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Om tha 17th, of June 3902, Congress passed an aet whieh may
have appearad of 1ittls memant at that time, but whieh is now at-
tracting the attoation of the people of the Unldnel Statos, It
i3 ¥nown on tho Statuts Boeks as the Reelasation Act and its
purpose 18 to provide a Reelamation Fuad, the sald fund hoiag usdd
only to examine and consatruct Irrization Works in certain Westorn
Statoas and Territorlaes, This Act providsas that the proceeds of
the salev of public lands in thirtasen Statoes and thrse Territorises,
known as the Publie Land States, lese a deductinn of five per cen-
tum for a sehool fund, should be expsndod under the dirsction of
the Secretary of the Interior for the reelalming of arid lande
in those S5tatos and Territorisas, The recluinsd lands are to bde
subject to homestsad land entry only and the settlers on them are
to repay to the Governmont, in tsn annual installmonta, their pro
rate share of the eost of the irrigation works, thus making the
Reoclaantion Fund narmanent one, The private lands included
in Government Projncts must be divided inte units of 160 acres,
of which the ownor must sell all but ons te bona fide settlars,
This latter agroemont miuat be compliesd with and asecurecs to the
Goverrxnont the assurance that there will be no land speculation
as none but seoekers of a home would have any Inducement to take
the land,

Very few persons foresaw at the time the immonse possibil=-
ities of the above Act, It has now assumed princely proportions,
Already the Governmont has 35 Projects under actual ewnstruetion,
while it has approved several and is still yet examining into

more, At the present time the Reclamation Service has under-
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taken to provide watsr for an aroa of land largoer than Great
Britain, 1t has nearly eomplotad the largest tunnel in the
country( the subjoct of the present writing) and the two largest
dams in the world while the West 1s simnly dotted with miles upon
miles of canul besidons which the Erie 18 merely a name.

Naturally such a work is full of {mnsnas pcusibilities; it
taxes yoears to collect data suffioclient emeugh to begin permanent
oonstruction, The irirgable aroa, the size of the canals and the
structures all depend upon the volume of the wator supnly and this

must be detorminsd by experimonts taken frequently over a long

3
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period of time,

The Reclanmation Service pursues 1ts work thoroughly, it
leavesa nothing to a haphazard guoss because the responsibilities
are go great and the dangers too imminent, Every stream is
tracoed ro 1ts source, every irrigable aeére and every possible ree-
ervoir site are mapped and leeated as theroughly as modern engineer-
ing methods ®an manage,

To further understand and appreclate the magnitude of such
a work, we must go back a l1ittle and look over the geological,
shemical, and other featuras of this westarn section of the Unitdd
States. In the Rast irrigation is practically unknown, The
low altitude of the land, the damp atmosphere, and the numerous
rains and watereourses make 1t entirsely unneceasary, Naturo is
the prime irrigator, But in the arid and the semi-arid West,
with 1ts deserts so numerous, it is an entirely different propo=-
sition, Hero wo have our streams, but with the high and the rmgged
country, and the low rainfall, most of the land is pmaotically bar-

ren, The climate and the general healthfullness have attracted
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many to the West and it only remained to provide a permanent means
of support to meake their stay a pleasant oene, The results from
the consequent study of the s0ill eonditions xere bysyond the fondest
dreams of the settler,, Numerous enterprises without Government
sanction were eommenced} soue were successful and othere wore not;
some failod because of the diffieulty of tne smteorprise and otlems
because of private ocorruption and graft which seemed to be 8o preve
alent,

Probably the most notable work the Reolamation Service has
conaidered sinee 1ts organization is the reclaiming of the lands
in the western part of the State of Colorado, Here we have a
broaq territory which holds forth the greatest promise of future
bn ‘vty; if only the magic influenoe of water could be provided,
The Uncempahgrse River from whioch the Uncompahgre Valley takes its
name rises in the snowy summits of the piloturesque San Juan Moun-
tains, The river after descending into the valley, flows in a
northwesterly direction until it finally ends its oourse, a hun=-
dred miles away, by uniting with the turbulent waters of the @une
nison, The river ias not large and supplies only a limited por=-
tion of its basin, Its ouflow is small and may come at times
when it will be of 1ittle use to the farmer, dus to the faot
that most of its waters is derived from snow and very little from
rainfall, It is wholly inadequate to meet the demands made
upon it, espeocially when it is conslidered that there are nearly
150,000 acres of irrigable land that can be farmed and will be
a8 soon as a steady supply of water i1s obtained, A Tow milem

away to the Norteast beyond the Vernal iesa, the Gunnison River
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has cut one of the deepeat and grandest canyons in the country,
For miles upon miles the river flews between roek walls that risé
“to & perpendiocular height of from 2000 to 3,000 feet,

Here in the Gunniason River we nan some of the clearest and
purest water inthe State and 1t was not beyond the mind of man to
see all this wisely spread over a vallpy that needed it so muoch,
The idea was leng oonceivoed of diverting the flow from the Gun~
nison River as this was the only posaiblo source of supply.
Private enterprise interosted itself in the work but the scope
of the undertaking was beyond both private minds and purses, It
then became a State propositlen and the Stato of Colorado apprppe—
riated $25,000,00 and built the State Tunnel for 1,000 feet and then
finally allowed the matter to drop. This failure served to
dampen the ardor of the gunnison Water supporters, and for years
nothing more was done until the advent of a younf and intrepid
Government Engineer, MNr, A , L , Fellows, who soon saw the beauty
of the enterprise and enlisted all his efforts in i1ts successful
aceomplishment, He finally succeeded in attrasting the atten=-
tion of the United States Geologioal Survey and the preliminary
steps were soon takxen, Gonarﬁl surveys wers run and probable
estimates of costs were mede, The amount of land to be reclaimed
was approximntely dotermined to nssure the Government that the ud-
dertaking was practicable and that 1t would not exceed in cost the
value of tho reclaimed lands, Aftor having satisfied itself on
this point, the Government marksed the Prejest approved under the
namo of the Uncompahgre Velley Projooct, end the next step taken

was to orgahize a Water User's Association.
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The purpose of this assoociation was. to combine into a unit
all the land holderse in the valley who would cventually become
users of the Gunnison Tator, The Association through its stock~
holders then contracts to pay back to the Government the cost per
acre of all the land irrigated under the Froject. The payments
arc ocagy and are to be made in ten annual installments without
interent, and the first payment is not to be made until after the
firet crop has been harvested,

The Fnginoering —o~¥ thon ocommenced and ‘opographic parties
woere organized and put into the field to mep the surrounding
country, But before this could be done a triangulation system
for the valley had to be sstablished, These triangulation
points were all selected with two objecte in view; firstly to
obtain good points with respect to being seen at great distances
away; and secondly, to securs points that will make good trliangles
that is to have all the angles as nearly 60 degrces as possible, y
because it has been found from experience that by so doing ﬁﬁiﬁaé’
é;&;éfa;} results could bs obtained, Thease poimtis were then well
eet over the entirc valley &nd all the angles wore read and re-roead
and ochscked by different observere, The mean of all readings was
taxen and these angles were thoa 2ssurecd to be the true angles
and were used i.c sueh in computing their oco-ordinates which was
done in the Town Office,

The topographic parties weiro put into tho fleld during the
Spring and Summer of 1903, There were sbout eight of these par—
ties in the field at mfy one time.

