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COLUMBTA BASIN IRRIGATION PROJECT

PrLANs AND HESTIMATES

INTRODUCTION

1. In connection with the development of the Columbia Basin
irrigation project, the following plans have been considered and will be
treated in the order listed below:

Greater Wenatehee projeet
Priest Rapids project

Plan no. 6-A
Plan no. 4

Plan no. 2-A Plan no, 4-A
Plan no. 2 \ Plan no. 3
Plan no. 1

2. Following is a brief description of each of these proposed plans.
These outlines will be followed with a detailed discussion and estimate
of cost for each,

3. The greater Wenatchee project covers the Quiney tract by a

ravity diversion from Wenatchee River. The reclamation of the
%)uincy tract in this manner in considered later also as one division of
plan no. 6-A.

4. The Priest Rapids project includes 140,520 acres south of
Saddle Mountains to be reclaimed by a pumping diversion from the
Columbia River at Bend. This tract so reclaimed forms a division of
plan no. 4-A discussed later.

5. Plan no. 2-A covers the maximum project with a gravity diver-
gion (including supplemental pumping within 100 feet), the major
portion of the water supply being secured from Clark Fork at Albany
Talls. This supply would be supplemented in Spokane Valley by a
diversion from Spokane River, the amount of which would be fixed
by the limit to which regulation may be carried in Coeur d’Alene Lake.
(See plate no. 127, page 909.) Themain canal for this plan consists of &
series of canal sections, tunnels, artificial lakes, and inverted siphons
extending from Albany Falls to & point near Hillcrest at the upper
end of the irrigable ares, including a canal in the Spokane Valley
connecting Spokane River to the main canal, For the location of the
main canal and its constituent features see plate no. 1282 At the
bifurcation works near Hillcrest the main canal is divided and the
general distribution system begins. (See plate no. 129.%)

6. Plan no. 2 is identical with plan no. 2-A in all respects except
that the entire water supply is obtained from Clark Fork at Albany
Falls and no physical connection is made between the main canal and
Spokane River. The distributing systems are identical for both plans.

7 Plan no. 1 is identical with plan no. 2-A, except that no con-
sideration is given to supplemental pumping.

. Plan no. 6-A is a combination of a modification of plan no. 2-A
and the greater Wenatchee project which has been discussed carlier
in this report. The eastern and southern portion of the project is
reclajmed as outlined in plan no. 2-A, and the Quincy area as outlined
in the discussion of the greater Wenatchee project. See plate no. 1301
The total area reclaimed under this planis somewhat less than that
of plan no. 2-A, because of certain areas marginal to each unit where
the cost of Jocal distribution was prohibitive.

e
2 Not. printed.
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9. Plan no. 4 contemplates a pumping diversion from the Columbia
River at Grand Coulee. The water supply is pumped from the
Columbia River to the Grand Coulee Reservoir from which it is
delivered to the project through a gravity system similar in ck aracter
to that of plan no. 2-A. Plan no. 4 includes also supplemental pump-
ing to a maximum height of 100 feet, and represents the raximum
area that can be included in a project with a pumping diver ion, as
shown on plate no. 131, page 940. The location of the canal system
as required for this plan of development is shown on plate no. 132.2

10. Plap no. 4-A is identical with plan no. 4 as to area reclaimed.
In plan no. 4-A it is proposed to reclaim the Priest Rapids arex with &
pumping diversion from Columbia River near Bend, the balance of the
project being covered by the pumping diversion from Columbia River
at Grand Coulee. 'The canal system 1s modified to meet these changed
conditions.

11. Plan no. 3 isidentical in all respects with plan no. 4, except that
no consideration is given to supplemental pumping.

GREATER WENATCHEE PROJECT

12. The greater Wenatchee project, as considered in this report,
includes certain areas within the Wenatchee Valley above present
irrigation systems, certain lands in the Wenatchee-Malaga, in the east
Wenatchee and Moses Coulee districts, aggregating an area of 20,000
acres, and the Quincy tract with an irrigable area of 320,310 acres
located in the western part of Grant County. (See plate no. 3,
p. 591.)

13. The total irrigable area of the project consists of 340,310 acres.
The classification of the lands on the Quincy tract was determined
in the manner outlined in a general discussion of the Columbia Basin
irrigation project following in this report.

14. The remaining 20,000 acres in the Wenatchee Valley and other
districts, as noted above, was not classified for the present report.
This irrigable area was fixed from the most reliable data available on
the subject. Previous reports on the greater Wenatchee project
give the results of certain land classifications of these areas. Reclassi-
fications, made later, have resulted in revisions downward in the
irrigable area. No detail information is available on this classification,
but the 20,000 acres used in this report represents the opinion of those
most familiar with the territory. These areas are given only general
consideration in this report, the major objective of which is the reclam-
ation of the Quincy, one of the principal areas on the Columbia Basin
irrigation project. The main canal leading to the Quincy area secures
its water supply from the Wenatchee River and passes in the approxi-
mate vicinity of the tracts that constitute the 20,000 acres mentioned.
The present estimate makes provision only for a water supply of
3 acre-feet per acre net, for those arcas, and capacity in the main
canal for carrying that water to points where it may be diverted into
canals leading to the areas under consideration.

15. The Quincy area represents about 95 percent of the area of the
Greater Wenatchee project, and has been given the same consideration
and treatment as has the Colwmbia Basin irrigation project. The
irrigable area and water requirements for this area were determined

2 Not printed,
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in the manuer described in the general discussion of the project
which follows Inter in this report. ’

16. The water supply for this project is secured from the Wenat.
chee River. The present unregulated flow of the Wenatchee River
is not fully utilized during the low-water season in providing for
the irrigation requirements of the present development in the valley.

17. To provide an adequate water supply, the present plan in-
cludes regulation of the flow of the Wenatchee River by the con-
struction of a dam across that stream about 1% miles helow Plaing
or 9 miles below the outlet of Wenatchee Lake. With regulation of
Wenatchee Lake to elevation 1,980 by the construction of s dam at
the site proposed, water supply would be available for the greater
Wenatchee project after allowing 525 second-feet to flow down the
river to meet the demand of existing rights. ‘

18. Two power plants are in operation on the Wenatchee River at
the present time. The upper or Chumstick plant has an installed
capacity of 525 second-feet while the lower or Dryden plant has an
installed eapacity not exceeding that of the Chumstick plant, Water
bypassed the dam at the Wenatchee Lake Reservoir to meet the
demands of these power installations, is adequate to meet the irriga-
tion demands on the river below the Dryden plant.

19. In designing the present svstem, the same canal losses have
been used as determined for the Columbia Basin irrigation project.

20. No provision has been made for rediverted water on the project
as it is belicved the rediversions possible on the Quincy area were
very limited in extent,

21. Engineering treatment given this project is the same as that
given the Columbia Basin irrigation project. The Quincy area form-
g the major arca of the plan now under diseussion is one of the im-
portant areas of the Columbia Basin irrigation project.  In the com-
parative estimates for the different plans for that project, plan no.
6-A includes the identical project now under dizscussion, and forms a
very important part. In order to place these various plans of de-
velopment for the Columbia Basin irrigation project on a comparable
basis, the present plan has been given the samo consideration and
treatment as 15 outlined more fully in a general discussion of engi-
neering treatment of the Columbia Basin irrigation project, which
follows later in this report,

22. The system required for the development of the greater Wen-
atchee project consists of a dam for the regulation of Wenatchee
Lake to elevation 1,980 and s main canal, consisting of a series of
sections of open canal, tunnels, and siphons from the Wenatcheo
Lake Dam to a point on the Quiney arca about 3% miles northwest of
Quingey, the end of the main canal.

23. Krom the end of the main canal the main east is carried casterly
to a point south of Ephrata and the main west is carried south to the
Low Gap Tunnel, and to the southern slope of the Frenchman Hills.
From thege main laterals, diversions are mado into the distributing
system which serves the irrigable land within the project.

24. The main canal estimate is based upon a projection made on
line topographic sheets prepared by the Columbia Basin Survey (lom-
mission, while the lateral and distributing systems have been csti-
mated upon projections made on the United States Geological Survey
quadrangles.
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MAIN CANAL

25. Gravity diversions from Wenatchee River.

Arca reclaimed by gravity, Quiney area__________________ .. acres._ 284,090
Area reclaimed by supplemental pumping, Quiney area_ _____ do_... 36, 230

Total area reelaimed, Quiney area________________._.do.___ 320,310
Area provided main eanal delivery only__._________________ do- ... 20, 000

Total ares greater Wenatcehee projeet . _________ .. ._ do.___ 340, 310
Mean irrigation requirement at land, acre-feet, per acre..._.__.____ 2,944
Total seasonal requirement at land, acre-feet__ ___________ .. e 1,001, 137
Capacity of main canal at head_ _______ . ____________ sccond-feet_ _ 3, 400
Diversions to Wenatehee areas. . .. ... ___ .. ___________do__.. 210
Capacity of main canal at bifureation works. . __ ... ... _.___do____ 3, 190
Loss in main canal___________. e m oo wndon oo 64
Requirements at bifureation works_ .- .. _____________ do__.. 3, 126

26. Table no. 1 gives the monthly requirement at the land and the
monthly requirement at the point of diversion after correcting for
canal and reservoir Josses. No water is rediverted on this project.

TarLe No. 1.——Water requirements for the greater Wenalchee project (acre-feet)

Place Apr. May | June July Aug. Sept. Oct. Total

Atland. o . eeea 102,617 | 178,202 | 170,304 | 192 218 | 182,708 | 120,837 | 54,161 | 1,001,137
At bifureation works - 109, 167 | 189, 577 | 181,270 | 204,487 | 194,370 | 128,550 | 57,619 | 1,065,040
At diversion. ., _._ S 110,402 | 193,460 | 184,982 | 208, 676 | 198,350 | 131, 183 | 58,709 | 1,086,852
Diversion requirements_____ 111,402 | 103, 460 | 184,982 | 208,676 | 198,350 | 131,183 | 58, 790 | 1,086,852

NOTE.-~No reservoir losg; no rediverted water.

27. In designing the main canal no reduction in capacity was due
to canal losses. The lower end of the canal will have a slicht excess
capacity.

28. Following are the features listed geographieally, which con-
stitute the cntire main canal and storage system for the greater
Wenatchee project:

29. Feature no. I-——Wenatchee Lake Dam.—This structure would be
located on the Wenatchee River about 1Y% miles below Plains and
about 9 miles below the mouth of Wenatchee Lake and effects the
regulation of that Jake and serves as a diversion structure from the
river. 'This structure is of the rock-fill type.

30. In connection with a combined plan of irrigation and power
development involving the complete regulation of the Wenatchee
River a plan was prepared of this structure with a top elevation of
2,015. For the purpose of the present plan which is limited to irri-
gation, the structure was modified in dimensions to meet the require-
ments for regulation to elevation 1,980. For the purpose of prepar-
ing plans for this structure, a topographic survey was made of the
dam site during the present investigation. (See plate no. 22.2) No
testing or drilling was done to determine foundation conditions, but
a geological investigation was made to determine the suitability of the
slte. '

2 Not printed.



]290 COLUMBIA RIVER AND JMINOR TRIBUTARIES

31. Regarding the geological features the report by Henry Landes
is, in part, as follows:

At the dam site there is a sloping outerop of bedrock on the east side, which
reaches a height of about 50 feet above the water level.  Beyond this point the
rock is covered by a veneer of soil that has but a slight depth. The entire east
end of the dam would rest upon rock in place. The formations are mainly con-
glomerate and sandstone with very litlle shale.  The strata have a strike that is
north and south, or in the same direction as the river at this place. The dip or
pileh of the beds is about 40° to the west.

The bed of the river at the dam site containg rock similar to that on the cast
bank. The river has beveled off the strata and made a fairly smooth floor of
conglomerate and sandstone over which it flows.  There is no overburden at the
dam site and at the date this examination was made (Oct. 21, 1930) the water
was bolh low and clear, so that the hottom of the ehannel could readily be seen.
The stream bed is smooth and without potholes or incqualities of any size.

On the west side of the Wenatehee no rock in place outerops between the river
bed and the foot of the mountain, nearly 3,000 feet away.  Along the center line
of the dam, across the terraecs, the distance vertically to bedrock ean be deter-
mined only by drilling. The rock is probably but a little way below the surface
beeause the crosion of the Wenatchee Valley in thig locality has been done by
the river only and not by glaciers. The glaciers which came down the White
and the Upper Wenatchee Rivers ended at the Toot of Wenatchee Lake, where
they left terminal moraines that created the lake. The glacier that deseended
the Chiwawa River came to an end hefore the mouth of that stream was reached.
Since the valley cutling at the dam site was stream work only, the bedrock in
the cross scetion is not likely to be any lower anywhere else than it is in the
present channel. In other words, it is wholly unlikely that on the west side of
the valley there ig any former river course, onee deeply earved in the rock and
later filled and abandoned.

In order to determine the actual depth to bedroek it is suggesied that a hole
be drilled on the line of the dam, at a point about 1,000 fect, west of the river
bank. If bedrock should he reached at a depth of less than 40 feet, or the approxi-
mate level of the river bed, it would be wise to locate a second hole half way
between no. | and the river, and a third one half way between no. 1 and the
west end of the dam. The results from three holes would probably be enough
to give the approximate depth to hedrock at the site now under consideration.

The formations which outerop on the east bank and in the bed of the river
would afford good materials for the support of a dam. The rocks have been
derived from a disintegrated granite and the sediments have been laid down in
a very compact manner. The percentage of voids is low and the soluble material
of very limited extent.

32, The outlet tunnel from the Wenatchee Lake Rescrvoir dis-
charges directly into the main canal.

33. Feature no. 3.~-tHeadworks, included in feature no. 1.

34. Feature no. 3.—Open canal, Wenatchee Lake Dam to Chum-
stick Tunncl. Length, 2.92 miles. Type no. 55, plate no. 156.
This section of canal extending from the Wenatchee Lake Dam to
the Chumstick Tunnel involves no unusual features except as to
classification of material which will probably be solid rock through
the greater portion of the distance. .

35. Feature no. 4.-- Chumstick Tunnel. See plate no. 156.2 Single
bore. Diameter, 17.92 feet. ILength, 4,580 feet or 0.87 mile. No
geological report is available on this site or that of the other tunnels
which follow on the main canal leading to the Quiney area. A very
large part of the area traversed shows sandstone at the surface and
there can be but little question as to the nature of the material to be
encountered in tunnels along this line. The Columbia Bagin Survey
Commission gives the classification of material to be found in these
tunnels but the report is silent as to any further geological comment.
Full timbering for 10 percent of the length was assumed for the present
estimate.

2 Not printed.
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36. Feature no.5.—Open canal, Chumstick Tunnel to Chumstick
siphon. Length, 1.21 miles. Type no. 55, plate no. 156.° No
unusual items in this section of canal were found. Solid-rock
excavation throughout.

37. Feature no. 6.—Chumstick siphon. See plate no. 134° for
typical design. This structure consists of one steel pipe line with
the required concrete end and foundation works. Tength, 2,020 feot,
horizontal distance. One steel pipe. Diameter, 18 fect. Maximum
head, 309 feet. No unusual items were encountered in this feature.
This structure must be constructed as a single unit.

38. Feature no. 7.—Open canal, Chumstick siphon to Eagle Tunnel.
Length, 1.39 miles. Type no. 55, plate no. 156.2 This section of canal
is through a section where the entire excavation will probably be in
solid rock.

39. Feature no. 8. —Iagle Tunnel. See plate no. 156.2 Single bore.
Diameter, 17.92 feot. Length, 13,300 feet or 2.52 miles. This strue-
ture will be through sandstone formation, For the present estimate,
it has been assumed that 10 percent of full timbering will be required.

40. Feature no. 9.—Open canal, Eagle Tunnel to Iagle siphon.
Length, 0.18 mile. Type no. 55, plate no. 156.> This section of canal
will be in sandstone throughout.

41, Feature no. 10.—Kagle siphon. See plate no. 134 2 for typical
design. This strueture consists of one stecl pipe line with the required
concrete end works and footings. Length, 900 feet, horizontal dis-
tance. One steel pipe. Diameter, 18 feet., Maximum head, 122
feet. This structure must be built as one unit. There are no
unusual items in this structure.

42. Feature no. 11.-—Derby Tunnel. See plate no. 156.> Single
bore. Diameter, 17.92 feet. Length, 11,100 feet or 2.10 miles.
This tunnel will be through sandstone throughout. It has been
assumed that 10 percent of full timbering will be required. '

43. Feature mo. 12.—QOpen canal, Derby Tunnel to Nahahum
Tunnel. Length, 0.95 mile. Type no. 55, plate no, 156.> There is
no change in character of canal work in this section. There probably
will be solid-rock excavation throughout. :

44, Feature no. 13.—Nahahum Tunnel. See plate no. 156.> Single
bore. Diameter, 17.92 feet. Length, 31,000 feet or 5.87 miles. This
tunnel is the longest on the system and will be in sandstone through-
out. For the present estimate, it has been assumed that 10 percent
full timbering will be required. This tunnel, nearly 6 miles in length,
will require the longest period for completion of any feature on the
project. The cover over this tunnel is deep, a minium of about
900 feet being reached in the Ollallie Canyon practically midway
between the tunnel portals. Using a shaft at this point allowing 4
working faces, the tunnel would probably be driven in 3 years;
without the use of the shaft, about 5 years would be required.

45. Feature no. 14 -Open canal, Nahahum Tunnel to Warm Springs
Tunnel. Length, 1.10 miles. Type no. 55, plate no. 156> This
section of canal will probably be in solid-rock exeavation throughout
and has been estimated on that basis.

46. Feature no. 16-—Warm Springs Tunnel. See plate no. 156.
Single bore. Diameter, 17.92 feet. Length, 15,700 feet or 2.97 miles.
This tunnel is still in the sandstone area and that formation will be
encountered throughout in this tunnel.

* Not prinfed.
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47. Feature no. 16 —Open canal, Warm Springs Tunnel to Sunny-
slope Tunnel. Length, 1 mile. Type no. 55, plate no. 156.2 This
section of canal will encounter a large percentage of solid-rock exca-
vation,

48. Feature no. 17 —Sunnyslope Tunnel, See plate no. 156.2
Single bore. Diameter, 20.42 feet, Length, 11,350 feet, or 2.1
miles. This tunnel will be in granite throughout its entire length.
For the present cstimate, 10 percent of full timbering has been
assumed.

49. Feature no. 18—Open canal, Sunnyslope siphon to Columbia
River siphon. Length, 0.44 mile. Type no. 55, plate no. 156.2 This
section of canal leading from the Sunnyslope Tunnel to the Columbia
River siphon will encounter a large percentage of solid-rock excava-
tion. Some diversion will be made from this section of canal.

50. Feature no. 19.~-Columbia River siphon. Sec plate no. 157.2
This structure carrying the main canal across the Columbia River
presents the greatest engineering problem encountered in the prepara-
tion of the present report because of the amount of water to be carried
through the structure and the extremely high head necessary.

51. In preparing an estimate for this feature several alternative
plans were considered. Plans were prepared for various combinations
of steel pipe lines carried across tho Columbia River on a stee’ structure
of five 350-foot spans, each span consisting of four parallel stecl
trusses on a steol structure of such height as to insure a clearance of
45 feot during the high-water period. This study included the con-
sideration of several combinations of pipe lines in an effort to provide
a structure at minimum cost.

52. The large amount of material required in the pipe lines, and the
supporting structure across the stream, led to the consideration of
the use of a pressure tunnel passing under the river, Tentative esti-
mates showed this type of structure to be much less expensive and it
has been used in the present estimate. Total length of structure,
7,370 feet, consisting of the following: Station 1402} 90— 1411+ 20,
830 feet, one steel pipe line, diameter 17.33 feet, maximum head 620
feet; station 1411+ 20—1468+66, 5,746 feet, single-bore shaft and
pressurc tunnel, diameter 17.33 fcet, maximum head 1,346 feet: sta-
tion 1468 + 66 — 1476 - 60, 794 feet, one steel pipe line, diameter 17.33
feet, maximum head 570 feet.

53. The pipe lines are carried to a point where a plate thickness of
1% inches would be required and then pass into the pressure shafts
and tunnel, The shafts and tunnels carry this same thickness of steel
as a lining backed up by concrete and pressure grouted. A great deal
of study and investigation has been devoted to this problem and the
best opinion available suggests the use of a special steel for this struc-
ture. Accordingly a chrome-nickel steel has been considered at a
considerable advance in cost.  With this class of steel a working stress
of 20,000 pounds has been used instead of 15,000 pounds as used for
the commereial stee] plate.

54. This structure is so large that a vast amount of study will be
required to develop a final plan before construction, but the present
study seems to be sufficiently developed for this estimate.

55. Feature no. 20.—East Bank Tunnel. See plate no. 156.7 Single
bore. Diameter, 17.92 feet. Length, 600 feet, or 0.11 mile. In-

2 Not printed,
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cluded with this tunne] are 680 feet of canal leading from the Columbia
River siphon. This tunuel will be in basalt, and 10 percent of full
timbering was assumed for the present estimate.

56. Feature no. 21 —Open canal, East Bank Tunnel to Valley View
siphon. Length, 2.89 miles, Types no. 56 and no. 57, plate no. 156.2
This section of canal will encounter a large percentage of solid-rock
excavation. No diversions are made from this section of main canal.

37. Feature no. 22.—Valley View siphon. See plate no. 134,% for
typical design. This structure consists of one steel pipe line with
concrete cradles and end structures. Length, 500 feet, horizontal
distance. Onc steel pipe. Diameter, 17.92 feet. Maximum head,
84 fect. There arc no unusual items in this feature. If so desired, a
reinforced conerete structure throughout may be used at this site at
about the same cost.

58. Feature mo. 23.—Ovpen canal, Valley View siphon to Liberty
siphon. Length, 3.70 miles. Types no. 56 and no. 57, plate no. 156.2
This section of canal is over an area of broken topography and a large
percentage of solid-rock excavation will be encountered. A diversion
of 28 second-feet is made from this section of the main canal.

59. Feature no, 24.~Liberty siphon. See plate no. 134 ? for typical
design. This structure consists of one steel pipe line with the neces~
sary concrete end structures and footings. Length, 400 feet, hori-
zontal distance. One steel pipe. Diameter, 17.92 feet. Maximum
head, 51 feet.

60. Final plans for this structure will probably show the economy
in using reinforeed concrete throughout instead ot the steel pipe.

61. Feature no. 25.—Open canal, Liberty siphon to Rock Island
Tunnel. Length, 10.80 miles. Types no. 56 and no. 57, plate no.
156.2 This section of canal is over an area of irregular topography,
and a large percentage of solid-rock excavation will be encountered.
A dixlrersion of 88 second-feet is required from this section of the main
canal,

62. Feature mo. 26.—Rock TIsland Tunnel. See plate no. 156.2
Single bore. Diameter, 17.92 feet. Length, 9,900 feet, or 1.87 miles.
No geological report on this site was made. Surface conditions leave
but little doubt as to basalt being encountered throughout. "Ten
percent of full timbering was assumed for the present estimate.

63. Feature no. 27.—Rock Island siphon. See plate no. 134 ¢ for
typical design. This structure consists of five parallel pipe lines with
the necessary concrete end structures and foundations. ILength,
3,750 feet, horizontal distance. Five steel pipe lines. Diameter, 8.5
feet. Maximum head, 736 feet. This structure may be constructed
as five units in the interest of a stage development. The first unit
consisting of the concrete work and one pipe line, each of the four
succeeding units consisting of one pipe line only.

64. Feature no. 28.—Moses Coulee Tunnel. See plate no. 156.
Single bore. Diameter, 17.75 fect. Length, 15,650 feet, or 2.96
miles. No geological report on this tunnel was made, but surface
conditions leave very little doubt as to basalt being encountered
throughout. Ten percent of full timbering was assumed for the pres-
ent estimate,

65. Feature no. 29.—Open canal, Moses Coulee Tunnel to Moses
Coulee siphon. Length, 0.87 mile. Type no. 56, plate no. 156.2

# Not printed.
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Topography in this section of canal is still somewhat broken, A large
percentage of solid-rock excavation will be encountered. A diversion
of 39 second-feet is made from this section of the main canal.

66. Feature no. 30.—Moses Coulee siphon. See plate no. 134 ¢ for
typical design. This structure consists of four parallel steel pipe lines
with the required concrete collateral works. Length, 6,200 feet,
horizontal distance. Four steel pipe lines. Diameter, 9.5 fect.
Maximum head, 675 feet. This structure may be built in four units
in the interest of a stage development.

67. Feature no. 31.—Open canal, Moses Coulee siphon to Willow
Springs Tunnel. Length, 0.72 mile. Type no. 56, plate no. 156,
The same conditions prevail on this section of canal as were found in
fea%ure no. 29. A large percentage of the excavation will be in solid
rock,

68. Feature no. 32—Willow Springs Tunnel. See plate no. 156.2
Single bore. Diameter, 16,75 feet. Length, 7,150 feet or 1.35 miles.
No geological report is available on this tunnel. Surface indications
point to basalt throughout. Ten percent full timbering was assumed
for the present estimate.

69. Feature no. 33.—Open canal, Willow Springs Tunnel to Willow
Springs siphon.  Length, 5.69 miles. Types no. 56 and no. 57, plate
no. 156> Topography is generally favorable for canal construction
but a large percentage of excavation may be in solid rock.

70. Feature no. 34.—Willow Springs siphon. See plate no. 134 * for
typical design, This structure consists of one steel pipe line with the
required concrete end structures and cradles. Length, 900 feet, hori-
zontal distance. One steel pipe line. Diameter, 16.58 feet. Maxi-
mum head, 98 feet. This structure consisting of only one pipe line is
not adapted to a stage construction.

71. Feature no. 35 —Open canal, Willow Springs siphon to Quiney
Tunnel.  Length, 1.10 miles. Types no. 56 and no. 57, plate no.
156> Topography is favorable for canal construction but the largest
percentage of oxcavation will probably be in solid rock.

72, Feature no. 36 —Quincy Tunnel. See plate no 156.2 Single
bore. Diameter, 16.75 feet, Length, 6,050 [eet or 1.15 miles. No
report is available on the geology of this site.  The tunnel will prob-
ably be in basalt throughout. Ten percent of full timbering was
assumed for tho present estimate.

73. Feature no. 37.—Open canal, Quincy Tunnel to bifurcation
works, Length, 0.15 mile. Type no. 56, plate no. 156.* This sec-
tion leading from the Quincy Tunnel to the bifurcation works is
ideal from a construction standpoint. Kxcavation will probably be
largely solid rock because of the depth of cut leaving tunnel.

74, Fealure no. 38.--—-DBifurcation works. No drawing. This
structure ig located at the lower end of the main canal and at the
beginning of the Quinecy area, at this point the water being divided
into two main laterals, the main east and the main west.

75. Distributing system.—The distributing system begins at the
bifurcation works. At this point the main canal is divided into the
main east and the main west. The main east extends eastward
along the north boundary of the Quiney tract to a point north of
Moses Lake, covering an area of 152,680 acres. The main west
extends along the west boundary of the tract to the Frenchman siphon,

* Not printed.
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and then easterly to the Low Gap Tunnel. Alter passing through
that tunnel it extends both easterly and westerly to cover the area on
the south of the Frenchman hills. The main west covers an area of
167,630 acres.

76. The entire distributing system has been projected on the United
States Geological Survey quadrangles and details of estimates are
found only in the office records.

77. Main east-—The main east consists of the following features
listed goographically:

78. Feature no. 1.—Open canal, bifurcation works to turnout N-9,
plan no. 2. Length, 16.00 miles. This section of eanal is based upon
8 mile-to-mile estimate prepared from a projection made on the
United States Geological Survey quadrangles. For details see office
records. This section of canal is ideal from a construction standpoint.
This canal connects with lateral N-9, as deseribed under plan no.
at its point of diversion [rom the main north.

79. Feature no 2—Open canal. Same as feature N-9-B, plan no.

80. Feature no.3—Siphonmno. 1. Same as feature N-9-C, plan no.

81. Feature no. 4,.—Open canal, Same as feature N-9-D, plan no.

82. Feature no.5 —Siphonno.2. Same as feature N-9-E, plan no.

83. Feature no. 6.—Open canal. Same as feature N-9-F, plan no. 2.

84. The following lateral system diverts from the main east and lor
convenience is presented in table no. 2.

[

?

| ST G S ]

TavLre No. 2—Lateral system, main east, Greaier Wenalchee project

Canal Hiphon
Lateral no. o b | ‘ ]
T : - ximi;
Length | Section Barrel ﬁf"%lill)::? Length | Diameter M%;M“m
Miles Feet
1.8 T P N SO I
10.1 ) I T L
215 [ Concrete.. . ... R { 5. 44
518 (1) Steel izme [T 2 1 I N ¢ 2. ) N N
316 L 2 P SRR i ___________________ ‘ ___________
— - ! ! : .

1 Based ofy projoction on United States Qeological Survey yuadrangles.
? Refers Lo stock size,

85. Feature no. 7.—Sublaterals. The canals listed above terminate
when the capacity has been reduced to 100 seccond-feet. The present
plan contemplates a system extending to the farm units but all
laterals having a capacity of 100 second-feet or less are not shown
individually but are covered by a blanket estimate based upon the
acreage served.

86. Main west.—The main west consists of the following features
listed geographically:

87. Featue no. 1.—QOpen canal, bifureation works to Great Northern
Tunnel. Length, 2.2 miles. This section of canal together with all
features following has been estimated on a mile-to-mile basis from a
projection made on the United States Geological SBurvey quadrangles.
Details are shown on office records. Conditions on this scction of
canal are ideal from a construction standpoint.

88. Feature no. 2—Great Northern siphon. See plate no. 1587 for
typical design. This siphon consists of one steel pipe line with the

2 Not printed,
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required concrete end structures and cradles, Tength, 1,860 feet,
horizontal distance. Omne steel pipe line. Diameter, 13.40 feet.
Maximum head, 160 feet. This structure passes under the main line
of the Great Northern Railway.

89. Feature no. 3.—Open canal, Great Northern siphon to Potholes
siphon. Length, 7.3 miles. This section is favorable for canal
construction. No unusual features were encountered.

90. Feature no. 4.— Potholes siphon. See plate no. 134 2 for typical
design. This structure consists of ono steel pipe line with the neces-
sary concrete and structures and footings. Length, 11,500 feet,
horizontal distance. One steel pipe. Diameter, 10.75 feet. Maxi-
mum head, 434 feet. This structure consisting of only one pipe line
is not adapted to a stage development.

91. Feature no. 5.—Open canal, Potholes siphon to Frenchman °
siphon. Length, 10.5 miles. This section of canal is over an arca,
the topography of which is rough and broken in places and some
solid-rock excavation will be encountered especially at the lower end.
Lateral W-1 is diverted from this section. '

92. Feature no. 6.—Frenchman siphon. This feature is identical
with feature no. 35, Main North, plan no. 2-A.

93. Feature no. 7.—Open canal, Frenchman siphon to Low Gap
Tunnel. This feature is identical with feature no. 36, Main North,
plan no. 2.

94. Feature no. 8 —Low Gap Tunnel. This feature is identical with
feature no. 37, Main North, plan no. 2.

95. Feature no. 9.—Open canal, Low Gap Tunnel to 100 second-foot
capacity. This feature is identical with feature no. 38, Main N orth,
plan no. 2.

96. The lateral system in table no. 3 diverts from the Main West.

TavLe No. 3.—Lateral system, Main Wesl, Greater Wenatchee project

Canal Siphon
Lateral no. T N .
Length | Section Barrel ofu;l)xil;}i?s'r Length Diamete.r Meﬁ‘é;’;‘i“m
Miler Feet Feet
WAl . 10 Y PSSR RO A
W2 .20 | T P A A
Wi 4.74 1) 1 14,072 6. 67
W4 L 1,00 [ A A U I

I Baged on projection on United States (teological 8urvey quadrangles.

97. Feature no. 10.—Sublaterals, The laterals listed above are
those having a capacity of 100 second-feet or more. Those having
a capacity of less than 100 second-feet are not treatoed individually,
but are covered by a blanket estimate based upon acreage served.

GENERAL PROJECT ITEMS

98. Above has been given a brief description of the canal system
as proposed for the Greater Wenatchee project. The items follow-
ing pertain to the general project rather than to any of the subdivisions
mentioned above.

2 Not printed,
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99. Drainage.—A blanket cstimate is included to cover the item
of drainage. The question of drainage is one that will require con-
siderable detail study and one that will not be determined until some
years after the land has been put under irrigation. For the purpose
of this estimate, a blanket estimate of $5 per acre has been included
t0 cover this item.

100. Wasteways.—Wasteways along the Main Canal are included
with the feature on which they are located. Wasteways on the
project are the same as those used in the Gault report for the Quincy
ared.

101. Supplemental pumping.—In all the various plans considered
later in this report, consideration is given to pumping to certain
desirable lands lying above the gravity system. On those plans
congidered later, locations favorable to power development are avail-
able along the canal system, and it is proposed to develop this power
to be utilized in pumping to these high areas. In order to put the
project, now under consideration, on the same basis for comparative
purposes, it is proposed to pump to the desirable lands that can be
reclaimed with & lift of not to exceed 100 feet. The project now
under consideration offers no opportunity for developing power on
the project with water used for irrigation and the power requirements
for this supplemental pumping must be secured from an outside
source. 'The power installation required to meet the demand of this
.supplemental pumping is 3,300 kilowatts.

102. The total area on the Quincy tract under supplemental pump-
ing is 36,230 acres, the seasonal water requirements of which are
113,200 acre-feet. These areas to be covered by supplemental
‘pumping vary in extent from several thousand acres to areas as small
as 20 acres and are scattered throughout the project as is indicated
.on plate no. 127, page 909. The average lift to cover these areas is
70 feet gross.

103. Estimates for pumping installations to cover these tracts are
taken from graphs. The cost of the installation includes all electrical
.equipment from the step-down transformers, pumping equipment,
valves, pipe lines, ote., and is expressed on an acre-foot-foot basis.

104. To meet the requirements of supplemental pumping all
installations are capable of handling 113,230 acre-feet during the
-geason against a gross head of 70 feet or 7,925,400 acre-feet-feet.

105. It is apparent that the cost of any pumping installation is
.dependent upon the size of the unit. The approximate size of the
units required will be as follows:

50 percent, or 3,962,700 acre-fect-feet_____ .. 1,000-kilowatt installation,
30 percent, or 2,377,620 acre-feet-feet . _. 300-kilowatt installation.
10 percent, or 792,640 acre-feet-feet_ ... _. 250-kilowatt installation,
5 percent, or 396,270 acre-feet-feet_ .. _..__ 100-kilowatt installation.
5 percent, or 396,270 acre-feet-feet_ oo _____ 10-50-kilowatt installation.

106. The cost of these developments was determined by applying
the unit prices as determined from the graph to the unit quantities
as given above.

107. Telephones.—An estimate is included to cover the expense-
.of a telephone system adequate to meet the requirements of the
system when in operation.

