safety
precautions miat be taken. A bllge pump, usually of the
ecentrifuzal type, 1s placed in suech & position that it is
in gonstant readiness to serve in the oase of mishap, The
design of the barge generally presludes the danger of sinke
ing unless 1t 1s subjeated to a terrifle shock. The modern

barge is divided inte a nupber of compertments separated

by solid bulkhesds running the full length and width of the

H58O0We
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barge le & most interesting and complete mm;m, an exam
ple of which 1s found 1n Fig, 13. It 1s this unit which
distinguishes m drill bost as unigue mng all water
oraft, The mmber of towsrs on & boat 1s dependent upon
the type of work for which it im designed. Many boats have
one or two Arills, while the "Corleer,® s U. 5, Englneer
bost in East Hiver,%?*1a mountes with eight churn drills in
a fixed position on one end of the mamuwoth steel barge.

The tMm are sometims placed on the barge in a fixed

poaitiony they may be designed to operate in pairs, moving
along with & constant digtance between themy or they may be
single unites gapable of xémmg the full length of the bavge.
The latter method is more popular allowing certain floxi~

grs The drill tower on the current drill
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A modern hammer drill on the U. S,
mgineer drill boet "No 428" worke
ing in Roek Islend Repids,

‘ (Tngersoll«Rand Co,)
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bility end permits the maximum prenge of operation without
moving the berge., These towers have wheel or skid mounte -
ings and operated on a track at the edpe of the hulle A -
reverssble winoh or hydraulic eylinder iz employed to move
thems 1In 1lght eonstruction & amall alr holst is very sate
isfesctory but the heavy towers with s skid mounting are
more easily handled with the ram,

The detalls of construstion of the tower are dependent
upon the depth of the water and the type of drill used.

ine boat “No. 426" which was used in Rock Islend Replds

where drilling was only & few feet below the surface has
short towers, while the work in New York Wr or San
Franclsco Bay necessitates the use of derricks which axtend
more than sixty feet above the deck, as shown in Fige 10,
The drill towers sre of stesel construction rigldly braced
to withstand the vibration and force of gurrents when the
arill 1s operating, A heavy load 1is thrown on these towers
under sowe conditions and it 1s imperstive that they hold
the drill in line )dir'mefziy above the hole,

The design of the tower depends somewhat upon the type
of drill employed. In the few surviving cases where the
piston drill 1s utill in use, it 1s mounted firmly upon a
heavy slabebmck which operates vertically in guldes, Bee
canse of the excessive vivration asccompanying the operation
of this drill 1t must be heavily welighted and the equipment



mst be sdapted to the handling of this unit, The telew
aeoping sand pipe 1s mounted on & seperate frame which oper-
stes in the guldes below the drill, Sheaves are placed at
the top of the tower, over which the lineas from the drill
and the casing pass and return to the winches mounted at

the base of the tower. An additional winch and 1ine 1s some-
times employed to handle the steel during changes and to ald
1n losding the holes, | |

The ordinary land type hsmmer drill is sometimss ome
ployed in shallow work. This drill is mounted in the same
manneyr but upon s migh lighter slabeback where the vidbree
tion is relstively smallers The sand pipe which serves as
& guide may be a single unit of carbon steel casing equipped
with & tempered shoe for penetrating the uturburdun to the
surface of the rock,

The lstest hemmer drill used for deep subagueous dpille
ing 1s designed so that it may be submerged to the surfece
of the rocks This eliminates the use of long steel and &
sand pipe extending from the surface of the water to the
rock. On the other hend, steel of a length egual to the de--
slred depth of the hole and & send pipe long énough to pene~
trate the overburden are all that are necessary.

It becomes obvious that some form of extension rmst be
used on the tower In orde: to hold the drill in position,
This iz accomplished by use of a drill ladder or golumn
which is & long freme operating in the mides of the tower,
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The drill is mounted in a fixed posltion on the bottom of
the frame and as the drill is lowered the entire column des~
cends in the guiaus. The cesing is handled with another
drum and line from e separste and lighter frame ocutside of
the drill ladder. A wolums of words is expressed in the
single ﬁruﬂiggg Figs ;5" This is ths nost recent dyvaiow*k
ment in gubmnriag'drllling and the peneral principles with
modificetiona are used on current improvements where depth
predominates. o | | |

Ihe Drill., The hammer drill, which is seen in all
land aparat;éau,.io rapidly replacing the platen drill for
submarine work. The essentisl difference in deaipgn, rests
in the fact Enat the piston is free running and dees not
reciprocate the steel, On the other hand the alr pressure
moves the plaston back and forth atriking the steel with ter-
rifiec foree on sasch stroke; thms it is properly named vhen
referred to as a "haumer" drill. | |

One qf the marked improvements 1s the period in which
ths blows are transmitted to the rock s the consequent
drilling speeds Plston drills seldom exesed four to six
hundred blows per mimute while the hawmer drill hits spproxw
imately two thousand, %he common drifter used on land ls
manufactured by s number of reputable companies and in gone
ssquence a great variety 1y valve and platon design is
availsble. These may be used satlsfactorily where it is
practicable to keep the drill sbove wmter,
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Rotatlon of éhs stesl is necessery during the hammepre
ing action in order that the cutting edge of the it may
come in contact with the entire area of the hottom of the
hole. This rotation 1s anbsolutely essential snd the suse
cess of drilling without sticking the bit is largely depenw
dent upen the rotations This is secomplished in two ways
in modern drills, Host of those used ghove water, lnsludw
ing the land <¢rills, rotate the steel by #ﬂnna of ﬁ ratchet,
This ratehet 13 actusted by the reciproecating plston and row=
tates ths chusk which, through the use of lugs on & hexaw
gonel shank, turns the asteel. It i&-apgar&nﬁ that ﬁh&s‘muh
tation is dependent upon the hemmering sction and ccours
similtanecusly. : | ‘

Two drills are now made with independent robations
Thie 1s sccomplished by means of a separate air motor whish
turns the steel and may be controlled snd operated in the
sbgence of the hammering actlon. 7Thls feature has been
found very convenient when opereting under water and in
deep holes,

The Ingersollefiend X 80 submarine drill iz spscilally
deaimmed so that 1t may be submerged, It 1s equipped with
& bell exhaust at the bottom of the drill which acts as an
air seal axcluding the water from the moving parts of the
drills An air rotetion motor is mounted at the top of the
ladder where it will not he suhmerged. The dpotation s
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trensmitted to the steel by a hollow shaft equipped with a
driving pinion along the ladder wh&ch.angagﬁﬁ a spud gear
on the chucks %The speed of rotation of this shaft nerves
an unnindieatur to the operator tar the proper feeding of
the drill, |

The “orthington Fo., 321 submarine dtill is a ammllqm
machine, but operates in mich the namn‘mannar‘kywha rotation
motor on this wachine may be controlled independently bat‘(?
the motor 1tself 1a,iunagra1 vith the drill and descends to
the depths with the rdst of the mechanism. It 1s situated
gt the head ar tha ahuék and pmmlaya 8 oanm principle to
rotete the steels Both of those nachines are designed es-
recially for subaqueous uuvk,'ﬂn£XQ the more common drills
may be used in a variety of departments.
T The water Jet used in avn:naatian 1&&&
drilling to remove thu cuttings at the bottom of the darill
hole flows from the side or the auutar»af the bits The
water 1s introduced at the top of ths drill and pasnes
through & long tube into the center of the hollow ateel.
This tube 1s statlonery with respect to the drill and passes
through the platon whelh is bored Lo scoommodate 1&, Due
to the pressure of ayproximately t wo hundred pounds per

Jater Jete

square inch, it 1s necessary to extend the tube some dlsw
tance 1n$o tha,atmel‘in owier to avold a great loss at a
poeint where the steel 1s chucked in the drills The tuhﬁ‘
sannot be too long, however, because it ia aften broken
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¢uring operation, Huech diffleulty is encountered here,
which sometimes lesds to the uwse of an improviased packing
glends This 12 not sltogether satisfactory since it muat
be loose enocugh to permit free rotation when feeding the
drill snd 1t is very ineonvenlient when stesl changes are

necersaAlys

111 Steel. The steel commonly employed in ériizing o
iz s hightzarban steol espeoislly tempered to resist fate
1zue41%¢%n1anetere between the limits of ons ineh and one
and three quarters inches, depending upon the depth end
the slze of hammer, are exployed. An entirely satiafactory
stoel has not been manufactured as yet, and grest loss s
sustained due to breakere, FProper csre In forging and tem
perin: is one of the major aims of the modern operators
BDite. The bits in genersl use are of two types: the
forged bit mede rrom the steel and the detashsble bit,>%*
It has been only in recent years that the detachable bit
has become populsr, so the tendency 1s to retain the older
customs based upon a long service. The arguments presented
by the mamufaaturers of the detachable bit to the effect
that less steel is necessary, which 1z conducive to & faster
operation, is well fauhﬁadw The sontention that the bits
can be made of & speolal materisl which resists abrasion as
en objective iz also reasoasshle. The two types are waging
a battle for supremscy which will probsbly continue for |
MANY Joarse
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The drill tower is often equipped with en outboard

platform with a ralling around the drill column at an ele=
vation even with the deck to facllitate in ateel changes
and 1in loading the holos. Stegings are also placed at
a1trerent levels in the tower with ladders rumming between
them. All controls for the arill are centrally looated so
that one man may operate the entire mechanism, while the
nelpera ere stationed at other points to handle the ateel,
the drill and all appurtenances. It becomss apparent that
the drill tower is a very complete unit in itself. A suoe
cossful drilling operation is dependent upon the competent
opeprstion of that mashinery directly associated with the
arill, o

SUBHARINE BLASTING

Blasting rock under water 1s more 4lfflcult than‘mn§t
any other kind of blasting. °* Mush has been spoken and
written about the use of Jynamite in quarries, in mines and
in general ¢ xeavetion, but the subject of submarine blaste
ing haz been given very 1ittle attention. In connection
with herbor and river improvements this has bscome a highly
important class of work where the cost excesds that of ale
most eny other kind of rock excevations In water ways where
neavy tides, wave sction and currents are encountersd this
type of work is extremely diffisult. ©Since the work 1a done
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in ebscurity ome cannot afford to take any chances, Therdw.
fore, it has been found sconomically sound to make sure by
allowing a blg safety f)’hct;ax; or marging consequently, holes
are drilled danp%k'and ioadﬁd hasvier than they would be in
open work, In conngetion with the drilling of the holes
the drill bost 1s earefully lined up by shore renges or
floatling buoys in order that the proper spesing may be resle
ized, | | | | T

The spaecing and drilling of holes in somnestion with
submarine blasting iz extremely important when consildering

the effisleney of the use of pauduv.*g’xa aiying the cone

ditions whigh exist many rules and formales have been worked
out with reference to blasting, but these are eseldom of
value because the varisbles met with in excavation are so
mumercus thet rules will not holds YThe praotices followed
in this kind of work are based for the most iart on experie
ments and precedents For this reason it is commonly stated
that the suecessful removal of rock 1s 78% experisnce and
intultlion and only £5% theorye .

To advance  few of the fundementsl principles of blast
ing rock an intelligent disucasion of specing and drilling
is compatible, Nost of the work done 1n river and hasber
lmprovement permits a depth of one to two feet bhelow grade
for which part or full pay 1s received. This gives the cone
trector or engineesr some margin within vhish to operate, It
has Deen the general rule followed in deep water work to
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dp111 the holes shout as far below grade as they are spaced
aparts In this way the depth of hole is dependent upon the
apacing and the spacing becomes dependent on the depth of
excavation, | | |

In thaarﬁ when a charge explodes in s 42111 hole the
break in a homogeneous material follows spproximately the
surface of a 45 degree cong, the senter of which would de
et the center of the charge, It is upon this rule thﬁt the
spacing is fundamentally based. However, 1t 1s also cepenw
dent upon the type of vock, the current, the velocity of
the powder and other factors. It 1s often found that &
rule of spacing and drilling holes which 1s adequate on one

Jjob may very often be unsuceessful in other work. Decause

~of theas variable conditions a margin or safety factor ls

usually allowsd due to the scams end strata existing in the
rock. It 1s the 45 degree theory plus the aafnty fu0tar ‘
that has 1led to the practice of drilling to the same depth
below srade as the spacing.

