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REPORT OF THE COMMITTEE ON PROBABILITIES AND TEST GTUDIES TO

THE TASK FORCE OMN OPERATING CRITERIA FOR THE COLORADO RIVER
This group was formed to make whatever studies seemed appropriate to define
the effects of several parameters which might possibly be considered for
inelusion in the criteria and to test the criteria with a range of possible

effects whiech might occur in the future.

In general, we studied the following parameters which would appear to be
ifems which should be defined by the operating criteria:

(a) A storage reserve in the Upper Basin to assure the delivery

of priority 1 and 2 water during periods of subnormal runcff,

(b) A minimum annual release at Lake Powell.

(¢) A rule governing the magnitude of releases from Lake Mead.
In addition, we tested the criteria Sy imposing on the following items
ranges of values which we believe encompass the mere likely pessibilities
which could occur in the future:

{(a) Streamflow sequences.

(b) Upper Basin depletionms.

(c) Lower Basin uses and losses.

In applying these various operating criteria and estimates of future uses
and water supply, we ran 146 computer studies to evaluate their potential
effects on the future operation of the river. A summary of various result-
ing values from theses studies is shown on Table !, pages 2, 3, 4, and 5,
Although most of the studies involved various combinations of the six items
listed above, we also ran two unique studies at the request of members of
this group. One study involved the production of fiem power at Hocver and
one of the studies involved the operation of the system under depletion

conditions which are estimataed to occur after year 20C0,
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TASK FORCE ON OPERATING CRITERIA - COLOPADO RIVER - P. L, 90-537

