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Basgalt, or trap rock, is also widespread in the P’acific Northwest,
so that practically every county within the arca is bountifully sup-
plied with this useful stone. West of the Cascade Mountains it oceurs
as dikes, sills, or flows in the midst of Tertiary tuflaceous sandstones
and shales, and east of these mountains as extensive flows which con-
stitute the surface rock over wide areas. On account of this wide
distribution and ready availability, production is more or less loeal
and temporary, ace mdmg to [luctuating needs for construction pur-
poses. In the vieinity of the larger centers of population, however,
produollon is relatively continuous and of large volume. Ninety-two
plants in the State of Oregon in the vear 1098 produced 1,530,430
tons of crushed basalt, valued at §1 670,627.

Multnomah (‘()untv, containing nearly one third of the State’s
population and including Porthmd is the main center of erushed rock
consumption. On account of the trencml prevalence of this type of
lava, shipments of crushed stone generally are for but short distances.
Itis noteworthy that certain deomts of basalt are accessible to barges
on Columbia River, such as those at Mount Coffin below Longview,
Wash., and at Brookfield. Crushed stone, which is ideally adapted
to barge transportation, 1s thus directly available for shipment
by water to points along the river. With continued growth of
population, moderate increases in barge loadings of crushed basalt
may be expected. Competing stones are virtually absent and the
supply ol basalt is prodigious.

There is a similar generally widespread distribution of gravels and
sands, and of stone suitable for cr ushing, in all parts of the Snake
River drainage in eastern Oregon and in Idaho.  Practically all of
the larger tributaries reach into regions of igneous or ancient meta-
morphie rocks which have furnished an abundance of hard resistant
gravels that are now available in terraces, and especially in the bars
and beds of the present-day stream channels.
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199,

Washington Agriculture, Part 3. 1926.

The Silt Loam Soils of Hastern Washington and their Management. Bul.
No. 166, January 1922,

Williamns, Ira A. The Clolumbia River Gorge. Its Geologic History Interpreted
from the Columbia River Highway. The Oregon Bureau of Mines and Geology
Portland, Oreg. May 1923,
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‘Winkenwerder, Hugh:

Relorestation Problems in the Pacific Coast Region. Address: Kighth
Western Divisional Meeting, Chamber of Commerce of United States,
Portland, Oreg.  December 9, 1930.

Forestry in the Pacific Northwesl. The American Tree Association, Wash-
ington D.C. 1928,

B. NAVIGATION

Arnold, D. L. Ohio Development Boon to Shippers. Motorship, December
- 1929,

Ashburn, Thomas Q., brigadier general:

Considerations Governing the Selection of a Fleet for the Upper Mississippi
River. Society of Naval Architects and Marine Engineers. Paper No.
10. November 11-12, 1926.

Waterway Transportation from the Viewpoint of Operation. American
Socicty of Civil Engineers, Proceedings.  Ociober 1929,

Bretz, J. Harlan. The Dalles Type of Channel.  Reprint from The Journal of
Geology. Vol XXXII, No, 2. February-March 1924.

Brookings Institution, The. The 8t. Lawrence Navigation and Power Project.
Washington, D.C. 1929,

Bureau of Railway FTeonomies. (Railway organization, independent of (yovern-
ment.) An Lconomic Burvey of Inland Waterway Transportation in the
United States. Special Series No. 56.  Washington, D.C. 1930.

‘Canads, Depariment of Mines. Sedimentation of ihe Frazer River Delta.
Geological Survey, Memoir 125, No. 107, geological series.

‘Chittenden, H. M, Ports of the Pacific. Transactions American Society of
Civil Engincers.  Vol. 76, p. 155, 1913.

«Clapp, Edwin J. The Navigable Rhine. The Development of its Shipping.
The Basis of the Prosperily of its Commerce and its Traffic in 1907. Hough-
ton-Mifflin Co. 1911,

Clowes, Frnest 8. Shipways to ihe Sea. Our Inland and Coastal Waterways.
The Williams & Wilking Co.  Baltimore, 1929.

Hardy, A. C.:

Motor Shipping. Van Nostrand. 1928,

Seaways and Sea Trade. A Maritime Cleography of Routes, Ports, Rivers,
Canals and Cargoes.  Van Nostrand. 1928

Harriman, Henry 1. New Fngland and the $t. Lawrence Seaway. Boston
Chamber of Commerce. 1929

Yorraine, M, J. The Columbia Unveiled. Los Angeles Times-Mirror Press,
1924,

Lyman, William Deppison. The Columbia River, its History, its Myths, its
Scencry, its Commeree. Third edition.  G. E. Putnam’s Sons.  1918.

Mann, Charles F. A, The Development of the Columbia River. Heientifie
American. October 1930.

M:lmning, Cleorge Charles. Manual of Naval Architecture. Van Nostrand.

930.

McEntee, C. C., Captain United States Navy. Model Experiments with River
Towboat. Marine Engincering and Shipping Age. Jaunuary 1926.

Motorship. Seagoing Standards Applied to River Boat Construction. Editorial.
July 1928.

Moulion, Harold G. Waterways versus Railways. Houghton-Mitilin Co.
1912,

QOregon, University of:

Pacific Coast Wheat Flour Exports.  Bul. No. 1, Export Serjes, July 1928,

\Orggon Mardwood Industries. Vol. 1, Bul. No. 4, Business Administration

erics.

Oregon’s Share in Import Traflic from the Far Tast. Bul. No. 1, Tmport
Traflic Series. May 1928,

Veneers, Plywood and Doors Exported from the Pacific Coast.  Bul. No. 2,
Export Series.  January, August 1927 and 1928,

Import Traffic through Pacific Ports of Sclected Far Eastern Commodities,
1927. Bul. 2, Import Traffic Scries. July 1928,

Oregon’s Exportable Surplus.  Studies in Business, Vol. 1, No. 5. March
1930,

‘Collumbia. River Valley Traffic Survey. Studics in Business No. 10, Mareh

931.
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Port of Astoria Commission. Navigation Survey of Columbia and Snake Rivers.
Floating Equipment for Proposed Astoria-Lewiston and Way-points Service.
September 1915,

Reinhardt, Charles Gilbert. Seagoing America. Worlds Work, September 1930.

Royal Commission on Transport. The Coordination and Development of Trans-
port.  Final Report. H. M. Stationary Office, Adastral House, Kingsway,
London,  1031.