108. Wells.—As explained more fully in discussion of the Columbia
Basin irrigation project, which follows later in this report, this item
.18 Included to meet requirements during the construction period.
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109. Permanent buildings.—This item covers the buildings, offices,
shops, warehouses, and quarters, etc., required in the operation of
the completed system,

ESTIMATES OF COST

110. The following tabulation itemizes the cost of all features of
the Greater Wenatchee project.

Feg‘t)uro MAIN CANAL SYSTEM
1. Wenatchee Lake Dam (including %673,300 overfiow damages) .. $9, 278, 450
2. Included in feature no. 1.
3. Canal ___________________ S 721, 520
4. Chumstick Tunnel . _____________________ L _________ 670, 320
5. Canal___________._. L 556, 990
6. Chumstick siphon. ... ___________ ... 562, 030
7. Cananl__ .. _______________ e e 657, 600
8. Eagle Tunnel.___.. . ________ 1, 940, 090
9, Openecanal ________ ... ... o 58, 820
10. Eagle siphon________________. I 167, 990
11. Derby Tunnel ____ . ________ 1, 596, 810
12, Canal e 416, 700
13. Nahahum Tunnel _______ . _______________ ... 4, 605, 000
14 Canal . oo ___ oo 532, 350
15, Warm Springs Tunnel. ... ______________._._._.... 2,271,500
16. Canal . _ .. . _________________ e 453, 540 '
17. Sunnyslope Tunnel, . ... e e oo 2,009, 170
18, Canal_____________________. ... e 130, 570
19. Columbia River siphon__________________._ B, 8, 350, 570
20. East Bank Tunnel . ____ . _____________________._ _ . _ 191, 150
21, Canal______ . __________. e o 780, 000
22, Valley View siphon________________ ___ e 102, 510
23 Canal____________ . L ___._..___ 028, 520
24, Liberty siphon____________ e e 87, 610
25. Canal._______ VO 2, 760, 630
26. Rock Island Tunnel.._____. e e 1, 471, 960
27, Rock Island siphon_ . __________ 2,223, 620
28. Moses Coulee Tonnel . __ ______________________._. e 2, 227, 520
29, Canal___ L ___________ 232, 300
30. Moses Coulee siphon_ __.__________ . __.____________. 3, 434, 060
31, Canal L mmmmiemeo 245,130
32, Willow Springs Tunnel . _______ . _ ... _______________ 939, 670
33, Canal. L mmee- 1, 188, 640
34. Willow Springs siphon__________.__ . . ___________________ 127, 960
35, Canal o . el ________ 257, 870
36. Quiney Tunnel...._. e e i 803, 090
37. Canal_ i _ 56, 350
38, Bifureation works___ . .. 34, 190
" Total main eanal system______________ ... ________.__. 53, 072, 890
MAIN HAST
1. Main Bast__ ... .. 2, 670, 920
i-1. Lateral B-1___________________.. .. mmm e C o mme oo 754, 070
E-1-1. Lateral E-1-1_______ __ e . 253, 000
E-2. Lateral B-2. . __._ 190, 130
E-3. Lateral B-8_ _ il ______ 216, 590
E-4, Lateral E-4______ ____ e 83, 440
2, Bublatersls. . ... ... oL ___._ 3, 206, 280
Total Main East__ . renaaaa 7, 374, 520
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Feature MAIN WEST
no,
1. Canal o _ _ .. wooo- 8249 860
2, Great Northern siphon_ _________________________________ 135, 640
3. Canal _ _ el e 824, 000
4. Potholes siphon.. .. ___.__ 1, 295, 990
5. Camal _______________ ... . 975,750
6. Frenchman siphon_____ ______________________._._._. - 880, 750
7. Canal _ _ e mava- - - 1,211, 620
8. Low Gap Tunnel___ . _._. . ..-... R e 865, 040
9. Canal _ . ... 1, 418, 820
W-1. Laterad W-1_ ... _______ _____ ... 93, 000
W-2. Lateral W-2.________________ o ______ 90, 130
W-3. Lateral W-3___________.._.. g 567, 400
W-4. Lateradl W-4 L _____._ 31, 510
0. Sublaterals_ ___ - 3, 520, 230
Total Main West____________ _________ ... ]2 149, 740
PHOJECT ITEMS

Preliminary surveys_._.. .. ... 200, 000

Supplemental pumping (leqs power development and transmission
BD@8) - o .. 693, 470
Drainage. . . 1, 601, 550
Was O WA VS e e mmmmmm - 65, 640
Permanent buildings________ ... .. e e ———— e 350, 000
Wells e e e .. 55, 000
Telephone system_ - ____.___ 100, 000
Total project items. ___________________________________ d ()65 660

RECAPITULATION

Main eanal (including Wenatchee Lake Dam) . . _ .. .. 53, 072, 890
Main East _ _ L ________ 7, 374, 520
Main West________. .. .._.. e e e memn e oo~ 12,149, 740
Project items_ ... 3, 065, 660
Total Quiney area______ _____ ____ . ______________________ 75, 662, 810

STAGE DEVELOPMENT

111. The necessity and importance of a stage development on a
project the magnitude of the one now under consideration is set forth
in a discussion of plan no. 2-A for the Columbia Basin irrigation
project which follows in this report (par. 358). On the basis as
out‘jined in that discussion, table no. 4, gives the set-up for the stage
development in the present plan.

TaBLE No. 4.—Stage development, Greater Wenatchee project

. Area hegin-
Capital ex- | Areare- Area 5 ;
Year Stage penditure | claimed | colonized nmlgn;g}gay-

12. . 5 3, 526, 970 93, 820 46, 910 43, 840
17 6 2,791, 940 36, 220 46, 910 49, 360
L PR RPN U, g P 36, 220 46, 910
MUY OUUUOUURY (SpROUpUU U USRI HOUS 46, 910
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112. Under the plan of development as outlined above the first
land would be brought under cultivation in the eighth year and
repayments on that arca would begin at the end of the tenth year,
the last area in the projeet would be brought under cultivation in the
fourteenth year and repayraents on that area begin at the end of the
sixteenth year. Carrying all capital expenditures to the end of the
sixteenth year with interest at the rate of 4 percent and deducting
an annual repayment of $11.85 per acre which also carries interest
at the rate of 4 percent to the end of the sixteenth year gives the
following: '

Per aere
Capital cost plus intercst, $94,896,200__ . __________ $206. 26
Capital cost, $75,662,810___ . ___ . ______________ 236. 22
Interest, $19,233,890_ ... _______ ... 60. 04
Annual intercst charge after completion 11. 85
Annual cost of operation and maintenanee. . _______________________ - 1. R)-
Annual depreeiation eharge______________________________ 777" . 80
Total annual charge less power_ - __ ____________ ... 1. 90

PRIEST RAPIDS PROJECT

GENEBRAL DATA

113. The Priest Rapids project consists of the irrigable area within
the tract bounded on the west and south by Columbia River, on the
east by the steep sidehill slope extending from the Pioneer Ranch
opposite the lower end of Savage Island, northeast to a point about
1 mile west of Scooteney Lake, and on the north by the Saddle
Mountains. (See plate no. 3.) This area, if developed as a separate
project, would eliminate from plan no. 4 all areas below the Scooteney
siphon in that plan. The area so eliminated from plan no. 4 amounts
to 165,320 acres. The irrigable area of the Priest Rapids project is
140,520 acres, the difference 24,800 acres representing high areas that
cannot bo feasibly reclaimed under the plan now proposed for the
Priest Rapids project.

114. The irrigable area of this project consists of 140,520 acres.
The classification of this land and its water requirements were de-
termined in the manner outlined under the discussion following,
relating to the Columbia Basin irrigation project of which this Priest
Rapids project forms a part. This arca includes the Priest Rapids-
Highland project, a development proposed and sponsored by the
Washington Irrigation & Development Co. during 1920-22, ~ This
proposed development, said to reclaim 100,000 acres, has never
progressed heyond the preliminary stages, and that area is included
in the project now under discussion.

115. The water supply for this project will he secured by a pumping
diversion from the Columbia River at a point about 3 miles above
Bend or about 10 miles above Priest Rapids. The plan now under
consideration is strictly an irrigation project and no power develop-
ment is included. The comprehensive development of the water
resources of the Columbia River includes a power development at
Priest Rapids. This development would be the logical source of
power for pumping purposes on the irrigation project now being
considered, and the estimate has been based upon securing power
from that source. An alternative estimate is also given based upon
the securing of power from the development of the Columbia River

i
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at Grand Coulee as proposed under plan no. 4 for reclaiming the
Columbia Bagin irrigation project.

116. In designing an irrigation system for this Priest Rapids
project, the same engineering treatment has been rendered as out-
lined for the Columbia Basin irrigation project which is discussed
later in this report.

117. The same seasonal distribution of water has been used, the
canal losses determined in the same manner, the same general type
and character of construction work is proposed for each ease.

118. The irrigation system proposed for this project consists of the
pumping plant with collateral works and the canal system necessary
to deliver the water to the lands of the project.

119. The area to be reclaimed amounts to 140,520 acres with a
seasonal water requirement of 443,132 acre-feet at the pumping plant.

120. In order to reduce the pumping head as much as possible the
water will be delivered from the pumps to two canals; the high-line
canal having a water-surface elevation at 1,005 at the head and the
low-line canal having an elevation of 850, The unregulated low-
water elevation of Columbia River at the site of the pumping plant
is 470. With the high dam at Priest Rapids, as considered in the
power section of this report, the elevation of the pool above that
development will be at elevation 540.

121, The high-line canal includes a repumping station about 30
miles downstream from the bend pumping plant, to serve a desirable
area in that section. The high-line canal, with repumping as noted,
serves an arca of 66,420 acres, requiring a maximum canal capacity
of 660 second-feet. The low-line canal serves an area of 74,100 acres
with a maximum canal capacity of 730 second-feet.

BEND PUMPING PLANT

122. This proposed pumping plant located on the Columbia River
about 3 miles above Bend n section 15, township 15 north, range 23
cast Williamette moridian, consists of the following items:

One concrete-steel building, 40 by 60 by 180 feet, with the necessary
substructure and intake channel leading to the pumps.

For the high-line canal, three pumping units, each unit consisting
of two single-stage pumps connected in series, capacity of each unit
330 second-feet, total head 545 feet, each unit discharging into steel
discharge pipe, 78 inches in diameter, 860 feet in length, leading to the
canal. HKach pump is actuated by a 15,000-horsepower motor with
the necessary electrical equipment. This installation provides for
one stand-by unit,

For the low-line canal, threc pumping units, each unit consisting
of two single-stage pumps connected in series, capacity 365 second-feet,
total head 390 feet, each unit discharging into a discharge pipe 82
inches in diameter, 580 feet in length, leading to the canal. Each
pump is actuated by a 12,000-horsepower motor with the necessary
electrical accessories.

123. The above description includes pumping heads, motor capaci-
ties, cte., that are based upon pumping from the Columbia River in its
unregulated condition. With the Pricst Rapids power development
these data would be modified to meet a river elevation of 540 instead
of 470, as used above.

552—84—vol. 2——40
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CANAL SYSTEM

124. As described heretofore, the canal system consists of two main
canals—the high-line canal and the low-line canal.

125. High-line canal—The high-line canal extends eastward from
the pumping plant, along the south slope of Saddle Mountains for a
distance of 34 miles at which point a repumping plant is located to
raise the water through a head of 222 feet. The canal then continues
in an easterly and southerly direction for a distance of about 16 miles
where its-eapiicity reaches 100 second-feet.

Pumping diversion from Columbia River:

Static head . oo immmme o feet__ 535

Pumping head________ ... do._ .- 545
Area reclaimed primary pumping_ - oo~ acres_.. 26, 480
Area reclaimed by repumping_ . .. __.. ... o ___________._ do.... . 39, 940
Total area under high-line canal. - - ___________...__ do____ 66, 420
Maximum eapacity high-lincecanal . ___________.___..____ sceond-feet_ _ 660
Loss in high-line canal __ _ ___________ . . . do___. 40
Net delivery to land____ .. USRS UR ; [+ S 620

No rediverted water,

126. The high-line canal consists of the following features listed
geographically.

127." Feature no. I—-Open canal.—Bend pumping plant to repumping
plant. TLength, 34.17 miles. This section of canal cxtends along the
‘south slope of the Saddle Mountains for its entire length. The
topography is somewhat broken, especially at the upper end of the
section. The first mile of canal will be over steep ground with a large
percentage of solid rock excavation. Other than the upper portion
of this section the conditions are average from a construction stand-
point. No laterals divert from this section of the high-line canal.

128. Feature no. 2—Repumping plant.—The water is delivered to
this pumping plant at elevation 945, and 395 second-feet is repumped
to elevation 1,150. This pumping plant consists of the following
items: Concrete-stecl pump house, 30 by 40 by 60 feet; 3 pumping
units, -each unit consisting of a single-stage pump, capacity 200
second-feet, total head 222 feet, each pump discharging into a
steel pipe line 60 inches in diameter and 2,410 feet in length leading
to the canal above, each pump to be actuated by a 7,500-horsepower
motor with the necessary clectrical accessories. One stand-by unit
is provided in the above plan.

129. Feature mno. 3—Open canal.—Repumping plant to Kohler
giphon. Length, 12.2 miles. This section of canal extends along the
south slope of Saddle Mountains to reach the land west of the drainage
leading south from Scootency Lake. No unusual items are found mn
this scction of ecanal. This section is very favorable from a con-
struction standpoint. A small amount of classified material will be
encountered in this section of the canal work.

130. Feature no. 4—Kohler siphon,—No special drawing. This
structure consists of a single steel-pipe line, 75 inches in diameter, with
the necessary concrete end structures and cradles. Length, 6,019
feet, horizontal distance. One steel-pipe line. Maximum head, 148
feet. This structure crosses a low depression located between the
high-line canal and an area of irrigable land located in the vicinity of
the Windspear ranch.

131. Feature no. 5—Open canal, Kohler siphon to 100 second-feet
capacity.—Length, 4.90 miles. This section of canal extends from the
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end of the Kohler siphon to a point where the capacity is reduced to
100 second-feet. Conditions are very favorable for canal constructio n.

132. Feature no. 6—Wasteway Canal.—Length, 4.36 miles. This
canal is used as a wasteway only. It extends from the reprmping
plant southward to an arca of waste land bordering Columbia River.
This canal affords an outlet for the discharge of the high-line canal
should the repumping station be put out of commission._on short,
notice. This section of canal is favorable from a construction stand--
point. While it will be used only intermittently, it will require a.
concrete lining because of excessive grades. _

133. Feature no. Il-1--Lateral H-1—Length, 6.90 miles. This
lateral extends from the repumping plant in a southeasterly direction
for 6.90 miles and is really an extension of the high-line eanal beyond
the repumping plant. This section of canal 1s favorable from s
construction standpoint,

134, Feature no. 7—Sublaterals.—The system as described above
constitutes the entire high-line canal system having a capacity of
100 second-feet or more. The present plan includes a canal system
capable of making water delivery to each farm unit but the laterals
having a capacity of less than 100 second-feet are not estimated
individually, but are covered by a blanket estimate based upon the
area served,

135, Low-line canal—The low-line canal is eastward of the Bend’
pumping plant, and is approximately parallel to the high-line canal
which is located farther up the slope on the south side of Saddle
Mountains. This canal, except for the first 2 miles which are located
over an area broken in topography and rocky in character, is favorable
for canal construction. 'Three laterals, L-1, 1.-2, and L-3 are diverted
from the low-line canal.

Pumping diversion from Columbia River;
tatic head_________ .. ________. Mo mecmaa S feet__ 380

Pumping head_..________ ________ _______ 77" do___. 390
Ares reclaimed by primary pumping___________

Maximum capacity low-line canal .______ _______ ___ "’ second-fect __ 730
Losses in low-line canal . . _ _.________. I do.___ 44
Net delivery to land___________ .. ______ . _.____. e do___. 686

No rediverted water.

136. The low-line canal consists of the following features listed
geographically,

137. Feature no. L-1— Lateral L-1 —T.engtlt, 3.3 miles. This lateral
involves no unusual items. Tt is located over an area ideal from a
construction standpoint.

138. Feature mno. L-2—Lateral L-2.—Length, 6.90 miles. This.
lateral involves no unusual items and is first class from a construction
standpoint.

139. Feature no. L-3—Lateral L-3 ~—Length, 4 miles. This lateral’
includes the Haven siphon consisting of one steel pipe line 42 inches.
in diameter, 6,019 feet in length. Other than this siphon the lateral.
involves no unusual items and is ideal from a construction standpoint,

140. Feature no. 2—Sublaterals.—As explained in a similar feature
under the high-line canal, the laterals having a capacity of less than
100 second-feet are not treated individually, but are covered by a.
blanket estimate based upon the area served.
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GENERAL I'ROJECT ITEMS

141. Above has been enumerated the various features that consti-
tute the proposed irrigation works consisting of pumping plants and
canal svstem. The following items, necessary adjuncts to a completed
system, pertain to the general project rather than to any of the sub-
divisions mentioned above. :

142. Drainage.—-This phase of the problem is discussed fully under
plan no. 2, Columbia Basin irrigation project which follows in this
report. The matter is given the same consideration in the plan now
under digcussion. A blanket estimate of $5 per acre is allowed to
cover this item. In the plan of stage development proposed the cost
of this development is all placed in the last years of construction.

143. Wasteways.~—~Wasteways required on this project are covered
by an individual estimate under the canal system to which they are
appurtenant.

144. Supplemental pumping.—No pumping is considered in the
present study except that outlined at the Bend pumping plant on
the Columbia river and at the repumping plant on the high-line
canal. Supplemental pumping is given consideration only on those
projects where opportunity 1s provided in the canal system for develop-
ing power to be used for pumping to higher lands.  In the plan now
under consideration, no opportunity for developing power exists
along the proposed canal system.

145. Telephone systems.—An estimate is included to cover the cost
of a telephone system thought to meet the requirements during opera-
tion of the proposed system.

146. Wells.—This phase is discussed fully under plan no. 2 of the
Columbia Basin irrigation project, and is included in the present plan
for the same reasons as outlined in discussions.

147. Permanent buildings —This item covers the cost of buildings,
oflices, shops, warehouses, quarters, etc. required in the operation of
the completed system.

148. Preliminary work.—This item is included to cover the pre-
liminary work neccessary and incidental to the development of the
final plan of reclamation of the area,

149. Other features.—The estimate includes an item for fencing all
canals and for providing bridges, where required, on existing highways.
Where bridges are required, standard types of the Washington High-
way Department with an H-15 loading have been used in all cases.
The fences, bridges, ete. are included in the estimate for the feature
of which they form a part.

ESTIMATES OF COST

150. Following are the estimates of the various features that con-
stitute the irrigation system as designed for the Priest Rapids irriga-
tion project. It should be noted that the estimate includes no power
development. Power for pumping purposes js to be transmitted
from Grand Coulee power plant.



COLUMBIA RIVEE AND MINOR TRIBUTARIES 1305
Bend pumping plant (including power transmission line from Grand
Coulee power plant) ... $5, 077, 510
Teature no. HIGH-LINE CANAL SYSTEM
1. Canal_ . o e e 2, 203, 020
2. Repumping plant_ . ..o 239, 590
B, Canal .. . 592, 030
4. Kohler siphon_ _ _ ___. e SR 211, 150
5. Canal .. . e 176, 430
6. WasteWaY - e e oo oo m e mem oo 266, 780
FI-1. Lateral TI-1_ i emeal_l 225, 020
7. Sublaterals_ ______________ ... [ 1, 394, 820
Total high-line ecanal - __ _ __ .- 5, 098, 840
LOW-LINE CANAL SYSTEM
L. Canal .o e el o o-- 1,090, 220
L-1. Lateral T-1______________________. e 74, 840
L-2. Lateral L2 _ . . e 235, 740
T-3. Lateral T3 oo e 195, 560
2. Sublaterals_ .. —emoooo 1, 556, 100
Total low-line eanal_ - - - e iiammemmoo 3, 152, 460
PROJECT ITEMS T
Preliminary surveys, 66e_ - - .o o o 100, 000
WA WA Y 8 e - e e mmememmem oo 0
Drainage .. 702, 600
Supplemental pumping_ _ - ___ .. . - 0
Permanent buildings. - _ oo oo 140, 000
Weells o e e 45, 000,
Telephone systern_ - ... oo e 30, 000
Total projeet items_______. .. . ________. 1, 017, 600
RECAPITULATION - -
Bend pumping plant. _________ .. 5, 077, 510
High-line eanal system . ... oo 5, 998, 840
TLow-line canal system _ ____ .. - 3, 152, 460
Project items_ . e 1, 017, 600.
Project total . o 15, 246, 410

STAGE DEVELOPMENT

151. In determining the final per-acre cost, where interest is con~
sidered on all money invested, it is necessary to build the system by
stages in order to reduce the items of interest to the lowest possible
point.

152. Tor the same reason it is important to coordinate the construc-
tion of the system to meet the rate of colonization. The stage develop-
ment proposed for the plan under consideration divides the project into.
four stages or units. It has been assumed that the land can be
colonized at the rate of approximately 35,000 acres per year, that in-
terest on all balances due will be at the rate of 4 percent per annum,
that the land will be placed under cultivation when irrigation water
is made available and that repayments will begin after the third crop
had been produced and that the rate of repayment would be at least
4 percent on the final per-acre cost.
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153. Power from Grand Coulee power development—Using power
developed at Grand Coulee the following program of stage develop-
ment is outlined:

P ’ Ares begin-
7 an tawe | CAPItalex-| Arearc- | Area colo- | 1n Y
Year Btage poilditure claimed nizeq | MMETeDAY-
ment
Acres Aceres Aereg
1 10 %218, 000 .
2. 202,200,000 |. .
3. Ceooo| 4,208 470
1. 3 8,263,090
H 4 2,627,980
L LR 50 2,738, 670
7
- S el
T

t54. Under the above plan of development the first land would be
placed under cultivation in the fourth year and repayments begin at
end of the sixth, the last arca would be brought under cultivation in
the seventh year and repayments hegin at the end of the ninth,
Carrying all capital expenditures through to the end of the cighth
year with interest at the rate of 4 percent and deducting an annual
repayment of $4.91 per acre, which also carries interest at the rate of
4 percent from time repayment is made to the end of the eighth year,
gives the [ollowing:

Per ucre
Capital cost plusinterest_______________.. . ___ $17, 257, 470=%122. 81
Capital cost______________. el 15, 246, 810 - 108, 50
Interest_______. . oo 2, 010, 660=14. 31
Annyal inlerest charge after completion at 4 pereent. ... ___________ 4, 91
Annual cost of operation and maintenance_ _______ e mmmm oo 1. 05
Annual depreciation eharge _________ ..  ________________ 1. 20
Total annual charge less power______ . . _____________. ._____ 2. 25
Avnual cost of power . _________________. e 1. 83
'Total annual charge (operation, maintenance and depreciation) _______ 4. 08

155. The preceding estimate is based upon the assumption that
power is to be purchased at and transmitted from the proposed Grand
Coulee power development. If conditions are such that this power
required for the operation of this system can be secured [rom the
proposed Priest Rapids power development, then the Bend pumping
plant can be reduced in cost. This reduction in cost is effected
through the reduction of pumping head and the large reduction in the
cost of the necessary transmission cost of the necessary transmission
lines. I{ the Priest Rapids high dam is constructed and power
secured from that source, the cost of the Priest Rapids irrigation
project will be as follows:

Recapilulation

Bend Pumping plant. _ ______ . ___ . .. ___________. $3, 223, 280
High-line canal (no c¢hange) __________________ _______________ 5, 908, 840
Low-line canal (no ehange) _ .. ... .._.__ 3, 152, 460
Projeet items (no change) ________________.. e 1, 017, 600

Projeet votal ____ . _______ 13, 392, 180

156. This change in the capital cost changes the set-up of the stage
development to conform to that shown in paragraph 157.
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157. Power from Priest Rapids power development—Using power
developed at Priest Rapids the following program of stage develop-
ment is outlined:

Capital ex-| Areare- | Arca colo- Aren hegin-

Year Stage : i i uing repay-
penditure | claimed nized ment
ZAeres Aeres Acres

1| 828,000 | - |- I I
2

1, 700, 000 N P IR

_________ 4, 317, 270 : JN R
3| 3,152 440 ) R

4| 2 357, 080 ._ 39,040 . .

5 : ; 28, 480

2, 647, 390
(R 39, 940
37, 060

37, 050

15%. The change in the stage development due to securing power
from Priest Rapids atfects only the capital expenditures. No change
is made in the rate of colomization or other items except that the
minimum rate of repayment is $4.30 per acre instead of $4.91 as shown
in the first case. Carrying these revised caleulations through to the
end of the cighth year gives the following results:

Per ncre

Sapital cost plus interesl_ . L ..o $15, 092, 800--§107. 40
Capital cost___ . - _________ . 13, 392, 180= 95. 30
Interest . e imemmm—- 1, 700, 620-= 12, 10
Annual interest charge after completion at 4 percent____._ . ._.______ 4, 30
Annual cost of operation and maintenance_ ____._.. S 1. 05
Annual depreciation charge. ..o _________ oo IO 1. 20
Total annual charge less power. - ________ . o ______.. e 2. 25
Annual cosl of power_ __ L. L. eoo—ooo—ooo 1. 59
Total annual charge (operation, maintenance, and depreciation)_ _____ 3. 84

PASCO PROJECT

159. Consideration was given the reclamation of an area located
north and east of Pasco, by pumping diversions from Snake River.
See plate no. 3. Tentative estimates indicate the possibility of
reclaiming about 100,000 acres in that manner at a per-acre cost
practically identical with that of plan no. 4-A of which this area
forms a part.

160. Provision was made in plan no. 4-A for the use of 710 second-
feet of rediverted water. While unable in this present study to fix
the point of application for this rediverted water, the topographic
conditions indicate that the greater portion would be available only
on the lands of lower elevation of which the Pasco tract considerced
forms the larger portion. For that reason the Pasco tract is con.
sidered a desirable portion of the area to be covered by plan no. 4-A-

161. More detailed studies, however, may demonstrate the
advisability of rcclaiming a small area, possibly 10,000 or 15,000
acres by an independent system with a pumping diversion from
Snake River.

TLAN NO, 2-A

162. Main canal system.—Gravity diversion (maximum project
with supplemental pumping). Diversion from Clark Fork and
Spokane River.
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Area reclaimed by gravity - .. __________ . _.____________. acres__ 1, 256, 940
Area reclaimed by supplemental pumping__________ .. .____ do__.. 262, 950
Total arca reclaimed____. e do.___ 1,519, 890
Mean irrigation requirement at land______ .. .-acre-feet per acre_ _ 2, 88+
Total seagonal requircruents at land. . . . _____________ acre-feet__ 4, 378, 357

Capacity of main eanal, Clark Fork to Spokane Canal Junction
second-feet_ . 11, 750
Capacity of Spokane Canal.. .. .. ________ oo do.___ 2, 490

Capacily of main canal, Spokane Canal Junction to bifurcation
works.. .. _____________.__. e - second-feet_ _ 14, 240
Loss in main canal_ . _____________. el e do_... 290
Loss in reservoirs.  ______________. e L do.. . 295
Quantity delivered at bifureation works________ .. _________ do____ 13, 655
Rediverted water on projeet_________ __________ . ______._ do_. _ 890
Total requirctnents for project._ .. _. . ______ .. . ________ do.___ 14, 545

Table No. 5 gives the monthly requirements at the land and the
monthly diversion requirements after correcting for losses in canals
and reservoirs and taking credit for water rediverted on the project.

Tasre No. 5.—Water requirements for plan no. 2-A (acre-feet)

Heptem-]

ber October | Total

Pluce April May June July | August

Atland_____._. ... --o-| 48,782 | 770,348 | 745, 196 | 840, 644 | 709, 050 | 528,168 | 236,869 | 4, 378, 357
At blfureation works______ .| 477,427 | 829,003 { 792,762 | 804,303 | 850, 053 562, 200 | 251,989 | 4, 657,827
At diversion—canal loss

only.__.. 487,171 | 846,013 | 808,941 | 912, 554 | 867,401 | 573,673 | 257,131 | 4, 752, 884
Reservoir los 13,500 | 14,900 | 15,680 [ 17,7201 16,760 | 14,060 | 13,030 105, 650
Total requir S| B0O,671 | $60, 913 | 924, 621 | 930,274 | 884, 181 | 587, 733 | 270,161 | 4, RG8, 534
Less rediverted water_ .. 6,822 | 27,379 1 39,112 | 54,758 | 46,935 | 35,201 | 23,464 233,671
Diversion requirements. .. __ 403, B40 | 833, 534 | 785,500 | B75, 516 | ¥37,226 | 552, 532 | 246, 607 | 4, 624, 563

163. In designing the main canal, no modification in capacity was
made at any point for losses accruing above that point, the main
canal from the Spokanc Canal junction to the bifurcation works
having a designed capacity of 14,240 second-feet.

164. In considering the main canal, reference is made to 16 detail
line topographic sheets, scale 400 feet to 1 inch, with a contour
interval of 5 feet, and to detail profiles in three sections, giving the
data upon which the estimates were based. These topographic
maps and profiles are unpublished,

165. The following features, listed geographically, constitute the
entire irrigation system for plan no. 2-A.

166. Main canal~—Main canal features are shown on plate no. 1282
condensed profile on plate no. 159.2

167. Feature no. 1.—Albany Falls Dam. See platc no. 160.2 'The
Albany Falls Dam serves to divert water from Clark Fork into the
main canal for the various plans considered, and to serve as regula-
tory works for Pend Oreille Lake, located 20 miles upstream, which
forms one of the reservoirs considered in the utilization of the water
of Clark Fork. The fall in the river hetween the lake and dam is
about 7 feet when the discharge of the river is 40,000 second-feet.
This fall is somewhat less at higher stages of the river. At Albany
Falls the river is divided into three channels by rock islands located
at the crest of the falls. The banks and bottom of the channel are
located in solid rock and offer a very favorable site for the location

2 Not printed,
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of a structure of the type proposed. The estimate for this structure
includes an item covering the cost of overflow damages incidental to
regulating P’end Oreille Lake to an elevation of 2,170.00, United
States Geological Survey datum, or elevation 2,166.80, United
States Coast and Geodetic Survey datum.,

168. This structure, while referred to as the Albany Falls Dam,
is in reality nothing more than a gate structure of large proportlons
and is so designed. Without regulation the water surface in the lake
has reached or exceeded elevation 2,066.8 on an average of 1 year in
5 durmg the vears of record, and d0ubt10=;s will do so in the future.
It is important that the flow through the channel at Albany Ialls
be not reduced, and the structure is designed to pass the maximum
discharge of record without adversely aﬂ“ecting the water surface at
the lake. To provide the necessary floodway the structure is pro-
vided with four 30-foot by 130-foot rolling gates with the necessary
abutments and piers. Provision 15 made for passing water required
to satisly existing rights downstream, and a chute is provided to
handle log tr&nsportauon on the river. Provision is also made for
the construction of navigation locks if and when required. Present
p}lz}ns.provi(_le for development of the limited power possibilities at
this site.

169. Feature no. 2—Diversion head works.—See plate no. 161.2 The
diversion headworks are located a short distance above the Albany
Falls Dam and consist of two similar structures, each serving to
regulate the {low through one of the two bores of the twin-bore New-
port tunnel. The controlling feature in the design of the headworks
1s elevation. Pend Oreille Lake is regulated in the interest of naviga-~
tion on the lake, power at and below Albany IFalls, flood control on
the lake, and 1111gat10n of Columbia Basin irrigation project. It is
essential, therefore, that the diversion headworks be at an elevation
which will permit ‘of the water required for irrigation being with-
drawn, even when the lake is drawn down to provide water for power
at Albnny Falls and below. Plate no. 177 * shows diversion head-
works for single-bore Newport tunnel which was designed for the
purpose of a comparative estimate.

170. For plan no. 2, the critical period of regulation was in August
1026. The elevation of the diversion works was fixed so that the
irrigation requirements for that month could be satisfied and permit
7 000 second-feet to pass Albany Falls for power uses. Plan no. 2
rcquil‘cs a maximum diversion of 14,240 second-feet for irrigation,
while plan no, 2-A requires the diversion of only 11,750 second-feet
the difference being made up by diversion from Spokane River,
The headworks for plan no. 2-A could, therefore, be set at a higher
elevation than the headworks for plan no, 2, This would permit of a
reduction in size of tunnels and canals, as the drop, and hence the
veloeity, would be greater. However, the same elevation was used
in each case, the advantages to irrigation in plan no. 2-A being
sacrificed in the interests of power, the lower elevation permitting
more draw down of storage with a conscquent increase in low-
water flow past Albany Falls from 7,000 second-feet to 8,660 second-
feet during the months of July, August September, and October.

171. Feature no. 8—Newport Tunnel—Twin bore. See plate no.
133.2 Diameter, 27.33 feet. lLength, 28,549 feet or 5.41 miles. This

2 Not printed.
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tunnel beging at the point of diversion from Clark Fork and has the
same location as considered in the report of the Columbia Basin
Survey Commission and subsequent reports of other agencies. Mr.
Kirk Bryan, geologist in the United States Geological Survey, in
appendix B (unpubhshod) of the Gault report on the general engineer-
ing features and estimates of the Columbia Basin irrigation project,
reports on the geology of this site as follows:

The tunnel epters the hillside in such a deep eut that il can be assumed that
the upper portal is in rock. This rock is a granite-gneiss. 1t is much shattered
and slickensided as seen in the nearby railroad cut. The large diameter of the
tunnel will eause muen difficulty in rock of this type, for loose blocks will fall
from the roof unless prevented by timbering. Outerops of rock similar to that
near the porial can be found along the tunnel line for about 2,000 feet. From
this point for 5 miles the tunnel is covered by gravel which masks the underlying
rock. Oceasional outcrops off the line of the tunnel indicate, however, that the
same granite-gneiss continues.

The tunnel line then crosses an open gravel-filled valley nearly a quarter of a
mile across. The depth of gravel in this seetion cannot be predicted. The
gravel is water bearing and will feed water to the fissures of the underlying rock.
Thus assuming a rock section for the tunnel, provision should be made for pump-
ing large quantities of water in this part of the tunnel. The 800 to 900 feet inter-
vening between this valley and the lower portal is occupied by granite-gneigs,
grano-diorite, and a plated granite-gneiss whieh is almost a sehist.  These rocks
oceur as nearly vertical belts. The granite-pneiss is in econtrast to that at the
other cnd of the tunnel in being massive with widely-spaced joints. The grano-
diorite is also a firm rock with massive joints. The plated granite-gneiss may,
however, require timbering.

While the geologist’s report is somewhat indefinite in regard to
the amount of timbering required in this tunnel, it is indicated that
full timbering might be required in some sections and partial or no
timbering in other sections. For the purpose of the present estimate
50 percent full timbering was assumed throughout the tunnel.

172. As stated in paragraph 1395 of the main report, an analysis

of single versus double-bore tunnels was made in connection with the
present study. Typical double-bore construction with the necessary
transitions is shown on plate no. 1622 Single-bore construction is
shown on plate no, 163.%

173, Feature no. —Canalization Little Spokane River.—Unlined
canal section. See plate no. 1337 Length 5.74 miles. From the
lower portal of the Newport tunnel the water is carried to Chain
Lake Reservoir by improvement or canalization of Little Spokane
River. This work of canalization is very heavy at the upper end
(maximum cut 75 feet), but gradually decreases until Chain Lake
Reservoir 1s reached where the cut is reduced to about 5 {eet.

174. Feature no. 5—Great Northern Railway Line change.—The
canalization of Little Spokane River and the utilization of Chain Lake
Reservoir to be created by the construction of the Camden Dam will
necessitate the relocation and construction of a section of the main
transcontinental line of the Great Northern Railway. This line 1s
located at present through Little Spokane River Canyon at an eleva-
tion considerably below the water surface of the proposed reservoir.
Above the reservoir, and through the section where the Spokane River
is canalized, the railroad is located in the middle of the narrow valley
and must be moved to one side to allow sufficient wid th for the canaliza-
tion. The railroad located at the present time has a maximum per-
missible adverse grade for eastbound traffic from the station of Milan.

2 Not printed.
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In order to relocate this line at a point high enough to pass the Chain
Liake Reservoir it will be necessary to rebuild the Line from a point
ahout a mile west of Milan to a point near Scotia, a distance of about.
14 miles. Another small section between Scotia and Penrith must be
moved from the center to one side of the valley to provide the required
space for the river canalization. Thbis total improvement will aggre-
gate about 11 miles of relocation of the railroad, a portion of which will
be heavy construction involving a few short tunnels.

175. It has been suggested that this conflict with the Great Northern
Railway through the Little Spokane River Canyon might be avoided
in another manner. Several miles of their main line extending eastward
from Camden through the Canyon is located with a maximum adverse
erade for eastbound traffic, has a large amount of eurvature, and,
because of foundation conditions over a portion of the line, is an
oxpensive section to maintain, It has been suggested that an arrange-
ment might be made whereby the Great Northern Railway would
acquire joint ownership in the line of the Spokane International Rail-
way from a point near Dover to Spokane and abandon their present
line for main-line purposes. Portions of the present line might he
left from Dover to Albany ¥alls, and from Elk to Spokane, to serve
as branch lines, This would eliminate conflict with the Chain Lake
Reservoir. It is possible that this change will have been effected
before any need exists for the Chain Liake Reservoir. If not, a pay-
ment to assist in the acquisition of the joint ownership of the section
of the Spokane International Railway might be made in lieu of the
expense of the reconstruction of their present line.

176. Feature no. 6—Camden Dam.—See plate no. 164.2 This dam
across the Little Spokane River Canyon forms the Chain Lake Reser-
voir, an almost indispensable link in the main ecanal system. Chain
Lake Reservoir is about 5 miles in length and replaces at least 6 miles
of canal, the greater portion of which would be located along a steep,
rocky canyon wall where construction would be difficult and ex-
tremely expensive. Two sites have been considered in the previous
reports as the location for this dam; one location about three eighths
of a mile upstream from the Camden depot, and the second about &
thousand feet farther upstream.