All topographic parties wore organized as follows:=-
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1 Plane Table Nan
1 Recorder
P Rodmen
Each prarty had the uss of one team and the men took care of their
own horses, They obtained their meals whereever they would
find it convenient,

The duties of the rodmen werc to give sights on all the
prorinent features of the country, so that the topogrspher could
map and sketch intelligemtly,

The topographber took sights on all these various positions
of tho rodmon by means of the alidade, end he called the rod-
readings and the vertical engles off to his recorder who computed
by means of the slide rule the distances away from the table and
also the olevatlions of the several positions of the rodmen,

These horizontal distances and olevations of the ground were then
called back to the topographer and ploited directly in the field,
Probably 20 tp 40 shots would be given by both rodmen at any one
sxcureion of the rodmen from the table depending of course upon
the scope of the surrounding country, whether it was rough and
rolling, or flat, The number of shots also depended upon the
topogrepher and whether his accuracy of eye was well enough de-
fined so as to anable him to do accurate sketohing at & distance,
merely by his own observation, The contour interval on these
general maps of the valkey was 10 feet and the scale of horizon-
tal distance was 1" = 1,000'., This contour interval varied &n
the topography taken contiguous to the Canyon, where 50' contours
were used, These maps were then taken to the Town O0ffice and

inked in, ocare being taken to distinguish fence lines, roads
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houses and other characterirstics which would help an obsorver
to locate himself more quickly,

Smaller mars of the Valley were then made from these lar-
ger maps of the Valley in order to get & more comprehensive
glancs of the country as a whole, These were then studioed
and detailed preliminary estimates were made,

The goneral cutline of the work to be done in the valley
could now be sketched out as a whole, and a general idea of what
would have to be done to securs wator to cover all of the irri-
gable land, Several questions then came up for discussdon,
the most important of whichwas te secure the most economicak
tunnel 1line, This problem was studied with great core and num -
erous engineers passed their orinions upon it, It may be
noted here that in the Recl#mation Service there is what is known
as a Board of Consulting Fngineers, Their duties are té tra-
vel from one Project to another, study all probleme involved,
give advice and remedy all radical errors, Consequently, 1f

L '

any error should creep 1nAono nman it would be discevered by another,
It may seem a useless expenditure to an outsider, but to one in-
terested, it 1s the height of eoconomy. It only tende to show

the thoroughnese of Government work and the best example as such
was given in the recent earthquake in California, In San Fran-
cisco, the only buildings that really stoed the shock well and
eacaped practiocally undamaged were Gevernment Buildings,

These FEngineers then by constant and comparative study, finally
agreed upon the Tunnel Portals, and these points were then plotted

upon the general maps, The maps were then taken into the field
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and the points were transfcrred as nearly as possible to the
actusl ground by means of ochaining from ¥nown points, The bear-
ing of the tunnel 1line was then read from the maps and a rough
transit 1ine was run over the Vernal Xesa through which it was
proposed to bore the tunnel, This rough transit line checked
as closely as oeculd be expected, the flag set previously in the
coanyon and gnve an oxcellent test en the theroughness of the to-
pographer's work, The main object was to determine the economte
value of locating the Tunnel Portals, or, in other words, at what
olevation should the water be turnad into the valley to sBecure a
suffieioncy ut the lowest pessitle expense, The rise in height
of a foew feet at the headgutes in the river might serve to incroanese
the cost by a moro expsnsive construction at the Cedar Creek Porgal,
Then again by lowering the height at the headgates, it would serwe
to lengthen the tunnel in diastance and would also cut out from
poesible irrigation many acres of good land, These points wepe
finally determined, the locatior for tho headgates was chosen, and
also the point at which the Gunnison River was to be turned loose
into the valley. Its elevation was about 6475 feet above the
sea level,

These points were then located permanently, and a Gunnisory
Tunnel System of Triangulation was establishsd and all the co-~ord-
inates were computed with respect to their positions and the two
end points of the tunnel tangent were tied to thie system and
tied repeatedly, It was then calculated that the tunnel tangent
would be 30, 578 feet in length and would have a bearing of North

61 degroes 23 minutes %3 seconds Fast from the Weast or Valley FPortal,
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Ahubbed transit line weas then run ever the ground from one
portal to the other ard this line chacked very clorely, the line
somputod froni the triangulaticn systom,
The transit psrty conaisted of:
Transitman
2 Flagmen
?  Chainman
It was now dscided to establish the turnel 1line permenently,
end concrete monuments for such a purpcse were built, Theass
moriuments were sunk below the frost 1ine and a brass scale wase
inserted in the top at right angles to the tunnel tangent, Is
was found that six monuments would be necsusary on as many peaks,
to secure a eontinucus and psarmanent lino of sight over the hill,
The alignment was tested repeatodly te prement eny possible error,
In the daytime a transit was used and at dewn and sundown R Theo=-
dclite was used, at whieh time all pomsible tendency of error fram
heat waves would be eliminanted, The tunnel tangent hae also
been ehecked and found to be aceurate by means of elope board
measurements,
Level circtits were then run from one portal to the other,
eand the double rodding system of levels was used,
The party eonsisted of:
Levelman and 2 Rodmen,
The levelman kept his own set of notes and each rcdman also kept
a set of notes cn all Turning Foints and Bench larks, These
bench marks were set with hubs or else were chiseled on rocks,
On the second run of levels permanent Aluminum Eeneh Marks were
set, and these were sunk in eemant in -ol}d roek ledges, It is

b

& rather difficult run for the 1ovelmnn:baing thet 1t takes four

and three quarter miles to ascend 2400 fset In vertical distance
www.manaraa.com



10
from the West Portal mide running to the Canyon, and 1t only
taxes one and one half miles to fall the same distance into the
Canyon, Different routes were taken by the levelman in order
to avoid as many srrors as poesible,

In the meantime numerous surveoys were run to locate a tunnel
road into the Canyon, The main object wes to establish as low
a grade as possible into the Canyon, because this rond was to be
used for hauling purposes, The road was finally completed and
is 9 milesand €6/100 in length, It takes 6,4 miles to rise
2400 foet to the top of Vernal Vesa frem the West or Cedar Creek
Portal, and the same distanee was drepped inte the Canyon in a
distance of 7,36 miles, whieh latter is approximately a 137 grade,

Having now finslly determined the position of the Portals,
the next step was to eonsider the elements of the tunnel design
and this work was done during the Summer and Fall of 1904,

The sectional elements of the tunnel wore computed from the
usual formulae, Kutter's Formula being used to determine the ee-
offieient and are as follews:

Carrying capaeity of tunnel,,........1%00 ou, ft, per ses
Woetted area.........co000000e0000eee. 104,4 8q, Tt,
Vettod perimeter,.......c.ocv0c0eeeee 29,4 foot,
Eydraulie Fedius,........c0000euu.. .o 354
SlOP®sceecvioarrsarecatoeaaceenonaaane 2.02 ft.per 1000
Coefficient of roughness,......ccc00e0 0,012
Maximum veloCit¥.seeceveccceceaceeese 12,5 L. gae

The tunnel is to be 1lined with eenerete throughout and the

completed msection will be dimensioned as feollews:

Bottom width 10 feet,
Width at spring of arch 11 feet
Depth of water 10' 4 1/2"

The size of the arch varies aceording to the elass of material.
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Having now finally determined all the sections and other
points with respect to the tunnel, the next stop was to prepare
the plans for the bidders in order to let the ocontracts,

We will now close this preliminary work on the tunnel and
taxe a glance at the other work on the preject that has been going
on in the meantime, A map study ef the Valley was also made in
this case to detormine the route the water should take after pass~
ing through the tunnel, ‘

It was originally prbpoaod that the water should be carried
from the tunnel by the South Canal for a distance of 12 1/2 miles
until 1t roached the Uncompahgre River at an elevation of about
6200 feet above soa level, At thie point headgates were to be
built and one half ths flow was to be diverted into the West Canal
which would carry it a distance of 47 miles approximately, This
canal would be construeted on the opposite side of the Valley
from the South Canal,

The other half of the output of the South Canal would be die~
verted down the Uneompahgre River for a distanes of 10 miles and
would be finally turned inte the Fast Canal abeut 1 mile south west
of the Town of Montrose, The East Canal was to be about 25
miles long and would supply water to the central portion of the
Valley. It was also proposed to divert a high line canal from
the Famt Canall,