Sheat HNo, 1

COMPARISON OF TLST STUDIES Ozteber 29, 1969
) ‘AP Study Ne. 12 3 18 15 16 17 18 17 20 21 22
‘hnm.um Releases from Upper hqam xn Million AF/year 8.25 A.25 8,25 8,25 8,25 B.2% 8,25 8,25 8,25 8.2% 8,25
Rule curve probability 1in per 38,4+ 95.2  98.4 20,5 29,5 90.5 90.95 90,5 25,2 98,4 9.5
Lake *ead rule elev, above w'ucn add'l Low, Bas, use assumed 11930 1190 1190 1190 1190 1170 1199 1190 1190 1130 1130 ~
Lake Mead rule slev. belew which Low. Bas. shortage assumed 1100 1100 1100 1100 1100 1100 1070 1109 1100 1100 1100
Lake Mead demand ~ 1970 taru 1279 in 1000 AF/Yr. BuQ0 883G Bu0O au9) 8400 8400 3409 gand BuLy 8400 Bu0DO
Lake Mead demand - 1980 and after 9500 9500 9500 3590 9500 9560 3500 3200 9239 9200 9800
Upper Basin depletica schedule Base Base  Base Base Base Base Base Base Baase Base Base
Sequerce No, J - 1514 thrgueh 1946 - Depleted Fles (103% of Average) 11,168 11,168 11,167 11,167 11,167 11,167 11,167 11,167 11,167
Upper Basin storage ———
31-Year average (1970-2000) 23,765 23,623 23,553 22,987 23,553 23,783 23,933 23,983 23,055
End of study (Sept. 30, 2000) 17,419 16,195 16,195 5,045 16,195 17,785 17,785 17,793 1w, us3
Kinimum end-of-year storage 14,804 14,401 14,399 13,074 14,379 15,250 15,260 15,260 13,36h
Lake Powell storags - T
3l-year average (1970-2000) 18,961 19,824 18,794 19,210 18,794 19,269 12,299 19,210 18,313
End of study (Sept. 30, 2000) 14,238 13,048 13,048 11,340 3,046 14,593 14,593 14,601 13,431
Hinimum end-of-year storage _U.AGL 11'_'_‘_"2.._.1_&“&6_ 10,280 11,485 12,267 12,257 12,267 10,561
Lake ¥s2ad storage
3l-year average (1970-2000) 19,275 19,413 19,401 18,739 19,401 19,947 19,547 19,949 18,787
End of study (Sept. 30, 2000) 12,279 13,441 13,441 12,335 13,481 15,210 15,210 15,226 11,505
Hinimum end-of-year storage 12,273 13,uul 13,44l 12,131 13,481 u,715 15,219 14,715 11,595
Releases from Lake Powell 10,398 15,3937 713,38 IX, W07 I8, 36T T, 336 IS, IR ]G'?USTU"G‘M
Upper Basin shortages 0 0 3 9 0 a 2 0 0
Total Hoover releases 10,403 10,403 19,320 10,432 10,320 15,177 16,177 10,177 10,u7s
Wasted releases from Lake Mead 1,045 1,045 1,022 1 2022 1,022 1,082 rs-_z__hgg_g_r 983
Upper Basin energy 5,953 5,931 5,942 4336 5,949 5,342 5,042 5,943 5,953
Lover Basin energy 5,837 5,848 5,804 s,nm 5,801‘ 5,759 5,759 s,vsa 5,844
Total cnergy 11,790 11,509 11,753 11,795  11,i53 11,701 11,701 11,70 11,797
Hoover energy @ 83% u,677 v ,58) 4,552 4,655 4,652 4,527 4,627 4,626 4 674
2equenss N, 6 - 1931 thro ugh 1961 - Depieted Flow (AR% of 9,156 9,15 9,154 A, 184 9 ‘ss 9,155 9,185 G,185 9,458 3,155 3,155
Upper Basin 3Ycraze Averaga)
3l-year average (1970-2000) 16,536 15,205 15,542 15,170 15,178 15,179 15,188 15,922 15,372 16,242 lu,u50
End of study (Sept. 30, 2000) 11,351 1 ,267 9,187 6,808 6,907 6,807 6,729 8,604 g,£0n 10 M3 5,532
Mininun end-of-year storage 5,953 ,u:/ .cv: ©HVE 6 uu/ o, teGl 023 8,50 B DY .71 51532
Lake Powell storage
31-year average (lu?u~2000) 13,426 12,108 12,470 12,120 12,128 12,128 ° 12,116 12,895 12,895 13,111 11,n78
End of stucy (Sept, 30, 200Q) 9,600 5,865 7,382 5,167 5,465 5,455 5,430 7,053 7049 8,139 1,335
Minimun_end-of~year storage 7,324 5523 -6,859 5,457 N 5,465 5,491 £.873 §.871 6,873 4,335