To chonse a hypothetical case for exemple, assume &
shoal three feel deep with allowable over depth of onse foot
for whilch full pey will be recelved. If the holes woere
spaced {ive fget apart in hoth ﬁiraati@na the dlagonal dise
tance between them would be approximetely seven feets FProm
Fize 14, vhieb is s dlsgonal orcss section, it 1s seen that
when the holes are speced Tlve feet apart the 48 degree
lines {rom the center of esch hole will interssct midway be~
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the holes and at a point one foot Helow grade or at the lime
it of the psy depthes As the cross sestlion shows it would
then be nscessary to drill the holes 74 feet desp. In
theory thies would be sufficlent bhut for moat work it is
probable that nmore satisfactory results would »e realized
if these holes wore drilled at least {ive feot below prade
or & totel of elight feet,

A study of the geometry of solids clearly indicates
that more linear feet of hole per cubls yard of rock must
be drilled when excavating a thin strate of rook then when
excavating a thick one, ILikewlse it ls goﬁmanly found thet
more powder ls necessary per cuble yard vhen removing & thin
strate of poek. For &ﬁia reason it has often besn found
economically sound to space t&akhoiaa farﬁher-;pawﬁ, dr11l
deeper and break the rock farther below grade, Although
the gquantity of materisl hlasted is grester the actual cost
per pey yaéd'may be lesa. FRecords generally show the excee
vetion of m thin strota and small pinnscles to be the most
exponsive type of subsquecus rock removal. For this reason
it s desirable to get a full bresk to grede upon the first
shot becsuse to return and redrill, or to "sandpaper” with
a dredge is extremely exponsive with 1ittle value recelivad,

The type of powdar cormonly used in submarine work is
& nitro-golatin ranging In strength from 607 to 60%s This
has been found more satisfactory than straipght dynamite sinee
the water has little effect upon its détonations Although
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this material is very satlisfactory for under water work it
hes one disadvantage In that 1t does not readily explodes
With all pelatin 1%t has been found most practicable to use
a;atrong'cap in a 604 ntraigﬁt primar placed In sach hole
besause 1t ls almost impossible to fire nitro-gslatin by
propagation, Stralpght dynamite mey be detonnted by propae
zation when the holes are speced elose topsther in & good
firm material but misfires and unsstisfactory breaks evs
frequent, conseguently it is not recomrended by suthorie
ties. 'The use of nitroegelatin with e oap in esch hole is
more expensive, but the deslirehblility of being assured that
the shot hes broken the rock to grade overshadows the other
featuros. Yhen gelatin dynamite 1s employed a 60 straight
primar 1s ususlly placed either in the ecenter of the charge
or near the bottam of the hole. ‘he high strength powder
is nearly always used in this type of work besceuse 1t i1s
desireble to place the maximm quenity of powdier in minie

| mum space, This permits the drilling of comparetively small

holes and the convenient handling of uga@pmwnt and powders
The method of inserting snd keeping the powder in the
hole is e unique operstion in submarine drilling, In neare
1y all modern plants each dr’ll 1s equipped with a spesial
chaprging tube,$6¢60em, 1, pipe is equigpﬁd with a slot in
the side to provide for the wirves and has an cutside dipe
meter alightly less than that of the hole so that it night
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be readlily inserted, In the bottom of this tube ia inserted

he fll cherge to be placed in the hole in much the same
'wag'aa shellzs are placed Iin the megezine of a pune These
are held in position with a smell wooden wedge or s plece of
paper used in packing the powder, This cherging tube is
tHen Inserted through the sand pipe to the bottom of the
hole. Through e much smaller pipe which serves &5 o hendle
for this tube posses m lonse wooden tamping rod, The tenpw
ing rod holde the charge in position while the tube 1s withe
Crawn, thus foreing the wedpge and the powder out of the tube
where 1t remeing at the bottom of the hole. The sand pipe
1s then withdrewn and the wires are carried to & pin rall
o the berge where they aré later connested in parallel to
the main leads of the cherger, Then blesting in fast cupe
rents both stemuling and a wooden plug are inserted in the
hole to keep the powder in position. In most prectices 1t
is only necesssry to use the stemuing but under unusual sone
ditlons the wooden plug 1s found inveluable,

Fartuﬁatély moast of the reputable powder companies have
service men who are well qualified Lo sct as consultents in
this type of works It 1s cormon practice for theé manufage
turers to deliver a large order of powder in metal conteine
ers of the proper shape to sdequately meet conditlons. With
these feellities snd this authoritetlive information the éne
glneers are often relieved of the burden of working out the
detalls of bYlastings
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An outline of the estimated quantity of pmdei* used in
this type of work is GLfficult in thet it covers a very
wide mnga;.'m*m general it might be sald that for most sube
merine exeavation betwean two snd six pounds of gelatin dye
nemite is necessary per cuble yard of rock. The quensity
af celotin m denendent upon the depth of the weter pince
rmeh of the sirength of the powder 1a consumed in mmamn
ing the inertia of the water itself, As expressed previouse
1y vwhen excavating e very thin ledre of rock muoch powder
proportionately is also consumed in 4ts renmovel., "nder
these conditions 41t 1s covmon to use fronm Cive to elght
pounds per ouble yard. The smount of powdar necessary is
aleo dependent upon the tyre of the roolk, A very tough and
“heavy materlal such ;zm granite wlll naturally requlre more
dymamlite than s zoft limestone Tormatlon. All of thess cone
d2tions rmaet be taken into consideration when estimating
the quantity of powder.
| Exmmoles of some of these variations mpy he expressed
by observing some of the recow's of projects which have been
successfully completed. In the Idvingston Channel where the
material 1s llmestone of medium hardness approximntely 2%
pounsis of 807 gelatin per cublic yard wma required.l*rlorida
canals, where corsl rock pmd.am;mmu s Teculrs only one pw
of 607 gelatin dynanite. In the days of the Roek Harbdor m
cavation en avers:-s of nmore thm five pounds of zelatin per
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euble yard was eoneumsd. In small jobs where it is novessaty
to remove an extremely thin strat composed of small pinnesls
es wuch as 10 poundsper cuble yard 1s sometimes expended,

In summarising 4t 12 to be observed that the proper use of
powder in nann&atian_w&th this work 1s subject ta_maﬁy wre
im&leagt An economlis oporation 1s the pesult of experience |

and intelligent observation.
ORGANLLATION AND PERSONMEL

Tﬁa succesalful performance of a éril&&ng‘ageratian~&n
not entirely depsndent upon the plant alone, Like sll other
types of work proper orgenizetion 1s far more lmportant then
gny of the machinery no mattoer how well ﬁaalgmﬂ.m'wi'da ~

‘phase cannot he overwemphasized when discussing the subject
%oz&’ subesqueons rock excavations Competent ment are abmlmzm.

1y necessary and the cost of the work may be trsced direstly
to the ability of sach wember of the orew to perform hie
functlon with spesd and ad&ptm&m -

& drill boat sarrying two drills will mylmr ahout
fourteen mon and st least five of these have & definite rese
ponglihility which ;mt’bﬁ carried at all times in order to
avold @elaying the operation, The operating sosts inslusive
of S.abm; are very high and only the period mgng which the
drills a»e oporating is productive. The oysle of ammt:wn..
iz drilling and loading one hole mey he divided into sbout
ton differont steps of which the drilling is only ons, It



56
is estimated that the average drilling pericd is only sbout
forty percent of the total time consumed. It is therefore
sonsistant to study the other operations and properly equip
the boat with men end machinery capsble of performing the
eysle with a minimum of losss A study of this type of work
is not complete without s careful snalysis of the organisae
tion end personnels

ES ARD DREDGIRG

Ihe subsequent dredging which follows the drilling and
blasting of rogk is often & very expensive operation in ite
self, The dredglng of loose materiel in river and harbor
improvements has heen sarried on extensively for many ysars
and a wide Imowledpge of this work haas been mmmﬂuﬁ*a”?‘a‘
Engineering writers have contributed mush in deseribing
thelir experlences through many volumes which have been pube
lished consistently as the mechaniesl methods have evolved.
For thls reason the author feels that an extended discussion
would be of little value as a supplement to the alresdy exe
isting records, |

The type of equipment In common use and the methods
enployed in vemoving blasted rook will be mm&nma in e
very gensral forme Throuchout the water ways of the world
five types of dredges are constantly operating. These are
imown &8s the hydrsullc dredge, the grab bducket, the d:.ppw
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dredge, the elevator or lsdder dredge and the dragline ex-
cavators | -

THE HYDRAULIC DRiDGE. The hydraulls or suction dredge
is operated in the sxcavation of sand, mud or gravel where |
large quantities are to be removed. A centrifugsl pump | |
sucks the meterial from the bed and deposits it in scows,
into a hopper, or foreces it through a pipe line to Mzh dene
tination, This mehim oparates very economleslly but has
definite limitations. It has been used successfully in the
construction of large canals end artificial water wayas
notable are the Chicago Drainace Canal, the Rew York stuu
Serge Cenal and the Panama Cansle It 1s employed in the ,‘
m;;r;wemm: of many rivers of the world where millions of
yerds are removed smuamm -

THE GRAD DREDGE. The gred busket aMg@ m wmmaa
of either the common clam shell or the orange p«}. bucket )
suspended on lines Irom a ‘hm operated by a atiff leg derw
rick or a mechanical plant. This popunlar machine has a | |
long and varded history and 1s used successfully whoere f:m’k
materiel ls soft and not too compaot, It has been mplmd |
in the amvatim of gravel and fine broken rock for many
yeesrs, but it has been found wry unsatlisfectory vwhere the
materiel 1s M@ga or vhen 1t 1s cemented and hkeyed together.
The dipper dredge, F&g« 18, 3ia very

monly used in the exocamvation of blasted mk. 1t u m
squatic brother of the ommm power showsl wwd on land
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operations and 1s designed in i:hﬂ seme manners Although ik
is msde in many sizes end with soms modifications for pare
tieular work, the wm;aiplaa are mich the same for all ima!s-
ines, A stiff leg derrick is mméal‘y mounted on a bum
to whieh the boom 1s sttached with ‘heavy guy lines. The
power plant has *’ellmd the development of the land ahowl,
but steam 1s still mnly used on the W The spud
mechanism which agoompenies this mamm :a apnmmd in the
semé mermer s those found f:m m M’ll mgﬁ. The sm |
placed st the atom 1s uvaed as & piwf' around Uh&ah the
dredge may rotate. In order to excavate to & depth of thire
ty or foprty feeot mm dredges are made very mm and power
ful with sxtremely heavy mm@w used in thelr sonstruction.

. THE LADLER DREDOE, The ladder dredge is the most ver-
satile machine which is ammmy used tothy' Because of its
somplex dtmtm and expensive operation 1ts mtiviﬁuﬁ are
confined chiefly to the removal of tightly compacted mw
ial or blasted rock. It 1s composed of a oontinuous chain
equlpped with Luckets which scraps the bottom and earry the
méterial to the surface where it is deposited in a scow er?
hopper. This machine 1s wery powerful and has been used in
the porous limestone formation in Florids m»» it dug m
removed the rock without blastings It has besn found very
satisfectory where an even bottom ie required. ,Ziiy virtue of
its deslgn 1t 1s possible to drop the ladder to the desired
depth and excavate with a amell tolerance, This is s very
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sxpensive machine that can be used sconomisally only whers
& large quentity of materisl 1s to be removed. Due to its
great aize it 1as often Aifficult to menouveur in a confined
ares, nevertheless 1ts speed of exmcavation has revolutione
ized the operation of removing rook Trom below the water
surface.