These first considerations have now been abandoned as the
government has recently purchased the two largeet and the most
important eanals inthe Valley; the Montrose and NDelta Canal Loeoated
on the West side of the valley and the Loutsenhizer Canal located

on the East side of the Valley, The VWest Canal will be built
as originally projected, but its carrying capacity will be curtalled
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to about 150 cubic feet per second as it serves but to irrigate
a narrow strip of land lying between it and the Montrose and Delta
Canal, which latter has a capaeity of about 400 cubic feet per
second,

The loutsenhizer Canal, having at present a eapaeity of
125 oubic feet per second, will be enlarged and a supply of feed
laterals will be built to keep 1t supplied to its full capacity
and oonsequently the East Canal scheme has been abandoned entirely,
In all probability the Government will purchase on e or two more
canals and incorporate them into its system, The working
principle is that it 1s cheaper and more setisfactory te build rmm-
ercus laterala than to maintain headgetes on the River and eense-
quently most of the land to bbd irrigated will be covered by small
laterale leading direetly from the mein canals,

The methods of running the preliminary and the final sur-~
veys of the centre lines of the proposed canals will be described
for the South Canal only, &s the same gensral methods were in
force for both the other Canals,

In the first place, if the eriginal triingulation system of
the valley did not cover the points for the proposed line of’Canal,v
a eontrol triangulation system would be established and tied on
to the main system,

Aparty of 7 men was then sent into the field in charge of a
Transitman, who also acted as levelman, One day the men would
run levels and the next few days or so the transit party would
follow with the traverse llne, The level party would be made

up as follows:
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Levelman

Rodman

Utilityman

The purpose of the party was to set grade stakes and tem~
porary well,flagged bench merks, A drop in elevation of about
2 feet psr mile was allowed, and the preliminary levels were run
with that in mind, Such a party could eover 7 miles or so
per day,
The next day the transit party would take the field and

would be organized as follows:-

Translitman

Head and Rear Chainmen

Head and Rear Flagmen

Utilltyman
This traverse party would follew elesely the le¥wels run previously,
The head flagman would endeavor to keep as closely as possible to
grade and his sights would be given from 1000 to 3000 feet from
the Transitman acocording to the roughness of the surrounding
sountry, A stadia rod was uesed and after obtaining his line of
sight, the transitman would direct his chainmen ahead for some
distance and then they would direct themselves until they reached
the forwa;d point, No cuny¢§yoro run ir-at-ait, All angle
transit points were set with hubs and the stakees were driven on
the 1ine and numbered consecutively, and werel00 feet apart,
The head chainman acted as stakemen and a supply of stakes was
always kept near by the utilityman, When the transitman had
finished directing his ehainmen, he would turn his instrument on
his rear flagman and after ebtaining his line of sight, would di-

rect his flagman to advance and give elevations on all the stakes

previouely set by the chainmen, The elevations were then road &e
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the nearest tenth of a foot, and were reeorded by the transitman,
who reduced his own notes, When the rear flagman had finally
reached his chief, the transitman would advance to the next sta-
tien and in the meantime the rear flagman would drive a small test
hole either with a long chissel or with an augur, The purpose
of thls was to give a general idea of the composition of the ground
and whether rook would be encountered very €lose to the surface or
not, Such a party could accomplish from 3 to 5 miles per ddy;
depending upon the range of country, and also upon the distance
of the field work from the camp, Every 5 miles or so if poss-
ible, the traverse was tied on te the triangulation system in
order to check the azimuth, The traneitman also ran alternate
lines whereever he had a reasonable doubt as to the best location
and these alternate lines would be considered and estimates made
when it came to making the final locatienm, It was the fluty
of the oamp draughtsman to make a copy of all the transit notes
taken during the day, and on the following day he would recheck
the level notes, and compute the latitudes and the departures of
the traverse line and kxeep it up to date, From this data the
plotting of the traverse line coukd be made on the sheets to be
used later in taking detail topography, The scale used wase
1" = 1000', and all the elevations of the respective stations

were listed on the sheets s0 as to be a ready reference to the

topographers, The topographic parties then took the field
and were made up as follows:

Topoegrapher

Handlevelman

Rodman

www.manaraa.com
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Five foot ocontours werstakan and scaled in by the topographor, and
it was tho duty of tho handlevelman and rodman to find at what
distance from tho table sach even 5 foot conbtour wus located,
This distance was chained as the rodman advanced and this he did
in a line at right angles to the traverse line at the point ovsr
which ths topographer was statloned, The topographer sot his
table over every lg~ foot station and advanced oconsocutively along
the 1linse, The rod used by the rodman had 1ts Zero point at a:
distance 5 1/2 feet above tho zround, which is the avorage height
of a man's eye above the ground, The rod was gradu:ted both
ways from this point in foeet and tenths of a foot, The hand-
levelman used a stiok , with a notoh in top end, in whioh the
handlevel rested, and this notch was 5 1/2 feet above ths ground,
By means of such a rod the elevation of the ground oould be read
directly and no interpolations were neoceasary, The width of #&he
topography taken would vary accordinz to the country throusgh whioh
the 1line was looated, If the ground was level and rolling, one
or two five foot oontours on either side of the line would oarry
us a distance away from the table 200 feet or so, and in rough
country from 5 to 10 ocontours on either side of the 1line were taken
and this was quite suffioient for the purnose of the work,

A party of this nature could oover on a averaze of from 1/2
to 3/4 miles per day, but of ocourse this depends entirely
upon the uniformity of the ocountry and the apeed of the topogra=
pher, When finished with his sheets, the topographer would
turn them over to the draughtsman, and the finishing touches

would be put on the shesets, All oontour lines were inked in with
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brick red ink, the traverse was put 1n green, all wator courses
and the 1li%e were put in blue, while the traverse line itaelf,
fences, houses, and the likxe were inked in dblaox, All the oo~
ordinate and section 1ines were shown as this served to give ex~
tromo detail to ths sheets whioh would be of the greatest servioe
to the future obsservor, espoclally in our next step whioch was to
make what is ocalled the Paper Location.

A general study of the country through whioch the canal is to
pass 1s first made to determine the possible extent of all drain-
ag3 arees, and in some casos it may be necessary to take the topoz~
raphy of these places, The purpose of this is to determine the
8ize of tha oculverts that would have to be built to enabls the
flood water to pass under the canal safely, so that there may be
no possible danger to the c6anal in the future from these floods,
This data can be sometimos obtained from the farmers in the vicime
ity, but in ocases has to be detsrmiged by aoctual observation,

Having this the next step is to determine theo type section
of ocanal to be used, that is whether earth or lined section, and
also the distance each type soction extends, In places where
the oanal passes through soft ground, we may have an earBh section
of large bottom width and side s8lopes of 2 to 1, and then again in
firm ground we can have a much smaller bottom width, The type
section for a oanal dependas upon the veloocity assumed for the canal,
the oharaoter and value of the land through whieh it passes, and
the firmness of the soil, In places whore we have heavy outs,
it 1s by far oheapoer to line the oanal with oconcrete, and increase
the velocity as this reduces ths sxocavation, On hillside work
also it is better to have a lined oanal as there is great danger

of the ocanal slipping off if the ohannel were not lined,
www.manaraa.com
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In determining our elements our first step should be to do-~
toarmine the velocity we should have to be safe, If the ground
is sof't, wo should use wet side slopes of a valus of 2 to 1, and
a dry side slope of a valuo of 1 to 1, but if our ground is firm
a wot s8ide slope of 1 to 1 could be used, The 1 to 1 and the
1/2 to 1 sids slopos are used in all tha linsd sections, and al-
most any velooity is permissable in lined seotion, A 1/2 to 1
side slope is a slope whose horizontal distance is 1/ the verti-
cal distanoce,

The general system of construsction in vozue is td use what
is known as the out and the fill method. That is to fix our
grade at such a depth sBo as to use whatevsr zround is excavated
to make banks on the lowsr side of the canal or on both sides if
necessary, Having now determined the type sectiona and the
distance each soction will extend, we are ready to locaite the line
permansntly in the field by using our topographlic sheets as a
ready reference, Qur first step 1s to scale the Points of
Instrument of the paper location from the topographic shoets,

