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F“fr\lu-"(‘- Main north—Continued

34, Canal. _ ___________________.. - $771, 230
35. Frenchman siphon__. . el 880, 750
36. Canal. . __ o ___ 1, 211, 620
37. Low Gap tunnel. ____ .. e e s 855, 040
38, Canal . __ ______ o ______ 1,418, 820
N-1. Lateral N-1 . ___ .. ._ . e ol 602, 060
N-2, Lateral N-2_ _ _ __ __ o ______ 1, 585, 850
N-2-1, Lateral N-2-1___ . _ __. . . 51, 700
N-2-2. Lateral N-2-2_ __ __ __ ___ o _________ 141, 150
N-3. Lateral N-3_ _ _ _ _______ o _______ 122, 320
N-4. Lateral N-4_ _ . ... 815, 580
N-4-1. Tateral N-4-1__ ___ . ___ 38, 390
N-4-2. Lateral N-4-2 _________________ ___________________ 54, 700
N-5. Lateral N-6_ _. ... __ .. ... ______ e 310, 340
N-6. Lateeal N-6. . _ o _______ 81, 810
N-7. Lateral N-7__ _ ______ o ____.. L 152, 770
N-8, Lateral N-8. _ _ _ _ o _______ 907, 990
N-8-1. Lateral N-8-1___________. e o N 141, 250
N-9. Lateral N-Q. .. . 1, 138, 600
N-9-1. Lateral N-9-1_____ __ . _ L _iuaa- 190, 130
N-9-2. Lateral N-9-2_____ .. ______.. e mm e e 216, 590
N-9-3. Lateral N-9-3 . ___________ o ___.__ 83, 440
N-10. Lateral N-10_ . .. . .. __.___.___ e e = 737, 150
N-10-1, Lateral N-10-1. . __ o _______ 253, 090
N-11. Lateral N-11____________________________._. e 93, 000
N-12. Lateral N-12_ _ _ _ . i iicea- 90, 130
N-13. Lateral N-13_ _ . . e __ 567, 400
N-14. TLateral N-14_________________________________._ R 31, 510
39. Sublaterals_. . _ ... . . .iicaiianmaa———- 14,483 700
Total, main north____. . .. ______. imnamema———— 8D, 886, 460

Main south
1. Milwaukee siphon..___ ______________________________ 530, 290
2, Canal _______ el —.-- 2,039,180
3. Main south tunnel_ __ ____ _____________________. .. _._ 1, 187, 260
4. Canal o _______._ e 1, 303, 570
5. Main central bifurcation works_ __ ____________________ 73, 630
6. Main South Penstoek No. 1. ___________________._.._. 491, 070
7. Canal., .. 1, 490, 720
8, Canal_____ - 598, 100
9, Kahlotus siphon_ - ____________________________.. 1, 599, 500
10. Canal  ____ . __u_-. - 481, 650
11, Canal___ . o __________ 286, 930
12. Canal ____ o mun- 312, 660
13, Canal. . . _ o l_._ 786, 100
14, Main South Penstock No, 2__________________________ 41, 380
15. Canal . _ el - 474, 540
8-0. Lateral no. 3-0_. ____________________________________ 410, 590
H-1. Lateral no. 8-1__ L . e imieae 78, 790
S5-2. Lateral no. S-2____ . _____ 52, 820
-8, Lateral no. 8-8 ..o i 270, 360
5-4, Lateralno. S-4______ L ______ 491, 780
8-5. Lateral no, S-5_ . . __ __ ___ __ _  ________._____ 1, 040, 390
8-6. Lateral no. 8-6__ .. _ ... o e e _aea. R 36, 440
6. Sublaterals._ ... ____ 5, 286, 540
Total, main south_______ . __________ . ______ 19, 364, 290

Main ceniral
. Canal __ L __ 1, 047, 300
2. Main central tunnel no. ¥ _ o oo 736, 660
3. Canal_ e 382, 840
4., Hatton Coulee siphon____ _ o o e oL 262, 050
B, Canal_ e e m———————— 231, 440
6, Main central tunnel no, 2 o e 805, 500
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Feggure Main central—Continued
7. Canal. . ... $565, 400
8. Main central tunnel no. 3__ ... . ... ..o oo 375, 050
9, Canal . __ . L _l___ 508, 170
10. Providence Coulee siphon___. . ... . __________ 574, 390
11, Canal oo 1, 108, 190
12. Main Central Penstock No. 1_____ .o .. ______ 564, 970
13, Canal _ . .l _l... ... 1,387 570
14, Canal______ .. oo _________ ST 257, 030
15. Shano siphon .o L e eaoaoooo 1, 050, 830
16. Canal___ . _____ 211,710
17, Secooteney siphon_ .- L. 1, 825, 740
18. Canal ____. - _____________. [ oo 2, 301, 260
19, Canal__. .l 1, 858 100
C-1, Tateralno. C-1_ _ ____________________.___.. e 549, 700
C-1-1. Lateral no, C-1-1_____ o e . 223, 750
-2, Tateralmo. C-2_ _ i imimna- 218, 600
C-3. Lateral no, C-3_______ e el 546, 590
C-4, Lateral no. C-4_ _ o ie—aeeoo- 1, 338, 090
C-4-1. Lateralno. C-4-1_. ____ . __ .. . ______ 340, 110
C-4-2, Lateral no. C-4-2 ____ L oaiaeen- 157, 600
C-5. Tateralno. C-5__.._____.___ e 261, 600
C-6. Lateralno. C-6___ .. ___________ e So. 3,938,480
C-6-1. Lateral no. C-6-1_____ ______ . oooo-- 29, 080
C-6-2. Tateral no. C-6-2_ oo 219, 980
(C-6-3. Lateral no. C-6-3._____.. i 116, 700
C-7. Tateralno. C-7_ - 97, 610
C-8. Lateralno. C-8__________._ .. B U EPUP 566, 380
C-8-1. Lateral no. C-8-1___ o= 70, 870
C-9. Lateral nmo. C-9._ .. 15, 220
C-10. Lateralno. C-10_.____. . aaua- 33, 280
C-11. Lateralno. C-31.. _________. o mm oo 90, 690
0-12. Lateralmo. C-12. _ . eieeeman 317, 960
20. Sublaterals. .- .l 12, 147, 450
Total, main eentral__ __ . ... iaaaa- 37, 833, 990