T DRAGLINE.  To the above group of dredges mst be
sdded & type which twenty-five years ago was unknown, The
dragline excavator, seen in Filg. 16, is now recognized as
nelng the best fitted to meet the requirements of many big
jobs of excavation, }* It is equally adaptable to work bee
neath the surface of the water as well as to dry excavation.
Its long resch enables it in many cases to depoalt materlal
dug into f1l11 or waste bank in one operation, Revolving on
its base through a full circle it can dump anywhere within
& radlus determined by the length of its booms

Prior to the time when the modern dragline excavator
ceme into use many construction men had made use of movable
8Liff leg derricks equipped with dpag buoketa, Even today
it is not uncommon to see such outfits performing eertain
work very sconomically. The atiff leg derrick is very
adaptable to the installation of a drsgline on a barges
When this meshanism 1s used the boom swings with respect to
the body of the barge. The swing 1s usually scstuated by
employing whet is commonly known ss & "bull wheel". This



wheel is rotated at the bese of the boom by two cables passe

ing around the periphery of the wheel in opposite directiona

The modern machine 1s & compaet unit of all steel construge
tione The hoom does not swing with respect to the body of
the machine but maintains the same relative position and
genaéquanﬁly 1s always uountarba&gnntdg The machine rests
on & large ped on the barge and $§tutuh on this ped by use
of 8 rack and pinions, This method permits a complets revow
lution of the machine any number of times in either direcs’
tion, o o

One of the most common typea cf'banknt,unad in connege
tion with the dragline 1s the Page bucket as 1llustrated in
Flge 164 The busket is hung so that when on the ground and

being pulled toward the machine by the dmrag line 1t digs and

loads itself then when loaded the holst line 1s put inte
play and 1ifts the bueket out of the ground. By means of &
short pisge of cable running from the bail of the buoket
over the sheave at the hoist connection and out to the dmag
connectlon, the bucket is held in a horizontal position sa
long as the drag line is kept taughts Vhen the bucket is
holsted and swung to the desired position the drag line is
relessad and the bucket dumps, In the excaveiion of a hard
abrasive rook, manganese stesm teeth are used, In some

cages 1t has bean found sconomioal to improve upon these

teeth .by plaecing & speclel material on thelr surfaces with
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an electric or sn acetylene torohs. It isz possible in cere
tein types of excsvations to place a heul~back lire on the
bucket which passes throuzh & sheave at the far end of the-
aressof excavatlion and back to the machine, In this way
the bucket oan be used effectively over a longer distance
than the aetual lemgth of the boom, This is particularly
adaptable under certaln conditions of channel excavation,

In connection with this work & 6 by 19 improved plow
steel "Lang lsy” wire rope has been found very satisfactory
a8 & holating line. The drag 1ine 1is ueually a 6 by 19
plow steel with & wire centers It has always been found
excellent prastice to use good falr leads and sheaves in
conneetion with this work, The additional expense of suxile
iary equipment is always equalized in saving on wire rope.

- In summarising ons might say thet the dragline has become

extremely populsr for purposes of excavation in recent
years, since 1t is & sinmple and less expensive mashine and
may perform with very satisfactory results mdbr dliverse
conditionsa,

An obaervation of the many types of squipment used for
the purposes of excavation discloses the fact that the lad-
der dredge, the dipper dredge and the dragline excavator
are most applicsble £o the removal of blasted rock.* The
umqm features of each of these mschines may make them par-
ticulerly adaptabls to s project depending upon the surround
ing sonditlions., Occmsionally these machines m be used ine
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terchangeably or side by side on one job, but more often
the problem of exeavation 1s not ka easily sanawered, The
cholee of exeavatlon machinery is dependent upon the amount
of mwrial to be removed m& upon the wnﬁitinm under
which tm aquimnt rast operats, ’

In coneluding the study of mbaqmm rook ﬁmawtim
& summary of the important features of this work should m
repeated, It 1s & difficult type of construction carried
on through an obscuring medium where exact caloulations and
nbaﬁwatmm are impossible, The same type of equipment ia
not universal om all jobs but mist be modiffed to 1t the
wuﬁitiona of mh 'mtmmu ‘x:mjwm m ‘proper choloe |
crf equipment is m more mmet than m armizatim of
8 tmmmkem orew, I’c 1s & fileld which pam&.fm t:ms men in
charge to exercise un:timitod ingenuity and Mmmﬁmlmu;
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PART I

EXCAVATION OF ROCE IN THE
COLMBIA RIVER

HISTORY OF THE COLUMBIA RIVER

A passage~way of fresh wtm' 1:1 the vieinity of latie
tude !‘arty-uis degrees mm m long been sought by all
natlions of the world without suovess, but on May 10, 1798
Robert Oray in command of the Columbla sailed along the
western soast of North Americe into a large river of fresh
water., [ie bestowed the name of his ship upon his diseovery
for the Unlted Statems.

The Columblie has been navigated by boats of every dess
cription, The hollow log of the savage was the first mode
of travel and was followed by the bateaux of the trapper and
flat bost of the emmigrent. Salling ships of every dese
eription erowded to the "silver gates of the niver"” and bee
fore long the "flre canoes®, ss the natives called the first
steamers, put in an appearsncs. As early as 1536 & smell
Audson day Company stemmer wes sent from Mmd, and in
1880 the rirst Americen stsamship erossed the bars The
same yoar river boat service was established between Porte
land and Astoriss The first stesmer to run between the
(escades and The Delles wes the Eagle., It was brought in
seoctions from the emst and was put together above the

Cascadeos.



In the next few years many bosts appesared on the river
and at the ¢lose of the Indlan %,m in 1869 s well estabe
1ished river service wme rmmning from Portland to The lalles.
The steamers connected by mesns of portages of five miles
at Cascede Hepids, 1In 1879 the Oregon Rellroad ané Havie
gation Compuny came into being and stesnboating on the river
became secondarys The Dalles was joined o tide water by
the opening of the Gowvernment Locks et the Cescades in 1896,
and with the completion of the Celile Canal the Inland Emw
pire wap connected to the ses by a direct water route,

Although river mz@ bave continusd to follow this
famous water course, navigating the upper river has ale
ways been s hamardous journey. The river septains vho know
every whim of the Columbie and Snake live in constant fear
of losing thelr boats and cargoes, The rivers have Pow
melined trus to thelr fears and old hulls can be found along
the benks, masking points where msnemede oraft has suocombed
te the natural forces.

The Us S. Engineers have performad a few improvements
but the traffic within the last thirty years has not warrand-
ed the vast expenditure necessary to bulld an artificial
channel. Pursuant upon the demsand for the removal of major
hazards, for many yeors the Covernment maintsined a smell
drill barge above Celllos The work was difficult and the
equipment limited, so with the excavation of a few dangercus




rocks operations were dlascontinued,

Stesmers stlll penetrate as far as Lewiston, Idaho
during high water, but hazords are 80 nmfum and the
mortelity of hoats 8o hish that an extensive commerce will
never be established untll a progream of channel Improve.
ment hecomes effective,
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PRESENT CONDITIONS

In order to provide a safe channsl for river amﬁa
sbove Celilo Fells the War Department is conaldering a
program of river imprevement extending from Celilo to the
mouth of the Snake River, thence up the Snske to Lewlston,
Idahos The initiasl step was taken in Augnat 1936, when dids
were advertised for the excavation of a channel 180 feet
w@ﬁa‘an& soven feet deep at low water between the upper qnﬁ
of Cellle Cansl end Cance Encempment Rapids, a point aix&jm
four miles upstrean, |

This portion of the Columbls River does not lend itw
self to & simcle description, Probably no other navignblﬂ
river in the world is compareble to this turbulent catarsct
with a mean anmual flow of 210,000 cublc fest per seeond,
The flow of many rivers of the u%ﬁld.iu temporarily ob#
structed by chains of solld rock at a few points along their
gourass, but the Columblim 1s a continuous series of rapids
end pools throughout its entire navigsble length sbove
Celilo.

The s0lid rosk ledges which project into the channel
or extend from one bank to the other one are the result of
& lava flow., This besslt rock 1s extremely hard and rnu&iﬁ»
ant to natusal forces as well as to the concentrated efforts
of man to effest its removel. It is fmactured in perpen
dicular planes forming small cubes which are tightly interw
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locked suggesting the desoriptive nams of “"dlced basaelt™, |
Throughout the major part of its course the natursl Clow
of the river has created a charmel of suffialent depth
between the outerops, therefore the problem of channel ime
provement is directed to the removal of rock in the treache
erous rapids, Some gravel st be removed from bare formed
in the proposed channel but this work 1s not considered a
major diffisultys The average slope of the river in this
section is approximately l.4 feet per mile, Of course the
mejor fall ocours at points which total about one tenth of -
the entlre distance: Obviously the slope is mioh inoreased
at these points producing meximm velocities of fiftesn -
miles an hour during high water. It i1s here that the solld
rock is to be removed, " _'

Records of the resdings on Unatille gage slnce 1807 |
indlcate that the river level is within four fect of low
water datum spproximately nine months of the year. With the
advent of warmer weather in the upper resches of the draine
age ares the snow begins to melt late in April and the water
reaches its peak flow in Junes It then begins to racede
end in September the low weter sesson 1z sgain in exietance.

This sestion of the river does not fresse every m-
ter but adequate provisions should be made in anticipation
of lce, It 18 not uncommon for the river to become coversd
with flow 1ce with only a few hours warningj a condition



extremely hazardous to any floating craft. ‘The river mey
remaln in this oondition for s few days or the period of
elosure may be two montha.

. Prevailing winds blow upstream s greater part of the
year, and at times with sufficient intensity to csume all -
small boats to sesk a sove. These are some of the sondie
tions to ocope with in exeavating a ahmi in the upper
Columbla Rivers |

THE SIBUSHELMERS DRILL BOAT. Siemselslinmers, Ins,
were awarded the first contract to remove a totel of 31,000
cuble yards of solid rock and to excavate 73,000 cudie yards
of gravels The plant which they propose to use in drilling
this rock 1s one of the most modern drill barges in the
United States. Viewa of this barge are shown in Figs, 17,
18 and 19, It 1s @ largs and powerful oraft equipped with
two moveable drill towsrs, o

The barge is of wood aan:ﬁruaﬁionilﬂ'taat long with &
beam of spproximetely forty feets Its draught in still
water with the spuds up 1s five and one half feet, liounted
on the barge are three dieseledriven portable compressors
with a capacity of 930 aubza fﬁ;t of air per mimute, These.
furnish power to all amahinaws on the boat auylaging s saaa

‘ ‘

gallon receliver ss s ronorvoir,
~ The six lines are handled by separate baskegeared wine
ches arranged in such & way that the lines feed 4irectly



Pigs 18. The drill beet with a backeround
of nuiet water below Fohn Day Rapids,
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Pigs 17,

enchor spud on the Siems
Polmers, Inc, drill boat.
An anchor berge in the dis-
tence

—

Fige 19, Siems-rolmers, Tnc, drill boat being
equipped with spuds to operate on the Columbia
River,
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without the use of sheaves. Four are used as breast lines
and pess over the gunwalea nesr the cornera, The other two
extend directly over the onds of the barge Irom winshes low
cated on the ngitudinal center line and ebout 15 feet from
the transoms, These lines are all one-inch vegular lay 6
by 19 plow stesl wire rope with a wire center, having a
breaking strength of about forty tons.

The anchor spuds are each composed of two 24einch I
beans wlth the webs separated 20 inches by a plate equipped
with four angles. These mammoth spudas, seventy feet long,
weigh approximately sixteen tons each and are moved verw
tleslly in the wells by individuel winoches end lieinch wire
ropes passing over sheaves at the top and bottom, |

The drill towers extending sprroximately rifty feet
above the deck are mounted on skids whioh slide along ateel
beams plaged on the deck end separated nine feet, The towas
are equipped with IngersolleRend X 80 drills mounted on cole
ums which move verticslly in the guides. A five foot sand
pipe is mounted and controlled separately. Three holists
are smployed on emch tower to handle the equipment with the
large winoh attached to the drill eolumm snd a smaller ons
used to 1ift the sand pipe. A small capstan holst 1s used
as an suxiliary to handle steel and perform miscellaneous
operations. 3oth the detachable and the forged bits with
diameters of three and one helf inches equip the ends of the
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13-inoh hollow drill stesl,

A unique feature of this drill barge ia a stes)l loade
ing frame which runs the full length of the bost and s site
uated outeboard of the boat proper. This frame is s cate
walk protected with reilings on bhoth sides from which the
holes will be charged., A range of holes willl be drilled
and pipes will be inserted in each hole then the boat will
be withdrawn to the next range where the drills will opere
ate st the samwe time that the firat row of holes is loaded
with powder.