Btephens, George W. The St. Lawrence Waterway Project. Touis Carrier &

0. 1930

Thomas, B. ¥, and Watt, D. A. The Improvement of Rivers. Two Vols,
John Wiley and Sons, Ine, 1913,
Tild(%r(n), Freeman. Wanted: A Job for a River. World’s Work. September
1930.
Townsend, Colonel Curtis MeD.:
Decline of Water Transportation on Western Rivers.  Professional Memoirs,
Vol , pp. 20-29. 19010,
River and Harbor Construction. MacMillan Co. 1922.
United States Department of Commerce:
Bureau of Yoreign and Domestic Commerce:
Inland Waterways Freight Transportation Lines in the United States.
Domestic Commeree Series No, 32, 1930.
United States Department of the Interior:
United Statcs Geological Survey:
The Transportation of Debris by Running Water. Professional
Paper No. 86,
Hydraulic-Mining Debris in the Sicrra-Nevada, Professional Paper
105 :

No. 105.
United States War Department:
Corps of Fngineers:

Tabulation of Principal Data Conecerning United States Locks and
Dams.  Office of Chief of Engineers. 1917,

Transportation on the Great Lukes. Transportation Series No. 1.
Board of Engineers in cooperation with United States Shipping Board.,
1930.

Experimental Towhoats for Mississippi River and Tributaries. Second
supplementary report on investigations. Distriet Fngincer Office,
Louisville, Ky, June 17, 1929,

Experimental Towhoats. Barges and equipment (or delivery of gup-
plies, Mississippi and its tribularies, House Document 857, Sixty-
third Congross, {irsl session.

Experimental Towboats. Mississippi River experiments using heavy
freights, mouth of Ohio to St. Louis, and Dubugue to Minneapolis.
House Document 108, Sixty-seventh Congress, first session. August
24, 1921,

Columbia River—Mouth 1o Portland, Pages 1-42; maps, plans, and
tables. District Engineer Oflice, Portland, Oreg. (Unpublished.)
June 1924,

Columbia River and Tributaries above Celilo Falls. House Document.
440, Fifty-ninth Congress, second session. Distriet Engineer Office,
Portland, Orcg.  January 9, 1907,

Transportation on the Ohio River S8ystem. In eooperation with United
States Shipping Board, Interim Report 1927.

Vancouver, George. A Voyage of Discovery to the North Pacific Ocean and
Round the World; in Which the Coast of Northwest America has been Carefully
Examined and Aeccurately Surveyed. Printed for 3. G. and J, Robinson, ete.
London. 1798, .

Van Orpum, J. I..  The Regulation of Rivers, MeGraw-Hill Book Co, 1914

Warner, Fayette 8. Tuture Movement of Yron Ore in Relation to St. Lawrence
Waterway. University of Pennsylvania Press, Philadelphia. 1930,

Wellons, Charles MceCartney. Development of Ohio River Towhoals. Nationa 1
Waterways. May 1929,

Wood, Gorden L. The Pacific Basin.  Oxford University Press.  1930.

C. POWER
American Institule of Mining and Metallurgical Engineers. Geology and

Engineering for Dams and Reservoirs. Symposium, nine authors. Class 1,
Mining Geol. No. 26. New York. February 1929.
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Barnes H%‘Ward T. Ice Engineering. Renouf Publishing Co. 1928.

Bligh, W. F.:

""he Practical Design of Irrigation Works, Third edition, revised by F. W,
Woods. Constable & Co., Ltd., London.  1927.
Dams and Weirs. American Technical Society. 1916.

Cain, William. The Circular Arch Under Normal Loads. Transaciions American
Society of Civil Engineers, Vol. 85, Paper No. 1483, p. 233, 1922.

California Power Board. Report to the Federal Power Commission on the
Uses of the Ameriean River, California.  United States Government Printing
Office. 1927.

Chamber of Commerce of the Uniled States:

On the Report of the Speeial Committee on National Water Power Policies.
Referendum No. 57. November 7, 1930.

National Aspects of Water Power Development, a Review of the Facts.
National Water Power Policies Commiliee. September 1930,

Construction Methods. Using Sand Tslands in Steel Shells to Construet Deep
Piers of Suisun Bay Bridge. Vol. 12, No. 5. May 1930,

Engincering News Record:

Pior Construction for the Southern Pacific Railroad Bridge across Suisun
Bay. P.174. January 1930.
TLog Sluice. Vol. 79, p. 217. 1917,

Gilluly, James. Dam Sites Below Junetion of 8nake River. Notes on Geo-
logical Reconnaissance. Report under House Pocument 308, Sixty-ninth
Congress, first session.  October 4, 1929,

Hindg, Julian. Upward Pressure Under Dams. Transactions American Sociely
of Civil Engineers. Vol. 93, Paper No. 1527, 1929,

Jacoby, Henry 8., and Davis, Roland P, Foundations for Bridges and Buildings.
MeGraw-Hill Book Co., Ine. 1925,

MecCaflrey, James F., and Kramer, K. W.  Report on the Electric Power Require-
ments of the State of California, and the Value of Byproduet Electrie Power,
Proposed to be Developed in Conneetion with the Stale-wide Plan of Water
Conservation. December 31, 1930.

Miller and Parkins. Geography of North Ameriea. John Wiley & Sons, Ine.,
New York. 1928,

Nagler, F. A., and Davis, A, Experiments on Discharge over Spillways and
Models, Keokuk Dam, Paper No, 1744, Transactions American Society of
Civil Engineers, Vol. 94. 1930,

New York, State of:

Report of Marketing Board.  §t. Lawrence Power Development Commis-
sion, January 5, 1931.

Report of St. Lawrence Power Development Commission. January 15,
1931.

Oregon, State Engineer:

Thirteenth Bicnnial Report of the State Engineer 10 the Governor of Oregon,
1928-30. 1930.

Oregon’s Opportunity in National Preparcdness. Bul. No. 5. TFebruary
1016.

Parsons, IT. DeB. Sherman Island Dam and Power House. Hudson River.
Transactions American Socicty of Civil Engineers, Vol. 88, Paper No. 1257
1925.

Puls, Louis G. Spillway Capacity of Wilson Dam. Proceedings American
Society of Civil Engincers.  Oetober 1929 to February 1930.

Reed, Oren. Roller and Sector Gates on Hydroplants in Norway. Vol. 101,
Engineering News Record.  September 6, 1928.