Lake Mead stovegze
' 3l-year avarage (1970-2000) 14,288 15,107 15,007 15,173 15,176 15,176 15,086 15,372 15,971 15,772 14,480
rd of study (Szpt. 30, 2000) 9,107 9,787 9,464 3,838 3,844 9,844 8,300 19,810 19,K10 10,085 8,9%§
inun end—of-yuar storage 9,107 9,787 9,404 9,838 3,84 9,854 8,370 401,810 10,410 10,085 8,960
‘ E from Lake Powall 8,650 8,895 3,816 8,305 By 506 4,994 3,409 a,925 2,8rs 3,7¢cC 3,357
“asin shortages o 2 k] ¢ [ 9 0 Q9 0 0 0
iouver welaases 8,759 8,910 £,902 8,971 8,916 2,916 8,974 8,774 8,774 8,738 9,030
ses_from lake Maad 0 0 9 1] ] Q ] bl (] 0 9
energy 4,855 W,262 4,834 4,254 4,855 4,855 u B5E - 4,841 4,861 4,842
Lovwer Basin enargy 44551 4,791 4,773 4,83 4,499 % ,R00 9,762 “,7e3 u,783 4,752 4,743
Total energy 9,806 9,664 9,517 9,694 9,563 a,665 3,528 9,664 9,664 9,613 3,585
Hoover }Kr\gy 2 83% 3,52 -..ss 3,74} _{,jaa _34T06 766 3,722 3,765 3,765 3,737 3,696
T Tequaice Ho. @ - 1uGl through 280d - Depleted Flow (93% of 9,957 9,957 7,934 9,3%€ 3,256 3,355 3,956 9,955 9,955
Upper Ez.sin siorage Average)
3i-wear sverage (1970-2000) 20,938 20,447 20,133 20,075 29,253 21,955 20,966 21,302 19,994
End of study (Sept. 39, 2009) 20,041 17,651 17,637  i7, 16,437  1A,799 18,883 20,295 16,986
iinimum end-of-year stovage 11,57 11,342 21,330 16,503 11,323 12,483 17,483 12,u5) 10,089
Lake Paweil storage
3)-year averags (1970-2000) 16,781 16,319 16,312 16,308 16,143 16,782 16,792 17,111 15,918
£nd cf study (Sept. 30, 2000) 15,106 13,7/0 14,763 15,658 12,607 14,301 14,982 16,288 13,109
Mininum end-of-year storags . _ 8,797 __ 8,585 8,72 BOWM .533 9,708 9,706 Q2,576 7,753
Laxe Mead storage g 3
3l-pzar average (1970-2000) 16,768 16,926 1e .52 15,6932 17,435 17,492 17,238 16,391
Lnd of study (Sspt. 30, 2200) 13,764 13,810 12,626 14,215 14,7285 14,817 13,153
“inimum eng-of-year storaga L 9,823 1 _ 10,313 2,578
Releasces frey Lake Powell 9,117 9,156 9,038 3,242
Upper Dasin shortages [\ [¢] o ] [ °
Total Hoover releases 8,970 3,003 9,004 9,332 8,837 3,371 8,3'47 3,075
Wascted Releases from Lake Mead .2 2 2 2 2 ? 2
“Upper Sasin snevgy 5,37 5,380 58,3787 LIS Ty AT R
Lower Basin energy 4,320 8,975 4,92 LVED) 4 ,9%¢ *,227 " BBB 4,54y
Total erergy 1294 40,353 17,321 e, 10,313 18,315 ].",?':‘b 0,203
Buevar emargy 2 833 S N 223 ;Lsr\n 3,89+ 3,652 3,892
Sequenca No, 11 - Usvl shreuph 5528 - 1 __l:_egi_f_lgw_(nr‘o of Avarage ,dan 12,003 17,0337 17,087 15,033
Uprar Easm siorage
1-year average 24,589 24,370 26,355 24 463
L'.m of su.d/ {‘.épt. 30 2000) 27 ,9%¢ 25,101 27,237 25,832
x I 10,735 15,029 15,720 19,720
di-year averaze (197G-22G0) 19,406 13,336 13,282 13,395 19,469 10,300
3 » (3t 30, 2009) 21,1207 1,125 20,015 ..,xw- 1,345
- of-yeer stovege 8,206 B,ill 5,90% 8,201 3,233
r3e
.:A—-year averaga {1973-2000) WS0T 25,685 20,554
'm‘ of srudy (Szpr. 30, 2006) 21,503 20,925
‘ininum end-of-year nara&e e i, 16,192
Reledses fros Lake Powell 13,716 16,327
Uprer Basin shortages ld I
Tctal Roover reiaases 12,47,
rasted releases from Laxe tiead Ty
GRS "8 2ain energy 17
Lc»c. 2éxin energy YL
Total erergy 15,10y
Hoover emergy i 833 \ 80
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Wpper basin storage Average)
d1-year average ?:‘v
Lnd of stuay {(Sept, 30, 2000) 33'
i,