We have our prellminary l1ine located inthe field and both the
looated and the preliminary lines on the sheets, and by socaling
the distances of themse points of 1nséﬁmont and running our loocajed
line from such data, both 1inos in the field will bear the same
relation to each other as thoy do on the sheets, We chain the
distances in the field generally from two stations on ths ppelim-
inary line and set in a P,I, flag within two feet of the triue
distance and this is found to be acsurate ennugh for our purpose,

The party 1is organized as follows:

Chief of Party
Transitman
Head and Rear Chainmen
Stake Artist
Www.manaraa.com
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Hoad and Rear Flagmen
Levelman
Lovol Rodman
Two Lavorers
Camp Cook
Camp Toamatar

In the early motning the level party sets enough P,1, flags
to 1last the transit party throuchout the day. The method of
procedure is as follows:

The transitman, ohalnnen, and astake artist aroe all tozether
at one P,1, flag whioch has been hubbod and a tack set previously,
The transitman, after eighting on ths last P,I, flag wnhoro his
rear flagman i3 giving him his line of sight by means of
a stesel range pole, turns his angle off to the next P,1, flag where
tha front flazman awaits his signals, The transitman turns off
hias angles to the nearsst five minutes, as this saves interpolation
in looking up values in the tables, The azimuth method wuas
used in keeping the notes, and the zero point is at the South, and
the azimuth progresses 360 degrees from South to Test to North to
East and baok azain to South, Having read his angls or the
supplement of his angle, the transitman looks up the value cor-
responding to such angle in Searle's or Henocko's tables, and divi~
ding this resulting value by four he obtains what is known as the
tangent distance or the semi-~tanzent. (All ourves were run In
on a 25 foot chord basis and the tables in thse handbooks are based
on a 100 foot chord, ) This distance is then chained in on the
line from the P,I, over whioh ths transitman is stationed to both

tze other P,I's, and hubs are mset and we have then located what

are xnown as the points of Curve and Tangenoy, The transaitman
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then sete his inatrument over his Sint of tangoncy and runs in the
curve in 25 foot ochords by means of the method of Asfleotions,
After chaining in the curve ths chainmen prooceed on the line towards
the next P,1, flag, The head chainman sots a pony peg acourately
on line every 100 feet and the stake artiat who follows oclosely
drives in a well marked atake corresponding to the station, After
reaching the next P,1, the same method is employed, The speed
of the transit party is variable, deponding upon the number of
curves and the length of esach curve to be run in, but as a fenseral
rule from 8 to }O curves can be run in during the day, The
length of ourve and the semi~tangent depends upon the exterior an-
gle provided that the degree of ourvature is constant, The zreater
the angle with a given degree of ourvaturs, the gﬁhter will be the
semi~tangent and also the length of ths curve, The degreo of
curvature depends upon the oharacter of the surrounding ocountry,
wo may have as high a degroe of curvature as 30 degroes but rarely
does 1t exoceed that value, A one degree curve is a ourve whose
are subtends a ochord of 25 feet with a one degrse angle at the
centre,

The transitman keeps his own notes and makes all computations;
this oan be done at odd intervals and time oan thus be saved, |
The located line is tied on to the triangulation system whenever
possible to check the azimuth, These cheoks cannot ©9 made tno
often and very little time is lost theredy,

As was mentioned before, it 1s the duty of the lavelman to
set the P,I, flags for the transit party during the morning and
to spend the remainder of the day in running his levels over the
loocated line, reducing his notes as he advances, On regular

stations, he reads to the nearsst tenth of a foot, but on all
www.manaraa.com
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bench marks and turning points to the thousanth of a foot, It

is his duty to note at what stations all gulches, streams, fenoces
and the euch ocour, He also plote up his notess at night on the
Tfinal profile whioh is carefully preparad, All possible data s .
put on the profile that may help to enlizhten the engineer and the
line is then divided into divisions,

The next step is to refersnce the located line especially
if construction 1s to begin at once, and this and the Right of
Way Survey oan be accomplished at the same time and by the same
party, The party generally consists of four msn as followss

Instrunontman
Assistant
2 Chainmen
The purpose of refersncing is to tie in all Polints of Curvature
and Tangency to prominent land marks, such as mountain peaks,
church spires, ochimnoys of houses, and to triangulation points
whenevor poesible, The method is as follows:

The transitman sests his instrumsnt over the point he wishes
to reference and then searches the horizon for some permanent
land ma¥k which will makxe as nearly as possible a 60 degree angle
from the loocated line, Having sighted and noted in his book
the kxind of objJect it 1s and made his diagram of the same, he
then sets two or three hubs on each side of the line 200 feet or
B0 away from the centre line and thes distance to the point being
referenced is paced, He then turns on soms other land mark
and sets two or three other hubs in the same manner as before,
and at right angles to the first intersection line if possible,

This oconstitutes referencing and if it should happen that at any
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time the point on the lbcatad line should be losat or destroyed,
he oan produce bhoth these lines to their intersection and obtain
his point again, After construction aleo, by this method he
relocuates his line at the bottom of the excavated canal and rechecks
his alignment throughout,

The Right of Way Survey consists in showing the relation
between the looated line and the section lines of the country,
Before commencing the survey, ths right of way man sponds some
little time im the General Land Office of the Distriot, where he
plots up the property owners through whose land the proposed canal
passes, Having done this the mon can then take the field,

All sections ocorners are located and flags established at these
sornars so that one section cornsr may be easily seen and a line
produced to ths other, This 1line is then chained and the im=
terseetion of this line whth the located oanal 1line is hubbed and
the station established and marked, The number of intersec~
tions found depends ontirely upon the amount of land each property
owner possessss, and also upon the manner in which this land is
1aid out and the general direction of the canal, This Right

of Way Survey is necessary especially when the canal runs through
private land for whioh the Government will have to reimburse the
land holder, The right of way itself conaists of a narrow strip
of land from 50 to 150 feet on either side of the * ~'- canal,
This width depends upon the type section of the canal and also
upon the value of the land through which the canal is going to
pass,

This ends our preliminary survey operations, and if con-
strustion 1s not to begin immediately, nothing more in the line of

surveying will be done, but if construction is to begin at onee
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the crosssection stakxes must be set, This is done by the
levolman, The type of section, grade of canal, and the bottom
nad the top width of oanal 13 known as is also the elevations of
the surface astakos on the looated line, These orossssactions
aro sat every 25 feet in rolling country but in fairly flat coun~
try every 50 feet will be sufficient,

The method used is as follows:

The levelman having set up and obtained the height of instru-
ment, ochains off at right anzles from the located centre line and
in both direstions 1/2 the botton and the top widths of the canal,
At these points hubs are set and elevations are obtained and the
stakcs marked, so many faet cut or fill accordingly, and these
stakes serve as guldes to the contractor besides giving him his
elevations, These cross sections wers then plotted and computed
by means of the planimeter and the mntire excavation for the eanal

sould then be determined,

CONSTRUCTION

At the present time on this project both the South Canal
and the Gunnison Tunnel are under construction.,

The entire West Canal has been located but only on the first
half of the canal has the right of way survey been run and no ref-
sroncing has bsen done at all, It is expsctad that construct-
ion operations will be commenced in the near future on this canal
by means of the Co-~ocperative System, That is the farmers and
the homestoaders will be permitted to eontrast Tor emall pieces
of the work, and they will accept warrants as payment for the
work done by them, and these warrants will de aceepted at the

eowpletion of the projsct by the Government as partial payment
www.manaraa.com
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for the Gunnison Water,

The Concreote Headworks at River Portal have been eompleted
and are ready for the installation of the gates and the hoists,

The desizn of the Wasteway and the Power Canal Outlet at
the end of the Portal Cut have been complsted and will be under
construetion during the eoming summer,

The South Canal Outlet into the Uncompahgre River is also
under oconstruction and will be eompleted during the eoming month,

CONSTRUCTION OPERATIONS

Bids were preparad for the first contract on'the South
Canal during the month of August 1905, The first contract
sonsisted only of those parts of the canal as were of earthwork
eonstruction where no lining would be necessary, This portion
of the eanal was divided into 9 divisions and the bidders woere re-
quired to bid on each diviaion separately, The total contract
involved the excavation of 700,000 cubie yards approximately in a
distance of 4 1/3 milas, The divisions were not adjacent as
their eonsecutive numbering might imply, but werse spread over the
entire length of the canal, The Government reservad the right
to reject any and all bids at its discretion as was clearly stated
in the contraot.