177. The geological report accompanying the Gault estimate, based
upon data secured from the sinking of 4 test holes at the lower site and
1 at the upper, seems to indicate the upper site to be the better of
the 2. A.J. Wiley, while engaged as consulting engineer on this work,
expressed the opinion that the upper site was the more desirable one.
The geological report made by llenry Landes, while engaged as con-
sulting geologist in connection with the preparation of the present plan,
renders the following conclusion: “It is elear that no better selection
of a site could be made anywhere in that close vicinity.”” The upper
sitec was adopted. No additional testing was done at this site, but a
topographical survey was made in order to better locate and define
the extent of the dam required. The structure proposed is a roclk-fill
type with a heavy earth or gravel face.

178. Tho canalization of Little Spokane River, the feature leading
to the reservoir formed by this dam, involves a large amount of grave
excavation. At points the canyon is s0 narrow that there is some
question as to the availability of dumping ground for the material

? Not nrinteq.
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excavated. This waste material would be particularly well adapted
for use on the upstream face of the dam and could readily be moved
into position by the railroad extending through the canyon at the
present time. ‘This plan of procedure is contemplated in the present
estimate. This reservoir involves no storage consideration. Elevation
of normal water surface in the Chain l.ake reservoir is 2,030,
Typical control and outlet works are shown on plate no. 165.2

179. Feature no. 7—Open canal, Camden Dam to Dry Creek Reser-
poir.—See plate no. 133.2 Length, 5.23 miles, Types 2 and 3, modi-
fied. This section of canal leads from the canal outlet structure,
included as a part of the Camden Dam to the Dry Creck Reservoir.
About one half mile below the head, this section of canal reaches the
end of the Little Spokane River canyon and {rom that point the canal
skirts along the rolling hillside and gradually leaves the vicinity of that
stream.

180. Feature no. 8—Dry Creelr Dam.—See plate no. 166.2 This dam
forms the Dry Creck Reservoir, the only object of which is to eliminate
the seveoral miles of canal that would be required to pass around the
border of this site, with its attendant cost and loss of head in the canal.
This reservoir could be eliminated if necessary, but is ineluded
because of its economy. The upper of the two sites, as outlined in the

rault report, is used in the present plan, as the geological study made
in conncetion with the Gault report, based upon borings at cach site,
leads to the conclusion that the upper site is the superior. No addi-
tional exploratory work was made in connection with the present
report. A small additional amount of topography was taken at the
dam site. Recommendations of Mr. Wiley as to design are as follows:

The Dry Creek Dam has a maximum height above stream bed of 104 feet. It
is underlaid by sand and gravel resting on the Latah formation, and the dam is
sealed to the formation by a cut-off trench at the upstream toe with shect piling
extending into this formation. It is recommended that a second cut-off trench
of less depth and without the sheel piling should be added.

181. Feature no. 9—Open canal, Dry Creek Resercoir to Milan
Tunnel—Sce plate no. 133.2 Length,1.21 miles. Type no. 4, modified.
This section of canal leads from the Dry Creek Reservoir to Milan
Tunnel. There are no special features.

182. Feature no. 10— Milan Tunnel.—See plate no. 133.* Twin bore.
Diameter, 26.25 feet. Length, 13,800 feet or 2.61 miles. Location is
the same as that used in Columbia Busin Survey Commission and
(Gault reports.  Kirk Bryan reports on this site, in part, as follows:

The upper and lower portals are in granite-gneiss. * * * The granife-gneiss
of this area (s not closely jointed and should form a good roof. There are many
poqmatlte dikes which will on the whoele probably have wider spaced joints than
the main mass of the rock. Incomplete or partial timbering may be necessary in
places, but generally rock will stand. The tunnel line crosses a divide that is on
the whole well drained.

183. lor the purpose of the present estimate, 10 percent of full
timbering was assumed throughout the tunmel. Typical transition
canal to tunnel is shown on plﬂtes nos. 1672 and 168.%

184. Feature no. 11—Open canal, Milan Tunnel to Deep Creek
Tunnel.—See plate no. 133.2 Lenp;bh, 1.95 miles. Type no. 4, modi-
fied. This section of canal leads from the Milan Tunnel to the Deep
Creek Reservoir, and involves no special features.

2 Nol printed.
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185. Feature no. 12—Deep Creek Tunmel—See plate no. 133.°
Twin bore. Diameter, 26.25 feet. Length, 5,820 feet or 1.1 miles.
The location is the same as that considered in the report of the
Jolumbia Basin Survey Commission and subsequent reports. The
geology at this site is reported by Kirk Bryan as follows:

Both portals are in plowed fields and the intervening ridge is largely cultivated.
The top of the divide is occupied by eoarse, angular gravel, doubtless of glacial
origin. Prom nearby outerops it is evident that a thin plate of Latah formation
50 to 200 feet thick overlies granite-gnciss. The tunnel will be located on or
close to the contaet of these two formations. Since the Latah is thin and wea-
thered, it will be a relatively soft clay or clayey gravel. The granite-gneiss near
the contact with the Latah is always soft and decomposed. This tunnel, will,
therefore, be in soft and weak material that will require complete timbering:
during eonstruction. The gravel and soil overlying the tunnel ahsorbs a large
part of the local rainfall which may penetrate the underlying rocks and will add
to their softness. However, the total quantity of water will probably be small
for there is only a small drainage area from which this water may be derived,

186. For the purpose of present estimate, 100 percent [ull timbering
is used.

187. Feature no. 13—0Open Canal, Deep Creek Tunnel to Deep Creek
Reservoir.—See plate no. 1332 Length, 0.70 mile (0.50 mile type no.
4, modified, 0.20 mile channel in reservoir). This section of canal
leads from the Deep Creck Tunnel to Deep Creek Reservoir, and
involves no unusual features.

188. Feature no. 14—Deep Creek Dam.—See plate no. 169.2 This
dam is an carth-fill structure with loose rock on the downstream face,
rock paving on the upstream face and a blanket of clay extending
upstream.

189. This dam forms the Deep Creek Rescrvoir which is incorpo-
rated in the main canal system in the interest of economy and the
conservation of elevation. This reservoir could be climinated if
necessary, but at some additional expense. No additional field or
exploratory work was done at this site in the preparation of the
present report. The geological report by Mr. Bryan as to the suit-
ability of the reservoir site renders the following conclusion: “If
leakage is cut off at the dam, then porous formations will be full of
water, but there will be no exit for it except through the underlying
granite-gneiss and Latah.”

190. The site of the proposed dam is the same as that considered
in the report of the Columbia Basin Survey Coommission, and reports.
by other agencies subsequent thereto. The exploratory work con-
sists of onc hole sunk by the Columbia Basin Survey Commission.
and three sunk in preparation of the Gault estimate. Predicated

upon this exploratory work the geological opinion by Mr. Bryan is
as follows:

It is believed that this material is adequate to support the weight of a dam
with a relatively small base, The upper fine material is not sufficiently imper-
vious or continuous so that a eut-off trenech landed in it will be adequate protec-
tlon against percolation of water under the dam. There are, therefore, two
alternatives in the construetion of the dam: (1) To make a mechanical connee—
tion hetween the impervious part of the dam and the bedrock; (2) prevent per—
colation under the dam by an upstream blanket.

191. The latter alternative was adopted for the present plan.
192, Feature no. 15—Deadman Tunnel—See plate no. 133.2 Twim
bore. Diameter, 26.25 feet. Length, 8,770 feet or 1.56 miles. Loca~

2 Not printed.
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tion of this tunnel is the same as that considered in the report of the
Columbia Basin Survey Commission and the reports subsequent
thereto. Mr. Bryan reports on the geology at this location, in part,
as follows:

The plateau which divides these drainages is composed of granite-gneiss, and
the tunnel will be wholly in this rock. The outcrops indieate normal jointing
and only incomplete or partial timbering at places where the joints are unusually
numerous will be necessary. The divide has good natural drainage and large
quantitics of water are not to be expected in the tunnel.

193. Ten percent full timbering is used in the present estimate.

194. Feature no. 16—Open Canal, Deadman Tunnel to Deadman
Reservoir—See plate no. 133.2 Length, 0.51 mile. Type no. 4,
modified. This section of canal extends from Deadman Tunnel to
the Deadman Reservoir and contains no unusual elements.

195. Feature no. 17—Deadman Creek Dam.—See plate no. 170.7
The Deadman Creek Dam forms the Deadman Creck Reservoir, a
link in the main canal system. This reservoir is about 3 miles in
length and replaces about 4 miles of canal and an inverted siphon
about 8,500 feet in length, This reservoir is incorporated in the canal
system In the interest of cconomy and the conservation of grade. It
might be omitted from the canal system but at an additional expense.

196. Regarding this rescrvoir site, Kirk Bryan reports, in part, as
[ollows:

As cxplained more at length regarding Deep Creek Lake, if percolation through
the valley fill is stopped at the dam, no Joss from the lake can take place through
the Latah formation or the granite-gneiss.

197. T'wo sites have been considered as the location of this dam.
The lower site selected by the Columbia Basin Survey Commission
was not favorably considered from a geological standpoint.

198. The upper site is located about a mile upstream from the lower
one and is considered the more desirable. The geological report based
upon the sinking of 10 test holes, which was made in conjunction with
the Clault report, is somewhat lengthy and cannot be quoted in full.
The following extract from that report indicates the suitability of the
site for a dam of certain type.

Tt is believed that the gravels and sands of the flood plain will afford an ade-
quate foundation for & dam with a base of moderate width. The fine sands, silts,
and clays at the top of the older fill consist of lenticular masses. The logs of the
drill holes show that there is no continuous clay bed across the seetion. There
is, thereforc, no assurance that percolation under the dam can be stopped by
making 5 meehanical conncction between the impervious part of the dam and

these fine gray sands and clays. An upstream blanket scems the most suitable
device for preventing percolation under the dam.

199. A. J. Wiley reports regarding this structure as follows:

14 is rccommended that the plans for the dam at this sitc as shown by the
Reclamation Bureau report should be moditied by flattening the slopes to 4 to 1
~on the upstream and 6 to 1 on the downstream face. The upstream blanket
shown by the plans should be retained and should he extended to cover the entire
length of the dam instead of the main ereck crossing as shown. It is also recom-
mended thal cut-off trenches * * % be added to the design for the Dead-
man Dam.

200. This structure is of the rolled-fill embankment type designed
along the lines recommended by Mr. Wiley except as to modification

as to downstream slope.

? Not printed.
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201. Feature no. 18—Open canal, Deadman Creek Reservoir, to
Pleasant Prairie Tunnel—See plate no. 133.° Length, 4.82 miles.
Type no. 3, modified. This section of canal leads from the Deadman
Creek Reservoir to Pleasant Prairie Tunnel. There are no unusual
features.

202. Feature no. 19-—Pleasant Prairie Tunnel.—See plate no. 133.2
Twin bore. Diameter, 25.16 feet. Length, 16,640 feet, or 3.15
miles. The location is the same as that considered in the report of the
Columbia Basin Survey Commission and other reports subsequent
thereto. Kirk Bryan reports on the geology of this site, in part, as
follows:

The upper portal of the tunnel lies in a8 wooded hillside, covered by soil of
glacier till. The deep entrance cut will doubtless carry the grade below this
material into the Latah formation. The lower portal is in a bench of gravel.
The entrance cut will doubtless pass through the gravel and place the portal
in granite-gneiss which is exposed in the hillside above. This rock is locally
massive with few and widely spaced joints. It is the best rock to be encountered
on any of the tunnels. The outerops of granite-gneiss can be followed for three
quarters of a mile to a point where it is overlaid by the Latah. The granite-
gnciss was a hill during the deposition of the Latah shales. The contact between
the two may, therefore, have any slope characteristic of a hillside * * *,
If the contact has a slope of 1 in 1, there will be a mile of granite-gneiss in the
tunnel. If the slope is 1 in 2, the granite-gneiss will extend one quarter mile
further,

The Latah formation is a compact clay shale or sandy clay shale with well-
marked joints. The vertical joints are spaced at intervals of 6 inches to several
feet and divide the mass into blocks. (Generally, the shale will stand vertically
for heights of 20 to 30 feet. * * * TTunnels of small diamcter would require
little timbering, but a tunnel that will be 27 feet in diameter before lining will
doubtless require a timber arch during construetion. * * * Ag the tunnel
grade is well above the water table in Spokane valley, little water will doubtless
be encountered.

203. Filty percent full timbering is used in the present estimate.

204. Feature no. 20—Open canal, Pleasant Prairie Tunnel {o
Spokane River Crossing.—See plate no. 133. Length, 1.26 miles.
Type no. 4. This section of canal involves no unusual features.

205. Feature no. 21—Spokane River Crossing.—Sce plate no. 135.%
The location is the same as that considered in the Gault report.
Alternative plans were considered for this structure. One, a concrete
pressure tunnel consisting of three barrels passing below the bed of the
stream, and the other, a flume consisting of three through steel bar-
rels supported on concrete arches. The latter type was adopted for
economic reasons. The intake to this structure incorporated a spill-
way, the first on the main canal, when the entire capacity of the
canal might be discharged for an unlimited period of time. The
ability to drop water diverted from Clark Fork into the Spokane River
at this point might be a decided asset to this proposed canal system.
During the irrigation season, except July, the month of maximum irri-
gation dmnmd the excess water might be discharged into the Spokane
River and dl_u'ing the nonirrigation season the entire capacity of the
canal so discharged. This additional water supplementing the supply
of Spokane River at this point would be of decided value to power
development downstream from this crossing. 1f the diversion of
large quantitics of water from one watershed to another is permissible,
tentative studies have indicated that the bencfits to be derived {from
the sale of this water would amount to about $26 per acre, depending

T "Nut printed.
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upon the area of the project considered. A further discussion of this
matter will be found in the section on Tributary effects, of the main
report.

206. The Board of Enginecers of the Bureau of Reclamation, com-
posed of six members—Louis K. Hill, Joseph Jacobs, Charles H.
Locher, Richard R. liyman, Arthur J. Turner, and O. l.. Waller—
February 1925 proposed a dam in the Spokane River at this crossing;
this dam to serve two purposes: (1) As a crossing for the main canal
from Clark Fork, and (2) to divert water {rom the Spokane River into
the canal system. This plan was not favorably considered in the
present report. A dam in Spokane River at this point, of sufficient
height to divert water into the canal, would develop overflow damages
in this, a suburban section of Spokane, which would be expensive
and objectionable.

207, Spokane Valley at this point, and for several miles upstream,
consists of a coarse gravel deposit of unknown depth, and the losses
from a reservoir would in afl probability be excessive. Ifor these
reasons it was deemed advisable to cross the Spokane River as
planned in the Guult report, the water from Spokane River being
diverted through a canal leaving that stream at a point a short dis-
tance east of the Washington-Idaho State line and joining the main
canal a short distance above the portal of the Manito Tunnel.

208. Feature no. 22-A—Open canal, Spokane Iiver Crossing to
Spokane Valley Canal junetion.—See plate no. 133.2 Length, 2.50
miles. Type no. 4, modified. This section of canal extends from
the Spokane River crossing to the junction with the Spokane Valley
Canal. This section of canal has no unusual features. It passes
through the suburbs of the city of Spokane, and the cost of the right
of way will be considerable. A new topographic survey was made of
the Spokane Valley in order to insure a botter location of this section
of canal. The location used for the report is made independent of
those made for previous reports. T'his section of canal extends to 1its
junction with the Spokane Valley Canal, and the canal below that
junction eargies the full supply to meect the irrigation requirements
for plan no. 2-A.

209. Feature no. S-V-1-—(Spokane Valley Canal)—Coeur d’Alene
Lake Regulation.—The diversion of a portion of the water supply
from the Spokane River, as contemplated in plan no. 2-A, involves the
regulation of Cocur d’Alene Lake, located about 10 miles upstream
from the proposed point of diversion of the Spokane Valley Canal.
Coeur d’Alene Lake has been regulated to a himited extent for the
past 16 years by the Washington Water Power Co. in the interests of
their power developments along the Spokane River. In order to
provide further water for irrigation development, it will be necessary
to regulate the lake to a point somewhat higher than regulated at

resent,
P 210. The Washington Water Power Co. has acquired overflow
rights at Coeur d’Alene Lake to elevation 2,125.1, but has regulated
only to elevation 2,123.6. Regulation to elevation 2,129.1 is intended
as a part of the present plan of development, and is discussed more
fully in the power section, of the main report. This further
regulation of Coeur d’Alene Lake will be effected by some slight addi-
tions to the present regulatory works now maintained at Post Falls

2 Not printed.
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by the Wafshlngton Water Power Co. The overflow damages given
consideration in the present plan are those that result [rom Iecrulatlon
of the lake between elevations 2,123.6 and 2,129.1.

211. Feature no. SvV~2—(S7)o/cane V(Llley Canal)—IDiversion dam
and headworks—This structure is located on Spokane River about
2.5 miles below the present regulatory works at Post Falls, and 1s
designed for the purpose of diverting water from the Spokane River
into the Spokane Valley Canal, which, in turn, delivers it to the maip
canal ol plan no. 2-A, 16.5 miles down the valley.

212. The diversion dam consists of an overflow section 250 feet in
length, with a maximum height of 35 feet for a short distance. The
elevation of this dam is fixed so that 60,000 sceond-feet may be passed
without affecting the power developmentq at Post IFalls. No explora-
tory work was done at this site, but it is believed that solid rock
foundation will be found throughout, exeept under the upper portion of
the structure on the north banxk. The hecadworks to the canal
consists of the necessary concrete Work with one Stoney gate, 30
by 20 feet.

213. Feature no. S-V-83—(Spokane Vealley Canal)—Open canal,
diversion dam to Spokane Valley Junction.—ILength, 16.49 miles.
Types nos, 58, 48, 59, and 60. Plate no. 156.2 This section of canal
extends from the diversion works in the Spokane River to a junction
with the main canal at a point designated Spokane Valley Junction.
This canal has a capacity of 2,490 second-feet throughout its entire
length. 1t is located on the south side of Spokane River, and passes
through an area a portion of which ig highly improved. No unusual
features are encountered in this section of canal other than the cost
of right-of-way, which will be relatively high, and the large number of
bridges required to accommodate existing highways, streets, and
railroads.

214. Feature no. 22-B—O0pen canal, Spokane Valley Junction to
Mamnito Tunnel—Capacity, 14,240 second-feet. (11,750 sccond-fegt.
from Clark Fork, 2,490 second-feet from Spokane River.) Length,
2.50 miles. Plate no. 133.% Type no. 4. This canal extends from
the Spokane River junction to Manito Tunnel. It has no unusual
features. A portion of this seetion of canal is atill within the suburban
district of Spokane, and right-of-way will be a considerable item.

215. Feature no. 28—-Manito Tunnel.—See plate no, 133.2 Twin
bore. Diameter, 37 feet. Length, 15850 feet, or 3 miles. The
location of this tunnel is substantially the same as that considered in
the previous report. The geology of this site is reported on by Kirk
Bryan as follows:

The upper portal enters the hillside at the UUnderwood playground in the city
of Spokane. The approach cut will be largely in gravel, but it is assumed that the
gravel is shallow cnough so that the portal will be in rock. The tunnel will enter
in the younger basalt and will pass through into Latah formation, or possibly
into granite-gneigs. The position of the contact of the younger basalt on the older

rocks cannot he predicted closely. * * *  This material is difficult to shoot
and will require complete timbering.

216. This report is silent as to the possible timber requirements in
the lower section of the tunnel. Fifty percent full timbering was
used in the present estimate. Additional surveys were made to
dchmtely locate the portalstof this tunnel.

2 Not printed.
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217. Feature no. 24—Latah Creek Dam.—See plate no. 171> The
location is the same as considered in the Gault report. This structure
forms the Latah Creek Reservoir, which is about 10 miles in length
and replaces at least 13 miles of canal over rough broken country
where cost of construction would be high. This reservoir is an almost
indispensable link in the main canal. ~Its elimination would require
the utilization of several feet in elevation, a condition that would add
to the cost of the canal features below.

218. Regarding the reservoir basin, Mr. Bryan reports, in part, as
follows:

The gravels are easily permeable, but if discharge through them is prevented
at the dam site no leakage out of the basin ean take place except through the

underlying Latah formation. * * * The conclusion is unavoidable that so
far as the Latah formation is concerned, little leakage is possible.

219. The same authority gives in detail a report on the conditions
at the proposed dam site and outlines the structural features that
will be required by a structure adapted to this location.

220. A, J. Wiley also advised as follows regarding the proposed
structurce at this site:

The Latah Creck Dam is about 130 feet high above the general level of the
stream bed. It is a structure of the carth embaukment, loose rock, downsiream
face type, similar to the dams previously deseribed. The general formation
under the dam iz the Latah, with a basalt intrusion beneath the stream bed at the
west or left abutment. Near the cast edge of the valley floor there is a sand-
gravel- and boulder-filled gorge about 100 feet deep, cut in the Latah formation.
Sheet piling seems to be impracticable because of the numerous boulders in the
filling of this gorge, and an upstream blanket is depended upon as a substitute.
The filling of this gorge has ample c;upportmg power, and seepage through it
would not menace the safety of the darn, but it is suggested that there be a down-
strecam blanket of coarse gravel, sand, and boulders from the east abutment to
prevent piping at the downstream toc. This blanket should be about 100 feet
Iong and 10 to 5 feet in depth.

Cut-off trenches * * *  ghould be extended entirely across the valley and
up the abutments. Also the slopes and top widths should be modified * * #*,

aThe riprap of this dam sghould be changed to a minimum of 3 feet of loose
rock, underlaid and filled with gravel * * *  Tn casc hand-laid paving is
used, it should be not less than 18 inches thick, of one course rock laid normal to
the slope with all rock extending through the f[ull depth of the paving.

221. These recommendations were incorporated in the design
included in this report.

2292. The drainage area above this reservoir basin covers an area
of approximatcly 650 square miles. A wasteway with a capacity of
about 15,000 second-feet, with a normal water surface in the reservoir,
18 prov1ded at the west end of this structure.

923, Feature mo. 25— Bonnie Lake Tunnel—See plate no. 133.2
Double bore. Diameter, 33.5 feet. TLength, 84,500 feet, or 16 miles,
not including 200 feet of cntrance cut leaving Latah Creek Reservoir
The location of the tunnel is substantially the same as that used in
the report of the Columbia Basin Survey Commission and reports by
other agencies subsequent thereto.

224. This tunnel constitutes the major feature on any ol the plans
of reclamation depending upon Clark Fork and Spokane River as a
source of water supply. This tunnel is of such magnitude that 1t is
absolutely without precedent in any irrigation work heretofore con-
sidered. ~The present plan contemplates the use of 3 shafts to expe-
dite the work—1 due northwest of Spangle, 1 at Rock Creek, and 1 at

2 Not pr uned
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Saunders Creek. These shafts would each be about 600 feet in
depth. Eight working faces would thus be provided, and it is esti-
mated that 5 years will be required to complete one bore.

295. Regarding the material through which this tunnel will pass,
Kirk Bryan reports, in part, as follows:

The portal is in a soil-covered and timbered slope, apparently underlain by
basalt. The approach cut is in basalt, which is well exposed in the creek bed.
However, the form of the granite ridge under ground is not predictable, and it is
entirely possible that the tunnel may run through a spur of this ridge. The trend
of the ridge is westerly to Browns Butte and Cheney, so that the southwesterly
course of the tunnel carries it away from the ridge. The plateau from latah
Creek to Bonnic Lake is capped with basalt which dips gently in the direetion of
the tunnel course. The lower portal is definitely in basalt. It is a natural
presumption that a greater part of the tunnel will be in this rock. The tunnel
may, however, pass from one flow into another of different quality, or may pass
from the massive center of a flow to its frothy end. Whenever contacts are
crossed or scorigccous basalt and breccia are cncountered, the rock will be
unsound enough to ro,z_!uirc some timbering * * * The tunnel grade is
below the bed of Latah Creek, which marks the ground-water level in the vieinity.
1t is also below the level of the creek which fecds Bonnie Lake and which lies at
the level of ground water in its vicinity. In all pervious rock the tunnel will
receive water and tend to drain the overlying rock. If the tunnel eneounters
granite, bul little water will doubtless be obtained from that massive rock. In
the basalts, however, large quantities will doubtless be obtained, for throughout
the Columbia Basin, wells which reach the permanent ground-water table yield
water frecly.  Bonnie Lake Tunnel, as previously pointed out, will be at or helow
that level throughout its course. That the rock overlying the tunnel is more or
less saturated is evident from swamps and living streams on the top of the plateau
and from the fact that wells obtain water at various depths above the main
water table.

226. No additional field or exploratory work was done on this fea-
ture of the work in connection with this report. For the purpose of
the present estimate, 10 percent of full timbering was used.

227. Feature no. 26—O0pen canal, Bonnie Lake Tunnel to Rock Lake
Reservoir.—See plate no. 133.> Length, 1 mile. Type no. 5. This
section of canal connects Bonnie Lake Tunnel with Rock Lake Reser-
voir. It is merely an enlargement or improvement of a small stream
bed leading into the reservoir. This section of canal has no lining.

228, Feature no. 2?—Rock Lake Dam.—See plate no. 172> Rock
Lake Dam, located on Rock Creek about 1 mile east of Ewan, a sta-
tion on the Chicago, Milwaukee, St. Paul & Pacific Railroad, forms
the Rock Lake Reservoir, This reservoir will submerge and connect
Rock Lake and Bonmnie Lake, and will be about 16 miles in length,
with a maximum width of about 1 mile. Tt forms an indispensable
link in the main supply line, and replaces at least 20 miles of canal,
a large portion of which would be along almost precipitous canyon
walls where tunneling would perhaps be most economical. This res-
ervoir is also used to a limited extent as a regulatory feature on the
main canal. The reservoir covers an area of about 3,400 acres with
the water surface at clevation 1,798.9, the elevation required to pro-
vide a full head in the main canal below. The dam is designed for
a maximum water-surface elevation of 1,802.4 in the reservoir, afford-
ing a storage capacity of about 12,200 acre-feet.

229. Regarding the suitability of the reservoir basin, Bryan’s
report gives the following:

The existing lakes, Rock and Bonnie, oceupy the lowest parts of the surround-
ing region. They arc fed by, and form a part of, the channel of Rock Creek, a

2 Not printed.
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stream that has a considerable low-watcer flow throughout the dry or summer
scagon. The stream and lakes must receive their water during the dry scason
from ground-water sources and must, therefore, mark the lowest level of the water
table for the loeality, The water table necessarily slopes toward the stream and
lakes from both sides. *  * *  On the foregoing assumption that Rock Creek
and its two lakes lie in a depression of the water table, the proposed lake ean leak
only at or around the ends of the dam,

230. In conncetion with the present investigation, a further geo-
logical study was made of this reservoir basin and dam site by Henry
Landes, geologist.  The report is as follows:

It is proposed to construet a dam at the lower end of Rock Lake which will
raise the water surface nearly 80 feet above that of the present low-water stage.
When this is done, the low ground at the head of Roek Lake, between it and
Bonnie Luke, will be eovered, and the artificial reservoir will have a length of
about 15 miles.

Rock and Bonnie Lakes, in a tandem arrangement, oceupy the bed of a CANYOL
which hag been exeavated in basalt. Above the present water surfaces of the
lakes the eliffs of roek, often in perpendicular form, rise to heights that vary
from 100 to 300 feet. At the outlet of the lake the floor rock is but a fow feet.
below the bed of the stream. The inference is that the unusual depth of Rock
Lake is duc to the reeession of a large waterfall, as suggested by Bryan in hig.
report.

In ohserving the eliffs along Rock Lakce, one is impressed by the fact that the
Hlows of lava are rather massive and of unusual thickness. They appear to have
a slight piteh or inelination toward the southwest, and their slope scems to eon-
form rather closely to that of the broad surface area. In other words, the gorl-
cral slope of the surface of the country conforms to that portion of the large
structural basin that underlies east central Washington.

Assuming that the passage of water through the basalt is almost wholly within
the pervious material between the sheets of lava, any eseape of water from the
present deep lake would follow the inclination of the basalt beds far out under
the plaing to the southwest. With the raising of the level of Rock Lake the
water will come in contaet with basalt which is now clearly above the water
table. The gituation is helped by the fact that the beds are unusually thick
and the seepage opportunities between flows are corrcspondingly restricted.
That some water will enter the basalt, in an 80-foot rise of the lake, is not to
be questioned. The writer believes the seepage will be very small, partly due
to the ynassive condition of the roek, but more to the infrequeney of the pervious
beds. The escaping water would practically all be carried out under the plains
to the southwest, following the dip of the lava beds in that direction.

231. Upon the recommendations of the geologist, the south end of
the dam wus relocated. The dam, as located for the Gault report,
crossed a low area with questionable foundation at the southern end,
immediately before reaching the hillside with which it connects. The
relocation recommended does not cross this low arca but continues
in an casterly direction along & rocky ridge, and finally connects with
the hillside at a point east of La Vista station on the Chicago, Mil-
waukee, St. Paul & Pacific Railroad. This new location passes around
the upper end of the low area, and has a favorable foundation through-
out. The dam will be much longer, but it will be relatively low and
will perhaps be no more expensive than would have been one at the
former location, had the foundation conditions over the low area been
favorable. The new location as proposed climinates any conflict with
the location of the main freight line of the Chicago, Milwaukee, St.
Paul & Pacific Railroad which passes the south end of the dam,

232. Regarding the suitability of this new location, Landes reports.
as follows:

The site for the dam ia located at the extreme lower end of Rock Lake. FEx-

cept for an overburden of soil, which varies from 0 to 5 feet, plus or minus, the
dam will rest directly upon the bedrock, which is basalt. The hasalt lays in
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sheets which arc fairly thick and massive.  The rock is quite fresh in appearance
and secarcely decomposed at any point. It is very stable in character and pos-
scsses the minimum of ghrinkage eracks or stcam holes.

The southern end of the dam rests upon a flat ridge of bagalt which is narrow
at one or two places, and through which there may be a slight percolation of water.
It will be very necessary to pressure grout the basalt below the dam, espeeially
along the ridge, in order that the cut-off of the water will be essentially complete.
The water sccpage, if any, can in no way affect the stability or permanency of
the dam, heeause of the superior quality of the basalt, which provides the foun-
dation. All things considered, both the proposed reservoir and dam at Rock
Lake appear to he perfeetly feasible and to be attended by no difficulties that
would make their construction unwise or inexpedient.

233. No additional testing was done at this dam site, but a topo-
graphic survey was made over the territory on the south side of the
Take to cover the new location recommended for that portion of the
structure. -

234, Feature no. 28-—O0pen canal, Rock ILake Reservoir to Wassun
Creek siphon.— See plate no. 133.2  Length, 10.21 miles. Types nos.
3 and 6. This section of canal extends from the Rock Lake Reservoir
to the Wassun Creck siphon and carries no unusual features. The
roek to be encountered in this section of canal will be basalt,

235. Feature no. 29—Wassun Creek siphon.—See plate no. 134 2 for
typical design. "This structure consists of four parallel steel pipe lines
with the necessary concrete end structures and foundations. Length
of siphon, 1,250 feet. Four parallel steel pipe lines. Diameter, 19
feet. Maximum head, 150 feet. Steel pipe lines were used in this
as well ag in the other main canal siphons, to be considered later. A
final analysis may show a saving by replacing the ends of these pipe
lines, where the head is small, with concrete barrels. The steel type
of construction, however, lends itself more readily to a stage con-
struction, a feature of importance in projects, the magnitude of those
being considered. In connection with a stage development this strue-
ture is planned to be built in four units. The end walls, fransitions,
foundations, and one pipe line forming the first unit, each of the three
remaining pipe lines constituting a unit to be constructed as required.

236. Feature no. 30—-Open canal, Wassun Creek siphon to Dragoon
siphon.—Sce plate no. 1332 Length, 5.67 miles. Type no. 3. This
section of canal, extending from the Wassun Creek siphon to the
Dragoon siphon, includes no unusual features.

237. Feature no. 31—Dragoon siphon.—See plate no. 134° for typ-
ical design. This structure consists of four parallel steel pipe lines
with necessary conerete structure or transitions at either end, Length
of siphon, 600 feet. (Four parallel steel pipes.) Diameter, 19 feet.
Maximum head, 80 feet. This structure is designed for a final de-
velopment in four stages. The original plans of the Columbia Basin
Survey Commission contemplated the use of Dragoon and McCall
Lakes (sometimes referred to as Twin Lakes) as a part of the canal
system. The geological report by Mr. Bryan, prepared in connection
with the Gault estimmate, pronounced these sites unsuitable for reser-
voir purposes. In order to eliminate these two objectionable sites a
resurvey was made and the line relocated over about 5 miles immedi-
ately east of the Patterson Tunnel. This relocated line includes this
Dragoon siphon, a structure necessary in crossing a draw leading to
Dragoon Lake,

2 Not printed,
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238. Feature no. 32—0pen canal, Dragoon siphon to Patterson Tun-
nel.—See plate no. 133.7 Length, 3.18 miles. Types nos. 3 and 6.
This section of canal crosses some very rough, broken, and rocky
terrain and represents the most adverse conditions found along the
main canal system.

239. Feature no. 33—UPatterson Tunnel—See plate no. 133.2 Double
bore. Diameter, 37 feet. l.ength, 3,350 [eet, or 0.63 mile. 'The loca-
tion of the upper end of this tunnel may vary somewhat from that
used in previous reports because of the relocation of the section of
canal leading to it.

240. Following is Mr. Bryan’s geological report, in part, of this
location:

There is, therefore, s minimum thickness of rock over the tunnel, of 50 feet.
The water table of the region is below the canal grade on both sides of the ridge.
In view of the pervious character of the rock, it is probably thoroughly drained
under the ridge, and, therefore, the tunnel will be practically dry.

241. Regarding the probable amount of timbering, the above report
is silent, but 10 percent full timbering was assumed for the present
estimate.

242, Feature no. 34—Open canal, Patterson Tunnel to Cow Creek
siphon.—See plate no. 133.2 Length, 11.94 miles. Types nos, 3 and
7. This scction of canal involves some heavy rock work. The sec-
tion immediately east of the Cow Creek siphon, about 4,000 feet in
length, is Jocated over rocky territory, too low in many places to offer
support for a regular canal section. To cross this area s section was
used consisting of rubble masonry walls with a gunite lining, the
bottom being back filled to grade, with a concrete lining.

243. Feature no. 36—Cow Creek siphon.—See plate no. 134.2 This
structure crosses Cow Creek and consists of four parallel steel pipes
with the necessary concrete structures and transitions. Length of
pipe line, 4,828 feet, horizontal distance. (Four parallel steel pipes.)
Diameter, 19 feet; maximum head, 150 feet. This structure, as in
the two siphons previously mentioned, is to be constructed in four
stages.

244. Feature mo. 36—Open canal, Cow Creek siphon to bifurcation
works.—See plate no. 133.2 Length, 2.54 miles, Type no. 3. This
section of canal extends from the Cow Creek siphon to the bifurcation
works. Other than the rocky character of the arca traversed, this
section involves no unusual features.

245. Feature no. 37—--—B’ifwcation works.—See plate no. 173.7 This
structure is located at the lower end of the main canal and at the upper
end of the irrigable tract. At this point the water is divided, and
diverted through the main north and the main south, which serve as
the main laterals leading over the project.

246. Distributing system.—The distributing system begins at the
bifurcation works. At that point the main canal is divided into the
main north and the main south. The main north extends along the
north boundary of the project to the Quiney area, and thence south
to Frenchman Hills. The area covered by the main north and its
lateral system is that pertion of the project located north of Lind
Joulee to 1ts confluence with Crab Creek, and then north of that
creek to its junction with Columbia River, and consists of an area

2 Not printed
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of 689,700 acres, including arca to be covered by supplemental
pumping.

947. The main south extends in a southwesterly direction from the
bifureation works. About 15.5 miles below its head the main central
is divided, the main south continuing in a southerly and westerly
direction to a point near Pasco, and the main central extending west-
erly to the Priest Rapids area.

248, The main south, with its distributing system, serves 251,760
acres, including area under supplemental pumping, while the main
central, and its lateral system covers an arca of 578,450 acres, includ-
ing area covered by supplemental pumping.

249. The design of the distributing system for plan no. 2 is based
on unpublished office records which show the location of all canals
having a capacity of 100 second-feet or more, the area served by each
lateral, water requirements for that area, canal sections and capacities.

250. The larger laterals, when so stated, have been located upon
line topographic sheets and transferred from those sheets to the work
map while the balance of the system has been projected directly upon
the United States Geological Survey quadrangles which form the
background for the work map when they were available. For those
lines that have been projected upon line topographic sheets, profiles
were prepared and form the basis of the estimate for those sections.
These topographic sheets and profiles are unpublished. The general
location of the distributing system is shown on plate no. 129.> Con-
densed profiles of the main north, main south, and main central are
shown on plate no, 174.