Project ilems
Preliminary surveys_______._ e 1, 000, 000
Supplemental pumping__ .. 7, 570, 170
Drainage oo 7, 599, 450
WBBEWAYS st o oo i — e - 8, 690, 990
Permanent buildings . s 1, 502, 000
Wells e oo e i 200, 000
Telephone system______.. U 300, 000
Total, project items. __ . e 26, 862, 610
Recapitulation

Main eanal . .. oo i eeme—— o 173, 475, 120
Main north . . e eimmmmmm—mmmm 85, 886, 460
Main south .o oo 19, 364, 290
Main eentral_ - _ e —ma=- 37, 333, 990
Projeet items. _ . ..o aammme 26, 862, 610
Project total . ___ .. e 342, 922, 470

1452. ¢'’. Stage development.—In determining the final per acre
cost, where interest 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. It 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.

1453. The stage development proposed gives proper consideration
to this feature, and the construction of each stage is delayed as long
as possible, consistent with the colonization of the area to be served.
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1454. Some features of the construction work do not readily lend
themselves to a stage development. For example, the main canal
is Jong and expensive, 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 itsclf in a measure to a stage develop-
ment; siphons may be constructed in four stages, but many features,
such as the canal sections, dams, rights-of-way and other items are not
possible of a stage development and in those cases the initial invest-
ment represents the final one.

1455. 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.

1456. 1t 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.

1457. Tn 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. T'able no. 207 gives the proposed stage de-
velopment. The first stage brings no land under cultivation, but is for
preliminary work; the second stage, covering a period of 5 years, in-
cludes the construction of all of the main canal that does 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 area within the unit considered.

TapLs No. 207.—Stage development, plan no. 2-A

y Aren be-
Capital ox- Areate- | Area colo-
Year Btage | penditure | claimed nized |, eg;;xir?gut

{ ﬁﬁ%' 000
7,400, %
v, 450, 000

\ 25, 386, 190

{

{

i

l

39, 392, 600
44, 912, 500

[}

11, 515, 870 P 5

7 16, 495, 750 85, 940 49, 240 41, 060

8 15, 058, 370 490, 640 66, 94) 11, 060

9 25,345,000 4 ________ 45,320 49, 240
31, 355, 120 100, 450 45, 320 65, 940

P ——————
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19,335,710 | 127,080 37, 860 37, 860
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TasLe No. 207.—Stage development, plan no. 2-A—Continued

Area be-
ginning
repayinent

Capital ex- Areare- | Ares ¢olo-

Year Stage penditure claimed nized

Acres Acres Aeres

$715,000 ..., 37,870
37, 860
42, 350
12, 450
12, 351
38, 360
AR, 560
48, HE0
46, 010
46,910
45, 810
45, 810
45, 820
50, 000
50, 000
al), (00
63,710

1,410, 500
2,243,720 13,710

Total.___ | __ 342,922,470 | 1,519, 830

1458. 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 at the rate of 4 percent, and deducting an annual repayment
of $15,74 per acre per year, which also carries interest at 4 percent
from the time repayment is made to the end of the forty-second year,
gives the following:

Per acre

Capital cost plus net interest_ ___ ... .. _______ $598,285,020 or $393. 63
Capital cost 342,922,470 or 225, 62
Interest- ..o .. .. 255,362,650 or 168. 01
Annual interest eharge after completion. .. ... ___ ... 15. 74
Annual cost of operation and maintenanec. . _____________ . _._._ ... 1. 22
Annual depreciation charge__...________ ... ____________.. . B3

Total annual charge operation, maintenance and depreciation.... 2. 05

1459. 3'. Plan no. 2.—7Plan no. 2 covers the maximum project with &
gravity diversion (including area to be covered by supplemental
pumping with a head not exceeding 100 feet). This plan (no. 2) is
identical with plan no. 2-A, except as to the source of water supply.
Plan no. 2 secures its entire water supply from Clark ¥ork, while plan no.
2-A secures its water supply from both Clark ¥ork and Spokane River.