Ross, J. D. The Markel Conditions for Electric Power from the Proposcd
Umatilla Rapids Power Development on the Columbia River. Seattle, Wash.
September 1925.

Schoder, Ernest W., and Turner, Kenncth B.  Precise Weir Measurements.
Proccedings American Society of Civil Engineers, September 1927,

Umatilla Rapids Association. The Umatilla Rapids Project. December 20, 1927.

United States Congress, Scnate.  Memorandum on the Development of Flathcad
River Power Siles, Mont., Senate Document No. 153, S8cventy-first Congress,
second session.  May 23, 1930.

United States Department of Tnlerior:

Buresu of Reclamation:
Columbia River Power Project, near The Dalles, Oreg. L. T. Harza,
et al.  Oregon Co-operative Work. November 1914,
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United States Department of Interior-—Continued

Burean of Reclamation—Continued

Boulder Canyon Project: Rates Public and Private Corporations Can
Alford to Pay; and Rates Required for Amortization in 50 years.
{Unpublished.) September 10, 1929,

Umatilla Rapids Investigation. Designs and estimates, power and
pumping planis, Oregon-Washinglon. (Unpublished.) 1024,

Owyhee Dam, Speeifieations, Schedule, and Drawings. Spee, No. 474.
June 1928,

United States Geological Survey:

Power Possibilities of Snake River Belween Weiser and Lewiston, Tdaho.
(Unpublished.) 1921.

Power Resources of Salmon River Between Salmon City and Mouth,
(Unpublished.) 1922

Reconnaissance Report of the John Day River. N. . Tubbs. (Un-~
published.)

Appendix to Reconnuissance Report. N, J. Tubbs. (Unpublished.)
Mareh 1922,

Power and Storage Possibilitics Salmon River, Stanlev to Salmon,
Tdaho. W. G. Hoyt. (Unpublished.) 1926,

Water Power Resources of Snake River and Status of Public Lands
between Milner and Weiser, Idaho,  W. G. Tloyt. (Unpublished.)
1922,

Storage and Power Possibilities of Clearwater River Buasin, Idaho.
Warren Oakey. (Unpublished.) 1927,

United States Federal Power Commission;

Report to the Federal Power Commission on Uses of ihe Deschubes River,
Oreg.  Board of Engincers consisling of D. C. Henny, Col. J. B, Cava-
naugh, and T. F, Menshaw, 1922,

Federal Water Powcr Act and Amendment, Rules, and Regulations Gov-
erning the Adiministration. 'Third revised cdition. May 1, 1928,

Report to the Federal Power Comunission on the Uses of the U pper Colum-
bia River. Board of Engincers, consisting of Col. J. B. Cavanaugh, D. C.
Menny, ¥. F. Henshaw, C. 8. Heidel, W, G. Bwendsen, and Marvin Chase,
February 17, 1923.

Do., Revised. 1924,

Report to the Federal Power Commission on the Water Powers of Califor-

xlyia. Frank E. Bonner, district engineer, United States Forest Service.
928,
United States War Department:

Corps of Enginecrs:

Cowlitz River, Washington. Under House Document No. 308, Sixty=
ninth Congress, first session. Distriet Enginecr Office, Portland,
Oreg. January 25, 1930.

Lewis River, Washington. Under House Doeument No. 308, Sixty-
ninth Congress, first session. District Engineer Oftice, Tortland,
Oreg.  February 21, 1930.

Snake River. Report on investigation and survey, under House
Document No. 308, Sixty-ninth Congress, first session. District
Yngineer Office, Portland, Oveg. May 31, 1929,

Iowa River, Towa and Minnesota. Reporl from the Chief of Engineers,
covering navigation, flood eontrol, power devclopment, and irrigation.
Distriet Engineer Office, Roclk Island, 111. House Document No;
134, Seventy-first Congress, second session.  December 16, 1929.

Teunessee River and Tributaries, North Carolina, Tennessee, Alabama,
and Kentueky. Report from the Chief of Engineers covering naviga-
tion, flood control, power development, and irrigation. House
Document No. 328, Seventy-first Congress, sccond session. Mareh
24, 1930.

Voskuil, Walter H. The Eeconomics of Waler Power Development, A, W.
Shaw Co. 1928,

Western Construction News. Suisun Bay Pridge for Southern Pacific Com-
pany. February 1930, )

Wilson, Alexander ILL., el al. The Conowingo Hydroelcetric Development on
the Susquehanna River. Trans. Amer. Soc. C. K., Paper No. 1710. Vol.
93, 1929, P. 70; also Eng. News Rec. 1926 to 1020,
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World Power Conference:
Power Resources of the World. 63 Lincoln’s Inn Fields, London, W.C. 2.
1929.
Transactions of the Second World Power Conference, Berlin, June 16-25,
1930, V.D. 1. Verlag . m. h. I, Berling N.W. 7.

D. FLOOD CONTROL

Bretz, J. Harlan. The Spokane Tlood Beyond the Channeled Seablands.
Reprint from The Journal of Geology, Vol. XXXTITI, Nos. 2 and 3, February-
March and April-May 1925.

Creager and Justin. Hydro-Electric Tandbook. John Wiley & Sons, Ine.,
New York. 1927.

Etcheverry, Bernard A. Land Drainage and Flood Control. MeGraw-Hill
Book Co., Inc., New York and London. 1931,

Frank, Arthur De Witt. The Development of the Federal Program of Flood
Control on the Mississippi River.  Columbia University Press.  1930.

Hazen, Allen.  Flood Flows—a Study of Frequencies and Magnitudes. John
Wiley & Sons, Tne.,, New York. 1930,

Meyer, Adolph E. The Elements of Hydrology. John Wiley & Sons, Ine.,
New York., 1928,

United Btates War Department:

Corps of Engincers:

Columbia River at Rainier, Flood Teights, Probably Effects of Con-
tractions, ele.  District Hngineer Office, Portland, Oreg. February
1923,

The Rate of Propagation and Alteration in Shape of a Flood Wave in a
Stream. Chief of Engineers. River and Harbor Cir. No. 3b.
November 2, 1928,

Tlinois  River and ‘Tributaries, Illinois. Flood Control. House
Deeument No. 276, Sixty-eighth Congress, first session. May 14,
1924.

