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CHAPTER VIL
NATURAL RESERVOIRS.

Ox the great plains east of the Rocky Mountains there are thousands
of natural basins which have no outlets and which gather the storm-water
run-off from a few hundred acres of surrounding territory, and hold it in
shallow ponds until it is lost by evaporation. Many of these depressions
have been utilized as storage-reservoirs by carrying water to them from
adjacent streams, and by providing them with outlets, either by tunnels
or euts; and many more have been selected for future utilization. ' They
are often at the proper elevation to command large areas of arable land,
and can usually be converted into safe storage-reservoirs at small expense.
Such natural basins appear to be invariably water-tight, and in every way
suitable to the purpose, except in occasional instances where they contain
deep beds of alkali.

In the mountains, too, many natural basins are to be found, which have
been formed by land slides, but more frequently by glacial moraine deposit,
often of great depth and width, forming natural dikes of enormous magni-
tude. These basins are usually occupied by lakes, which can be converted
into storage-reservoirs, either by restoring a portion of the originally
higher dike which has been worn down by the channel of the outlet of the
lake, and thus increase the capacity of the lake basin, or by the deepening
of this channel by artificial cut, or by both these methods. Frequently
these lakes are of very great depth, held back by dams built by Nature’s
hydraulie-fill methods, and suggesting the limitless heights to which such
dams can be built, provided they be made of adequate dimensions. The
author has seen a natural dam on a branch of the Umpqua river in Oregon,
over 300 feet high, formed by a landslide from the adjacent sandstone
cliff. The base of this dam was not over 3000 to 4000 feet. Floods of
several thousand second-feet pass over the top of it every year, and it is
practically water-tight, asit holds back a good sized lake. Thisisa natural
rock-fill dam, composed of enormous blocks of stone, whose voids are filled
with smaller stone and rock dust ground up in the process of falling.

Lake Como, in the Bitter Root valley, Montana, is an instance of a

very deep natural lake basin formed by a terminal moraine of fine and
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coarse gravel, sand and glacial flour. This lake is to be converted into a
reservoir for irrigation storage by the building of a hydraulic-fill dam aeross

the outlet channel.

Twin Lakes Reservoir, Colorado.—Almost identical in geographical
formation and glacial origin to that of Lake Como, Montana, are the Twin
Lakes on the fork of the Arkansas river which heads in Mt. Massive, near
Teadville. This was one of the reservoir-sites segregated and surveyed
by the United States Government in 1892, as shown by the map (Fig. 330).

Fio. 331 —TwiN Laxes, Cororapo, MASONRY Dan over QuTieT, WITH EARTH
BACEING, GATE-HOUSE, sNp OUTLET CULVERTS.

These lakes cover an area, at normal stage of water, of about 1900 acres,
and have a depth of more than 80 feet. They are at an altitude of 9194
feet, and receive the drainage from 387 square miles of watershed, including
within this area some of the highest mountains of Colorado. The annual
runcoff from this area is from 40,000 to 100,000 acre-feef.

The plan proposed by the government engineers for utilizing these two
lakes and converting them into one large reservoir was to erect an earth
dam, with a maximum height of 73 feet, across the valley below the lakes,
and thus increase their surface area to 3475 acres. This would give a
reservoir capacity above the normal lake surface of 103,500 acre-feet.
To fill the reservoir it was designed to supplement the run-off of the streams
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directly tributary by diverting water from the main Arkansas river, by
4 canal leaving the river a short distance below Leadville.

Some years after this survey was made a private corporation, called the

Twin Lakes Reservoir Company, was organized by Buffalo capitalists to
carry out the work on a modified plan. This company acquired sufficient
land around the margins of the lakes to control them, and began work
in the summer of 1898. The plan adopted by them comtemplated works
that would enable them to draw off the lakes to 16 feet below their normal
level, and in addition build a low dam that would store 9 feet in depth
above that level—thus commanding a total depth of 25 feet and a total
volume of 48.000 acre-feet. Of this volume, two-thirds, or 32,000 acre-
feot. is below the normal lake-level. In pursuance of this plan they ex-
cavated a canal at one side of the outlet-stream, 2000 feet long, from
the edge of the lower lake to the point of its intersection with Lake Creek.
This canal is 40 feet wide on bottom, and has a maximum depth of 37 feet.
The excavation was in sand, bowlders, and silt, or “ glacial flour,” and was
chiefly made with a steam-shovel. At the point where the excavation was
deepest, some 200 feet from the lake margin, they prepared to erect head-
gates of iron, on a heavy base of concrete, with abutment-walls of cut
<tone laid in cement mortar. The structure was to have been 32 feet in
heicht. The gates were twelve in number, each 2 feet 83 inches wide,
5 feet high, made of 1-inch boiler-plate, and carrying iron flashboards,
loosely resting one above another, on top of the gate, and reaching up to
above high-water mark. The gates were to slide vertically between 12-inch
I heams. These beams were to be embedded in the concrete floor. The
foundations for this floor were made by driving piles, upon which the
abutment-walls and center pier rest. (Fig. 332.)