Agross one and'af the barge is a ity foot bridge, the
raliling of ﬁhich 1s greduated in fest, At the other end 1s
8 row of vertical rods which will be used to line the hoat
from the bridge to the channel ranges placﬁd on shores In.
thia way the barge wlill elways be perallel to the channel.
Two rows of flags are placed along the shore at. intervals
of 100 feet. Since the barge 1s 110 feet long 1t 1= always
posalble to determine its exact position, _

A fully squipped shop with a forge and drill sharpener
1s placed amidships. An suxiliery steam boller maintsains
a contlinous head of ateam in the svent that the compressors
faill. A suall generator furnizhes eleatriecity to lights |
situated et various points on the bnrg# permitting the aperw
atlons to be carried on at ni ht as well as during the daye.
A duplex pump operated by an ailr motor supplies water to the
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drille,. (

The drill boet is & composite of all the modern detalls
smployed in the removal of subsgueous rank" Its great pows
er and stebllity indicate definitely that the contractor ‘.
views the removal of thils rock &s a Job of no smmll propore
tiona. It 1s thought by meny men assosiated with the
ﬂoluﬁ%ig that this plant 1s too big and cusbersomeé to opere
ate satlsfactorily in the ecnfined aveas of tortuous waters
which will be encountersd, The weight snd deaupght preclude
the use of a tug boat in the rapids, consequently all mane
suvering must be done by Qmplaylng the lines and w&nohgi.
mounted on the barge. Eeaauae»af the many shoals, migh of

~ the work ecan he done only when the river is a number of feet

above low water datum. ‘ ”

THE PROPOSED DRILL PLATFONM,. In view of some of these
difficulties, Hre Chas U, ilansen of the Ingersolleiand Cone
pany proposed s method based upon the prineciple of the drill
stace which has been used suceessfully in the pssts, A drawe
ing of the suggested ogulipment haa boan“raprnduocﬂ and is
inearpdvateﬁ in this peper, i'ig. 20, This plant is composed
of a stiffeleg derrick bout or s Whurley which handies a
steel drill platform equipped with a spud on each of the
four corners. Upon the derrick boat a well constructed woode
en hull of nominal size, would be placed a ten ton derriek
with an elighty foot boom, capable of opereting within a rade
ius of 60 feet, Four lines esnd winches would be inastalled
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to hold the boet in fixed position while 1t ascted as & tens
der to the drill stage. "Tpon the boat would de installed
a power plant of sufficlent capacity to operste all machine
ery snd to funish air to the dpill operating from the plate
forma

The drill platform would be approximately 22 feet
square and framed with spud wells at ths foar corners as
shown on the drawing. The deck would be of wood and perw
forated with holes at a desired spacing through which the
drill could operate., The frame would be ér stebl construoe
tion and braced 8o as ﬁa rosist the banﬁing~mu&§n§ exorted
on the spuds., The proposed spuds would be ten inch He seoe
tions eguinned with steel shoes on the bottoms and chalin
sheaves in brackets on the tops. The derrick would hold the
platform at the desired elevatlon while the spuds wers dmdpe
ped and chains wore inserted in clamps on the spud housings,
thus transmitting the weight of the platform Ehroﬁgh the
chaing to the anshor spuda., This may prove unsstisfactory
under certain conditions so the alternative of controlling
the spuds with hand winches and wire ropes is also mentioned
in this designe |

After mooring the derrick barge securely the drill plate
form would be removed from the deck of the darge, where 1t
is carried in tranalt, and placed in the desired poaslition
over the sres to bhe drilled, Upon the completion of thia
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sres 1t could be moved to two adjucent locations before it
would be necessary to move the barge. The drill platfomm
gplank with wheels
on one end to permit any relative wotion between the two

1s connected to the barge by s small gan

rigss Over this gangplenk the sir snd weter line may be con
veyed with proper wvalves snd connectlons convenient to the
drill.

The drill would be an ordinary land type drifter plsced
on & wagon mounting, In this way it could be moved convenw
lently over the wooden deck to & new position es each hole
was completed, The sand pipe would be placed in the hole
previcus to the drllling operstlon end then removed upon the
completion of the loading, Thrse such pipes would faclille
tate apeed of operation since one sould be placed shead of
the drfll, one used at the drill snd the third employed as -
g pgulde whils loeding the last hole drilled, As a result
the drilling operation would be practleally continuous with
no time loast due to sand pi@e shanges.

The small relative cost of this plant in comparison to
the drill boat is suffliclent incentive to view this typs of
sonstruction with favor, The platform has been used satise
faate&ily'wharc tide and weve sction wers encountered, and
the principle has gtood the test of time, having been used
since the removal of rook on the Denube, Undoubtedly the

platform would be very sucesssful in aome locations on the
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Columble where the bottom is feirly level and the current is
not too swlft, In removing rock from the Snake Hiver vhere
the low water flow 1s approximately 10,000 subls feet per
ssoond 1n eontrast to the Columbla's 70,000 this method
would overshadow all others and will probably £ind extensive
uss.

in the Upper John Iay Heplds or Indien Raplds where the
depth changes sbruptly fraom five to more than thirty-{ive
feet and the maximm current may approsch ten miles per hour
sven at & medium stage of the river, it would be extremely
diffieult to place this platform with a feeling of sesurity.
Turing the placing operetion the platform would be suapended
from the end of the hoom on 8 line. XEven though spring
lines were uszed to guy it into position, no little difficule
ty would be encountered in setting 1ts lege on terra firme
et the sppointed location,

The large drill host and the platform represent a wide
diversity of opinion with regerd to the proper method to
use 1n removing rock from the »iver depthas Tnfortunately
no precedent hsas been satablished 1n'apnrating under the
various conditlons found here. Projects which may be cone
éiéarad somparable involve gertain features which limit
thelr value as a pettern for present operations, The oxe
tensive work on the Danube was garried on with eqdipment
ahich 1s now obsoletes To rejuvenmate that type of eguipe
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ment and operete ss slowly and inefficlently with the prege
ent wage scsle would make the work extremely expensive,

The two locations which ere at sll similar are the project
in Oalop Bapids on the &L, Lawrence Rivsrl'74’parformad in
1810 and the work which has been carried on continucualy in
the hock Islend Raplids of thwe Hisslselppl Rivarﬁs'??’nntiﬁ
the recent constructlon of o dame In both cases the work s
dissimiler In many respects and only a few 1deas can be bore
rowed and applied on the Colwablas

DESIOGN OF A DRILY BOAT

The proposed drill bost is not a new deslgn, bul ome
bodies the seme prinaiplea’which have b»yn~amp1uyad for £ifw
ty years. The alm is to plsn e machinnlwhich wvill operats
officlently under the apecific eondlitions encountered on the
Columbis Hivers This incorporstss the use of machinery and
equipment of porper size and strength zo that 1t will be ad»
squate for the purpose for shlch 1t is Intended, The suo=
cessful funetloning of such & plant s measured in terms of
safety to human 1ife and coat of operations These two facw
tors are the basis for the developmant of the design.

Zefore progressing further a few assumptions mast be
msde in order to justify the cholce of squipment and the
costs entalled. To present s hypothetical project, let it
be assumed that a total of ity thousand gublc yards of sole
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18 rook sre to be removed in a period of five hundred worke
ing days. Under norma) conditions this would ba two years,
since the working days are computed only when the river z:’
below the ten foot stege and free from lce, The contract
provides for full pay to a depth of eighteen inshes below t
the seven foot graﬁé, but it is only rﬁquirdd hhaﬁ tﬁé rock
be removed to grade, Approximately f&fty parﬁmnz of thia |
rook exists sbove the seven foot elevation. Since 1ittls
work of this nature 1s carried on in the northwest a cone
servative plan would be to attach no value to the drill
boat upon the completion of the project, This 1z not agw
curate becsuse wmeh of the machinery may be used for other
purposes, but the aal#lga value of this type of equipment
is often very tmnil. Taking into consideration these specie
fieations snd the natural conditiona to be anaauntartﬁ iv
is possible to ocutline a method of nttneka

THE BARGE. A eoreosote~treated louglas fir barge of
rigid construction would be aatiatnahavy as & hull for the
drill boate ‘This type of constrmuction has been used extene
sively in the northwest for all classes of work where bare
ges ars employed. Weod 1s chosen in preference to steel bew
cause the higher cost of steel iz not jJustified on & tem~
porary plant. The everage 1ife of treated Douglas fir has
been found to ve epproximately ten yeara, |

4 drawlng of this barge ia found in #ige 21 showing a
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slde elevation, a longltudinel section, and two hall crosse
aactiena, The solid bulkheads sarve to stiffen the barpge q
se well as to divide 1t into watar‘t;ght coumpartnents which
alleviate the danger of sinking in the event of an soceie
dent, fUhis barge has not been designed upon a basis of the
compubed stresses bLuil lts features have been borrowed from

he many scows used successfully in the noerthwests The Vs

niineers have a small sweeping barge of lighter cone
struction en the river at present, which has proved to be
gulte stable when moored In fast waters A bharge smaller |
than the proposed one would he preferable {rom the stande
polnt of ocmse in maneuvering, but the machinery cennot be
¢eslyned proportlonately smaller, thorefore the draught
would be inereased. The least possible draught is one of
the chiefl objestlives in thls deslgn. A Pfurther discussion
of this Important feebure will bs found sccompanied by calw
culatlions at the eouncluslon of this sestlon., The long rake
on the hullreduces the horizontal forse of the current,

TR Lxﬁm + The six lines employed to move this barge
and tc hold 1t 1n position during the drilling operation
are setisfactorlily operated by single drum units placed as
shown in Flge 82« Flow asteecl wire rope gsompossd of six
strends with nineteen wires to the strend and s wire center
1s partleularly adapteble, since it possesses a high strength
and will reslist severe abrasion, Its stiffness is not e
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liability becsuse it 1s in a stetionary position most of
the tlma; and the direct feed eliminates all bending except
at_gha ﬁfuﬁn.

| ‘The dlsmeter of rope to use on this barze is detere
mined on a basis of the following considerations. The barge
should always be parallel to the directlon of flow of the
current, but & mistake or an sccldent might permit the boat
ta swing until 1t receives the foree of the current full on
its heam. Assuning these conditions and s maximum current

of fifteen feet per second, the force would be

FeWVzlhx 62,5 x 16 » 437 pounds per squereseses(l)
g XG5 ~ foot of areas
Assume ths draught to be 3 feot, then
Area = GO ?h:75 x 3 » 203 squere fest.

Total Force = 203 x 437 » 08,500 pounds

It 1s spparent thet a combination of any two lines muat
withstand this force, &epending upon the direction in which
the boat swings. Yo employ a safety factor of three under |
these condlitions the rope mﬁst have & breaking strength of.

83800 =x 3 g 132,500 pounds.

A wire rope 1} inches in digpeter will withstand about 138,
000 pounds and should be used for all lines. Under normal

conditions the astress in the lines will be comparatively
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small with a resulting safety factor of approximately ten.

A gonvenilent length would he at least twelve hundred
foet lor eaoh bow line mx! seven hundred C1fty foet for sach
of the four breast lines,  This permite the bhoat to nove
over a lerge erea without changling the lines, an operation
vhich consumes much timee In movine these lines 1t ls ime
posslble to avold lmpact. 4 long bite is always desireble
since the weight, the elonzation and the forece of the cuprw
rent on the cable all tend to ahsord the eneryy loade.

Anchors have been {ound unsatlisfactory in this formae
tlon enc thelr use should be aevoided (¥ possible. ‘They hold
- tewporarily but when sufficient fovee is applled they r@Q |
.laasa saddenly and drag & long with no resistance othor than
thelr wveipght uniil tney strike en obstructlons This 1s not
a dependable method ol moorin: sn expensive plant In the
current. It 1Is sometlimos neceasary o use anchors vhen the
bout 1s operating out of »anse of the ring~bolts, In this
cage anchors welphing five thousend pounds should be placed
cavef2lly.