24,459 24,578
26,817 27,068
10,720 10,720

22,064
PENETS)

11,7

Minimud end-of-year atorage

Laxe Fcaell stcrage

3l-year average (1370-2009) 13,200
1 (Sept. 28, 2000) 22,233
of-year storage _ . 932.?1
5@

al-ycar avizrage {1973-2000) 20,554

A of mndy (3ept. 30, 2000) 200
imun_and-of-year siorags ;;'q;:

sses frum Lake Fowell e
Lgper Basin shortages .D
Totai roover releases 10,2:43

__Wasted reieases from_Laxa Maad

Unsar Sasin energy

Lewer 2asin energy ='279

Total energy ”'S;;

Hocver energy @ 03% $iB7s
3/ Runctf,

T8

Sequence & is

3

aehstitee ! for Caguence 3, 7,

1,

and N

for

19,333

4,24

312 07 these studies,

TASX FORCE O OPLRATING CRITLRIN - (OLORADS RIVIR - P, L. 90-537 Sheet NHo, 2
CO4PARISON OF TEST STUDIES fctoker 29, 1952
Y
"caP Study No, 23 2 28 rii] ¢ al 12 1
- W28 . .2 25 8.25 W2 L 2%
..uln:n Rhegnfw;r?xty u-pl!!#gé\{\ in Million AF/Year g?_'f’ I h .;,»’;_.‘ g:';if ._;;‘.:3 gg.s‘ qg.: g:_u ;:i’
Lake Mead rule elev, avove which add’l Low, Bas. use assumed 1190 1190 1190 1190 1140 1140 1150 1190 1190 1190 199
Lake Mead rule eiev, below which Low, Bas. shortaze asiused 1100 1190 1ico 1100 1100 1100 1100 1070 1870 1109 LD
Lake Mead demand - 1970 thru 1979 in 1000 AF/Yr, 8400 8509 3400 8uno 8400 8400 Fiim P, 8400 8400 8400 moe
Lake Mead demand - 1980 and after 9800 9800 3500 $500 9500 3300 Firm P, 9500 9500 3520 95c 0
Upper 8asin depletion schedule Base Baso Base uls. Ulr. Base Base Base Aase Base Bip i
L/ 4
Sequence Yo, J - 1916 thrgugh 1946 - Depleted Flow(103% of 11,167 11,167 11,167 10,152 10,152 11,167 11,167 9,156 9,156 11,167 10,i5%
Upper Easin storage Average)
S1-Tear averags (1970-2000) 23,055 23,416 23,553 11,329 22,62 4,559 2% 575 15,153 15,529 23,695 2,711
End of study (Sept., 30, 2000) 16,798 16,195 12,3 17,379 21,310 17,680 7,6C6 9,439 17,417 13:310
Mininum end-of-year storage . _ vlJ_,b]) 1v,399 11,490 11,732 16,13% 16,074 7,006 8,855 la uCu 12,009
Laxe Poweil storage N e T T T T T T T e e e e e
3i-year average (1970-2600) 18,652 18,794 17,577 18,236 19,750 19,725 12,096  12,u45 18,931 18,058
End of study (Sept. 30, 2000) 11,43} 13,634 13,0644 19,365 14,498 18,011 1a ues 5,629 7,675 14,229 10,832
Kicimue end-of-year :torage 10,562 10,870 11,486 __,3'9,59___3,'17_3 13,082 13,034 5, 7,021 11,491 3,20
Laxe Fead storage T e
3l-year average (1370-2000) 18,787 18,457 19,401 18,111 17,73« 18,538 20,281 15,028 14,735 18,264 17,685
Ing of study (Sept. 30, 2000) 11,508 9,840 L3, u4k 10,539 9,706 9,988 14,840 8,350 7,455 12,273 9,7m6
Mininun e -year storage 11,505 ¢ 10 9,706 9,988 14,840 8,360 7,455 12,278 9,76
Releases from Laxe Powell 13, usq 16,351713,369 g, 9,527 710,173 10,295 8,906 & 811 10, 324 '6f§?i
Upper Basin shortages ] [} [+] 0 0 o 0 o ] ]
Total Hoover releases 10,'475 10,6454 10,320 q A0u 9,u7u 10,268 10,171 8,971 8,916 10,320 10,018
Wasted releases fron Lake Mead 383 983 1,022 uug uu9 1,022 1,317 0 Q 1,022 )
Upper Basin enorgy 57553 5,978 5, %9 57708 5,667 5,912 5,953 W,863 4,684l 5,340 s SN0
Lover Basin energy $,Buy 5,306 5,804 5,352 5,258 5,712 5,751 8,757 H,uun 5,792 ,519
Total energy 11,797 11,744 11,753 11,060 10,929 11,624 11,710 9,620 9,285 11,732 11,319
Hoover emergy @ 83% u,67% 4,633 4,652 4,253 4,174 4,565 4,626 3,717 3,810 ho6ul LPRIL]