The division of the material to be exeavated was divided
into four elasses as followss

Olass 1 Material whioh could be plowed,

Class 2 " only be plowed after loosening

° with powder,

Class 3 Material in which rock massas ocour not sxceeding

ones cubic yard in volume,

Class 4 All rook masses excesding one cubio yard in volume

whioh require drilling and blasting,
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The stating of 8o many yards of such a matsrial in the con-
tract was only an approximation and was used s0lely for obtaining
comparative bids and to give a genersl idea of the magnitude of RBhe
work., The payment was made on the aetual sxcavation at the bfid
price per yard as provided in the contract, The length of calh
division variad from 1400 to 3800 feet in longth,

Bids wero opened Sept, 15, 1204 and ths contract was awarded
to three bidders for the approximate sum of $%85,000,00. One
contractor roeceived five divisions, another three, and still
another onse, Ths successful sontrasctors then commenced work
within thirty days as provided in the spoecifiocations, and the first
nine divisions were completed satisfactorily on sshedules time,

All »of the earth excavatsd on the South Canal was of come
paect adobe, requiring from 4 to 6 horses on a plow and sometimes
3 men, Three different methods of excavation were used:

Firet~ Excavation by means of Fresno Scrapers, 4 horses
wera required on each fresno, the bapaoity of msaeh being about
L/z cubic yard, Thie moethod of excavation is very effieient
where the elevation is not toohlgh and the haul does not exceed
200 feet,

When the range of haul to the waste dump lies bstween 200

and 500 feet it was found that the wheel acmapers would move the
earth at less cost than the other twe methods of earth excavation
that will be consldered, The organization in this case is eon-
trolled by the ability of the snap teams to do the loading,

The third and the last method used is the moving of earth
by means of Fresno traps and wagons, This method is used

entirely for long hauls, Platforms are built under whioh

wagons eéan be driven,
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An opening 24 inches square is providad for in the top of the
platform in order to provide a means of discharging the earth
directly into wagons, Three Ssur horse teams can be used on each
trap and these will load a wagon on each trip, consequently the
number of wagons to be provided depends entirely upon the time it
takes the fresnos to make the round trip,

The bids and specifications for the second contract on
the South Canal were preparsd during the summer of 1905,

The contract involved the conatruetion of the South Canal from
Divisions 10 to 21 inolusive and ineluded 7 masonry culvertas,

16 pipe culverts, 3 tunnels ,and 5 drops, These divisions

were not consscutive in stationing but were spread over the entire
length of the canal, It was estimated that there would be
536,000 cubic yards excavation of earthwork, about 21,000 cubilc
yards of concrete and the paying of 2200 feet of pipe, besides obher
numerous and incidental diversions, The bridges over the canal
three in number were of the Pratt Truss type and were built under

a separate contract,

The bids waere opened August 28, 1905, and the contract
was signed Sept. 30, 1905, The entire contract was given to
one bidder for the approximate sum of $515,000,00 The con-
tmactor began work the very next day,

In the eonatruction of the South Canal numerous diffieulties
had to be overcoms and this seeond eontrsaot sonsisted of thease
portions, This may be easily seen when it is considered that
the canal fell 258,2 feet in a distance of nearly 12 milee;

This fall in elsvation is taken care of in a peculiar manner by
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meanyg of vertical and inclined drope and chutes,
The Gunnison water leaves ths tunnel at an elevation of
6472,2 feet and for a distance of 1950 feet, it flows through

what is known as the Portal Cut, This portion of the Canal

is lined with 8" of concrete and has a bottom width of 10 feet add

a depth of water of 9 fset, The construction is made through

aheavy out ranging from a depth of 50 feet at the mouth of the tnn-

nel,until it finally dwindlos te 10 feet at the end of the cut,
The method of excavating this section 1s very intesresting and can
be spoken of mors fully when considering the tunnel itself,
At the end of the Portal Cut oceurs Drop # 1 on the South Canal,
and here we have a total fall of 57 feet in a horizontal distance
of 1600 feet, The malin drop is made up of five smallar drops
ranging in fall from adistance of 10 to 12 feet vertiocally,
These drops are built of soncrete and have a bottom width of 42
foet and a length of 20 feet, The height from the bottom of
the drop to the crest of the weir disoharging"into the drop is
15' 6" and the bottom alevation of the canal disch arging from
the drop is 5' above the bottom of the drop thus providing for a
loss in elevation of 10 feet at eaoh drop and also providing a
discharge into a water eushion, About 348 cubie yards of
concrete are required for each drop,

From this point the canal flows through earth section for
a distance of 4000 feet until the next drop 1s reached, Drop
# 2 is made up of two drops falling a total distance of 16,8 feet
in a horizontal distance of 350 feet. One half mile farther on

we reaseh an inelined drop that may be possibly ealled a shute,

It consists of a total fall of 46.4 feet in a horizontal distance
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of 350 feet,

From this point the water will flow through lined channel
of 8' bottom width with 1 to 1 side slopes for a distance of 1600
feet or so until Twmnel # 1 is reached, This tunnel is to be
500 feet long and is to bs 1lined throughout with concrste.

The complated section will carry 1248 cubic feet of water per sec-

ond with a velocity of 15 feet per second. It will be dimensimned
as follows:

Bottom width 91 6"

Width at spring of arch lo0* o"

Depth of water gt "

There are thrse of these tunnals and themethod usad in describing
one of tnem may be applied to all three, There are two olasses
of matsrial used in respect to the construetion of these tunnels:

Class 1 Material that will stand without being timbered,
Cluss 2 " not atand without being timbered,

And with rgspsct to the concreots work‘ two elasses are also used:

Class 1 Concrete less than 12" thiek.

Class 2 " over 12" thick,

Class 1 concrete is used in Class 1 tunnel, and similarly with
Class 2 conorete,

Tunnel # 1 is borsd completely through and concreted, The
material sncountered was a hard blue shale, and no timbering had
to be used, Hand drilling was used entirely in all thase tunnels
of the South Canal and the Jeffrey's Coal Drills were the ones se~
lacted , The length of the holes drilled varied from 6 to B8
feet in length and from 6 to 10 holes were drilled and blown
during each shift, Only one shift of eight hours was worked
per day and each shift averaged nearly eight feet in the heading.

The tunnels were worked from both ends but it took much longer to
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eomplete one portal than it did the other, The material was
hauled from the tunnel to the dump by means of a ear pulled by
one horse and the length of the haul veried from two hundred to
five hundred feet from the tunnel opening.