(IRGes0Lile fmring low water ringebolts mey be placed
ih projecting rocks end on the bankes of the prlver at straw-
teglc polnts. This work may e performed by instelling a

mall sovtable somproasor and a jackhammer on & work host
wirleh can nevigete in the siocal weber. These ringsbolts,

agqulppred with o aplit shask and & wedpe, should he inserted
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at least two feet in the rosk and grouted in place with cge
ment or sulphur. If the locatlon of the bolt 1s such that
it wlll be under water at a higher stage of the river, a
short rope with a thimble and a buoy should be attached,
When 1t 18 to be used the line from the barge msy be hooked
into the thimble of the attachment.

THE ANCHOR ENGINES. The single drmm units operating
the linea should have dismeters of at least forty inches to
obtain most economiecsl rope aarviea.k A wire center rope re-
guirea a larger dlameter drum than an ordinsryhsmp center
of equal sige. Thaa; drums should be back geared in order
to develop a pulling force of approximately 20,000 pounds
with an alr praauura‘ar one hundred pounds @uv square inohs
In order to obtain this line tenaion the engines must either
be very large or must operate slowly, atarifiuing speed for
force. Due to the fact that a minimum drsught ia an obw
Jeetive the swmaller unita sra preferable, since most of the
moves are short,

The breast line engines are inetalled with their axes
of rotation sbout twenty-five degrees from parallel to the
side of the barge and the feir lemds are placed at the gune
wales in such e position that the lines are guided directly
to the drums. The bhewsline engines are placed on the genter
line of the barge with the lines running through fair leads
at the center of the transoms,
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From the plan view of Figs 22 1t is seen that the anche
or engines are placed at differsnt distences from the point
of intersestion of the three lines on each ond of the barge.
These are installed in such positions in order that the
lines will not be in contmot when drawn ups, The varisble
distances result in unequal slopes from & sommon plane at
the deck of the barge, consequently the alw&’eim of eash
line at the point of amm;:}.ngg is different,

The falr lomk are & very important part of the line
mechanism and should eonform to the specifications required
for a line of this size. Although they are very expensive
in large sizes, the proper dismeters and shapes will pree-
sorve the life of the rope,

A centraiized control for al)l drums is placed amide
ships sbove the shops where the leverman may observe in all
directions and may receive orders from the bridge. This
small house ingludes the controls for the anchor engines and
the apud holsts.

Tk ANCHOR SPULS. The anchor spuds are designed to ree
sist column action due to the welght of the boats, These
are not of sufficlent dimensions to withstand the bending
moment esused by lsteral foroe of the current upon the hull
and conzequently they are rpuch smaller than the spuds come
monly used on a barge of this size, The overall length of
thess columns 1s thirty-ive feet with only twentysthres
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feet of effective length bYelow the water surface., In some
locetions on the river it will not be posaible to reach
bottom at &11 four corners of the boat with legs twentye
three feet longs In this event the apuds which are effecw
tive will be employed and the others withdrawn,

Smell spuds have besn chosen for two definite reasonsaj
the elimination of excessive weight, and the desirablility
of maintaining the center of gravity of the barge ss low as
possible ﬁhen the spuds are ups The latter consideration
will bé dlscussed more fully upon the oompletion of the
designe »

It 1s sssumed that an elevation of one foot above the
normal buoyancy line will suffice 8o hold the barge stable,
granted that the lines are being utilized to malntain it in
8 lateral positions The unsupportad length of the 14 inoh
% 12 inch=-»78 pound Hesection, which has bsen chosen to
serve as spuds, 1s spproximately 81 feet when dropped to
1ts lowest limits The area of this section 1s 22,94 square
inches and its retio of slenderness beconmes

Vr e g&g&& = 84

to employ the American Institute of Steel Construction fore

£ ]
e

the ellowsble unit stress will be

nmla.



87

The total allowsble stvess will then be
22,94 x 12080 g 207,000 pounds on sach apuds

The foroe necessary to 1ift the barge one raet'mny be
determined from the feoct that the barge 1s uwmim‘kal:
786 feet long at & point 1/2 foot below the water line and
is 30 feet wide, thus displacing "7& x 30 s 2250 cublc feet
of water for one foot of depth, ™is is equivalent to a
weight of 6246 x 8260 § 141,000 pounds. In order to raise
the barge one foot each af the four spuds would mport 2
veight of .

141,000 § % » 35,000

or appmxmataly one eighth of the allowable loed,
 Considering the column as a cantilever beam, the maxie
mm allowable bending moment would de ‘

. aI 2 13,000 x 193@1 = z,xm,m inch pounds.

The mim force scsused by the water impinging upon & vers
ticaul surfaoe was provicusly caloulaeted to be 437 pounds per

‘square foot. This will sreste a hending moment of

% g ? w 437 x 21 x %} % 12 »-1,160,000 mﬁhln
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or approximetely one half of the allowable moment. The
total welight of emch spud, including the sheaves, will be
sbout 78 x 35 g £730 + £70 u 3000 pounds, |

‘THE SPUD ENGINES. The engines employed to operate the
lege are much smaller than those meneuvering the 1ines. |
Reversible druma twenty-four inches in dlsmeter with a pull
of seventy~five hndred pounds will suffice for this pur-
pose. The lines are arranged over the spud in & four %o
one ratlo thus produsing the neoessary vertical force to
raise the beats The line rstio 1s the same on the bottom
of the spud for purposes of withdrawing 1t from the bottom,
it is obvious that this 1s not necesssry in order to 1life
a three thousand pound spud, but In oprder to operate the
spud in hoth directions with one winsh the line must run
out from the dmum st the same rete that it feeds in. The
alternative of employing a small holst to ralse the spud
and a larger engine to forpe 1t downwerd is quite feasible,
& 5/8-inoh wire rope of the same conatruction as those dese
eribed above will operate the spud with a sufficlent margin
of safety. The sheaves at the top of the column are eighteen
inches in diameter and those st the bottom are twelve.

The spud well is composed of three structural stesl
yokes connested and braced with angles as shown in the drawe
inge The two sheaves are placed in the yokes in such & way
that the lower lines will alwegs be close to the web and
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thus protected by the flanges of the column, while the upper
lines passing over the sighteen inch sheaves are outsids of
the upper yoke.

THE POWER PLANT, The power plant mounted on the barge
ie composed of two dlesel~driven two-stage portable come
pressors each capable of furnishing 318 cubie feet per mine
ute of actual alir. The porteble compressors are chosen in
preference to the stationary type beceuse of their greater
sslvage value upon the gompletion of the job. Portable come
pressors are uvased axtensively in many types of 'wmzmtim,
while the stationary machine is sdaptable only to those mce
tivities where it may remain In one plece for a protracted
length of times With the current improvements and inoreased
capaclity of the portable maochine 1t has supplanted its more
cumbersoms colleague on many operaiiona,

The wheels sre removed from the two units and they are
placed asz shown in Pig. 22. BSoth machines sre connected in
parallel snd ma;nzam & pressure of 100 pounds per square
inch in the 2000 gellon receiver and the distribution syse
tem, The asmall tanks on each unit plus the recelver and
the piping system form the reservoir necessary for the opers
ating mechinery.

A study of this arrvangement discloses the fmot that the
compreasors perform three major funotions. They furnish
power o the anchor enginea, to the spud holists and to the
drill towers resulting in continuous operation,s The barge
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is not encumbered with machinery which 1s 1dle a great part
of the time, as would be true if separate power units were
smployed fc? each operation, The above funotions take place
1nﬂ&pandanﬁiy and one at a time, therefore the compressors
have & dlastributed load which never exoceeds that of the lare
gest air consumer. The drlll towers and the spud holsts
#lll not over-tax these units, but the |ine winches ars of
large capscity. lot more than two winches will be operating
similtaneously while moving the boat. hen one winch is
gub Jectsd to the maximum load of 20,000 pounds the two some
pressors will develop e line of speed of spproximately fife
ty foet per minute, or twentyefive feet per minute when tué
engines are rumning. The normal load wlll be approximately
one=fourth of this, therefurs, the speed developed would ore
dinarily be mich grester. From this standpoint a third come
presgor would be desiraeble, but in view of the additionsl
woelght and the infrequent use 1t is not justified, It 1is
apparent that the entire drlll boet iz dependent upon the :
satisfactory operation of the uémprensmr units, These
machinss should be the best quality avallable and should dbe
maintained in perfect condtion at all times, : |

THE JET PUMP, The pump which furnishes weter to the
drills is of the reciprocating piston type, either duplex
or triplex. The water is used only when the drills are

operating and mey be controlled at each drill tower. It is
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therefore necessary to equip this pwap with a by-psas Mh
divertes the water when s pressure of 250 pounda per square
inch 1s oxceeded, In order to equalize the flow a amall
compensating chamber is installed in the line. A flow of
78 gallons per minute to each drill would require the power
imput show below.

P in ft, 1bse 3 &%_@. x 1bs/ousft. x head in fto
gal/ou. bty '

Pe %x 68e5 x BBO x 245 w 722,000 £t. 1bs,.
»

Assuning the pump to be B0Z efficient, the necessary imput
in horse power would be

= 43.8 or 45 H, P

THE SAFETY PUMP, A safety pump with s eapasity of BOOO
gellons per minute 1s placed amidships and eguipped ¢o pump
water from the bilge. This 1s & centrifugsl type, powered
in the samemanner as the piston pump deseribed above, ﬁsmm» |
ing that this pump operates agsinst a twenty foot head with
an efficlent of 80% the required powsr imput would be

- 316 or 38 Hse Peu

This pump la connected by o small pipe with a valve to the
piston pump for the purpose of priming. A4 suggested emoye
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gorey measure would be to prime this pump every few hours
in order that 1t may be of lmuwedlate service in ths event
of an sccldent. The motor should be in perfsct condition
80 that 1%t conld be started with the least Aifficulty. A
ten kilowatt lighting plant fs installed to furnish illumie
nation to all parts of the hoat during tha'nighx operations,

THE SHOPs The shop should be sdequataly nquiyp#ﬂ with
all the mschines negessary $o perform the ordinary repalrs.
This should Include a work bench with a full set of tools
and & full stosk of spare parts, which embodles one come
plete drill and most of the moving perts comprising a second
drille. Detachable bits are recommendsd for this work in
ar&ar to elininate the weight of s forge and sharpensr and
to preclude the nscessity of handling long stesl in a cone -
fined ares. In this sase a hit sharpener becomes one of
the most lmportant tools in the shop.

THE FUEL TANES. The fuel tanks are placed below docks
on the opposite side of the barge from the drill towers as

~ ahdun in Pige 22, 1In each of two sompartunents a ?&G:gailﬁn

tank may be placed with the intakes on the deck of the barge
outside of the govéred area, This makes it possible for

the work boat to dellver o1} to the tanks through a hose
without hindering the drilling operation. iA total of 1500
gallons 1s sufficient to supply the plant for a period of a
waek of constant operation, The 500 gallon gasoline tanlk
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- for the engines rubning the pumps may be placed in & third

compartment under the bit grinder. A smell fuel pump powe
ered by air is utilized to convey the oll from the tanks bew
low deek to the small tanks st the compressors.

ipoole of wire rope, extra sheaves and other sumbersome
equipment may be stowed in hatches near the ends of the
barge. Araek for suxillary drin ntam. nay be 1‘:3&15&11&6 at
e convenient point on the deck of the barge near one end of
the tracks. Other minor detsils which are necessary in the
eomplete design of a barge will be omitted kin' this discussion

THE DRILL TOWSRS. Two drill towers have besn adopted
for this boat. The areas to be drilled in this pmu}aét are
for the most part small and irvegular in shape, composed of
smell ledges, rocks and planaalas, canagquﬁnﬁly it would ofe
ten be impossidle for more than two drills to operate simule
taneously. In a few inetances only one drill may operate
at one time while the other stands i1dle over deep water,
Some proposals favora smaller boat with one drill tower,
but this method mum. be more expensive bocsuse the capsew
fty of the plant would be reduced more than the boat and
orew. The two aﬁwars are ldentiocal, therefore an exemine-
tion of one will asutomaticslly include the detalls pertaine
ing to both, |

A discusslon of the drill'ﬁautv resolves ltselfl into
an explanation of Plge 23+ In sll of the diagrams the line
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of the water surfece is drawn at a polnt two and one half
feet above the hottom of the barge. This 1s assumed to be -
the average position of the water line when the bost e
spudded up and in drilling position, The drill tower is
bolted to shoes which it around the upper flanges of two
Beinch Iw-beame thus forming s siid mounting which will not
permit the tower ﬁo leave the ﬁruaku.» The towers are moved
along the tracks by means of an endlese ceble passing from
8 reversible alr hoist shown in Iige 82 behind the spud, to
& sheave at the other end and back to the drum of the holst,
The ceble is equipped with 6ne or mopre hooke which may dbe
attached to a ring in the base of the tower when it is deow
sired to move 1t. When not in use the rope rests on the
deck between the tracks, As shown in the figure, the holst
employed to move the towers is in an inconvenient position
to operste., This conditlion may be 1mpr6vbd by extending ths
throttls so that 1t oen be handled from the end of the trsels.

