
















































































































































































"I think it is conservative to say that a fair measure of harvest will be the reward of
every farmer on the project who has been industrious and has shown a reasonable amount
of intelligence in his work.

"One change has occurred on the flat which is not so pleasing to record, and that
is in the condition of the roads. The farmers could with little trouble and expense to
themselves enjoy the finest roads to be found in any agricultural section of the United States.
By reason of the profligate use of water the roads there are now impassable for automobiles
and later may become so for heavy teaming.

"Much of this trouble undoubtedly is due to the fact that many are trying to make
the water do the whole work while the man with the shovel stays out of the sun.

"If Wyoming has none, she should have a law fixing a penalty for flooding the
highway and the law should be enforced. Bad roads make bad neighbors. They depreciate
property values and in a country like the Shoshone Valley there is absolutely no excuse for
them. Wasteful use of water brings other dangers and losses of which it is unnecessary to
speak.

"There is no engineering work in the west which can compare in impressiveness
with the towering dam which seals the granite walls of the canyon. If such a structure was
located anywhere in the east it would attract thousands of visitors, I believe as the wonders of
this region are made more fully known the "Cody Way" will become a mecca for tourists
from all parts of the world. Those who live here do not yet realize the advertising value of the
dam, the canyon and the wonderful region beyond.

"The Cody spirit will be awakened in time to the fact that the varied beauties and
attraction of the region are not excelled by any other part of the West. Every load of tourists
which is carried through this canyon to the Park means a half dozen loads another year. The
attractions of this country are sufficiently compelling to induce many of them to return and
settle here permanently.

"While Thave always regarded Cody as a part of the project, the completion of the
high line and the Willwood unit will make it so indeed and an even greater measure of benefit
will accrue to this progressive city than heretofore. The Reclamation Service has had staunch
and loyal support from your citizens from the inception of this work and I feel that I speak
advisedly when I state that the service will cooperate in every proper way to assist in the
development of the city. Cody is the new gateway not alone to the wonderland and recreation
ground of the nation but to an agricultural empire of vast extent and of surpassing richness.

"Not for long is this to remain the 'manless land.' There is plenty of land yet and
better yet there is plenty of water too. The water now flowing in the main Shoshone Canal
if it could be transferred to some other parts of the country I know of would sell readily
for ten times what it has cost to build the present work."
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The Park County Enterprise Newspaper
Successor to the Cody Enterprise and the Stockgrower and Farmer
Cody, Park County, Wyoming - Gateway to Yellowstone National Park
August 6, 1910, Page 1, Column 1

BODY OF A.SAUL RECOVERED

As the Water Recedes Men Patrolling the Reservoir Discovered the Remains
Yesterday Morning, Well up South Fork

Yesterday morning the Reclamation officials at the Shoshone Dam telephoned that
one of the bodies of the four young men who were drowned in the lake on June 16th, had
been recovered, and that they believed it to be that of Engineer R.C. Soper, but were
unable to identify it positively until a careful investigation was made, as the body was in a
deplorable condition and the features were unrecognizable.

Later in the day it was positively ascertained from the clothing and papers in the
pockets that the body was that of Adam Saul, the young man who never came up after the
boat was overturned.

The body was found on the south side of North Fork, quite a distance above the
junction of the forks, and this is probably very near the scene of the accident.

Mr. Saul had only two relatives at the time of his death - both sisters: one Miss
Emma Saul of Carson City, Nevada and a married sister at Dayton, Ohio.

Undertaker Leo Pfaff, of the Cody Trading Company, drove to the reservoir and
brought the remains to the undertaking rooms, where he prepared them for shipment to
Dayton, agreeable to the wishes of the sisters.

The water in the lake has been slowly receding for some time and a close watch
has been kept for the bodies by employees of the U.S.R.S.

This is the first body recovered A few days ago the coat of J.K. Calkins, Jr. came in
near the place where the boat drifted to shore with one survivor after the accident.

The Park County Enterprise Newspaper
Successor to the Cody Enterprise and the Stockgrower and Farmer Cody,
Park County, Wyoming- Gateway to Yellowstone National Park August
13, 1910, Page 1, Column 6

SECOND BODY IS RECOVERED

Remains of A.C. Downey, who was Drowned in the Lake, Above the Dam,
Found Yesterday in Diamond Creek

Word was received yesterday that the remains of Engineer A.C. Downey had
been recovered, and to the astonishment of all, it was found in Diamond Creek.

In the fatal accident of June 16th Mr. Downey was the first one to slip off from the
overturned boat and must have gone down in North Fork, above the junction of the two rivers.
It would appear, therefore, that the body must have risen to the surface recently
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and been carried by the wind and waves across and up South Fork to a point above the spot
where the boat landed.

Mr. Downey's father has been notified, and it is possible he will order the remains
shipped to his home in Fort Collins, Colorado.

The deceased was a member of the Masonic Lodge, and W.M., J.T. Bradbury, of the
local lodge here, wired Mr. Downey, Sr., as soon as the body could be identified.

Engineer Downey had been with the force at the great dam for more than six

years, and his services were highly appreciated by the U.S.R.S. He had many warm
friends in Cody, and was known as one of the best citizens.

The Park County Enterprise Newspaper
Successor to the Cody Enterprise and the Stockgrower and Farmer Cody,
Park County, Wyoming- Gateway to Yellowstone National Park August
17, 1910, Page 1, Column 6

BODIES ARE ALL ACCOUNTED FOR

Last of Four Victims in the Drowning Disaster Were Recovered Sunday

BRIEF HISTORY OF CALAMITY
Bodies of John K. (Don) Calkins, Jr. and R.C. Soper Recovered last Sunday-
Remains of Adam Saul and A.C. Downey Having Been Previously Found -
Splendid Work by Reclamation Service Officials

The last chapter has been written in the horrible and heart-rending story dealing with
the terrible calamity which claimed for its victims four bright and promising lives on the
evening of June 16th last. The bodies are all now accounted for, those of J.K. Calkins, Jr. and
R.C. Soper having been recovered last Sunday. The remains of Adam Saul, our readers will
remember, were found on August 5th and those of A.C. Downey last Friday, August 12.

The details of the catastrophe are still quite fresh in the memory of everyone - how the
four ill-fated young men, while out on a boating pleasure excursion, went down to what for a
time was thought would be a watery grave; how valiantly the people of this community and
particularly the officials of the Reclamation Service, strove for many weeks to recover the
lost dead; and finally, how with the receding waters first one and then another of the bodies
were reclaimed, very greatly to the consolation of anguish stricken relatives who were thus
afforded the opportunity of according their loved ones at least a Christian burial.

The body of Adam Saul was shipped to Dayton, Ohio, for interment; those of

A.C. Downey and R.C. Soper to Fort Collins, Colorado and South Royalton, Vermont,
respectively. A.C. Downey was a member of the Masonic fraternity and Shoshone Lodge
No. 21, A.F. & A.M., marched hast Monday to the station in the body as a last tribute to
that departed member of the order.

Appropriate services at the grave were conducted by the Rev. J. McV. Haight, rector
of Christ Episcopal Church, for John K. (Don) Calkins, Jr. last Sunday afternoon.

Memorial services had previously been held at the Calkins home - after all hope of

59



recovering the body had been given up. The burial service last Sunday was at once
beautiful and impressive. The casket was literally buried with flowers in token of the
profound sympathy for the grief stricken family. This newspaper has upon a former
occasion paid its respects to the memory of the deceased, fitting obituary mention having
been made at the appropriate time.

And thus is the curtain drawn upon unquestionably the saddest occurrence thus
far chronicled in the history of this community. The toll of human life exacted was great - it
was appalling. With our limited view of things- to our mortal minds- the tragedy was
suggestive of naught but darkness and despair. Providence, however, moves in mysterious
ways and reconciled we must be whatever our fate or that of our loved ones here below. The
four boys met their untimely fate while enjoying the pleasures of a boating excursion on the
newly created Shoshone Reservoir above this city; they are now embarked upon that greater
voyage from whence no man returneth. Peace be with them.

The Park County Enterprise Newspaper
Successor of the Cody Enterprise and the Stockgrower and Farmer
Cody, Park County, Wyoming - Gateway to Yellowstone National Park
November 19, 1910, Page 1, Columns 1 & 2

OREGON BASIN PROJECT WILL RESUME
$2,500,000 will be spent in and Near Cody and 150,000 Acres of

Land will be Irrigated
CODY WILL BECOME CAPITAL OF INLAND EMPIRE

The Wyoming Oregon Basin Company filed its Articles of Incorporation with the
Secretary of State November 15th, held its first meeting and through its agents, Messrs.
Strong and Mecham of Chicago, appeared before the Land Board and entered into
negotiations for a new contract with the State to reclaim all segregated lands under the old
Big Horn Basin Development Company project.

The State Land Board agreed to give this Company a contract to complete this
large project, work to commence on or before April Ist, 1910.

The company is to deposit its bond for $100,000 with the State Treasurer on
December 27. $25,000 as a first payment on the $85,000.00 agreed upon as the amount the
Wyoming creditors in the aggregate shall receive, within the year 1911. The State cancelled
all old contracts and accepted the relinquishments of the bond holders required to be filed at
the time of the last extension. The whole matter so far as complications are concerned,
appears as clean as a hounds tooth. J.M. Schwoob, William L. Simpson and E.J. Sullivan
were appointed Trustees of the creditors funds for distribution, L.G. Phelps gave his energy
and judgment to bring about a satisfactory settlement for the creditors. Mr. Schwoob and Mr.
Simpson both say that while there is a possibility of things not going through, that it's so
small a chance, that it can't be taken into consideration, in their judgement and it if does, the
creditors are in much better shape than ever for the reason that all conflicting claims are out
of the way.
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The gentlemen representing the Eastern capital desired to pay Wyoming
creditors as soon as possible and the plan of $25,000 January 1st, $60,000 in 3 monthly
payments commencing September Ist, 1911, which amount will practically take care of the
Wyoming creditors. No others being considered, in fact the settlement for Wyoming creditors
was considered and agreed upon outside of any negotiations with the state, and are payments
fully secured in the event the deal is closed December 12.

Cody can now begin to boost, boost, boost and it looks as though we are
beginning to come into our own.

The Northern Wyoming Herald and Garland Irrigation Era
March 24, 1911, Page 1, Column 5

NEW BRIDGE ON SOUTH FORK
Steel Structure to be Built -- Work Will Begin Soon but High Water
May Delay Completion

Chief Engineer HN. Savage, accompanied by Engineer Williams now in charge of
the Powell, Cody Canyon and High Line Government project, came in on Wednesday’s train
and went over to the South Fork country for the purpose of locating the permanent site of the
new government steel bridge that is to span the South Fork at the head of the great
government reservoir. Mr. Savage expressed doubt if the cement piers and the superstructure
could be completed in time for use before the high water but it is safe for the Herald to
predict as it long ago stated that this work will soon be commenced and completed at an
early date. Some fine moonlight night when the Herald is in a receptive mood this paper will
volunteer to take engineer Williams up to the Cody Dam and instruct him just how to raise
those monster steel gates that have been installed in the lower tunnel, and with these open
wide, the danger of high water will be completely eliminated so that undue delay will be
avoided in the construction of that bridge. This will be advantage No. 1. Advantage No. 2
will be in the cultivation of the vast area of the reservoir bottom lands to wheat, oats,
cabbage, spinach, garlic and many other paying crops. The Herald predicts that within five
years or not more than ten years from 1911 this reservoir area above the Cody Dam will be
the banner precinct of Park County farm products, in volume and in variety no equal area in
the fertile valley of the Nile above or below the Assouan Dam can compare with it.

The Northern Wyoming Herald and Garland Irrigation Era Newspaper
March 31, 1911, Page 1, Column 2

Extension for Time of Payment - Drainage Necessary as Irrigation-
Progress Urged by Cody Club

Telegraphic advice to the Cody Club from Senator Warren and the Reclamation
Service is to the effect that a recent order has been made modifying the time of
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payment for land and water rights under the Shoshone Project on the Garland and
Powell flat.

The citizens of Garland and Powell, assisted by the Cody Club, have had this
matter up with the officials of the Reclamation Service and Senator Warren, and it is
gratifying to know that the Reclamation Service has considered the claims of the farmers
under the canal.

According to the modification order water will be furnished this season to the
farmers, providing they pay the operating and maintenance charges prior to April 30th. The
payment of construction and building charges will not have to be made until December 1st,
1911. This will materially relieve the situation temporarily, and while the time is much
shorter than they asked for, will be very much appreciated by those interested.

The Cody Club will continue to urge the Reclamation Service to take up the
seepage question and act on it soon. The people in the towns and the farmers on the flat
simply expect the Reclamation Service, in connection with this seepage, to do as they
represented they would do. In one of the pamphlets giving information in regard to the
Shoshone Project and compiled by the United States Reclamation Service, November, 1
1909, we notice the following clause: "As the work of reclamation has progressed, it has
been learned that drainage is as necessary as irrigation for the success of a project. In all the
projects ample provision has been made to carry away the seepage and to prevent the raise
of alkali or other injurious salts to the surface of the land. The Shoshone District has the
additional advantage of excellent natural drainage, as the region is underlaid with gravel, and
the lands here contain but little alkali."

We do not think there is any unusual reason for alarm in regard to the drainage
of the lands as most of us have confidence in the United States Government and know that
they will carry out their promises and know that where they advertise that amply provision
had been made to carry away the seepage and to prevent the raise of alkali, etc., that it was
the intention of the Reclamation Service to do this very thing.

While these matters cannot be handled immediately by a branch of the United
States Government as large as the Reclamation Service, yet we believe it is the intention of
the Reclamation Service to absolutely take care of this question, and it is the duty of every
citizen of the country to urge the Reclamation Service to give the matter immediate attention.

The Cody Canal

The meeting held at the Kath Hall on last Saturday was very largely attended and after
a full discussion of the pros and cons pertaining to the proposed organization of an irrigation
district, it was unanimously decided to at once proceed and organize at the earliest practicable
time. W.L. Walls, the attorney for the association, will prepare the necessary papers for the
proposed new district.

The proposition is to bond the new district $85,000 and use the proceeds to
construct and complete a proper and suitable canal; one that will be adequate and
permanent in character. In the past three or four years some $40,000 or $50,000 has
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been absorbed by piece meal work, practically wasted. Under the new order of things the
bonds will be issued and the work contracted for on a strictly business basis.

The Powell Tribune Newspaper
July 1, 1976, Section B, Page B1, Columns 1 thru 4

Preliminary Study of Shoshone Began in 1903 for Dam Building

Northwestern Wyoming was semi-arid and covered with sage brush before the
Shoshone Project began. Canals were dug and the desert like wasteland changed into "the
Garden Spot of Wyoming."

This change didn't take place overnight.

On June 17, 1902, Newland's Act or the Reclamation Act was enacted by Congress.
This act provided for the construction and maintenance of irrigation works by the
government. The funds were from the disposal of public lands in western states.

In addition to the Homestead Law, which gave any individual 160 acres of land if
he was a citizen of the United States or had filed intention to do so, and if he would live on
the land and develop it for five years, the settler would pay the government the actual cost
of reclaiming the land. This money would then be used for the development of other
projects.

April 20, 1903, the preliminary investigations of the Shoshone River area began.
On January 1, 1904, it was reported that it was feasible to build a dam and store water for
90,000 acres of irrigation development at a low cost which the settlers could afford.

On February 10 of that year, the Secretary of the Interior, Ethan A. Hitchcock, set
aside $2,250,000 for the construction of the Shoshone Project. On February 13, Colonel
William F. Cody who had tried to build the dam in 1899 but never finished because of lack of
money, transferred his rights to the waters of the Shoshone River to the Secretary of the
Interior.

The plan for the completed project was in six steps. The first was the building of the
Shoshone Dam in Shoshone Canyon between Cedar and Rattlesnake Mountains, eight miles
west of Cody.

Next the Corbett Dam was built 16 miles down the river from the Shoshone Dam
and east of Cody. Then the water was diverted through the Corbett Tunnel, which is three
and a half miles long. This irrigated 80,000 acres of land near Ralston, Garland, Mantua
and Frannie.

The third step was the Willwood Diversion Dam, six miles below Corbett Dam.
This was for the reclamation of the lands south of the river.

The Heart Mountain Division came next. It was known as the "high line" and
consisted of a series of tunnels and canals through the Shoshone Canyon to irrigate lands
northeast of Cody and in the vicinity of Cody, Corbett, Eagle Nest and Ralston.

The fifth stage was Chapman Bench, 15 miles north of Cody and Polecat Bench,
which is north of the Garland Division. The sixth stage will not be constructed unless the
water storage of the Shoshone Dam can be increased. This area would be in the Oregon

Basin.
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A complete system of canals, laterals and distributing ditches were or will be
constructed in connection with all of these major projects.

Before the dam could be built, a new road had to be constructed at the top of the
canyon to replace the old one that led to Yellowstone National Park. This project was started

in 1904 and finished in early 1905.
Bedrock was found eight feet below the stream bed at the site of the proposed

dam. The contract was let in September of 1905. Excavation began on December 2,
1907 and was completed on April 1, 1908. An arch-type dam had to be built because the
canyon was 70 feet wide at the bottom and 200 feet wide at the top.

On March 30, 1908 the pouring of the concrete began. Several delays were
caused by flood waters and severe winter weather. Granite rocks form about 25 percent
of the dam wall. The rocks did not come in contact with each other, but were
surrounded on all sides by concrete.

The dam was finished on January 15, 1910.

Three outlets from the reservoir were built - two on the south and one on the north.
The main outlet on the south is a concrete lined tunnel 498 feet long, ten feet high and ten feet
wide. The north side has an open cut for the spillway and tunnel. The open cut was started in
April 1906 and completed in April 1909. The spillway tunnel was started in September 1908
and finished in April 1909. Both were excavated through hard granite.

The outside gates of the lower outlet tunnel were closed May 18, 1910. May 28, the
middle gate was closed and the elevation of the water was 5,228.5 feet. On May 30, water
began to flow through the upper outlet tunnel.

In May 1904, an engineering party began a study for Corbett Tunnel. In
September then staked the location.

It was necessary to have this diverting dam to send the water through the three and
one-fourth mile tunnel to the proposed Garland Canal. They built a reinforced structure
which contained about 6,000 cubic yards of concrete and about 300,000 pounds of steel.
The tunnel is 440 feet long and has a maximum height of 18 feet.

It was necessary to construct drops in the Garland Canal to keep the water

flowing at the correct rate. Distributing laterals were built north and south from the canal a
mile and a half apart. The sublaterals were constructed running east along the subdivisional

lines.
The Garland Canal was completed in July 1908.
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Shoshone River Dam (Buffalo Bill Dam)

Abstracts of Information from Annual Reports of the United States
Reclamation Service (U.S.R.S.)
1902-1921

SECOND ANNUAL REPORT OF U.S.R.S., 1902 - 1903, Page 509

The dam site is about 65 feet wide on the bottom and at an elevation of 170 feet (the
height of the proposed dam) 150 feet wide. The sides are of solid granite, and it is probably
that bed rock is not far below, if it does not form the bottom of the channel. On this site it is
proposed to construct an overflow dam of rubble masonry 170 feet high. A dam of this
height will flood 3,363 acres, giving a storage capacity of 159,500 acre-feet above the
proposed outlet.

THIRD ANNUAL REPORT OF U.S.R.S., 1903 - 1904, Page 627

The dam site is 75 feet wide on the bottom of the channel, and 200 feet wide at an
elevation of 240 feet, the proposed height of the dam above the river bed. The walls of the
canyon at the dam site are of granite. A dam of the above height will give a storage capacity
0f 456,000 acre-feet above the intake of the outlet tunnel. A spillway
250 feet in length and connecting with a tunnel through the granite will be constructed
for the discharge of surplus flood water.