From Tunnel # 1 to Tunnel # 2 the water flows through lined
channel a total distance of about 3000 feet, This tunnel is
400 feet long and is also complated, The material was the sane
blue shale as in the first tunnel but was a little softer and so
had to be timbered throughout,

From Tunnel # 2 to Tunnel # 3 for a distance of 500 feet, Bhe
water flows through lined channel ag befors, Tunnel # 3 is
1000 feet long and is also completed, It was worked from one end
only and the material excavated is the same blue Fort Benton shale
as was encountered in the other tunnels, The shale was so
hard@ that no timbering was required, except near both the portals
where it had disintegrated,

Drop # 4, about 1000 feet from Tunnel #3%, conaidted of a
series of seven vertical drops, each one falling a distance of
from 10 to 12 feet and making a total fall in elovation of 78 feet,
The total horizontal distance covered is 2500 feet and the drops
are from 300 to 500 feet apart,

Drop # 5 near the end ef the eanal is an inelined drop,
and consists of two inclines falling a total distanoce of 29 feet
in a horizontal distanoce of 275 feet,

In putting in the lined channels on the canal especially
in heavy ocuts dry rubble masonry walls about one foot in thicke

ness were first built and templeats were then put in and the ocon-
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crete laid in plaoce, The contraetors sstablished a crushing
plant in order to corush the rock used for the ccncrate, The
plant was built near the Uncompahgre Riwer, and the crushsd rock
was hauled to the variesus msections on the Canal where it was to be
used, A good portion of the sand was alne obtained from this
plant, The rook was sized on sereens, The crushser did not
produsce enough sand and so 1/2 the concrete charge was made up
from river sand, Mixers were used and the proportions were aB
follows: 1 cubioc foot of semant, 3 cubie feet »f sand, and 6 ocubie
feet of rock, and this quantity made about 3/4 of a cubic yard of
eéonorate, All the ocement was furnished by the United States
at the nearest Railroad S3Station but the eontrastor 4id all the
hauling,

During the first winter 1t was found that some of the con-
crote Xining that had been placed had craocked in several places
due to the swelling ground and on the resumption of the canal
concrete work the followlng Spring, it was desided %%%rail rein~
forcement for the remainder of the 1ined portieon of the sanal,

3/8 inch round corrugated bars were used and were placed 24" centre
to oentre, both horiz-ontally and vertically,

About 1500 lisar feet of canal was not awarded under this
seoconf contraet owing to the fast that an alternate line was under
conasideration and at the time of the eompletion of this contraetthe
matter had not been fully desided upon. This work embracsd the
excavation of about 1100 feet of lined section ocahal and 400 feet
of tunnel, Bids weres opensad on this portion April 1, 1909,

but as there was only one biddsr and aas that bid was considersad too

www.manaraa.com



30
high, 1t was rejected and this feature of the South Canal is now
being oconstrueted by force aceount under the direction of the
United C'.ates Reclamation Ssrvice ™meineors, Tt is expected
that this vork will he completed vwithin three months,

The conitractor on the South Canal kept a force account show-
inghis actual cost both in labor and material, By the terms of
the contract, this force aceount was accessible to the Division
ngireer of the Canal and a copy of the force aceount was sent
in to the Montrose Office eaglh ronth frorm which cost analyses
wore made showing the actual unit cort per item and espeucially
as to whether the contractor was running on a profit or loss
basis, Progress profilee were nleo prepared cach meonth show-
ing tho actuel yardage of excavation made during the month, and
also the lineal footage of tunnel cormpleted, These exhibits
were made in addition to the regular monthly reports, and are
filed in the Montrose Cffice for exhibition purposes,

THIE  GUNNISON TUNNEL

Bida ware preparedfor the Gunnison Tunnel Contract and the
contract was signed November 71, 1904. Work was begun January
l, 1905, It was proposed to bore the tunnel from both ends,
At the River end no portal would be necessary owing to the nteep
mountain slopes, but on the Cedar Creek eond oppoesite conditions
prevailed, Here it was cheapesr to excavate a cut ranging
from 50 to 10 feet in depth than it would have been to drive a
tunnel for that distance, The excavation of the Portal Cut
and the Gunnison Tunnel were let in the same contract to one bid-
der, The excavation of this Fortal Cut was begun January 1,

19086, It envolved the ramoval of sbout 130,000 cuble yarde of
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é¢irt and was to be lined throughout its entire length, The same
method of ¥Yeeping an estimste ~I *he ¢est ord paying for the exca~
vation by clasces was also used, as was the samo general oclasgifi-
caticn of material considered in the canal work.

The contractor began excavating direectly over the mouth of
the tunnel and by ecmpleting this portion first to tunnel grade,
end then beginning the tunnel itself, awifter progress could be
made, Excavation on tho tunnel was begun February 26, 10085,

The tunneling at the River end was commenced January 1, 1905
and has been continuous since that time,

On May °7, 1905, the United States Ingineers took over the
direct eharge of the construction due to the failure of the cone~
tractor, whose contract wae then suspended, and since that time
the work has bsen proérnnsing under their direction by means of
hired labor, Other bids were then prepared and were opened
for consideration Septewber 2€, 1905, but the @evernment decided
to reject all bids and to build the tunnsl by Force Account under
the direction of the Reclamation Service Lngineers,

On May 11, 1905, a % Toot by 10 foot single comportment
shaf't wae commenced by the contrustor, and was located at & polnt
4941 feet distant from the Cedar Creekx Portal, Thoe objest of
this shaft was to work towards both portals on reashing the tun-
nel grade, The tunnel grade was raached at adepth of 266,5 Teét
from the surfaee and the shaft was eompleted July 10, 19035, An
average daily excavation of from 5 to 8 fest being made,

A new designation of tunnel heaflings was now put in force as

follows:~
Heading # 1 ~ Tunnel running from River Portal,
L

# 2 - " " " Shaft towsrds River Portal,
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Heading f#f » = Tunnel running from Shaft towmards Cedar Creek Portal,
" # 4 - " " " Cedar Creekx Portal,.

HEADING No, 1,

In this heading it was feund neeersary to build en inoclined
tramway running n horizontal distance of 200 feet with a rise in
olevation of 22 feet, If the oponing of this passageway were not
plaeed at a height greater than any possible floed water ceould
reash, it would not be possible to bore the tunnel at all, The
inclined tramway is on a 257 grade and all ‘he ears of muck are
hauled out of the tunnel by means of a hoisting snglne and dumped
aleong the banks of the river by a stiff legged derrick,

For a distonce of 6£7€ feet] Heading No, 1 was excavated to
full section or to a seetion 12 feet by 12 feet, During August
1307, it was deemed advisable to reduce the sestion to 12 feet by
7 1/2 feet in order to secure greator speed and thus eonnect the
headings in a shorter time, and since that date Undercut Heading
only has been driven,

The best monthly progress accomplished in driving the fujl
section in Heading No. 1 was made during May 1908, 3€3 feet being
driven through a pink granite formatien, The monthly prog-
ress in this heading has been variable, ranging from 121 fset to
783 feet, depending entirely upon the formation of the ground and
the speed of the drill men. At times sk1lled labor was searce
and eould not be had at any price, More or less water was aleo
sngountered inthis heading, the flow ranging from 20,000 te
300,000 gallons every 24 hours. Then again during the winter
months the tﬁnnol road would become impassable and the question

of coal supply would become a serious one, All these causes
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reducsd the monthly progreas in a marked degree,

The methods used in exeavating this heading have been as
follows: Up to Cctober 120%, & drift wae driven along the
floor while later another gang would tsake down the roof of the
tunnel, This method was early absndoned as it interffered with
the ventilating anf the tramming gange in the tunnel, and sonsew
guently delayed progrees in the heading, The heading and the
beneh method was then adopted and the beneh was kept as elose to
the heading as possible, the bench being excavated by the dewn
hole method of drilling, At the present time the full size
of the Undercut Heading is being driven, As was stated before
the excavation of the reduced sestion has been in progress since
August 1507, In the Underout Heading the progress has bemn var-
iable depending upon the same esemditiers as described before for
the full sectlon excavation, The best pregress was made during
January 1908, when 449 feet was driven througha miea schist and s
granitic gneiss formetion, This is proebably a world's record,
During this month 3 shifts were used, ecnsisting of ¢ drillmen,

4 helpers, and 6 muckers on each shift,

Water has very seriously delayed the progress in the Under-
out Heading, During July 1907, & flow of from 3 te 5 subie feet
of water per seeond was eneountered but this delayed the heading
crews only temporarily, During April 1908, ancther flow wasa
encountered in the heading amounting to 600 gallons per minute,

Of this amount 150“ga110ns per minute was discharged through the
air line at the portal under its own pressure at a distance of