The tower le elight feet wide and the clear distence bee
tween the spuds 1s fifty-eight feet permitting a working
range of fifty feet. It extends thirty feet above its base
or 30 feet 8 inches sbove the deck of the barge. The base.
of the tower iz used ss the point from which all msasuree
ments are taken and willl serve as the datum in this discuss
sion. The guldes extend six feet four inches below the base
whare another shoe slldes along a vertical strap on the side
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of the hull., Fig. 23 A is a front view of the tower show-
ing the guldes and the positlion of ths sand pipe and dril)
when operating in s minimum depth of waters Three and one
helf feet is only six inches more water than necessary to
float the barge and will be encountered very rarely.

| The send pipe, whlcoh serves to exclude 'WWMM, and
‘actsas & gulde for the drill steel, and in losding the holes,
is a high cerbon steel casing with an inside dlameter of
four inehes, The walls of thils casing are § of an inch
t%ziek in order that 1%t mey withstand s:m abuse it received
in service. It is a single plece with an over all 1;::3@!501‘
ten fest from the bottom of the shoe to the top of the oole
lar. It is clamped securely in the upper amasmgﬁ whioch .
is heavily weighted and designed to slide freely in the
galdes. The bracket at the bottom of the guldes is equip=
ped with a sleave through whieh the pipe may slide., This
yoke 1s slso movable in the guldes but rests at the bottom
unless the shoe on the casing pleks 1t up when the plpe 1is
wmhammg the sleeve mentioned above 1s large enough to
permit the plpe to slide through it, but it will not psss
over the shoo. |

An snalysls of the dimensions shown on the flgure dise

closes the fact thal the pipe has a range of five feet ten
inches between the minlmum and meximum depth to the sure
face of the rocks “he meximum depth is, therefore, nine |

feet four inches below the surface of the water, or to grade
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when the water is 2,33 fect above low datum. When the water
level exceeds this a longer plpe may be substituted, Fige
ure 255 shows the positlon of the mechaniam when operating
at & meximum depth. Yo the upper crosshesd is attached a
line which passes over a sheave at the top of the tower and
dovm to s small holst mounted on its base, This le used
only wien the pips 1s beiny withdrawn or lowered, Vhile
drilling, the plpe rests on the surface of the rock and
slides freely in the guldes with the slight motion of the
boate The dotted lines 1n each of the two drawings indicate
the position of the drlll and pasing whon fully withdrawn,

The drill 18 mounted in g frame corronly ealled a "slabe
beck™ which also moves fresely in the guldea. The slabsback
is heevlily welghted in order to absorb the recocll from the
harmering actlion of the drill and to lkeep the steel in cone
tect with the hottom of the hols. The limite of the range
through vhieh the slabeback may travel are the coller on
top of the sand »lps and the Lop of the guldes, In order
to keep the drill alizned over the top of the stesl and in
the dlrection of the hole the full length of ths slebebaeok
1s five foet,

A drill steel twenty-two feet in length 1a shown 1n the
drawing, When 1%t 1is necessary to remove the astesl to change
bits or losd the hole, s nminimum clearance of four inches ex-
ists botwoen the eollar of the plpe and the blt, In this
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way it is possible to change the bit, or draw the steel to
one side end load the hole without removing 1t from the
chuck of the drill, A atrap with & hook may be placed cubte
side of one gulde to hold the steel sway from the casing.
When drilling in deepsr water the clearence bhetween the bit
and easing 1s lncreased. With this length of steel 1t 1s
possible to drill & hole eleven feet deeap, helore the slede
back iz resting on the coller of the sand pipe,

The guldes are eguipped with safety catehes upon which
the slabebask and the crossheaasd rest when withdrawn, These
are 6§;&gnna to work auntomatically when the mechanism is
ralsed sbove them, removing the hazard of dropping the pipe
or the drill 1f one of the: holistes should let go. These
safety catches may be rolsased by lifting the welpght end
withdeswing them with hﬁmy ropes atteched and sxtending down
to the deok.

‘the common land type hammer Arill or the small sube
marine drill would be aatiatauhnry for this shallow u@#kn
Since the water 1z not deep enough to demand a submerged
hammér or extremely 1ong,atéﬁl the large drill would not
be practicable, Its comparative cost and air gonsumption is
Justified only where the work is of such a nature hhﬁt’no
other drill would be satisfactory. It 1s not the purpese
of this peper to discusa the comparative merits of the
drills which ere manufaétured. HMany different makes are
available and sold by reputable companieas, The fact that



99
they are continucusly on the market indicates thet they are
capable of withstanding the competition of otheras, Any one
of many dr1lls would he satisfactory for this appolintment.

The €érill steel should he liwinch hollow reound, range
ing in lengthe from twoenty-two to thirty faet. This steel
is readily avallable and shonld be prepared with lugs end
upset thresde before it 1s delivered to the Job. Huch
breskazs should be antleipated in connection with this work
due to the vory hard rock that is encountered. For this
reagon wost of the steel should be lonpger than twantyw-two
feet because brolten pleces may often be salvaged and made
into shorter stesls without welding. Welded steel has not
heen thoroucghly satlafactory in hard rock, sinee the ordine
ary blackamlith finds 1t ciffienlt to properly heat treat
thiz alloy steel subsequent to the welding. A chrome vanas
21um sleseve has been used to connset two seetions of steel,
but this too has been unsatisfectory end is coupled with a
grest cost. HNevartheless one rmist resort te one of these
mathods when steels longer than thirty feet are necevsery,

Detachahle bits are recoamended for thils work, not bew
cause thay are unquestlionably superdor but hecsuse of the
conveniencs and the elimination of the forge and sharpener
on the bont. dits three ﬁneha# in diemater and equipped
with a side or center hole would be satisfactory for this
purpose, In using these bits muech time is saved in handling
the steel, changes belng necessary only when it breaks orn
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hen &n wmsually deep hole 1s belng drilled and sn ine-
sreesed length is demanded,

& 2ide view of the drlll taae?, Pigs 23 €, dimeloses
the arranyanant back of the drill @aiaaa. One large single
dmm aiﬂ holst 1s employsd to handle the Arill, snd s smalle
sy ons operstes the spnd pive. A small capstan holst s -
nlso convenlent ar an awxilliary to handle drill steel and
the charglinc tube. The_ﬁhrﬁ@tlas and the brekes on the
holste, together with the elr and weter controls should all
he In such a position thet the driller moy =it comfortsbhly
and opeprate the entire wmechanlsms The holst attached to
the Arill showld have a very sensitive throttle in onder
that o Arill moy be fed accurately and withdrawn quiokly,
o festure of mugh importance in the Arilling operation.

The charging tube, Pig. 23 D, 1s employed in loading the
holes. The barpel 1z losdad with the nowdsr with the wires
from the primer» extending out of the side throuprh the slot
which 13 cut for the purpose. The tube 1s lowered into the
hole and then withdrewm ss the tamping rod passing through
the plpe handle holds the charre in p lnece.

In the dasaisn of s drill bhost it must be remerbared
thet the efficlency »f thoe antirﬁ plant 1ls depondent upen
the mocghanliem utilized tn drilll the holes and place the pow-
dar, Therefore, sarticular attentlon should he devoted to
the gerofl and agourate constriction of » tower which will

perform under all working condlitions,
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THE BHIDGE, Extending bLetween the two apuﬁsaégﬁﬂa
end of the boat is s bridge, the floor of which 1s twelve
feot above the deck of the berpge., This is of sufficient
~ height to permit visibility in all directions and is the
point from which observations are mude to deternine ﬁbﬁ
losation of the boat in the river, At the end of the bridge
closest to shoare is mountod e reel carrying & greduated aille
eralt strand, This extends to & known point on shore, make
ing possible the determination of the position of the boat
in one direction, A double row of markers at intervals of
£124y foot will serve to indicate the other coordinate,
“han operating within thirty foet of the genter line of the
channel 1t is possidble to supplant the gradusted cable,
utilizing the channel renges, This could be effected by
graduating the ralling of the bridge and placing vertieal
rods st intervals of five feet along the other end of the
barge, , |

DISTRIDBUTION OF WEIGHT, The equipment has been placed
upon the hull with two objectives; convenlente and a proper
distribution of welight so that the center of gravity of the
equip-ont will soineide with the geometrical center of the
hull, It has not been mentionsd previously, but sll egquip.
ment is placed as low as posuible, Through proper bracing
below the deck all heavy machinery may be bolted directly
to the deek without supplementary mountings, It is for the
same rosson thet light snchor spuds were chosen to stabi.
lize the barge, The 4drill towers were designed as short as



poasibls in order to keep the center of gravity below the
deaclk,

To creste a hypotheticasl situatlion, assume that the
boat wns eguipped with heavy spuds about sixty f&at long
and operating in a fest current. The barge has just moved
into position on & ledge adjacent to deep water and all of
the spuds are ups Hing boltes are inaccessible and snchors
are belng used on some of the lines. Just as the anchor
spud over deep water st the bow is dropped the bow line an~
chor alipes causing the inshore breast line un#hnr to give
way alsos. The head of the barge would swing into the oure
rent and start down stream broadside. The offshore breast
line at the bow would slack and drop down under the barge.
If the 10!&95& apud should strike & rock or & submerged
ledze in all probability the boat would tip over with all
the erew, In a similar sltustion utilizing the amall aMu
the center of gravity would be lower and the submerged cole
umn would not furnish as long 8 lever arm. Vhen it struek
hottom the l4«inch Il section would probebly crumple up
leaving the barge in an upright position. In any event,
this would be a very dangerous predicament and every effort
should be made to avold such nn‘aoc&ﬁent.

DRAUCHT. A oalsulation of the weight of this boat in
048 50 cetermine the drmught and the approximate position
of the genter of gravity in a vertical plan 1s computable
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at thils point. delow is a table oi approximeste weights.

TAELE O WEIGHTS

Item Mumsher Unit Welght Total
, Pounds
Hall
Cresosote Lreated Loug- 4750 cus . 50 1bus. 837,800
las ¥ip
Jolts, sheeting, Lrao~ : o 3B 000
ing, eto.
%  BOR,HD
Hachinery e
Anghor Enzines 6 3000 18,000
Wire rope 13" 5400 It 286 13,80®
Falr leada 6 400 - 8,400
Anehor Spuds 4 300 12,000
Spud Wella 4 16500 6,000
Spud engines 4 1600 5,000
Compressors 2 7000 14,000
Orill towers 2 6 35,000
Pumpe 2 2600 5,000
Tanke, Jael 3 500 1,560
Tark, Alr recelver 1 1000 1,000
Generator & urinder i - 1000 1,000
Stoek & Perts 10000 | 10,000
Piping systen 5000 5,000
- VWood super-strustures 5000 85,000
Hiscellaneous 10000 : :
262,500

Total Welght of boat 377,000

At & point three feet above the bottom the hull Is ape
proximately 78 feet long. Treating a sectlion of the barge
e & Lrapesoid the following caleculatlons will aporuximate
the denth to which the barge will settle in still water.