The table following shows the capacity of the reservoir site at different contours:

Contour Area Capacity between Total Capacity
Contours
Feet Acres Acre-Feet Acre-Feet
5,140 2
5,150 18 100 100
5,160 21 194 295
5,170 59 400 696
5,180 121 902 1,598
5,190 184 1,522 3,120
5,200 316 2,498 5,618
5,210 463 3,897 9,514
5,220 666 5,646 15,161
5,230 886 7,759 22,920
5,240 1,181 10,336 33,256
5,250 1,458 13,196 46,452
5.260 1,785 16,214 62,666
5,270 2,109 19,470 82,136
5,280 2,444 22,762 104,898
5,290 2,869 26,564 131,462
5,300 3,363 31,161 162,623
5,310 3,820 35,916 198,538
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5,320 4,317 40,686 239,224

5,330 4,845 45,812 285,037
5,340 5,377 51,112 336,150
5,350 6,018 56,976 393,126
a5,360 6,604 63,110 456,000

a Proposed flow line

FOURTH ANNUAL REPORT OF U.S.R.S., 1904-1905, Page 348

The location selected for the Shoshone Dam is a gorge in solid granite, about 70
feet wide at the bottom of the river channel and 200 feet wide at an elevation of 250 feet
above the channel. These conditions seem to call for a type of dam other than that of a
gravity section. In order to control the entire flow of the stream it was found that a dam
240 feet in height above the bottom of the channel, or 305 feet in height above the lowest
point of the foundation, as indicated by the borings, would be required. After a careful
consideration of the problem by a board of engineers, an arched dam, the radius of the
center of the top being 150 feet, was decided on. The cross section adopted is of the
following dimensions: Top width, 10 feet; batter of upstream face from top of dam to
stream bed, 245 feet, 15 percent; batter of downstream face for same vertical distance,
25 percent; from the stream bed to foundation (60 feet) both faces are vertical; width of
bottom of section of dam 108 feet. The dam will be constructed of concrete, in which
pieces of granite rock weighing from 25 to 200 pounds will be placed by hand and
rammed until well bedded. These rocks will be distributed uniformly throughout the dam
and will form at least 25 percent of its volume.

Plans and specifications for the construction of the Shoshone Dam were prepared
during the year under the direction of a board of engineers. On September 5,

1905, at Billings, Montana, bids for its construction were opened. Five bids were
received, the lowest ($515,730) being that of Prendergast & Clarkson, of Chicago. On
September 18, 1905, the contract was awarded to the above firm.

A spillway 300 feet long, connected with a tunnel 20 by 20 feet in cross section
and about 500 feet long, will be constructed on the left side of the river for the purpose
of discharging surplus flood waters. The spillway tunnel will discharge into the river 100
feet below the lower toe of the dam, and will have a capacity of 20,000 second-feet.

An outlet tunnel 10 by 10 feet in cross section and about 480 feet long will be
constructed around the dam on the right bank of the river. The elevation of the floor of
the tunnel at is inlet will be 10 feet above the bottom of the reservoir. This tunnel will be
constructed before work on the dam begins, and when completed will be used for
conveying the water around the dam site during the construction of the dam. Designs of
various types of gates for controlling the flow of water through the outlet tunnel are
being made for the consideration of a board of engineers.

FIFTH ANNUAL REPORT OF U.S.R.S., 1906, Page 297
On September 18, 1905, the contract for building the Shoshone Dam was awarded to
Prendergast & Clarkson, of Chicago, for $515,730, and on October 20 they arrived on the
ground, beginning work shortly afterwards on the temporary diverting works and outlet tunnel.
Before high water in June, 1906, the temporary diverting dam
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and the excavation of the outlet tunnel were completed. About one-half of the outlet
tunnel was lined and about 800 feet of flume extending downstream from the diverting
dam constructed. The temporary dam is a crib structure filled with earth and rock and
covered with planking. Its length is 430 feet and its maximum height is 17 feet. The
flume is designed to carry the flow of the river after it dropped to a discharge of 2,000
second-feet, which generally occurs about August 1, remaining below that figure until
about May of the following year. During the early morning of June 13 the river reached its
maximum discharge for the year, of about 13,000 cubic feet per second. This quantity of
water passed over the crest of the temporary dam without doing it any material damage.
It, however, practically destroyed all of the flume. In addition to the work above described
the contractors have done some excavating on the spillway on the abutments of the dam
and in the roadway tunnel. They have installed a plant of four 5O-horsepower boilers, air
compressors, and stone crusher, and have constructed a cement storehouse having a
capacity of about 12,000 barrels. Their failure to complete the outlet tunnel before high
water and their failure to take the necessary steps for assembling material on the ground
for the immediate reconstruction of the flume will be a serious setback to the work, and
probably delay its completion very materially.

SIXTH ANNUAL REPORT OF U.S.R.S., 1906-7, Page 261

On September 18, 1905, the contract for the building of the dam was awarded to
Prendergast & Clarkson, of Chicago, for $515,730. These contractors, before their default
in August, 1906, completed the temporary diverting dam, the excavation of the outlet
tunnel, the lining for about one-half of the tunnel, and about 800 feet of flume extending
downstream from the diverting dam. They did also some excavating on the spillway and
abutments of the dam and in the roadway tunnel. The portion of the flume built was
destroyed by high water on June 13, 1906.

Since the default of Prendergast & Clarkson, in August, 1906, the work has been
carried on under a supplemental contract by the United States Fidelity and Guaranty
Company of Baltimore, sureties on the bond of Prendergast & Clarkson. Most of the
work carried on during the year which ended on June 30, 1907 by these contractors
was preliminary to actual construction. The principal features of this work were the
replacing of the flume destroyed by the flood of 1906 by a very substantial flume, which
successfully withstood the flood of 1907, the completion of the lining of the outlet tunnel,
the completion of the roadway tunnel, some excavation on the spillway and abutments
of the dam and the installation of an additional plant.

The maximum flood in the river for the season of 1907, occurred during the early
morning of July 4, causing the failure of a log boom owned by a lumber company and
located about 2 miles above the dam site. As a result several hundred saw-logs passed
over the temporary dam, destroyed its apron, and damaged it to such an extent that about
100 feet of it went out at noon of July 5. It is thought that this damage will not delay the
work materially, since it should be repaired in a short time.
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SEVENTH ANNUAL REPORT OF USR.S., 19078, Page 205

The maximum flood of 1907 occurred on July 4, causing the failure of a log boom
located about 2 miles above the Shoshone Dam site. Several hundred logs passed over the
temporary diverting dam, damaging it to such an extent that about 100 feet of it went out the
following day. Repairs to the temporary diverting dam, the connection thereof with the flume
and outlet tunnel, and the construction of a flume extending downstream from the lower end
of the outlet tunnel were not completed until late in November, and no work was done on the
excavation for the foundation of the permanent dam until December 2, 1907. Two ten-hour
shifts were employed throughout the winter on this excavation. Bed rock was reached
February 4, 1908, but the deepest point of the foundation was not reached until April 1. The
placing of concrete in the dam was begun March 30, and continued until April 12, when a rise
in the river flooded the excavation. Not until April 26 had the water sufficiently subsided to be
carried by the flume. The excavation was freed of water by April 20 and the placing of
concrete resumed. A second rise in the river May 2 ended the placing of concrete for the
season. The upstream portion of the dam, containing 4,200 cubic yards of masonry, had been
brought to an elevation of 3 feet above the original river bed. Only about one-fifth of the
concrete below the river bed had been placed, however, the high water completely refilled the
excavated pit, making necessary a large quantity of re-excavation the
coming season.

The summer flood of 1908 has not risen to the excessive volume of the two preceding
years. Although the temporary dam is badly crippled by the repeated assaults of the river and
the log drives, it remains in serviceable condition for diverting the river into the flume, and
there are good prospects for the early resumption of work when the river drops to flume
capacity. A considerable new plant has been installed and arrangements have been perfected
that should insure active and rapid work. The contract for the construction of Shoshone Dam
expires March 1, 1909.

The excavation, by force account, of two adits to the outlet tunnel was begun in
October, 1907. One of these adits is situated above the dam, and will serve as an intake and
the other, located below the dam, will serve as an entrance to the gate chamber. These,
together with the gate chamber, were completed early in June, 1908.

The contractor for furnishing and installing the high-pressure gates began operations
preliminary to erection in May, 1908. The actual placing of the gates and appliances was
begun June 18. At the end of June all heavy castings were in place. The contractor is
thoroughly equipped and is making satisfactory progress. It is expected that the contract will
be completed on time, so that the tunnel will be available for diverting the river immediately
after the subsidence of the summer floods.

EIGHTH ANNUAL REPORT OF U.S.R.S.,1908-09, Page 211
The flood season of 1908 was of unusual length, and work in the river bed could not
be resumed until August 28, 1908. The foundation pit was filled with mud and gravel,
washed in by the floods, and a month was spent in removing this material before masonry
work could be resumed. Satisfactory progress was made until work was suspended on
account of severe winter weather, November 30, on which date the dam was 49 feet above
the river bed.
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Between March 16 and 19, 1909, the height of the dam was increased to 61 feet above
the river bed and work was then suspended on account of spring floods. The month of June,
1909, was the first month in a record of seven years when the discharge of the river was more
than enough to fill the reservoir, the total run-off for this month being 513,000 acre-feet, or
nearly one-third more than the greatest previously recorded monthly discharge. The total run-
off for 1909 will probably be the greatest since records have been maintained. No damage
resulted from the excessive floods.

The heavy rock excavation in the spillway and the waste tunnel was carried on
during the summer of 1908 and the following winter. The tunnel was completed about
March 1, 1909, and the construction of the concrete weir, 300 feet long, in April, 1909,
completed the works comprising the overflow channel for Shoshone Reservoir. Very
satisfactory progress was made during the summer of 1908 in installing the high- pressure
gates in the outlet tunnel. This important feature has been completed.

SHOSHONE RESERVOIR HIGHWAY-- Inasmuch as a number of miles of the
Cody-Yellowstone Park Road will be submerged, it has been necessary to construct a new
road. This work has been done by force account during the past winter and spring. The road
is about 14 miles in length from the dam to the crossing of the river where connection is
made with a 5-mile section of new county road, which connects with the road built by the
Federal Government to the system of roads in Yellowstone Park. A section of the work
three-fourths of a mile long was difficult rock and tunnel excavation, and was done by force
account at less than half the lowest bid obtained.

With the exception of three steel bridges this highway was practically completed
in June.

NINTH ANNUAL REPORT OF U.S.R.S., 1909-10, Page 308

SHOSHONE DAM --The Shoshone Dam is located on the Shoshone River a short
distance below the confluence of its north and south forks and near the upper end
of Shoshone Canyon. The dam is a monolithic rubble concrete structure of the arch type, the
radius of the center line of the top of the dam being 150 feet. The maximum height from the
rock foundation to the top of the parapet is 328 feet. The elevation of the main crest of the
dam is 5,370, of the top of the parapet, 5,373, and of the bed of the stream at the site of the
dam, 5,127 feet above sea level. The crest width of the dam is
10 feet. Above the bed of the stream the upper face of the dam has a batter of 15 per
cent and the lower face a batter of 25 per cent. Below the stream bed the faces of the dam are
vertical, except for small footing projections. The width of the canyon at the elevation of the
top of the dam 1s 200 feet and at the elevation of the river bed 70 feet. The concrete of which
the dam is constructed is composed of 1 part cement, 2 1/2 parts sand and 5 parts broken
stone. In freshly deposited concrete sound, clean granite rocks weighing from 25 to 200
pounds each were placed and well rammed, care being taken that no rock should be in contact
with another and none within 6 inches of either face or abutment of the dam. These rocks
form about 25 per cent of the total volume of the masonry. Two cast-iron outlet pipes 42
inches in diameter were embedded in the dam, with their inverts at elevation 5,134, and one
cast-iron pipe 16 inches in diameter was placed with its invert at elevation 5,154.
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The main outlet of the reservoir formed by the dam is a concrete-lined tunnel 498 feet
in length, having a section 10 feet wide by 10 feet high at the sides with an arched roof of
16-inch rise. The tunnel was driven through the granite cliff on the south side of the canyon.
The elevation of the floor of the tunnel at its upper end is 5,140 and at its lower end 5,137.
The tunnel has a secondary inlet about 50 feet from its upper end cut through the rock at right
angles to the line of the tunnel and with the floor of its outer opening at elevation 5,155. In a
widened portion of the tunnel, about on a line with the south abutment of the dam, are
installed three high-pressure gates.

A second outlet tunnel, also on the south side of the canyon, has its inlet floor at
elevation 5,250. Itis 10 feet square in section, has a length of 300 feet, and is unlined. No
gates will be placed in this tunnel at present, but whenever it becomes desirable to utilize
the discharge of the tunnel for power purposes or to control it for irrigation, suitable gates
will be installed.

On the north side of the reservoir, several hundred feet upstream from the dam, there
is a concrete spillway weir 300 feet long, discharging at elevation 5,360 feet into an open
channel and thence into an unlined tunnel excavated to a section 20 feet wide and 20 feet
high at the sides with a roof arch having a rise of 2 feet 8 inches. The spillway tunnel is 405
feet in length, has a slope of 10 feet in 100 feet, and discharges through an open channel into
the river about 300 feet below the dam.

In connection with the construction of the dam, spillway and main outlet tunnel,
there was also required on the north side of the canyon an unlined road tunnel 166 feet in
length with a cross-section 9 feet wide by 12 feet high.

Plans for the construction of the Shoshone Dam, spillway and outlet, spillway and
road tunnels, were prepared in 1905 and considered in June of that year by a Board of
Engineers consisting of Messers. A.P. Davis, G.Y. Wisner, A.J. Wiley, J.H. Quinton, D.C.
Henny and H.N. Savage. Proposals, invited under specifications No. 48, were opened
September 5, 1905 and the contract was executed on September 23, 1905. Work on the outlet
tunnel was begun November 21, and the construction of temporary diverting works was
begun December 12, 1905. In May, 1906, work on the outlet tunnel was discontinued on
account of high water in the river, and in June of that year the temporary dam was partly
destroyed.

In August, 1906, it became necessary to suspend the contract on account of the
failure of the contractor to prosecute the work satisfactorily. On September 10 a new contract
was executed by the bondsmen of the first contractor and reconstruction of the temporary
dam was begun in November of that year.

In April, 1907, the excavation of the outlet tunnel was resumed and it was completed
May 10. The material encountered in driving this tunnel was hard, seamy granite, difficult to
drill and break. No. D-32 Ingersoll-Rand drills were used. Mounted on horizontal bars and
driven by steam. The entire section of the tunnel was driven as heading and the material was
loaded into push cars by hand labor. A large part of the muck was screened to secure sand
and broken rock for the concrete lining. Concrete was mixed in proportions of 1 part cement,
2 1/2 parts sand and 5 parts broken stone.

The temporary works required for diverting the flow of the river during the
construction of Shoshone Dam consisted of a rock-filled crib dam, 300 feet long and 18 feet
high, a timber flume 1,340 feet long, 13 feet wide and 8 feet high, discharging into

70



the outlet tunnel, and another flume 400 feet long, 10 feet wide and 8 feet high, heading at
the lower end of the outlet tunnel. At the head of the upper flume and at the south abutment
of the temporary dam were three wooden head gates, each 5 feet wide and 7 feet high. The
capacity of the flume was 2,000 second-feet. The portions of the temporary dam and flume
destroyed by flood in June, 1906, were reconstructed in November of that year. The dam was
repaired again in April 1907, and the upper flume connected with the outlet tunnel, the flume
being finally completed on May 13, 1907.

The lower flume was constructed in the fall of 1907. The excavations for both the dam

and the flume were in heavy gravel, a small portion being wet excavation. Some of this

work was carried on when the ground was frozen and required blasting.

Excavation for the formation of the Shoshone Dam was begun December 2,

1907, and completed April 1, 1908. This work included excavation to solid rock in the bed of
the stream and the removal of seamy and disintegrated rock from the walls of the canyon to
secure suitable solid rock abutments for the dam. The abutments in the canyon walls were
prepared by blasting the unsafe material from the face of the cliff and then removing it from
the bottom of the gorge by means of cableways. Air pipes were hung to the canyon walls and
with the aid of ropes and ladders the drill men worked against the face of the cliff with light
pneumatic hammer drills, and in some cases with standard Burleigh drills. In the bed of the
river were found large boulders and huge fragments of talus rock embedded in firmly
compacted gravel and sand. The larger stones were broken by drilling and blasting. Large
rock fragments were slung in chains from cableways for removal, and small rocks, gravel
and sand were shoveled into skips carried on the cableways. During the floods of the summer
of 1908 a large amount of material was washed into the foundation pit. This material,
amounting in quantity to about one-third of the original excavation, was taken out in August
and September, 1908.

The placing of concrete in the dam was begun March 30, 1908, and completed
January 16, 1910. The work of placing concrete was interrupted for considerable periods of
time on account of high stages of the river and severe winter weather. The interruptions were
from May 2 to September 25, 1908; from November 30, 1908 to March 16, 1909 and from
March 29 to September 1, 1909. A total of 202 working days were employed in placing the
concrete. The work was carried on in three eight-hour shifts or in two ten-hour shifts per day-
mostly the latter. Electric lights were supplied for night work and power was furnished from
a central station. Belt conveyors were used to deliver concrete material to the mixers, which
were installed on a temporary bridge across the canyon, close to the upper face of the dam.
The concrete, after being mixed, was spouted directly into place for a portion of the
foundation, but the greater part was spouted into bottom-dump buckets which were swung
into dumping position by large derricks set high up on the cliffs. From a single setting for
each of three boom derricks was deposited all of the concrete required in 75,000 cubic yards
of masonry in a wall 328 feet in height. Cableways of 1,250 foot span were used in placing
loose rock in the dam and for other purposes.

The excavation of the road tunnel was begun May 12, 1906, and completed January
17, 1907. The excavation of this tunnel was partly in hard, seamy granite, but nearly half
the section was disintegrated trap rock requiring little blasting to break it
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down. Nearly all of the drilling was done by hand labor, power drills becoming available
only at the last for taking out a small quantity of the bench excavation. The muck was
easily disposed of with short haul in push cars, which were dumped over the cliff.

The open-cut excavation for the spillway was begun in April, 1906, and
completed in April, 1909; and the driving of the spillway tunnel was begun September 3,
1908, and completed in April 1909. Both the open-cut and tunnel excavation were in
hard granite. In the open-cut excavation drilling was done by Burleigh drills and by
pneumatic-hammer hollow steel drills. The muck was intended to be used in the crusher
for making broken rock and sand for concrete, but a large part of it was wasted into the
river instead. In the tunnel excavation Burleigh drills were used for the heading and
bench work and pneumatic-hammer drills for trimming. . The much was hauled up the
10 per cent grade of the tunnel with a hoisting engine in order that it might be used as
crusher stock. The work was carried on in three eight-hour shifts per day.

Construction of the upper outlet tunnel for the reservoir was begun December 20,
1909, by force account. At the end of May, 1910, the driving of the tunnel had been
completed except for the excavation of a part of the bench in the lower end, the removal
of which was deemed unnecessary at the present time and was therefore postponed. The
material encountered in driving this tunnel was similar to that found in the main outlet
tunnel, but on account of the smaller head of water and the absence of gates it is
considered unnecessary to line the upper tunnel.