52QuERCE 2A. B - 1331 througn 1361 = Dapleted Flow(Gsd of 9,158 4,185 9,185 8,221 8,221 9,155 9,156 9,522 2,522 9,156 8,657
Upper Basin STorage Average)
3l-yzar average (1970-2030) 1s,547 15,031 15,220 10,588 12,356 16,586 15,374 13,512 19,783 15,529 16,99
ELod of study (Sept. 30, 2000) 5,981 8,432 7,005 2,765 6,871 11,951 9,233 10,6w1 12,137 3,439 9:7m
Kinioun end-of-year storage 5,984 8,432 7,008 2,765 5,814 8,955 8,355 9,111 9,634 9,855 8,515
Lake Povell storage — = 0l
Iloyear aversge {1v7u=24u0) 11,565 12,011 12,165 8,695 10,111  13,4?6 12,310 15,868 16,010 12,545 13,746
End of study (Sept, 30, 2000) 4,739 5,877 5,641 3,163 6,581 9,600 7,322 7,725 8,985 7,475 6,685
Hiriows end-of-year storags 4739 8,873 5,641 3,163 5,022 7,021 7,021 7,103 7,560 7,021 6,625
Lake Mead storage
3l-year averaga (1970-2000) 14,456 14,139 15,166 12,076 11,086 14,288 14,230 16,296 16,783 14,958 12,307,
End of study (Sept. 30, 2000) 9,056 7,58 9,601 9,102 7,364 9,107 9,677 8,233 7,598 9,468 7,380
. Hinimus end-of-year storage 9,056 7,658 9,301 9,102 7,084 9,107 8,233 7,899 9,168 733
T Releases from Lake Powell 8,337 T RSST 8,648 BRI ENdcd aie - 3,035 8,979 8,811 'a 39¢
Jprer basin shortages e 0 0 Q D] bl 0 ¢ b) )
Total Hocrer releases 9,010 9,051 8,910 2,385 3,277 8,759 2,817 9,029 8,99 8,840 8,486
Wisted releases from Lake Mead ¢ ¢ % 8 0 0 %3 0 n___. 0 [}
Upper Basin energy 4 HWD W,831 4,955 4,376 4,655 4,835 5,258 5,243 4 Ru) 4,690
iower Basin enerzy 4,695 4,353 4,795 3,0u1 4,551 4,711 4,717 %689 4,763 3,30
Total energy 9,538 9,226 7,417 9,u08 3,5u8 9,975 9,932 9,589 8,003
____Hoover eaergy @ 83% _. 3,850 3,352 2&1@___3_.53& 3,682 3,67) 3,687 3,722 2 2327
Sjuencu Ne, 3 - 1341 through 1908 - Cepleted Tlow(9233% of 9,356 9,956 A,931 9,457 9,957 9,957 9, 357 3,957 9,036
Uppexr Basin storage Average)
Ji-year average (1970-2000) 20,061 20,069 29,46l i%,760 16,347  21,05$ 20,992 20,139 20,7 20,794 13,383
End of study (Sept. 30, 2000) L7,146 19,560 17,678 12,720 17,716 23,932 20,019 16,420 17,993 19,993 17,331
end-of-year atorage _ 10,089 11,249 11,33¢ 3,537 6,061 12,036 13,171 11,857 31,531 11,531 9,2w$
Laka Pouell storage
. 3l-year averags (1970-2000) 15,980 16,527 16,328 12,725 18,090 16,95 16,992 16,763 16,674 16,674 15,888
CLnd of study (Sept. 30, 2000) 13,272 35,613 13,801 11,330 15,921  19,80¢ 15,948 12,589 16,052 16,062 13,565
o Minizun end-cf-year storags 7,753 8,512 8,5¢3 3,33 5,674 9,259 10,354 3,513 8,754 R, 754 7,135
Lake < storage
3l-year average {1370-2000) 16,365 16,00% 16,394 lu,206 13,523 16,483 17,929 15,622 16,276 16,682 15,438
Lnd of study (Sept. 30, 2300) 13,315 12,268 13,335 11,39k $,218 18,655 14,8e6 12,606 11,491 13,809 9,762
Mininum end-of-year astorage ,_9\353 . B,308 9 918 9,854 8,765 7,51 3,908 9,452
Releases from Lake Powell 727 3,510 3,958 9,1¢4 3,234 9,09 9,698 3,706
Upper Basit shortages 9 0 o c 0 o 4 o
Totai iHoover releases 2,513 2,382 8,873 8,85¢% 1,079 8,992 8,839 8,582
Wasted Reledsas from Lake Nead .20 2 zhy 2 2 20
prer 3as. argy \723 iz 1359 5,374 5,362 5,131
Lewer Basin anergy 4,959 L 2334 31 “,972 %,773 4, .22 4,563
Tctal enevgy 9,823 10,121 H 3 10,:(1 10,182 5,794 3,694
Hoover enargy @ £33 ERRA Lo 3ews | 359 3,555
Sequence %o, 12 - Lif!l through 1928 - [epleted Flow{1i1% of 17,737 T7103T 12 2 2,387 130 827 1,550