251. Main north—The main north consists of the following [ea-
tures, listed geographically.

252, Feature no. 1—Open canal, bifurcation works to McElroy
Tunnel—Length, 8.49 miles. Type no. 6. Plate no.156.2 Topog-
raphy and classification over this section are favorable for canal
construction.

253, This section of canal together with others following on the
main north to and including feature no. 29 were projected upon line
topographic maps, nos. 9 to 14, inclusive (unpublished), prepared by
the Columbia Basin Survey Commission. listimates are based upon
projection and profile prepared for the present study.

254, Feature no. 2-—MecElroy Tunnel.—See plate no. 156.” Single
bore. Diameter, 27.5 feet. Length, 8,200 feet, or 1.56 miles. The
location of this tunnel is substantially the same as that considered
by the Columbin Basin Survey Commission and by Gault. The
geologist makes the following comments regarding the three tunnels
on the upper secetion of the main north:

The main north has threc tunnels, the MeRlroy, 8,200 fect long, the Pahd,
2,000 feet, and the Klemmer, 20,300 feet. They are all large tunnels. * * =
The first two are at a low enough clevation be to quite certainly in hasalt. The
Klemmer tunnel has from 135 to 180 feet of overburden. If the Palousc-Ritz-
ville soil has its normal thickness of 100 to 150 feet, this tunnel will be close to
the contact and may be partly in earth.

255, No comment is made regarding the probable amount of tim-
bering required. For the purpose of the present estimate, 75 percent
of full timbering was used.

2 Not printed.
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256. Feature no. 3—0pen canal, McElroy Tunnel to Paha Tunnel.—
Length, 2.50 miles. Type no. 8. Plate no. 156.2 This section of
canal is located over an area favorable for canal construction and in-
volves no unusual features.

257. Feature mo. j—Paha Tunnel—S3ee plate no. 156.2 Single
bore. Diameter, 27.5 feet. Length, 2,000 feet or 0.38 mile. The
location is the same as that considered by previous agencies, Geolo-
gist’s comment on this site is quoted under feature no. 2. No opinjon
was expressed as to probable amount of timbering that would be re-
quired. For the purpose of the present estimate, 75 percent of full
timbering was assumed.

258, Feature no. 5—Open canal, Paha Tunnel to Paha siphon.—
Length, 0.20 mile. Type no. 8. Plate no. 156.2 This is a short
section of canal connecting the Paha tunnel and the Paha siphon and
involves no unusual features.

259. Feature no. 6—Paha siphon.—Sec plate no. 1342 for typical
design. This structure consists of two parallel steel pipe lines with
the necessary concrete end structures. Length, 1,980 feet, horizon-
tal distance. Two parallel stecl pipe lines. Diamcter, 20.25 fcot.
Maximum head, 105 feet. This structure crosses the Paha Coulee at
Paha, a station on the main line of the Great Northern Railway.
This structure crosses under that railroad as well as the State highway
paralleling it on the cast side. Under o stage development, this
structure would be constructed as two units; the first unit consisting
of all concrete work, railroad and highway crossings, and one steel pipe
line, the second unit consisting of onc steel pipe line only. A final
analysis might show a reinforced concrete structure to be more cco-
nomical for this site.

260. Feature no. 7—Open canal, Paha siphon to Klemmer Tunnel—
Length, 4.80 miles. Type no. 8. DPlate no. 156.2 This section of
conal passes over an area favorable to canal construction. No un-
usual features are involved. Lateral N-1is diverted from this section.

261. Feature no. &—Klemmer Tunnel—See plate no. 156.2 Single
bore. Diameter, 27.0 feet. TLength, 20,300 feet or 3.84 miles, "This
tunnel has the same location as that considered by the Columbia
Basin Survey Commission and by Gault. The comments regarding
the geology of this site are noted under feature no. 2. For the purpose
of this estimate, 75 percent of full timbering was assumed.

262, Feature no. 9—Open canal, Klemmer Tunnel to third coulee

siphorn.—Length, 2.80 miles. Type nos. 8 and 9. Plate no. 156.2
This section of canal is located over an area favorable lor ditch con-
struction. No unusual features are involved. ILateral N-2 is di-
verted from this section.
+ 263. Feature no. 10—Third coulee siphon.—See plate no. 1342 for
typical design. This structure consists of two parallel steel pipe
lines with the required concrete end structures and foundations.
Length, 2,680 feet, horizontal distance. Two steel pipe lines.
Diameter, 19.58 feet. Maximum head, 90 feet. This structure, as
in previous siphons discussed, is susceptible of being built in two units
in the interest of o stage development.

264, Feature no. 11— Open canal, third coulee siphon to second coulee
siphon.—Length, 17.59 miles. Type no. 9. Plate no. 156.2 This
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section is located over an arca favorable to canal construction. No
unusual features are involved.

265. Feature no. 19---Second coulee siphon.—See plate no. 134* for
typical design. This structure consists of two parallel steel pipe
lines with the necessary concrete end structures and foundations.
Length, 43.15 feet, horizontal distance. Two steel pipe lines. Di-
ameter, 19.17 feet. Maximum head, 197 feet., This structure may
be built in two units to meet the demands of a stage development.

266. Feature no. 13—Open canal, second coulee siphon to Flaig
siphon.—Length, 5.13 miles. Types nos. 9 and 10. Plate no. 156.%
This section of canal continues over terrain favorable to economical
canal construction. Lateral N-3 is diverted from this section.

967. Feature no. 14—Flaig siphon.—See plate no. 134 2 for typical
design. This structure consists of two parallel steel pipe lines with
the nccessary concrete end walls and foundations. Length, 2,550
feet, horizontal distance. Two steel pipe lines. Diameter, 18.91 feet.
Maximum head, 100 feet. The use of steel pipes adapts this structure
to s development in two stages. A final analysis might show the
cconomy of a reinforced concrete structure throughout.

268. Feature no. 15—Open canal, Flaig siphon to first coulee siphon.—
Length, 4.14 miles. Type nos. 9 and 11. Plate no. 156> No un-
usual items are encountered in this feature. It traverses an area
tavorable for ditch construction. Lateral N-4 is diverted from this
section.

269. Feature no. 16-—First coulee siphon.—See plate no. 134* for
typical design. This structure consists of two parallel steel pipe
lines with the necessary concrete end structurc and foundation.
Length, 4,100 feet, horizontal distance. Two stecl pipe lines. Di-
ameter, 16.75 feet. Maximum head, 248 feet. This structure may
be constructed in two units to meet the requirements of a stage de-
velopment.

270. Feature no. 17—Open canal, first coulee siphon to Sand Coulee
siphon.~—Length, 7.84 milles. Type nos. 11 and 12. Plate no. 156.*
This canal traverses an area favorable to canal construction and in-
volves no unusual items. Lateral N-5 is diverted from this section.

271, Feature no. 18—Sand Coulee siphon.—See plate no. 134° for
typical design. This structure consists of two parallel steel pipe lines
with the neccessary concrete end walls and foundations, Length,
5,500 feet, horizontal distance. Two steel pipe lines, Diameter,
16.67 feet. Maximum head, 104 feet. The steel pipe line structure
may be constructed in two stages in the intercst of a stage develop-
ment. A final analysis may demonstrate the economy of utilizing
reinforeed concrete construction for a portion of this structure.

272. Feature no. 19—Open canal, Sand Coulee siphon to Black Rock
siphon.—Length, 2.89 miles. Type no. 12. Plate no 156.> This
section of canal enters an arca more or less broken and rocky as the
Black Rock Coulee is approached. No unusual features are involved
in this section of canal. “Lateral N-6 is diverted at the upper end of
this section, immediately below the Sand Coulee siphon.

273. Feature no. 20—DBlack Rock siphon.—See plate no. 134? for
typical design, This structure consists of two parallel steel pipe lines
with tho customary end walls and foundations. Length, 4,050 feet,
horizontal distance. Two steel pipe lines. Diameter, 16.75 feet.

2 Not printed.
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Maximum head, 154 feet. This siphon crosses the end of a small lake
located in the coulee. Soundings were made at this crossing. No test-
ing of foundation was made, but the probable depth to suitable footing
for the piers was predicated upon surface indications on either side,
The distance across this lake 15 550 feet, with a maximum depth of
12 feet at the crossing site. This lake can be drained for the purpose
of constructing the supporting piers for the siphon, For & stage
devclopment this structure can be constructed in two units.

274. Feature no. 21—O0pen canal, Black Rock siphon to Broken Rock
siphon.—Length, 8.08 miles. 'Type nos. 12, 14, and 13. Plate no.
156.* A portion of this section of canal passes over an area where
conditions arc fairly favorable for canal construction while a portion
is over a rough broken area where a large amount of solid rock oxca-
vation will be encountered.

275. Feature no. 28—Broken Rock Coulee siphon,—See plate no,
134 2 lor typical design. This structure consists of two parallel steel
pipe lines with the required concrete transitions at cither end and
concrete saddles. Length, 8,890 feet, horizontal distance. T'wo steel
pipe lines. Tiameter, 16.5 feet. Maximum head, 168 feet, The
topography at this site is very rough and broken, and considerable
solid rock excavation will be required along the pipe line to secure a
suitable profile. This structure can be constructed in two stages to
meet the requirements of a stage development.

276. Feature no. 23—Qpen canal, Broken Rock siphon to Round Lake
siphon.—Length, 11.44 miles. Type nosg. 12, 14, and 15, Plate no.
156.2  This section of canal passes through an area a portion of which
is favorable to canal construction, and a portion where a large percent-
age of solid-rock excavation will be encountered. Lateral N-7 is
diverted from this section of the main north,

277. Feature no. 24—LRound Lake siphon.—See plate no. 134 ? for
typical design. This structure consists of a single sicel pipe with the
necessary concrete end structures and foundations. Length, 4,450
feet, horizontal distance. One steel pipe line, Diameter, 20.83 feet.
Maximum head, 210 feet. Topography makes it necessary to carry
this siphon sacross the north end of Round Lake on 15 specially
designed piers spaced 24 fect, center to conter, HEstimates were also
prepared for a steel span structure crossing this lake, The former plan
was adopted in the interest of economy. This structure consisting of
only one pipe line does not lend itself to a stage development,

278. Feuture no. 25—Open Canal, Round Lake siphon to Adrian
siphon.—Length, 1.57 miles. Type no, 15, Plate no. 1562 This
section of canal 18 similar to that deseribed in feature no. 23. No
unusual features are encountered.

279. Feature no. 26— Adrian siphon.—See plate no. 134 ! {for typieal
design. This structure consists of one stecl pipe line with the necessary
conerete end and foundation structures. Length, 14,850 feot, hor-
zontal distance. One steel pipe line. Diameter, 20.08feet. Maximuim
head, 235 feet. This siphon crosses under the main line of the Great
Northern Railway, a branch line of the Northern Pacilic Railway,
and a cross-over between these two lines, as well as under the North
Central State Highway. This structure consisting as it does of a single
pipe line does not permit of stage development.

280. Feature mo. 27—Open canal, Adrian siphon to Soa%) Lake
siphon.—Length, 3.72 miles. Type no. 15. Plate no. 156.7 This
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section of canal is located over an area where topography is favorable
but considerable solid rock excavation will be encountered. Lateral
N-8 is diverted from this section of canal.

281. Feature no. 28--Soap Lake siphon.—Sec plate no. 134 * for
typical design. 'This structure consists of a single steel pipe lino with
the necessary concrete transitions and saddles. Length, 15,200 feet,
horizontal distance. One steel pipe line.  Diameter, 19.0 feet.
Maximum head, 290 {feel. This structure is lengthened to pass around.
the south end of Soap Lake. A direct line between the inlet and outlet
structures of this siphon crosses the lake for a distance of about
4,000 foet. The depth of water precludes the short route across the
lake. 'This siphon crosses over the North Central Highway at two
points.

282, Feature no. 29—Open canal, Soap Lake siphon to point near
Quincy,—Length, 21.62 miles. Type nos. 15, 16, and 17, Plate no,
156.% This section of canal is located over a rough, rocky area at the
upper scetion, but gradually enters a section which is ideal for canal
construction. This feature ends at the end of the line topographic
survey made by the Columbia Basin Survey Comimission, and the
location of the main north below this feature is based upon a pro-
jection on the United States Geological Survey quadrangle sheets.
Laterals N-9 and N-10 are diverted from this section of the main north.

283. Feature no. 30-—0pen canal, point near Quincy to Great Northern
siphon.—Length, 3.60 miles. KEstimates of canals projected on
United States Geological Survey quadrangle sheets are based on office
records which show details as to distances, canal sections, and quanti-
ties. This section of canal is ideal from a construction standpoint.

284, Feature no. 31—Great Northern siphon.—See plate no. 158°
for typical design. This is a reinforced concrete structure of one
barrel, erossing under the main line of the Great Northern Railway at
a point about 3 miles west of Quincy. Length, 1,700 feet, hori-
zontal distance. One barrel, reinforced conerete. Diameter, 12.25
feet, Maximum head, 100 feet. The head acting upon a portion of
this siphon exceeds that considered economical for a concrete struc-
ture; but as it is necessary to bury the portion having the maximum
head, especially where it crosses under the railroad grade, it was
believed advisable to use conecrete throughout rather than change to
a steel pipe for the short distance.

285. Feature no. 32—0pen canal, Great Northern siphon to Potholes
siphon.—Length, 6.90 miles.  This section is located over an arca very
favorable to canal construction. No unusual features are involved.

286, Feature no. 38— Potholes siphon.~-Sece plate no. 134 2 for typi-
cal design.  This structure consists of a single stecl-pipe line with the
neeessary end and foundation structures. Length, 15,200 feet, hori-
zontal distance. One steel pipe. Diameter, 16,17 feet. Maximum
head, 182 feet. A final analysis may show the advisability of substi-
tuting reinforced concrete for the stecl pipe on the ends where the
head 18 permissible.  This structure must be constructed as one unit.

287. Feature no. 34—Open canal, Potholes siphon to Frenchman
stphon,—Length, 7.00 miles, This section of canal is somewhat rough
and broken in spots, and some solid-rock exeavation will be encoun-
tered, particularly at the lower end. Lateral N-11 is diverted from
this section of the tmain north.

¢ Not printed.
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288, Feature no. 85— Frenchman siphon.—No speeial drawing, This
structure consists of one pipe line with the necessary end structures
and foundations. A reinforced-concrete pipe is used when the head
is favorable and a steel pipe substituted when the head is beyond that
limiting an economical conerete design. Length, 10,700 feet, hori-
zontal distance, 8,010 feet steel-pipe line.  Diameter, 13.08 feet, 2,090
feet reinforced-concrete pipe line. Diameter, 11,92 feet, Maximum
head, 165 feet, This structure must be built as a single unit,

289, Feature no. 86—O0pen canal, Frenchman siphon to Low Gap
Tunnel.—Length, 10.50 miles. This section of canal is favorable as.
to topographic features, but considerabte solid rock excavation wiil
be encountered.

290. Feature no. 87— Low Gap Tunnel —See plaie no. 156.2 Single
bore., Diameter, 12.83 fect.  Length, 8,200 feet or 1.55 miles, This
tunnel earrics the water through to the arsa south of Frenchman
Hills. The geological report of Kirk Bryan makes no comment
regarding conditions at this tunnel site other than to state it would
pass through basalt. Ior the present estimate, 75 percent {full
timbering was assumed.

291. Feature no. 38—O0pen canal, Low Gap Tunnel to end ~-Length,
28.10 miles. This section of canal is generally favorable for canal
construction., Some solid rock exeavation will be encounterad.
Latcrals N-12, N-13, and N-14 are diverted from this section of tha
main north.

292, Lateral system.—The following lateral systems divert from the
main north and for convenience are presented in table no. 6.

Tarte No. 6.—Laleral systems, main north

Canal Biphons
Lateral no. Num- : Maxi
Length | Section Barrel ber of | Length | 1La‘me- mum
pipes or head
Miles
14.77 ()
11.70 (a)
2,10 (¥)
5.30 (v
3. 50 ()
15.22 (=)
1.60 (@)
2,20 (?)
12,20 Ebg
2. 60 b
2.70 (%)
11.52 ()
4,50 ()
14. 42 (a)
2,156 (®
6,15 {4
3.15 E by
19,30 ";
7.40 (*
2.10 (“g
3.20 (®
4.74 (b;
1,00 (®

a I3ased on projection on line topographic sheet. For canal sections, see profile of Iateral under congider-
ation (nnpublished).

» Based on projection on U.8, Geological Survey quadrangle sheets. For canal sections see detail
estimate for lateral under consideration (unpublished).

« Refers to stock size.
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203. Feature no. 39—Sublaterals—The laterals listed above all
terminato where the required capacity has been reduced to 100 second-
feet. The present plan contemplates a system cxtending to the
individual farm units, but laterals having a capacity of 100 second-feet
or lescis are covered by a blanket cstimate based upon the acreage
sorved.

294, Main south—The main south consists of the foliowing
features listed geographically:

205, Feature no. 1—Milwaukee siphon.—See plate no. 1587 This
is a reinforced concrete structure, twin barrel, crossing a depression
at the head of Lind Coulee. Length, 1,225 {cet, horizontal distance.
Twin barrels.  Dismctor, 18.00 feet.  Maximum head, 20 feet. This
structure crosses under the main line of the Chicago, Milwaukee, S¢.
Paul & Pacific Railroad and across the low part in a saddle between
the Lind Coulee and Cow Creek drainage areas. A short piece of
canal (about 200 feot in length) is required between the upper cnd of
this structure and the bifurcation works at the end of the main
canal. This short scetion of canal is included in the estimate for
this siphon. '

206. Feature no. 2—0pen canal, Milwaukee siphon to main south
tunnel ——Length, 9.85 miles. Type no. 27. Plate no. 156.> This
scetion of canal is favorable from a coustruction standpoint. A small
amount of loose rock excavation may be encountered. This scetion
of canal, as well as feature no. 4 on the main south, was projected
upon line topographic sheets and profiles constructed from which a
station-to-station estimaic was prepared. Lateral no. 8-0 is diverted
from this scetion of the main south.

297, Feature mo. 3—Muin South Tunnel.—Sce plate no. 156.°
Single bore. Diameter, 26.58 feet. ILength, 3,900 feet. The loca-
tion of this tunncl is substantially the same as that used by the
Columbia Basin Survey Commission and by Gault. Regarding this
site, Kirk Bryan, geologist, reports as follows: “The central south
tunnel has about 100 feet of cover, and is doubtless at, or close to, the
contact of the soil and rock.” He rendered no opinion as to the
probable amount of timbering that would be required; 75 percent
of full timbering was assumed.

298, Feature no. 4—Open canal, Main South Tunnel to main central
bifurcation works.—Length, 5.82 miles. Type no. 27. Plate no.
156.2 No unusual features are involved in this section of canal.
1t is ideal for canal work. There are no indications of other than
earth excavation, Lateral no. 8-1is diverted {from this section of the
main south.

200. Feature no. 5—Main eentral bifurcation works—No special
drawing published. This structure serves as a diversion works for
the main central which begins at this point. This structure is of same
general type as the bifurcation works at the end of the main canal,
modified, of course, to suit local topographic conditions and different
capacities of the canals. Below this bifurcation works the main
south extends in a southerly and the main central in a westerly direc-
tion.

300, Feature no. 6—A~Main south penstock mo. 1.—No drawing.
Three parallel steel pipe lines. Diameter, 10 feet. Length, 2,440

i
% Not'printed.
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feet, including intake structure. IHead, 95 feet, Q=1,815 second-
feet. Immediately below feature no. 5 the main south encounters
an excessive grade for some distance. Tt is proposed to utilize this
drop for the development of power for the purpose of supplemental
pumping to desirable areas that are located above the gravity canal,
In this, as well as similar cases where it is proposed to develop power,
the penstock pipe lines required for power development are included
as a part of the canal systom. Other costs of power development are
included in & special item. The pipe lines, however, are considered
ag o part of the Irrigation system, adapted, of course, to meet the
requirements for power development. In a later diseussion of power
development, this installation will be referred to as power plant no. 1.

301. Feoture no. 7—O0pen canal, main south penstock no. | to turnout
lateral S-2.—Length, 12 miles. This, with all following features of
the main south, is based upon a projection made upon the United
States Geological Survey quadrangle sheets, and details as to loca-
tion, length, capacity, canal sections, gradients, and other elements
entering into the estimates may be found in the office records. The
terrain covered by this section of canal is favorable from a construc-
tion standpoint. Some solid rock excavations will be encountered.
No unusual features are involved in this section.

302. Feature no. 8—O0pen canal, turnout S-2 to Kahlotus siphon.—
Length, 5.0 miles. This section is similar to that in feature no. 7 as to
character of work to be encountered.

303. Feature mo. 9—Kallotus siphon.~—Seco plate no. 134 % for
typical design, This structure consists of one steel pipe line with the
necessary concrete end structures and foundations, Length, 9,600
feet, horizontal distance, One steel pipe line. Diameter, 13.33 feet.
Maximum head, 509 feet. 'This structure crosses Washtucna Coulee
and also a branch line of the Oregon-Washington Railroad & Naviga-
tion Co. extending to Connell. The most economical design for this
structure was found to be the single pipe line, and it, therefore, is not
adapted to a stage development.

304. Feature no. 10—0pen canal, Kahlotus siphon to turnout lateral
S-4—TLength, 4.30 miles. This section of canal passes over an area
wherce considerable solid rock excavation will be encountered. T.ateral
85-3 diverts from the upper end of this section and lateral 8-4 turnout
constitutes the Jower end of this feature.

305. Feature no. 11—0Open canal, turnout lateral 8-4 to turnout lateral
S-6.—Length, 2,90 miles. This section is the same as that described
under the preceding feature. There are no unusual characteristics
in this section of the work,

308. Feature no. 12—Open canal, turnouwt lateral - S-6 to turnout
lateral §-6,—Length, 5.20 miles. General characteristies of this
section are the same as those of the two preceding features. No
unusual items are included in this feature. '

307. Feature no. 183—O0pen canal, turnout lateral S-6 to penstock
no. 2.——Length, 17.70 miles, This section of canal is located over an
area that requires a very steep grade in many places to find support-
ing ground for the canal. The grade and scctions have been changed
numerous titmes in this portion of the system. The grade is such
that in places the canal has developed into long chutes, while at other

2 Not printcd.
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points it ig carried on a normal grade. This section offers no unusual
construction features. Some solid rock excavation will been countered,

308. Feature no. 14—Main south penstock no. £~-No drawing.
One steel pipe line. Diameter, 9 feet. Length, 535 feet, including
intake structure, Head, 100 [eet. Q=417 second-feet. This is
another instance where the drop or other structure has been adapted
to meet the requircment for power developinent at the site. The
penstock is included as a part of the canal system, In the power
development discussion to follow, this development will be referred
to as power plant no. 2,

309. Feature no. 15—Open canal, penstock no, 2 to end of canal —
Length, 13.70 miles. This scction of canal extends from themain
south penstock no. 2 to a point where it has decreased to a capacity
of 100 second-feet. The territory covered offers conditions favorable
to ditch construction. Some solid rock excavation will be encountered,
but this will represent a small percentage of the total yardage to be
moved.

310. Lateral system.—The following laterals are diverted from the
main south, and, for convenience are listed in table no. 7.

Tanue No. 7 Laleral syslems, main south

Canal Biphon or penstock
Lateral no. Length Section Num- Length, | Diame- 11\,!{3)1?1
miles ~ | oad co- Barrel ber of | Iegt " | ter, feot | bead
i i ’ 1]
pacity Dpipes foet
12. 00 (1)
3.00 ;
2,00 (1
0. 00 )
16. 20 (1)
26. 00 !
200 O]

1 Based on projection on U.8. Geological Survey quadrangle sheets.
i Penstock pipe for power plant no. 3.

311. Feature no. 16—Sublaterals—The sublateral system under the
main south, consisting of all ditches having a capacity of 100 second-~
feet 05‘ less, is covered by a blanket estimate based upon the acreage
served,

312. Main central.—As stated under feature no. 5 of the main south,
the main central is diverted from that canal and continues westward
to the Priest Rapids area. The following features, listed geographi-
cally, constitute the main central and its distributing system:

313. Feature no. 1—Open canal, bifurcation works to main central
tunnel no. 1.—Length, 4.93 miles. Type no. 11, Plate no. 156.?
Beginning with this section of the main central and continuing to
and including feature no. 18, the location is based upon a projection
on the line topographic sheets and a station-to-station estimate pre-
pared, except for a section in features nos. 13 and 16 where no line
topography was availuble.

¥ § ot printed.
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314. The main difference between the distributing system as here
planned and that prepared by Gault is in this section of canal, The
Gault plan carried the water supply for the Pricst Rapids arca down
the main north for a distance of about 5 miles below the bifurcation
works at the end of the main canal, and it was then dropped into the
Lind Coulee. It was carried down that coulee for a distance of about
40 miles to a point north and west of Warden, where it was again
diverted into a supported canal, southward past Othello to a point
on the north side of the depression leading to Scooteney Lake. This
depression was crossed by a long siphon which extended to the high
oround on the west of Scooteney Lake, whence a supported canal
was continued westward to the Priest Rapids arca. The present
plan contemplates carrying the water for the Priest Rapids area
through the main south to the main central diversion, and then
through the main central westward. The depression in the vicinity
of Scooteney Lake would be crossed by a siphon arriving at a point
west of the lake, identical with that reached by the siphon mentioned
in the Gault plan. Comparative cstimates were made of these two
Jlans, and the present one adopted for economic and other reasons.

ut little data were available as to the work necessary to improve
Lind Coulee to the extent that it would form a part of the canal
system as planned by Mr. Gault. A careful reconmnaissance was made
of this section of the work and an estimate prepared of the improve-
ment that would be required in Lind Coulee to adapt it to the pur-
pose proposed. The estimated cost of this improvement, together
with that of the canal leading to the Scooteney Lake section was
considerably in excess of the additional cost for carrying the water
through the main south and main central systems the entire distance
from the bifurcation works at the end of the main canal. In addition
to the economic features involved, the question of canal Joss is in-
volved. The Lind Coulee improvement, of course, would be an
unlined section throughout its entire length, and the probable seepage
logs, particularly in the lower end, is an unknown quantity. Another
item in favor of the plan adopted, but of secondary importance, is
the benefit to potential power development. Water carried through
Lind Coulee offers no possibilities for power development, while the
supply flowing through the main central affords one site with a net
head of 132 feet available for power development. Lateral C-1 is
diverted from this section of the main central.

315. Feature no. 2—>Main central tunnel no. 1.—See plate no. 156.
Single bore. Diameter, 22.75 feet. Length, 3,000 feet or 0.57 mile.
Location of this tunnel is practically the same as that used in the
Gault report of which Kirk Bryan reported as follows:

Central tunnels, nos. 1, 2, and 3, have respectively lengths of 3,000, 3,300.
and 1,400 feet, and have a maximum of 105, 118, and 70 feet of cover respectively,
Their grade lines are close to the contact, and no. 3 is probably wholly in earth.

316. The above report is silent as to the probable amount of tim-
bering required. For the purpose of this estimate, 75 percent of full
timbering was used,

317. Feature mo. 3—Open canal, tunnel no. 1 to Ilatton Coulee
siphon.—Length, 2.27 miles. Type no. 11. Plate no. 156.2 This
section of canal connecting these two tunnels is ideal from a construe-
tion standpoint.

¢ Not printed.
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318. Feature no. 4—Hatton Coulee siphon.—See plate no. 158, for
t{pical design. This construction consists of a concrete barrel and
the necessary end structures and foundations. Length, 1,000 feet,
horizontal distance. One concrete barrel. Diameter, 19.75 feet.
Maximum head, 80 feet. Consisting of but one unit, this structure is
not adapted to a stage development.

319. Feature no. 5—Open canal, Hation Coulee siphon to tunnel no.
2.—Length, 1.26 miles. Type no. 11. Plate no, 156.2 There are
no unusual features in this section. It is very favorable from a
construction standpoint.

320. Feature no. 6—Main central tunnel no. 2.—See plate no. 156.7
Single bore, Diameter, 22.67 feet. Length, 3,300 feet or 0.62 mile.
Location of this tunnel is the same as used by Gault. Geologist’s
opinion is noted under feature no. 2. Assumed 75 percent full tim-
bering for the purpose of this estimate.

321. Feature no. 7—Open canal, main central tunnel no. 2 to main
central tunnel no. 3.—Length, 3.29 miles, Type no. 28. Plate no.
156.2 The canal work through this section continues to beideal. No
unusual features are involved in thig section. Lateral no. C-2 is
diverted from this section of the main central.

322. Feature no. 8—Main central tunnel no. 3.—See plate no. 156.2
Single bore. Diameter, 22.33 feet. Length, 1,400 feet or 0.27 mile.
The location is substantially the same as the Gault location, For
geological comment see feature no. 2. For the purpose of this esti-
mate, full timbering was used throughout.

323. Fealure no. 9—COpen canal, main central tunnel no. 3 to Provi-
dence Coulee siphon.—Length, 3.22 miles. Type no. 28, Plate no.
156.2 'The canal work remains ideal through this entire section. No
unusual features are involved.

324. Feature no. 10—Providence Coulee siphon.—See plate no. 156 2
for typical design. This structure is of reinforced concrete through-
out and consists of one barrel with the necessary end structures.
Length, 2,200 feet, horizontal distance. One barrel. Diameter,
19 feet. Maximum head, 100 {feet. This structure crosses Provi-
dence Coulee. In the floor of this coulee the siphon crosses under
the main line of the Northern Pacific Railway and the State highway
extending from Pasco to Lind. This structure does not lend itself to
a stage development.

325. Feature no. 11— Open canal, Providence Coulee siphon to main
central penstock.—Length, 7.75 miles, Types nos. 28 and 29. Plate
no. 156.2 This section is all in earth and 1s first class from a construc-
tion standpoint. No unusual features are involved. Laterals C3-,
C-4, and C-5 are diverted from this section of the main central.

326. Feature no. 12—Main central penstock—No drawing. This
structure consists of three parallel steel-pipe lines. Length, 2,675
feet, horizontal distance. Three steel-pipe lines. Diameter, 10.00
feet. Net head, 138 feet. These pipe lines are provided to take
advantage of the power possibilities of this site where an excessive
fall is encountered in the location of the main south. They are in-
cluded as a part of the canal system even though some modification
is made to adapt this site to power development. This site is the

# Not printed.
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location ‘of power plant no. 4, the largest and most desirable power
site on the irrigation project.

327. Feature no. 13—Open canal—Main central to point near
Shano. Length, 11.60 miles. This section of canal has been pro-
jected upon the United States Geological Survey quadrangles.
Ideal conditions are found for canal construction.

328. Feature no. 14—O0pen canal, point near Shano to Shano siphon.—
Length, 3.18 miles. Types nos. 29, 32 and 33, See plate no. 156.
The location of this section of canal is based upon a location made
on the line topographic sheets. The territory covered is ideal for
canal construction.

329, Feature no. 15—Shano siphon.—No drawing submitted.
This structure consists of one barrel. A reinforced concrete construc-
tion is used on each end of this structure, and one steel pipe in the
center portion where the head is beyond that permissible for an
economic design for a concrete structure. Length, concrete 3,300
feet, horizontal distance; steel 9,700 feet, horizontal distance; dia-
meter, concrete 11,08 feet; steel 12.00 feet; maximum head, 200 feet.
This structure is not adapted to a stage development.

330. Feature no. 16—O0pen camal, Shano siphon to Scooteney siphon.—
Length, 1.60 miles. This section of canal represents a new location
proposed in the present plan. Its location is based upon a projection
made upon the United States Geological Survey quadrangle sheets,
as no line topography was available. Some solid-rock excavation
may be encountered in this section. Lateral C-7 is diverted from
this section of the main central.

331. Feature no. 17—=Scooteney siphon.—No drawing submitted.
This structure consists of one stecl-pipe line with the necessary con-
crete end structures and foundations. Length, 18,380 feet, horizontal
distance. One steel-pipe line. Diameter, 13.00 feet. Maximum
head, 195 feet. This structure is not adapted to a stage development.

332, Feature no. 18—Open canal, Scooteney siphon to end of line
topography.—Length, 19.74 miles. Types nos. 17, 18, 29 and 19.
Plate no. 156.2 This section of canal represents the last feature, the
location of which is based upon a projection on line topographic
sheets. The conditions of this section of the canal are generally
favorable from a construction standpoint. Some solid-rock excava-
tion will be encountered particularly on the upper end of the section.
Laterals (-8 and C-9 are diverted from this section of the main
central.

333, Feature no. 19—0pen canal, end of line topography to end of
canal. —Length, 25.70 miles. The location of this section of canal is
based upon a projection on the United States Geological Survey
quadrangle shects.  Included in this feature is a pipe hine near the
lower end, where advantage is taken of excess grade for the purpose
of power development. This power site is designated as power plant
no. 5in the discussion following. No unusual features are encountered
on this section of canal. Conditions are generally favorable but some
solid-rock excavation will be encountered. Taterals C-10, C-11 and
C-12 are diverted from this section of the main central,

334, Lateral system —Table no. 8 gives the laterals and sublaterals
which form part of the main central system, locations of which are

2 Not printed,



COLUMBIA RIVER AND MINOR TRIBUTARIES 1335

based upon projections on United States Geological Survey quadrangle
sheets unless otherwise noted.

TapvLk No. 8—Laterals and sublalerals, main central system

Canal Penstock or siphon
Lateral no. T Section N i | Mixi-
Length and RBarrel ber of | Lengtl, il)i;mmtur, mum
eapaeity ; Fipes ! head
Miles
16.00 )
8.40 ()
7.20 (1)
13,30 (1)
22,07 ()
10. 60 )
5. 70 (O
9, 20 (1
45, 20 (1)
1. 80 (1)
6. 60 (')
4,30 (1
3. 30 "
11,60 6]
2.20 (O]
- 60 (1)
1.50 (1)
1, 80 (1) e 1 PSRN R
& 50 [ R P A - - -
! Projected on 7.8, Geological Survey quadrangles. 4 Penstock, power plant no, 7.
? Projected on line Lopographic sheets, 5 Pendtock, power plant no, 8.
3 Penstock, power plant no. 6. 6 Siphon.

335. Fealure no. 20--Sublaterals. -—The sublaters] system under the
main central consists of all ditches having n capacity of 100 second-
feet or less, and are covered by a blanket estimate based upon the
acreage covered.

336. (leneral project items.--Above has been given a general de-
seription of the main canal and its distributing system consisting of
the main north, main south, and main central with their respective
lateral systems. The following items pertain to the general project
rather than to any onc of the subdivisions mentioned above.

337. Drainage. - -A blanket estimate is included to cover this itemn.
The question of drainage is one that will require a great deal of detail
study, and is one that will probably not be determined until some
time after water has been applied to the land. The requircments for
drainage will vary with different sections of the tract. Some sections
will require extensive work, while others will require little or none.
For the present purposes, an estimate of $5 per acre was included to
cover this item throughout the entire project. In the plan of stage
development, it was assumed that this expenditure would be required
5 years after the land in question was first placed under irrigation.

338. Wasteways.- -At the Spokanc River crossing a wasteway, the
only one on the main canal, is provided, that will waste the entire
flow of the main canal for an unlimited time. About 85 miles below
this wasteway Rock Lake Reservoir is located, where the storago
facilities will provide for the entire flow of the main canal for only a
very limited period. Below the Rock Lake Reservoir no wastoway is
provided for the main canal. The possibility of providing one at
Cow Creel siphon merits consideration in any further study of this
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plan. A favorable site for such a wasteway exists at that crossing,
but the improvements required in Cow Creek from that point to its
junction with the Palouse River, a distance of 20 miles or more, may
be excessive.

339. Wasteways on the project for the present study are the same
as those used by Gault with the addition of an item covering the
improvement of Lind Coulee. As shown carlier, the Gault report
used the Lind Coulee as the upper end of the system, carrying water
to the Priest Rapids area. Under the present plan Lind Coulee will
be used only as a wasteway.

340. Supplemental pumping.—The main south and the main cen-
tral are located over territory, the topography of which is such that
drops or chutes are required in certain portions of the system to
absorb the excess grade. At these points in the system, where con-
ditions are favorable, it is proposed to develop the power for pump-
ing water to desirable lands located above the gravity system. This
power would, of course, be strictly seasonal in character, and would
be available only during the irrigation season. While the commer-
cial value of this product, because of its seasonal character, would be
low, it is particularly adapted to meet the requirements for pumping
to lands located above the gravity system.