HIGH-PRESSURE GATES -- In the gate chamber near the discharge end of the
outlet tunnel of the Shoshone Reservoir are installed three cast-iron gates each 7% feet
high by 4% feet wide and controlling a waterway 7 feet high by 3 feet 8 inches wide. The
gate chamber is in an enlarged portion of the tunnel and is separated into three
passageways by means of two concrete piers that in conjunction with the side walls of the
chamber serve as supports for the framework of the gates. Surrounding the piers
and attached to the side walls of the chamber are massive gray iron castings forming the
gate frames. The gates are made of gray cast iron with the contact portion of the faces
covered with bronze strips to facilitate sliding on corresponding bronze surfaces attached to
the gate frames. The total weight of each gate, including lifting rod and piston, is estimated to
be about 10,000 pounds. Directly above each gate recesses and separated therefrom by a 24-
inch concrete floor is a power-house chamber excavated from solid rock and which contains
the operating machinery for the three gates. The operating mechanism consists of an oil
cylinder for each gate, a piston rod, which is attached to the gate, a large oil-supply tank, a
pipe system connecting the oil-supply tank and cylinders, a power plant, consisting of a 15-
horsepower gasoline engine direct connected to a direct-current 10-kilowatt dynamo wound
for 220 volts, and a triplex pump having a capacity of 19 gallons per minute with fifty
strokes under a pressure of 600 pounds per square inch. By proper manipulation of throttle
valves in the piping the oil pressure produced by the pump can be applied to either the top or
the bottom of the piston and thus close or open the gate. Designs for the gates, operating
mechanism, gate chamber and power-house chamber were prepared in 1906 and reviewed on
July 16 and 17, 1906, by a board of engineers, consisting of Messrs. O.H. Ensign, A.J. Wiley,
W.H. Sanders, L,C. Hill and H.N. Savage. After certain changes proposed by the reviewing
board had been made in the designs, plans and specifications were prepared
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and were approved by the department on October 26, 1906. Proposals for supplying and
installing the gates and operating mechanism, under specifications No. 122, were opened on
December 20, 1906 and a contract was executed on February 14, 1907. The contractor was
required to erect the gate frames and install the gates and operating mechanism, but the
excavating required and the placing of the necessary concrete was done by the United States.
The contractors installed in the power house a 4-ton trolley crane, with two hoisting blocks
and tackles for handling the large castings during installation. This apparatus was left in place
for use in removing the cylinders and stems of the gates whenever repairs are required. The
manufacture of the gates was begun by the contractor soon after the execution of the contract,
and the delivery at the project of the gates, gate frames and operating mechanism was made
in May and June, 1908 and the installation was completed in August, 1908.

TWELTH ANNUAL REPORT OF U.S.R.S., 1912-12, Page 308
SHOSHONE DAM -- The work installing two 30-inch gate valves on each of the
two 42-inch outlet pipes through the base of the Shoshone Dam was begun and completed
during the spring of 1913. It involved the excavation of approximately 100 cubic yards of
loose rock in the river bed to unwater the lower ends of the pipe, the placing of 4 gate vales,
each weighing 5,700 pounds, with necessary reducers, nipples and expanders, and the
placing of 32 cubic yards of concrete in the gatehouse.

FOURTEENTH ANNUAL REPORT OF U.S.R.S., 1914-1915, Page 314
SHOSHONE DAM CONTROLLING WORKS-- The original plans for controlling

works, Shoshone Dam, provided for the installation of sliding-pressure gates in the lower
outlet tunnel, which were installed at the time the dam was constructed. These gates were
not intended to be operated under a depth of water of more than 150 feet. When the
reservoir is full the depth of water over the gates is 220 feet. In order to provide additional
controlling works a second tunnel was driven around the right abutment of the dam at a
distance of 120 feet below full reservoir level. No controlling works were ever installed
and the tunnel has been temporarily closed by means of a concrete plug. The development
of the project required the installation of additional controlling works which could be
operated when the reservoir was full, and a decision was reached to install two 58-inch
Ensign balanced valves in the lower outlet tunnel.
The plans covered the erection of a removable steel bulkhead 90 feet downstream from
the high-pressure gates, and between these gates and the bulkhead the balanced valves were
located with two outlets driven through the rock into the canyon. The work of installing the
valves was performed by Government forces, beginning in August, 1914, and carried on
continuously until completion in May, 1915. The valves in question have a positive control
and can be operated so as to discharge any desired quantity of water of to about 2,000 cubic
feet per second, which is considered ample for the requirements for the irrigation of lands
below Shoshone Dam.
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FIFTEENTH ANNUAL REPORT OF U.S.R.S., 1915-1916, Pages 490 and 498

SHOSHONE DAM --The Shoshone Dam is located on the Shoshone River a
short distance below the confluence of its north and south forks and near the upper end of
Shoshone Canyon. The dam is a monolithic rubble concrete structure of the arch type, the
radius of the center line of the top of the dam being 150 feet. The maximum height from the
rock foundation to the top of the parapet is 328 feet.

The main outlet of the reservoir formed by the dam is a concrete-lined tunnel 498 feet
in length, having a section 10 feet wide by 10 feet high at the sides with an arched roof of 16-
inch rise. The tunnel was driven through the granite cliff on the south side of the canyon. The
elevation of the floor of the tunnel at its upper end is 5,140 and the elevation at its lower end
1s 5,137.

A second outlet tunnel, also on the south side of the canyon, has its inlet floor at
elevation 5,250 feet. It is 10 feet square in section, has a length of 300 feet and is
unlined.

On the north side of the reservoir, several hundred feet upstream from the dam, there
is a concrete spillway weir 300 feet long, discharging at elevation 5,360 feet into an open
channel and thence into an unlined tunnel excavated to a section 20 feet wide and 20 feet
high at the sides with a roof arch having a rise of 2 feet 8 inches. The spillway tunnel is 405
feet in length, has a slope of 10 feet in 100, and discharges through an open channel into the
river about 300 feet below the dam.

In connection with the construction of the dam, spillway and main outlet tunnel,
there was also required on the north side of the canyon an unlined road tunnel 166 feet in
length with a cross section 9 feet wide by 12 feet high.

Plans for the construction of Shoshone Dam, spillway and outlet, spillway and road
tunnels, were prepared in 1905 and considered in June of that year by a Board of Engineers
consisting of Messrs. A.P. Davis, G.Y. Wisner, A.J. Wiley, J.H. Quinton, D.C. Henny and H.
N. Savage. Proposals were opened September 5, 1905 and contract was executed September
23, 1905. Work on the outlet tunnel was begun November 21, and the construction of
temporary diverting works was begun December 12, 1905. In May,

1906, work on the outlet tunnel was discontinued on account of high water in the river,
and in June of that year the temporary dam was partly destroyed.

In August, 1906, it became necessary to suspend the contract on account of the failure
of the contractor to prosecute the work satisfactorily. On September 10 a new contract was
executed by the bondsmen of the first contractor and reconstruction of the temporary dam
was begun in November of that year.

In April, 1907, the excavation of the outlet tunnel was resumed and it was
completed May 10.

The temporary works required for diverting the flow of the river during the
construction of Shoshone Dam consisted of a rock-filled crib dam, 300 feet long and 18 feet
high; a timber flume 1,340 feet long, 13 feet wide and 8 feet high, discharging into the outlet
tunnel, and another flume 400 feet long, 10 feet wide, and 8 feet high, heading at the lower
end of the outlet tunnel. The portions of the temporary dam and flume destroyed by flood in
June, 1906, were reconstructed in November of that year. The dam was repaired again in
April, 1907, and the upper flume connected with the
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outlet tunnel, the flume being finally completed on May 18, 1907. The lower flume was
constructed in the fall of 1907.

Excavation for the foundation of the Shoshone Dam was begun on December 2,
1907 and completed April 1, 1908.

The placing of concrete in the dam was begun on March 30, 1906 and completed on
January 16, 1910.

The excavation of the road tunnel was begun on May 12, 1906 and completed on
January 17, 1907.

The open-cut excavation for the spillway was begun in April, 1906 and completed in
April, 1909; and the driving of the spillway tunnel was begun on September 3, 1908 and
completed in April 1909.

Construction of the upper outlet tunnel for the reservoir was begun on December
20, 1909 by Government forces. At the end of May, 1910, the driving of the tunnel had
been completed except for the excavation of a part of the bench in the lower end.

HIGH-PRESSURE GATES -- In the gate chamber near the discharge end of the outlet
tunnel of the Shoshone Reservoir are installed three cast-iron gates each 7% feet high by 4%
feet wide and controlling a waterway 7 feet high by 3 feet 8 inches wide. Proposals for
supplying and installing the gates and operating mechanism were opened on December 20,
1906, and a contract was executed on February 14, 1907. The contractor was required to erect
the gate frames and install the gates and operating mechanism, but the excavating required
and the placing of the necessary concrete was done by the United States. The manufacture of
the gates was begun by the contractor soon after the execution of the contract, and the delivery
at the project of the gates, gate frames and operating mechanism was made in May and June,
1908 and the installation was completed in August, 1908.

Upon completion of the dam work for the next few years was confined to some
minor improvements in the road in the immediate vicinity of the dam so as to make it safe for
public travel. A wooden stairway was erected down the north canyon wall to the balcony
across the downstream face of the dam and the steel ladder which gives
access to the operating chamber, where is located the machinery for operating the high-
pressure gates. Some additional survey work was required to complete the necessary
drawings covering the flowage lands within the limits of the reservoir.

During the fiscal year 1911 work was limited to necessary operation and maintenance
work in controlling the reservoir. A portion of the reservoir site was fenced. In the spring of
1912 it was decided to raise the water surface in the reservoir by closing the 42-inch pipes
through the base of the dam by means of stop planks placed at the upper end and after
accomplishing this to plug the upper outlet tunnel, if found necessary, with a large mass of
concrete. Some difficulty was experienced in lowering the water to an elevation where the
stop planks could be placed over the 42-inch pipes and this plan was abandoned and steps
taken to place the concrete plug in the upper outlet tunnel. While this work was in progress
the sliding gates in the lower outlet tunnel were left wide open. Upon completion of the
concrete plug some difficulty was experienced in closing the high-pressure gates, but this was
finally accomplished although the water stood at a depth of 127 feet above the valve seat.
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INSTALLATION OF VALVES ON 42-INCH OUTLET PIPES --In January, 1913,
work was started on the installation of twin 30-inch valves at the lower end of the 42- inch
pipes through the base of the dam. These pipes had heretofore been discharging free. The low
flow of the river was handled through the high-pressure sliding gates. The work involved the
excavation of about 100 yards of loose rock so as to lower the water below the elevation of
the pipes, the placing of four gates, each weighing 5,700 pounds with necessary reducers,
and the placing of 32 yards of concrete in the gatehouse around the twin valves. The lowering
of the reservoir in the fall of 1912 left a large area of land where the vegetation had been
destroyed. This area became very dry, and the heavy winds coming down through the
mountain passes picked up the fine sand which drifted to the farms immediately adjoining
the reservoir and filled the air with a great cloud of dust which was noticeable at distances of
many miles. The damage caused to the farms in the vicinity of the reservoir by this drifting
sand made it necessary to purchase the fee title of three of the farms and the payment of
$14,760.97 damage claims in eight additional cases. The total expenditure amounted to
$38,654.97. In addition to this trouble, there was also some damage in the vicinity of Kane,
Wyoming, which is located at the confluence of the Shoshone River with the Big Horn River.
At the time that surplus water in the reservoir was being drawn off severe cold weather
prevailed, causing a considerable quantity of ice to form and block the channel so that water
and ice overflowed the adjacent farms. In many instances the landowners were obliged to
vacate their houses because of the flooded condition of the farm. An adjustment of the claims
resulting from this overflow covered a total of 26 cases and a payment of $8,452.95.

Upon completion of the installation of the 30-inch valves they were left open so
as to pass a sufficient quantity of water for the irrigable lands under the Shoshone
Project, as well as private rights below, until the flood waters began to discharge over
the spillway of the reservoir. As soon as water began to overflow the spillway an attempt was
made to close the twin valves on the 42-inch pipes, which was successfully accomplished
with the right pair, but the left pair the valves were not entirely closed and the vibration
resulting from the water discharging through a small opening under a head of 220 feet
eventually brought about the failure of the connecting bolts, and the lower valve on the left
pipe was torn loose sometime in the spring of 1914. A few months later the second valve on
this same pipe was also torn from its fastening. No attempt has been made to close this pipe,
as it is necessary throughout the entire year to discharge some water from the reservoir and
this one pipe satisfactorily meets all requirements, except during the height of the irrigation
season.

INSTALLATION OF BLANCED VALVES -- During 1913 and 1914 the principal
control of the stored waters in Shoshone Reservoir was limited to the water held above the
elevation of the spillway by means of temporary wooden frames and stop planks.
Consideration was given to the installation of the additional controlling works which it was
not considered advisable to install during the construction of the dam. A report was
submitted under the date of April 26, 1914, by a Board of Engineers consisting of Messts.
O.H. Ensign, D.C. Henny, A.J. Wiley and H.N. Savage, fully discussing the controlling
conditions and recommending the installation of two positive-control Ensign balanced valves
in the lower outlet tunnel, with a removable steel bulkhead closing the
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lower end of this tunnel and provision made for the water to discharge through short openings
through the side of the canyon wall. The plans were approved and preliminary work started
the following August. The first work consisted in enlarging the river channel on the lower
side of the dam so as to lower the water in the lower outlet tunnel, which at the beginning of
the work was 5 1/2 feet deep. The operating chamber, which gave access to the controlling
works for the high-pressure sliding gates, was enlarged so as to permit the installation of the
valves and some very careful work was performed in replacing the concrete lining so as to
successfully eliminate the possibility of excessive hydrostatic pressure against the back of the
concrete lining, which might possible result in its destruction. This was accomplished by
placing two separate linings, the first of which was somewhat porous in character connecting
with tile drains through which water could be discharged into the tunnel below the bulkhead.
Before placing the second lining the first concrete was coated with a layer of concrete mortar
applied with a cement gun and followed with a waterproof material applied at a temperature
of 300°F. The second 9-inch layer was then placed, this being a rich mixture, carefully tied to
the first lining by means of reinforcing steel. This work was carried on throughout the winter
months of 1914 and 1915, and was completed in May of the latter year. A preliminary test of
the new controlling works developed a weakness in the removable steel bulkhead which was
repaired in August and the controlling works successfully tested in November, 1915. Further
tests were carried on in the spring of 1916, which successfully showed that the stored waters
of the Shoshone Reservoir are now under complete and full control, and a sufficient quantity
of water can at all times be discharged from the reservoir to supply all the lands which are
irrigable under the Corbett Division and also the lands which will be irrigated from the
Willwood Division, as well as prior rights which are located below the Shoshone Project.

SHOSHONE DAM CONTROLLING WORKS -- The preliminary tests of the 58-
inch balanced valves at Shoshone Dam developed a weakness in the removable steel
bulkhead, which is located 90 feet below the high-pressure sliding steel gates. Necessary
repairs were completed in August and September, and the gates partially tested in November.
Further tests were carried on in the spring of 1916, and the valves were found to work in a
very satisfactory manner. The completion of this work now gives control of Shoshone
Reservoir under all conditions, and it will be possible to release about 2,000 cubic feet of
water per second for the irrigation of lands within the limits of the Shoshone Project, as well
as prior rights on the Shoshone River, which are located in the vicinity of Byron, Cowley and
Lovell, Wyoming.

SIXTEENTH ANNUAL REPORT OF U.S.R.S., 1916-1917, Page 339

SHOSHONE DAM --The only work carried on at Shoshone Dam during the fiscal
year was the installation of a protected steel ladder, which will give access to the controlling
works at all seasons of the year. Heretofore the ladder leading from the balcony on the lower
face of the dam down to the operating chamber has been incased in ice from early in
November until the latter part of May and it has usually been necessary to operate the
controlling works by the last of April. The protected ladder consists of a riveted steel pipe 32
inches in diameter fastened to the face of the dam

77



and made water tight. Although the lower portions will be incased in ice during the winter
months, it will still be possible to go through the pipe to the operating chamber.

Plans have been prepared for the construction of suitable log buildings at Shoshone
Dam and at the end of the fiscal year contract had been awarded for cutting and hauling
suitable house logs from the Shoshone National Forest Reserve to the location of the
buildings. The deep snow in that portion of the mountains where good house logs could be
secured made it impossible to accomplish anything until after the first of July.

SEVENTEENTH REPORT OF U.S.R.S.,1917-1918, Page 367
SHOSHONE DAM -- Two Swiss Chalets have been constructed at Shoshone
Dam, to replace the old blacksmith shop and the engine house. These buildings
harmonize with the rugged, mountainous scenery, and have made a decided improvement
in the general appearance of the locality.

TWENTIETH ANNUAL REPORT OF U.S.R.S.,1920-1921, Page 382

POWER PLANT-- To provide electrical power for carrying on drainage work on the
Garland and Frannie Divisions and the construction of the Willwood and Heart Mountain
Divisions work was begun in November on the erection of a hydroelectric power plant at
Shoshone Dam. The present installation will consist of two 1,000 kilovolt - ampere units with
provision for the installation of an additional 3,000 kilovolt-ampere unit at a future date. The
power house is to be located in the Shoshone Canyon 540 feet downstream from the
Shoshone Dam. The penstock, 741 feet long, connects with the two 42-inch pipes through the
base of the dam. Two 48-inch mechanically operated balanced valves are located at this point
of connection with the penstock. The penstock is made up of three sections. The first section
consists of two lines of cast-steel and riveted-steel pipe, each 60 inches in diameter and about
139 feet long, connecting with an 8-foot 6-inch horseshow tunnel. The last 62 feet of the
above pipes are located in the tunnel section. The second section of the penstock consists of
444 feet of concrete- lined tunnel, provided with a vitrified pipe drainage system of four lines
of pipe located between the concrete and the rock, one at each corner of the tunnel section.
The third section of the penstock consists of 158 feet of cast-steel and riveted-steel pipe
connecting with the lower end of the tunnel. This pipe has a diameter of 96 inches from the
point of connection with the lined tunnel to the intake for the third unit in the power house.
From the third intake to the east wall of the power house the pipe reduces to a diameter of 48
inches, a reduction taking place below each intake for the other two units. The lower end of
the penstock at the east wall of the power house will connect to a 48-inch riveted-steel by-
pass pipe, 56 feet long. At the end of the by-pass pipe will be located a 36-inch balanced
needle valve. This needle valve will discharge into a tunnel 86 feet long, the lower end of
which, in order to prevent spray, will be below low-water surface in the river 765 feet below
the dam.
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Department of the Interior

Bureau of Land Management
Eagle Pass Pit Road

Wiley's Dream
Irrigation and a Bighorn Basin Empire

In 1894, Nebraska engineer Solon L. Wiley began a massive project that called
for 270 miles of irrigation system for some 245,000 acres in the Bighorn Basin. The
remnant of Wiley's Ditch in front of you continues into the Oregon Basin and is a
reminder of the most ambitious private irrigation project ever attempted in the region. In
1907, a national financial crash and engineering problems doomed the partially
completed project.

Dreaming of forming an empire in the arid Bighorn Basin of Wyoming using the
water from both the Greybull River the South Fork of the Shoshone River, Wiley began
his project after the passage of the Carey Land Act of 1894. At the height of
construction nearly 250 men from around the region worked for the Big Horn Basin
Development Company on the complicated system of ditches, tunnels and off-stream
reservoirs. Work camps along the ditch had telephone and telegraph service and electric
power. Crews used state-of-the-art electric drills and a 45-ton steam shovel to work on
the ditch.

Wiley developed two coal mine complexes in the area and logged timber on
Carter Mountain to support the development of the region. Meanwhile, his surveyors
began laying out a railroad line across the Basin to Yellowstone National Park that
would be used to service company developed towns. Of the four towns planned by
Wiley, only Germania, today known as Emblem, still exist.