1460. In plan no. 2-A the Main Canal leading from Clark Fork has
2 capacity of 11,750 second-feet to Spokane Valley Junction, where it
is joined by the Spokane Valley Canal carrying 2,490 second-feet
diverted from the Spokane River. Below Spokane Valley Junction,
the Main Canal has a capacity of 14,240 second-fect to the Bifurca-
tion Works at the head of the 1rrigable area on the project.

1461, The plan now under consideration (plan no, 2) requires a
modifieation of the Main Canal {from Spokane Valley Junction to the
point of diversion from Clark Fork at Albany Yalls.  The capacity of
this section of the canal must be increased to 14,240 second-{cet.
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.
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1462. The above is the oniy difference between plan no. 2 and plan
no. 2-A. Below the Spokane Valley junction, they arc identical in.
every respect.  The point of diversion of the Main Canal from Clark
Fork for plan no. 2 is 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 amount of water
passing Albany Falls will be somewhat reduced. Under plan no. 2-A,
with regulation of Pend Oreille Lake as proposed, a minimum dis-
charge of 8,680 second-feet could pass Albany Falls without inter-
fering with the irrigation requirements, while in the case of plan no. 2
the amount would be reduced to 7,000 sccond-feet. Should the irri-
gation project be constructed as outlined in plan no. 2, power develop-
ment on the Clark Fork below Albany Falls would be adversely
affected to that extent.

1463. a”’. Estimates of cost.—The features listed in the following
estimate constitute the entire irrigation system for plan no. 2. These
features are identical with those described in plan no. 2-A, except
those marked (*), which have been modified to meet the demands of @
larger capacity between the point of diversion at Albany TFalls and
the Spokane Valley junction.

F";?EE”" Main Canal
1. Albany PFalls Dam_ .o _______ 56, 468, 670
(The above includes an item of $2,471,370 covering overflow
damages at Pend Oreille Lake.)

2. Diversion headworks_ __ i e e #5564, 030
3. Newport tunnel_____ __ __ ___ __ __ e em___aa *20, 865, 380

4, Little Spokane River improvement _ .. _ .ocercocecncncan - *3, 288, 760

5. Great Northern Line change_ ... _____________ 3, 000, 000

6. Camden Dam__ ________ __ _______ e _____ 1, 552, 620

7. Canal_____________________... e —mm———— *2, 341, 270

8. Dry Creck Dam. . oo __ 1, 177, 490G

9. Canal__ _ __ __ o _____ *474, 000
10. Milan tunnel ___ _ __ _ o ailel- e *8, 207, 240
11. Canal___._ ... e e *780, 400
12. Deep Creek tunnel ____ _ __ __ o ___ *4, 365, 330
13. Canal._._____________.__. e mmmmm e aumaa. .- *216, 280
14. Deep Creek Dam___ __ __ __ ____ __ . __________ 687, 430
15. Deadman Creek tunnel . ..o *5, 322, 120
16. Canal ___ __ __ __ o ___ *165, 300
17. Deadman Creek Dam__ ... .. oo -o- el 4, 402, 460’
18. Canal __ __ ___ __ o ______ *2, 493, 670.
19. Pleasant Prairie tunnel __ _ _ _ . ... __ *10, 033, 470
20. Canal____ ... e *526, 560’
21. Spokane River erossing____ ____ _ __________________________ 805, 040
22, Canal .. e mm__ *2. 562, 400
23. Manito tunmel __ _ _ ... e o _ e 10,431, 810
24. Latah Creek Dam_______________________________________ 2, 667, 600
25, Bonnie Lake tunnel____ __ ___ . _ . . . aal________ 47, 151, 630
26. Canal____________ o imana- 407, 850
27. Rock Lake Dam_____ __ ___ __ L _a_________ 3, 609, 390
28. Canal_ i 6, 191, 370
29. Wassun Creek siphon________________ . __________________ 977, 200
30, Canal___.____________ T 3, 068, 900
31. Dragoon Creck siphon. ... ._.. . 511, 0400
32. Canal._._______________CCTTTTTTTmTomToTTTITTTTTm 3, 330, 810
33. Patterson tunnel. . . ..o el 2, 279, 200
84, Canal___________________ I Il L. 8 404, 880
35. Cow Creek siphon__ __ _ _ . _____ o ioa___ 3, 338, 630
36. Canal___.___ e 1, 361, 980
37. Bifurcation Works_____________________ ... - 104, 010

Total Main Canal_ ... e camm 174,121, 710
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Muain north

Tt is identical with main north, plan no. 2-A________________._._. 85, 886, 460

Main south

11 i identical with main south, plan no, 2-A_________________._. 19, 364, 290

Main central

1t is identical with main central, plan no. 2-A 37, 333, 990

DProject items

They are identical with projeet items, plan no. 2-A___. .. _______ 26, 862, 610

Recapitulation
Maineanal____ ... . __ ______________ e w2 174,121,710
Main north..______ oo ... 85, 886, 460
Main south.__________ . 19, 364, 200

Main central_ _.

- 37,333,990
Project items_ . __ .. .