The concrete base of the gate structure was planned and built 72 feet
long, with a width of 69 feet to the outer lines of the abutment-walls. It
was made 5 feet in thickness, with double grillage of T rails, encased in
the concrete. Three lines of apron or eurtain walls extended down 5 feet
below the bottom of the concrete, across the line of the canal.

In the spring of 1899 this structure was partially completed, the floor
was finished, and one of the abutment-walls was built 12 feet high, when
work was stopped by threats of injunction made by officials of the Denver
and Rio Grande and the Colorado Midland railways, whose tracks through
the canyon of the river below would have been endangered by any failure
of the proposed reservoir. At this juncture Mr. O. O. McReynolds was
appointed Chief Engineer, and the writer was employed as Consulting
Engineer to prepare plans to make the work secure and allay apprehen-
sions of its safety. The modifications which were made in the plan are
shown in Fig. 332, and the work has since been completed in compliance
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0 with the new design. The changes were made in such manner as to adapt
Concoomars sccTo AU ES VRN RS SR e | them fo the part already completed and to utilize materials already on the
snicare_Smecmos Gnao H | ; ground. These were the following: A series of four culverts were built

i on top of the completed floor, extending from the line of gates to the
lower edge of the concrete platform, a distance of 47 feet. These culverts
are each 7 feet 11 inches wide and 7 feet high, with a semicircular arch
over them. They are built of concrete, the thickness of the arch being
2 feet. On top of these culverts a masonry dam is built across the canal,
reaching to a height of 30 feet above the floor of the structure. This
wall is of sandstone ashlar, laid in large blocks with Portland-cement
mortar. Its base width is 15 feet, top 4 feet; down-stream batter 5: 12.
| Extending well into the banks on each side, in line with the dam, is a con-
X " crete wall, 2 feet thick, designed to cut off seepage through the earth
Gt e el k| filling on the sides that would tend to pass around the dam. Against the
masonry dam on the lower side is an embankment of earth over the top of
the culverts, forming a driveway over the canal, 22 feet wide on fop.
The outer slope terminates against a low wall forming a facade for the
culvert-portals. The slope is paved with stone. For 50 feet above
and 75 feet below the concrete platform the canal is paved with con-
=] ¢refe on the bottom, and the sides protected from erosion by substantial
: ‘ = E i : walls of concrete above the dry rubble below the headworks. The gates
, rj}t@@ ; huilt for the original design were used, but the hoisting-device was im-

U SRR ' proved, and a substantial gate-house built over the gates.

Spillway.—A space_is left between the gates and the masonry which
will admit of a maximum discharge of 600 second-feet over the top of the
flashboards, without raising the gates. Whenever any waier thus passes
over the top of the flashboards it can escape freely through the culverts
and down the canal. This provision for sudden floods in the possible
absence of attendants to open the gates is considered an ample spillway
allowance. The culverts have a combined capacity of over 2000 second-
feet.

_ Fishway.—To provide for a free passage of migratory fish over the
sALF ELEvATION LODKING UP THE CANAL ' dam, in compliance with the State law, if is proposed to erect a fish-ladder
sEdgslie ' of approved design, supplying it with water piped from a neighboring
] stream, The lakes abound in trout.

g Jo oo 1 L : ' Th? entire cost of the im!wmvez?ents, including the purchase of valuable
fieas b oscfocodiosce & o villa sites on the lake marging, will be about $200,000. The works were

Coitabizarindadorn bl Al ek : ! finished during the current year (1900).
EigEs  (flacial Flour.””—An.interesting feature of these improvements is the
Frg, 352 Duranis of Ouriers wox Twin Lawes, Cowo. DESIGNED  FOt LIE | peculiar character of the material through which the canal has been
'(l;wgr iii:;i?{;;i;ij"EQEEOENB;;;LE; S s excavated and upon which the hcutl-wm'kts have been built:. Thc_ }akcs:' are
located between two great lateral moraines, hundreds of feet in height,
while the barrier across the valley, forming the mnatural dam inclosing

-
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the lower lake, is a terminal moraine deposit, consisting largely of rock
dust, or almost pure silica ground to an impalpable powder, known to
geologists as “ glacial flour>” This material is so fine in texture as to
resist percolation through any considerable mass of it, and hence it be-
comes practically impervious as an embankment of ordinary dimensions.
It is neither quicksand mor clay, and has none of the characteristics of

these elements.

The natural channel through which the lakes overflowed into the
Arkansas river was closed by an embankment of this glacial flour,
well riprapped with stone on both sides.