(Emblem was founded in the 1896 when Solon L. Wiley's Big Horn Basin
Development Company brought irrigation to the Emblem Bench. The area now known as
Emblem was once called Germania Bench after a settlement of German Lutherans arrived
to farm the land. The name became a source of prejudice and fear during the First World
War and the surrounding communities demanded that it be changed. Specifically, the
community was told that the new name should be an "emblem of liberty." Accordingly,
the name was changed to Emblem and the area was often referred
to as "Liberty Bench.")

Wiley’s plans for the future called for a massive hydro-electric plant and a sugar
beet factory. He also planned to use the entire Oregon Basin depression as a reservoir for
the irrigation system and to power the hydro-electric generators.

In 1907, Wiley's backing collapsed and the Big Horn Basin Development
Company went under. Never again has such a grand irrigation project been tried by a
private company. Only one section of the ditch, now called the Bench Canal, is in use
today. It is located 25 miles east of here near Emblem Bench.
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The Carey Land Act of 1894

The Carey Land Act of 1894 (also known as the Desert Land Act) allowed
private companies in the U.S. to erect irrigation systems in the western semi-arid states, and
profit from the sales of water. It was a new approach for the disposal of public desert land, as
the federal government decided this task was too large for individual settlers. Through
advertising, these companies attracted farmers to the many states which successfully utilized
the act, notably Idaho and Wyoming.

Senator Joseph Maull Carey of Wyoming introduced the bill in 1892 but it was not
passed by Congress until 1894 when it was attached as a compromise measure to the 1894
Civil Appropriations Bill. The Act established the General Land Office, which was controlled
by the federal government. This land office assigned as many as one million acres (4,000

km?2 ) of land for each western state. Each state then had to regulate the new land, selecting
private contractors, selecting settlers, and the maximum price they could charge for water.

Potential settlers who met specific requirements were granted 160 acres (0.65 ka) each.
Projects were financed by the development companies, who eventually handed over control
to an operating company.

In most states, settlers had to pay an entry fee, plus a small amount for the land, and
meet several guidelines. In Iowa, for example, settlers had to cultivate and irrigate at least
one sixteenth of their parcel within one year from the date which water became available.
After another year, one eighth had to be cultivated, and by the third year — had the settler
lived in the land, and paid all necessary fees ~-they would receive the deed to that parcel.

In general, the act was not as successful as intended, because few western
states had the financial resources to make it effective. However, both Idaho and Wyoming
achieved some successes. In 1908 Idaho received an additional two million acres (8,000

kmz) and Wyoming received an additional one million acres (4,000 kmz) of land to
develop under the Carey Act. Today, approximately 60% of the Carey Act lands irrigated in
the United States are in Idaho. Examples of successful Carey Act projects include Boise,
Minidoka and Twin Falls. Wyoming was home to some of the first projects under the Carey
Act, including the Cody Canal financed by a group of investors led by William Frederick
"Buffalo Bill" Cody and supported by then state engineer Elwood Mead. Many of
Wyoming's irrigation projects also began following World War II. Wyoming senator Francis
Emroy Warren was also responsible for bringing the Carey Act to effect.
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The National Irrigation Congress

The National Irrigation Congress was held periodically in the Western United
States beginning in 1891 and ending in 1916, by which time the organization had changed

its name to INternational Irrigation Congress. It was a "powerful pressure group."

Nineteenth Century

1891- The first congress was organized in Salt Lake City, Utah, by William
Ellsworth Smythe, the editor of the publication Irrigation Age, Elwood Mead, a Wyoming
irrigation engineer, and Senator Francis Emroy Warren of Idaho. As a result, irrigation
became a substantial national issue. The congress passed a resolution urging that public lands
controlled by the federal government be turned over to the states and territories "needful of
irrigation." Between 450 and 600 delegates attended.

1893 - The panic of 1893 undermined financial backing for the congress;
nevertheless, the second conference opened in August 1893 in the Grand Opera House in Los
Angeles, California, with an address by John Powell Irish of San Francisco and the presence
of a number of foreign representatives who had responded to an appeal
by the State Department to attend the meeting. They came from France, Russia, Mexico,
Ecuador and New South Wales. The body also appointed commissioners in every state
and territory to survey arid lands and submit the results to the U.S. Congress.

Dr. C.W. Allingham of Los Angeles introduced his "heliomotor," a sun-powered
engine that he said could be used to pump irrigation water. The Los Angeles Times
reported:

He said it might be stated that the idea was a cranky one, but it must be
remembered that it was the cranks that made things move.

1894 -The congress in Omaha, Nebraska, was highlighted by adoption of a plan to
settle 250 families in a planned community called New Plymouth in Idaho. "Farmers were .
.. restricted to living no more than two miles away from their crops, and the sale
of alcohol was banned . . . to keep the farmers sober and well-mannered at all times." John
Wesley Powell, director of the United States Geological Survey, "talked of the storm-water
storage plan. He thought that this was still an experiment. In Utah and California, where it
had been tried, it had been successful."

1895- A congress held in Albuquerque, New Mexico, in 1895 adopted a
resolution that stated in part:

We declare that it should be the policy of [the United States] Congress to frame laws
which will enable the people to obtain possession of the arid public lands upon terms which
bear a fair relation to the cost of reclamation, and that this cost should be regulated by public
authority. . .. We earnestly ask for the creation of a National Irrigation Commission .. . to
be composed of men familiar with the condition of the arid
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region and including a representative of skilled engineers. We would have this
commission empowered to use the facilities of the Department of the Interior or
Agriculture and of War.

1896 - At the fifth congress in Phoenix, Arizona, A.G. Wolfenbarger of Nebraska
described the West as "a country destined to become at some future time the very
Garden of the Gods, the home of intelligence, learning, riches, philanthropy, everything
that can measure the power and greatness of a great nation...millions of people are waiting
to be led out into these great plains waiting to welcome them to a home that will make them
absolutely independent."

1897-The congress of 1897 in Lincoln, Nebraska, which attracted
representatives from thirteen states, was opened with an address by E.R. Moses,
chairman of the national executive committee, who said:

We irrigationists are satisfied that [the U.S.] Congress will have to adopt our plan of
preventing the overflow of large streams by the storage of waters near the [river] heads in
such a manner as to feed the stream at times of low water, and at other times to be used in
irrigation, navigation, and manufacturing industries ... and large tracts of arid land can be
reclaimed by these waters and opened for settlement.

Defeated Democratic candidate for the U.S. Presidency William Jennings Bryan
told the delegates he was opposed "to turning over large bodies of land to corporations
controlling water rights, unless safeguards were thrown around the transaction to protect
small holders of irrigable land."

1898 -The 1898 congress in Cheyenne, Wyoming, called for the federal
government to allocate "no less than $100,000 for hydrographic surveys for the
measurement of streams and the survey of reservoir sites" and urged the formation of a
forestry bureau. But a Colorado legislator reportedly likened the America West "to a
graveyard, littered with defunct irrigation corporations."

1899 - A battle developed at the 1899 Wichita, Kansas, meeting of another
Western body-the Trans-Mississippi Congress — over the stand by the National
Irrigation Congress favoring federal "storage reservoirs" and the "leasing of the public
grazing lands by the states without cession and those who advocated the public lands
to the States and Territories." After much debate, the Trans-Mississippi group endorsed
the policy of the Irrigation Congress.

1900-The 1900 meeting of the Irrigation Congress in Chicago, Illinois, featured a
paper read by Captain Hiram Martin Chittenden of the Army Corps of Engineers contending
that the best way to get the U.S. Congress to act on irrigation was to "divorce the storage
reservoir problem from that of irrigation in general, that the former is properly within the
field of the General Government, and is in a fair way to secure favorable action by Congress,
provided that it is well understood that no attempt will be made to involve the Government
in irrigation work."

Twentieth Century

1903- The eleventh congress was held in Ogden, Utah, in September 1903, with
Senator William Andrews Clark, Sr. of Montana as chairman. The agenda included
"Practical irrigation and forestry lessons; reports of experts; application of provisions of
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the Reclamation act; State progress under the National act; views on settlement of legal
complications, and the theme of colonization."

Commander Frederick St. George de Lautour Booth-Tucker of the Salvation Army
made the principal address, arguing on behalf of the a plan to "colonize the irrigated lands
of the West with poor people from the cities." He said some 3,000 acres of land had been
settled in such a way in Colorado, California and Ohio.

1905 - The 1905 meeting of the congress, held in Portland, Oregon, in conjunction
with the Lewis and Clark Centennial Exposition, attracted 1,200 delegates. A plan to hold
"sectional meetings" was deemed a failure because most of the delegates preferred to attend
the fair instead, a New York Times reporter said.

1906 - The congress took a stand against any "legislative concessions in favor of
Philippine sugar," a nation recently conquered by the United States, so that sugar-beet
production "may be fully developed in the arid regions of America." The delegates also
rescinded a resolution that the 11th conference had adopted in 1903 endorsing Zea maize
as the "national floral emblem."

1907 - The congress was opened in Sacramento, California in September, held
in conjunction with a colorful Interstate Exposition of Irrigated Land and Forest Products. The
"four great objects of the congress" were "To save the forests, store the floods, reclaim the
deserts, and make homes on the land." Agronomist Luther Burbank, the "Wizard of the Plant
Industry," told the delegates he had developed a "thornless cactus" that would "become the
great fodder of arid regions."

1908 - For the 12-day conference in Albuquerque, New Mexico, beginning
September 29, the federal government appropriated $50,000 to underwrite an exposition
exhibiting the products of agriculture. Territorial Governor George Curry moved his office
from the state capital at Santa Fe so he could be on hand to greet the 4,000 people who
eventually arrived. New Mexicans used the event to drum up support for statehood, which
was granted four years later, in 1912. A reporter reviewing the event said that:

The tonic like effect of the entire affair buoyed spirits of Albuquerque's many
boosters and reinforced in them the conviction that their city, in the century stretching
ahead, was marked for bright and wondrous things.

1909 - Gifford Pinchot, who had been appointed by President William
McKinley to head the government's Division of Forestry in 1898, and who had run the U.S.
Forest Service since it had taken over management of forest reserves from the General Land
Office in 1905, became convinced that U.S. Secretary of the Interior Richard Achilles
Ballinger intended to "stop the conservation movement". In August, speaking at the annual
meeting of the National Irrigation Congress in Spokane, Washington, he accused Ballinger
of siding with private trusts in his handling of water power issues.

In his opening speech at the congress, chairman George Eames Barstow urged the
government to find work for (overseas) immigrants "out West," to provide them with
transportation and to lend them money to establish homes.

1910 - The 1910 conference in Pueblo, Colorado, was highlighted by a dispute over
whether water policy should be in the hands of the federal government or, as
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sought by congress chairman Frank C. Goudy of Denver, "larger private and State holdings
in irrigation projects." The congress endorsed federal control of interstate water "by a
substantial majority."

1911 - At the Chicago, Illinois meeting, a move was afoot to change the name of the
organization to National Reclamation Congress and "make the reclaiming of the
swamp and lowlands of the South the primary object and the irrigation of the Southwest and
the West a secondary matter." The attempt was not carried out. At one session, Gifford
Pinchot, "President Theodore Roosevelt's right-hand man and former chief of the government
forestry service" was verbally attacked "and his widely heralded policy of conservation was
declared to be 'fantastic."" The congress split into two factions over the matter.

1912 - The session in Salt Lake City had on the agenda such items as "Irrigation of the
Great West," "Storing of the Floods" and "Heeding the Call of the Landless Man
for the Manless Land." The congress saw a change in name to International
Irrigation Congress and ended with a resolution favoring control of water resources by the
federal government, and not by the states. Henry "Harry" Solon Graves, United States forester,
who gave the principal address, favored the latter proposal.

1914 - The regular meeting of the Irrigation Congress was scheduled for
Calgary, Alberta, Canada, October 5 through 9. (In April a Trans-Missouri Irrigation Conference,
not affiliated with the ongoing organization, had been held in Denver, Colorado, at the call of
Secretary of the Interior Franklin Knight Lane, who had "issued a broad invitation to all persons
interested in irrigation," with the meetings "open to all.")

1915 - The congress was held at four locations in Northern California September
12 through 20: Stockton, Fresno, Sacramento and San Francisco.

1916 - The twenty-third and last irrigation congress, in El Paso, Texas, was
highlighted by the dedication of the new Elephant Butte Dam in Elephant Butte, New
Mexico, on October 15. One evening featured a debate on whether irrigation should be a
governmental or private enterprise, with Will Rufus King, chief counsel for the U.S.
Reclamation Service, arguing for the former and Judge Carroll R. Graves of Seattle,
Washington, saying that "private exploitation would give better results."
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Shoshone River Dam and Reservoir
Abstract of Information from Shoshone Project Histories

1911 PROJECT HISTORY, VOLUME 1 of 2, Page 108

In March the engineering force relocated portions of the Between Forks Highway and
worked up the field notes. At the beginning of the month the weather became mild and the
force put stop planks in front of the forty-two inch pipes and raised the water enough to flush
out the mud in the Lower Outlet Tunnel. After the mud was sluiced out of the tunnel, all the
bolts on the gates were inspected and tightened and the gates closed. This work consumed
most of the time up to March 10th. The force then widened out the wooden bridges on the
"Shoshone Reservoir Highway," burned some trash on
the reservoir and finished repairs on the boats.

1913 PROJECT HISTORY, VOLUME 1 of 2, Page 105

WORK AT THE SHOSHONE DAM DURING 1913

On January 21st camp was established at the Shoshone Dam for the purpose of
putting stop planks in the upper end of the 42-inch pipes, repairing the high pressure gates in
the lower outlet tunnel, and then placing the 30-inch valves and controlling works on the
lower end of the 42-inch pipes.

On January 23d an inspection of the lower outlet tunnel showed the mud to be
about six feet deep above the gates so that it was impossible to inspect the gates and as the
water in the river was too low to flush the mud out of the tunnel the repair work had to be
abandoned.

The placing of the stop gates was commenced immediately. These gates were
built up of 10-inch "I" beams with wood fillers. The gates were let down over the back of the
dam on cables and suspended in place in the grooves, both ropes were cut at the same time,
so as to allow both gates to drop as far as possible before the head increased. The gates only
closed one-half of the pipes under their own momentum. This necessitated the bolting of 12 x
12 timbers down to the concrete and over the grooves and forcing the stop gates the remaining
distance with 15 ton jacks. A force of five men completed this work on February 2d. On
February 1st the hoisting engine arrived at Cody and this was hauled to the dam and put in
position to lower the valves and concrete, etc. to the lower end of the 42-inch pipes.

It was decided that the best policy was to build a sandbag dam across the
canyon on the bar nearly opposite the end of the lower outlet tunnel, and then pump out the
pool next to the dam with centrifugal pumps.

When the sandbag dam was completed, it was found that the pile of rock in the river
bed just below the outlet tunnel was a big obstruction to the lowering of the water, so about
200 cubic yards of rock were removed and this lowered the water to within about one foot
of the bottom of the pipes, when the entire river was shut off.

Two two-inch centrifugal pumps connected to an 8-horsepower gas engine were
placed on a raft to do the pumping, but were found to be unequal to the task set. A five-

85



inch pump was then connected to the 8-horsepower engine and this immediately
unwatered the foundation under the ends of the 42-inch pipe.

On February 24th, the 1 inch cableway was in place, and on March 5th the
cableway was ready for use. On March 8th the reducers from 42-inch to 30-inch were
bolted in place and on March 13th the last of the steel work was in place.

Drawing Y-3341, S-4740 shows the arrangement and details of the gatehouse.

As soon as the steel was in place the form work for the gatehouse was commenced and on
March 18th concreting was commenced. This work was slow on account of cold weather,
which made it necessary to take every precaution to keep the concrete from freezing. The cold
weather made it difficult to keep the pipe lines open so that sufficient water could be supplied
to the hoisting engine and to the concrete mixing. The concrete was mixed on top of the dam
and placed with the cableway, using a 1/3 yard bucket. On March 31st the concreting p to the
operating floor was completed and the concreting

had to be suspended because the steel work for the operating floor had not arrived.

The stop gates in the upper end of the 42-inch pipes had to be removed and as there
was a head of about 50 feet on these gates, it was deemed advisable to equalize the pressure
before attempting to pull the gates. This was accomplished by closing the
30-inch valves and piping from the Goulds triplex pump to the hood of the back valve
and then forcing in water until the gate on the pump equaled the pressure on the
upstream side of the gates. The gates were then pulled without any trouble.

During the entire period considerable work had to be done at the screen at the side
inlet to the lower outlet tunnel to keep the draft cleared away so the head of water above the
dam could be kept down to a minimum. As soon as the stop gates were out, the screens
were put in place to keep the water-logged drift from going through and lodging in the
valves.

On April 10th, the excavation for an anchorage for the cableway above the inlet
to the upper outlet tunnel was commenced. The purpose of moving the cableway over
to a position over the inlet to the tunnel was in order to make a detail topographic survey of
the inlet to the tunnel, in order that a controlling tower could be designed for the control of
this tunnel. This topography was taken by intersections with two transits, and the points were
spotted from the cableway cage. This field work was completed on April
19th.

As the reservoir was beginning to fill it was necessary to have a place to protect the
motor boat and between April 17th and 22d, a floating boat house 22 x 10 feet was built.

On April 22d, the concrete plug in the upper tunnel, a part of which was shot out
in December, 1912, was replaced.

On April 26th, the cableway was moved back to its position over the 30-inch
valves and gatehouse was finished on May 23d.

On June 3rd, work was begun on repairing the air plant to drill holes on the
spillway crest for the purpose of placing a temporary wooden crest two feet high on this
crest. The purpose of this temporary structure was to hold two feet extra storage to be used
in case of need after the lower outlets to the reservoir were closed. The plans for this
temporary crest are shown on drawing V-3373.03.
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On June 19th, the temporary crest was completed and on the morning of June
20th the water was two inches deep on the stop planks. There was an unusually large amount
of drift on the reservoir, and this was fed through the weir as fast as possible, but the water
rose so rapidly that it could not all be cleared out before the water got so high that it was
dangerous to work on the weir. On June 22d, the water was running just under the foot plank
and there was only 1% feet of stop plank in place. A good deal of the drift was long heavy
logs and trees, and before the water subsided the drift carried away nearly all of the foot
plank and broke off six of the uprights.

The last ten days of June and up to the 15th of July, the steel ladder from the balcony
down to the new gatehouse was installed and the drift on the weir was removed as much as
possible.

On July 16th, camp was established on the South Fork for the purpose of
completing the reservoir fence. There was about two miles of this fence to be completed,
and this was built and completed on July 31st. Camp was then moved to Sheep Coulee
about six miles up the North Fork, where about four miles of fence remained to be built
and this was completed on August 21, 1913.

The crew was then moved back to the dam and the temporary weir was repaired, the
weir being completed on August 25th.

On August 27th an attempt was made to close the 30-inch valves, but just before the
rear valve seated the gear stand broke and the work had to be abandoned. As the water in the
gatehouse was still so high that the gear stands could not be reached, a 4- inch centrifugal
pump was installed and the water lowered below the gear stands. The broken stands were then
removed, but the new stands had not arrived and the work had to be left for a time. A house
was built over the hoisting engine and boiler and the machinery was overhauled and oiled
preparatory to leaving it for the season. This was completed and camp was broken up on
September 19th.

On October 7th, the new gear stands were put in place and an attempt was made to
close the south 42-inch pipe, but as there was a leakage back of the valves, the gate
chamber flooded and drove the workmen out. See special report on the work dated October
10, 1913.