Burvey of the North Branch of the Susquehanna River, Pennsylvania
and New York. House Document No. 647, Sixty-ninth Congress,
second session.  January 13, 1927,

Red River, Arkansas, Flood Control. HHouse Document No. 381,
Bixty-ninth Congress, first session.  May 18, 1926.

Wells, Tdward L., Meteorologist United States qurtment of Agriculture,
Weather Burcau. Letter and figures on flood losses along the Columbia
River. January 12, 1931.

Authorities referred to in paragraphs 1085 to 1087 Areas Affected, and in para-
graphs 1111 to 1112, Demand for Protection:
Appelo, C. Arthur, Deep River, Wash. Grays Harbor.
Barlow, Clifford, secretary, Chamber of Commerce, Astoria, Oreg. War-
renton lemg Digtricts Nos, 1, 2, and 3.
City En,ineer, Portland, Oreg. Peninsula Hewer District. Portland Sea Wall.
Co(lumbmb Ag,rmultural Co., Clatskanie, Oreg. Palin Drainage District
map o
Conyel;s, Geo. B., Clatskanie, Oreg. Magruder Drainage District. Mid-
land Drainage District.
Coulter, Allen J., [lwaco, Wash. Pacific Diking, District No. 1.
County Asscssor Multnomah County, Portland, Oreg. Portland Land Values.
Evans, Milton, Ridgefield, Wash. Lindsey Ranch, Bachelor Island.
Hanigan, Geo F., Cathlamct, Wash. Wahkiakum Diking Districts Nos. 1-3.
Wahkiakum Diking Improvement Distriet No. 4.
Herman, Fred W., Rainjer, Oreg. Rainier Drainage District.
Jackeson, U. (., 607 Allen 8t., Kelso, Wash. Cowlitz Diking Improvement
%{).istrict No. 13. Cowlitz Diking Improvement Distriect No. 15. Kalama
iver.
Jones, R. L., Clifton, Orcg. Tenasillahe Island.
Kent, N. A., Svenscn, Oreg. Svensen Diking District.
Laﬁc, ]S 11}/[., Woodland, Wash., Cowlitz Diking Improvement Districts
os. h—11.
La&son,} P. A, Box 35, Route 1, Astoria, Oreg. Clatsop Diking District
0. 2,
Lawrence, Guy, North Portland, QOreg. Lotus Islc.
Leach],{ M. I1., County Assessor Pacific County, South Bend, Wagh. Chi-
nook.
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Authorities referred to in paragraphs 1085 to 1087 Areas Affected—Continued

Lewis, J. F., Clatskanie, Oreg. Beaver Drainage District, Crims Island.
Clatskanie Drainage District.

Manson, John, Deep River, Wash. Deep River.

McGraw, E. G., Fairview, Oreg. Sandy Drainage District.

Middicbrooks, T. A., 700 Fast Sixth Street, North, Kelso, Wash. Cow-
litz Diking Improvement District No. 2.

Multnomah County Drainage Distriet No. 1, 1101-9 Terminal Sales Bldg.,
Portland, Oreg.

Parker, Celo F., County Surveyor, Clatsop County, Astoria, Oreg. Carlson
Island. (‘latsop Diking District No. 4

Port of Portland, The. Report on ]long—]"}ell Diking Project, August 1922,
Tevel Analysis.  Portland Fills.

Poysky, G. J., Quiney, Oreg. Cowlitz Drainage Improvement Distriet No.
1. John Drainage District (map of).

Sw§t and Company, North Portland, Oreg. Peninsula Drainage Distriets

os. 1-2.

United States Department of Agriculture, Weather Burcau, Fortland, Oreg.
Losscs and Damagces.

United States Department of Colmnerce, United States Coast and Geodcetic
Survey, Charts, 6146-6151-6152-6153-6154—6155, Areas in (eneral.
United States War Department, Corps of Engineers. May 3. Februacy

11, 1929, Brownsmead.

Vandercook, Wesley, Ch. Engr. Long-Bell Lumber Co., Longview, Wash.
Cowlitz Consolidated Diking Distriet No. 1.

Van Orshoven, L. T., County Surveyor, Columbia County, St. Helens,
Oreg. Kerry Island Drainage Distriet (map of). Marshland Drainage
District (map of). Webb Drainage District (map of). Westland Drain-
age District (map of). Woodson Drainage District (map of).

Wilson, L. I, Astoria, Oreg. Clatsop Diking District No. 3. Columbia
Drainage District No. 1.

Wist, K. E., Scappoose, Oreg.  Scappoose Drainage District.

. TRRIGATION

American Society of Civil Engineers, Committee on Irrigation. A National
Reclamation Policy. Proceedings. Sept. 1928-April 1930.

Baker and Conklin. Water Supply and Utilization.  Arid and semiarid states.
John Wiley and Sons.  1930.

Burt, Frederick A, Soil Mincralogy. D. Van Nostrand Co., New York. 1927.

Callforma Department of Public Works. Permissible Feonomie Rate of Irri-
gation l)evdopmult in Calilornia. Dul. No. 35.

California, University of, and Department of Public Works.  Permissible Annual
Charge for Irrigation Water in Upper San Joaquin Valley. DBul. No. 34. 1930.

Columbia Basin Survey Commission. Columbia Basin Project with Appendices.
State of Washington.  1920.

Comish, Newel Howland. Coopcrative Marketing of Agricultural Products.
D. Appleton and Co. 1929,

Cupper, Percy A. Report to the Deschutes Projeet Association, giving compara-
tive data on the Deschutes, Owyhee and extension of the Warmsprings Projeet.
Office of State Engineer, Salem, Oreg. )

Debler, B, B, Use of Water on Tederal Irrigation Projects. Proceedings
Amcrican Society of Civil Kngineers. March 1929.

Etcheverry, Bernard A. Use of Trrigaltion Water. Irrigation Practice and
Tingineering. Vol. I.  MeGraw-Hill Book Co.  1915.

Fisher, C. C.  Revision of Estimates on Several Units of the Deschutes Project,
Oregon. Office of Btate Engincer Salcin, Oreg. 1922,

Herman, ¥, C., and Wilcy, A. I. Repmt on North Unit Irrigation District,
Dmohufm River, Jefferson County, Oreg. (Unpublished) 1921,

Hopson, E. G. Repmb on Ifive Mile Dam Projeet. Colunbia River. (Un-
published). Augugt 1922,

Land Scttlement Association, Vale, Oreg. Vale-Owyhee Government Projects.
1930.