26, 862, 610

Project tolal_____________.. e 343, 569, 060

1464. b, Stage development—The stage development for plan no.
2 is identical with plan no. 2-A in all respects except for the capital
expenditures which would be moditied somewhat during the earlier
stage of the construction period, because of the increase in capucity
of the muin canal above Spokane Valley Junction, and because of
the elimination of the Spokane Valley Canal. The stage develop-
ment 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. 208.

TanLe No. 208.-——S8tage development, plan no. 2

Copital ex- | Areare- | Area colo- | 27€8 be-
Year Stuge el ¥ : ; ginning
penditure claimed nized repayment

$500, 000
600, 000

7, 630, 000
9, 880, 000
26, 621, 440
37,627,900 |-

4,156,000 |____________ 52,300 |_.
6, 408, 140 85, 650 52,300 |.
L830,000 { .__________ 42,790

—_

B

e e e e e v
=
Py g ——————— P g e p—————
;
i
H
H
1
N
:
o
=
=)
g8
I3

11, 735, 960 49, 240 41, 060
17, 115, 750 65, 940 49, 240
L5, 529, 370 90, 640 45, 940
26,015,000 |________._.. 45, 320
32, 139, 260 100, 450 45,320
3,666,200 |._________.. 50, 220
5, 395, 220 113, 590 50, 230
1,858,200 §....ooooC 37, 860
7,668,480 |____________ 37, 870
19, 335, 710 127,050 37, 860
715,000 {._________.. 42,350
4,777,950 .. . ___
9, 859, 680 115, 670 42,350
, 000 §____ 38, 560

2, 785, 250 |....
4, 763, 120

38, 560 38, 560
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TasLE No. 208.—Stage development, plan no. 2—Conlinued

: Area be-
Capital ex- Areare- | Area colo- Fh
Year Htage : i p ginning
penditure claimed nized repayment
Acres Acres Acres
{ $3,633,080 .. ... _.___ 46, 910 38, 660
9, 300, 360 137, 440 46, 910 AR, Hh0
1,410,500 | woeooae 45,810 46,910
1,410,500 | _______._ 45, 810 46,910
1, 879, 600 150, 000 45, 820 45, K10
1,410,800 |___________ 50, 000 435, 810
2,087,700 | ___ - 50, 000 45, 820
1, 410, 600 50, 000 50, 000 5¢3, GO0
2,243,630 13,710 50, 000 0, 600
. 13,710 (), 000
N (3, 710
343,569,060 | 1,519,890 | . ..o ool

1465, 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 cultiva-
tion 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 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 acre
Capital cost plus interest, $597,879,490 or $393. 37
Capital cost, $343,669,060 or__________________________ .. ceeee- 22605
Interest, $254,310,430 or__________ __ . . .. _________
Annual interest charge after completion_______________.__. ..

Annual cost of operation and maintenance
Annual depreciation charge

Total annual charge—operation, maintenance, and depreciation__ .. 2. 05

1466. &’. Plan mo. 1.—Plan no. 1 is identical with plan no. 2 or
plan no. 2-A, except that no provision is made for supplemental
pumping. An area of 1,256,940 acres is reclaimed by this plan, all
served through a gravity system. The distributing system on the
project affords opportunity for the development of a large amount of
power during the irrigation season that can be utilized to irrigate
desirable areas above the gravity system. IPlan no. 1 makes no pro-
vision for developing power on the project for the purpose of sup-
plemental pumping and has been eliminated because of the fact that
1t does not utilize the possibilities to the fullest extent.

1467. U'. Plan no. 6-A-—Thig 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 con-
sisting 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 the manner heretofore deseribed
under the greater Woenatchee project.  See plate no. 130.2

1468. 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 elimination of some marginal areas
that cannot be economically included in either division considered
separately.

? Not printed.
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area from division A. Considered separately the estimates for the
oreater Wenatchee and division A are unbalanced to the extent that
division A carries the cost of power for supplemental pumping on the
Quincy arca. In like manner the cost of transmission lines and step-
down transformers suflicient to meet the requirements of the Quiney
ares are included with the estimate for those items for division A.

1484. d'""!. Telephone system.—Included in this estimate is an item
covering the cost of telephone system necessary in the operation of
the system.

1485. ¢’’"’. Wells.—This item is included for the reason outlined n
the discussion in plan no. 2-A.

1486. {’. Permanent buildings.—This estimate is a modification
of the estimate as given in plan no. 2-A.

1487. ¢'’’". Preliminary work. —This item is also a modification of
the one used in plan no. 2-A.

1488. b, Other features—Included in the cstimate are items
for fencing all canals in the system, for providing highway crossings
over all canals and ditches that will cross existing highways. Where
bridges are required, standard types of the Washington State High-
way 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.

d’’’. Estimates of cost

1489. Following are the estimates of the various features that con-
stitute the irrigation system as designed for plan no. 6-A, division A:
Fenore Division A.—Main canal

1. Albany Falls Dam__ oo oo maa $6, 468, 670
(This feature ineludes an item of $2,471,370, covering
overflow damages at Pend Oreille Luke.)