On November 27th the wall under the barn slipped into the reservoir, caused by the
wave action undermining the wall. This wall was replaced and several places which were in
danger of undermining were riprapped, involving the placing of 1,000 yards of rock.

On December 16th, camp was re-established at the dam for the purpose of removing
the screen in the south 42-inch pipe, placing a wooden ball in the upper end of the pipe and
then repairing the 30-inch valves.

The raising of the screen necessitated the moving of the cableway to a point over
the screen and then hooking the screen with a grapple hood. At the close of the year this
attempt had been unsuccessful.

Throughout the year a watchman was stationed at the dam headquarters and
collected daily samples of water from the Shoshone River. The elevation of the water
surface in the reservoir has been taken daily and frequent inspections made of the
reservoir site for trespassing stock.
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1920 PROJECT HISTORY, VOLUME 1 of 1, Page 100

POWER SYSTEM

Work was begun on the construction of the power plant at the Shoshone Dam on
November 10th, 1920 with Mr. R.V. Sass in charge as Superintendent of Construction.

It is planned to connect onto the two 42-inch pipes through the base of the dam with
60-inch steel pipes, turning the same to the left and entering the canyon wall in a tunnel.
The steel pipes will be carried about 50 feet into the tunnel and there will be bulkheaded
and the water carried through a concrete-lined pressure tunnel for about 500 feet to a point
about 50 feet from the outlet and where an 8-foot steel penstock will take out and carry the
water to the power plant.

The plant will be located on the north side of the river about 600 feet below the
dam. The present installation will be two 1,100 H.P. turbines connected to two 1,000
K.V.A. generators. It is planned later to install a third unit of 3,200 H.P.

It is planned to construct lines at 33,000 volts down through the project to Denver
supplying the various town and furnishing power for construction of the Willwood
Project.

PERMANENT CAMP

Three frame bunk houses were built to accommodate twenty men each, a mess house
of sufficient size to accommodate 80 men was constructed and a bunk house left from
previous construction work was remodeled. All buildings erected were well built permanent
structures as it was thought that construction work will be handled from this point for a
number of years to come.

PLANT AND PRELIMINARY WORKS

The equipment for the construction plant was obtained mostly by transfer from other
projects. This was obtained in a short time but owing to the necessity for making repairs
and obtaining new parts, a great amount of work was involved in putting it in shape for
operation. It was necessary to build a number of rock fills to provide foundation for the
various parts of the construction plant. At the end of the year the following work had been
accomplished.

a. Practically all equipment for construction plant received.

b. Rock fill completed to provide site for central steam plant and air compressor. c.

c. Two 40 H.P. horizontal boilers overhauled and set up, repairs received and

installed air compressors set up and air lines installed. House for steam and
compressor plant completed, oil and water lines installed.

d. Rock fill completed to permit widening of road at point of unloading materials

and equipment to be handled by cableway.

e. Stiff leg derrick erected for picking up materials and equipment from road and

placing same under cableway.

f. Cableway anchorage at head tower completed.

g. Stairway down into canyon at power house site completed.
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h. 700 feet of stone wall along road completed. This wall was required to prevent rock
rolling down into canyon where men are working.
i. Power drill steel sharpener received and set up.
J. Cableway across canyon at dam moved to location over screens and entrance to
42-inch pipes through dam.
k. 10,000 gallon tank for storing fuel oil shipped to Cody and set up.
It is planned to burn fuel oil in the construction plant instead of coal; a 3,000-
gallon storage tank has been ordered for use at the dam and 400-gallon wagon tanks for
transporting the oil.

CLOSING 42-INCH PIPES

After moving the upper cableway to a location over the trash racks at the inlet to the
42-inch pipes through the dam, an attempt was made to pull the screen from in front of the
south pipe. The screen was hooked in a short time and numerous attempts were made to
move the screen without results. A nine-part line was then attached to the cable way carriage
and several days were spent in trying to remove the screen but no movement could be
detected. In the final pull the two-inch U-bolt in the cableway anchorage was broken.

After making the attempts to pull the screen as above described, we decided to
build a barge 16x20x6 feet to stand a 50-ton pull by means of jacks and the barge is now
being constructed.

Both balanced valves were opened and allowed to discharge until the reservoir was
at elevation 5,330 which was a low as it was desired to lower the water at present. It was not
considered advisable to lower the water at present on account of the danger from silt
deposits on the Irma Flat. It may be necessary to further reduce the storage in case it is not
possible to remove the screen and plug the pipes.

In case the screens can be moved from in front of the pipes, it is planned to lower
wooden balls filled with concrete to the inlet of the 42-inch pipes. These balls are 66- inches
in diameter and are designed to fit into the pipes and stop off any flow through the same. At
present the south pipe is discharging free, both 30-inch valves originally at the outlet end
having been turned off by the water several years ago. On the north pipe one valve still
remains, but is partially open. It is hoped that the screens can be removed and the pipes
closed by means of the wooden balls so that it will not be necessary to empty the reservoir.

GENERAL

Work will be started on the excavation from the powerhouse as soon as the
stairway is completed down into the canyon and as soon as the steam plant can be
started for operating the compressor. We have two jackhammers for use in drilling.

The location of the powerhouse has not been determined definitely and cannot
be until more information is available as to the rock formation. Designs for the
installation are being prepared by the Denver Office.

Mr. HF. McPhail, Assistant Engineer, transferred from the North Platte Project,
has been assigned to the power plant work and is now engaged in surveys in
connection with the same.
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1921 PROJECT HISTORY, VOLUME 1 of 1, Pages 119 & 151

CLOSING 42-INCH BLOW-OFF PIPES

One of the most important jobs preliminary to construction work was the closing
of the two 42-inch blow-off pipes so that it might be possible to make the penstock
connections to them for carrying the water into the power tunnel. The south pipe, at the
time of beginning the work was discharging free with no method of control both valves
at the outlet end having been torn off by the water several years previous. The north pipe
was closed at its lower end by one 30-inch gate valve, the other valve having also been

torn off.
It was proposed to close the inlet of each of these pipes with a wooden ball filled

with concrete but in order that the balls might gain entrance to the bell-shaped inlets of
the pipes it was necessary first to remove the structural steel trash racks set in vertical
guides in the inlet structure. The removal of these trash racks proved to be one of the
difficult parts of the work. It is understood that at the time of the installation of the trash
racks it had been necessary to force them into place because of the tight fit in the guides
made to hold them. This fact coupled with the pressure caused by the rush of water
through the racks made their pulling a difficult matter. The racks were located
approximately 220 feet below the water surface, at the start of the work, and about 40
feet out from the face of the parapet of the dam.

A cableway was suspended across the canyon so that it hung a little upstream
from these racks. From this cableway hooks were lowered, and the suction of the water
discharging through the open pipe pulled them into the rack. To get them into the rack in
front of the closed pipe, the cable was pulled in toward the dam by hand when the hooks
had reached the proper depth. At first, hooks were made of 1X-inch iron but this proved
too weak, the hooks either bending or shearing off. Larger and still larger hooks were made
until the last were composed of 3-inch steel shafting. Even with this hook it was
sometime before any success was attained. It was estimated at one time that at least a 35-
ton pull had been put on the hook by a nine-line tackle fastened to the cableway.

After pulling on the rack in front of the south pipe for a considerable length of
time with no results a barge was constructed, capable of withstanding a pull of 50-tons
with jacks. A pipe was placed up through the center and the cable brought through the
pipe. The barge was built with the idea of pulling on the racks with jacks and also with a

second line pulling from the cableway.
During the time the barge was being constructed, the hook was lowered in front

of the north pipe and effort made to remove the rack from in front of this pipe. After
many attempts the north rack was finally started and raised approximately ten feet.
Having raised this rack, further attempts were made to raise the one in front of
the south pipe, using both the cableway and the barge, but hooks and cable were
repeatedly broken without raising the rack. On January 30th, 1921, however, after a
hook had been brokenas a result of pulling with the jacks on the barge, the hook was
lowered from the cableway using the nine-part line and the rack raised to a height
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sufficient to allow the wooden ball to enter the inlet. In previous efforts, it appears that we
had not been able to hook the rack at the correct place to permit raising. The head on the
pipe at this time was 198 feet.

On February 3rd, a wooden ball covered with canvas was lowered on the
cableway to a point in front of the south pipe. Here the suction grasped it and it was drawn
into the mouth of the pipe with great force. Men standing on top of the dam felt three heavy,
distinct jars as the ball went into the pipe. The flow of water through the pipe was stopped
immediately and so tightly that no flow whatever could be observed in the still water just over
the lower end of the pipe.

A second ball was lowered in front of the north pipe but the leakage through the gate
valve evidently was not sufficient to pull the ball into the pipe. A charge of dynamite was
then placed against the gate valve at the outlet end of the pipe and the valve blown off. The
pipe then discharged practically the same amount of water that had been discharging through
the south pipe previous to its closure. The ball was then lowered and the suction created by
the discharge pulled the wooden ball in, but the flow through the pipe was not stopped. It was
evident that the rack or some other obstruction was holding the ball away. A pull was made
with the cable to try and affect a closure but instead of cutting off the flow it was increased to
the original amount. Another pull was made on the ball with the result that the line from the
cableway came up, leaving the ball in front of the pipes in the bottom of the reservoir. One of
the cables fastened to the ball was torn in two, the other looped as fastened to the ball.
Investigations with hooks from the cableway indicated that the rack was again down in front
of the opening. It appears that the ball must have come in contact with the rack and caused it
to slide down in place. It is believed that the ball resting against the rack probably reduced the
flow as observed and the first pull on the ball slid it up on the screen, increasing the flow.
The cable was probably cut when the ball hit the rack or in sliding up on the rack. The rods to
which the cable was fastened projected a short distance from the ball and it seems very
probably that these rods cam ein contact with the rack and were broken off and allowed the
other cable fastened to the ball to become loose with the second pull.

In hopes that the ball might have rolled away from the pipe and that there would
still be an opening large enough for another ball to enter, a few wooden boxes were lowered
to the pipe in an effort to ascertain the size of the opening by watching to see if the boxes
came out of the lower end of the pipe. Nothing definite was learned from this, however, and
a hook was lowered to determine the location of the trash rack. The indications were that the
rack had fallen back to within about a foot of the bottom and that the ball was in front and
pressing against it.

A net was then made sith cables and iron rod spreaders and lowered in an attempt to
regain the lost ball. After a couple of days trying it became caught but when a strain was put
on it its supporting cables pulled loose. The net was regained with a hook, pulled loose and
brought to the surface. It plainly showed from the shape it had assumed and from particles of
wood and cloth clinging to it that it had been in contact with the ball.

The net was repaired, strengthened and again lowered. After several days fishing, it
became caught and could not be moved. Several charges of dynamite were

91



then exploded near the trash rack and finally on March 16th the net loosened. When
pulled to the surface the lost ball was found entangled in it.

Hooks were again used, now in an effort to reraise the trash rack, and on March
23rd, a trash rack was pulled completely to the surface and landed on the cliff.

A ball of different design, Project drawing 13-V-3277.03, was constructed. The ball
had no projecting rods but instead a "U" bolt was used, the top of which was practically flush
with the ball. This ball after being filled with concrete and covered with canvas was lowered
in front of the north pipe. It would, however, not go into place, and was raised to the surface.
Hooks were lowered to try to determine what obstruction was holding the ball. Something
was hooked but we were able to pull it only a short distance until the hooks would break or
slip off. On April 2nd, 1921, after having caught the obstruction and raised it a short distance
the flow through the pipe was noticed to have increased. It was assumed that the obstruction
had been removed and a box filled with rock, as large as could pass through the pipe, was
lowered. It passed through the pipe and it was therefore assumed that everything was clear.
On April 3rd, 1921, the ball was lowered again; the current pulled it into the pipe inlet and
effected the closure.

When we were finally able to get into the blow-off pipes from below so that they
could be examined from the inside, it was found that there was a small leak, about a second
foot, around each ball. Calking from the inside was tried and fair success attained with the
north ball, but the pressure was such on the south ball that it could not be calked. The
remaining leakage is so small that it is not believed that it will cause us any trouble in
completing the work at this point.

COFFERDAM

From the start one of the hardest problems to contend with has been the construction
of a cofferdam between the west portal of the tunnel and the dam. The water averaged about
twenty-four feet deep at this place and the discharge of the balanced valves kept the water
rough and in rapid motion over practically all the area in question.

As much as was practical of the power tunnel was driven from the west end so
that the muck obtained from the excavation could be used as material for the cofferdam. The
material taken out in trimming and cleaning the entire length of the tunnel was also dumped
here. In addition to this material was also hauled from some time from the by - pass
excavation until the cofferdam fill had reached from the west portal of the tunnel to the south
abutment of the dam.

As an additional help in fighting the water an attempt was made to lower the
water elevation at the cofferdam by lowering the river channel below at the head of a
rapids in which the water dropped about 10 feet. This work was found to be very slow
as only a few ours could be utilized at a time, due to the fact that water had to be turned out
for the Cody Power Company as they could not be without water more than a short time in
the middle of the day about once a week. Large quantities of rock had to be removed to
effect any appreciable lowering of the water surface. This method was abandoned after
having given it a thorough trial.

Before the cofferdam fill was very far advanced it was decided to put wooden
bulkheads around the three open sides of the valve house in hopes that a good deal of
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the work to be done there might be accomplished before the main cofferdam was completed,
the sides of the gatehouse having been torn away from the concrete bracket at the time the
valves were torn off. The bulkheads were placed and an eight-inch centrifugal pump and
steam engine installed on the valve house. When an attempt was made to pump out the valve
house however, it was found that the bulkheads would not fit up close enough to the concrete
bracket which had supported the gatehouse and the leakage was more than could be handled.
Later a second wooden bulkhead was placed inside of the one first set, and the space between
the two filled with fine dirt. This proved to be effective and it was then possible to pump out
to the invert of the 42-inch blow off pipes. After pumping out it was found that there was a
leakage of a little more than one second foot through the south pipe and a little less than on
second foot in the north pipe.

When the main fill for the cofferdam was completed a pumping plant was installed at the
south end next to the dam. This plant consists of one 10-inch and one 6- inch steam engine
driven centrifugal pump, together with three boilers fired with oil, for supplying the engines
with steam.

With this installation an attempt to pump out behind the cofferdam was first made

on October 15th. The pumps failed to make any impression whatever on the water level and
an effort was then made to tighten up the fill by placing hay and manure on the outside. No
satisfactory results were obtained from this work, as we were apparently not able to get the
material into the proper place. Further difficulty was experienced due to the action of the
discharge from the 58-inch balanced valve on the south side of the canyon. This discharge
created so much agitation in the water that the material could

not be kept in place.

After the failure of the above methods it was decided to attempt to tighten the
cofferdam by the use of grout. A small pile driver was set on the cofferdam and used to drive
four-inch pipe to a depth of about twenty feet. Grout, under air pressure, was then forced into
the pipes and out through holes near the bottom. Grouting was carried on in practically all
holes to refusal. Grouting work was continued for about a month, at which time it was
believed that sufficient grout had been placed to warrant making a test as to results. However,
on December 2d when pumping was again tried, we were able to only lower the water about
an inch behind the cofferdam.

It was thought from the results so far obtained that most of the leakage was up
close to the cliff near the tunnel portal and that we were unable to fill up the opening with
group on account of the action of the water. We then decided to try covering the outside of
the cofferdam with a heavy blanket of clay in an effort to fill up the openings. A considerable
amount was hauled and sent down in sacks on the cableway. This method proved rather
slow and a wooden chute was constructed leading from the road down the face of the cliff to
a point about 50 feet directly over the cofferdam. The material was then shoveled directly
into this chute from trucks.

When enough of this material had been gathered on the cofferdam to make what
was judged to be a blanket of sufficient thickness to stop the leakage, the balanced valves
were closed, thus giving a quiet pool below the cofferdam, and this material was placed on
the face of the cofferdam. After this was placed it was possible to pump out to the depth of
the sump pits behind the cofferdam. However, after the balanced valve was
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opened, leakage began to increase and within a few days the leakage was again
beyond the control of the pumps.

It is evident that in some way we must get rid of this water action caused by the
discharge of the balanced valve before any success can be attained by the above method.
We believe that with quiet water this method will be entirely successful. Plans are under
way for discharging the flow through the spillway tunnel, thus permitting the closure of the
balanced valve.

1922 PROJECT HISTORY, VOLUME 1 of 1, Page 102

EMERGENCY VALVES AND VALVE HOUSE

COFFERDAM: The cofferdam around the valve house at the foot of the dam was
the chief cause for worry at the start of the year 1922. It was conceded that all methods tried
for making the cofferdam watertight had proven unsuccessful, due largely to the violent water
action set up by the discharge from the 58-inch balanced valves.

It was decided that if the discharge of these valves could be done away with that
a dirt blanket on the face of the cofferdam would undoubtedly solve the problem.

The water surface in the reservoir at this time had dropped to about elevation
5,351 and it was estimated that by making a cut through the crest of the spillway about
10 feet wide and 15 feet deep the required amount of water for the river could be discharged
This would allow the closing of the balanced valves and the water would be discharged
through the spillway tunnel and into the river far below the cofferdam.

This scheme was adopted and the work of making the cut began January 5th,

1922 and rushed by night and day shifts. The final round that completed the cut was shot
on January 9th, water started through the spillway tunnel and the balanced valve closed. As
a result the water surface lowered about a foot on the lower side of the cofferdam and the
wave action was entirely eliminated.

The placing of a dirt blanket on the downstream side of the cofferdam was at once
started and within four days the cofferdam was so tightened that it was possible to
pump out behind it sufficiently for all work contemplated.

It was interesting to note that the grouting operations carried out on the cofferdam
had so tightened it, at all but a few openings near the cliff, that over most of the inside
surface there was hardly enough leakage to show moisture. After the few large openings
had been stopped up practically all the pumping required was to take care of the leakage
past the wooden balls in the two 42-inch pipes.

REMOVING 42-INCH PIPE FROM THE DAM: On January 13th the first
round was shot in removing the concrete from around the two lower lengths of the 42- inch
blow-off pipes. These pipes were removed and the flanged connections on the second sections
of 42-inch pipe were found to be in excellent condition. The flanges on the new taper semi-
steel pipes were drilled to fit the bolt circle on the pipes in the dam and were then installed
and concreted in place, the work being finished by February 6th, 1922, A key way was cut in
the old concrete and a large number of dowel pins set in order to effect a good bond between
the new concrete and the dam. Also a grout pipe was placed leading to the top of the opening
and after the concrete had set up grout was forced in under pressure.
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VALVES: Both 48-inch emergency valves were then lowered to the foot of the dam
and installed without difficulty. On February 14th and 15th the valves were closed and
pressure allowed to buildup from the leakage around the wooden balls. These valves were
manufactured by the Wellman-Seaver-Morgan Company of Cleveland, Ohio. They are
mechanically operated balanced valve and are provided with an electrically operated Dean
Control which will permit their being operated from the Power House. The cable controlling
their operation passes through a conduit placed in the lining of the Power Tunnel.

The north emergency valve, which had been closed on the 14th, within 24-hours
showed a small, hairline crack in its body on the left side, near the upstream flange, with a
small stream about the size of a pin spurting out. This crack later enlarged so that it was about
12 inches long and has a number of pin streams spurting out.

Mr. F.R. Sarrah, erecting engineer for the Wellman-Seaver-Morgan Company
arrived on the job for completing the installation of the turbines and General Electric
generators on March 24th and at that same time he examined the valve. His opinion was that
the crack was due to shrinkage of the casting. After examining the shell from the inside,
where the crack showed in the same manner as on the outside, a %-inch hole was drilled
through the shell at each end of the crack and a dowel pin driven in. A boiler plate patch was
attached to the inside face of the valve over the entire crack and well caulked.