Lewis, John H.:

John Day Irrigation District and Proposed Fxtension Thereof. (Unpub-
lished.) December 1928,

Umuatilla Rapids Power Project.  Water Power and Irrigation, Oregon and
Washington. (Unpublished.) September 1921,
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Lippineott, J. B. A Nationsal Reclamation Policy. Discussion. Proceedings of
American Society of Civil Engineers. May 1929.

Luper, McLaughlin, aud Powers, Report on Agrieultural and Economic Phases,
Jefferson Water Conservaney Distriet, Oregon (North Unit Project), to Bu-
reau of Reclamation of the United States Department of Interior, and the
Irrigation and Drainage Securities Commission, State of Oregon. January
1925.

Mead, Dlwood. Iconomic Aspects of Federal Reclamation. Proceedings,
American Bociety of Civil Engincers,  May 1929.

MecLaughlin, W. W.; Ewing, P. A.; and Powers, W. L. Report to State Recla-
mation Commission on Agricultural and Economic Phases, Deschutes County
Municipal Improvement District. (Tumalo Project.) October 1928,

‘Qlson, Conrad P. Oregon Laws. The Bancroft-Whitney Co., San Trancisco,
Calif. 1920.

Oregon Cooperative Work (Oregon State Engineer and United States Reclama-
tion Service):

Deschutes Projeet. December 1914,

Ochoco Project and Crooked River Investigations.  June 1915,

John Day Project. February 1916.

Rogue River Valley Project and Willamette Valley Investigations. Febru-
ary 1916.

Orcgon Descrt Land Board (Duties absorbed by State Reclamation Commission,

1920):
Bicnnial Reports.  1911-27.
Tumalo Irrigation Project. Final Report on Construetion. June 1913-
Dceeember 1914, Laidlaw, Oreg.  December 1914,
Oregon Reclamation Congress.  Triennial Report, 1926-29.
Oregon, Btate Fingincer:
Biennial Reports. First to thirteenth, inclusive, years 1906 to 1930.
Report on Dee Irrigation Digtrict. C. I8 Stricklin. March 1923.
Report on Deschutes River Adjudication. Rhea Luper. October 1924.
Report on Water Supply, Use and Duly of Water of Hood River and Tribu-
taries. For adjudication proceedings. John IT. Lewis. 1917,
Trerigation Distriet Taws.,  Rhea Luper. 1929,
John Day River, Oregon.  Adjudication, ¥Findings, and Order of Determi-
nation. June 26, 1930.
Report on Middle Tork Irrigation District. C. K. 8tricklin. Data colleeted
in 1917. January 30, 1923,
Pine Creek and Tributaries Adjudication. Reporl of survey on grant, use,
and duty of water. Pecrey A. Cupper.  (Unpublished.) March 15, 1923.
Report of Bridge Creek Adjudicution, Wheeler, Jefferson, and Crook Coun-
tics.  Water supply, use, and duty of water. = A. C. I. Perry. May 1925.
Report of Water Supply, Use and Duly of Water, Umatilla County, Oregon.
Adjudication proceedings. A. C. . Perry. December 1928,
Water Resources of the State of Oregon. 1878 -1914, Summary.
Water Resources of the State of Oregon. 1914-24, Summary.
Water Supply, Jefferson Water Conservaney District. Rhea Luper.
November 1926.
Adjudicated Water-Rights. Findings and Orders of Determination of the
State Tngineer and Deerces of the Court:
Walla Walla River, also Goodman Spring branch, Pine Creek (Record
No. 1861, including West Prong and Little Walla Walla), Dugger
Creck, and Mud Creek;
Umatilla River (Record No. 1864), also Butter Creek and Johnson
Creck (Record No. 1892);
Willow Creck;
John Day River (Record No. 1892), also Bridge Creck, Cochran Creek,
and Cherry Creck;
Deschutes River, also Crooked River, Squaw Creek, Trout Creek (Rec-
ord No. 1870), White Salmon (Record No. 1865), and Tumalo Creck;
Hood River (Reeord No. 1862), also Neal Creek (Record No. 1862);
15 Mile Creek;
Mosier Creek (Record No. 1875), also Chencewith Creek;
Mill Creek (Record No. 1850), also 3 Mile Creek.
Deschutes County Municipal Imnprovement District, Engineering Reports.
Chas. E. Stricklin,  August 1928,
Water Laws of Oregon.  Rhea Luper. Cotpiled from Olson’s Oregon Laws
and The Session Laws of 1923, 1925, and 1927. 1928,
Water Laws of Oregon. Chas. K. Strieklin.  1931.
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Oregon State College:

The Economic Limit of Pumping for Irrigation, with Special Reference to
the Willamette Valley, Station Bul. No. 235. July 1928,

The Economical Use of Irrigation Water. Station Bul, No. 140. January
1917.

Duty of Water in Irrigation. Bul. No. 161. January 1920.

The Management of Sandy Soils Under Irrigation. Bul. No, 177, May
1921.

Oregon State Reclamation Commission;

Biennial Reports. First and second, 1929 and 1931.

Ochoco Irrigation District, Agricultural and Economic Phascs. A, A.
Young and R. E. 8tephenson. (Unpublished.) April 1928.

Powers, Lapham, and MclLaughlin. Report on  Ochoeco Irrigation District,
Deschutes.  State Certification Commission. December 1926.

Powers, McLaughlin, Stephenson, and Twing. Crook County Improvement
District No. 1, Lone Pine Distriet.  Report to State Reclamation Cominission.
December 1928,

Powers, W. L. Boil and Agrieullural Survey, John Day Trrigation Distriet.
(Unpublighed) June 1915, )

Remington, Arthur. Remington’s Compiled Statutes of Washington. Bancroft-
Whitney Co., S8an Francisco, Calif. 1922,

Stoutemyer, I3, E. FEilect of Irrigation Development upon Markets for Farm
Produeta of the Rainfall Beetions.  Oregon Reclamation Congress.  November
16, 1928.

Strange, Wm. I. Indian Storage Reservoirs with Earthen Dama., Geo.
Routledge & Sons. Ltd., London. 1928,

Swalwell, Joseph A.  Address on Columbia Basin Irrigation League. Eighth
Weslern Divigional Mecting, Chamber of Commeree of the United States.
Portland, Oreg. December %, 1930.