2. Diversion headworks__ e _- 2904, 350

3. Newport Tunnel __ ... oo o= 10,209, 520

4. Canalization Little Spokane River____. .. 2, 178, 390

5. (ireat Northern line ehange - _ .. rooo—oo .3, 000, 000

6. Camden Dam____. . . iamm e 1, 530, 070

7. Canal______. e S PP 1, 705, 740

& Dry Creek DA oo oo R 1, 150, 360

0, Canal o e e 3649, 060

10. %\Z/Iilan Tunnel e . 4, 383, 850

11, Canal. - oo 611, 940

12. Deep Creek Tummel - ... T 2, 266, 750

18, Canal. e e 168, 600

14, Deep Creek Dam ..o oo s 783, 530

15. geadman Creek Tunmel ______. e mm—a B 2, 669, 400

16. Canal. e o o 131, 310

17. Deadman Creck Dam__ .. - 4, 372i 610

18, Canal___. . __________. U PP 1, 879, 220

19. Pleasant Prairie Tunnel ___ .. oo 5: 334, 190

20, Canal. e 408, 200

21. Spokane River erossing._ . . oo 833, 420

29-A. Canal. e mmm— e 1, 126, 740

8-V-1. Couer d’ Alene sbor: ge _ a- oo 2, 561, 350

§-V-2. Diversion dam and headworks_ _ - e memoooaans 138, 450

B-V-3, Canal e oo 3, 170, 090

22-B. Canal_ . .o e 1, 063, 920
23. Mapito Tunnel:

First bore_ oo S 4, 576, 070

8econd DOTe_ _ - aw s o e o 4, 491, 590
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F 'ilﬂowm Division A.—Main canal—Continued,
24, Tatah Creek Dam _ - _ o __ $2, 667, 600
25, Bonnie Lake Tunnel:
First bore_____ _____ L ____ 19, 378, 900
Beeond DOTE_ L u e mee oo c e e e caaamm—e - 19, 310, 280
26. Canal e 358, 180
27. Rock Imke Dam . _____ .. 3, 600, 310
28, Canal . e e ________ 5, 599, 040
29, Wassun Creek 81pRON . oo 732,900
30. Canal oo 2, 793, 320
31. Dragoon Creek siphon____ __ ___________________________ 383, 310
B2, Camnal_ o e e mm e mmmammm e maan 2,912, 560
33. Patterson Tunnel:
Firstbore____.... ... .. - e e 1, 086, 960
Hecond DOTC.... - icea- 890, 290
34, Canal . __ e 7, 188, 670
36, Cow Creck siphon. . oo oo e 2, 521, 010
36, Canal________________ __TT_TCIIIIIIITIIIITITIIIIIITIT 1, 236, 130
37 Biturcallon works_____ .. .. e e ________ 96, 240
Total, main canal __ __ __ _ __ .. _________________ 138, 723, 090
Main north
Lo Canal. o . e e e __. 1,091, 770
2. NeLlroy Tunnel. - o -. 1, 650, 270
3. Canal L e e e _____ 607, 880
4. Paha Tunnel___ _____ _______ .. 447, 380
5. Canal L e _______ 69, 580
6. Paha Siphon_ _ _ ______ - 391, 730
A 1, 169, 520
8. Klemmer Tunnel . oo rmimmmma e amaa 3, 923, 180
9. Canal__ __ _ __ ol i_________ 581, 640
10. Third Coulee siphon...___._ . . ____________________ 222, 590
11. Canal _________ - 2, b67, 860
12. Second Coulee siphon_ __ __ __ o iea._ AR3, 450
13, Canal_ . L L. ... ___________ 793, 520
14. TFlaig siphon_ - e 204, 700
16, Canal _ __ _ ____ o _________ K70, 620
16. First Coulec siphon_ . .o vo o Lu_. e 333, 600
17. Canal_ __ __ __ o ___.___ 620, 890
18, Band Coulee siphon_ .. e - 187, 240
19, Canal_ __ __ L o _________ 1, 870
N-1. Tateral N-do o o ie e 602, 060
N-2. Lateral N-2____ _ _ __ o ___________ 1, 585, 850
N-2-1. Tateral N-2-1________ .. e s e mmm el 51, 700
N.2-2. Lateral N-2-2_ _ __ _ __ __ __ o _._____ 141, 150
N-3. Tateral N-3.___. ... ._... e n Mmoo —ea 122, 320
N-4. Lateral N-d____ ___ _ . 815, 580
N-4-1. Tateral N-4-1 . _ . __________ 38, 390
N-4-2, Lateral N-4-2 e e 54, 700
N-53. Lateral N-b__ __ __ _ __ .- 310, 340
N-6. Tateral N-6. . e _________ 81, 810
20, Sublaterals. e m———————— G, 282, 990
Total, mainnorth . _ . _____________________ .. ____ 26, 196, 180
Muain south
T'he main south is the samne as for plan no. 2-A_ ________________ 19, 364, 290

Main central

The main central is the same as for plan no. 2-A oo . ... 37, 333, 990
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Project ilems