341. There is, according to the present land classification, an area
of 262,950 acres lying above the gravity system that can be covered
by pumping against a static head of not to exceed 100 feet. The
greater portion of this land is very desirable and it is proposed to
utilize the power possibilities along the gravity system to provide the
power necessary to pump water to these supplemental areas.

342. Table no. 9 shows the power possibilities that have been given
consideration in this report.

Tante No. 9.—Power possibilities, plan no. 2-A

Power plant no. Location ! Quuntity | Wet head 81]:3%";‘;_5 Capacity

Second- Kilo-

eel waelts
1,814 11, 2&)0

417 2, 8

320 2, 240
2, 988 28, 350
139 1, 380
- 677 | 2, 390
______ A0 oo 392 2,270
_| Latera] C-8_. 026 8,270
Lateral C-12_ 85 1, 570
___________________________________ 8, 490

1 For loeutions see pl. no. 127, page 909,
Penstocks ineluded as a part of cunal,

343, Tn designing penstocks for the above-listed power plants some
sacrifice in output of power was made in order that the cost of pen-
stock pipes might be reduced. These penstocks are of considerable
length, and are included as & part of the canal system. As the power
possibilities on the project are in excess of the demands for supple-
mental pumping to a maximum elevation of 100 feet, this loss at the
pipe line is not objectionable.
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344. The total arca to be provided with water by supplemental
pumping, in the plan under consideration, amounts to 262,950 acres
in tracts of various areas, The scasonal water requirements of these
areas are 739,040 acre-feet. The average gross head is 70 fect.
Acre-leot-feet per season, 51,733,430,

345. These areas vary in extent, from 15,000 acres to those ag small
as 20 acres, and are scattered throughout the project as will be seen
from plate no. 127, page 909.

346. Estimates for pumping installations to cover thesc tracts are
taken from graphs, and include all electrical equipment from the low
side of the step-down transformers, also pumping equipment, valves,
pipe lines, ete., and is dependent upon the acre-fect-feet of water to
be pumped. It is evident that the per-unit price of these installations
depends upon the size of the development.

347. To meet the requirements of supplemental pumping, it has
been shown that the total installation required amounts to 51,733,430
acre-feet feet por season. The following installations would be
required:

50 percent, or 25,866,715 acre-fect feet, 1,000 kilowatt installation.
30 pereent, or 15,520,000 acre-feet feel, 500 kilowatt installation.
10 percent, or 5,173,340 acre-feet feet, 250 kilowatt installation.

5 pereent, or 2,086,670 acre-feet feet, 100 kilowalt installation.

5 pereent, or 2,686,670 acre-feet feet, 10-50 kilowatt installation.

348. The cost of these developments was determined by applying
the unit prices as determined from the graph, to the unit quantities
as given above.

349. The power installation required to {urnish electrical energy
to operate the above pumping units is 22,000 kilowatts. The above
is based upon the seasonal requirement of water as outlined elsewhere
for the various plans considercd and on a 65 percent over-all efficiency
of the powor and pumping system.

350. Plans were not developed for the individual power plants on
the project. The estimates for each plant were prepared upon the

following unit-cost basis:
Per kilowatt

Hydraulic equipment__ _ . ___ e $13
Electrical equipment. . . . _____.. 27
Power house and miscellaneous 7 _ L mmec e 20

0 7 U 60

351. The following estimate is for the development of the power
required to meet the demands of supplemental pumping up to the
100-foot limit only., This requires 22,000 kilowatts, leaving 39,490
kilowatts to be developed for further use. The disposition of this
excess power will be discussed later in the present report. )

352. Included in the estimate for supplemental pumping iz the
cost of transmission lines necessary for delivering the power from the
power plants to the points of use at various locations on the project.
This item includes 348 miles of primary transmission line and 100
miles of secondary line, This amount of transmission line would
deliver power to 95 percent of the area to be covered by supplemental
pumping. The remaining 5 percent represents small isolated areas
that would be reclaimed at a later date when commercial lines will
be available for transmitting the small amount of power required for

7 Penstocks included as u part of the cost of canal gystem,
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that purpose. The estimate of the cost of transmission lines includes
the step-down t{ransformers necessary to deliver the current to the
'pumpin.g units at the proper voltage.

353. Telephone system.—Included in the estimate 1s an 1itemn
covering the Lelcphone plant necessary in the operation of the system.
No detail plans have heen made ol this f[eature, but an estimate was
made of the cost of a system believed to be adequate to cover the
completed project. This includes about 400 miles of pole line,
1,500 miles of metallic circuit, instruments, equipment, ote.

354, Wells.—In fixing unit prices for concrete throughout the
project, no attention was given to the availability of water for con-
struction purposes. Rather than use a variable unit price for concrete
construction beecause of water conditions, an item was included for
making water available within a rcasonable distance of any feature
of the work. In view of the availability of water at certain points on
the project at the present time, and because the stage development
proposed will improve water conditions for the later stages, 1t is
believed that the present estimate will be adequate. The estimate
includes the cost of a system of wells with their equipment, minus
salvage value after completion of the construction work.

355, Permanent busldings.—This item covers the buildings, offices,
shops, warchouses, quarters, ete., required in the operation of the
completed system. No details were prepared covering this feature
and the estimate used in the Gault report has been accepted.

356. Other features.- The estimate mcludes an item for fencing all
canals in the system, also bridges overall ditches that cross existing
highways. Where bridges are required, standard types of the Wash.
ington State Highway Department with an H-15 loading are used in
alt cases. The fences, bridges, ete., are included in the estimate of the
feature of which they form a part.

ESTIMATES OF COST

357. Following are the estimates of the various features that con-
stitute the 1rr1<r<1t1(m system as_designed for plan no. 2-A. They
include overflow d: amages in ’end Oreille and Cocur d’Alene Lakes.

Feature
o, MAIN CANAL
1. Albany Falls Dam ... .o _._ .. ... _______ $6, 468, 670
(’]‘m above includes au item of ‘52,471,370 covering over-
flow damages at Pend Oreille Lake.)

2. Diversion headworks______ . .. _.__________.. - 470, 920
3. Newport tuunel . __ . ___________ S, 18, 594, 620
4. Canalization Little Spokane River. .. .o ______._..-_ 2, 743, 500
5. Great Northern Railway line change__ cnm e m e e oo— 3,000, 000
6. Camden Dam e e 1, 552, 620

7. Canal o . . _______.. oo o ee- 2,012,830
& Dry Creek Dam___. VA 1, 177, 490
0. Canal___ . . ___._.. il 445, 260
10. Milan Tunnel._____ S oo 7,285, 560
11, Canal___.. ... . .___. . . 738, 200
12. Deep Croek Tunnel oo e~ 4,044,230
183, Canal_____._ .. ______ e 201, 540
14. Deep Creek Dam________ oo et o 687, 430
15. Deadman Creek Tunnel oo ... . . ______ 4, 756, 040
16, Canal_ ... o ___.. .. o 157, 640
17. Deadman Creek Dam. .. o __ 4, 402, 460
18, Canal_. . = . . ..______ e eeooo- o -2, 2‘54 210

19. Pleasant Trairic Tunnel. .. oo ._ ‘) 0.;1 010
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Foature .

1o, MAIN CANAL—continued
20, Canal. . o e mmam—m—— e e $409, 690
21. Bpokane River erossing .- o e 713, 170
22-A, Canal . o o o e e e 1, 373, 300
8-V-1. Overflow damages Couer d’Alene Lake. .. 2, 561, 350
8-V-2, Diversion eanals and headworks. oL o ____.. 138, 450
S-V-8. Canal o e 3, 170, 090
22-B. Canal.________._ e i mm—me—o_ 1, 133, 490
23. Manito Tunnel . oo 10, 431, 810
24. Latah Creek Dam__ .. _______.. e e 2, 667, 600
25, Tonnie Lake Tunnel - _ __ . . ____________. e _ 47,151, 630
26. Canal . . v o o e e i—ammm 407, 850
27. Rock Lake Dam___. . .___________. Mmoo 3, 609, 390
28, Canal . ________ ..o __._.. e imdmeeea 6,191, 370
29, Wassun Creek siphon._____ ... . 977, 200
30. Canal oo oo e 3, 068, 900
31. Dragoon siphon_____ . oo 511, 040
32. Canal____ . ... . .. e 3, 330, 810
33. Patterson Tunnel . . . e 2, 279, 200
34. Clanal o e 8, 404, 880
35. Cow Creck siphon. . .. .o - 3, 333, 630
36. Janal_____ [ i 1, 361, 980
37. Bifureation works. o . .o ——— 104, 010
Total, main eanal. .. .o e o aa———o- 173, 475, 120

MAIN NORTH

1. Canal e mim e $1, 633, 330
2. MeElroy Tunnel _____ . ______.. e 2, 618, 70
3. Canal . o e e 991, 000
4. Paha Tunnel . . e 699, 740
5. Canal - . o et 118, 270
6. Paha siphon._____._ .. _____. e ame——o 851, 400
7. Canal____. .. oo .- e e 1, 909, 500
8. Kilemmer Tunnel _ _ . . o o e 6, 357, 760
9, Canal e e 980, 860
10. Third Coulee siphon..___________. VP 601, 030
11. Canal ___ .. ____________ e 4, 386, 280
12. Second Coulee siphon.. .o oo ee——- 1, 722, 810
13. Canal .o e 1, 582, 180
14. Flaig siphon__ e ae—o 931, 330
15. Canal . oo e 1, 387, 030
16. Trirst Coulee siphon_______ . .o . 1, 492, 580
17. Canal . . o e = 2, 256, 580
18. Sand Coulee SipPhON e oo oo aaoo- 1, 629, 390
19, Canal e e e eeeam 1, 031, 680
20. Black Roek siphon_ ... 1, 263, 100
21. Canal . e - 1, 809, 570
22 Broken Roek siphOn. .. oo oo o ao- 2, 827, 180
23. Canal ____. . _.________. R el . 2, 872, 960
24. Round Take siphole._ .. oo o0 amo o aeeo- 1, 191, 410
25. Canal_____ .. . ________ e ia. e 366, 880
20. Adrian siphon_____ . .o 3, 223, 540
27. ;% 11 PR VSR 843, 790
28. Soap Lake siphon_ ______ Lo . 3,927,150
29. Canal oo e .- 2,833,380
30. Canal o o e 380, 460
31. CGreat Northern siphon..___ oo o 200, 040
32. Canal . e eCCaa . 780, 720
33. Potholes siphon. . . oo o oo m——o 2, 156, 850
34. Canal_ . . ... e 771, 230
35. Frenehman siphon. ..o o oo oo oo o eao—o 880, 750
36. Canal . o e 1, 211, 620
37. Tow Gap Tunnel ___ .. .. ____.. oo N 855, 040
38, Canal______ . ..o ___.. e 1, 418, 820
N-1. Lateral N-1. o o el 602, 060
N-2. Tateral N-2_ o aa—eo- 1, 585, 850
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Feature .
Do, MAIN NOrTH—continued
N-2-1. Lateral N-2-1__ ... .. ____.__.. - $51, 700
N-2-2. Lateral N-2-2 _ _ _ o ____ 141, 150
N-3. JLateral N-§__ . ... 122 320
N-4. Lateral N-4___________ e ____ 15, , 680
N-4-1. Lateral N-4-1__ . .. . . ___... 38 390
N-4-2, Tateral N-4-2_ _ __ __ o ________ 54, 700
N-5.  Lateral N-bo . . . 310, 340
N-6. Tateral N-6____________ . . __________ &1, 810
N-7. Tateral N-7__ ___ e ____ 1562, 770
N-8.  Lateral N-8. . .. . e 907, 990
N-8-1. Lateral N-8-1. . .. . it e 141, 250
N-9. Lateral N-9___ _ __ ... el 1, 138, 600
N-9-1, Lateral N-9-1____.________________ .. S 190, 130
N-9-2. Lateral N-9-2_ . .. e ___ 216, 90
N-9-3, Lateral N-9-3_ _ ____ ___ ___ . __________.. 83, 440
N-10. Lateral N-10. ... e 737, 150
N-10-1.Lateral N-10-1_______ e e e 253, 090
N-11. Lateral N-11._ . 93, 000
N-12. Jateral N-12________________. e 90, 130
N-13. Lateral N-18. . . . o __ 567, 400
N-14, Tateral N-14.______________. R 31, 510
39. Sublaterals. .. e __ 14, 483, 700
Total, main north_.__.______________ .. _______ 85, 886, 460
i MAIN S8OTUTH
1. Milwaukee siphon_.. .. .. ___.______________ i 530, 290
2. Canal_________________ [l IITTTToIToTThn s 2, 039, 180
3. Main South Tunnel____ . ___ o _______ 1, 187, 260
4. Canal ____ . ______.. el 1, 303, 570
5. Main central bifureation works.___ ... . ____________ 73, 630
6. Main south penstock no, ... ________ .. ___ ... 491, 070
7. Canal_ e _____ 1, 490, 720
8. Canal ___ ... 598, 100
9. Kahlotus siphon..____ o ________ 1, 599, 500
10. Canal ____________.___... e 481, 650
11. Canal. ... . 286, 930
12. Canal . o e e 312, 660
13. Canal_______________.._.... e 786, 100
14. Main south penstock no. 2________ .. ___________ 41, 380
15. Canal. ..o e o 474, 540
S5-0.  Lateral no. 8-0. . oo 410, 590
8-1, Lateralno. 8-1._______ o ___ 78, 790
5-2.  Lateral no. 82 .o . 52, 820
8-3. Lateral no. 8-8_________ 270, 360
3-4. Lateral no. 8-4. . oo 491, 780
8-5. Lateralmo. 8-5_________________ o ____ 1, 040, 390
B8-6. Lateral no. 8-6. e e_. 36, 440
16. Sublaterals__________________ L. _________ b, 286, 540
Total, main soubh.. .. ... ___ .. ____ 19, 364, 200
MAIN CENTRAL
1. Canal . e ______ 1, 047, 300
2. Main Central Tunnel no. 1o ... 786, 660
3. Canal .. 382, 840
4. Hatton Coulee siphon.____ . __ ____ e __ 262, 050
5. Canal ____ ___ .. 231, 440
6. Main Central Tunnelno. 2. ___.__._______ 805, 500
7. Canal __ e .. 565, 400
8. Main Central Tunnel DO. B 375, 050
9, Canal____ e e 508, 170
10, Providenee Coulee siphon__ ... . ___________._. 574, 390
11, Canal. o e 1, 108, 190
12, Malin central penstockno. 1_._ .. _____________________ 564, 970
18. Canal. . e 1, 387, 570
14, Canal e 257, 030

18, Shano siphon___ ___ ____ e _____ 1, 050, 880
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Fenture .

no. MAIN CENTRAL—continued
16. Canal ____ ___ $211, 710
17. Scooteney siphon____ . _______________________ ... 1, 825, 740
18, Canal. 2, 301, 260
19, Canal_ _ e 1, 858, 100
C-1. Lateral no. C-1__ oo . 549, 700
C-1-1. Lateral no. C-1-T o oo e oo 223, 750
C-2. Lateral no. C-2____________.__ e e e 218, 600
C-3. Lateral no. C-8. . o e et e mecmmmemicaamm 546, 590
C-4, TLateral 10. Code oo e e e 1, 338, 090
C-1-1. Lateral no. C-4-1_ __ ___ o ________ 340, 110
C-4-2. Lateral no. C-4-2 _ _ oo e 157, 600
C-5. Lateral no. C-5. o e 261, 600
C-6. Lateral no. C-6______ ___ . __________ 3, 938, 480
C-6-1. Lateral no, C-6-1 _ . _ o e 29, 080
C-6-2. Tateral no. C-6-2_ _ ___ _ el 219, 980
C-6-3. Lateral no. C-6-8_ _ _ o oo 116, 700
C-7. Lateral no. -7 oo e e e 97, 610
C-8. Lateral no. C-8___ . e __ 566, 380
C-8-1. Lateral no. C-8-1_ o o oo 70, 870
C-9. Lateral no. C-9___ L, 15, 220
C-10. Lateral no. C-10___ __ _ o . 33, 280
C-11. Tateral no. C-11_ e 90, 690
C-12. Lateral no. C-12_______ __ . 317, 960
20. Sublaterals. ... . o _______ 12, 147, 450
Total, main central . o oo oo oo e aa 37, 333, 990

PROJECT ITEMS
Preliminary surveys_ _ _ e 1, 000, 000
Supplemental pumping._ - . .o oo e e oL 7, 570, 170
DI A e o e 7, 599, 450
Wasteways_ _ .. 8§, 690, 990
Permanent buildings. .. oo oo e e cacim——an 1, 502, 000
Wells o e 200, 000
Telephone system _ __ _ o __ 300, 000
Total, projeet items . _ oo ___ 26, 862, 610
RECAPITULATION -

Main canal. ..o e 173, 475, 120
Main north_ _ _ e _____ 85, 886, 460
Main 80BN Ao o e 19, 364, 290
Main central._____.._ e 37, 333, 990
Projeet items_____________________.. e m e e l____ 26, 862, 610
Project total__ _ _ __ . 342, 922, 470

358. Stage development.—In determining the final per-acre cost,
where intercst is considered on all money invested, it is important
that the system be constructed by stages in order to keep the item
of interest as low as possible. 1t is also important, for the same
reason, to coordinate the construction of the various stages with the
rate of settlement in order that no capital expenditure be made until
the colonization of the land demands that addition to the system.

359. The stage development proposed gives proper considersation
to this [cature, and the construction of cach stage is delayed as long
as possible, consistent with the colonization. of the area to be served.

360. Some features of the construction work do not readily lend
themselves to a stage development, For example, the main canal is
long and expansive, being approximately 50 percent of the cost of
the entire project. Certain features in the main canal system can
be developed by stages; the tunnels are planned for a double-bore
type of construction which adapts itsell in a measure to a stage
development; siphons may be constructed in four stages, but many
features such as the canal sections, dams, rights of way and other
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items are not possible of a stage development and in those cases
the initial investment represents the {inal one.

361. In order to outline a stage development, assumptions must
be made as to the rate of colonization, as the construction of the system
must keep step with the demand for water on the land.

362. Tt has been assumed that interest on unpaid balances would
be at the rate of 4 percent per annum, that the land would be colonized
at an approximate rate of 50,000 acres per year, that land would be
placed under cultivation when irrigation water was made available,
that repayments would begin after the third crop had been produced.

363. In constructing the canal system to meet the requirements
of the above-assumed rate of colonization, the system has been divided
into 16 stages. This stage development of the canal system on the
project must be modified to meet local topographic and other condi-
tions, and most of the individual stages include an area requiring 2 or
even 3 years to colonize. Table no. 10 gives the proposed stage
development. The first stage brings no land under cultivation,
but is for preliminary work; the second stage, covering a period of
5 years, includes the construction of all of the main canal that docs
not lend itself to a stage development and to the first units of those
features that may be constructed in stages, together with that
portion of the system required to cover the arca within the unit
considered.

TasLe No. 10.—8tage development—-Plan no. 2-A

Area begin-

. a ‘ Capital ex- Area ve- | Area colo- f
Year Btage ! f . T v 3 ning re-
; penditurce claimed nized payment

: Aeres Acres Acres
$500, 000 .

600,000 {.._. . .
7,400,000 |___ . S S,
4, 450,000 | - .

25, 386, 190 |-
30, 362, 600 |__
49,912, 500

!
1
{‘ 4,155,000 [___________ 02, 300
{
é

6, 408, 140 85, 580 52,300 [.__._ -

1, 830, 000 |- _.. .. 42,790 52,400

21 150, 380 a8, 08 42, 790 52, 300
4,903,000 | . ______ 49, 400 42,790

5y 745, 380 123,180 49, 490 49,790

427, 000 .. 41, 060 19, 490
______________ s 41, 060 49, 490
11, 51h, %70 49, 240 41, 060 41, 060

16, 635, 750 65, 940 49, 240 41, 060

18, 059, 370 90, 640 6, 940 41, 060

£ 25,845,000 | ____ 45,320 19, 240
910 31,385,120 100, 450 45, 520 66, 040
{ 50 566,200 L. 50, 220 45,320
6, 305, 220 133, 690 50, 230 45, 320

] LEIR200 [ 37, 960 50, 220
i 7. A68,480 ..., ... 37,870 50, 230
L 19335 710 127,050 37, 860 37, 860
| 715,000 | v oeoneas 42, 350 37,570
Voarneso LD 42, 350 37, 860
[ 115, 670 42, 550 42, 350
| 200,000 | ____ 38, 560 42,350
3 2,780,250 |~ 38, 560 42, 350
| 20785 190 U3, 820 38, 550 38, 660
{ 463, 080 oL ___ 46,910 38, 560
9, 300, 360 137, 440 46, 910 38, 550
1,410,500 |- 0. 45, %10 46,910
1,410,500 | . ] 45, 810 46,910

1, 879, 600 150, 000 45, 820 45, 810
1,410,500 |- __ 50, 000 45,810
2,007,700 |- - 50, 000 45, §20-

1, 410, 500 50, 000 50, 000 50, 000

2, 243, 720 13,710 50, 000 50, 000

L R 13, 710 50, 000
U R 63, 710

342,922,470 | 1, 510, 890
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364. Under this plan of development the first land would be brought
under cultivation in the eighth year and repayments begin in the
tenth; the last area would be brought under cultivation in the forty-
first year and repayments begin in the forty-third. Carrying all
capital expenditures to the end of the forty-second year with interest
af the rate of 4 percent, and dedueting an annual repayment of $15.74
per acre per year, which also carries interest at 4 percent from the
time repayment 1s made to the end of the forty-second year, gives
the following:

Ier acre
Capital cost plus net inlerest. .. _____________ ¥ BH98, 285, 020 or $393. 63
Capital cost . ________ 342, 922 470 or 225. 62
Interest . ______ 255, 362, 550 or 168, 01
Annual interest charge after completion e e e - . h. 74
Annual cost of operation and maintenanee. - o ______..______ 1. 22
Annual depreciation eharge_ . ._ . 83

Total annual charge- operation, maintenance, and depreciation 2 056
PLAN NO, 2

365, Plan no. 2 covers the maximum project with a gravity diver-
sion (including area to be covered by supplemental pumping with
a head not exceeding 100 feet). This plan (no. 2) is 1dentical with
plan no. 2-A, except as to the source of water supply. Plan no. 2
secures 1ts entire water supply {rom Clark Fork, while plan no.2-A
secures its water supply {rom both Clark IFork and Spokane River.

366. In plan no. 2-A the main canal leading from Clark Fork has a
capacity of 11,750 second-feet to Spokane Va]lpv Junction, where it
15 joined by the Spokane Valley canal carrying 2,490 second-feet
diverted from the Spokane River. Below %pokane Vallev Junetion
the main canal has a capacity of 14,240 second-fect to the bilurcation
works at the head of the irrigable area on the project.

367. The plan now under consideration (plan no. 2) requires a
modification of the main canal from Spokane Valley Junction to the
point of diversion from Clark Fork at Albany Falls, The capacity of
this section of the canal must be increased to 14,240 second-feet.
The Spokane Valley canal with its diversion works and the regulation
of Coeur d’Alene Lake, as proposed for plan no. 2-A, are omitted
from plan no. 2.

368. The above is the only difierence between plan no. 2 and plan
no. 2-A. Below the Spokane Valley junction they are identical in
every respect., The point of diversion of the main canal from Clark
Fork for plan no. 2is at the same elevation as that proposed for plan
no. 2-A.  As plan no, 2 demands a greater quantity of water from
Clark Fork than is required under plan no. 2-A, the smount of water
passing Albany Falls will be somewhat reduced. Under plan no. 2-A,
with regulation of Pend Oreille I.ake as proposed, a minimuin discharge
of 8,680 second-feet could pass Albany Falls without interfering with
the irrigation requirements, while in the case of plan no. 2 the amount
would be reduced to 7,000 second-feet. Should the irrigation project
be constructed as outlined in plan no. 2, power d(volopnwnt on the
Clark ¥ork below Albany Falls would be adversely affected to
that extent,

ESTIMATES OF CORT

369. The {eatures listed in the following estimate constitute the

entire irrigation system for plan no. 2. These features are identical



1344 COLUMBIA RIVER AND MINOR TRIBUTARIES

with those described in plan no. 2-A, except those marked (*), which
have been I'IIO_dlf_le_d to meet the demands of a larger capacity between
the point of diversion at Albany Falls and the Spokane Valley junction.
Featurg

no. MAIN CANAT

1. Albany Falls Dam . oo m——— e $6, 468, 670

(The above includes an item of $2,471,370 covering overflow
damages al Pend Oreille Lake.)

2, Dyiversion Headworks_ . ________ #5564, 030
3. Newport Tunnel ______________________ L LlL.-o *20, 865, 880
4. Little Spokane River improvement. ..._.... e mmm——————— *3, 288, 750
5. Greal Northern Line change_ o __________________ 3, 000, 000
6. Camden Dam_______ L. mcaaiannn mmmanm 1, 552, 620
7. Canal e cmcmm e, *2, 341, 270
8. E)l‘y Creek Dam o ia. 1, 177, 490
Q. Canal e *474, 000
10, %\j/lilsm Tunnel . . - *8, 207: 240
11. Canal_____ _ee...-. N *780, 400
12, Deep Creek Tunnel - o e *4, 365, 330
13. Cannl___ LI ILIITITIITIT ¥216, 280
14, Deep Creck Dam. oo hiaanana 687, 430
15. Deadman Creek Tunnel o _ . o mmveanrono *5, 322, 120
16. Canal______________.... e %165, 300
17. Deadman Creck Dam. ..o 4, 402, 460
18, Canal. .. o e o e —— *#2, 493, 670
1)9. %’leasant Prairie Tunnel . - - .- .. . .. *10, 033, 470
20, Canal o o *526, 560
21. Spokane River Crossing _ _ _ .o uoceu.vooocmcmcmeme *805i 040
22, Canal______._._.. e m—————— *2, 562, 400
23, Manito Tunnel.____________.._.._. i —————— e 10, 431, 810
24, Latah Creek Dam .. el 2, 667, 600
25. Emmie Lake Tunnel . _ __ ..o ... 47, 151, 630
26. Canal e 407, 850
27. 5001{ Lake Dam _ ___ . iimcman 3, (i()Q: 3?()
28, Canal e 6, 191, 370
29, Wassun Creek siphon_ . e ' 977, 200
30. Canal i 3, 068, 900
31. Dragoon Creek siphon. . o amena- 511, 040
82, Canal. oo - o el 3, 330, 810
33. Patterson Tunnel _ _ ... iiiaaua 2, 279, 200
34, Canal________._. e e meo 8, 404, 880
35, Cow COreek siphon________. S PRI 31 333, 630
36. Canal oo ——— 1, 361, 980
37. Bilureation works____________ __ e 104, 010
Total, main eaval - . .. ___.. 174,121, 710

Main north: It is identical with main north, plan no. 2-A____ . .. 85, 886, 460
Main soulh: Ti is identical with main south, plan no, 2-A________ 19, 364, 290
Main eentral: Lt is identical with main central, plan no. 2-A____ .. 37, 333, 990

Troject items: They are identical with project items, plan no. 2-A_. 26, 862, 610

RECATITULATION

Main eanal e Ciaan .- 174,121, 710
Main north .. ool . . e 85, 886, 460
Main south . aiae- 19, 364, 290
Main cenbral . L e oo eenaoa oo 37, 333, 990
Project items___________._ . ..._ e e 26, 862, 610

Project total o . .. 343, 569, 060

370. Stage development.—The stage development for plan no. 2 is
identical with plan no. 2-A in all respects except for the capital ex-
penditures which would be modified somewhat during the earlier
stage of the construetion period, because of the increase in capacity
of the main canal above Spokane Valley Junction, and because of the
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elimination of the Spokane Valley Canal, The stage development on
the project, the date of starting, and rate of colonization are identical
with those of plan no. 2-A. Details are given in table no. 11,

TanLe No. 11.—Stage developmeni—plan no. 2

: Area begin-
- Capital ex- | Areare- | Area colo- s
Year Bluge H ) P ning re-
penditure claimed nized payment
Acres Acres Acres
$500, 000
600, 000
7, 630, 000
9, 880, 000
26, 521, 440
37,627,900 1._

47, 964, 400 104,600 |20
£ 155,000 |- oo 300 |

fi, 498, 140 85, B8O 52,300 . .
1,830,000 (____________ 42,790 A2, 300
2, 159, 380 98, 930 42, 790 82, 300
4,903,000 |____________ 49, 190 42,7490
&5, 745, 330 123, 180 49, 430 42, 700
427,900 .. 41, 060 49, 490
______________ mve s 41, (60 449, 490
11, 735, 960 49, 240 41, 060 41, 060
17,115, 750 60, 440 49,40 41, 060
15, 6520, 370 90, 640 65, 940 41, 060
26,015,000 | .o ________ 45, 320 4, 240
32, 139, 260 100, 450 45, 320 63, 910
3,666,200 |.__. . . ... 00, 220 45, 320
6, 395, 220 113, 590 50, 250 45,320
1,853,200 |- _.__..__ A7, 860 50, 220
7,068,480 ... L 37,870 A0, 230
19, 335, 710 127, 050 37, 860 37, 880
TLI5,000 (... .. 42,350 37,870
4TTTH00 | 42,350 37, 560
9, 559, 680 115, 670 42, 350 42, 350
200,000 1____ . 38, 560 42,350
2,786,260 | _______. 38, 600 42, 350
2,753,120 93, R20 3K, BA0 38, 560
3,688,080 .. .. 46, 410 38, 560
4, 300, 360 137, 440 46,010 38, 550
1,410,500 [Lu .o . 45,810 46, V10
____________ 45, §10 46, 910

150, 000 45, 810

___________ 45, 810
____________ 45, 820

50, 000 50, 000

13,710 50, 000

____________ 50, 000

63, 710
343, 569,060 | 1,519,890 | ...l ...

371. Under this plan of development the first land would be
brought under cultivation in the eighth year and repayments begin at
the end of the tenth; the last area would be brought under cultivation
in the forty-first year and repayments begin in the forty-third.
Carrying all capital expenditures to the end ol the forty-second year
with interest at the rate of 4 percent, and deducting an annual repay-
ment of $15.74 per acre per year, which also carries interest at 4 per-
cent from the time repayment is made to the end of the forty-second

year, gives the following: Per asre
Capital cost plus interest__________________________ $597, 879, 400 or $393. 37
Capital cost . L ___ 543, 569, 060 or 226, 05
Interest___ ... 254, 310, 430 or 167. 3t
Annual interest charge after completion______________________________ 15.73
Annual cost of operation and maintenance__________________ - ,__-..— 1 22
Annual depreciation eharge_ _______ . .__.. L83

Total annual charge operation, maintenance and depreciation. .c..o..o.. 2.056
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PLAN NO. 6-A

372. This plan for developing the Columbia Basin irrigation
project contemplates the reclamation in two divisions. Division A
covers the eastern and southern portion of the project consisting of
the Lind, Palouse, Pasco, and Priest Rapids area, which secures its
water supply from the Clark Fork and Spokane River in the manner
described for plan no. 2-A. Division B consists of the Quincy arca
which is reclaimed in tho manner heretofore described under the
greater Wenatchee project.  (See plate no. 130.%)

373. The combination of divisions A and B constitutes the entire
Columbia Basin irrigation project, as outlined for a gravity diversion
under plan no. 2-A, except for the climination of some marginal areas
that cannot be economically included in either division considered
separately.

374. As stated, division B is discussed fully under the greater
Wenatchee project and the following will deal with the details of
division A.

375. Division A. Division A is covered by a canal system which
is a modification of plan no. 2-A. TIn that plan the main north extends
to and provides a water supply for the Quincy area. In the plan now
under consideration the Quinecy area is eliminated and the main
north is modified accordingly. The modification of the main north
requires a like modification in the main canal system extending [rom
the bilureation works to the Clark Fork.

376. The curtailment of the area under the main north permits of
the following modification of the system as outlined for plan no. 2-A
to meet the requirements of the plan now under consideration. The
main canal from Clark Fork to the bifurcation works at the head ot
the irrigable arca can be reduced in capacity to the extent of 3,840
sccond-feet. The demand on the regulated flow from Pend Oreille
Lake will be decreased, and during the eritical period of the year the
elevation at that point will be at elevation 2,060 instead of elevation
2,053 as in plan no. 2-A. This allows 7 feet additional grade to be
used in the main canal all of which is absorbed in the Newport tunnel.
The main north is reduced in capacity from the bifurcation works to
the Black Rock siphon where it is discontinued. Iixcept as to these
changes, division A is identical with plan no. 2-A in all respects.

Main canal

Area reclaimed by gravity - . ________. e mmeeo aeres__ 922,490

Arca reclaimed by supplemental pumping_ . ..o ______ do. ... 206, 890

Total area reclaimed ... _______ ... .. do____ 1,129, 380

Mean irrigation requirement_________ .. .- -—__acre-feet per acre__ 2. 86—

Total seasonal requirement al land__________ ... _____ acre-feet. . 3,227, 122

Capacity of main eanal, Clark Fork to Spokane Canal Junction

_ second-feeb. _ 8, 140

Capacity ol Spokane Valley Canal _______ .. . _________.. do____ 2, 260
Capacity of main canal, Spokane Canal Junetion 1o bifurcation

WOrKS . i o - ____sccond-feet__ 10, 400

Loss in main eanal - _ . oo do____ 205
Loss i1 reservoir. . . e ——m e do_.--
Quantity delivered at bifureation works_ ... . do____
Rediverted water_o - - ... e do____
Total requirements of division A.___. . ________. do____
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377. Table no. 12 gives the monthly requirements at the land and
the monthly diversion requirements after correcting for loss in canals
and reservoirs and taking credit for rediverted water,

TABLE No. 12.—Water requirements for plan no. 6-A (acre-feet)

Place April May June July | August Se%gmA October | Total
Atland_______________._.... 330, 780 | 574,428 | 540, 256 | 610, 607 | 588,950 | 389,514 | 174, 558 | 3,227,122
At bifureation works_.______ 351,804 | 611,004 | 584, 315 | 659, 157 | 626,543 | 414,376 } 185,731 } 8,433,110
At diversions:

Jungl osgonly_ o __ 350,075 | 623, 566 | 596, 240 | 672,600 | 639, 320 | 422,833 | 189, 522 | 3, 503, 173
Reservoir 1085 ... 13,500 | 14,900 | 15680 | 17,720 | 16,760 | 14,060 | 13,030 108, 650

Total requirements____| 372, 575 | 638, 465 [ 611,920 | 690,320 | 656, 080 | 436, BUR | 202, 552 | 3, 608, 523
Less rediverted water._. ...| 6,178 | 24,794 | 35420 | 49,884 | 42,504 | 31,878 | 21,249 211,907

Diversion require-
mMents.  ...o.—_-___| 366,397 | 613,671 | 576, 500 | 640,445 | 613, 585 | 405,015 | 181,303 | 3, 396, 016

378. The main canal system is made up of the same featurcs as
described under plan no. 2-A modified to meet the new capacities.

379. Distributing system.—The distributing system is as outlined
for plan no. 2-A except as noted above regarding the main north.

380. Muain north.—The main north consists of features no. 1-19
inclusive, as outlined and described in plan no. 2-A, modified as to
capacity and the laterals diverting therelrom without change.

381. Main south.—The main south is identical in all respects with
the main south of plan no. 2-A.

382. Main central—The main central is identical in all respects
with the main central of plan no. 2-A.

383. Project items—drainage.—As described in plan no. 2-A the
estimate covering this item is based upon a blanket estimate of $5 per
acre for the area served.

384, Wasteways.—The wasteways in this plan are the same as for
plan no. 2-A, less the Gault estimate for wasteways on the main north
helow Black Rock siphon.

385. Supplemental pumping.—Possible power development on the
project is the same as that under plan no. 2-A. No change whatever
18 made in the main south and main central upon which the various
proposed power developments are located.

386. The area to be reclaimed by supplemental pumping under the
present plan is 206,890 acres with a seasonal requirement of 634,080
acre-feet. The average gross pumping head is 70 feet giving a seasonal
requirement of 44,385,600 acre-feet-feet.

387. As in plan no. 2-A, the cost of these installations was deter-
mined from graphs with the same proportion of unit installations to
meet the requirements of supplemental pumping. The cost of these
developments was determined by applying the unit prices as deter-
mined from the above-mentioned graphs to the unit quantities noted.