Teele, R. P.  EKconomics of Land Reclamation. A.W. Shaw Co. 1927,

Texas, University of. Silting of Reservoirs. Bul. No. 3025. July 1, 1930.

Thomsgon, R. H. Horse Heaven Irrigation District Projeet. Iingincers’ and
Attorneys’ Report. January—March 1917.

Umatilla Rapids Association, Umatilla Rapids Project. Joseph N, Teal,
(Brief) December 20, 1927,

United States Congress:

Senate:

Bill No. 2252, 71st Congress, sceond session.  To provide for the Protec-
tion and f')e.velopment of the Umatilla Rapids in the Columbia
River. Introduced by Scnator Chag. 1. McNary. December 3,
19629,

United States Department of Agriculture:

Burcau of Agricultural Keonomies:

An Eeconomic Study of Irrigated Farming in Twin Falls County, Idaho.
Bul. No. 1421, OQctober 1926.

Land Reclamation Policies in the United States. Bul. No. 1257, Jan-
uary 1927.

Bureau of Public Roads:

Financial Settlements of Defaulting Trrigation Enterprises. Cir.
No. 72. July 1929.

Irrigation Requirements of the Arable Lands of the Great Basin. Dept..
Bul. No. 1340. October 1925,

Irrigation Requirements of the Arid and Semi-arid Tands of the Colum-
bia River Bagin.  Tech. Bul, No. 200.  1929.

Irrigation Requirements of the Arid and Semi-arid Lands of the Missouri
and Arkansag River Basins. Tech. Bul. No. 36. March 1928,

Trrigation Requirements of the Arid and Semi-arid Lands of the South-
west.  Tech. Bul. No. 185, June 1930.

Silt in the Colorado River and its Relation to Irrigation. Tech, Bul,
No. 67. Tchruary 1928,

Irrigation Practices in Growing Alfalfa. Bul. No. 1630. Junc 1930.

Mutual Irrigation Companies. Tech. Bul. No. 82. January 1929.

Commereial Irrigation Companies. Tech. Bul. No. 177. Mareh 1930.

Weather Bureau:
Daily River Stages.  Parts VIT to XXVI, years 1900 to 1928, inclusive.
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United States Department of Interior:
Bureau of Reclamation:

Agricultural and Economic Conditions of the Lands Surrounding the
Umatilla Projeet. (Unpublished) 1925,

Extracts from Annual Report—Relating to General Land Office.
Tigcal year 1928.

Annual Reports, Commissioner of Reclamation.  1-29 inclusive.

Federal Irrigation Projects. 1925,

Federal Irrigation Projects. ITouse Document No. 201, 69th Congress,
first scssion. Report of the Board of Surveys and Adjustments.
1924, Published 1926. _

Report of an Teonowmic Survey of Certain Federal and Private [rrigation
Projects.  Special Committee. 1929.

Economic Report, Umatilla Rapids Project, Oregon, Washington,
Andrew Weiss and Wm. W. Johnson. Denver, Colo. (Unpublished)
September 23, 1926.

Federal Reclamation by Irrigation. 8enate Document No. 92, 68th
Congress, first session.  April 21, 1924.

Umatilla Rapids Project. Oregon-Washington. Report of Investiga-
tions, 1923-24, . B. Crocker. (Unpublished). :

Federal Reclamation Laws, Annotated. March 1927,

Federal Reclamation Laws, Annotated, Cumulative Supplement to
Iidition of 1927. July 1930.

General Reclamation Circular. Laws and Regulations Relating to the
Reclamation of Arid Tands in the United States. May 18, 1916.

Federal Reclamation, What it Should Include. Elwood Mcad. Com-
missioner.

Irrigation Possibilities in Idaho. A. J. Wiley. (Unpublished) Nine
projeets.  April 1928,

High Pressurc Reservoir Outlets. Two Vols., 1923.

Headworks and Other Structures and Earthwork and Btructures, Main
Canal, Minidoka Project, Idaho. Speeifications No. 489. 1929.

Report on Mountain Home Secondary Project Investigations, Idaho.
(gooperating Boise Chamber of Commerce. 1923,

Diversion Dam and Larthwork Tunnecls and Structures, Vale Main
Canal to Station 129-4-89.7, Vale Project, Oregon. Specifications
No, 475. 1928,

Earthwork and Structures. DBully Creek West Bench Lateral System,
Vale Project, Oregon, Specifications No. 500. 1929.

Report on Water Supply for Greater Umatilla Project. E. B. Debler,
(Unpublished) 1919.

Reports of the Enginecring, Agricultural, and Feonomic Feasibility of
the Kittitas Division, Yakima Project; Baker Project; Vale Project;
Owyhee Project; Spanish Springs Project; Great Salt Lake Basin
Project; Willwood Division, Shoshone Project.  Special Committee.
1925.

andbook of the Irrigation District Laws of the Seventeen Western
States of the United States. W. R. King and E. W. Burr. December
20, 1918,

United States Geological Survey:

Geologic Conditions Alfceting Reservoirs and other Struetures.  Senate
Committee Print, 69th Congress, sccond session. Kirk Bryan.
January 8, 1924.

Storage Possibilities in Bear Valley and Stanley Basin, Idaho. W. G.
Hoyt. (Unpublished) 1927,

Storage and Power Possibilities Payette River Basin. W. G. Hoyt.
(Unpublished) January 1927,

Water Utilization of Boise River, Idaho. W. G. Hoyt and L. L.
Bryan. Preliminary Report (Unpublished).

Transmission Losses and Return Flow on Umatilla River, Oregon, 1921~
1925. G. 1. Canfield. (Unpublished).

Analysis and Computations to Determine Flow of Columbia River at
Umatilla Rapids after Ultimate Irrigation is in Effect. Donald
J. F. Calkins. (Unpublished) April 1924,

United States Indian Service: :

What Interests are Involved in the Flood and Low Water Flow of the
TUmatilla River, Orcgon, other than those of the Indians. H. W.
Hincks. July 15, 1912,

Report of Investigations, Duck Valley Irrigation Project. Halbert T.

ohngon. (Unpublished) June 1916,



1842 COLUMBTA RIVETR AND MINOR TRIBUTARIES

Urited States War Department:
Corps of Engineers:

Report on John Day River.  Prepared under authority of the River
and Harbor Act of January 21, 1927, in accordanec with House
Document No. 308, 69th Congress, first session. Submitted Sep-
tember 15, 1931.