Supplemental pumping . _ . _ .. _____ 6, 867, 240
Drainage. ... _o_. 5, 646, 900
Wasteways___________________.__... . 8, 306, 870
Permanent buildings___._____________ . 1, 302, 200
Wells. ..o naman 165, 000
Telephone system.. .. ... . . _______. 275, 000
Preliminary work_ _ . ______ .. ___.. . e e 900, 000

Recapitulation

Main canal__ ... . ... ..o ____. [P 138, 723, 090
Mainnorth_________ o iiewna 26, 196, 180
Main south, oo . 19, 364, 290
Maineentral ________________________._.__._.. e e o_ 37,333, 990
Projeet ems_ ___ _ __ L L ____.___. 23, 553, 210

Total project, division A___ .. _____.____...... .. 245,170, 760

e’’’ Stage development

1490, 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, paymments to begin at the end of the third year
of crop and the payments to equal, at least, 4 pevcent on the final
per acre cost. Table no. 210 gives the stage dovelopment proposed
for the plan under consideration.

TasLe No. 210.—S8tage development—plan no. 6-A, division /A

'y . " _ | Area begin-
Year Stage Capltal ex Arca re Ares colo ning repay-

penditure claimed nized Tnent
Acres Acres Acres

—_

4,165,000 ..ol

o
1
[
'
[
1
b
1
1
‘
1
i
1

9 . LTIl 3 6, 608, 140 85, 530
10. . 1,830, 000 |vevuyurnnn
1. 2, 169, 380 08, 930
12, 5 5,807,680 | ... . ...
1. - 4, 245, 350 123,180
14. 4,027,900 |_____ 1 _.__
15_ ] 4,600,000 |- ____C 9, 4
16. 0, 153, 850 49, 240 41, 060 41, 060
17. 7| 14,842,910 65, 940 49, 240 41, 060
18. 8 4,949, 370 90, 640 65, 940 41, 060
o |f &B85000( T ___ 45, 320 49, 240
13, 840, 180 100, 450 45, 320 65, 940
2,816,200 |____________ 50, 220 43,320
1, 510, 540 115, 680 50, 230 45, 320
2,703,200 |_____ 11T 57,840 50, 220
A 8RR, 080 |21 57,840 50, 230
5, 532, 420 137, 440 45,810 57, 640
2,300,000 |____________ 45, 810 57, 840
2,878,400 |____________ 45, 820 45,810
4, 633, 430 45,810
RO IR 45, 820
50, 600
50, 000
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1491, Under this plan of development the first area would be
brought under cultivation in the eighth 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 repaymonts on
that unit begin at the end of the thirty-second year. Carrying all
capital expenditures to the end of the thirty-lirst year with interest
at the rate 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 or. . .o oo e —. . %305, 85
Capital cost, $245,170,760 or_ _______ . ______________________.___ 217. 08
Interest, $100,254,370 or_____ ____ __ . _____.__ 88. 77
Annual interest charge after completion______________________._____ 12. 24
Annual cost of operation and maintenance_ . _ __ . __ o e __1_5_2
Annual depreciation eharge ... oo o e _ .79
Total annual charge (operation, maintenance, and depreciation) _ 2. 11

1492. As stated earlier, division B is identical in all respects with
the greater Wenatchee project discussed earlier in this report. Table
no. 211 gives the results of combining these two areas to secure the
cost of reclaiming the Columbia Basin irrigation project by these
two methods.

TasLs No. 211.—Plan no. 6-A

Capital cost plus P . A 1

intorest Capital cost Interoest inlt];}légt

Division Area c:};‘;‘i“
Potal Poer Total Per Total LI'er | comple-

: acre acre aere tion

A 1,129,380 | 345,425,130 | 305.85 | 245,170,760 | 217.08 | 100, 254, 370 | 88,77 12,24
Bl i 320,310 | 04,806,200 | 296.26 | 75,602,810 | 236,22 | 19,233,390 | 60.04 11.85
Total...... 1,449,600 | 440, 321, 330 | 303. 73 | 320,833,670 | 221.31 | 119,487,760 | 82,42 12,15

1 B=Greater Wenatchee.

1493. m/. Plan no. 4.—a'". Main Canal system.—DPuinping diver-
slon  (maximum pumping pIO]ecL with supplemental pumping).
Divergion from the Columbia River at Grand Coulee:

Area reclaimed by direct pumping_ _ _ _____________________ ACTCH_ _ O8O, 340

Area reclaimed by supplemental pumping_______________ .. do.___. 219, 090
Totlal area reclaimed___________ . ________________ do____

Mean irrigation requirement at land____________ acre-feet per acre__ .