7,590
24,502

12,743

19,346
72,658

A2




TASK FORCC ON OPLRATING CRITERIA - COLORADO RIVER - P. L. 90-337 Sheet No. 3

COMPARISON oFr TEST STUDITCLS October 29, 1969
C+? Study ho. 3 35 36 37 38 39 40 41 u2 43 “y
mnimn release fron Upier Bnin m Milllon AF/Year g.gs 3-25 8.25 8,25 8,25 8,25 8,25 8.25 8.25 7.5 7.5
le curve pridasianty 90, 98.4 00,0 98,4 00,0 98.4 00.0 98.% 00.0 98.4 CENY

.,.ake Yead rule elev. above u}uch add'l Low, Bas. use assumed 1190 1190 1190 1190 1190 1190 1130 1190 1190 1190 1130
Laxe Mecad rule elev, below which Low, Bas. shortage assumed 1100 1100 1100 1100 1100 1100 1100 1100 1top 1100 1100

Lane Mead denezd - 1970 thru 1979 in 1000 AF/Yr. 9500 9990 8400 Bugo 8400 8400 8400 8400 8L 00 8400 8uoo

Lixe Mead deinind ~ 1980 and after 9500 9500 9500 9500 9500 %200 9200 9800 9800 9500 3500

Upper Basin cepletion schedule Ult. Ult. Base Base Base Base Base Base Dase Rapid Base
2/ 2/ 2/ 2/ 2/ 2/

to, § - 1210 1hrourh 1945 - Depleted Flow (103% of 10,152 10,152 11,167 10,857 10,857 10,857 10,857 10,857 10,857 10,655 11,167
sesin storage Average)

Year average (1970-2000) 21,076 21,841 23,553 18,562 18,528 18,856 18,859 18,201 18,156 24,318 23,791

Cnc of study (Sept. 30, 2000) 12,544 16,986 16,194 28,636 28,635 28,877 28,879 28,286 23,206 21,088 16,490

¥:ininwn end-of-year s!orage 11,011 11,282 14,393 6,353 6,357 ‘6,35 6,357 5,353 6,357 15,671 15,782
Lake Pc+eil siorage

31-yeir average (1970-2000) 16,955 17,648 18,794 14,596 14,564 14,834 14,837 14,318 14,273 13,540 19,005

[1.. of study (Sept. 30, 2000) 10,075 14,116 13,040 22,905 22,905 23,040 23,082 22,725 22,726 17,774 13,327

\m_end-of-year storage 8,627 8,898 11,486 4,599 4,601 4,599 4,601 4,599 4,601 12,660 12,307

Lake bn‘r. storaze L

3il-yecr average (1370-2000) 17,328 16,921 19,401 16,787 16,770 17,102 17,100 16,437 16,439 17,162 19,262

. Lnd of study (Sept. 30, 2000) 10,512 9,748 13,4s) 22,958 22,959 23,093 23,094 22,777 22,779 6,958 13,323

“inisun end-of-year storage . 10,512 9,788 13,441 10,380 lo,42% 10,865 10,867 10,016 10,089 6,958 12,74}

Re.rascs :rom Lake Powell 9,720 9,552 10,366 9,754 9,756 9,740 9,740 9,774 9,176 9,677 10,352

.J:;er 3asir shortages Q 0 0 1} o 0 [ o 0 ) [}

Tctal Hocver relicasea 9,655 9,526 10,320 9,415 9,816 9,386 9,385 9,652 9,453 9,916 10,01%

Visted releases fron Lake Mead 75 76 1,022 180 175 255 255 95 9l 927 1,024

Upper 3asit energy 5,710 5,675 5,349 5,455 5,uSh §,458 5,457 5,453 5,450 5,689 5,953

Lower 3isir energy 5,341 5,248 5,804 5,156 5,157 5,162 S,162 5,156 5,157 4,909 $,786

11,051 10,923 11,753 10,611 10,611 10,620 10,619 10,609 10,607 10,598 11,739
4,229 4,150 4,652 4,074 4,074 4,085 4,085. 4,066 4,067 3,798 1,635

= 1631 through 1961 - Depleted Flo.{ 863 of 8,221 8,221 9,156 8,657 9,15
yrrer ‘un EX-REWY Average)
:r averaze (1$70-2000) 10,497 12,356 15,165 15,369 16,042
2 0f study (Sept. 30, 2000) 2,671 6,871 7,081 8,736 9,142
Minlzud end-of-year ltoragc 2,671 5,818 7,081 8,736 9,182
Lake Yo<ell storaze K
Il-year average (1vTu—20u0) 8,518 10,111 12,108 12,252 12,097
End of study (Sept, 30, 2000) 3,069 6,531 3,708 . 8,821 7,471
sind end-ot-year stordge 3,069 5,022 5,705 6,891 7,471
Lake ¥22d :torege
31-year uverage (1970-2000) 10,609 9,566 15,118 12,569 14,486
Zni1 0! stuuy (Sept. 30, 2000) 9,105 7,348 9,824 6,807 9,068
. 1 ené-of-year storage 9,105 7,113 9,824 6,807 9,068
Relesses 1o Lake Powell 8,433 3,230 §,303 B 8,341 8, 806
Veper Dasin shortages o 0 ] 0
Totsl Hoover releases 8,429 8,320 8,316 8,538 9-““
Wasted eieases from Lake Mead Q ] 0 1 0
Cpper Basin cnergy 4,232 4,376 4,863 u 647 u 897
wower Basin en:rgy 4,103 2,913 4,796 3,768 4,670
Total energ’ 8,335 7,289 3,653 8,415 9,567
Hoover ecerzy & 83% 3,123 1,947 3,762 2,777 3,642
Secuence N5. & - 1941 through 1308 ~ Depleted Flow(93% of * 8,991 8,931 9,957 9,436 9,957
storage Averaga)
~ average (1370~2000) 12,188 15,691 20,312 20,371 20,783
¢f siudy (Sepz. 30, 2000) 12,064 17,335 17,650 22,295 18,228
B 1 wng-ci~year storage 1,325 5,606 11,300 11,257 12,663
Laxe ell stsraze
czn average (1970-2000) ©10,47% 13,481 16,226 16,273 16,607
“ (Sepr. 30, 2000) 10,675 15,551 13,773 18,312 1,349