Columbia Basin Irrigation Project. Tables on regulating storage and
irrigation at mouth of Snake River. Distriet Fngineer Office, Scattle,
Wash. 1031,

Washington State Department of Conservation and Development:
Biennial Reports.  1921-30.
A study of the Market for Products of the Proposed Columbia Basin Project.
Chester C. Hampson,  December 1927,
Taws of the State of Washington, Relating to Trrigation Districts. Frle
J. Barnes, Dircetor. 1929,
Washington, State Enginecr, Monthly and Yearly Summaries of ITydrometrie
Data in Washington., Bul. No. 4. 1878:.1920.
Wztsh%;lgt(m, State Mydraulic Engincer.  Firgt Biennial Report.  Marvin Chase,
1917--18,
Washington State Superior Court:
Touchet River and its Tributaries State of Washington v. Wesl End Irriga-
tion Dist, No. 5 et al.  Adjudieations. Report of referee.  Mareh 8, 1929,
The Walla, Walla River and its Tributaries. Adjudieations. Report of
referee,  May 17, 1917,
Washington State College:
Cost of Pumping for Irrigation. Bul. No. 103, October 1923.
Un]_its of Mensurements in the Application of Irrigation Water.  Bul. No. 145,
June 1929,
Widsoe, John A, Success on Irrigation Projeets. John Wiley and Sons, Ine.
1928,

War DuprARTMENT,
OrrFiceE or THE Distnicr NGINEER,
Portland, Oreg., Jonuary 26, 1932.
Subject: Discussion of flood control benefits on Columbia River re-
sulting from diversion of 16,000 second-feet at Grand Coulee during
May, June, and July.
To: The Chief of Engineers, United States Army.

1. Pursuant to instructions contained in radiogram from the Chict

of Engineers, dated January 20, 1932, the following discussion of flood
control benefits which would result from continuous diversion of
16,000 cubic feet per second at Grand Coulee during May, June, and
July, is submitted:
2. Below the mouth of the Snake flood damage occurs during the
Colunibia River annual freshets and is caused mainly by the overflow
of lowlands adjacent to the stream along the lower 120 miles of its
course —that is, below the mouth of Sandy River, which enters the:
Columbia on the Oregon side about 14 miles above Vancouver, Wash.
Above the mouth of Sandy River little arable land is subject to
overflow except during freshets of unusual heights.

3. The valley of the Columbia below the Sandy contains about
266 square miles of arable lands below the crest elevation of the flood
of 1894. About 226 squarc miles of this are below the crest cleva-
tion of ordinary floods. These arable lands are scattered in small
parcels. A total of about 119 square miles of the area subject to
overflow is now protected against ordinary floods by about 233 miles
of levees.

4. Flooding of the lowlands begins when the Columbia is dis-
charging approximately 600,000 second-feet at The Dalles, Oreg.
This stage 1s reached about once every 2 years. Small damage results
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from floods of 600,000 to 700,000 second-fect. A flood of over
700,000 second-feet may be e\poct(‘d to occur once in 3 years. The
flood of 1894, the highest of record, had a discharge of 1,160,000
second-fect at The Dalles. It caused a large amount of dmnmw
Subsequent moving of the railroads and construction of some levees
to an elevation about equal to the crest elevation of this flood has
eliminated much of the source of damage from future floods of this
height. A flood equivalent to that of 1894 may be expected to oceur
once in 400 years.

The flood discharge of Columbia River occurs once a year
durmuf the 3 months’ pouod of May to July. The duration of the
ﬂoods has varied from 10 to 60 days. The rise is gradual, seldom
exceeding 1 foot a day; hence there is ample time to remove fivestock
and equipment to hwher lovels. Comparatively little property loss
ocours.  While little accurate information is available as to the actual
losses, it is estimated that over a period of years the average damage
from all sources will not exceed $150,000 per year.

6. The base fracring station for the lower Columbia is located at
The Dalles, Oreg., 190 miles {rom the mouth and 50 miles above the
head of tidal reach. This station has been maintained continuously
from 1878 to date. ‘Tables of discharge, prepared by the United
States Geological Survey for this 74-yem pellod show that the peak
of annual Ilood has varied from a minimum of 269,000 second-feet
on May & and 9, 1926, to a maximum of 1,160,000 second-feet on
June 6, 1894,

7. Discharges of 600,000 sccond-feet at The Dalles, Oreg., stage
34.7 feet, do not cause any flood damage. Any decreaso in the dis-
charges below this amount will not be of any benefit insofar as
flood protection is concerned.

8. In the following table only freshets (floods) with discharge in
excess of 600,000 second-feet have been tabulated. The observed
discharees and stages at The Dalles, Oreg., and the effect of reducing
these discharges and the corresponding stages are shown. The per-
coent of decrease in discharge is also given.

Columbia River ot 'The Dalles, Oreg—Yearly maximum discharges in excess of
600,000 second-feet (floods) and corresponding slages, and same discharges
reduced 16,000 second-feet and resulling stages

Corrected by minus] |
Observed 16,000  second- éeel'?\ﬂng

] ‘et CTeas

Day Y ear feet _ i i

Discharge | Stage | Discharge | Stago charge

Observatlom hv Oru,on Steam Navigation Second-feel | Feel | Second-feet | Feet

_________________________________________ 1859 y 46, 3 46, 1 1.8
1860 688, 000 37.8 672,000 37.1 2.3
1861 618, 000 35.5 602, 000 34.8 2.6
1862 948, 000 50.0 932, 000 49,3 1.7
1563 777,000 42, G 761,000 41,9 21
1864 654, 000 37.2 631, 000 36.5 2.4
1565 714,000 39.8 6498, 000 a1 2.2
1366 839, 000 45.3 823, 000 44.6 1.9
1867 671,000 37.9 655, 000 7.2 2.4
1870 777,000 42,6 761, 000 41,9 2.1
1871 856, D00 46,0 R40, 000 45,3 1.9
1872 737,000 40.8 721, 000 40.1 2.2
1873 638,000 364 622, 000 35.7 2.5
1875 684, 000 38.5 668, 000 37.8 2.3
1876 958, 000 0.4 042, 000 49.7 1.7
June W aiiiaaoo 1879 (')4&, Qo0 36.7 627, 000 36.0 2.5
June 30-July 2, inclusive____._._._._ _.___._ 1880 914,000 438, 5 8498, 000 47.8 1.8
June W3and 14 . 1882 243, 000 47.2 867, 000 46. 5 1.8
June 13 ..o L. . 1584 698, 000 39.2 082, 000 38,6 2.3
June 9. ... e iiiiiiiacna-.-.| BB 673, 000 38.0 657, 000 d73 2.4
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Columbia River ot The Dalles, Oreg.— Yearly mazimum discharges in excess of
600,000 second-feet (floads) and corresponding stages, and same discharges
reduced 16,000 second-feet and resulling stages—Continued