Total seasonal requirement at land__ __________________ acre-feet__ 3, h02, 047

Capacity of Main Canal, pumping plant to Grand Coulee Reser-

VOIT el second-feet_ _ 16, 600
Capacity Grand Coulee Reservoir to bifurcation works. . __do____ 11, 160
Rediverted water on projeet____________________________._. do___. 710
Requirement at head of trrigablcarca_ .. . ... . ___.__ do____ 11, 870

1494. Table no. 212 gives the 111()nfhly requiremeoent st the land and
the monthly reqmremcnta at the point ol diversion alter correcting
for canal and reservoir losses and taking credit {or rediverted water
on the projeet:
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Tagry No. 212.—Water requirements for plan no. 4 (acre-feet)

Ylace April | May | June | July | August Seggim- October | Total
Atland.. 358,960 | 623, 365 | 596,048 | 672,306 | 630,124 | 422,697 | 189, 460 | 3, 502, 047

At bifurca

1 2 381,841 | 663, 100 | 634,043 | 715,204 | 679,864 | 449,642 | 201, 538 | 3, 725, 282
At diversion.____

38Y, 665 | 676, 687 | 647,035 | 720, 910 | 603,795 | 458, BHS | 205, 667 | 3,801, 614

Logs In reservoir 59,504 | 0L 488 [ 59,504 | 61,488 § 61,488 | 59,504 | 61,488 424, 464

Total at diversion..._..__... 449,109 | 748,175 | 706,539 | 701,398 | 753,283 | 518,350 | 267, 155 | 4,226, 078
Lessrediverted water. ... 6,258 | 21,907 | 31,295 | 43,813 | 37,504 | 28,166 | 18,777 | 187,771

Net diversion wquu'e-
ments__________ 442,010 | 716, 268 | 675,244 | 747,585 | 717,729 | 490, 193 | 248, 378 | 4, 038, 307

1495. In addition to above the {ollowing will be required to cover
loss in reservoir during nonirrigation season:

Acre-feet
NOVEIMDer_ . o . . e e e e e ___ 59, 504
December. . mim————e 61, 488
ATy . 61, 188
February e ___ 55, 537
March.,. .. .._. e e e e e e 61, 488
Total logs in reservoir during nonirrigation season_ __________ 299, 505
Net diversion requirements. . ______. 4, 038, 307
Total yearly requirement_ o .iaaa 4, 337, 812

1496. In designing the Main Canal, the section extending from the
pumping plant to the Grand Coulee Reservoir has a capacity of 16,000
sceond-feet for reasons that will be discussed later. The section of the
Main Canal extending from the Grand Coulee Reservoir to the bifur-
cation works has a capacity of 11,160 second-feet throughout its entire
length. Reference is made to line topographic maps prepaled in the
course of the present study upon which the Main Canal was projected.

1497. The following features, listed geographically, constitute the
entire irrigation qv%tvm for plan no. 4.

1498, Feature no. 1. Columbia River dam and power development.—
Tlns is considered to be a feature of power development and not of
irrigation and accordingly is discussed under the heading of ¢ Power ",
bemnmnw at paragraph 525.

1499, Feature mo. 2. Pu mping plant—The pumping plant is
considered the first feature of this irrigation development. The
operating cost of the irngation system includes an item covering the
purchase of power for pumping purposes and no part of the capltal

cost of the power development is charged against irrigation.

1500. The power installation as proposed for Grand Coulee will
generate se condary power sullicient in most years to operate the pumps
required to prov ide the water necessary to meet the irrigation require-
ments of the project. However, in certain unfavorable years, this
secondary power 1s insufficient to mect the current irrigation demand
during the month of April. To furnish water during that month
without the use of prime power, this plan provides for storage of water
in the Grand Coulee Rescrvolr.  The water so stored is to be pumped
into the reserveir before the beginning of the irrigation season and
provides the necessary irrigation supply during the month of April
without encroaching upon the output of primaary power-
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1501, The elevation of the normal water surface in the Columbia
River back of the high dam is 1,287.6. The power development
proposed and discussed elsewhere in this report contemplates a draw-
down to elevation 1,207.6 during the winter months.

1502. The elevation of the water surface in the upper end of the
irrigation canal leading from the pumping plant to the Grand Coulee
Reservoir is 1,570.90 when operating at full capacity with water sur-
face in Grand Coulec Reservoir at elevation 1,570. For the pur-
pose of the present calculations this clevation has been assumed to be
1,575 and the elevation in the river back of the dam has been assumed
to be normal (elevation 1,287.6) during the pumping season.

1503. The proposed pumping plant is located on the upstream side
of the dam, with a floor elevation slightly above the normal backwater .
surface. The plant consists of 10 pumping units, each consisting
of two pumps of 1,600 sccond-feet capacity, operating in series, each
pump being driven by a 50,000-horsepower synchronous motor. Sec
plates nos. 57 and 58, page 746.

1504. Kach pump unit discharges into an individual pipe line 11.5
feet in diameter, extending for a distance of approximately 530 feet
to the structure at the head of the irrigation canal.

1505. 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 sccondary power is available; it also permits of
shutting down some of the pumps to care for a peak commercial power
demand and making up the deficiency during the off-peak hours.

1506, Feature no. 5. Open canal, pumping plant to Grand Coulee
Reservoir.  Length, 1.67 mailes. (See plate no. 136, type no. 43.).—
This section of canal extends from the structure at the end of the
diseharge pipes to the north end of the Grand Coulce Reservoir.
Normal water surface in the Grand Coulec Reservoir is elevation 1,560
while the clevation of extreme high water is 1,570. This section of
canal is designed to discharge its full capacity, 16,000 second-feet, into
the reservoir when the water surface is at elevation 1,570.