. . = Au-of-jear storage 1,725 5,295 8,523 a,uen 9,81}

Lake "éuﬂ s:iorage
J1-year cr/erage (1970-2000) 12,361 11,089 16,839 14,988 16,658
End of study (Sept. 33, 2000) 10,683 8,757 13,807 6,838 14,368
Minisun eng-of-year storave 9,037 8,385 10,090 6,838 9,851
Relassas irm Lexe Podell ) 8,831 8,538 9,188 8,519 9,158
Lpper Baein shortages - 13 0 o 0 0
Total dcove ~ releases 8,70$ 8.5-:)5 8,986 8,611 8,942
'vies ¢ Feleises fron Lake lead 4 2 ) ?
45,302 4,860 5,368 5,087 5,385
4,080 3,275 4,928 ) 3,857 4,891
" 8,382 8,135 10,296 8,944 10,276
Hoover energy @ 083% 2,970 Z,zan 3,081 2,858 3,354
S.&uunr; .;o. ).1; - i‘;z};“:mugf 1927 - Baplated Flow (1111 of 11,088 11,088 12,082 11,530 12,082

LPper Zasin R
3-year average Avarags) 5) 479 22,540 20,499 24,488 26,717
nd ol study ($apt, 30, 2000) 26,568 24,595 27,058 28,316 27,152
L _eni-cf-yedr storage 10,684 11,383 10,772 10,743 10,772
Taxe To.el: storage
Ji-yeir averaze (1973-2000) 17,136 18,029 19,333 19,347 19,504
Eni ot study (Sept. 30, 2000) 20,742 20,751 21,124 22,373 21,208
T3 end-of-vear steraga 8,630 17,141 8,254 8,225 3,254
Lake kHead etoraze .

3-yeir average (1970-2000) 17,482 17,282 20,524 19,689 20,421
Tt of stucy (Sept. 30, 2060) 20,776 20,786 21,162 17,098 21,748
Kinicvn ené-sfeyerr storace 19,415 10,360 16,195 14,382 1_',‘_|§‘5
feiceses 3100 Lase Jowell 10,103 10,138 10,887 10,296 10,878
Uprer 2asin snortagas o o 0 [1} [}
Total Hoover relcases 9,815 9,794 10,602 10,175 10,598
nasiec neleases fram Lake Moxd 256 268 177 R 452 778
TRERT TISiT eReriy 5,903 5,308 6,379 . 5,126 6,338
Lower Sasir erergy 5,420 5,400 5,047 5,772 6,028
Total enery \ - 11,365 11,408 12,376 11,898 12,366
Hoover energy @ 83% 4,208 4,278 4,859 4,616 4,041

2/ Sequance i3 3l-year period, 1953 through 1968 and 190t through 1920, which contains the lowest Initial 12 years of record.
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TASK I'GRCE ON OPERATING CRITLR{A - COLORADO RIVER - P. L. 50-337