50 pereent, or 22,192,800 acre-feet-feet, 1,000 kilowatls installations.
30 percent, or 13,315,680 acre-feet-feet, 500 kilowatts installations.
10 pereent, or 4,348,560 acre-fect-feet, 250 kilowatts installations.

5 pereent, or 2,219,280 acre-feet-feet, 100 kilowatts installations.

5 percent, or 2,219,280 acre-feet-feet, 10 50 kilowatts installations.

388. The present plan contemplated the installation of power devel-
opment to the extent of 21,000 kilowatts to meet the requirements for
supplemental pumping on the project. This will provide sufficient
power to provide for supplemental pumping on the plan now under
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consideration and also to provide power for that purpose on the Quincy
arca of the greater Wenatchee project. As stated in the discussion
of that project, no possibilities for power development are available
in the canal system on the Quincy ares while a surplus exists on the
part of the project now being considered. As it is proposed ultimately
to combine divigion A with the greater Wenatchee for the purpose of
comparing with other plans for the Columbia Basin irrigation project,
provision i1s made for providing power to the Quincy area from division
A. Considered separately, the estimates for the greater Wenatchee
and division A are unbalanced to the extent that division A carries the
cost of power for supplemental pumping on the Quiney area. In like
manner the cost of transmission lines and step-down transformers
sufficient to meet the requirements of the Quincy area are included
with the estimate for those items for division A.

389. Telephone system.—Included in this estimate is an item cover-
ing the cost of telephone system necessary in the operation of the
system.

390. Wells.—This item 1is included for the reason outlined in the
discussion in plan no. 2-A.

391. Permanent buildings.—This estimate is a8 modification of the
estimate as given in plan no. 2-A.

392. Preliminary work.—This item is also a modification of the one
used in plan no. 2-A.

393. Other features—Included in the estimate arc items for fencin
all canals in the system, for providing highway crossings over aﬁ
canals and ditches that will cross existing highways. Where bridges
are required standard types of the Washington State tighway
Department with a H-15 loading have been used in all cases. The
fences, bridges, cte., are included in the estimate of the particular
feature of which they form a part.

KSTIMATES OF COST

394. Following are the estimates of the various features that con-
stitute the irrigation system as designed for plan no. 6-A, division A:

Feuture DIVISION A—MAIN CANAL
no.
. Albany Falls Dam_ __ . e $6, 468, 670
This feature includes an item of $2,471,370, covering over~
flow damages at Pend Oreille Lake.

[

2. Diversion headworks. L . . . 294, 350
3. Newport Tunnel ____ . e 10, 209, 520
4. Canalization Little Spokane River ______________ ... _._ 2, 178, 360
5. Great Northern line change. - oo 3, 000, 000
6. Camden Dam.. __________ .. ieacoo- 1, 530, 070
7. Canal. L. e —mmo 1, 795, 740
8. Dry Creek Dam..________.__. e e 1, 150, 360
9. Canal . . imammm— e 364, 060
10, Milan Tunnel . __ L .o e 4, 343, 850
11, Canal oo e e 611, 940
12. Deep Creek Tunnel __ o e e 2, 260, 750
13, Canal et 168, 600
14. Deep Creek Dam__ oo 7833, 530
15. Deadman Creek Tunmel. .. ______.... e 2, 669, 400
16. Canal . o ——— 131, 310
17. Deadman Creek Dam . oo 4 372, 610
18, Canal_ e immm e 1, 879, 220
19. Pleasant Prairic Tunnel _ . .o oo i 5, 854, 1850
20. CanAla - e 408, 200

21. Spokane River erossing_ . eecomonco oo oo eami oo 583, 420
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Feature DIVISION A——MAIN CANAL—continued
no.

22-A. Canal . L. .. $1, 126, 740
8-V-1. Coeur d’Alene storage . _______ _______ __ """t 2, 561, 350
8-V-2. Diversion dam and headworks_..________________ """ - 138, 450
8-V-3. Canal_______________________ T 3, 170, 090

2-B. Canal.______________ . TTTmTTTteTTT 1, 063, 920

3. Manito Tunnel:

First bore._______ .. ___________ e -~ 4,576,070

Becond bore..._________ P e ceooeo 4,491, 590

24. Latah Creek Dam____ _______  ____  __ "7 - 2,667, 600
25. Bonnic Lake Tunnel:

First bore_______ L . 19, 378, 900

Second bore....___________________ T~ - 19, 310, 280

26. Capal ____._________________________ ____" o 3568, 180

27. Rock Lake Dam________________ T T -- 3,600, 310

28, Canal___ ... _____ e il .- 5,599,040

29. Wassun Creck siphon_._____________ 7777 7" - 732, 900

30. Canal__.________________ __________ el - 2,793,320

31. Dragoon Creek siphon___________________ """ - 383, 310

32, Canal________.______ I - 2,012, 560

33. Patterson Tunnel:

First bore._.._____.__________________ ____. 1, 086, 960

Becond bore_.___.________ ____________ 7 I 890, 290

34. Canal _..______ . ________________ Tttt ceoo = 7,488, 670

35. Cow Creek siphon__.._______ T "7"7C .- 2,521,010

36. Canalo. ... T —--- - 1,236,130

37. Bifurcation works .. _______.____ __ """ e I 96, 240

Total, maincanal .___._____________ . --- 138,723, 090

1. Canal.._______. .. e 1,091, 770

2. MeElroy Tunnel..._____.____ 1 77"TTTTTTTTmoon 1, 650, 270

3. Canal________.___________ __[TITTTTTThTmTmemoe - 607, 880

4. Paha Tannel ... _____ ___ TT_TTTTTTTTTTTTOC 447, 380

5 Canal _____________ . __ B it T T 69, 580

8. Pahasiphon___._______________ [ TTTTTTTTTTTC 391, 730
7.oCanal__ ... T [ [TTTTTTTTTTT 1, 169, 520

8. Klemmer Tunnel . ____________ " """"""TTTmToe - 3,923,180

9 Canal.___..._______._ _______ _ _[TTTTTTmTTmTTemmen 581, 640

10. Third coulee siphon._.._____.___ ~__TTT777TTTTTTTTIo 2, 222, 590
11. Canal____________. A e e e __. 2, B67, 860
12, 8econd coulee siphon..________ "7 7T P 583, 450
13. Canal .. T TTTITTTITTTRTTeos 793, 520

14. Tlalg siphon________.__________ T TTTTTTTTTTTIC 294, 700

15. Canal_.._____. ____________ _TTTTTTTTTTTTTTmeooo 570, 620
16. First coulee siphon._________ R P e 333, 600
17, Canal________, ____ __ e oo - 620, 890

18. Band eoulee siphon___..___ ___ 77777 e 187, 240
19. Ganal. ______ 1T S 1, 870
N-1. Lateral N-1____ _____ e LI 602, 060
N-2. Lateral N-2______ . T 1, 585, 850
N-2-1. Lateral N-2-1._____ [ 7 777U 51, 700
N-2-2. Lateral N-2-2__ . ____ B T T 141, 150
N-3. Lateral N-3._.._________ - el 122, 320
N-4 Lateral N-4____ ____ ___ 71777t 615, 530
N-4-1. YLateral N-4-1____ ___ _____"""7""°°" L. O 38, 390
N-4-2. Lateral N-4-2______ [ 77TT77TTTTTmemmom _ 54, 700
N-5. Lateral N-5___._. ____. e ______. 310, 340
N-6. Lateral N-6....__.____ __’_ e e 81, 810
20. Sublaterals_....____.___  ___ 17T 6, 282, 990
Total, mainnorth________ _____ . 26, 196, 180

Main south: The main south is the same as for plan no, 2-A_____ __ 19, 364, 290

Main eentral: The main central is the same as for plan no. 2-A___ 37, 333, 990

552—34—vol, 2——52
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PROJECT TTEMS
Supplemental pumping_ - oo i $6, 867, 240

DIFAILAEE . e oo e e a oo mmm—m e emm— o= 5, 646, 900
WasteWAY S« oo cmmm o m oo oo oaasoooooe .no- 8,396,870
Permanent biildings o .o oo e oo 1, 302, 200
WellS . - o o o e 165, 000
Telephone SYSeIM - . oo oo e oo 275, 000
Preliminary Work . o oo oo e oo oo s 900, 000

TObAL . - - - - e e 53, 553, 210

138, 723, 090
26, 196, 180
19, 364, 290

Main eanal..__.--—- e e e mmmm e w———
Main north .

Main sOubh oo R
Main central. - _ - —--- 37,333,990
Project items__ .- - 23, 553, 210

Total project, Aivision Ao o ..« ooooari oo 245, 170, 760
305. Stage development. —The following stage developments are

predicated upon the same assumptions as In plan no. 2-A. An annual
rate of colonization of 50,000 acres is assumed, interest on unpaid
balances is computed at the rate of 4 percent, payments to begin at
the end of the third year of crop and the payments to equal, at least,
4 percent on the final per acre cost. Table no. 13 gives the stage

development proposed for the plan under consideration.

Tanwn No. 13.- -Stage development, plan no. 6-4, division A

| Aren begin-
ning repay-
ment

o Capitul ex- | Arenrte- | Area colo-
Year stage ’ penditure claimed nized

2,169, 380 3
5,807,680 |- 49, 400 42,790
9, 245, 380 123,180 49, 490 42,790

396. Under this plan of development the first area would be brought
under cultivation in the cighth year and repayments would begin on
that unit at the end of the tenth year. The last area would be placed
under cultivation in the thirtieth year and repayments on that unit
begin at the end of the thirty-second year. Carrying all capital ex-
penditures to the end of the thirty-first year with interest at the rate
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of 4 percent on unpaid balance and deducting annual payments at
the rate of $12.24 per acre, also carrying interest at the rate of 4
percent to the end of the thirty-first year gives the following:

Per acre

Capital cost plus interest, $345,425,130____________________________
Capital cost, $245,170,760
Interest, $100,254,570 __ L ______
Annual interest charge after complelion

Annual cosl of operation and maintenanee.. . ... ... ..o
Annual depreciation charge

Total annual charge (operation, maintenance, and depreciation)__._._._ 2,11

397. As stated earlier, division B is identical in all respects with
the greater Wenatcheo project discussed earlier in this report. Table
no. 14 gives the results of combining these two areas to secure the
cost of reclaiming the Columbia Basin irrigation project by these two
methods.

Tasre No. 14.—Plan no. 6-A

i Annual
O“p'itg‘l;eﬁgzré plus Cupitul cost Interest interest
Lo harge
Drivision Area - | ca[Ler
Total ber Tatal Per Totul Per comple
acre acre : acre tioxrja

1,120,380 | $345, 425, 130 [$305. 85 | 245,170, 760 ($217.08 | $100, 264,370 | $88,77 | $12.24
320, 310 04, 896, 200 | 296. 26 75, 662, 810 | 236. 22 19, 233,360 | 60.04 11.856

Total.__.| 1,449,690 | 440,321,330 | 303.73 | 320,833,670 | 221,31 | 119,487,760 | 8242 12.15

1 §i =greater Wenatchee.
PLAN NO. 4

398. Main canal system.—Pumping diversion (maximum pumping

project with supplemental pumping). Diversion from the Columbia
River at Grand Coulee.

Ares reclaimed by direet pumping _ .. .o L. acres__ 980, 340

Area reclaimed by supplemental pumping_ .. _L_.____ do. . 219, 090

Total area reclaimed - . . o __ L . _____ do___. 1,199 430

Mean irrigation requirement at land._ . _. e acre-fect per acre.. 2. 92

T'otal seasonal requirement at land_____________________ acre-feet__ 3, 502, 047
Capacity of main canal, pumping plant to Grand Coulee Reservoir

gecond-feet__ 16, 000

Capacity Grand Coulee Reservoir to bifureation works_ _____ do____ 11, 160

Rediverted water on project_____.___. e m mm 710

Requirement at head of irrigable area_ ... ... .._....do.___ 11, 870

399. Table no. 15 gives the monthly requirement at the land and
the monthly requirement at the point of diversion after correcting
for ecanal and reservoir losses and taking eredit for rediverted water on
the project.

Tasie No. 15.—Water requirements for plan no. 4 (acre-feet)

Place April | May | June | Taly | August | 3€P%™ octobor | Total
Atland.o ... 358,060 | 623,365 | 596,048 | 672, 306 | 630, 124 | 422, 607 | 180,460 | 3, 502, 047
At bifurcation works.. ... 381,841 | 663,100 | 634,043 | 715,254 | 670,864 | 449,642 | 201, 538 | 3, 725, 282
At diversion_____.__.___ 10 389,665 | 676,687 | 647,035 | 720,010 | 693,795 | 458,855 | 205, 667 | 3, 801,614
Loss in reservoir..... . ...0 69,604 | 61,488 | 59 604 | 61,488 | 61,488 [ 50,004 | 61,488 424, 464
Total at diversion . .. ___] 449,160 | 738,175 | 706, 530 | 791,398 | 755, 283 | 618, 350 | 267,156 | 4, 226, 078
Less rediverted water. . __ 6,259 | 21,007 | 31,295 | 43,813 | 37,554 | 28,166 | 18,777 | 187,771
Net diversion requirements. | 442,910 | 716, 268 | 675,244 | 747,585 { 717,720 | 490, 193 | 248,378 | 4, 038, 307
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408. The proposed pumping plant is located on the upstream side
of the dam, with a floor elevation slightly above the normal back
water surface. 'The plant consists of 10 pumping units, cach consist-
ing of 2 pumps of 1,600 second-feet capacity, operating in series, each
pump being driven by a 50,000-horsepower synchronous motor. (See
plates nos. 57 and 58.)

409. Kach pump unit discharges into an individual pipe line 11.5
feet in diameter, extending for a distance of approximately 530 fect
Lo the structure at the head of the irrigation canal.

410. The ten 1,600-second-foot units proposed give a capacity well
above the maximum irrigation requirement. This excess capacity
provides spare units; it also permits of refilling the reservoir at any
time when secondary power 15 available; it also permits of shutting
down some of the pumps to care for a peak commereial power demand
and making up the deficiency during the off-peak hours.

411, Feature no. 3~ Open canal, pumping plant to Grand Coulee
Reservoir —Length, 1.67 miles. (Sce plate no. 136, type no. 43)
This section of canal extends from the structure at the end of the
discharge pipes to the north end of the Grand Coulee Reservoir.
Normal water surface in the Grand Coulee Reservoir is elevation
1,560, while the elevation of extreme high water is 1,570. This sec-
tion of canal is designed to discharge its full capacity, 16,000 sceond-
feet, into the reservoir when the water surface is at elevation 1,570.

412, The canal is designed to operate under normal. condition of
flow when the elevation of the water surface in the reservoir is 1,560,
and the canal banks are raised to give the required eapacity when the
water surface in the reservoir is at elevation 1,570.

413, Feature no. 4—MNorth Reservoir Dam.—Grand Coulee Reser-
voir. (See plate no. 137.)* The Grand Coulee Reservoir forms an
important link in the Main Canal system of the plan under considera-
tion. The reservoir 1s formed by the construction of two dams—the
north reservoir dam located about 1% miles from the Columbia River
at Grand Coulee and the south reservoir dam located about 4% miles
north of Coulee City. The reservoir thus formed will he about 23
miles in length and will vary from % to 3 miles in width. With a flow
line to elevation 1,570, the area submerged 1s 23,100 acres.

414, This reservoir is important beeause of the 24.4 miles of canal
which would be required if it were eliminated and because of the con-
servation of eclevation which it effeets. The canal required to climi-
nate this rescrvoir utilizes 50 feet in grade between the two dams,
while the loss of head for that distance utilizing the reservoir amounts
to only 2.3 fect. If the loss in the reservoir amounts to 1,000 second-
feet, as assumed, no material change in power requirements will be
apparent if the reservoir be omitted, as the increase in head for the
one case is equalized by the reduction of the quantity of water re-
quired in the second.

415. The use of this reservoir is desirable as a wmatter of capital
cost.  The capital cost of the two dams and the overflow damages in
the reservoir basin are 17,656,220 less than the cost of the section of
canal that would be required to detour the basin.

416. As the ulilization of this reservoir is desirable from the stand-
point of both first cost and possibly the cost of operation, a con-
siderable amount of additional work has been done during the prep-

2 Not printed.
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aration of the present plans to determine the suitability of the basin
for reservoir purposes, and to the sclection of the most desirable sites
for the dam required at each end. A topographic survey was made
of the reservoir basin, This survey was made by plane-table method
by the United States Geological Survey for the War Department.
The map was made on & seale of 1:31 ,680, with a contour interval of
5 feet to elevation 1,560, above which the interval is 20 feet. Topo-
graphic surveys were made of the one favorable location for the north
reservoir dam, and for three possible sites for the south reservoir dam.
Tests for foundation conditions were made at the north reservoir dam
site and at two of the sites proposcd for the south reservoir dam. At
the site for the north reservoir dam, six test holes were drilled with
depths varying {rom 120 to 320 feet.

417. At the Coulee Clity site for the south reservoir dam, 11 holes
were drilled to depths that varied {from 31 to 199 feet.  (Sce plate
no. 138.)% At the Orchard site for this structure (the one adopted for
the present report) no drilling was done, but shallow tests were made
by hand auger to determine the sull‘lblhty of the site for the type of
structure proposed.

418. Several geological studies have been made to determine the
watertightness of Lhe reservoir basin and the characteristics of the
variousg dam gttes,  Of the various geological reports ® to which refer-
ence will be made, one was prepared in connection with the CGault
report, and the remainder were prepared in connection with the present
study. These geological reports form the basis of the assumption
that the basin 1s suttable for reservoir purposes, and that the dam
sites are adapted to the structures proposed for the respective sites.

419. The geological report made in connection with the Gault plan

development includes a detailed discussion of the geologieal char-
‘L(JEOH‘:;L].C:: of the area. The conclusion by Kirk Bryan as to the
watertightness is covered by the following:

The conclusion has been reached that leakage from the proposed reservoir or
lake in Grand Coulee is unlikely. The area of greatest danger lies a short dis-
tance above the Coulee City Dam where the Coulee monocline erosses the reser-
voir. This is a restricted zone and in the event of leakage, contrary to expecta-
tions, a remedy can be obtained by the expenditure of a large but measurcable
S,

420. This reservoir site, hecause of its perched position and because
of its importance as an element of any plan based vpon a pumping
diversion from the Columbia River at Grand Coulee, has been the
subjeet of considerable detailed study in the preparation of this report.
It was thought advisable to obtain further opinion as to the suita-
bility of the basin for reservoir purposes, and to secure something
tangible regarding the probable secpage loss, for which provision must
be mnde in determining the cost of installation and operation of the
pumping equipment required.

42]. A geological examination and report made in 1930 by Henry
Landes® in connection with the present study includes the following:
conclusion regarding this reservoir basin:

The leakage from the Grand Coulee Reservoir would be of the slow but per-
slstent type, in an amount difficult to ealculate in advance. Once the water

* Not printed,

' Kirk Bryan, Gault Report, App. B (nnpublished); Henry Landes, Report of Oct. 26, 1429, App. no. 3
Henry Landes, Report of Oct. 13, 1930, App. no, 3; ra A. Williams, Re port of Ocl. 22, 1930. App. no. 3
F. L. Ransome, Report of Dec, 10, 19‘%0, App. no. 3.

¥ Appendix no. 3.
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entered the basalt its opportunity 1o be contained in the lower and lower layers
would be almost unlimited. The great basaltic basin that lies to the south, and
which eovers many hundreds of square miles, is capable of storing an enormous
volume of water. The leakage would be at such a depth that probably no indi-
cation of it would appear anywhere at the surface, certainly not for a long space
of time.

422, A further geological examination and report was made by Ira
A. Williams,? in conjunction with the present study, the conclusion
of which is given in the following quotation:

Based upon consideration of preseni data, therefore, I recognize now in and
about Crand Coulec, no conditions that in my judgment should be prohibitive
of its development as a successiul storage basin to the proposed elevation 1,552.50.
Such outeome is contingent, of eourse, upon the effecting of guitable closures
across the Coulee hottom by the two proposed dams, the southerly one of whiech
shall be located conservatively to the northward of the position of the mono-
elinical fold that crosses the lower end of the Coulee.

1 am expressing the above opinion, and have made the preceding cominents,
as the result of wy brief ficld study and of careful deliberation over all avail-
able matter on the situation. Tt cannot be gainsaid, T think, that the creation of
a reservoir in Grand Coulec amounts to the partial reproduction of some of the
water conditions that formerly cxisted there, of which those of the present are
but a bare remnant.

Admittedly, any suspended body of ground water is in a geologically precarious
position; as is that in the Coulee today. TInereasing the bulk and extent of this
body of water by artificial means would, therefore, be unavoidably rather more
exporimental than is sometimes the case, and an instance as it were of adding to
the load, or the contents, of a now partially cmptied elevated vessel (the Coulee)
whose ultimate integrity must depend upon the physical continuity and tightness
of every part of the bottom and sides and ends. A comparalively few important
openings could be disastrous in much greater degree than if the disposition of
surrounding ground water conditions were different from whal they appear to be.

Ag expressed in my introductory paragraphs, it nevertheless goes without
saying that favorable as the loeality may appear superficially, further eareful
atidy of the region and more detailed investigations of both damn sites, and of
intervening portions of the Coulee trough, should be made before its adoption
is deeided upon, and in advance of the definite laying out of plans of development.

423. A third geological examination and report was made by F. L.
Ransome,’ in the interest of the present study. The conclusion
reached in this latest geological report is as follows regarding the
walertightness of the reservoir basin:

The reservoir, although probably subject to a rather high evaporation loss,
owing to its large area and shallow depth, will not develop any appreciable
leakage.

424. In addition to the above-mentioned geological reports regard-
ing the suitability of the basin as a reservoir site, advice was secured
from A. J. Wiley, a consulting engincer of wide experience in irriga-
tion and power development, as to the suitability of the various dam
gites, and the Grand Coulee Reservoir in general.

425. As the various geological reports indicate that the point of
greatest loss in the reservoir would be at the Coulece momnocline,
about 4 miles north of Coulee City, it was decided to locate the
south reservoir dam north of that point, leaving the questionable
area outside the reservoir. With the elimination of this area from
the reservoir, the various geological reports seem to justify the con-
clusion that any loss in the reservoir would not be exorbitant.

426. Regarding the possible amount of leakage to be expected,
Mr. Ransome ® remarks that, “Leakage, if any, will probably not
lower the water surface as much as 1 inch per day.”

o Appendix no. 3.
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427, In the present plan it has been assumed that the daily loss
from seepage and evaporation, would amount to 1,000 second-feet.
This estimated rescrvoir loss has been used throughout in the water-
supply studies, and is used in determining pumping plant require-
ments both as to installations and power consumption.

428. While the reservoir has been included in the present plan on
the basis outlined above, further examinations sm(ij investigations
gsh(f)iultz1 be made of this phase of the matter before any definite plan
is fixed.

429. Mr. Wiley has recommended that before any action be taken
that definitely commits the project to the use of this reservoir, tests
be made to determine its watertightness.

430. In considering the present plan of irrigation development
with the construction of the high dam in the Columbia River at
Grand Coulee, and utilizing storage in the Grand Coulee Reservoir
between clevations 1,560 and 1,570, secondary power will be used
almost entirely for pumping purposes. Should the reservoir be
eliminated the amount of water required from the pumping plant
would be reduced 1,000 second-feet, the estimated loss in the reservoir,
the head as stated would be increased 21 percent. The resultant
Increase in the demand on the pumping plant due to the elimination
of the reservoir would be small, about 2 percent, the advantages of
storage in the Grand Coulee Roservoir would be lost.

431. Practical test, however, might prove the losses in the reservoir
to be prohibitive, in which case the only alternative would be the
substitution, with its additional cost, and increase in pumping head
and power consamption, of the section of canal required to replace
the reservoir. The adoption of one or the other of these plans would,
of course, be necessary before the design and construction of the
pumping plant could be undertaken.

432. It is assumed that 6 years will be required in the construction
of the high dam in the Columbia River. During the earlier portion
of this period, a practical test might be made to determine the water-
tightness of the reservoir basin. This testing would involve the con-
struction of a dike at each end of the basin to the height required to
cover the floor of the basin, and the pumping of a large volume of
water {from the Columbia River for a period of several months.
The expense involved in this test would be large, but small as com-
pared to errors that might follow a false assumption as to the scepage
losses. This testing could be accomplished and the system com-
pleted according to one method or the other by the time of completion
of the dam in the Columbia River.

433. The estimate given for plan no. 4 is based upon the use of the
reservoir with the seepage and other losses assigned above. Follow-
ing that estimate is a statement as to the per acre cost for plan no. 4,
if the reservoir proves to be unserviceable. As stated previously, the
Grand Coulee Reservoir is formed by the construction of two dams,
the North Reservoir Dam and the South Reservoir Dam,

434. For the North Rescrvoir Dam, the topographic conditions are
such that the site for a structure of reasonable cost is limited to
a restricted area. The site considered in the present report is the
one used by all prior agencies reporting on a proposed pumping plan
for developing the project. Additional testing was made at this site
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to determine foundation conditions, and geological opinion, to supple-
ment that accompanying the Gault report, secured as to the suitability
of tho dam site. )

435. Regarding this dam site, the following conclusions have
been rendered by the geologists:

Mr. Bryan: “The contact rises east and north of the dam where it quickly
attains elevations above the proposed flow line. If, then, the movement of the
water through the basalt is resisted at the dam, no Jeakage can take place. The
massive basalt of the abutment will not transmit much water, but the base,
where it rests on the granite, may prove to be much more open. Grout holes
should therelore be carried to the contact. It is a matter of regret that test
drilling was not carried on to determine the position and character of this contact.”

436. The above opinion was rendered in 1924. The remaining
opinions are based upon the results of five of the six test holes drilled
during the present investigation.

Mr. WiLntams: ¢ “I would anticipate that such openncss as may exist in and
between the laycrs of basalt at the westerly side of this Girand Coulee site, can be
corrected and the abubment rock rendered sufficiently resistant against movement
of water around the end of the dam, by application of customary deep grouting
methods during construction.

“On the whole, thercfore, and as stated, I recognize no eondition at this time
which appears prohibitive to the placing of a safe and effective dam at this location
in Grand Coulee, al some position within the limits outlined by tbe present
drill holes.”

Mr. RansoMi: * “It is suggested that, before final plans for a dam are made,
at least onc drill hole should be put down through the basalt of the north abut-
menl Lo make sure that this is resting on compact silt and not on any loose or
howldery material through which water might readily escape castward o the Col-
umbia. * In my opinion, unless unexpeeted unfavorable conditions are
brought to light by the additional drill hole suggested, it will be praclicable to
build a_safe and cifeetive dam, approximately 60 feet high, at the Grand Coulee
site. To the geologist, the site appears better suiled for an earth or rock-earth
embankment than for a conerete dam.”

437. The test hole suggested in the last opinion as noted was sunk
to a depth of 190 feet. Broken and shattered lava of various dimen-
sions was encountered practically the entire depth. The estimate
for the structure includes an item for grouting this section of the
foundation,

438, Regarding the type of structure to be used at this site, Mr.
Wiley recommended:

This forms the north or upper end of the Grand Coulee Reservoir and is about
70 feet in maximum height. It is planned to make this an carth embankment
with downstream slope of loose rock. I suggest that the top width of the earth
embankment be made not less than 20 feet and that its slope be 3 to 1starting
from the top, omitting the 1% to 1 slope shown in the plan. Conneclions should be
made with the earth foundation by a number of deep trenches with side slopes of
1% to 1 carried down to the relatively firm material. I think the material noted
as black mud and wind blown sand should both be stripped from the foundation.

The material noted as no. 2, consisting of very firm volcanie ash and found
about 1% miles south of the dam, as well as similar material found anywhere in
the vicinity, though entirely free from clay and devoid of plasticity as pointed
out by the geological report, will make a satisfactory dam when moistencd and
rolled in 4-inch layers.

The upstream face should be protected by rock paving as shown, but that part
of the face which will be exposed to wave action by the possible drawdown of the
reservoir should have hand-laid paving with a minimum thickness normal to the
fs%ce of nlot less than 18 incheg, and a maximum of 24 inches underlaid by 12 inches
of gravel.

¢ Appendix no. 3.
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439. This structure has been designed along the lines recommended
above with the addition of one large Stoney gate and wasteway leading
to the Colwnbia River.

440, Feature no. 5—South Reservotr Dam—Grand Coulee Res-
ervoir —See plate no. 139.2  The proper location of this structure has
been the subject of considerable study during the prosent investiga-
tion. Surveys were made of three possible sites; one at Coulee City,
one at a point about 4% miles north of Coulee City, and a third about 1
mile still further north. Drilling was done at the Coulee Clity site
and the geological opinions, while generally agreeing that the site was
a suitable one, favored the site located 43 miles above, because of
conditions in the reservoir basin.  About 4 miles sbove Coulee City,
the Coulee Monocline ¢rosses the basin and the geologists gencerally
agree that that geological feature would introduce an element of
doubt if included within the reservoir basin. For that reason the
site located 4% miles above Coulee City and well above the monocline
in question has been adopted for the present plan. No drilling was
done at this dam site. For structures ol the type proposed, the
character of the upper 20 or 25 feet of soil is of most importance.
In this case the upper strata were tested by hand augers and found to
be satisfactory, Regarding the suitability of the site selected, Mr.
Ransome ? rendered the following opinion: _

With attention to the modification of position suggested and with fuller infor®
mation concerning the material under the flat bottom of the Coulee, T am of the
opinion that it will prove entirely feasible to construct a safe and cffective dam,
to the approximate height of 60 feet at the no. 2 Coulee City site.

The question of the character of dam suitable for this gitc is one for the engineers
to deeide. To the geologist it appears that the site is more appropriate for an

earth-fill, or for a combination carth-fill and rock-fill embankment than fora
conercte gtructure.

441, Regarding the type and design of structure for this location',
Mzr. Wiley advised as follows:

The dam at Coulee City is to be located about 44 miles above Coulee City
where there is a very uniform profile with a flat bottom formed by a dry lake bed.
This dam is about 100 feet high with its base in the dry lake bed.  There are no
borings, so the undersurface conditions are unknown. The east end of the dam
will be on a gentle slope eomposed of fine voleanic ash soil suitable for use in the
embankment. The west end of the dam will close againgt solid rock spurs pro-
jecting beyond the regular side walls of the eoulee.

The flow line will be above the projecting spurs and it will be necessary to
excavate the talus slopes to connect the top of the dam with the solid lava slope.

The section of the dam will be of the same dimensions and made in the same
way in all respects as the dam at the upper end of the reservoir except that the
base to which connection will be made at this site will have to be investigated by
boring before plans for eut-off trenches can be deeided upon.  From the informa-
tion now available, it appears that the dam as shown will be satisfactory if the
upstream slope and top width are changed to correspond with those recommended
for the dam at the upper end of the coulee, :

442, Feature no. 6-—Open canal, South Reservoir Dam to Buacon
siphon.—Length, 5.8% miles. See plate no. 136, type no. 43. This
gection of canal, leading from the Grand Coulee Rescrvoir, has a
capacity of 11,160 second-feet. Tt extends to the Bacon siphon over
territory where a very large percentage of solid roek will be encoun-
tered. QOther than the nature of the classification, there are no
unususl features in this section of the work.

2 Not printed.
¥ Appendix no, 3,
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443. The location of the entire main canal is based upon a projec-
tion made upon line topographic maps prepared for the present
report on a4 scale of 400 feet to 1 inch with a contour interval of 5
feet.

444, Feature no. 7—DBuacon siphon.—No special drawing. This
structure consists of two parallel steel pipe lines with the necessary
«concrete and structures and saddles.  lLength of siphon, 825 feet,
horizontal distance. Diameter, 21.84 feet. Maximum head, 90
feet. This structure discharges directly into the DBacon tunnel.
Cousisting as it does of two lines of pipe, it will be constructed in two
stages to meet the requircments of the colonization on the project.

445, Feature no. 8 —-Bacon tunnel.-—See plate no. 1362  Twin bore.
Diameter, 25.5 feet.  Length, 10,700 feet or 2 miles. This tunnel is
substantially the same as that used in the Gault report, concerning
which Bryan reported as follows:

The principal tunnel of the ‘pumping project is 9,500 feet long and is located in

‘the seabland south of Coulee City, on the canal between the Coulee City Dam and
Trail Lake. This tunnel will be in basalt and as it lics above the local water table,
will probably be dry.

446. No expression was given as to the probable amount of timber-
ing that would be required. Ten percent of full timbering was
assumed for the purpose of this estimate. This tunnel will be con-
structed in two stages.

447, Feature no. 9—Open canal, Bacon Tunnel to Trail Lake Tun-
nel.—Length, 1.65 miles, See plate no. 136.2 Type no. 48. This
section of canal, extending between Bacon Tunnel and Trail Lake
Tunnel, is required to eliminate Trail T.ake Reservoir from the canal
system. Trail Lake Reservoir site was examined in conncetion with
the preparation of the Gault report and found to be unfit, at least in
part, for reservoir purposes. Bryan reported as follows: “It seems,
therefore, unadvisable to ereate a lake, when leakage will take place
at such high rate.”

448. No unusual features are involved in this section of the work,
except the classification of material, all of which will be solid rock
excavation.

449. Feature mo. 10—1Trail Lake Tunnel--See plate no. 136.2
Twin bore. Diameter, 25.5 feet. Length, 2,300 feet, or (.43 mile.
The location of this tunnel is in the locality near those used in the
Gault estimate of which Bryan reported as follows:

The tunnel has a southwest trend and, thevefore, the dip will be lower in the
direction of its course. It will, however, cross the contact hetween flows, each
of which will be a relatively weak place in the rool al which timbering may bhe
anticipated.

450, Twenty-five percent full timbering was assumed for the pur-
pose of the present estimate.

451. Feature mo. 11—DBifurcation works.--See plate no, 176.*
This structure is Jocated at the end of the main canal and 400 [cet
from the lower portal of the Trail Lake Tunnel. The section of
open canal between the lower end of the tunnel and the bifurca-
tion works is practically all used in transitions between tho two
structures and 1s included in the estimate for the bifurcation works.

452. Distributing system.—See plate no. 132.* The distributing
system begins at the bifurcation works where the main canal is

2 Not printed.
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divided into the main west and the main east. The main west
extends in a southwesterly direction, crossing Dry Coulee, and Grand
Coulee at the upper end of Soap Lake. From the upper end of Soap
Lake 1t extends in a southerly direction for a dhtance of 2% mlles to a
point about 1 mile west of Soap Lake where it joins the main north
of plan no. 2-A, which has previously been considered. Below this
junction the main west of plan no. 4 is identical in every respect with
the main north of plan no. 2-A.

453. The main west canal serves that portion of the project lying
west of a linc extended north from Moses Lake and north and west of
that portion of Crab Creek extending from Moses Lalke to the Columbia
River, consisting of an area of 370,710 acres including that to be
covered by supplement-al pumping:

454. The main cast canal extends in a southerly and southeasterly
direction from the bifurcation works along the eastern boundary of
the project, and serves all lands within the project that are located
east of a line extending northward from Moses Take and south of
that portion of Crab Creek Jocated between that lake and the Colum-
bia River, consisting of an area of 828,720 acres including area to he
covered bv supplemental pumping,

455. In designing the distributing system, certain essential data are
shown only on office records (unpubhshed) These records indicate
the location of all canals having a capacity of 100 second-feet or
more, area of land served under each lateral with the water require-
ments for that arca and the capacitics of all canals and laterals,

456. The locations of the larger laterals when so stated have been
projected upon line topographic sheets and transferred from those
sheots to the work maps, while the balance of the system has been
projected on the United States Geological Survey quadrangles which,
when they were available, have formed the background for the work
maps.

457. For those lines that have been projected upon linc topographie
sheets, profiles were prepared which form the basis for the estimates
for those sections.

458. Main west canal.---The main west consists of the following
features, listed geographically.

459. Feature no. 1—Open canal, bifurcation works to Dry Coulee
Tunnel No. [ —Length, 4.77 miles. See plate no. 136.> Typeno. 47.
The location of the main west canal, from the bifurcation works
to the point where it joins the main north canal of plan no. 2-A, was
}31‘0100Lcd upon line topographic sheets prepared by the Columbia

asin Survey Commission, except for the section crossed by the Soap
Lake siphon where a new survey was made for the present study.
This section of canal, extending from the bifurcation works to Dry
Couleo Tunnel No. 1, crosses an area where topographic features are
fair, but a large percentage of the excavation will be in solid rock.
No water diversions are made {rom this section,

460. Feature no. £ I)I?[ Coulee Tunnel No. 1. See plate no. 136.%
Single bore. Dmmetel, 18.6 feet. TLength, 2,540 feet, or 0.48 mile.
This tunnel has the same general locution as the tunnel on the Gault
line, No geological ropmt is available regarding this tunnel. It will
doubtless oxtend through basalt the entire distance, and 25 percent
of full timbering was assumed for the purpose of the presenb estimate.