At the time of repairing the valve in this manner measurements were made of the
thickness of the shell and it was fond to vary from 1-3/32 inches to 1-5/16 inches, while the
specifications called for 1 3/8 inches minimum. It was also found that there was an opening
ranging from .075 to .090 inches at the connection between the upper flange of the valve and
the lower flange were not properly faced at the time of placing the valve, but it is not
probable that this had anything to do with the crack in the shell.

After repairing the valve as above mentioned, three 11/2-inch holes were drilled in
the semi-steel taper pipe upstream from the north valve. Pipe controlled with valves was
inserted and the pipe carried up through the wall of the house and discharged into the river.
The piston in the valve was closed and the valve on the equalizing pipe left open. The
pressure above the valve was approximately 95 pounds. After opening the 3-1 1/2 inch valves
the pressure above the valve was reduced to 62 pounds. These pipes were installed to lower
the pressure above the valve, thereby tending to hold the crack closed.

The matter of the defect in the valve was taken up with eh Wellman-Seaver-

Morgan Company and they are furnishing a new valve body. Repairs will be made to the
present valve by placing a concrete collar around the valve and tying it to the dam by
anchor rods. The new valve body will be kept on hand for use in case of failure of the
north valve now in use.

With the south valve closed, the wooden ball at the upper end of the south 42- inch
pipe through the dam was removed on March 26th, 1922. No trouble whatever was experienced
in removing the ball. The ball at the head of the north 42-inch pipe will not be removed until all
repair work on the north valve has been completed.

VALVE HOUSE: With the completion of the installation of the two 48-inch

valve work was begun on the extension bracket on the north side of the bracket for the
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old valve house. This was necessary to get the required support for the north wall. The walls
were then run up and provision made for supporting a rock fill on the roof instead of using
the slab roof as originally designed. This was necessary as protection against falling ice,
which our experience during the winter showed as likely to cause considerable damage if
not protected against. The building was completed May 19th, 1922.

1923 PROJECT HISTORY, VOLUME 1 of 1, Pages 59 and 187

SHOSHONE DAM: Some trouble was experienced with the operation of the
west 58-inch balanced valve in that it will not open more than 8/10 and will not hold its
position for smaller openings. Repair will be made in the spring of 1924. No other trouble
of any nature around the dam was experienced.

REPAIRS TO 48-INCH EMERGENCY VALVE: The north emergency
valve furnished by the Wellman-Seaver-Morgan Company, which was closed against
reservoir pressure for the first time on February Ist, 1922, showed a small hairline crack
in its body on the left side near the upstream flange with a small stream about the size of a
pin spurting out. This crack later enlarged until it was 12 inches long and had a number of
pin streams spurting out.

Mr. F.R. Sarrah, erecting engineer for the Wellman-Seaver-Morgan Company
arrived on the job for completing the installation on March 24th, 1922, and at that time he
examined the valve. His opinion was that the crack was due to shrinkage of the casting.
After examining the shell from the inside, where the crack showed in the same manner as
on the outside, a 3/8-inch hole was drilled through the shell at each end of the crack and a
dowel pin driven in. A boiler plate patch was attached to the inside face of the valve over
the entire crack and well caulked.

At the time of repairing the valve in this manner measurements showed that the
thickness of the shell varied from 1-3/32-inches to 1-5/16-inches, while the specifications
called for 1 3/8-inches minimum. It was also found that there was an opening ranging from
.75 t0 .090 inches at the connection between the upper flange of the valve and the lower
flange of the semi-steel taper pipe. This would indicate that the flanges were not properly
faced at the time of placing the valve, but it is not probable that this had anything to do with
the crack in the shell.

After repairing the valve as above mentioned, three 1 1/2-inch pipes were tapped
into the semi-steel taper pipe upstream from the north valve. These pipes controlled with
valves were carried through the wall of the gatehouse and discharged into the river. The 48-
inch valve was closed and the valve on the equalizing pipe left open. The pressure above
the 48-inch valve due to leakage past the wooden ball at the head of this pipe was
approximately 95 pounds, which reduced to 62 pounds after opening the three 1 1/2- inch
drain pipe valves. This without a doubt tended to hold the crack in the 48-inch valve body
closed. The Wellman-Seaver-Morgan Company furnished a new valve body without cost to
the United States. This body was received at Cody in December, 1922, and is still stored at
that point.

It was decided that the cracked valve body might give satisfactory service by
making further repairs that would tend to strengthen the body to withstand reservoir
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pressure. This repair job consisted of placing a heavily reinforced concrete collar around the
valve and tying it to the dam by anchor rods. This repair was made in January and February
1923, and after the concrete had set, the wooden ball at the head of the north 42-inch pipe was
removed. The cost of this repair was $511.91, overhead not included, and is considered as a
part of the construction cost of the emergency valves. This valve operated satisfactorily
during 1923, under all pressures, without indication of further opening of the crack.

1928 PROJECT HISTORY, VOLUME 1 of 1, Page 5

SUMMARY OF REPORTS OF BOARDS OF ENGINEERS

Consulting Engineer A.J. Wiley and Lt. Col. C.B. Pillsbury inspected the Shoshone

and Willwood Dams and reported both as being in safe condition. Mr. Wiley suggested the
scale from the downstream face of the Shoshone Dam be scraped off.

1930 PROJECT HISTORY, VOLUME 1 of 1, Page 40

RESERVED WORKS: An inspection of the two 58-inch balanced valves and
outlet tubes was made on April 26th. It was discovered that the concrete lining was in very
bad condition, especially in the east outlet pipe. The tubes were also found in bad condition
as the results of cavitation. These works could not be repaired prior to the irrigation season.
As plans had already been made for the construction of a third unit at the power plant it was
considered advisable to repair both balanced valves and outlet works with the same
organization used in carrying on that job. Another inspection of these reserved works was
made on September 23d by Mr. C.M. Day, Engineer from the Denver office, who made plans
of repairing that was approved by the Chief Engineer. This repair job was started in
December. Practically all of the actual work was done in 1931. All that was accomplished in
1930 was in the nature of preparation.

1931 PROJECT HISTORY, VOLUME 1 of 1, Pages 54 and 57

RESERVED WORKS-REPAIRS: The repair of the 58-inch valves at the
Shoshone Dam was carried on simultaneously with the installation of the Third Unit at the
Shoshone Power Plant by one organization. The details of these two jobs are the subject of
a separate report. The repairs consisted of relining the tunnels to a bore of 58-inches with
concrete. The work was done in two lifts. The first consisted of relining to a bore of 62-
inches with concrete. On the walls of these linings were fastened for each valve, 24 2-inch
pipes with their outlet ends opposite the tip of the needle and their inlet ends at the face of
the cliff at the ends of the tunnels. These pipes were designed to break the vacuum at the
needle. Additionally an 8-inch pipe discharges at the same point taking air from the roof of
the tunnel. The 2-inch pipes were encased in a sand- cement grout lining 5-inches thick
forced behind steel forms. The badly cavitated part of the semi-cast steel liners at the valve
needles were cut off and the above described lining carried back to this cut-off which is
back of the tip of the needle in closed position. The cavities on the needle were filled with
a mixture of Portland cement and smooth-on. 97



RESERVED WORKS-OPERATION: Because of the lateness of the spring
runoff it was necessary to operate the east valve for the delivery of irrigation water beginning
May 2nd, or thirty days after the completion of the grouting work. Not until June 4th did the
water surface in the reservoir raise sufficiently to force irrigation requirements through the
notch in the spillway crest. On July 19th the water surface had fallen so that it was necessary
to again open the east balanced valve. It was closed for the season on September 29th, having
been operated 92 days. An inspection on September 22d showed that the needle resurfacing
was gone and that cavitation had started on the new lining to the extent that it would be
unsafe to operate this valve more than another season for fear of exposing and tearing out the
2-inch pipes.

The positive control mechanism of the west valve was repaired and put in good
working order during the time the outlet was being repaired. The mechanism had been
difficult to operate for some time.

The weather during the winter and spring months were unusually warm and pleasant.
Travel was not restricted at any time between the dam and Cody. However, a rock slide
estimated at more than 1,000 cubic yards and composed largely of huge rock blocked the
highway just west of the camp garage for a considerable length of time. The government
owned buildings were damaged some by the slide and were considerable more damaged by
blasting in connection with removing the slide.

SHOSHONE POWER PLANT

GENERAL: At the power plant the principal center of interest was the third unit
installation, description of which is covered by feature history of the third unit installation
Shoshone Power Plant 1930-1931. Many changes were affected along with the installation of
the new equipment - the 33 KV bus was altered to make two separate units, the switchboard
was changed considerably, the station piping altered and a new twenty-ton crane installed.

PENSTOCK REPAIRS: During the time that the valve tunnel repair job was
in progress a crew of men were engaged in scraping and painting the penstock between the
dam and tunnel entrance. The steel plates were found to be considerably pitted, especially
where they had been exposed to wave action of the water surface. A preparation known as
"Interol" was used to paint the penstock after cleaning. This Inertol appears to be a sort of
coal tar preparation and seems to make a better bond with steel at low temperature than can be
made with ordinary water gas tar preparation.

A gang of men worked for several weeks deepening the river channel between the
dam and power house in an effort to lower the water that covered part of the penstock. After
taking out all the rock that could be moved by hand and shooting out the more obstructive
large rocks, the water surface was still about a foot too high to properly get at the pipes next
to the valve house.

The old cofferdam was patched up and three 6-inch water jets were attached to
pipes brought from the penstock air valve in an attempt to unwater inside the cofferdam. At
first the three jets would only lower the water about four-inches, and as this was not enough
to do any good it was decided to try to stop some of the leak through the dam
by dumping loose earth around the outside. About thirty cubic yards of loose earth was
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poured around the dam before the jets could bring the water down enough to do the
work contemplated.

DRY DOCK: By this time it was apparent that something must be done to make
the lower portion of the penstock accessible without such an expensive procedure. It was
decided that a water tight reinforced concrete box be built around this lower portion of the
penstock and extending from the valve house to the second bracket.

The box was built as planned with a bottom 12 inches think, side walls 12 inches
thick and 5 foot high. The top of the walls are at elevation 5,135.5. The floor was
extended out beyond the walls on each side forming wings which, when buried in rock
and earth, form an anchor to help prevent a floating tendency as the water is pumped out.
Bond between the penstock supporting brackets and the concrete box was carefully avoided
so that any settling of the box which might occur will not add load to the brackets. About
35 cubic yards of concrete were used on this job.

An interesting feature in the course of this concrete work was the pouring of the
floor concrete on a canvas sheet, to prevent its disintegration by the currents of water
coming through the cofferdam. As far as could be observed the plan was successful.

Later the cleaning and painting of the penstock was carried clear to the tunnel
key and the portion not protected by the concrete dock was lagged with 1-inch strips to
prevent wave action from wearing off the protective paint.

1932 PROJECT HISTORY, VOLUME 1 of 1, Pages 50 and 56

VALVE OPERATION: It was necessary to lower the reservoir in the fall for the
benefit of the power plant penstock work mentioned on page 58. This was begun prior to
the time it would have been necessary to operate the 58-inch valves for the release of
storage water. No study of stream flow and irrigation requirements was made so no
statement is possible concerning the length of time these valves would have been required
to be operated for irrigation purposes. Since the new lining and air vents were placed in
the valve outlet tunnels they have been operated the following lengths of time:

Year 1931 Yearl1932
Valve Average Opening Days Average Opening Days
East 58-inch .33 92 .57 44
West 58-inch 0 0 73 26

The repair of the outlet tunnels during 1931 is described in the feature history
devoted principally to the building of the Third Unit of the power plant. The work
consisted briefly of relining the outlet ends of the tunnel to a bore of 52-inches,
embedding in the lining a set of 24 pipes 2-inches in diameter to feed air to the vacuum
at the end of the valve ring. Additionally an 8-inch pipe was brought in.tothe same point
from the space above the principal lining. The breaking of the vacuum was planned to
eliminate cavitation of the valve parts and concrete below them Experiments in 1931
showed that the vacuum was not broken until the valves were .8 open. The vacuums were of
the order 10-inches of mercury with all the pipes open and 13-inches with only
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the 2-inch pipes open, but the 8-inch pipe opening seemed to cause bigger fluctuations in
vacuum. After the close of the 1931 operating season the lining was examined and cavitation
was found.

It was then decided to attempt to prevent the formation of a vacuum by placing a
choke ring at the end of the tunnel so as to cause the entire tunnel to be under pressure. An
experimental wooden ring was installed in the spring of 1932 which reduced the 52-inch
bore to 44-inches. Tests with it showed that pressure began to build up at .6 valve opening.
The wooden choke showed wear in a very few hours. During the fall of 1932 the valves were
operated as above mentioned. Upon examination of the tunnels when the reservoir lowering
was completed it was found that the wooden choke was gone. It was probably washed out
the first day or two of operation. Cavitation at the 2-inch pipe ends had laid many of them
bare in the cast tunnel (which was the longest operated) and was working pronounced holes
in the west tunnel. The tunnel linings throughout their length show scour. The problems are
not yet solved but a steel choke continuing to contract until the jet leaves the tunnel seem the
most likely solution.

REMOVING OBSTRUCTION FROM 42-INCH PIPE
DETECTION OF OBSTRUCTION: On the evening of May 30th with a load

on No. 3 generator of about 850 KWand with the 36-inch needle valve open wide, a small
increase in load kicked the pressure regulator wide open through a series of pressure drop
gate opening interactions as might be expected with an overload stall. The voltage dropped
10% and it was thirty minutes before the pressure could be built up to restore normal
operation. This incident increased suspicion for some time already in mind that at least one of
the 48-inch valves at the base of the dam was partially plugged. Tests in the forepart of July
were conclusive that the north line was pretty well plugged and plans were laid for the job of
removing the obstruction.

PLAN OF WORK: The obstruction was believed to be principally rock and
driftwood as it was in the pipe next to the highway, and it was known that highway
construction and maintenance men were prone to dump rock into the reservoir at this point
on the sly. Soundings also showed the entrance to the south pipe to be a cone in rock or
brush with its bottom at the bottom of the pipe, but the lower end of the cone entrance to the
north pipe was about at the center of the pipe. The general level of the debris around the
openings was ten feet above the bottom of the pipes.

To unwater the reservoir to reach the debris would have placed the power plant
out of commission the entire winter and was also taking a chance of running the project short
of water in case of a dry season in 1933. It was therefore decided to isolate one pipe line
from the penstock system at a time by plugging off both ends. This would permit operating
the power plant. The 42-inch pipe end was to be plugged off with a large wooden ball as was
done when the power plant was built. The 60-inch pipe end was to be plugged with a
structural steel bulkhead bearing against the.cast steel liner with which these pipes terminate
in the power tunnel, with the ends plugged off the pipe cold be drained, cleaned of debris
and painted. The principal work to be done before the ball could be placed was to make the
ball and clean out a trench in the debris before the pipe inlets so that the ball could be
lowered in place. This involved the installation of a cableway and the operation of an
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orange peel bucket. Master Mechanic N.E. Fordham was assigned to this work by the
Denver office. To make certain that no stream flow would pass over the spillway while
the job was in progress and thus drown out work at the base of the dam; it was decided
also to lower the reservoir to elevation 5,330 as soon as it could be done. This could be
accomplished by October Ist the close of the irrigation season, when discharge through
the power plant was ample for stream flow requirements below the reservoir.

EXCAVATION: The excavation at the inlet of the pipes was a tedious job.
The 1 1/2-inch cableway that had been used for the installation of the 58-inch valves
in 1914 was moved above the dam on a line at right angles to the radius bisecting the
two 42-inch pipes and 10 feet above the inlets to the pipes. A 3/4 cubic yard orange
peel bucket was purchased in Denver and the three drum electric hoist rented from
General Machinery and Supply Company of Denver, Colorado. The excavated material
was dumped on a 12 foot x 16 foot homemade barge which was hauled about 1,000
feet upstream by a gas launch made by the power plant crew. The photograph on page
61 gives an idea of the layout. Excavation was slow as the hoist speed was slow,
towing the barge was slow, and windy weather stopped the work because of waves.
Excavation started October 12th and was completed November 21st. Mr. Fordham
estimated that 800 to 1,000 cubic yards were excavated.

THE BALL: While work on excavation was in progress a new wooden ball was
made in the Powell shop. Drawing 13-Y-3277.04 shows the details. The material was
native cottonwood except the end segments which were oak. The layers were mostly 3-
inches thick, six segments to a layer. After the rough ball was bolted together it was
mounted on a shaft and turned true to shape on an extension to the iron cutting lathe in
the rigging of which Master Mechanic L.L. Ruhlen showed much ability. After being
turned true the center was filed with a 1:3 Portland cement grout and the outside covered
first with a 1/2-inch thick felt layer and then a canvas cover.

THE BULKHEAD: DrawingNo. 26-D-354 shows the details of the structural steel
bulkhead. Pressure of the water on the bulkhead is relied on to seat the lead gasket around the
periphery tightly against the end of the cast steel liner. The same pressure was relied upon the
seat the lead gasket over the crack between the successive beams. The principal chances taken in
the design were that the liner might not be truly round or that the end might not be a plane.
Thanks to careful manufacture or inspection when these were made they were found to be true.

SEATING THE BALL: Excavation was completed the 21st of November. The
cableway lines were rerigged, and on November 25th an attempt was made to seat one of
the old balls used when building the power plant. The attempt was unsuccessful probably
because the ball was not quite close enough to the opening. With the south pipe shut off
and the penstock open only about 50 second feet passed through the north pipe which
quantity of water could cause but little entrance velocity at the head of the pipe and
would require the ball to be exactly in position to be sucked into place. On November
27th a second attempt was made to seat the old ball. This time more accurate
measurements of position were taken and provision was made to have a variable luff to
the cableway so that the ball could be spotted to a nicety. This attempt was successful, as
was a second attempt the same day, although on the second
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attempt the closure was not complete as a hole was torn out of the ball. With the
knowledge that the modus operandi was well in hand, the new ball was lowered into
position and successfully seated November 28th. Leakage past it at that time was
estimated to be 2’4 second feet.

PLACING THE BULKHEAD: With the ball at the inlet to the north pipe,
advantage was taken of the first lull in power plant load to shut the plant down and install
the bulkhead at the end of the 60-inch pipe. Such a lull is from Saturday midnight to Monday
morning. During this interval the Gebo Steam Plant is able to handle the load. Accordingly
at 11:00 p.m. on December 3rd the plant was shut down and the penstock opened for the
purpose of installing the bulkhead. Very little deviation from the planned schedule occurred,
and the job was completed and the plant back on line in thirty-five hours. The manhole on
the 60-inch pipe was left open to discharge leakage past the ball and bulkhead. It was found
to be discharging about 2 second feet the day after the closure job was completed.

TIGHTENING BALL: The above discharge was too much to handle easily in
pipes, so shale was dumped around the ball. This reduced the leakage so that it could all be
discharged through the 4-inch drain pipe at the bottom of the 60-inch pipe with little head.
Time has tightened the bulkhead and also the leaks about the ball so at the present time the
leakage past the bulkhead is 3 gallons per minute and that past the ball 10 gallons per minute.
The one is easily handled by a 1 -inch pipe line and the other by a 2-inch pipe line so that
practically the entire length of pipe from ball to bulkhead can be dried up for painting and
cleaning.