9000 feet from the face of the heading, Werk was not again

réesumed in the heading until August 17, 1908, when the round that
was drilled in April was shot.,
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On Soptember 9, 190€, more water was eneocuntered, The water
came with such foree that it took five hours to gzet the drill
hole plugged, On September 14, 1908, amother holes was drilled
through a 3" pipe, this pipe being eonnected to the air line,
The water seam was tapped and a flow of 0250 gallons per minute
resulted at the portal, An additlonal pump and generator were
ordered and on Decembser 27, 190€, work was again resumed in the
heading and has bLasn Teirly eonitirvous since that time with the
excaption of & few minor delays,

Electric motore are used to haul out the muek and a derrick
tc dump the ears,each car having a eapaeity of 1 1/2 cubic yards,
Ventilaution is seeurad by means of blovers and the men are now
able to resume work in the heading within half an hour after
shooting a round, All drilling is now being done by the
3" Sullivan Piston Drill, At the time the Govsrnment took
over the work, the eontractor was using a Vater Leyner Piston
Drill and the -~Reolamation Service continued the use of this
drill until the organization could be perfeeted, 1t was then
found that the Sullivan Drills are better ndapted tc hard ground
and are not subjeset to excessive repair bills,

Throughout the tunnel the distinetion of classes is as
follows:

Class 1 -~ Hard rock which does not require arched 1lining,

Class 2 ~ Rock which doss resguire arehed lining,

Class 3 = Material that will =stand with light timbering,

Class 4 -~ Tunnel thoroughly timbered throughout with €" x g"
timbers,

Class 5 = Tunnel thoroughyy timbered throughutt with 12" x 12"
timbers,
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A first class power house hus besn established at the River
Fortal, equipped with all the latest maechinery, The boarding
house 1is run entirely by the Government as ars all the bunk houses,
For men and their families the Government puts up small cottages
and charges anominal rent to pay eventually the orlzinsl cost of
erection.

EEADING No., 2.

The excavation in Heading No 2, was sommensed as soon as the
shaft had besn sunk to the tunnel level and this was on the 12th,
of July, 1905, This heading has progressed very rapidly and
during June 1906, a progress of 674 lineal fleet was made in this
heading, The material eneountered for the first mile was a blue
shale, This is ideal to drive tunnel through, and it is
elaimed that the world's rate of tunnel progress has been broken
in this heading for that elass of material, The shale had to
bs 1lightly timbered as 1t disintegrated very rapidly, Drilling
was dons by means of The Jeffrey's Coal Augurs, and two rounds
were drilled on each shift, In driving this heading , natural
gas was struck about 400 feet from the shaft, and it came in such
quantities that the men were obliged to use safety lamps for s
time, However it has entirely disappearsd by now,

All the muck excavated in Heading No, 2 up to the time
headings Nos, % and 4 met was hoisted to the surfacs through the
shaft, After the date of meeting all the muck was hauled through

the tunnel to West Portal,
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HEADING No., 7% .

Heading No. 7,working from the shaft to the {Jest Portal
end, was not commsnced until January 16, 1906, Its progress
was made through the same blue shale as described in the fore-

e ing .cectnl ¢f Ueading No, 2, The sshale became softer us the

heading advanced and at the point of meeting of the headings the

formation ceonsisted of adobs and gravel, Thias heading is tim~
bered throughout, The daily progress was variable and grad—
ually decreased as the heading advanced, About 1705 fTeet from

the shaft, a cave~in ocourred whish broke in the timbers but fore

tunately no one was injured, This portion of the tunnel has

beeh thoroughly retimbered and all danger totally eliminated,
HFADING No., 4 ,

Heauding No., 4 was eonmenced February 28, 1905, and has been
worked continuously since that time, The excavation was com—~
moenced in adobe 301l and all the muck was hauled up an incline
at the mouth of the tunnel untll the Portal Cut was completely
excavated,The material through whieh the heading has been driven

hae been adobe s0ll mixed somewaht with gravel, requlring heavy

timbering throughout, The daily rats of progress vias slow and
varied from 8 to 2,5 feet per day, Thrse eave~ine have occurred
in this heading since it was begun, The most serious occurred

on May 30, 1905 and imprisoned all the men working in the heading
for two days, Five of these were killed and the remainder
were finally rescued by driving a shaft down from the surfaee,
Heading No. 4 was driven by using the Crown Bar System of
Tunneling. 12" by 12" timber sets are plsced % foet centre to

centre and insome pluaees it has been found necessary to reinforce
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these with intermedinte timbers, Heading Nos, 3 and 4 met on
July 3, 1006, 1906 feet being driven in Heading No, 3, and 30736
feet in Heading No, 4 ,

In all the headings ."n>roe shifts are worksd eight hours
each, and the blasting is done at the end of each shift, The
men lose very little time waiting for the smoke to clear off,
Ventilation is supplied very quiekly and effeetively by blowers so
diffieulty is experisnced in that way at s&ll,

Flostrie power 1s used in all the headings and all the Gow~
ernmant houses are lighted by eleetrieity, whieh is a great eonven~
ionen, Drying rooms have been eatablished and the men are com=~
poelled to take care of themselves, Goverrnment hospitals have
been established at both the portals, as have been schools also,
and the best of sanitary regulations have been pu$ in forace,

After the vompletion of the work in Headings Noas, 3 and 4,
excavation in Heading No, 2 progressed as heretofore with the
exception that all the muek was hauled through the tunnel instead
of being holsted through the shaft, During November 1906, a
flow of water of 20,000 gallors per day was eneéountered bui was
passed after a few dagys delay, but An December 19, 1906, a flow
of 10 cuble feot per =eocond was encountered, Thies flow carried
esarbonie aeid gas into the heading and stopped the work for the
time heling. Inorder to improve the ventilation in Heading
No; 2 and to lower the temperature, 1t was eonsideresd .dviesble
to drive an inelined ventilating shaft about 4,700 fest closer tb
the heading. This shaft was 4 feet by 7 feet inside the crib-

bing timbers, 679 feet long and the angle made with the horizontal

was 51 gegrees £ minutes, This ahaft was eommenesd on January

12, om
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12, 1907 and was completed lMareh 17, 107, Shaft was sxcavated
by means of two drifts, one sinking frcm the surfuce and the other
upraising from the tunnel, 251 feet being excavated in the sinking
from the surface and 427 feet in the upraise from the tunnel,

After the eompletion of this shaft it was found that the
temperatures in the heading had been redueed eonsiderably and
work was resumed in Heading No, © on Mareh 25, 1907,

During August 1907, the Undef eut Drift was eommenced in
Heading No., 2. The Undarcut Drift is equivalent to 2/3 full
seetion, The heading progress has been fairly eontinuous sinoo.
the resumption of work, with the exception that practieally the
whol® 1orith of July 190& was loat as far as progress in the hoad-
ing waa soncerned,

It will be remembered that tha tunnel at West Portal is lo#-
ated very close to the Cedar Creex Channel, and on June 30, 190E,
a oloudburst eame down Cedar Creek, flooded out the Power House,
and tore out the dam across the Cedar Creex Channel at Viest Portal,
thus allowing the water to flow into the old Cedar Cresek Channel
over the tunnsl bore, The tunnel was broken into, timbers
were washed out, and the tunnel itself was filled with gravel and
silt for a distance of 100 feet, The Portal Cut was also
Tilled with debghs varying in depth from 14 feet at the mouth of
the nortal tn €" or 7" at the mouth of the portal floor in the

eut, ‘
On May 1, 1909, Heading No. 1 wae exeavated to Sta, 102+ E9

and Heading No, 2, was excavated to Sta, 115 +03, thus leaving
1244 feet of Undercut Heading yet to be exeavated,
GUNNISON TUNNEL HEADVORKS
In order to seeure the best loeatlon for the headgates, it

was found nesessary to leave the tunnel on the straight line om
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tangent at shae, 2+05, and to excavate con a curve what is known
as the Approach to the Headgates, 704 feet in lengfth, The
excavation for the headgates proper was then eommmsneed and en~
volved the removal of about 1716 cubie yards of loose roek and
4090 eubie yards of solid roeck, The exsavation erad the con=
creting of the Headworks have bean eompleted, 741 eubie yards of
e ncrete being placed mixed in the proyortion of 1 : 2 : 4