“ Not printed,
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Between this tunnel and Dry Coulee Tunnel No. 2 there is a section
of canal 375 feet in length. This section of canal is included in the
estimate for Tunnel No. 1.

461. Feature no. 8—-Dry Coulee Tunnel No. 2.—See plate no. 136.
Single bore. Diameter, 18.6 fect. Length, 1,875 feet, or 0.35 mile.
No geological report was available. Like Tunnel No. 1, this tunnel
will be in basalt, and 25 percent of full timbering is allowed in the
present estimate. N L

462. Feature no. 4~—Open canal, Dry Coulee Tunnel No. 2 to Dry
Coulee siphon.—Length, 0.50 mile. See plate no. 1362 Type no. 47,
This section of canal involves no unusual features, oxcept for the
large amount of solid rock excavation that will be encountered.

463. Feature no. 5. —Dry Coulee siphon.—No special drawing.
This structure consists of one steel pipe line with the nccessary con-
crete footings and end structurcs. Length of siphon, 2,680 feet,
horizontal distance. One steel pipe. Diameter, 18.66 feet. Maxi-
mum head, 240 feet. This structure consisting of one pipe line is
not adaptable to a stage development.

464. Feature no. 6—Open canal, Dry Coulee siphon to Soap Lake
siphon.—Length, 7.57 miles. See plate no. 136.2 Type no. 47.
This section of canal, extending from the Dry Coulee siphon to the
Soap Lake siphon, involves no unusual features. A large percentage
of the excavation in this section of canal will doubtless be solid rock,
Lateral W-1 is diverted [rom this section of the main west.

465. Feature no. 7—Soap Lake siphon.—No special drawing.
This structure consists of one steel pipe line with the necessary con-
crete appurtenant works. Length of siphon, 9,650 feet, horizontal
distance. Diameter, 14.75 feet. Maximum head, 323 feet. This
siphon carries the main west across Grand Coulee on the upper or
north side of Soap Lake. A topographic survey was made of this
site in connection with the present investigation. This structure
offers no possibilitics for a stage development.

466. Feature mo. 8—Open canal, Soap Lake siphon to point near
Quincy.~—Length, 23.46 miles. See plate no. 136.2 Type nos. 47,
48, 15, 16, and 17. This canal extends from the lower end of the
Soap Lake siphon for a distance of about 2 miles along a steep,
rocky hillside. At a point 2.61 miles below the outlet of the
Soap Lake siphon, the line intersects the location of the main north of
plan no. 2-A.  Below that point the main west of plan no. 4, and the
main north of plan no. 2-A, are identical in every respect. The lower
end of this section of canal work is ideal from a construction stand-
point. This section of cana] is the last on the main west, the location
of which is based upon a projection on line topographic shects. Below
this feature the projections were made on the United States Geologi-
cal Survey quadrangle sheets. ILateral nos. W-2 and W-3 are di-
verted from this scction of the main west.

467. Feature no. 9—Open canal, point near Quincy to Great Northern
siphon.—Length, 3.60 miles. In consideration of all canals, the
estimate for which is based upon a projection made upon the United
States Geological Survey quadrangle shects, reference must be made
to certain office records (unpublished) for details as to distances,
canal sections, and quantities. This section of canal is ideal from a
construction standpoint.

2 Not printed.
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468. Feature no. 10—Great Northern stphon.—See plate no. 158  for
typical design. This is a reinforced concrete structure consisting of
1 barrel crossing under the main line of the Great Northern Rallway
at a point about 3 miles west of Quincy. Length, 1,700 feet, hor-
zontal distance. Diameter, 12.25 feet. Maximum head 100 feet.
The head acting upon a por tion of this mphou exceeds that considered
cconomicel for a concrete structure; but, as it is necessary to bury
the portion having the maximum head, edpecially where it crosscs
under the railroad grade, it is believed advisable to use concrete
throughout, rather than (hanw to a steel pipe for the short distance
where the he ad is excessive 101 i concrete pipe.

469. Feature no. 11—Open canal, Great Northern siphon to Pot-
holes siphon.—Length, 6,90 miles. This section is located over an
area very lavorable to canal construction. No unusual features are
involved.

470, Feature no. 12 - -Potholes siphon. e plate no. 134 2 for typi-
cal degign. This structure consists of a single steel pipe line with the
necessary end and foundation structures. Length, 15,200 feet, hori-
zontal distance. 1)Mameter, 16.17 feet. Maximum head, 182 feet.
A final analysis may show the advisability of substituting reinforced
concrete for the stecl pipe on the ends where the head is permlaslb]e
This structure must be constructed as one unit, and does not lend
itsell to a stage development.

471. Feature no. 18—QOpen canal, Potholes siphon to Frenchman
stphon.— Length, 7 miles. This sv(,tlon of canal is over an area
somewhat rough and broken in spots, and will encounter some solid
rock excavation, particularly at the lower end. Lateral W-4 is
diverted from this section of the main west.

472, Feature no. 14—Frenchman siphon.—No special drawing.
This structure consists of one pipe line with the necessary end struc-
tures and foundations. A reinforced concrete pipe is used where the
head is favorable, and a steel pipe substituted where the head is beyond
that limiting an "economical conerete design. Length, 10,700 feet,
horizontal distanc ¢, consisting of 8,010 feet of steel pipe hne, dwmetel
13.08 feet, and & ,090 foct of reinforced comerete pipe line, dlqm(rtor,
11.92 feet. Mavimum head, 165 feet. This structure must be built
as o suigle unit.

473. Fealure no. 15- Open canal, Frenchman siphon to Low Gap
Tunnel~ -liength, 10.50 miles. This section of canal is favorable as
to topographie features, but considerable solid rock excavation will be
encountered.

474, Feature no. 16— Low Gap Tunnel. See plate no. 136.% Single
bore. Diamcter, 12.83 fect. length, 8,200 feet, or 2.64 miles.
This tunnel carries the water through to the area south of the French-
man hills.  The geological report makes no comment regarding con-
ditions at this tunnel site other than to state it would pass through
basalt. For the purpose ol the present estimate, 75 percent full
timbering was sssumed

Feature no. 17-—0pen canal, Low Gap Tunnel {o end.—Length,
28.10 miles. This section of canal is gencrally favorable for canal
construction.  Some solid rock excavation will be encountered.
Laterals W-5, W-0, and W-7 are diverted from this section of the main
west.

2 N()t priuted,
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476. Lateral system.—The following laterals divert from the
main west canal and for convenience are presented in table no. 16.

Tasrr No. 16.—Laleral system, main west

Canal Siphons
Lateral No. Num- Maxi-
Length | Section Barrel bher of | Length |Diameter| mum
pipes head
Miles Feet Feel Feet
10.10 )] Conerete_.____.. ] 11, 000 6.00 231
450 (... .. e T
14.42 (" 1,000 £.00 40
5, 450 10.08 60
2,15 (2 5, 400 4. 92 44
516 ()] 2, 800 KIE 52 | P
19. 30 ()] [T
7.40 4
2,10 [ I
3.20 LG T OO P (SO FRURRU RN AR
4.74 (4) Concrete 14, 072 6. 67 04
1.00 O] R )

! Location based on projection on line topographic sheets.
 Logation based on projection on United States (reclogical Survey quadrangles.
3 Refers to stock size.

477. Feature no. 18~ -The laterals listed above all terminate where
the required capacity has been reduced to 100 second-feet. The
present plan contemplates a system extending to the individual farm
units, but all laterals having a capacity of less than 100 second-fect
are not shown 1nd1v1dua]1y but are covered by a general estimate
based upon the acloauo served.

e features,
listed geogmphicu]ly.

479. Feature no. 1—QOpen canal, bifurcation works to Long Lake
Tunnel —Length, 2.27 miles. See plate no. 136> Type no. 45.
The location of this feature of the main east is based upon line topo-
graphic sheets prepared in the present investigation. This section of
canal crosses an area characterized by rough, broken topography and
the excavation will be entirely in solid rock. This section involves
one crossing with a branch line of the Northern Pacific Railway. No
diversions are made in this section of canal.

480. Feature no. 2--Long Lake Tunnel No. 1.—Sce plate no. 136.2
Twin bore. Diameter, 21.92 feet. Length, 1,700 feet, or 0.32 mile.
This tunnel has the same general location ag that consideredl i in the
(Jault report regarding which Kirk Bryan made the report that they

“will be in horizontal bnsﬁlt, and as they He in the eliffed slopes of the
coulee, they will be dry.” No comment was made regarding the
probable amount ol timbering that would be required. For the
purpose of the present (\smmate 20 percent of full timbering was
assumed. This tunnel may be (()Il%tlll(‘t(‘d in two stages.

481. Feature no. 8—Open canal, Long Lake Tunnel “No. 1 to Long
Lake Twnnel No. 2— length, 1 "mile. See plate no. 1362 Type
no. 45. This section of canal is over an area of somewhat broken
topographic features, and the excavation will probably all be in solid
rock. 'The location of the main east, from Long Lake Tunnel No. 1
to and including feature no. 15, is based upon a projection on line

# Not printed.
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topographic sheets that had been prepared by the Columbia Basin
Survey Commission. No diversions are made from this section of the
main east,

482. Feature no. 4—Long Lake Tunnel No. 2.—See plate no. 136.%
Twin bore. Diameter, 21.92 feet. Length, 900 fect, or 0.17 mile.
The geological report accompanying the Gault estimate made the
same comment regarding this tunnel as was made for Long Lake
Tunnel No. 1. For the present estimate, 20 percent of full timbering
was assumed. This tunnel may be developed in two stages.

483. Feature no. 5—Open canal, Long Lake Tunnel No. 2 to Sirai-
ford Tunnel —Length, 3.42 miles. See plate no. 136.2 Type no. 45.

This section of canal passes over rough broken terrain where the
classification will doubtless be solid rock. No diversion is made from
this section of the main east.

484, Feature no. 6—-Stratford Tunnel.—See plate no. 136> Twin
bore. Diamecter, 21.92 feet. Length, 3,900 feet, or 0.74 mile.
This tunnel is located in the same formation as the Long Lake Tunnels.
e have the same report from the geologist, and the same allowance
is made for timbering in the present estimate as was made for the two
preceding tunnels. This tunnel may be built in two stages.

485. Feature no. 7—Open canal, Stratford Tunnel to Crab Creck
siphon.—Length, 1.34 miles. Sce plate no. 136.2 Type no. 45.
Topography is rough and irregular. Classification of material in this
section will probably all be solid rock. No diversions are made {rom
this section of the canal.

486. Feature mo. 8—Crab Creek siphon.—No special drawing,
"This structure consists of two parallel steel pipe lines with the required
concrete footings and end structures. Length of siphon, 5,480 feet,
horizontal distance. Diameter, 19.25 feet. Maximum head, 269
feet. 'This sipbon crosses Crab Creek, the north central highway,
and the main line of the Great Northern Railway. The steel pipes
are laid in an 18-inch concrete casing through these crossings. This
structure is adapted to construction 1n two stages.

487. Feature no. 9—Open canal, Crab Creek siphon to Broken Rock
siphon.—Length, 4.92 miles. See plate no. 136.2 Types no. 45, no.
51, and no. 44. Topography of this section of canal is generally
rough and broken, and solid rock excavation will be encountered
throughout the entire distance. Iateral E-1 is diverted from this
section of the main east.

488. - Feature no. 10—-Broken Rock siphon.—No special drawing.
This structure consists of two parallel steel pipe lines with the required
conerete end structures and footings. ILength of siphon, 8,700 feet,
horizontal distence. Diameter, 21.33 feet. Maximum head, 150
feet. This structure crosses the Broken Rock Coulee and may be
constructed in two stages to suit a stage development. The main
east, now being considered, intersects the main north of plan no. 2-A
at this structure; the intake of the siphon on the main east being
identical with the outlet of the siphon for plan no. 2-A.

489. Feature no. 11—Open canal, Broken Rock siphon to Black Rock
siphon.—Length, 10.47 miles. See plate no. 136.2 Types no. 44, no,
46, and no. 44. The topography of the upper end of this section of
canal is rough and broken. At the lower end it is more favorable for
canal construction. The greater portion of this section of canal will

AR
2 Not printed.
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be in solid rock excavation. No diversions are made from this section
of the main east,

490. Feature no. 12—Black Rock siphon.—No special drawing,
This structure consists of two parallel steel pipe lines with concrete
end structures and saddles. Length of siphon, 4,500 fect, horizontal
distance. Diameter, 20.67 feet. Maximum head, 123 feet. No
unusual items in connection with this structurc are present. Con-
sisting of two pipe lines, it may be constructed in two units to meet
the requirements of a stage development,

491. Feature no. 18—Open canal, Black Rock siphon to Long
Ridge Tunnel—Length, 1 mile. See plate no. 136.2 Type no. 44.
This section of canal is located over an area where topography is
favorable for canal construetion, but solid rock excavation wili be
encountered over the entire distance. No diversions are made from
this section of the main east.

492. Feature no. 14—Long Ridge Tunnel—See plate no. 136.2
Twin bore. Diameter, 24.58 fect. Length, 1,900 feet, or 0.36 mile.
Regarding the tunnel in this general location, Bryan collaborating
with Gault reported as follows: “This line also has a tunnel in the
scabland at Black Rock Coulee which will be in basalt.”” No comment
was made as to timbering, For the present estimate, 20 percent of
full timbering was assumed.

493. Feature no. 16—Open canal, Long Ridge Tunnel to Sand
Coulee siphon.—T.ength, 2.40 miles. See plate no. 1362 Types no.
46 and no. 49. Topography of this area is fair. A considerable
portion of the excavation in this section will be in solid rock, Lateral
E-2 is diverted from this section of the main east. Feature no. 15
is the last on the main east, the location of which is based upon a
projection made on line topographic sheets prepared by the Columbia
Basin Survey Commission. From this point forward, to and including
feature no. 43, the location is based upon a projection made on line
topographic sheets made during the present investication. This new
line topography is done on a scale of 400 {eet to 1 inch, with a contour
interval of 5 feet.

494. Feature no. 16—Sand Coulee siphon.—No special drawing,
This structure consists of a twin-bore concrete siphon. Length, 700
feet, horizontal distance. Diameter, 18.50 feet. Maximum head, 40
feet. This structure is of reinforced conerete throughout and may be
built in two stages at some additional cost.

495. Feature no. 17—Open canal, Sand Coulee siphon to Rocky
Branch siphon.—Length, 7.77 miles.  (See plate no. 136, type no. 49.)
This section of canal covers an area favorable for canal construction.
Topography is good, and but very little solid rock excavation will be
encountered. Lateral E-3 is diverted from this section of the main
cast.

496. Feature no. 18—Rocky Branch siphon.—No special drawing.
This structure consists of iwo parallel steel pipe lines with the neces-
sary concretc end structures and foundations. Length, 1,450 feet,
horizontal distance. Diameter, 20.25 feet. Maximum head, 122
feet. This structure, consisting of two steel pipe lines, may be con-
structed in two units to mect the requirements of a stage development.

2 Not printed.
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497. Feature no. 19—Open canal, Rocky Branch siphon to Rocky
Coulee siphon.—Length, 0.84 mile. (Sec plate no. 136,? type no. 49.)
This section of canal is first class from a construction standpoint. A
small amount of solid rock cscavation may be encountered.

498. Feature no. 20—~Rocky Coulee siphon.—No sgpecial drawing.
This structure consists of two parallel steel pipe lines with the required
concrete end structures and saddles. Length, 5,000 feet, horizontal
distance. Diameter, 20.16 feet. Maximum head, 150 feet. This
structure is Lo be built in two units in the interest of a stage develop-
ment.

499. Feature no. 21—Open canal, Rocky Coulee siphon to Weber
Branch siphon.—Length, 9.46 miles.  (See plate no. 136, type no. 50.)
This section of canal is ideal {from a construction standpoint. A small
amount of solid rock excavation may be encountered. Laterals E-4
and E-5 are diverted {rom this scction of the main east. lLateral E-5
1s of major proportions and leads to the Priest Rapids area.

500, Feature no. 22— Weber Branch siphon.—No special drawing.
This structure consists of two parallel steefpipe lines with the required
concrete end structures and saddles, Length, 8,300 fcet, horizontal
distance. Diameter, 17.33 feet. Maximum head, 168 feet. This
structure, consisting of two pipe lines, is adapted to construction in
two units to meet the requirements of a stage development.

501. Feature no. 23—Open canal, Weber Branch siphon to Weber
Coulee siphon.—Length, 2.23 miles. (See plate no. 136,° type no. 9.)
This section of canal is ideal from a construction standpoint. Very
little solid rock excavation will be cncountered. :

502. Feature no. 24—Weber Coulee siphon.—~-No special drawing.
This structure consists of two parallel steel pipe lines with the neces-
sary concrete end structures and other appurtenant works. Iength,
5450 feet, horizontal distance. Diameter, 17.16 feet. Maximum
head, 178 feet. This structure, consisting of two pipe lines, may be
constructed in two units to meet the requirements of a stage develop-
ment.

503. Feature mo. 26—Open canal, Weber Coulee siphon to Lind
Coulee siphon.—Length, 17.31 miles. (See plate no. 136,* type no. 9.)
This section of canal is ideal from a construction standpoint. A very
small percentage of the excavation will be in solid rock. Lateral E-6
is diverted from this section of the main east.

504, Feature no. 26—Lind Coulee siphon.—No special drawing.
This structure consists of two parallel steel pipe lines with the neces-
sary concrete end structures, saddles, ete. Length, 4,900 feet, hori-
zontal distance. Diameter, 16.58 feet, Maximum head, 124 feet.
This structure crosses Lind Coulee and the main line of the Chicago,
Milwaukee, St. Paul & Pacilic Railroad. This structure may be
built in two stages.

505. Feature no. 27—Open canal, Lind Coulee siphon to Providence
Tunnel—Length, 6.70 miles, (See plate no. 136.) Type no. 28.
This section of canal is located along the south side of Lind Coulee
and is a favorable picce for construction work. Some solid-rock
excavation will be cncountered. ILateral E-7 is diverted from this
section of the main east.

506. Feature no. 28—Providence Tunnel—(See plate no. 136.7)
Single bore. Diameter, 18.58 feet. Length, 16,100 feet or 3.05

z Not printed.
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miles.  The location of this tunnel is substantially the same as that
used by Gault, regarding which Kirk Bryan reported as follows:
“This tunnel has about 250 feet of cover and will be in basalt.” No
opinion was given regarding timbering, and 20 percent of full timber-
ing was assumed for the present estimate. Tunnels heretofore con-
sidered on the main east have been of the double-bore design. The
double-bore design involves a total capital cost in excess of the design
of single bore. When considered with an interest charge on the
capital invested, it has been found desirable to assume the additional
cost of the double-bore type because of the interest on the investment.
At this tunnel, however, the time elapsing between the construction
of the first bore and the demand for the second is so short that the
single-bore construction is ultimately the cheaper.

507. Feature no. 29—O0pen canal, Providence Tunnel to lateral FE-8,
bifurcation works.—Length, 1.67 miles. Type no. 28, (Sec plate
no. 136.%)  Conditions are first class from a construction standpoint
on this section of the work. A small amount of solid-rock excavation
will be encountered. Lateral B-8 is diverted at the lower end of this
section.

508. Feature mo. 80—Lateral E-8, bifurcation works.—No special
drawing. This structure consists of a combined check in the main
east and headworks for lateral E-8. This is a special structure
designed to divert into E-8 with a minimum loss of head, as it is
desired to hold the water surface in the lateral at the highest cor=
sistant elevation.

509. Feature no. 31—Open canal, E-8 bifurcation works to Provi-
dence Branch siphon.—Length, 4.45 miles. (See plate no. 136.%)
Type no. 17.  The canal work continues to be very favorable from a
construction standpoint. A very small percentage of solid-rock exca-
vation may be encountered. This section of canal includes a bridge
for the main line of the Northern Pacific Railway. No diversions
are made from this section of the main east.

510. Feature no. 32—~Providence Branch siphon.—No special draw-
ing. This is a reinforced concrete structure throughout. Length,
1,040 feet, horizontal distance. Omne concreto barrel. Diameter,
14.33 feet. Maximum head, 61 feet. This structure, consisting of a
single barrel, is not adapted to a stage development.

511. Feature no. 38—Open canal, Providence Branch siphon to
Ilatton Coulee siphon.—Length, 2.98 miles. (See plate no. 136.%)
Type no. 17, The arca crossed by this section of canal is ideal from g
construction standpoint. A very ‘small percentage of solid-rock
excavation may be encountered.

512. Feature no. 34—Ilatton Coulee siphon.—No special drawing.
This i1s a reinforced concrete structure throughout. Length, 2,340
feet, horizontal distance. One concrete barrel. Diameter, 14.08
feet. Maximum head, 95 feet. This structure must be built as u
gingle unit.

513. Feature no. 36—0Open canal, Ilatton Coulee siphon to Rattlesnake
Tunnel.—Length, 7.04 miles. (See plate no. 136.2) Type no. 17,
The arca crossed by this section of canal continues to be 1deal from a
construction standpoint. A very small amount of solid-rock cxcava-
tion may be encountered. Laterals F-9 and K-10 are diverted from
this section of the main cast.

2 Not printed,
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514. Feature no. 36—DRattlesnake Tunnel.—(See plate no. 136.%)
Single bore. Diameter, 15.25 feet. Length, 3,200 feet or 0.61 mile.
No gcological report is available for this tunnel, It will probably be in
basalt lor the major portion of the distance. For the present estimate
20 percent of full timbering was assumed.

515, Feature no. 37—Open canal, Rattlesnake Tunnel to Rattlesnake
siphon.—Length, 0.43 mile. (See plate no. 136.7) Type no. 17.
The conditions are splendid over this section for canal construction.
A very small amount of solid-rock excavation may be encountered.
No diversions arc made from this section of the main cast.

516. Feature mo. 38—Rattlesnake siphon.—No special drawing.
This structure is of reinforced concrete throughout. Length, 1,050
fect, horizontal distance. One concrete barrcl. Diameter, 13.16
feet. Maximum head, 56 feet. This structure must be built as a
single unit.

517. Feature mo. 39—Open canal, Rattlesnake siphon to Reeder
Tunnel—Length, 2.07 miles. (See plate no. 136.) Type no. 17.
Conditions over the area covered by this section of canal remain very
favorable for canal construction. No diversions are made from this
section of the main east.

518. Feature no. 40-—Reeder Tunnel.—(See plate no. 136.”) Single
bore. Diameter, 15.00 feet. Length, 5,100 feet or 0.97 mile. The
geological comment by Kirk Bryan accompanying the Gault report
regarding a tunnel having the same general location as the present
one is as follows: “The Reeder Tunnel is 5,000 feet long and has a
maximuin cover of 220 feet. This tunnel will also be in basalt.” For
the purpose of the present estimate, full timbering for 20 percent of
the distance was assumed.

519, Feature mo. 41—Open canal, Reeder Tunnel to Washtucna
siphon.—Length, 5.09 miles. (Sce plate no. 136.%) Type no. 18.
Topography over this section of canal is becoming more broken, but
condilions are still favorable for canal construction. No diversions
are made from this scetion of the main east.

520. Feature no. 42—Washtucna siphon.—No special drawing.
This structure consists of two parallel steel pipe lines with the neces-
sury concrete end structures, saddles and anchor blocks. Length,
5,080 feet, horizontal distance. Diameter, 10.92 feet. Maximum
head, 461 feet. This structure crosses Washtucna coulee. A crossing
is also made of a branch line of the Oregon-Washington Railroad &
Navigation Co., extending from Colfax, Wash., to Connell, located in
the south-central portion of the project. This structure may be built
in two stages to meet the demands of a stage development at practi-
cally no additional cost.

521. Feature no. 43—Open canal, Washtucna siphon to end of line
topography.—Length, 1.03 miles. (See plate no. 136.”) Type no. 18.
This scetion of canal is favorable for canal construction. A very small
percentage of rock excavation will be found in this section. 'This
feature is the last one on the main ecast, the location of which is based
upon a projection made on line topographic sheets. The location of
all features, from and including feature no. 17 to the one now under
consideration, covering & distance of 80.45 miles, is based upon line
topography taken during the present investigation. The location of

2 Not printed,
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the main east below this feature is based upon a projection made on
the United States Geological Survey quadrangles. No diversions are
made in this section of the main east.

522. Feature no. 44—Open canal, end of line topography to Dunnigan
Tunnel —Length, 8.40 miles. This section of canal crosses an area
where conditions from a construction standpoint are very favorable.
A small percentago of solid-rock excavation may be éncountered.
Laterals 16-11 and E-12 are diverted from this section of the main east.

523. Feature mo. 46—Dunmigan Tunnel—(Sce plate no. 136.%)
Single bore, Diameter, 11.33 feet. Length, 1,000 feet or 0.19 mile.
No geological report is available at this particular site. The tunnel
will doubtless be in basalt for the greater portion of the distance, and
20 percent of full timbering has been assumed for the present estimate.

524. Feature no. 46—O0pen canal, Dunnigan Tunmel to Rye Grass
Tunnel—Length, 4.90 miles. The general conditions are favorable
for canal construction over this section. It is estimated that as much
as 10 percent of solid-rock excavation may be encountered. Lateral
E-13 is diverted from this section of the main cast.

525. Feature mo. 47—Rye Grass Tummel—(See plate no. 136.2)
Single bore. Diameter, 8.83 feet. Length, 1,300 fcet or 0.25 mile.
The same conditions prevail at this tunnel as at the Dunnigan Tunnel
preceding. The same assumptions were made as to the classification
and probable amount of timbering that would be required.

526. Feature no. 48—Open canal, Rye Grass Tunnel to Rye Grass
siphon.—Length, 4.20 miles. This section of canal is generally the
same as that of the preceding canal section and the same amount of
solid-rock excavation may be encountered.

527. Feature no. 49—LRye Grass siphon..—No special drawing. This
structure consists of one steel pipe line with the required concrete end
structures and supports. Length, 6,000 feet, horizontal distance.
One steel pipe line. Diameter, 7.75 feet. Maximum head, 164 feet.
This siphon crosses a coulee and involves no unusual features. This
siphon eliminates 10 miles or more of canal that would be required to
pass around the head of the coulee, This structure must be built as
one unit,.

528. Featureno. 50-—0pen canal, Rye Grass siphon to Smith siphon.—
Length, 6.30 miles. Topography is somewhat rough and broken, but
conditions are generally favorable for the construction of a canal of the
required capacity. 'T'en percent of the excavation may bein solid rock.

529. Feature no. 51—Smith siphon.—No special drawing. This is
a reinforced concreto structure throughout. Length, 3,700 [eet, hori-
zontal distance. One concrete barrel. Diameter, 7 feet. Maximum
head, 88 feet. This structure involves no unusual items. Consisting
as it does of only one barrel, the structure must be built as a single
unit,

530. Feature no. 52—Open canal, Smith siphon to end.—Length, 17,10
miles. The lower 15.2 miles of this featurc is identical with the lower
end of feature 3-5, plan no. 2, which includes penstock pipe for power
plant no. 3. Topography and classification are the same as that for
the last section of canal work described. This feature ends when the
capacity of the canal is dropped to 100 second-feet. Beyond that
point tho system is covered by the blanket estimate.

2 Not printed.
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531. Lateral system.—The following lateral system diverts from
the main cast canal. Ior convenience, these laterals are presented in
table no. 17.

TanLe No. 17.—Lateral system diverting from main east

Cunal Biphons or penstocks
Lateral no,
Num- Maxi-
Tenglh | Bection BRarrel ber of | Length | Diameter| mum
pipes heud

Teet Feet

3 A
Conerete______ - 1 2, 800 10. 58 326
[R17:1-) D 1 16, 000 16.17 6 2434
Steel penstock_. ... 1 1, 200 6. 00 7 140
Steel. .o __ 1 4, 268 8.00 150
. 1 .

___________________ 1

2,

7.

i3

. L.

DR T i
E8G.__ 0 oo s 4,
B oo 1,
E-10______ R 5.
7.

=
I
P
'
I
'
|
'
'
3
i
—
=
T
=

Steel penstock . _ .

=
=
e

~
=
—_
<

1 Lovalion hased on projection on line topographie sheets.

1 Loeation based on projeciion on United Slates Geological Survey quadrangles.
3 Unnamed siphons.

+ Northern Pacifie siphon.

s Penstock, power plant no, 10,

& 3eontensy siphon,

1 Penstock, power plant no. §.

8 Penstock, power plant no. 8.

¢ Penstock, power plant no. 2.

532, Feature no. 53—Sublaterals—The sublateral system under
the Main east consists of those ditches having a capacity of 100
second-feet or less and is covered by u blanket estimate based upon
the acreage served.

533. General project items.—Above has been given a brief descrip-
tion of the system as proposed for plan no. 4. The following items
pertain to the general project rather than to any one of the sub-
divigions mentioned above.

534. Drainage.—A blanket cstimate is included to cover this
item. The question of drainage is one that will not he determined
until some time after water has been applied to the land. The
requirements for drainage will vary with different sections of the
tract. Some sections will require extensive drainage systems while
others will require little or none. For the purpose of the present
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estimate $5 per acre throughout the cntire project is included to
cover this item, In the plan of stage development, it is assumed
that this expenditure will be required 5 years after the first applica-
tion of water to the land,

535. Wasteways.—Xor the plan under consideration no detailed
estimate was prepared for the system of wasteways that would be
required on the project. The system as proposed in the Gault
report, for the pumping plan of development seemed to be adequate
and that estimate was adopted without modification.

536. Supplemental pumping.—As outlined in the discussion of
this phase of the study in plan no. 2-A, a considerable amount of
power could be developed on the project and used to pump water to
desirable lands located above the gravity canal system. In the plan
now under consideration there are also possibilitics of developing
power on the project, but to a somewhat less extent. The decrease
In power possibilities is due to a material change in the location of
the distributing system, particularly on the upper side of the project.
Some of the power sites considered under plan no. 2-A will be elimi-
nated entirely in the present plan, one new power site is available,
and those on the lower portion of the project are common to both
plan no. 2-A and plan no. 4. The power possibilities on the project
under the present plan are all located on the main east canal and its
distributing systern, none are available on the main west.

537. In table no. 16 is given a list of available power. These
power plants retain the same numbers as those used in the discussion
of this subject in plan no. 2-A.  Of the plants proposed under plan
no. 2-A, nos. 1, 4, 6, and 7 will be eliminated in the present plan;
plant no. 2 will be modified; plants nos. 3, 5, 8, and 9 will remain the
same and plant no. 10 is available only under the present plan.

TABLE No. 16.— Avajlable power—Plan no. 4

Capaclty
Power plant rio, Location ! Quantity |Net head |Penstock?
Horsepowor| Kilowatts
Second-feet
Lateral B-13___________. 392 3,040 2,270
Main east________.__.._. 320 3,000 2, 240
"Lateral E-5 i 139 1, 850 1,380
Luteral B-8 . 926 8, 400 8, 270
Lateral E-5- - 85 j .- 2, 100 1, 570
K-8 1,801 166 |- 25, 800 19, 240
Total - | ] mmmen 44, 190 32,970
1 Yor location see plate no. 131, ? Penstocks included as a parl of canal.

538. In the proposed power developments under this plan the pen-
stock pipes have been included as a part of the canal system. Some
are of considerable length, and some sacrifice of power has been made
in their design in the interest of economy. As the power possibilities
exceed the requirements for pumping to lands within the limit of a 100-
foot lift, it appears that this sacrifice in the design of the penstock pipes
is advisable,

539. The total area for which water is to be provided through supple-
mental pumping amounts to 219,090 acres, in tracts of various areas.
The seasonal water requirement is 627,227 acre-feet; the AVerage gross
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head through which the water is to be pumnped is 70 feet; the acre-feet
feet to be pumped per season are 43,905,890. These areas vary from
20 to 15,000 acres, and arc scattered throughout the project as indi-
cated on plateno. 131, 940.

540. Estimates of cost for pumping installations to cover these
tracts are taken from graphs. The cost of the installation includes
all electrical equipment from the low side of the step-down trans-
formers, pumping equipment, valves, pipe lines, ete. It is evident
that the unit cost of these installations will depend upon the size of the
development. :

541. To meet the requirements of supplemental pumping, it has
been shown that the total installation required amounts to 43,905,890
acre-feet feet per season, requiring the following installations:

50 percent, or 21,952,940 acre-fect feet, 1,000 kilowald installation.
30 percent, or 13,171,770 acre-feet feet, 500 kilowatt installation.
10 percent, or 4,390,590 acre-fect feet, 250 kilowalt installation.

5 percent, or 2,195,205 acre-feet feet, 100 kilowatt installation.

5 percent, or 2,195,295 acre-feet feet, 10-80 kilowatt installation.

542. The cost of these installations was determined by applying the
unit prices as shown on the graph to the unit quantities as given above.

543. The power installation required to operate the units necessary
for the above supplemental pumping units amounts to 19,000 kilo-
watts. These amounts are based upon the seasonal requirements for
water as outlined elsewhere in this report, and upon an over-all
efficiency of 65 percent in the power and pumping system.

544. P’lans were not developed for the various power plants.  Esti-
mates for each were prepared upon the following unit cost basis:

Per kilownt

Hydraulie equipmment. o o oo oo o oo e $13
Electrical equipment .. . e e 27
Power house and miscellaneous 10 o e 20
T otal L e e oo e ———— = 60

545. The following estimate for plan no. 4 includes only the last of
the development of 19,000 kilowatts, the requirement to meet tho
demand for supplemental pumping on the project. The disposition of
the balance of the power to be developed on the project amounting to
about 14,000 kilowatts will be discussed later in the report.

546, Included in the estimate for supplemental pumping is the cost
of the system of transmission lines required to deliver the power from
the generating station to the points of use at various locations on the
project. This item includes the construction of 180 miles of primary
line (66,000 volts) and 150 miles of secondary line (11,000 volts).
The transmission lines as proposed would make power available to 95
percent of the land to be reclaimed through supplemental pumping, the
remaining 5 percent, representing small isolated areas, would be un-
reclaimed until such time as commercial transmission lines on the project
made available the small amount of power required for that purpose.
The estimate of the cost of the transmission lines includes the cost of
the step-down transformers necessary to deliver the current to the
pumping units at the proper voltage.

547. Telephone system.—Included in the estimate is an item covering
the cost of the tclephone system that will be required in the operation
of the canal system. No details have been developed regarding this

10 Penstocks included as a part of the cost of canal.
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section of the work, but an approximate estimate was made of a system
that was thought to be adequate to cover the project upon its comple-
tion.

548, Wells.— This item, discussed more fully in plan no. 2-A, is to
provide water for construction purposes. The estimate represents
the cost of the development, less salvage value, that may exist after the
completion of the construction work.,

549. Permanent buildings—This item covers the buildings, oflices,
shops, warchouses, quarters, ete., required in the operation of the
canal system. No detailed estimate has been prepared, but a Jump
estimate was based upon a percentage of the requirements as given
in the estimato for plan no. 2.

550. Preliminary work.—Included in the project items is an allow-
ance of $1,000,000 for preliminary work, and for testing of Grand
Coulee Reservoir Basin.

551. Other features.—Included in the estimate are items for fencing
all canals in the system, and for providing highway crossings over all
canals and ditches that will cross existing highways. Where bridges
are required, standard types of the Washington State Ilighway De-
partment with a II-15 loading have been used. The fences, bridges,
etc., are included in the estimate of the particular feature of which
they form a part.

ESTIMATES

552, Following are the estimates of the various features that con-
stitute the irrigation system as designed for plan no. 4. The estimate
for the plan includes no item for power development on the Columbia
River at Grand Coulec. The operating cost includes the purchase
price of power required for pumping purposes.

Feature MAIN CANAL
o,
L. Grand Coulec Dam, not included as a part of the irrigation
system.