REMOVAL OF OBSTRUCTION: Upon examination of the penstock
conditions were found to be about as follows:

From the ball to near the valve about a cubic yard of rock was strewn in small
patches. The 48-inch valve passage way was choked practically tight with rocks and other
debris and there was about one cubic yard above the valve. Among the debris was an iron
oil barrel which was compressed so flat that it could be recognized only by the bung holes.
Below the valve and up the slope of the taper bend there was about two cubic yards of rock.
Between the bend and the end of the 60-inch pipe three was another cubic yard of rock in
scattered patches. At the end of the 60-inch pipes there was a five cubic yard pipe of rocks,
sand and gravel. The biggest rock above the valve was 14 inchesx18 inchesx20 inches. The
removal of this debris took about a week. At the same time an examination was made of the
internal operating mechanism of the 48- inch valve, and it was found to be badly broken.
The break is supposed to have occurred on November 25th when the first attempt to seat
the ball was made in consequence of attempting to open the valve from the power plant
with the 4-inch bypass closed.

CONDITION OF PIPES: The 96-inch penstock section was found to be in
tolerably good condition. Much of the original coal gas tar paint was s!lIl in place although
very brittle. Barnacles and rust showed principally on rivet heads and edges of steel plates.
The 60-inch pipes were in much worse shape, being probably 25 or 30% barnacle covered.
The inclined sections were nearly solidly pitted. The 42-inch pipe was very badly
tuberculated. Some of the tubercular spots represented pits as large as a quarter and 3/16-inch
deep, but most of them did not represent a very great amount of
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oxidation. The transition from 42-inch to 48-inch sections installed when the power plant was
built was found to be in much worse condition with respect to pitting than the remainder of
the pipe. The presumption is that the difference is due to a difference in quality of iron.

PAINTING THE PIPE: Bids for cleaning and painting the pipe were opened
December 10th but they were rejected because of the high price and the inter-mixture of
responsibilities between the government and the contractor that conditions made necessary.
At the close of the year equipment is being assembled for doing the cleaning and painting by
government forces.

VALVE REPAIRS: As soon as the valve damage became apparent its repair was
made the main order of business. The cableway is being reconditioned, a new carriage for it
is being made, and work on chipping out concrete around the old valve was in progress at
the close of the year. To remove the valve it is necessary to remove the valve piston, and to
remove the valve piston it is necessary to uncouple the steel pipe at the beginning of the
taper bend below the valve house. Through all the work the concrete cofferdam built in 1931
has been of great value as a water ejector. It keeps it dry and work all around the lower end
of the penstock pipes in the dry is possible.
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Reclamation Act/Newlands Act of 1902

The Reclamation Act (also known as the Lowlands Reclamation Act or National
Reclamation Act) of 1902 (Pub.L. 57-161) is a United States federal law that funded
irrigation projects for the arid lands of 20 states in the American West.

The act at.first covered only 13 of the western states as Texas had no federal
lands. Texas was added later by a special act passed in 1906. The act set aside money from
sales of semi-arid public lands for the construction and maintenance of irrigation projects.
The newly irrigated land would be sold and money would be put into a revolving fund that
supported more such projects. This led to the eventual damming of nearly every major
western river. Under the act, the Secretary of the Interior created the United States
Reclamation Service within the United States Geological Survey to administer the program.
In 1907 the Service became a separate organization within the Department of the Interior and
was renamed the United States Bureau of Reclamation.

The Act was authored by Representative Francis G. Newlands of Nevada.
Amendments made by the Reclamation Project Act of 1939 gave the Department of the
Interior, among other things, the authority to amend repayment contracts and to extend
repayment for not more than 40 years. Amendments made by the Reclamation Reform Act of
1982 (P.L. 97-293) eliminated the residency requirement provisions of reclamation law,
raised the acreage limitation on lands irrigated with water supplied by the Bureau of
Reclamation, and established and required full-cost rates for land receiving water above the
acreage limit.

Background

John Wesley Powell often considered the father of reclamation began, in 1867, a
series of expeditions to explore the West. He saw that after snow-melt and spring rains, the
rivers of the West flooded, releasing huge amounts of water and that for the rest of the year
not enough rain fell to support any kind of real agriculture. He became convinced that
irrigation was the only means by which much of the West could sustain population. He
mapped locations for dams and irrigation projects. He found widespread support throughout
the West, especially through the droughts of the 1890s.

Several private and local farming organizations proved the benefits of irrigation
projects. However, when it became apparent that a greater effort would be required,
Representative Francis G. Newlands of Nevada introduced legislation into the United States
Congress to provide federal help for irrigation projects. The resulting act passed on June 17,
1902.

Newlands carried the bulk of the legislative burden and had strong technical
backup from Frederick Haynes Newell of the Department of the Interior. President Theodore
Roosevelt cobbled together the legislative alliances that made passage of the act possible.

It was later amended by the Reclamation Reform Act of 1982 (Pub.L. 97-293,

Title II) to limit corporate use of water and speculation on land that would benefit from
irrigation. Reclamation includes draining, too.
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Summary of the Act

The full name of the act is "An Act appropriating the receipts from the sale and
disposal of public Lands in certain States and Territories to the construction of
irrigation works for the reclamation of arid lands".

Section One - This section identifies the 16 states and territories to be included in
the project; Arizona, California, Colorado, Idaho, Kansas, Montana, Nebraska,

Nevada, New Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Utah, Washington,
and Wyoming. It requires surplus fees from sales of land be set aside for a "reclamation
fund" for the development of water resources. Also requires the Treasury Department to fund
education from unappropriated monies under certain conditions.

Section TWO - Authorizes the Secretary of the Interior to determine the
reclamation projects.

Section Three - Requires the Secretary of the Interior to withdraw all such land
from public entry.

Section Four - Authorizes the Secretary of the Interior to contract for the project
with certain conditions. Also requires that the work day will be 8 hours and that no so-
called Mongolian labor (unskilled laborers from Asia) will be used.

Section Five - Sets certain requirements for those using the water, including;
half of the land must be for agriculture, user must pay apportioned charges, user cannot use
more than the apportioned water, user cannot sell entire water to one neighbor or any water to
a non-resident, and user must pay apportioned charges annually.

Section SiX - Authorizes to Secretary of the Interior to use the reclamation fund for
all works constructed under the act and to pass management of projects over to the users
once they have paid.

Section Seven - Gives the Secretary of the Interior the power of Eminent
Domain for construction projects.

Section Eight - Requires the Secretary of the Interior to conform to state laws with
certain exceptions.

Section Nine - Requires the Secretary of the Interior to expend monies
generated by each state within that state as much as is practicable.

Section Ten - Authorizes the Secretary of the Interior to make such rules and
regulation as is necessary to carry out the provisions of the act.

Results of the Act
Below are listed the larger of the irrigation projects of the United States, with the
arca reclaimed or to be reclaimed as of 1925.

e Arizona: Salt River, 182,000 acres reclaimed
e Arizona-California: Yuma, 158,000 acres reclaimed
e California: Orland, 20,000 acres reclaimed
* Colorado: Grand Valley, 53,000 acres reclaimed,

Uncompahgre Valley, 140,000 acres reclaimed
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« |daho: Boise, 207,000; Minidoka, 120,500 acres reclaimed

» Kansas: Garden City, 10,677 acres reclaimed

e Montana: Blackfeet, 122,500 acres reclaimed; Flathead, 152,000 acres reclaimed;
Fort Peck, 152,000 acres reclaimed; Huntley, 32,405 acres reclaimed; Milk River,
219,557 acres reclaimed; Sun River, 174,046 acres reclaimed

¢ Montana-North Dakota: Lower Yellowstone, 60,116 acres reclaimed

* Nebraska-Wyoming: North Platte, 129,270 acres reclaimed

« Nevada: Truckee-Carson, 206,000 acres reclaimed

* New Mexico: Carlsbad, 20,261 acres reclaimed; Hondo, 10,000 acres
reclaimed; Rio Grande, 155,000 acres reclaimed

* North Dakota: North Dakota Pumping, 26, 314 acres reclaimed

» Oregon: Umatilla, 36,300 acres reclaimed

« Oregon-CalLifornia: Klamath, 70,000 acres reclaimed

» South Dakota: Belle Fourche, 100,000 acres reclaimed

« Utah: Strawberry Valley, 50,000 acres reclaimed

« Washington: Okanogan, 10,999 acres reclaimed; Sunnyside, 102,824 acres
reclaimed; Tieton (Teton), 34,071 acres reclaimed

» Wyoming: Shoshone, 164,122 acres reclaimed
Much of the West could not have been settled without the water provided by the Act.

The West became one of the premier agricultural areas in the world. Bureau of Reclamation
statistics show that the more than 600 of their dams on waterways throughout the West

provide irrigation for 10 million acres (40,000 km? ) of farmland, providing 60% of the
nation's vegetables and 25% of its fruits and nuts. Currently, the Bureau operates about 180
projects in the West.

Not envisioned by the act, Bureau of Reclamation dams support 58 power plants
producing 40 billion kilowatt hours of electricity annually. Most of the large population
centers in the Far West owe their growth to these power sources.

Reclamation Act/Newlands Act of 1902
The Newlands Act of 1902, named for its author Francis Griffith Newlands,
Democratic Representative from Nevada, preceded the Reclamation Service, created
in July 1902, which later became the Bureau of Reclamation. The bill allowed the
government to undertake irrigation projects to establish farms for relief of urban
congestion.

FIFTY-SEVENTH CONGRESS. Sess. I. CH. 1093-- June 17, 1902 [Public, No. 161]

CHAPTER 1093. -- An Act Appropriating the receipts from the sale and
disposal of public lands in certain States and Territories to the construction of

irrigation works for the reclamation of arid lands.

Be it enacted by the Senate and House of Representatives of the United States of
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America in Congress assembled, That all moneys received from the sale and disposal of public
lands in Arizona, California, Colorado, Idaho, Kansas, Montana, Nebraska, Nevada, New
Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Utah, Washington, and Wyoming,
beginning with the fiscal year ending June thirtieth, nineteen hundred and one, including the
surplus of fees and commissions in excess of allowances to registers and receivers, and
excepting the five per centum of the proceeds of the sales of public lands in the above States set
aside by law for educational and other purposes, shall be, and the same are hereby, reserved set
aside, and appropriated as a special fund in the Treasury to be known as the "reclamation fund,"
to be used in the examination and survey for and the construction and maintenance of irrigation
works for the storage, diversion, and development of waters for the reclamation or arid and
semiarid lands in the said States and Territories, and for the payment of all other expenditures
provided for in this Act: Provided, That in case the receipts from the sale and disposal of public
lands other than those realized from the sale and disposal of lands referred to in this section are
insufficient to meet the requirements for the support of agricultural colleges in the several States
and Territories, under the Act of August thirtieth, eighteen hundred and ninety, entitled "An Act
to apply a portion of the proceeds of the public lands to the more complete endowment and
support of the colleges for the benefit of agriculture and the mechanic arts, established under the
provisions of an Act of Congress approved July second, eighteen hundred and sixty-two," the
deficiency, if any, in the sum necessary for the support of the said colleges shall be provided for
from any moneys in the Treasury not otherwise appropriated.

Section 2. That the Secretary of the Interior is hereby authorized and directed to make
examinations and surveys for, and to locate and construct, as herein provided, irrigation works
for the storage, diversion, and development of waters, including artesian wells, and to report to
Congress at the beginning of each regular session as to the results
of such examinations and surveys, giving estimates of cost of all contemplated works, the
quantity and location of the lands which can be irrigated therefrom, and all facts relative to the
practicability of each irrigation project; also the cost of works in process of construction as well
as of those which have been completed.

Section 3. That the Secretary of the Interior shall, before giving the public notice
provided for in section four of this Act, withdraw from public entry the lands required for any
irrigation works contemplated under the provisions of this Act, and shall restore to public
entry any of the lands so withdrawn when, in his judgment, such lands are not required for the
purposes of this Act; and the Secretary of the Interior is hereby authorized, at or immediately
prior to the time of beginning the surveys for any contemplated irrigation works, to withdraw
from entry, except under the homestead laws, any public lands believed to be susceptible of
irrigation from said works: Provided, That all lands entered and entries made under the
homestead laws within areas so withdrawn during such withdrawal shall be subject to all the
provisions, limitations, charges, terms, and conditions of this Act; that said surveys shall be
prosecuted diligently to completion, and upon the completion thereof, and of the necessary maps,
plans, and estimates of cost, the Secretary of interior shall determine whether or not said project
is practicable and advisable, and if determined to be impracticable or unadvisable he shall
thereupon restore said lands to entry; that public lands which it is proposed to irrigate by means
of any contemplated works shall be subject to entry only under the provisions of the homestead
laws in tracts of not less than forty nor
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more than one hundred and sixty acres, and shall be subject to the limitations, charges, terms,
and conditions herein provided: Provided, That the commutation provisions of the homestead
laws shall not apply to entries made under this Act.

Section 4. That upon the determination by the Secretary of the Interior that any irrigation
project is practicable, he may cause to be let contracts for the construction of the same, in such
portions or sections are available in the reclamation fund, and irrigable under such project, and
limit of area per entry which limit shall represent the acreage which, in the opinion of the
Secretary, may be reasonably required for the support of a family upon the lands in question;
also of the charges which shall be made per acre upon the said entries, and upon lands in private
ownership which may be irrigated by the waters of the said irrigation project, and the number of
annual installments, not exceeding ten, in which such charges shall be paid and the time when
such payments shall commence. The said charges shall be determined with a view of returning
to the reclamation fund the estimated cost of construction of the project, and shall be
apportioned equitably: Provided, That in all construction work eight hours shall constitute a
day's work, and no Mongolian labor shall be employed thereon.

Section 5. That the entryman upon lands to be irrigated by such works shall, in addition
to compliance with the homestead laws, reclaim at least one-half of the total irrigable area of
his entry for agricultural purposes, and before receiving patent for the lands covered by his entry
shall pay to the Government the charges apportioned against such tract, as provided in section
four. No right to the use of water for land in private ownership shall be sold for a tract exceeding
one hundred and sixty acres to any one landowner, and no such sale shall be made to any
landowner unless he be an actual bona fide resident on such land, or occupant thereof residing
in the neighborhood of said land, and no such right shall permanently attach until all payments
therefor are made. The annual installments shall be paid to the receiver of the local land office
of the district in which the land is situated, and a failure to make any two payments when due
shall render the entry subject to cancellation, with the forfeiture of all rights under this Act, as
well as of any moneys already paid thereon. All moneys received from the above sources shall
be paid into the reclamation fund. Registers and receivers shall be allowed the usual
commissions on all moneys paid for lands entered under this Act.

Section 6. That the Secretary of the Interior is hereby authorized and directed to use the
reclamation fund for the operation and maintenance of all reservoirs and irrigation works
constructed under the provisions of this Act: Provided, That when the payments required by this
Act are made for the major portion of the lands irrigated from the waters of any of the works
herein provided for, then the management and operation of such irrigation works shall pass to
the owners of the lands irrigated thereby, to be maintained at their expense under such form of
organization and under such rules and regulations as may be acceptable to the Secretary of the
Interior: Provided, That the title to and the management and operation of the reservoirs and the
works necessary for their protection and operation shall remain in the Government until
otherwise provided by Congress.

Section 7. That where in carrying out the provisions of this Act it becomes
necessary to acquire any rights or property, the Secretary of the Interior is hereby
authorized to acquire the same for the United States by Purchase or by condemnation
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under judicial process, and to pay from the reclamation fund the sums which may be needed
for that purpose, and it shall be the duty of the Attorney-General of the United States upon
every application of the Secretary of the Interior, under this Act, to cause proceedings to be
commenced for condemnation within thirty days from the receipt of the application at the
Department of Justice.

Section 8. That nothing in this Act shall be construed as affecting or intended to
affect or to in any way interfere with the laws of any State or Territory relating to the
control, appropriation, use, or distribution of water used in irrigation, or any vested right
acquired thereunder, and the Secretary of the Interior, in carrying out the provisions of this Act,
shall proceed in conformity with such laws, and nothing herein shall in any way affect any right
of any State or of the Federal Government or of any landowner, appropriator, or user of water
in, to, or from any interstate stream or the waters thereof: Provided, That the right of the use of
water acquired under the provisions of this Act shall be appurtenant to the land irrigated, and
beneficial use shall be the basis, the measure, and the limit of the right.

Section 9. That it is hereby declared to be the duty of the Secretary of the Interior in
carrying out the provisions of this Act, so far as the same may be practicable and subject to the
existence of feasible irrigation projects, to expend the major portion of the funds arising from the
sale of public lands within each State and Territory hereinbefore named for the benefit of arid
and semiarid lands within the limits of such State or Territory: Provided, That the Secretary may
temporarily use such portion of said funds for the benefit of arid or semiarid lands in any
particular State or Territory herein before named as he may deem advisable, but when so used
the excess shall be restored to the fund as soon as practicable, to the end that ultimately, and in
any event, within each ten-year period after the passage of this Act, the expenditures for The
benefit of the said States and Territories shall be equalized according to the proportions and
subject to the conditions as to practicability and feasibility aforesaid.

Section 10. That the Secretary of the Interior is hereby authorized to perform any and
all acts and to make such rules and regulations as may be necessary and proper for the purpose
of carrying the provisions of this Act into full force and effect. Approved, June 17, 1902.

Shoshone Project

The Shoshone Project is an irrigation project in the U.S. state of Wyoming. The project

provides irrigation for approximately 107,000 acres (430 kmz) of crops in the Big Horn Basin,
fulfilling the vision of local resident and developer Buffalo Bill Cody, who hoped to make the
semi-arid basin into agricultural land. Buffalo Bill Dam on the Shoshone River impounds water
for the project in Buffalo Bill Reservoir. In addition to its role in irrigation, the project provides
flood control on the Shoshone and generates power, using the 350-foot (110m) height of
Buffalo Bill Dam, once a world record, and the considerable fall of the river through Shoshone
Canyon to generate hydroelectric power. Chief crops in the Big Horn Basin are sugar beets,
alfalfa, barley, oats, corn and beans.
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Establishment

At the end of the 19th century Buffalo Bill Cody settled in his namesake town of
Cody, Wyoming, buying much of the surrounding lands. Cody promoted a plan to use the
waters of the Shoshone to irrigate the plains of the Bighorn Basin extending eastward from
Cody. Franklin Wheeler Mandell, later U.S. Senator from Wyoming, filed for the first water
rights in 1893 but was unable to follow up on his project. Cody and his partner Nate
Salisbury obtained a permit to irrigate 120,000 acres (49,000 ha) using three canals, but were
in turn unable to construct the necessary infrastructure. Cody and local promoters again
obtained water rights to irrigate 60,000 acres (24,000 ha) from the state of Wyoming in 1899
and attempted to build a private canal, but lacked sufficient resources. Following the passage
of the Reclamation Act in 1902 the state urged the Department of Interior to take over the
project. The federal government- backed Shoshone Project was authorized in 1904 by
Secretary of the Interior Ethan Allen Hitchcock, based on the 1899 Cody-Salisbury permit.
The project started the same year, administered by the Bureau of Reclamation. Work on
Buffalo Bill Dam started in 1905. The small Ralston and Corbett dams were completed in
1908. Buffalo Bill Dam (known as Shoshone Dam until 1946) was completed in 1910 at a
cost of $1.4 million, at a height of 325 feet (99 m), then the tallest dam in the world. The
dam's height was extended by another 25 feet (7.6 m) to 350 feet (110m) in the 1990s,
significantly expanding reservoir capacity.

Land was opened for settlement near Powell in the Garland Division, with extensive
agricultural development by 1918. The Frannie Division was opened at about this time. The
Willwood Division was opened to development between 1927 and 1938, while the Heart
Mountain Division was not opened until 1947.