Total Displacenent s 377800 » 6048 oublc feet.
‘ bl e -

Average cuble Jeet per I'vet ol depth

60) x 50 » 2070 cu. £E.
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Draught = %g%g » 2,92 or spproximetely 3 feet,

CENTRR OF GRAVITY. From the table above the welght
of the hull 1s approximstely tvic@ that of the machinery,
#hen the epuds are sleveted so that the points are even
with the bottom of the barge, the center of gravity of all
the soulpment 1& shout four feet above the deck. The gene
ter of gravity of all the hull is three feet below the same
dntum, thepefore, the hishest limit in the locus of the
center of gravity of the bost is approximetely eight inches
below the deek, or three fest above tbe water surface,
This may ﬁa considered camparativnly safe with a thihty .
foot beam, o |

In 8)ll previcus discuassions the drtught has béen pone
sidered only in étill water, When moored in shosl water
treveling at a high velocity the barge will squat or "suck
down", The extent to which this phenomenon will becoms =
effective cannot be accurately determined, but ohserves
tions on & smsaller barce under similar sonditions indicate
the maxlirmum to be about one foot on the downatream end and
no change at the bow. An opposing force exiasts here, since
moving water impingine upon the rake possesses & vartioux 
aomponent of foree which tends to ralse the upstream end of
the hoats

CONCLUSION. 1In conclusion, s few general statements
concerning the capacity and the limitations of the drillk
boat are in order, It is designed to operate under the



normal aanﬂiiiana onmaﬁnt&vnd on the Columbia River in
water ranging in depth from four to about seventeen feet,
the distance to grade when the river is at a ten foot |
staze., Yo drill in deeper water would be paaaibla but»n
lons sand pipe and drill steel mude up in seetions would
be necessary. Dy removing the steel from the chuck of
‘the drill and employing the auxillery Qﬁpﬂtﬁn holst to
make changes, holes of ‘great depth could be drilled, but
the éffiaianay éf the short tower would decrease pruporw .
tionately. Bnring oxzremmly high winds, which nanmullr ;
accur about taunty days each ysar, 1t might be nsnosanny
to &uapand operations beceause of the surge, An uttampt Lo
work ﬂuring the ice period would ba foolhardy with any
type of aw;;t; ﬁavarthaxaaa, it ia thought that the p%hn&
&anaribed sbove will operate as economically ss any thus
far prupuwod, | |

AUXILIARY EQUIPHMENT

The importance of tugboats and suxiliary oqulpmanﬁ
for this work must be stressed. A detalled analysis a£ thn
p&op&r daiian of hoais is beyond the scope of this tﬁaatiam;
but an outline of the essential features which this type of
plant should poassess to operate satisfactorily will be mene
tloneds ‘

THE TUG. The first oconsiderstion is a tugboat of sufe
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ficient power to maneuver the drill barge in swift waters
Gecause of the hydrography ensountered it should Lo a minie
mun drsught in order Lo navigste safely thwough the raplds.
A bost which Jdoes not hsve a crulaing speed mich greater
than ths velociiy of the water would be of no value,

“he twin sorew type with propellors approximetely
twenty=-four inches 1in dlameter and a power plant capable
of developing at least 400 5. de Pe 18 worthy of oonside
eration. It is necessary that thess be high apeed motors
in order to develop the required power, but large ﬂhqsla
cannot be used convenlently in thia sestlion of ithe ri&%rn
Bither high epeed dlesals oy gasoline engines would be saie
jefactory for the purpose., 5he approximete lengih of this
boal should renge between forty-rive and Liity-Ilve leet,
wlih e dreught of not more ¢hen four feets In some pluces
it would still De nesessary to resort to the use of lince
in order to take the barge upstresm, but the tug would ve
adequate under moat conditionses The United States Army
boet “John Lay” i of thie deelgn but smaller, using two
185 ls Pe pgasoline engines. it is used ssatisfactorily teo
maneuver a 7i-foot sweeping barge weighing approximately
one hundred tons, and is conslidered ocne of the best boats
»f ite slize on the rlver,

The functions of this tugbost would be rather diversis

fied covering & wide range of dubies. It could be employed
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to carry fuel to ﬁhﬁlﬁﬁilk boat from & eanvanient‘léa&ing
point on the river, uith a smell anchor barge tled alonge
side iL may serve to move the anchoras or cerry the lines
to the ringevolita. uwhen the dredging operatlon is belng
carried on, 1t aﬁulﬁ serve to maneuver the dredge in ﬁhm
BANG WEF. e |

| Uufortunately very few bosts poasessing these fest-
ures are uvnilabla; Zhe cost of bullding such a crelt
fﬁﬁﬁlﬂ be prohibitive for a project of tuis aiz&;gglaas
future wﬁrk iﬁ'in the offing or the bullder can 5eyaaﬁured
that 1t wuuid.ba warketatle at & fuirrpviaa‘upon~tha OOl
pletion of the Jovbs .or this resason ons must resort to 6
diligent seawch for a Luoat shleh measures up lairly well to
the desiravle spocifications. Yo rent & tug to vperate in
thils seoblon of the river is a very expeusive enterprise
&leo. Therelore, In any event the cost of & btugboat ahould
be carefully considersd.

WUllR BOAT. In addition, twu smaller work bomris would
be necessary to cerry supplies and psrform mliscellasnseous
dutiess. OCne of these should be about Lhirty feet overall
ané should be equipypod Lo carry the crew to amd from the
drill bavge. It may slse be used to ecarry powder and othey
expendable ltems which are eonatently transported to the
barges A twenty~foot open boet powered with an cut~bhoard

motor would suiflee oy other puirposes.



HE DREDGE

A,limitqﬁ dla&uaaion of proposed dredges and dredging
methods on this nﬁqjact,will be presented to namgletq the
pleture, From the general outline of the commonly used
dredges d#abribad in Part I of this paper it iz seen that
thrac‘tyy&a of plant may be considered, The ladder dredge,
the dipper dredge and the draglinaﬁu;navutar are all oape

able of removin: blasted rocks The dipper dredge has been

ﬁhﬂ-m@at widely used of thle group. » ,

- To retain the assumptions made at the beginning of
this hypothetical ppoject and to add e few more, let it
be supposec that the rook 1s to be disposed of in deep
water or out of the channel where it will not return to form
a shoals The hgﬁwngvn@hyfef ﬁhs:vivcw 1a’au¢h that 1¢ is
not uncommon in many locetions to find dgeep holes adjacent
to %h& ledge or pinnacle to be removed. New places are
close enough to the phore s0 that the broken rock may be
deposited above the water. It 1s to be remembered that this
formation 1s dlced basalt and most of it will break up into
small f?agmcntm when blasted,

The guantity of material 1s wery smell when consideve
ing a ﬁradgihg operation. This situation asutomatically
eliminates a large and expensive plant, unlese provision
has been made to remove additional loose materiel. The
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ladder dredge is considered too cumbersome for this partioue
lar work, and its cﬁyncity ie not warranted in the removal
of small guantities. The dipper dredpe may be used to rew
move the blasted roclk, but 1t too is a 3ifficult draft to
handle 1n swift water and its short boom confines its opere
ation from one poaiﬁ&on to a small area, ,

The dragline excavator mounted on a barge should be the
most satisfactory plant to employs Gince the rock fs finely
broken a small sapscity but heavy bucket may b# plaéﬁﬁ on‘n
long boome This would pemmit the dredge to side cazt into
deep water in many instances, A hsulsbeck line could elso
be used employing e sheave attached to an anchor or a ring-
bolt beyond the area to be excavated, In this manner the
barse ocould be moored 1n deep water and the bucket could he
drazged out to g distance much greater than the langth of
the boom over the area of blasted rock. On its return the
bueket would load and then be §1ékad up with the holet line
when 1t reached a point under the end of the boom.

¥here the dlepossl area 1s a grest distance from the
point of excavation, small scows could be loaded by thn.
dragline and teansported to the disposal ares with the tuge
Yeet, Here they may be unloaded with a small bulldoser
eaternillar or the dragline may follow and unload, In gene
eral the ﬁiapaanlknrena are downstream from the exscavation,
g0 1t would often be possible for the dredge to drop down
using her own lines, unload and return,



The dredge could remove the rock mmch more rapldly
then the drill boat could prepmre 1t for dredgings Fope
tunately the econstruction of a chammel in the Columbia
ilver would ineclude the excavation of many yards of loose
material in eddition to the blasted rock. In this case
1t would be possible to operate the dredge a majority of
the time et & nonminal unit cost.

ORGANIZATION AND QPERATION

The organisation of a competent orew to handle a
d¢rill boat on the Columbia Hiver requives as careful uﬁaﬁy
as the design of the plant. An efficlent and safe opera~
tion is more dependent upon the personnel and the orgsnizae
tion than upon the egquipment which is employed to do the
WOrke he training of eash member must be such that he is
fully eapable of performing his duty scourately and in e
manner wnich inspires the sonfldence of the orew working
under the hazerdous conditions. The greatest burden in
this respect falls upon tha auptu&n of the boat.

THE CREW. The proposed orew 1s composed of nine meme

" bers, five of which may be considered skilled laborers,

while the remaining four belong to the semieskilled groups
Emch drill requires a drill operator who controls the enw
tire mechmnism, and a helpsr who performs all the duties
out near the drill under the direotion of the operstor.

One powderman and a helper prepare the charges and load the
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holes drilled by both drlilss A leveras, who oporates the
spud end anchor engines durdung the moving operation la rose
ponslble fup the pondition of ell machilnery exeept the drlld
Lowars, Ulnee he is employed only a small perceriiage of
the time Ixn the contiol house, nlz dutles are ovrdinarily
those of mechatle and general~service man, Jubomilpate to
il ore deck hend le employed to sharpen blts in the shop
and perform miskcelilanecus work sboub $he plants “he forvew
e o captein completos in@ crows is Jubtles are those of
penerel supervision, vhileh inslude allwlcoudetions sné Gow
termlngt lons negesssry (o perlorm the pressribet works

WORMAL PROLECTLL.  To treat tha method of opersticn
cenernlliy, en outilue of thw nurasl procedure will flrst
we pregented, then cerlsln wodlfisations wlill Le suggeuted
Lo mees gspoellic situstliones inlike many ayevﬁtiana,af
thils wype, esgh suall aros o bw doumoved will regquire verle
aviong in order to perloas the work efflelently.

The barge ls movoed inbo posiilon, all liues are crawn
Upy Bud the spuds. sre Jovsed down. e poslition of the
voat L chesked hy‘mﬁkingigammdings wion & pole to Lo sure
wheb the driils eare over the ledge or plnnacle, The depth
and spacing of the holes hmve previcusly bheen deterained
end the drlillers are lnestructed to set the movable point-
aprsy which are instulled on a gradusted board, along the

wlde of the drill pildes. Anothew systen of tags is placed
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on hoolts on the side of the house to direct the ppacing qf
the holes. o

When & reange of holes iz to be drilled, 1t 13 usually
more satliafactory to plece one tower at each end of the
tracks and permit them both to progress towsrd tho centers
In this way the operation of both towers is continuous une
til thes last hole is drilled. Vhen enother arrengement is
employed, one drill may be idle while the other is finighe
ing the driliing nesr one end of the barge. Identicel
apeud‘raribaﬁhft&wara is only true in theory; in sctusl
practice one unit is always delayed due to verious condie
tions of the rocks ’

_ ¥When a tower 1s in position to drill =2 hole, the opere
ator lowers ﬁh&‘aand_gipe to the surflace of the raak.‘-If
overvurden ia encountered, which is very rare, the loocse
meterial mst be washed out of the essing with the water
Jet from the arill. Thls 1s accomplished by lowering the
drill simltaneously with a sand pipe and with the bit a
Pfew inches below the shoe of the pipe, The water 1s turned
on snd the stesl is rotated slowly, if & separate rotstion
motor is employed. 'When the sand plpe reaches the surface
of the rock and the loose materisl has all been removed,
the harmer 1s put 1ln sctione The drill 1s operated slowly
at first, and then the spsed incressed es the hole is start-
ed. During the 4rilling operation, the hammering action,
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the rotetlon of the ateel, and the flow of water exist
simaltansously, The weter 1ssulng from the bottom of the
drill hole is one of ths most fmportant features of the
cperation,