2. Pumping plant and pipe line.. . _______.._..______. $15, 631, 300
3o Canal________ . ________ T 2’101, 080
4. North Reservoir Dam.. ... .. __________.__ 1, 085, 560
5. Bouth Reservoir Dam oo oo ______ 3, 977, 270
6, Canal ________ e ___ 4,474, 330
7. Baconsiphon__ _ ... ____________. s 403, 320
8. Bacon Tunnel, first bore ..o o ______ 2, 688, 030
Bacon Tunnel, sceond bore_ _ . . ___________ .. .. __ 2, h’5, 050
9, Canal___ ... o ___ 1, 089, 060
10. Trail Lake Tunnel, first bore.._ .. _.___________._.._____ 793, 670
Trail Lake Tunnel, sceond bore___________.____________ 617, 680
11. Bifureation works_____________ . _____ 99, 200
Total main canal o ________ .. 35, 545, 550
MAIN WEST -
1. Canal ... . o ____. 1, 057, 520
2. Dry Coulee Tunnel No. 1. . ... 423, 440
3. Dry Coulee Tunnel No. 2. .. 204, 610
4, Canal__ ... . 309, 120
5. Dry Coulee siphon.. .o __________.______ 634, 490
6. Canal ... . 1, 742, 800
7. Boap Lake siphon___________ . ___________ 1, 622, 090
B Canal_ 3, 123, 690
9. Canal. __ . . 380, 460
10. Great Northern siphon_ . ___ . __ 200, 040
11. Canal oL e 780, 720
12, Potholes siphon_ - __. 2, 156, 850

13. Canal___ 771, 230
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Feature .

1o, MAIN wWEsT—continued
14. Frenchman siphon_ - oo $880, 750
15. Canal _ _ . . e 1, 211, 620
16, Low Gap Tunnel. oo 855, 040
17. Canal . e 1, 418 820
W-1. Lateral W-1__ . .o o eoo oo 1, 238, 050
W-1-1. Laterad W-1-1__ e 141, 250
W-2. Lateral W-2_____ _ ..o 1, 138, 600
W-2-1, Laderal W-2-1_ e o 190, 130
W-2-2. Lateral W-2-2__ _ _ __ __ . .. 216, 590
W-2-3, Tateral W-2-3_ . . . iian-a 83, 440
W-3. Lateral W-3. e 737, 150
W-3-1. Lateral W-3-1__ _ _ __ _ e 253, 090
W-4, Tateral W-4___ . .. mimaa- 93, 000
W-b. Lateral W-6_____________________. e 90, 130
W-6. Lateral W-6__ oo 567, 400
W-7. Taterad W-7_. . .. o ... R, 31, 510
8. Sublaterals__________________..-. e 7, 784, 910
Total main west. ___________. e e 30, 428, 540

MAIN EAST

1. Canal o _la- 876, 800
2. Long Lake Tunnel No. 1, first bore__ .. __.________. ____ 543, 260
Long Lake Tunnel No. 1, second bore_.________________ 410, 050
3. Canal _______________.._ i 444, 000
4. Long Lake Tunnel No. 2, first bore_ _______________ .. _ 396, 530
Long Lake Tunnel No. 2, second bore. ... _____ 259, 370
B, Canal . et el 1, 698, 520
6. Stratford Tunnel, first bore_ - ___________._.._ - 1, 014, 360
Stratford Tunnel, second bore.__ .. .. _______. 846, 270
7. Canal e i iiae- 586, 610
8. Crab Creek siphon.___________ . ___ 2, 760, 270
9. Canal . e 2, 083, 830
10. Broken Rock giphon_ __ __ . .o __. 3, bH6, 350
11, Canal e e 2,299, 310
12, Black Rock siphon_ ... _._ .. ._ e 1, 588, 990
18. Canal . e Caian 567, 380
14. Long Ridge Tunnel, first hore_______ ... ..o o= 682, 400
Long Ridge Tunnel, gecond bore_ ... ________. 527, 770
156, Canal_ . e 741, 200
16. Sand Coulee siphon_. ... Lleala- 258, 160
17. Canal ________._. e imimmmm—meee— 1, 901, 750
18, Roeky Branch siphon__ ____ . _________._ 525, 140
19. Canal_ __ e 246, 160
20. Rocky Coulee siphon__________ .. 1, 833, 790
21, Canal_ e 2, 034, 440
22, Weber Branch siphon______ .. 2, 410, 620
23. Canal . e 417, 950
24, Weber Coulee siphon._ e __ 1, 718, 500
25, Canal_ .o e 3, 314, 510
26. Lind Coulee siphon .. - 1, 328, 760
27, Canal ..o e aa 1,213, 840
28. Providenee Tunnel, single bore_ - . .. .__ 3, 253, 050
29, Canal _ __ .- 449, 300
30. E-8 bifurcation works_._____ . _____._._. .- 37, 940
31, Canal. . oo 667, 470
32. Providence Branch giphon_ _______ ... _______ 127, 020
383, Canal._ ... i 597, 150
34. Hatton Coulee siphon. ..o i 317, 450
35, Canal .. 1, 074, 650
36. Ratllesnake Tunnel, single bore. .o oo unca 389, 000
37. Canal e 87, 040
38, Rattlesnake siphon_ i 107, 790
39, Canal . e immmm—— o 281, 920
40. Reeder Tunnel, single bore.____ L L. ... 566, 060
41, Canal . o e e 815, 760
42. Washtuena siphon_ . e e 1, 345, 030
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Feature
no. MAIN EAST—continued
43, Canal. ..ol $150, 610
44, Canal__ e ______ 1, 224, 560
45, Dunnigan Tunnel, single bore_ ________._______________ 83, 660
46. Canal _____ e 652, 720
47. Rye Grass Tunnell, single bore_ ... ________________ 63, 530
48, Canal___ ... 489, 930
49. Rye Grass siphon______ .. __________ o _______ 257, 310
50. Canal . __ .o e 473, 990
51, Smith siphon ... ..o oo e ___ 121, 920
52, Canal_ __ .. 608, 000
E-1 Lateral B-1__ _____ L _____ 605, 320
B2 Lateral B-2_ .. oo e 52, 580
E-3 Lateral B-3___________ S 253, 700
E-4 Tateral B-4__ . o __ 433, 780
E-4-1 Lateral B-4-1 o ... 113, 480
E-5 Lateral B-5. .. 12, 803, 860
E-5-1 Lateral B-5-1______ . ___________. e 637, 250
E-5-2 Lateral B-5-2_ 16, 220
8-5-3 Lateral K-5-3. . ____.________ i 33, 280
E-5-4 TLateral E-5-4_____ M o il _ 90, 690
B-5-5 Lateral B-5-5_ ..o __________ e __ 317, 960
E-6 Lateral ¥-6 . _____ .. .o ... . 51, 380
E-7 Lateral B-7____._ ... _____ e e 2, 041, 570
E-7-1 Lateral B-7-1. .. ______ .. 26, 700
E-8 Lateral B-8___ L ___ 6, 946, 060
E-81 Lateral ©¥-8-1._____.__.__________.. i 55, 920
E-8-2 Lateral B-8-2_ _ __ . ____ 257, 350
E-8-3 Lateral ¥-8-3. L . __ 285, 190
B84 Tateral B-8-4_________.__ ... 29, 080
E-8-5 Lateral E-8-5_ . ____ . . ______ . _____.... 219, 980
E-8-6 Lateral B-8-6_ . _ . ... _________ 116, 700
E-9 Lateral B-9_ .. e 42, 210
6-10 Lateral B-10._ ... 149, 280
E-11 Lateral B-11_______ o ____.. 139, 340
E-12 Lateral B-12__ .. ______ 352,120
E-18 Lateral T-18_ ... ___.______ 1, 211, 460
53, Bublaterals. . _ __ . ______ 17, 403, 120
Total main east____ ... ______ . . _________ . _________ 98, 015, 510
PROJECT ITEMS
Supplemental pumping_ - _ _ ..o 6, 049, 270
Drainage____ Ll 5, 997, 150
Wasteways__________ .ol ______ " 2,162, 710
Permanent buildings_ . ... ___________________ 1, 201, 600
Wells_ 200, 000
Telephone system. ... ___________ . ____________________.._. 225, 000
Preliminary work_ _____ . ___________ . _____________________ 1, 000, 000
Total . 16, 835, 730
RECAPITULATION
Main eanal___ ... 35, 543, 550
Main west_ __ . 30, 428, 540
Maineast.___.__________________________________._________ 98, 015, 510
Project items._ .. ___ ... 16, 835, 730
Projeet total ____ .. ____ 180, 825, 330
553. Stage development-—The necessity of a stage development is

outlined in plan no. 2-A. The same necessity exists for a stage
development in the plan now under consideration. The stage de-
velopment outlined below is predicated upon (a) the colonization of
50,000 acres per year, (b) the construction stages to be developed as
required by the colonization of the land and the demand for water,
(e) the land to be placed under irrigation where the irrigation supply
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is made available, (d) that interest on all unpaid balances be at the
rate of 4 pereent per annum, and (e) that repayments be made begin-
ning at the end of the third year of crop from the land.

554. 'To meet the above requirements the system has been divided
into 14 construction stages. DBecause of limitations fixed by local
topographic and other conditions, most of the individual stages
include an area requiring two or ¢ven three years to colonize. Table
no, 17 gives the proposed stage development for the present plan.
The first stage brings no land under cultivation, but is devoted to
preliminary work and a portion of the main canal.

355. This development is based upon the construction of the high
dam in the Columbia River at Girand Coulee, with the power develop-
ment possible at that point. This phase of the development is con-
sidered in the power section of this report, and is of interest in con-
neetion with the stage development of the present plan of irrigation
development, because of the fact that power for pumping purposes is
to be obtained from that source.

556. Tt is estimated that 6 years will be required for the construc-
tion of the dam in the Columbia River; and in ovder to be able to
deliver water to the first unit on the irrigation project at the beginning
of the seventh year, the fivst stage should be begun during the third
year of construction on the dam,

557. The second stage includes the construction of a portion of the
putaping plant and the installation of two pumping units, each of
1,600 sccond-feet capacity, the completion of that portion of the
main canal that is not susceptible of a stage development, and the
first unit of those features that may be developed by stages, and also
that portion of the distributing system that is required to reclaim the
arca in the first unit.

N

ARLE No. 17.—8tage development—Plan no. 4

: Area be-
Capital ex- | Ares re- Arca Pl

Yoar Stage S T 3 ginning re-
penditure claimed | colonized Dayment

Acres

5770, 360

(X
e e e

. } 4 5, 500, D00 ) 51, 37
= 5 410, 150 110, 510 49, 490 54, 380
- } oif 10,883,750 |l 55, 260 49, 490
j 10, 204, 510 48, 440 55, 260 49, 490
} p 10, 494,900 | .o ________ 49, 220 55, 250
_ VI 12,973 250 98, 420 49, 220 55, 260
. 7 £, 790, G0 64, 790 49, 210 49, 220
} g 2E0,000 Ll 49, 210 49, 220
S U 5 644, 040 99, 730 64, 790 19, 210
Ty 6,860,000 ... ... 49, 860 49, 210
el 12, 290, 520 82, 580 49, %70 64, 790
. 10 5, 523, 450 58, 540 41, 200 49, %60
B [ E—— 41, 290 49, §70
. 50 240,890 |- £, 540 21,290
[ | 658 710 114, 600 38, 200 41, 290
- &, 640, 590 46, 000 3K, 200 58, 540
3124, 000 38, 200 38, 200
2, 505, 000 45, 000 38, 200
_ 2, %06, 550 50, 000 38, 200
28 4,541,110 0 : 45, 000
290 - 50, 000 50, 600
30.. 50, 000
31 50, 000
3% I 69, 090
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558. Under the plan of development as outlined in the table, stage
development, plan no. 4, the first land will be brought under cultiva-
tion in the soventh year and repayments will begin at the end of the
ninth; the last ares would be placed under cultivation in the thirtieth
year and repayments begin on that area at the ond of the thirty-
second year,

559. Carrying all capital expsnditures to the end of the thirty-
second year, with interest at the rate of 4 percent, and deducting an
annual repayment of $7.39 per acre per year, which will also bear
interest at the rate of 4 percont from tho time repayment is made
to the end of the thirty-second year, gives the following result:

Der acre
Capital cost plus interest______._____.______ $221, 722, 180. 00 or $184. 86
Capital cost____._____________ T 180, 825, 330. 00 or 150. 76
Interest______ _________________ "ottt _ 40, 896, 850. 00 or 34,10
Annual interest charge after completion__.______________________ 739
Annual cost of operation and maintenance ... . " 1. 52
Annual depreciation eharge..... ____________ ~__TTTTTTTTeoC L 28
Total annual charge lesspower.___________________ T 2. 80
Annual eost of power._____________ I TTTTTTTTTTTmmT T ._L20
Total annual eharge ... __ . ______________ 11, 39

560. Llimanation of Grand Coulee Reservoir—The above plan is
based upon the use of the Grand Coulee Reservoir as & part of the
main canal system. Should tests demonstrate that the sito at Girand
Coulee be unfit for rescrvoir purposes, a modification of the main
canal system would be required to climinate that feature, I{ the
rescrvolr is eliminated, the north and south reservoir dams together
with the right-of-way in the basin would be replaced by a section of
canal 24.5 miles in length including three tunnels and ono siphon.
A portion of this canal is located over an avea favorable to canal con-
struction while a portion will encounter a large percentage of solid rock
excavation. The elimination of the reservoir from the main canal 8ys-
tem will require some modification in the plan for tho pumping plant.
As stated earlier in this discussion, the substitution of canal for the
rescrvoir increases the pumping head 50 feet.  On ths other hand the
use of the canal sliminates the requirement for pumping 1,000 second-
feet to carc for reservoir loss. Plan no. 4 provided an excess installa-
tion at the pumping plant to provide water for storage in the reservoir
during periods favorable for the use of secondary power for that pur-
pose. The additional expense due to the increase in pumping head
necessary if the reservoir be climinated is practically balanced by the
decreass in the number of pumping units required.

561. If the Grand Coulce Reservoir is replaced by a canal through
the basin, an additional capital expenditure of $17,656,220 would be
required, Carrying this ecapital expenditure through the stage
development as outlined for plan no. 4, gives the following as the
finel cost of the project:

Fer acre

Capital cost plus interest..________________ $248 378 010, 00 or $207. 08

Capital ecost____________________ T TTTomTtTT 198, 481, 550. 00 or 165, 08

Interest . _____ . ____ _____TTTTooTTTmTTe 49, 896, 460. 00 or _41. 60

Annual interest charge after completion...___________________________ 8 28
Annual cost of operation, depreciation, and maintenanee_____ . __ 2,80
Annual cost of power_____._________ " _______ ____TTTTTTeo 1. 31

————— 4. 11
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PLAN NO. 4-A

562. This plan for the development of the Coolumbia Basin irriga-
tion project contemplates the reclamation of the tract in two divisions.
The first, or division A, is identical with plan no. 4 less the Priest
Rapids arca. The sum of the areas reclaimed under these two
divisions is equal to and identical with the area reclaimed in plan
no. 4, except as noted in the discussion of the Priest Rapids project.

563. Division A —Division A is covered by a modification of the
system proposed for plan no. 4. In that plan lateral -5, a diversion
from the main east, extended in a southwesterly direction to a point
near Scootency Lake, where a long siphon was required to carry the
lateral to the bigh ground on the west side of the lake. From that
high point, lateral E-5 continued westward along the south slope of
the Saddle Mountains and covered the Priest Rapids arca. In the
plan now under consideration, the Priest Rapids area is eliminated
from divigion A, and lateral E-5 ends at the site of the Scootency
siphon. The portion of lateral E-5,extending from the main east
to the Scooteney siphon site, which is retained in the present plan, is
roduced in dimensions and capacity to meet the requirements of the
arca served. This reduction in the capacity of lateral E-5 also
requires a like reduction im capacity of the main east and the Main
Canal from the bifurcation works to the Grand Coulee Reservoir.
The Main Canal above the Grand Coulee Reservoir and the Colum-
bia River pumping plant remain as outlined for plan no. 4. In
plan no. 4 this portion of the system was given excess capacity for
the purpose of utilizing sccondary power for pumping purposes as
explained in discussing that plan, = The same excess capacity between
the river and the Grand Coulee Reservoir is retained in the plan now
under consideration.

564. Other than this modification in the dimensions and capacity
of that secction of the main canal system, and the reduction 1n the
dimensions and capacity of lateral E-5 to the Scooteney siphon site
beyond which point it 1s abandoned, the system for division A is
identical in all respects with the system as outlined for plan no. 4,

565. Main Canal.—The salient figures relating to the main canal
are given in the [ollowing tabulation:

Aren reclaimed by gravity - o o .o —ae o acres._ 834, 860
Area reclgimed by supplemental pumping. oo eeoooomnoo- do____ 199, 250
Total area reclaimed - .o o i —mm oo do.___ 1,034, 110
Capacity of Main Canal, pumping plant to Grand Coulec Reservoir
second-fect__ 16, 000
Grand Coulee Reservoir to bifurealion works oo do___." 9,760
Rediverted water on projecto v ooovoommo o do..._ 610
Requirement at head of irrigable area_ .. —o-oowmmmoonen- do--__ 10, 370

566. As in plan no. 4, the Main Canal has a capacity of 16,000
second-fect for reasons that concern the use of secondary powcer.
The main canal below the Grand Coulee Reservoir has a capacity of
9,760 sccond-feet which is based upon the requircments of the area
served with the same water duty and secasonal distribution as outlined
for these areas under the plans previously discussed.

567. The main canal system of the plan now under consideration is
made up of the same features as described under plan no. 4, modified
where necessary to meet the reduction in capacity.
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568, Distributing system.—The distributing system is the same as
described and outlined for plan no. 4, except as noted above.

569. Maan west.—The main west 1s identical in all respects with
the main west and its lateral system as described in plan no. 4.

570. Main east—The main east for the plan now under considera-
tion is reduced in capacity to meet the requirements of the reduced
area served. This reduction extends from the bifurcation works at
the head of the main east to and including the turnout for lateral E-5,
Below the turnout for lateral E-5, the main cast is identical in all
respects with the main cast as described for plan no. 4. The laterals
diverting from the main east, as described for plan. no 4, will remain
the same for the plan now under consideration, cxcept lateral E-5
which is modified in length and capacity to meet the water require-
ments of the reduced area which it serves.

571. The following lateral system diverts from the main east.
For convenionce, these laterals are presented in table no. 18.

TawsLe No. 18.—Laterals diverting from main easl—plan no. 4-A

l Canal Siphons or penstocks

Lateral nuraber Num- Diam. | Maxi-
Length | Section Barrel her of | Length ater mum
pipes head
Miles Feet Feet Feet
E-1oo . 4.77 S ORI NS NN U R
3. 66 (1
4,70 (%)
260 (2
12,20 () |||l
10. 20 [¢)]
4, 20 (¥ - o P
34.3 (1) (& | 8teel pensto
Conerete.__
2.20 3
25. 80 (2
.70 (2)
3100 ()
2,10 (*)
7.60 (3
6, 50 (O]
1. 80 (*;
6. 60 (2
4. 30 g*)
1.80 )
3. 60 (Eg
7.10 2 -
10, 50 (%) -
29.10 O] Stoel penstock_._.

! Projected on line topographic sheets.  (Sce plate no. 136 (not printed) for sections.)
2 Projected on U.8, (Geological Survey quadrangle sheets.

# Unnamed siphons,

¢ Penstock, power planl no. 10.

& Northern Pacific siphon.

¢ Penstock, power plant no. 8.

T Penstock, power plunt no. 2.

572. Project items.—The project items appurtenant to plan no. 4-A
will differ to some extent from those of plan no. 4.

573. Dravnage.—This item is covered by a blanket estimate of $5
per acre and the estimate for the present plan differs from plan no. 4
only as to the acreage involved.

574. Wasteways.—The item of wasteways for the present plan was
treated in the snme manner as in plan no. 4. The present estimate is
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the same as that for plan no. 4, less the Gault estimate for the Hanford
and Othello, and Lind Coulee wasteways.

575. Supplemental pumping.~-Sites on the canal system favorable
for the development of power for use in supplemental pumping differ
to some extent from those enumerated for development in plan no. 4.
Under the present plan, power plant no. 10 as listed for plan no. 4 will
be reduced in capacity due to the reduction in the water requirements
for land under lateral E-5 upon which the proposed power plant is
located. Power plants nos. 5 and 9 will be climinated cntirely.

576. Table no. 19 gives the available developments of the present
plan under this division.

TasLe No. 19.— Available developments, plan no. 4-A, division A.  For location see
plate no. 131, page 940

t

Capacity
Power plant no. Loeation Quantity |Net head |Penstock!?

Tiorsepower| Kilowatts

See.-feet
392

Lateral E-13 3, 040 2,270
Main eas 320 3, 000 2, 240
Taleral E 426 8,400 &, 270
Lateral E-5. 391 5, 600 4, 180

1 Penstocks included as part of canal.

577. The total area to which water is to be supplicd by supplemen-
tal pumping under the present plan is 199,250 acres, with a seasonal
water requircment of 564,935 acre-feet.  As in plan no. 4, the average
head (gross) through which this water is to be pumped is 70 feet.
The total power requirements for the season expressed in acre-feet feet
is 30,545,450.

578. The extent of the areas to be reclaimed by supplemental pump-
ing arc as noted for plan no. 4, and the costs of pumping and electrical
equipment for the various pumping units were determined in the
manner described in that plan.

579. To meet the requirements of supplemental pumping for the
plan under consideration, the size of installations required would be
as follows:

50 percent or 19,772,725 acre-feet fect, 1,000 kilowatt installation,
30 pereent or 11,863,635 acre-fect feet, 500 kilowatt installation.
10 percent or 3,954,515 acre-feet feet, 250 kilowatt ingtaliation.

5 percent or 1,977,270 acre-feet fect, 100 kilowatt installation.

5 percent or 1,977,270 acre-feet feet, 10-50 kilowatt installation.

580. The cost of these installations was determined by applying
the unit prices as shown on graph to the unit quantities as given above.

581. The power installation required to operato the units necessary
for the above supplemental pumping units amounts to 17,000 kilowatts.
These requirements arc based upon a seasonal water requirement as
outlined earlier in this report, and upon an over-all efficiency of 65
percent.

582. Plans were not developed for these individual power plants,
but the estimated cost was determined in the manner outlined in the
discussion of this featurc in plan no. 2 and plan no. 4. Included in
the cost for supplemental pumping is an item covering cost of trans-
mission line necessary to deliver power [rom the generating plant to
the various pumping plants on the project. This item is the same as
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for plan no. 4. Transmission lines for this division will be the same
as for plan no. 4. The location will be changed somewhat, but the
length and capacity will remain the same,

583. Telephone system.-—The estimate includes an item covering
the cost of a telephone system considered adequate to meet the opera-
tion requirements. This estimate was prepared as outlined in plan
no. 4.

584, Wells—This item is discussed fully in plan no. 2-A, and with
some modification due to the decreased acreage in the project now un-
der consideration, is included in the present estimate.

585. Permanent buildings.—This item covers the buildings, offices,
shops, warchouses, quarters, etc., required in the operation of the canal
system. Kstimates for this item in the present report are a modifica~
tion of that noted in plan no. 2-A for the same item.

586. Prelimanary work—Included in this estimate is an item of
$900,000 which has been arbitrarily allowed for preliminary work.

687. Other features—All fences, bridges for highways and railroads,
ete., are included with the feature of the system of which they form a
part.

ESTIMATE

588. Following are the estimates of the various features that con-
stibute the irrigation system of division A of plan no. 4-A. The
estimate for this plan includes no item for power development in
Columbia River at Grand Coulee. The operating cost includes the
purchase price of power for pumping purposes.

Feature MAIN CANAT,
no.
1. Grand Coulee Dam (not included as part of the irrigation
system).
2. Pumping plant_ _ L ____.___._. $15, 631, 300
3. Canal_ e ___ 2, 101, 080
4, North Reservoir Dam__ ... _ .. 1, 085, 560
5. Bouth Reservoir Dam_ ..ol _____ 3,977, 270
6. Canal . ________. e 4, 150, 570
7. Bacon siphon___________________ L. ______________. 374, 830
8. Bacon Tunmel .o ... . 4, 783, 060
9. Cannl_ i 976, 380
10, Lrail Lake Tunnel .. ... 1, 300, 610
11. Bilureation works_ o ... __._. 99, 200
Total main canal. . . oo _________ ... 34, 479, 860
MALIN WEST
The main west is identical in all respects with plan no. 4__ 30, 428, 540
MAIN EAST
1o Canal_ o e __. 766, 080
2. Long Lake Tunnel no, 1o _______________ ... 865, 820
3. Canal. o . e ____ 363, 800
4, Long Lake Tunnel no. 2 o __ 655, 280
5, Canal_ . _______ 1, 460, 390
6. Stratford Tunnel ... L. cmeoa- 1, 743, 010
7. Canal . o 493, 140
8, Crab Creek siphon__ .. . ___.____ 2, 632, 690
9. Canal e, 1, 818, 480
10. Broken Rock siphon___________ .. ______________ 3, 203, 260
11, Canal_ e __ 2,027, 080

552—34—vol, 2——54
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Feature MAIN EasT—continued

no.

12. Black Roek siphon_ .o oo o i ma-
13, Canal . el
14. Long Ridge Tunnel . __ .. _._._.
15, Canal oo e
16. Sand Coulee siphon_.oeo . ________ . ________.
17. Capal ___... e
18. Roeky Branch siphon_ _ . _.___________________________.
19, Canal . _ el
20. Rocky Coulee siphon.__.______________________________
21, Canal - _ _. e L_ e ——— [
22. Weber Branch siphon. .- _ .. __
23, Canal_ _ . ____._.
24. Weber Coulee siphon_ . __ . al__a_a_-
25. Canal_ _ et m e iima_-
26. Lind Coulee siphon. o o oo
27, Canal_ L eoo__
28, Providence Tunnel ________ . _____________ ________.___.
29, Canalo o ___________ e
30. Bifurcation works, lateral K-8_ ________________________.
31, Canal_ .o e e an
32, Providence branch siphon_________________________.___.
83. Canal_ _ . __ o i..- e w e mimana
34. Hatton Coulee siphon._____________ ___________________
35. Canal _ ____.___._._____ e e m e
36. Ratilesnake Tunnel _ L aa._.-
37, Canal. ..
38, Rattlesnake siphon___._ __ _ . ____________________.____
39, Canal_ _ e e mmmamam_-
40. Reeder Tunnel o - _ Lo --
41, Canal . oo eo___

B

=

1
] [ 'Ih
O T P QD ek D0 = G O O e O DD

1

: =
o pe e

1

1= e e e e

E-9.
E-10.
E-11.
E-12,
IE-13.

53

. Washtucna siphon

5. Canal
. Rye Grass Tunnel
L Canal________ ... e el
. Rye Grass siphon.____.__.__ e e e
. Canal
. Bmith siphon
L Canal o __ .. e e e Mmoo
. Lateral E-1
. Latcral E-2
. Lateral B-3_ _...__.. .-

. Lateral E-5_

. Lateral E-7
. Lateral E-7-1

. Lateral F-8-3

Canal . oo oo

.Lateral B-4_ . _____________ e
. Lateral IE-4-1

. Tateral B-6_ .- . _____ T TTTTTTTIITTIITTOTC

. Lateral E-8
. Lateral E-8-1
. Lateral E-8-2

. Lateral I-8-4
. Lateral E-8-5
Lateral B-8-6__ ..o e e
Lateral E-9
Tateral E-10. - . . _ . __.
Lateral ¥-11__.__._._ o i
Tateral E-12
Lateral I-13
. Bub-laterals_ .

Total main cast

$1, 469, 760
493, 530

1, 096, 490
670, 180
206, 980
%05, 800
477, 590
230, 950
609, 300
955, 110
410, 620
417, 950
718, 500
314, 510
328, 760
213, 840
253, 030
449, 300
37, 940
667, 470
127, 020
597, 150
317, 450
074, 650
380, 000
87, 040
107, 790
281, 920
566, 060
15, 760
345, 030
150, 610
294, 560
%3, 660
652, 720
63, 530
489, 930
257, 310
478, 990
121, 920
608, 000
605, 320
52, 580
253, 700
433, 780
113, 480
875, 650
51, 380
041, 570
26, 700
, 946, 060
55, 920
257, 350
285, 190
29, 080
219, 980
116, 700
42 210
149, 280
139, 340
352, 120
1,211, 460

13, 931, 400

79, 882, 040
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IPREOJECT ITEMS

Supplemental pumping. ..o ... _______ $5, 234, 270
Drainage_ .. L _____ 5, 170, 550
Wasteways_ e _____ 1, 941, 370
Permanent buildings_________________________ .. 1, 061, 600
Wells__ _ i e- . 155, 000
Telephone systemn_..______________________________. R 195, 000
Preliminary work o o oo oo oo w . e _____ 900, 000

Total projeet items. ___ . __ . ________ L ... 14, 657, 790

RECAPITULATION

Main eanal. oo e e e __ 34, 479, 860
Main west_______________ ... e emam 30, 428, 540
Maineast .o evinaa- 79, 882, 040
Project items. _ e ____ 14, 657, 790

Project total ..o __ 159, 448, 230

589. Stage development.—A stage development for this plan is shown
in tableno. 20. It is based upon the same assumptions as in plan no.
4, i.e., interest at the rate of 4 percent on unpaid balances, rate of
colonization, 50,000 acres per year, land to be placed under cultivation
upon the delivery of water, annual repayments to begin at the end of
the third year of crop, and to amount to at least 4 percent on the final
per-acre cost.

Tasre No. 20.—S8tage development-—plan no. 4-A

; Ares
s QCapilal ex- | Areare- | Area colo- iy
Year Stage ; Y ¢ beginning
penditure claimed nized repayment
N Acres Acres Acres
2 S SR PR rmn -
TS . } 1 { $400, 000 |-
SR U 2,022,000 |_._
e e ns . } 2 { 13,200,000 (.. ________
b 18,548,160 | 108,750 |___________
7. } 3 { 4, 430,600 | .. ._.... 54,370 |
8_ b, 770, 360 48, 080 54,380 o __.___
9. } 4 { 3,500,000 | ________ 49, 490 64, 870
10.__ b, 414, 180 110, 510 44, 4890 54, 380
R } 5 { 10,118,760 ... __ 55, 250 44, 490
1 el 16, 814, 000 U4, 440 55, 260 49, 480
13 e . } 6 { 8,604,000 | ___________ 49, 220 56, 260
B 12,923, 430 117, 460 449, 220 55, 260
16.. } " { 5,812,560 | ..o .. ... 58, 730 49, 220
16. 7,814, 4580 82, 580 58, 730 49, 220
17, 8 8, 656, 720 58, 540 41,290 58, 730
18_ } 9 { 6,620,540 | . __.___. 41, 290 58, 730
19___ . 10, 116, 160 114, 600 58, 540 41,230
20, 10 6, 515, 590 45,000 67,300 41,280
] 2,974, 000 50, 000 57,300 58, H40
., 11 2, 196, 870 50, 000 45, 000 57,300
s - 2, 656, 550 50, 000 50, 000 57, 300
24, .. 3, 043, 400 , 25 50, 000 45, 000
25 __ 50, 000 50, 000
2., 49, 250 50, 000
____________ 50, 000
R B, 49, 250

590. Under this proposed stage development the first area would be
placed under cultivation in the seventh year and repayments on that
section begin at the end of the ninth; the last area would be hrought
under cultivation in the twenty-fifth year and repayments begin at
the end of the twenty-seventh. Carrying all capital expenditures to
the end of the twenty-sixth year with interest at 4 percent and
deducting an annual repayment of $7.44 per acre, also bearing interest
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at the same rate from the time repayment is made to the end of the
twenty-sixth year, gives the following result:

Per acre

Capital cost plus interest__ .. __________..___ $192, 304, 320. 00 or §185, 96

Capital cost . ..o _____ 159, 448,230.000r 154. 19

Interest e 32, 856,090.000r 31,77

Annua! interest charge after completion________ . __________________ 7. 44
Annual cost of operation and maintenance - ool oaaoo 1. 60
Annual depreciation eharge o e mm oo 1. 30
Annual cost of power___________________________________.__. 1. 28

_— 4.18

Total annual charge o o e d e 11. 62

591. The above results for division A, plan no, 4-A, include no cost
of power development and the annual operating expense must include
the cost of power for pumping purposes,

592. Dumsion B—As stated, division B of plan no. 4-A, is identical
with the Pricst Rapids project which has been discussed earlier in this
report. In order to make a comparison with plan no. 4 for developing
the area within the Columbia Basin irrigation project, divisions A
and B are combined in tables no. 21 and no. 22.

TaoLi No. 21~ Plan no. 4-A, division A, power from Grand Coulee, division B,
power from Grand Coulee

Capilal eost and In- ol A 1
v Cupilyl cost Interest ANnua

) terest § interest
Division A ;é};;n o Lzl;f‘trcfe
Total Per acre Total Peracre T'otal Der com-

acre | pletion

1,034, 110 | $192, 304, 320 | $185, 06 | £159, 448, 230 | $1564. 19 | $32, 856,000 | $31.77 $7.44
140, H20 17,257,470 | 122,81 15,246,810 | 108.50 2,010,660 | 14.31 4.91

1174, 630 | 200,501,790 | 178.40 | 174,005,040 | 118.72 | 34,866,750 | 29.08 | 7.14

TaeLe No. 22.—Plan no. 4-A, division A, power from Grand Coulee, division B,
power from PPriest Ropids

Capital cgst and in- Capital cost Taterost Annusl
interest
- Areain |__ e charge

Division acres after
e Py« . Per corn-

Totul FPor acre Total Per acre Total acre | pletion

A 1,034,110 | $192,304, 220 | §185.90 | $179,-118, 230 | $154. 19 | $32, 850,090 | $3L,77 $7.44

) = S 140, 520 15, 002, 800 | 107.40 13, 392, 180 95. 30 1,700,620 | 12,10 4,30

Total____| 1,174,630 | 207,397,120 [ 176.56 172,840,410 | 147.14 1 34,5656, 710 20.42 7.06

593. For convenicence, tables nos. 23, 24, and 25 give general data
relative to canal sections, tunnels, and siphons constituting the system
as proposed for plan no. 4-A,
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594, Additional areas—Plan no. 4-A as described eliminates
320,460 acres ol irrigable land that is included in the plans with a
grav1ty diversion {rom the Clark Fork and Spokane River. This
land is located east of the main east of plan no. 4-A and is above the
100-foot limit for supplemental pumping, This area excluded from
plan no. 4-A includes Michigan Prairie and Rattlesnake Flat, two
tracts that are particularly &ttractlve as to soil and tO[)()G’I‘&phIC
conditions. In an eflort to cover a portion of these attractive areas,
a tentative plan was developed for repumping from the main east
with power transmitted from Grand Coulee.

595. A gravity diversion from the main east at the intake to the
Lind Coulee siphon was projected east through Lind Coulce, a dis-
tance of 16.6 miles to a point about 2 miles east of Servia, a station
on_the Chicago, Milwaukee, St. Paul & Puacific Railroad. At that
pomt a repumping plant with a discharge pipe approximately 4,800
feet in length would deliver water to the high area south of Lind
Coulee [rom where the water could be dehvmed by gravity to an
irrigable area of 91,910 acres, including Michigan Prairie. The total
head at the Iepumpmp‘ plnnt is 470 feet.

596. To include this additional area in plan no. 4-A, some modifi-
cation of that plan would be required. No increase in the capacity
of the main pumping plant at Grand Coulee would be required, but
the eapacity of the main canal and the main east from the bifurcation
works to the intake to the Lind Coulee siphon would be 1ncreased by
860 second-feet to maeet the requirements of the additional area.

597. Below the diversion from the main east the additional canal
system required would consist of the canal extending 16.6 miles
upstream in Lind Coulee, the repumping plant and the necessary
canal system to deliver water to the additional area, together with
the transmission line from Grand (Coulee to the repumping station.

598, It was found to be infeasible to include Rattlesnake ¥lat and
tho surrounding area in plan no. 4-A.

599. The capital cost of the modifications and additions to plan
no. 4-A, as outlined above, necessary to reclaim this area which is
referred to as the Michigan Prairie tract is $13,891,420. Carried
through the stage development, as outlined in plan no. 4-A, the {inal
cost, including interest, 15 $18,268,160, or $198.76 per acre. Com-
bining this area with the area covered by plan no. 4-A with all power
transmitted {rom Grand Coulee, gives the following:

Total arca reclaimed, 1,266,540 acres. Per acre
Capital cost plus interest___._____ . . ________ $227, 829, 950, 00 or $179. 88
Capital cosb_ oo . 188, 586, 460. 00 or 148. 90
Interest_ o oo .. 39, 243, 490. 00 or  30. 98
Annual interest charge after complelion .. oo wm i ocaocaa oo 7.20
Annual eost of operation and maintenance_ . _______________ 1. 60
Anpual eost of depreciation. . oo ________________ 1. 356
Annual power charge_________._.._. e m e m = 1,30

4,25

Total annual charge_ e iimmmaaa- 11. 45