Correeted by minus
Observed l1_6,000 second- | Parcent
Bl decronse
Day Year in dis-
. charge
Discharge | Stage | Discharge | Stage
Second-fect | Feet | Second-feet | Feet

June 19 L. 1887 896,000 47.7 850, 000 47.0 L8
May20______._ . 643, 000 36,2 617, 000 35, 5 2.5
June 22 and 23_ - AP 607,000 35.0 881, 000 3.3 26
June 14_____._ . R : 679,000 38.3 663, 000 37.6 2.4
June 6_._ . - 1, 160, 000 59,4 1, 144, 000 58,7 1.4
June 22__ . . - ¢ 785, 000 42,9 763, 000 42,2 2.0
May24_ ... R 780,000 42,7 764, 000 42,0 2.0
June 20 and 21 g G40, 000 36.9 634, 000 36.2 2.5
. S . 8 787,000 43.0 771,000 42,3 2.0
- 662, 000 AT b 646, 000 36.8 2.4
644, 000 36,7 628, 000 36,0 2.5
87,000 43,0 771,000 42,3 2.0
629, 000 36.0 613,000 35,3 2.5
653, 000 37.1 637, 000 36, 4 2.4
475,000 38.1 659, 000 37.4 2.4
759, 000 41,8 743, 000 411 2,1
727,000 40.4 711,000 30.7 2.2
727,000 40. 4 711,000 39,7 2.2
773,000 42 4 757, 000 41.7 2.1
677, 000 38, 2 661, 000 37.5 2.4
142, 000 36.6 626,000 35.9 2.6
690, 000 38.8 674, 000 38,1 2.3
766,000 42,1 750, 000 41. 4 2.1

This table has been prepared from published records of the U.8. Geologleal Survey and from unpith-
lished records of the Portland (Oreg.) office of the 17.8. (Geological Survey.

9. It will be noted that the maximum discharge of 1894 would be
reduced only 1.4 percent and the maximum discharge in 1892, which
was only 607,000 second-feet, would be reduced 2.6 percent. The
stage of the river at The Dalles would be decreased 0.7 foot in each
instance. Although decreasing flood discharges by 16,000 second-feet
would result in a decrease in stage of 0.7 foot at The Dalles, Oreg.,
the stage at Vancouver, about 102 miles from the mouth, would only
be decreased 0.4 of a foot, the stage at Longview, 62 miles from the
mouth, not to exceed 0.2 of a foot, and at Astoria there would be no
noticeable decrease.

10. It would appear that the diversion of 16,000 second-feet would
have but small effect on the maximum discharges that have occurred
in the past. Insofar as the lessening of flood damage is concerned the
benefit of this decroase in gage height is too slight to evaluate. llow-
ever, a measure of the value might be obtained by assuming the reduc-
tion in gage heights equivalent to an increase in levee heights. The
average reduction of flood heights along the leveed areas would be
about 0.3 foot. On the basis of the cost of existing 233 miles of levees
it is estimated that an additional 0.3 {oot of levee height would cost
about $300,000.

11, Conclusion: It is the opinion of this office that $300,000 is the
maximum amount which could be considered as the capitalized value
of the benefit to flood control on Columbia River below the mouth of
Snake River, resulting from the continuous diversion of 16,000 cubic
feet per second at Grand Coulee during May, June, and July.

QOscar O. KuenTz,
Magor, Corps of Engineers,
District Engineer.
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War DRPARTMENT,
Orrice oF THE DistRicT ENGINEER,
Portland, Oreg., January 29, 1932,

Subject: Discussion of flood-control benefits on Columbia River
resulting from diversion of 16,000 second-feet at Grand Coulee
during May, June, and July.

To the Chief of Engineers, United States Army.

1. Reference is made to air-mail letter from this office on above
subject dated January 26, 1932 (Dist. Office file #838-Col (R)-1/115.1).
Pursuant to the instructions of the division engineer, the following
additional discussion is submitted.

2. In the discussion previously submitted it was estimated that the
diversion of 16,000 second-feet at Grand Coulee would have the effect
of lowering gage height of floods in the vicinity of the areas protected
by levees along the lower 120 miles of Columbia River by not more
than 0.3 of a foot and that if this lower gage height be considered
equivalent to an additional 0.3 foot of levee height the capitalized
value would amount to $300,000. No estimate was made as to the
capitalized value which this lowering of flood height would have if
new levees were constructed on the areas subject to inundation and
not now protected by levees.

3. About 147 square miles of lowlands, without levees, along the
lower 120 miles of the Columbia lie below the elevation of the 1894
flood crest and are subject to inundation. In the 1Iouse Document
308 report on Columbia River, part I1I, dated July 31, 1931, para-
graph 1109, it is estimated that about 23 square miles of these unpro-
tected areas areso situated that they may be protected profitably some-
time in the future. Those areas would require about 38 miles of new
levees. The reduction of the average height of these new levees by
0.3 of a foot would decrease the estimated cost by about $82,000.

4. This amount added to the $300,000 estimated capitalized value
of increasing the existing levee protection by 0.3 of a foot, would bring
the total capitalized value of the benefit to flood control from the
diversion of 16,000 second-feet at Grand Coulee during May, June,
and July to $382,000,

5. In this connection, however, attention is invited to the opinion
of this office as expressed in paragraph 1445 of the above-mentioned
House Document 308 report, which is, in part, as follows:

1445, * * * There is little demand at present for the extension of the
existing diking districts. Private interests will undoubtedly undertake the diking
of the additional arcas whenever there appears to be economie justification. ‘The
problems of flood eontrol arc loeal and are not of the nature to warrant the United
States undertaking levee construction, Neither private owners of land, organ-
ized distriets, nor munieipalities, having for their purpese flood-protectiive meas-
ures along lower Columbia River, have called upon the United States to assume
part of the costs,

Oscar O. Kuenrz,
Magor, Corps of Engineers,
Lhistrict Engineer,
O
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