Two mateel gates have been provided for both gates being
about 7 feet wide by 17 feet high and operating under a maximum
head of 25 feet,. The zatmas are built up being mnde of I Beams
and Channels and are opeistead in a 12" groove in ths eonorete
Fi1ce rollers are provided to transmit the water pressure to the
concrete face and each gate will weigh approximately 3000 1lbs,
One hoist 1s provided for each gate and aspecia; interlocking
device permits tha gates to be dropped instantly. The headworks
are eorpleted with the exesption of the installation of these gates,

Concreting Tunnel

Heading No, 1 ~ 883 linear feet of eoncretes floor and 359
linear foet of areh an? nidswclls have been completed to date, a
total of 930 oubie yards of eonorste beinz placed in that distanee
mixed in the proportion of 1 : 2 ¢ 4

Heading Nos, 2 = 7 - 4 - 1235 1inmar feel of eoncrats
Tloor and 831& feet of areh and sidewalls have hsen gompleted to
date mixed in tha provortion of 1 : 2 1/2 : 5, an average o 1,2%
cubiec yards of eoncrete being rg'i.ed for 1 linear foot of srch

and sidewalls, At the Viest Portal the @ravel iPit 1s located
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only a short 1listanes from tha shaft uged originally to hoiat the
muck from Heading No, O, Excavation 2t the pit 1o mde into
s8ids dump eares of 20 fool ear:al'y; *hase cars are run on an aver—
ace distancs of 75 feet to a hopper at the top of the chutes,
which neparutes the material on grizzly screens and discharges into
storace bins wt the Dottom of the chutes, The gravel and the
sand 13 then hauled half a2 mile tc thes main chutes located in ths
shaft whieh dircliiczes dlrectly into the mixer in ths tunnel at Bhe
bottom of tre la®t, Iwo men are enploysd at the mixer, ons to
apportion the sand,zraval, and cement, and the othar to Yesp the
cars in place for filling with conerets. Anolhar man io employed
at the top of the shaft to tend to the storuge bhire and chutee and
o ~un the hoint caze in tha shaft,

The follnwing is tha method used in placing

concrate in Headlng Nece,™ Aand 1 by means of

the "Jumbo Traveller",

Tha Jjumbo frame i3 » largs frame, in the form of tke l¢tior

"H", whien rolls on whssls over a temporary traek outside of the
main track of the tunnel, This frame {8 of tho nrover width to
Just clear the conaerste lining forms and to leave sufficient space
in the lower ~pen section below the platform to allow loadsd muck
cars Tror ths heading to pass through, In the contre of the
foraard end of the frame is a motor and hoist by whien the cure o7
evacrete ars hoisted to the platform above, This platform is
level Prnd is snwproximatel; @ fset above ths track below, Along
the centrs of this platform 13 a track so that the cars of conerete
cin ba ~min off of the hoist cage and on to the platform from which

they wre Aumped dirsctly into boxes along each ~ide of Lhe track

batween Lhe track and ths ferpe, From thess hoxes the concrets
{1 ashovellad dirsctly into the atch or walls =mith a 1ift of only
Www.manaraa.com
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Tcur nr five feet,

Ths organization of the gang working was as follows:
1 Foreman
1 Motorman
1 Brakeman
Men mixing
men placing forms
femi Loarineg down forms
to 6 Men placing concrete

NI

The above organization was not strietly adhsared to in all
casen, Tre holst was usually run by ths brakxeman, Thile
the cars were besing hoistsd, the the men that wers plucing forms,
or the two wan that were tearing down forms, depending upon the
amornt cf vark each gang had to do, unesupled the cuars and ran
them on to the tolsl s.xe,

In placing the conerete, the arch and thc w~ills were carried
along at the same time, the wallas being as a rule from 10 to 12
feet ahsad of the arch, The welle e>uld not poesibly gei ro.e
than Trom J3 to 20 feet ahead of the areh, and this only efter
noving the jumbo freanme, The main advantage of this method is
in the use of Ioror.tn hoiat the concrete; the main disadvantage
being that the ecre:~tinr of the areh can be carrisd on from only

one point, It takes about one hour each day to move the Jumbo,

Method of placing ooncrete in Heading No, 2
The Jumbo Travellsr cannot bs used in this heading on ae~
courit of :the ventilation pipe, consequently two general methods
have been in use, one in whieh the areh and the sidew211l1 sould
progress simultaneously, and the other in which the walls were put
in first and the arch afterwarda,
In the first method four men wers used in placing the arch

Ard txo men in placing the sidewalls, The men placing the con-
www.manaraa.com
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cratain tho aidewalls wowld shovel the concrete directly from thg
cars intc the ==lls, whilo in plse.ng thes areh ths concrste was
handled twice, two men 'wnuld shovel the sonerete from the cars
into boxes placad on a temporsary -l:tform and ths two remaining m
nen woul@ then shoval into the areh,

The second mathod was practically the same as used in the

firat case just described, with ths exception that the aroh was
shovaled into placeworking from both walls towards the centre,
The unit ennt for labor in econcreting Heading No, 2 was preetie.l}y
373 1/3 % hizher than the Jumbo method used in Headings No, 3 and ¢
dus Yo the necesmaity of hanlling ths material twiees in the placing
of the concrete arch,

in Heading No, 1, no general method has benn pursued, the
conorete ise placed in the various weak sections in ths tunnel
and sonsnequently tha coat is greatsr and no somnariscon can he
nade betweenthe Tast and the West Portals, The roek and the
sand used for conereting in this heading have to be erushed and
scrsenad whlieh makes the unit sost very expensive,

The geology of the aountry has beaen very accurately deter-
mined. The Vernal Mesa was tested and found to be a sandstone
on the surface with a granitie roek as a eore, The valley it-
self was eareafully sxamined and deterrmined to belong to the Fort
Benton Shales, wl!*h the natural adobe on the surfnes, and here
and there we find numerous outsropsz of =«aadstons, Numerous
oceurrsnses of land going to seep have oceurred, but this has

happened through too mush water,
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The laterdl system for the valley Ras beer. studied and a
gensral scheme will socon ba put in foree. The Farm Unit Valwmes
under the Projsct have also bemn determined, the general idea
being to allow a 40 ecre Tarm unit in cases of rish sarndy loam
sultable for a fruit farm, and to nllow 8C aer=3 for u Torm unit
in eases of adobe =01il, This Farm Unit Report classifies every
aers of land in the valley and stetes /hether it ir irrigable or
nonirrigable, and fromthis renport the basis of what eaeh farmer
o nroperty owmer will have to pay will be made as soon as the
projeet is comnletely finished,

it is oxpected that the headings will meet dvuring the coming
month of Jun=~ ~nd that all the distributlng canala will he com-
pleted within a faw ysars,

Jter are nnt belng taken to have the opening celebration
during August of ths coming summer and it will be a grand notable
day for Coloredo, The country is riceh in everything and it is
not a question of what eéan he reia~? but what will be raised,

The largest orehard in the State 1s within a mlle o7 tha Town of
donteoss, Travel LN coalry over, ons “117s awprles ol Ll
kinl3, paachas [ sars wad Shmes 2s, Here we have our luscious
strawberries, and our numerous aviaries, The sattle of the vishn~
1ty oarry off the blue ribbon at all the fairs,and for the sports~
man bear and deer eéan be found within 8ifty miles, while the des-
ciples of Enoek “rden heve _ hs grandest trout fishing groundsin

the country within twenty Tive miles of Montroass,
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The Uncompagre ¥Walley Project is probably the only one of
the Government Projecte (heat possesses sueh beauty of scenery
within sueh a short distance, Here in one day we may ride
from Montross into a Canyon that asts a man's mind a Yrembling,
with all its mighty peaks and its natiural grandsur, Thenagain
we oan take a walk to tle suburbs beyond the houses and the trees,
and a beautiful vista of mountzir-~ '3 opened before us with all

thair lofty peaks that sven now are white with snow,

~—=  IND  ~—-
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