Administration
The project is administered in four divisions:

The Garland Division, with 35,863 acres (14,513 ha) of irrigated land, receives
water diverted into the Garland Canal by the Corbett Diversion Dam on the Shoshone,

16 miles (26 km) downstream from Buffalo Bill Dam. The 18 miles (29 km) canal has a
capacity of 1,000 cubic feet per second. The Garland Division is administered by the
Shoshone Irrigation District, directed by local water users.

The Heart Mountain Division, with 31,120 acres (12,590 ha) receives seasonal
output from the Heart Mountain Powerplant, which discharges into an inverted siphon
crossing the Shoshone River. The 26 miles (42 km) Heart Mountain Canal transports the
water to users at arate of 915 cubic feet per second. Portions of the
Heart Mountain Canal were built with labor provided by the Civilian Conservation Corps
from camp BR-72. Japanese American internees from the Heart Mountain Relocation Center
worked on the canal in from 1942 until May 1944. Work was finally completed in
1947.

The Frannie Division,with 14,600 acres (5,900 ha) receives water from the
Garland Canal through a branch canal, the Frannie Canal, which is 44 miles (71 km) long
and carries 550 cubic feet per second.
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The Willwood Division  with 11,530 acres (4,670 ha) receives water from the
Willwood Diversion dam on the Shoshone, 8 miles (13 km) downstream from the
Corbett Diversion Dam. The Willwood Canal extends for 28 miles (45 km) and can
deliver water at 320 cubic feet per second.

Power Generation

Waters impounded by Buffalo Bill Dam operate four power plants, two close to
the dam's base and two others operated by water piped from the dam, taking advantage of the
height change through Shoshone Canyon to place the power stations in the flats beyond the
mountain canyon. The original powerplant, the Shoshone Powerplant, and what was initially
intended to be a temporary Heart Mountain Powerplant, were supplemented and upgraded
with the dam's increase in height from 1992-1994.

Shoshone Powerplant: Originally built in 1922, the Shoshone Powerplant is
located in Shoshone Canyon 600 feet (180m) from the base of the dam, and operated until
1980. Units 1 and 2 came on line in 1922, Unit 3 in 1931. Installed capacity was
6.012 MW. All three units were shut down in 1980, worn out from fifty years of service. 1
and 2 were decommissioned and left in place, while 3 was replaced with a new 3 MW
Francis turbine unit that started operation in 1992. The plant operates with a head of
220 feet (67 m).

Buffalo Bill Powerplant: The Buffalo Bill Powerplant was built concurrently
with work to increase the dam's height by 25 feet (7.6 m) in 1992. The plant, located in
Shoshone Canyon downstream from the original Shoshone Powerplant, operates a Francis
turbine rated at 18 MW on a head of 266 feet (81 m).

Heart Mountain Powerplant: Located at the outlet of the Shoshone Canyon
Conduit, the Heart Mountain Powerplant was built in 1947 as a temporary facility. It was
rebuilt concurrently with the dam heightening project and is operated on a seasonal basis. It
operates a 5 MW Francis turbine on a 265-foot (81 m) head. Located near a geothermally
active area, construction of the tunnel proved difficult, with fumes contributing to the deaths
of two construction workers in 1937.

Spirit Mountain Powerplant: The Spirit Mountain Powerplant receives
pressurized water through a conduit. It primarily functions to dissipate the pressure in
the conduit before it enters an open canal, generating power as a byproduct. The unit
operates a Francis turbine generating 4.5 MW on a seasonal base load basis, with a
110-foot (34m) head. It was built in 1994.
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Glossary of Dam Building Terms

Abutment - That part of the valley side against which the dam is constructed. The left and
right abutments of dams are defined with the observer viewing the dam looking in the
downstream direction, unless otherwise indicated.

Acre-Foot - A unit of volumetric measure that would cover one acre to a depth of one
foot. It is equal to 43,560 cubic feet.

ﬂ - Man and equipment access shaft, coming from the side into a tunnel.

Appurtenant Structure - Ancillary features of a dam such as outlets, spillways, power
plants, tunnels, etc.

AQFOI’] - Protective pad, usually concrete, below a dam.

AXIis of Dam - The vertical plane or curved surface, chosen by a designer, appearing as a
line, in plan or in cross-section, to which the horizontal dimensions of the dam are
referenced. Horizontal center of a dam.

Barrel of Cement - Equal to four cubic feet or four sacks. Each sack is one cubic foot
and weighs 94 pounds.

Base Thickness - Also referred to as base width. The maximum thickness or width of the
dam measured horizontally between upstream and downstream faces and normal to

the axis of the dam, but excluding projections for outlets, or other appurtenant

structures.

Bedrock - The consolidated body of natural solid mineral matter which underlies the
overburden soils.

Breach — An opening through a dam which drains the reservoir. A controlled breach is a
constructed opening. An uncontrolled breach is an unintentional discharge from the
reservoir.

Cavitation - The formation of a partial vacuum at the interface of fast-flowing water
with a surface, typically at a point of turbulence such as a valve or impeller or immediately
downstream from an obstruction or offset. Usually accompanied by noise and vibration,
and is potentially destructive.

Channel - A general term for any natural or artificial facility for conveying water.
Cofferdam - A temporary structure to facilitate construction dewatering or to divert
water away from construction, which is removed prior to completion of construction as part
of construction phasing. Common types include steel sheet piles, earthen dikes, and
water-filled bladders.

Concrete Arch Dam - A thin concrete arch which transmits the pressure to the sides
(abutments).

Concrete Gravity Dam - Proportioned so its own weight provides the major resistance to
the forces exerted upon it. Willwood and Corbett Dams are concrete gravity dams.

Conduit - A closed channel to convey water through, around, or under a dam.
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Consequences of Failure - Potential loss of life or property damage downstream of a
dam caused by floodwaters released at the dam or by waters released by partial or complete
failure of dam; includes effects of landslides upstream of the dam on property located around
the reservoir.

Contact Grouting -Filling, with cement grout, any voids existing at the contact of two
zones of different materials, e.g. between a concrete tunnel lining and the surrounding rock.
Core - A zone of low permeability material in an embankment dam. The core is
sometimes referred to as central core, inclined core, puddle clay core, rolled clay core, or
impervious zone.

Core Wall — A wall built of relatively impervious material, usually of concrete or
asphaltic concrete, in the body of an embankment dam to prevent seepage.

Crest of Dam - The lowest elevation of the uppermost surface of a dam, usually a road or
walkway excluding any parapet wall, railing, etc.

Crest Width - The thickness or width of a dam at the crest level (excluding corbels or
parapets). In general, the term thickness is used for gravity and arch dams, and width is
used for other dams.

Cross Section - An elevation view of a dam formed by passing a plane through the dam
perpendicular to the axis.

Cubit-Foot-Per-Second (cfs) - Often called a "second-foot," 450 gallons of water per
minute.

Curtain Wall - In most cases, is a series of grout holes, a grout barrier in the foundation
below a dam which increases the length of the percolation path. At Buffalo Bill Dam the
curtain wall was similar to a retaining wall.

Dam - A Barrier constructed across a watercourse or off channel for the purpose of
storage, control, or diversion of water. Types of dams are listed below.

a. Arch Dam: A concrete or masonry dam, which is curved upstream so as to
transmit the major part of the water load to the abutments.

b. Buttress Dam: A dam consisting of a watertight part supported at intervals on the
downstream side by a series of buttresses. Buttress dam can take many forms,
such as flat slab or massive head buttress.

c. Concrete Dam: A dam constructed primarily of concrete, usually cast-in place but
possibly including precast or roller-compacted elements. Types of concrete dams include
arch, buttress, and gravity, among others.

d Live Storage: The storage volume of a reservoir that is available for use and lies
above the invert of the lowest outlet.

e. Reservoir Storage Capacity: The sum of the dead and live storage of the
reservoir.

f. Earth Dam: An embankment dam in which more than 50% of the total volume is
formed of compacted earth material generally smaller than 3-inch size.
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g. Gravity Dam: A dam constructed of concrete and/or masonry which relies on its
weight and internal strength for stability.

h.Masonry Dam: Any dam constructed mainly of stone, brick or concrete blocks
jointed with mortar. A dam having only a masonry facing should not be referred to as a
masonry dam.

I. Multiple Arch Dam: A buttress dam comprised of a series of arches for the
upstream face.

j. Rockfill Dam: An embankment dam in which more than 50% of the total
volume is comprised of compacted or dumped cobbles, boulders, rock fragments, or
quarried rock generally larger than 3-inch size.

k. Roller Compacted Concrete Dam: A concrete gravity dam constructed by
the use of a dry mix concrete transported by conventional construction equipment and
compacted by rolling, usually with vibratory rollers.

L Saddle Dam (or Dike): A subsidiary dam of any type of constructed across a
saddle or low point on the perimeter of a reservoir. When a saddle dam is above the water
surface for the permanent storage pool, it may be referred to as a saddle dike.

m. Tailings Dam: An industrial waste dam in which the waste materials come from
mining operations or mineral processing. The waste products are conveyed as fine
material suspended in water to the reservoir impounded by the embankment. The
embankment may be built of conventional materials but sometimes incorporates
suitable waste products.

Dam Failure - The catastrophic breakdown of a dam, characterized by the
uncontrolled release of impounded water. There are varying degrees of failure.

Design Water Level - The maximum water elevation including the flood surcharge,

that a dam is designed to withstand.

Diversion Channel, Canal, or Tunnel - A waterway used to divert water from its
natural course. The term is generally applied to a temporary arrangement, e.g. to by- pass
water around a dam site during construction "Channel" is normally used instead of "canal"
when the waterway 1is short.

Drain, Blanket — A horizontal or gently sloping layer of pervious material placed to
facilitate drainage of the foundation and/or embankment.

Drain_Chimney - A vertical or inclined layer of pervious material in an embankment to
facilitate and control drainage of the embankment fill.

Drain Toe — A system of pipe and/or pervious material along the downstream toe of a dam
used to collect seepage from the foundation and embankment and convey it to a free outlet.
Drainage Area - The area draining to a particular point of study on a river or stream.
Drainage Curtain (also called Drainage Wells or Relief Wells) - A Line of
vertical wells or boreholes to facilitate drainage of the foundation and abutments and to
reduce water pressure.

Drawdown — The difference between a water level and a lower water level in a reservoir
within a particular time. Used as a verb, it is the lowering of the water surface.
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Erosion - The wearing away of a surface (bank, streambed, embankment) by floods,
waves, wind, or any other natural process.

Face - Downstream side of a dam.

Fault - A fracture or fracture zone in the earth crust along which there has been
displacement of the two sides relative to one another.

Fetch - The straight line distance across a body of water subject to wind forces. The fetch
is one of the factors used in calculating wave heights in a reservoir.

Filter (Filter Zone) — One or more layers of granular material graded (either naturally or
by selection) so as to allow seepage through or within the layers while preventing the
migration of material from adjacent zones.

Flood - A temporary rise in water surface elevation resulting in inundation of areas not
normally covered by water. Hypothetical floods may be expressed in terms of average
probability of exceedance per year such as one-percent-chance flood, or expressed as

a fraction of the probable maximum flood or other reference flood.

Flood Inundation Zone - The downstream area that would be inundated or otherwise
affected by the failure of a dam or by large flood flows.

Flood Routing - A process of determining progressively over time the amplitude of a
flood wave as it moves past a dam and continues downstream.

Flood Storage — The retention of water or delay of runoff either by planned operation, as
in a reservoir, or by temporary filling of overflow areas, as in the progression of a flood
wave through a natural stream channel.

Freeboard - Vertical distance between the spillway crest and the lowest point of the top
of dam, without chamber.

Gallery - A passageway in the body of a dam used for inspection, foundation grouting,
and/or drainage.
Gate — A movable water barrier for the control of water.

a. Bulkhead Gate: A gate used either for temporary closure of a channel or conduit
before dewatering it for inspection or maintenance or for closure against flowing water when
the head difference is small, e.g., for diversion tunnel closure.

b. Emergency Gate (Guard Gate): A standby or auxiliary gate used when the
normal means of water control is not available.

c. Outlet Gate: A gate controlling the flow of water through a reservoir outlet.

d Regulating Gate (Regulating Valve): A gate or valve that operates under
full pressure flow conditions to regulate the rate of discharge.

e. Slide Gate (Sluice Gate): A gate that can be opened or closed by sliding in
supporting guides.

Gate Chamber (Valve Chamber) - A room from which a gate or valve can be
operated, or sometimes in which the gate is located.

Groin -The area along the contact (or intersection) of the face of a dam with the
abutments.
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Grout - A fluidized material that is injected into soil, rock, concrete or other
construction material to seal openings and to lower the permeability and/or provide
additional structural strength. There are four major types of grouting materials:

chemical; cement; clay; and bitumen.

Grout Curtain - One or more zones, usually thin, in the foundation into which grout is
injected to reduce seepage under or around a dam.

Head, Static - The vertical distance between two points in a fluid.

Headworks - Controlling gates and valves of a dam.

Heel - The junction of the upstream face of a gravity or arch dam with the ground surface.
For an embankment dam the junction is referred to as the upstream toe of the dam. Upstream
base of a dam.

Height - The maximum height from the lowest natural ground surface, which is

typically on the downstream side, to the top of the dam.

Height, Structural - The vertical distance between the lowest point of the excavated
foundation to the top of the dam.

Hydrograph, Breach or Dam Failure - A flood hydrograph resulting from a dam
breach.

Hydrograph, Flood - A graphical representation of the flood discharge with respect to
time for a particular point on a stream or river.

Hydrology — One of the earth sciences that encompasses the natural occurrence,
distribution, movement, and properties of the waters of the earth and their

environmental relationships.

Intake - Any upstream structure in a reservoir, dam or river through which water can be
discharged.

Inundation Map - A map delineating the area that would be flooded by a particular
flood event.

Left, Right Abutment - Left and right abutments are determined by looking

downstream. Abutments are the point of contact between a cliff and dam.

Length of Dam - The length measured along the dam axis at the top of dam. This also
includes the spillway, powerplant, navigation lock, fish pass, etc., where these form part of
the length of the dam. If detached from the dam these structures should not be included.
Liguefaction - A condition whereby soil undergoes continued deformation at a

constant low residual stress or with low residual resistance, due to the buildup and
maintenance of high pore water pressures, which reduces the effective confining pressure
to a very low value. Pore pressure buildup leading to liquefaction may be due either to static
or cyclic stress applications and the possibility of its occurrence will depend on the void
ratio or relative density of a cohesionless soil and the confining pressure.
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Minimum Operating Level- The lowest level to which the reservoir is drawn down
under normal operating conditions.

Notification - To inform appropriate individuals about a condition so they can take
appropriate action.

Observation Well - A hole used to observe the groundwater surface at atmospheric
pressure within soil or rock.

One-Hundred Year Flood - A flood that has 1 chance in 100 of being equaled or
exceeded during any year.

Outlet - An opening through which water can be discharged.

Outlet Works - A dam appurtenance that provides release of water (generally
controlled) from a reservoir.

Parapet Wall - A solid wall built along the top of a dam (upstream or downstream
edge) used for ornamentation, for safety of vehicles and pedestrians, or to prevent
overtopping caused by wave runup.

Phreatic Surface - The free surface of water seeping at atmospheric pressure through soil
and rock.

Piping - The progressive development of internal erosion by seepage.

Probability - The likelihood of an event occurring.

Reservoir - A body of water impounded by a dam and in which water can be stored.

Reservoir Rim - The boundary of the reservoir including all areas along the valley
sides above and below the water surface elevation associated with the routing of the IDF.
Reservoir Surface Area - The area covered by a reservoir when filled to a specified
elevation.

Riprap — A layer of large uncoursed stone, precast blocks, bags of cement or other suitable
material, generally placed on the upstream slopes of an embankment or along a watercourse
as protection against wave action, erosion or scour. Riprap is usually placed by dumping or
other mechanical methods and in some cases is hand placed. It consists of pieces of
relatively large size as distinguished from a gravel blanket.

RIsK-The relationship between the consequences resulting from an adverse event and its
probability of occurrence

Sloge - Inclination from the horizontal. Sometimes referred to as Batter when
measured from vertical.
Sluice - An opening for releasing water from below the static head elevation.
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Spillway - A Structure over or through which flow is discharged from a reservoir. If the rate
of flow is controlled by mechanical means such as gates, it is considered a controlled
spillway. If the geometry of the spillway is the only control, it is considered an uncontrolled
spillway.

a. Auxiliary: Any secondary spillway which is designed to be operated very
infrequently and possibly in anticipation of some degree of structural damage or erosion
to the spillway during operation.

b. Principal (or Service): A spillway designed to provide continuous or frequent
releases from a reservoir, without significant damage to either the dam or its appurtenant
structures.

c. Emergency: A spillway that is designed to provide additional protection against
overtopping of dams, and is intended for use under extreme flood conditions or misoperation
or malfunction of the service spillway and/or the auxiliary spillway.

Spillway Channel - An open channel or closed conduit conveying water from the
spillway inlet downstream.

Spillway Crest - The lowest level at which water can flow over or through the spillway.
Stilling Basin - A basin constructed to dissipate the energy of rapidly flowing water,
e.g., from a spillway or outlet, and to protect the riverbed from erosion.

Storage- The retention of water or delay of runoff either by planned operation, as in a
reservoir, or by temporary filling of overflow areas, as in the progression of a flood wave
through a natural stream channel. Definitions of specific types of storage in reservoirs are:

a. Dead Storage: The storage volume of a reservoir that lies below the invert of the
lowest outlet and that, therefore, cannot readily be withdrawn from the reservoir.

b. Flood Surcharge Storage: The storage volume between the maximum
operating level and the design water level.

¢. Maximum Storage: The sum of the reservoir storage capacity and flood
surcharge storage.

Storm — The depth, area, and duration distribution of precipitation.

Sunny Day Failure - Failure from other than a large flood such as earthquake
induced, structural weakness, piping, etc. The maximum operating water level is
assumed.

Toe of Dam - The junction of the downstream slope of a dam with the ground surface;
also referred to as the downstream toe. The junction of the upstream slope with the ground
surface is called the heel or the upstream toe. Downstream base of a dam.

Trashrack - A device located at an intake to prevent floating or submerged debris from
entering the intake.

Tunnel -A long underground excavation with two or more openings to the surface,
usually having a uniform cross section used for access, conveying flows, etc.
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Upstream Blanket - An impervious blanket placed on the reservoir flood and abutments
upstream of a dam. For an embankment dam, the blanket may be connected to the core.

Valve - A device fitted to a pipeline or orifice in which the closure member is either
rotated or moved transversely or longitudinally in the waterway so as to control or stop the
flow.

Volume of Dam - The total space occupied by the materials forming the dam structure
computed between abutments and from top to bottom of dam. No deduction is made for
small openings such as galleries, adits, tunnels, and operating chambers within the dam
structure. Portions of powerplants, locks, spillway, etc., should be included only if they are
necessary for the structural stability of the dam.

Wave Runup - Vertical height above the stillwater level to which water from a specific
wave will run up the face of a structure or embankment.
Watershed - The region draining into a river, river system or body or water.

Weir - An overflow structure built across an open channel to raise or control the
upstream water level and/or to measure the flow of water.

a. Weir, Broad-Crested: An overflow structure on which the nappe is supported for
an appreciable length in the direction of flow.

b. Weir, Measuring: A device for measuring the rate of flow of water. It
generally consists of a rectangular, trapezoidal, triangular, or other shaped notch,
located in a vertical, thin plate over which water flows. The height of water above the
weir crest is used to determine the rate of flow.

c. Weir, Ogee: An overflow structure with its cross-section in the form of a
reverse curve, shaped like an elongated letter "S". The downstream faces of overflow
spillways are often made to this shape.
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