1507. 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 capacity when the
water surface in the reservoir is at elevation 1,570,

1508. Feature no. 4.  North Reservoir Dam—G. and Coulee Reservoir.
(See plate no.137.)*—The Grand Coulee Reservoir forms an important
link in the Main Canal system of the plan under congideration. The
reservoir is 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 be 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 is 23,100 acres.

1509. This reservoir is important because of the 24.4 miles of canal
which would be required if it were eliminated and because of the
conservation of elevation which it effects. The canal required to
eliminate this reservoir utilizes 50 feet in grade between the two dams,
while the Joss of head for that distance utilizing the reservoir amounts
to only 2.3 feet. If the loss in the reservoir amounts to 1,000 second-

? Not printed,
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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 1s equalized by the reduction of the quantity of water required
s the second. _

1510. The use of this reservoir is desirable as a matter 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 1equnecl to detour the basin.

1511, As the utilization of this reservoir is desirable from the stand-
point of both first cost and possibly the cost of operation, a consider-
able amount of additional work has been done during the preparation
ol the present plans to determine the suitability of the basin for
reservolr purposes and to the selection of the most desirable sites for
the dam required at each end. A topographie 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 a scale of 1: 31,680, with a contour interval of 5 feet
to elevation 1,560, above which the interval is 20 {eet. Topographic
surveys were made of the one favorable location for the North
Reservoir Dam, and for three possible sites {or the South Reservoir
Dam. Tests for [oundation conditions were made at the North
Reservoir Dam site and at two of the sites proposed for the South
Reservoir Dam. At the site for the North Reservoir Dam, six
test holes were drilled with depths varying from 120 to 320 feet.

1512, At the Coulee City site for the South Reservoir Dam, 11 holes
were drilled to depths that varied from 31 to 199 feet. (See pl. no.
138.)2 At the Orchard site for this structure (the one adopted for the
present veport) no drilling was done, but shallow tests were made by
hand auger to determine the suitability of the site for the type of
structure proposed.

1513. Several geological studies have been made to determine the
wuter-tightness of the reservoir basin and the characteristics of the
various dam sites. Of the various geological reports ™ to which
reference will be made, one was prepared in connection with the Gault
report, and the remainder were prepared in connection with the pres-
ent study. These geological reports form the basis of the assumption
that the basin is suitable for reservoir purposes, and that the dam
sites arc adaptled to the structures proposed for the respective sites.

1514. The geological report made in connection with the Gault plan
of devel()pment includes n detailed discussion of the geological char-
acteristics of the area. The conclusion by Kirk Brya.n as to the
wuter-tightness is covered by the following:

The conelusion has been reached that Jeakage from the proposed reservoir or
lake in Grand Coulee is unlikely. The area of greatest danger lies a short distance
above the Coulee City Dam where the Coulee monocline crosses the reservoir.
This is a restricted zone and in the event of lcakage, contrary to expectations, a
remedy can be obtained by the expenditure of a large bul measurable sum.

1515. This reservoir site, because of its perched position and because
of its importance as an element of any plan based upon a pumping
diversion from the Columbia River at Grand Coulee, has been the
subject of considerable detailed study in the preparation of this report.

t Not printed.

7 Kirk Bryan, Gault report, app. 13 (unpublished), Henty Landes, report of Oct. 26, 1929, app. no. §;
Henry Landes, report of Oct. 13, 1930, app. no. 3; lra A, Willlams, report of Oet. 22, 1930, app. no. 3; F. L.
Hunsome, report of Dec. 10, 1930, app. no. 3.
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It was thought advisable to obtain further opinion as to the suitability
of the basin for reservoir purposes, and to secure something tangible
regarding the probable scepage loss, for which provision must be
made in determining the cost of installation and operation of the
pumping equipment required.

1516. 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-
sistent type, in an amount difficult to caleulate in advanee. Once the water
entered the basalt ity opportunity to be contained in the lower and lower layers
would be almost unlimited. The great basaltic basin that lies to the south, and
which covers many hundreds of square miles, is eapable of storing an enormous
volume of water. The leakage would be at such a depth that probably no indiea-
tion of it would appear anywhere at the surface, eertainly not for & long space of
time,

1517. 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 present data, therefore, I recognize now in and
about Grand Coulee, no conditions that in my judgment should be prohibitive
of its development as s successful storage basin to the proposed clevation 1,552.50,
Such outecome is contingent, of course, upon the effecting of suitable closures
across the Coulee bottom by the two proposed dams, the southerly one of which
shall be located conservatively to the northward of the position of the mono-
clinical fold that crosses the lower end of the Coulee,

I am expressing the above opinion, and have made the preceding comments, as
the result of my brief field study and of careful deliberation over all available
matter on the situation. It can not be gainsaid, I think, that the crcation of a
reservoir in Grand Coulee amounts to the partial reproduction of some of the
water conditions that formerly existed there, of which those of the present are
but a bare remnant.

Admittedly, any suspended body of ground water is in a geologically precarions
position; as is that in the Coulee today. Increasing the bulk and cxtent of this
body of water by artificial means would, thercfore, be unavoidably rather more
experimental than is sometimes the case, and an instance as it wer