 Frequent bit changos are necessary when drilling this
hard rook, snd it 1s probable that at least two blis will
be nscessary for each hole, Hothlng i1z geined in the gttmmwe
to use & dull bit, and when the drill begins to slow up 1t
should be withdrawn end the bit replaced, If employed too
long, the gaye 1s worn of i the blt, and it 1s ruined fop
future use, It cannot be sharpened without a great decresse
in dlameter whish leads to ssrious trouble. A Seinch bit is
the smollest which oan bo used satisfactorily in this work,
and the gage should be preserved. If the bIts are used [wow
porly, thoy may be sharpened st least twilce befures they are
discarded. 411 drill holes taper alight;g due to the wear
of the bit. VYor thils reason, the sharpened bite should be
graded and placed in seperate compartments on the bese of
the drill tower, so that the drill helper will not sttempt
to use & new LIt &t the bottom of s hole whlch has been
drilled by & slightly smsller ons,

vhen the hole 1s completed, the driil is withdrewn and

the stesl pulled to one side of the cesinge DIuring the
arilling opersatlon, the powdsran and his assistant should
prepars the charge and place 1t Iin the cherglng tube. Upon
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the removal of the drill steel, the tube 1s inserted to the
botion of the hole; where the powler g held flrmly in posle
tion with t{he tamping rod, while the tube is withdrawn. The
wires whieh are inside of the sand pipe are carried up to a
stage in the tower and held in position while the plipe 1s
raised.  Waen the shoe s high enough so that the wires can
be grasped below it, the upper ends are dropped through the
plpe snd carried to g point on the sdge of the barge vhore
they are tled temporarlly. The tower is then moved to the
next position and the oycle is repested, In thls work where
the drilling is slow, the powdsrman and helper cen handle
both units satisfactorily. |

Tpon the sompletlon »f a ranye of holes, the barge is
noved & distence normal to the range equal to the desired
apacing and the operation is repeated, 'hen this move is
effecteod, care must he erepcised to leave sufflolent slack
in the wires so that they wlll not be broken. The barge
mey ba moved over the preoviously (drilled holes, or 1t may be
bucked away Troa them ﬁ&yanding upon the mothod in whiech
the srea i1s being drilled, In the event that 1t s backed
auny, the wires may “e atteched to the two bus wires, which
are equipned with snmell, wooden bLlocks sas floats, snd the
sntire systenm, excaept the ends of the bus wires, may he
thrown overboard: In thls way the drill towers may be

moved freely without sontinmously changing the wires, This
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method is not satisfectory when the barge is moved over the
holes, because they may besome entangled around the apuds
or the dr»ill ocmsings.

when a number of ranzes have been drilled, the barge
is then backed off a safe dlstance, using a reel to let out
the two lead wires. The wires are then connected to & oiyw
ouit frowm the ganaraﬁar.amﬁ the powder ias detonateds The
saf'e distence is variable, depending upon the size of thm'
shot and the depth of the water, In general, the boat
should be ferther awey from the blast in this work than
uost submarine blasting because of the shallow weter, When
the boat is in position to fire s shot, a check should be
made to be sure that one of the maneuvering lines 1s not
too near the ares to be blasted whers 1t will be injured op
broken,

VARIOUS METHODE OF ATYACK. In general, the arcas to
be removed are small and irpeguler in shape, Some may 1ee
quire two or three thousand drill holes while others are

- mersly pinnacles. Obviously these variatlons require many

methods of attack. The bhnrta of the areas should be care-
fully studled and 8 plan outlined previous to the work,
The shape of the area ta.bo drilled may be such that it
would be more practicable to pleace the boat at an angle
with the flow of the current. This practice should be em-
ployd within limits, so that ths force of the water on the
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side of the harce will not be axcessive, placing too mach
strain in the lines, The boat may be plsced in any poaiw
tion by employing a protractor on the charts and a sextant
on the bridge. The desired sngle may be determined from &
known point on shore, and the barge brought inte position,
utilizing the sextant by superimposing e rodcat the other
end of the boat upon the known polnt. |

The poaltion of the boat, the direction of advancew

-ment, and the mumber of holes ao"ba blested at one times are

811 subject to varistions. Likewiss the spacing end depth
of the holes and the slme of the charge in each hole will
be peeculliar to each ares. 7The answers to many of these
problems could never be determined without employing the
trial ond error method,

. A festure which should be mentioned beosuse of its ime

portances in connection with the cost of the work is the

position of the ares with respect to deep water. It is ofe
ten true thst & ledge or pimmacle is adjmcent to deep water
on one or more sides. If the ledge is propurly blasted,

1t 1s possible to employ the flow of the current nd place
much of the broken rock in the dispossl erea without using
the dredge. This may be sccomplished in many ways depends
ing upon the position of the ledge. The holes edjacent to
deep water may be drilled a number of feet below grads,
then each auauen#iva range of holes may be shallowery thus
produeing & slope, from which, with the sid of the current,



the loose rock may slide,

When s smal) pinnacle with steep sldes 1s encountered
in deep water, its removal may be effected economically by
drilling one or two deep holes, Larger bits mey be neew
espary in order to insert sufficlent powder to shatter and
lose its Although the quantity of rock removed and the
powder uaed i«m‘m bes mach greater than necesaary, the time
consumed way be sufficient to more than offset the other
eoaiﬁ. Beeause thias rock is haz-& and brittle, e high ves
:muty powder is desirable, |

CONCLUSION. In conclusion, ,a fowgoneral rmilea of opers
ation may he of value in ;m‘amt‘mg rook from the Columbia
River, An ample quantity of powlsr should be used to break
the rook into small fragments so that it cen be dredged
easlly. Vhere the current will carry the rosck to d eep
water sufficlent powder should be employed to bresk and
11t the rook from the ledges A careful study of each area
should be made and the nsturel forees employed to aild in
the work rather than to hinder 1t. A welleiralined and gome
petent arew should be on hoard t*.!m drill boate This ia a
very diffioult tym of work, marar phare of which should
be appmmhm mmn.igontly-

A COBT ANALYSIS

Iittle dats are avallable upon vhich an estimate of
probable gosts can bHe made, Records of similap mrlz nay
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be used to a ltﬁi&ud extent but these figures are wnbj&at
to so many verisbles that an approximation should be viewed
caution. The cost of operstion of the proposed plant for
a unit length of time may be gomputed with a fair degree
of acouracy, but the speed of operation of the drill boat
is ¢iffioult to determine prlor to actusl test, ~ ;, .

The outline of probable costs presented hereln will
include ohly the direct costs encountered in operating the
drill bosts These do not Include the indirect oosts whioh
are oxtensive in thies type of work, or the cost of dredging
thﬁ vnﬁk.guhaequnnt to drilling and bleating. Thﬁ-pmopana&v
1list should not be gonsldered acsurate to a dogree compavsw
ble with an cnﬁ&mana upon many construction projeets.

SPEEL Ov a?mﬁem:. The Cirst assumptlon pertelins to
the speed of operation of the drillss It will he uasuaﬁ&
that the drills are cepable of averaging fifteen linesar
feet of drill hole per hour during opersation, Representae
tives of drill manufacturers will oite many instansces where
their drills have far sxceaded this figure, but in astuel
practice under conditions where very hard rock is encounterw
ed a conservetive estimate for the drifter type drill using
& 3einch bit will approximate fifteen feet per hour,

Observations over a period of years indicate that a
Aarill is in operation about forty percent of the time,
Modern improvements have increased this figure slightly,
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but the oxtreme conditions on the Columbia River will sause
& grester loes of time than on meny projects, consegquently
the "40%" will be used without change.

An ideal situstion would be to remove all the rook to
the overdepth level, but this is not realized in actuasl
practice, 26 the estimate will be on a basis of receiving
pay fof £ifty percent of the roock betwesn grede and ons foot
overdepth. It was previously stated that half the entire
quantity was betwesn these l1limits, therefore the basis of
estimats will be |

785 of B0O,000 ¢ 37,500 cubie yards.

The average depth of the existing surfase of the rosk
is sbout 5§ feet below low water or 14 feet sbove grade.
%ith a drill hele spasing of five feet the necessary depth
to drill the holes would be 6% feet, spprximately.

A summary of these assumptions will lead to the follow-
ing figures.

TABLE PERTAINING TO svm oF am{mmu
Eglgdgﬁt one 24 hour day as a unit the linear feet por day
156 x 24 » 360 x 40% » 144 £t/drill/day.
144 x 2 a ﬂ&ﬁ feet per day.
With & sppeing of § feet in both directions and the rook

removed to 5/10 ft. below grade the total cublo content
of pay roek per hole would be



il
5x6x2s 802 87 w 1485 cuble yards/hole
1.80 & @b » ,285 ocuble yards per foot of hole
or '
12 .9685 g 3,5 ft, of hole per ocublc yard
The mumber of sublc yards per day sguals | ,
+2885 x 885 4 82 cuble yards per day.
The time neceasary to completethe project would be
378500 ,g. 82 g 487 days
BOO - 457 ¢ 43 days nmargin,

COSTS PER DAY. An sstimate of the direct nosts of
operating the drill boat for a pesriod of one twenty-four
hour day would involve the following sconsiderations.

Tuber  hours Total

bor
Captain{supervision) 1 24 £4 man hrs,
S8killed ‘

Drill operators e 24 48 * 0

fﬁiﬂu k % g: ug:,;gcwﬂz

' TmAn - : 24 .
Seml«gkilled

Powter memrey 1 o¢ o

Powder m ;

Dogk hend 3 24

B

Haterials end Supplies. The engines driving the come
pressors will each burn approximately six gallons of oil
per hours The gescline engine driving the jet pump will
burn about two and one half gallons per hour,



Gal/r “hours

Diesel oil 8x6 x Z4 288 ga&lona
Gasoline ‘ 3 x 24 w *“

Powder and Caps. It is sssumed that this work will
consume five pounds of 807 nitro-gelatin per cubic yard
of pay rook, k

Hitroegolatin 5x 8 410 pounds
Ceps (1 per hole) 288 4= 6.5 45

Bits, The estirsted life of each bit is three linear
foet each time thet 1t is used, It may be sharpe:ed at
least twice if sarefully handled,

‘ = 32 bits/lay

;isoellanecus, large quantities of gresse are used
for lubricating the hoists, drills, end winnhén. Steel
bresksege is en expensive item, Drill parts, hose couplings,
‘shooting wire, and hemp rope should be considered,

‘Plant, As previously stated, it 1s ssuumed that the
entire cost of the piant 15 absorbed by the job, To this
cost should be added twenty per cent to include replscing
the maneuvering lires, major repaire, and contingencies,

The cost per dey would be

 Total initlel cost x 1,20 § 467 = .262% initial
cost daily,

Below iz a surmary of the items upon vwhich & cost
. estiate for a poriod of one working day may be derived,



Laboy ‘ ;
Supsrvision , 24 man hours
- 8kilisd labor 96 mgn hours
Semiskilled ILaboy - P46 man hours

Haterlals end supplies
Diaesel oll 288 gallons
Gesoline - 7€ gallons
Powder ‘ 410 pounds
Caps ‘ ,
Bite ‘ 32
Steel, grease, nil, wire garta .

Plant (initial cost) « 23298

The items have been presented in units of man hours
and quantities in order that the unit coats which are ox=
lating atlamw time may he applied, The unit ocosts have
baen subject to many variasian# recently and will probably
éantinua to ohange rapldly 1n.ﬁh§'futurua It should be
cautloned thet the summary above is not an estimate of the
entire cost of removing the roek, but inoludes only the
direct ocosts of operating the drill boat, Thnae costs
apply only to a plant of the pwupannd size ond ere nﬁb
adaptable to all types of ocralt.

Removing solid rock from below the water mx-rau in
the ﬁelwﬁbin itiver i3 an axtrqmuxf expensive opersation.
he nature of the work is sueh thet an aﬁaqnata’plunt and
careful organization are imperative in order to effect
the work ecvnomleally. The cost of operation is contine
uous and practically conatant whether the rock is satisface
torily broken or not, therefore the unit cost is controlled
largely by the speed of operabtion,
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