Larimer and Weld Reservoir.—One of the natural basins, located 13
miles north of Fort Collins, Colorado, has been made to hold an important
auxiliary supply to the Larimer and Weld canal, feeding into the latter
9 miles below the head of the canal. When filled to the rim it holds a
maximum depth of 25 feet, and has a storage capacity of 7700 acre-feet
at that level. This eapacity was increased in 1895 to 11,550 acre-feet by
constructing a low levee or bank about 2000 feet long at the lowest part
of the rim of the basin. This added 5 feet to the depth of water in the
lake.

The cost of the improvements was $21,796, but land and water rights,
attorneys and court fees, and miscellaneous expenses swelled the entire
cost to $64.782. On the same canal system aré two other natural basins,
atilized as reservoirs, the larger of which, called the Windsor reservoir, is
95 miles below the head of the canal. It carries a maximum depth of 28
feet of waler, and cost $52,000, of which $25,000 was for the land and
attorneys’ fees. To increase the depth to 40 feet, an embankment is to be
built which is estimated fo cost $23.000 additional. The reservoir will
then have a capacity of 23,000 acre-feet.

The Larimer County Canal utilizes six of these basins on the plains,
as storage-reservoirs, which have a combined capacity of 10,560 acre-
feet.

All of these basins above deseribed derive their water-supply from the
Cache la Poudre River.

Marston Lake.— Another one of these natural basins, situated at
an elevation to command the city of Denver, has been utilized by the
Denver Union Water Company- as a storage-reservoir of 5,000,000,000
gallons capacity. It is fed by a canal from Bear Creek, and is provided
with two outlet-tunnels which connect with the main conduits leading to
the city of Denver, 10 miles distant. |

Loveland Reservoir-site—One of the largest of the natural-basin
reservoirs that has been projected for use in Colorado is located 3 miles
northeast of Loveland, Colorado, at Boyd Lakes. These are two basins
adjacent, each containing small lakes, on the high ground between the
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Cache la Poudre and Big Thompson rivers. The basin will require no
dam, and when filled will have a maximum depth of 44 feet, and a surface
area of 1920 acres, the capacity of which will be 45,740 acre-feet.

Phe method propesed for its conversion into a reservoir is Lo make an
open cut, 10 feet wide at the bottom, on a grade of 1.5 fect per mile. At
the deepest point in the cut a masonry wall is proposed to be built across
the cut, with six 3-foot, cast-iron pipes passing through the wall. The
reservoir would be fed by two canals from the rivers on each side of it.
The entire cost of the improvement is estimated by Capt. H. M. Chitten-
den * at $262,106.34, or $5.73 per acre-footf of starujge capacity.

The Laramie Natural Reservoir-site, Wyoming.—Capt. Chittenden’s
able report { on reservoir-sites in Wyoming and Colorado deseribes a
natural basin that eonld be made available for storing the surplus water
of the Liaramie and Little Laramie rivers, which is one of colossal magni-
tude. TIts maximum depth is 170 feet, covering an area of 13,651 :1(;1'65.
and having a eapacity of 937.038 acre-feet. This is greatly in excess of
the supply available from the two streams 1'nemimlr3d: which is estimated
at 70,000 acre-feet annually, although this could be increased by gathering
the supply from more distant sources. o .

When filled to the 100-foot level, the annual loss by evaporation would
be 24,000 acre-feet, leaving a supply of 46,000 acre-feet for irrigation.
The estimated cost of the eanals, reservoir-outlets, rights of W-a:. ete.,
for utilizing the basin on the basis of storing only the waters of the two
Laramie rivers, was $416.254, or $9.05 per acre-foot of average supply.

Lake De Smet Reservoir-site, Wyoming.—Among the reservoir;sites
examined and reported npon by Capt. Chittenden, in the report quoted
abhove, was a natural depression without outlet, called Lake De Smet.
This basin is 3 miles long, 1 mile wide, and covers an area of 1965 acres.
The improvement of this basin which he recommended was to construet
a feeder-canal, 31 miles long, with a capacity of 727 second-feet, and con-
struct two outlets, one at each end of the basin, discharging into Bex
Elder Creek on one side and into Piney Creek on the other, each to have
a capacity of 425 second-feet. This would convert the basin into a reser-
voir by the addition of 30 feet in depth, bringing the level of the lake up
to the rim of the basin, increasing its surface area to 2400 acres, and
affording an available storage of 67,627 acre-feet of water. The entir; cost
of the improvement was estimated at $113,360, or $1.67 per acre-foot of
storage capacity.

) * Report of Capt. Hiram M. Chittenden, Corps of Eng-iE_r; U. S. A., upon examina.
tion of Reservoir-sites in Wyoming and Colorado, nnder the provisions of Act of Con.
gress of June 3, 1896. House Document No. 141, 55th Congress, 2d Session,

+ Hnd.