COMNPARISON 0F TLST

STUDICELS

Sheet Mo,

October 23, 1959

. us 46 PRLY 258 23R
Mxnxm\.m Releasse from Upper Buin in Million Ar/year 1.5 7.5 8,23 8.25 8.25
e prtoeallity in per 98.4 98,4 98.4 5.2 98.4
rule elev, adove w‘uch add'l Low, Das, use assunmed 1190 1190 1150 1190 1190
roie ¢lev, below which LoW, Bas. shortage assumed 1100 1100 1100 1100 1100
Lane X 2 - 1970 thru 1979 in 1000 AF/Yr. 8400 8400 8400 8400 fimp
Lixe Mead cemamd - 1580 and after 3800 9200 9200 3500 FitmpP
Upper Basin cezletion schedule Rapid Rapid Base Base Base
Secuvence - l9iZ throuch 194p - Dteleted Flow {103% of Average) 10,655 19,635 11,167 11,167 11,167
Uprer bosin sterage
3l-fear average (1970-2000) 24,193 7,408 23,985 23,553 23,326
i of study (Sept. 30, 2000) 20,958 20,969 17,794 16,194 17,650
A end-of-year storage 15,554 15,593 15,260 14,3 13,906
Laxe Posell siorage —
3l-vesr average (1970-2090) 19,423 19,625 19,210 18,79 18,613
Ini of study (Sept, 30, 2000) 17,676 17,706  u,595 13,040 13,873
13 _enc-of-year storage 12,551 12,587 12,267 11,486 11,9754
sterdge
‘eer everapge (1970-2000) 16,715 17,791 19,949 19,401 18 ,8‘00
3 ct stucy (Sept. 30, 2000) 6,854 7,819 15,226  13,u4ul
\n eng¢-of-year storage 6,854 7,813 1,715 13,481
Aeleases from Like Pc-(ell 9,683 2,677 10,305 10,369 10,3‘05
o 0 0 Q ]
9,0u1 9,862 10,177 10,320 10,374
888 968 1,062 1,022 1,059
5,688 5,530 5,903 LI TT) 5,547
4,736 5,217 5,758 5,804 5,795
10,424 10,907 11,701 11,753 11,737
3,623 4,114 %626 5,652 4,638
8,657 8,657 9,156 94156 9,156
esin s.o‘age
ar average (1970-2000, 14,876 15,626 16,207 15,205 i4,270
< o study (Sept. 30, 2000) 8,032 8,675 10,583 7,267 8,339
ioun_end-of~year storage 8,032 8,675 8,859 7,267 4,239
Lake Po<ell storaga
31-year-average (1vy7v-20u0) 11,813 12,51 13,071 12,18 11,337
End of study (Sept, 30, 2000) 6,559 6,830 8,260 5,865 7,168
¥ mum end-ofvyear storage 6,5%9 8,230 7.021 5,865 7,021
Laxe lead ttorege
3l-year average (1970-2000) 12,148 13,228 15,705 15,107 13,797
£nd of stucy (Sept. 30, 2000) 6,801 7,037 10,142 9,787 9,326
3 and-of-year storage . ¢ 6,801 7,037 10,142 9,787 9,326
T 3 Laks Porell B,37Y T %,337 3,755 3,855 5,548
Csrer Sasin shortages [} [} ] o [
Tetal koover releases 8,588 8,505 8,733 8,910 8,920
Wasted meleases from Lake Mead o 0 2 0 79
LFDE:‘ Basin energy 4,637 4663 u,856 4,863 5,022
© 3asia ensrzy 3,624 3,996 4, 74n 4,791 4,671
Ao..,l e 3,261° 0,653 9,600 9,654 9,493
Eouver e..crry s _83% 24627 3,008 3,730 3,758 3,637
Sequence Nn. & - 1641 through 1908 - Depleted Flow (93% of Average) 3476 3,436 3,357 9,357 9,557
Upper ba sIorage
3l-yeas average (1970-2000) 19,923 20,770 21,188 20,340 19,142
wd of study (Sept. 30, 2000) 21,660 23,266 20,293 17,687 19,952
i%u end-of-year storage 10,501 11,844 12,4619 11,300 10,587
Lake Forell storage
2l-yeas average {).370-2002) 15,876 16,653 17,032 16,253 15,386
nuu of study (Sept. 30, 2000) 17,689 19,283 16,285 13,808 16,017
H 1 end-cf-year starage 7,970 9,087 9,872 7,521 2,079
L;\ke M2aa0 storage
3l-year everage (1970-2000) 14,612 15,510 17,222 16,817 15,392
Lnc ¢ study (Sept. 30, 2000) 6,826 7,072 lu,8le 13,844 12,705
Minin.a enc-of-year storage 5,826 7,072 10,315 10,090 9,302
Falcases frm Lake Powell 3,552 8,469 9,079 9,187 9,189
Uprer Basin shortages o o L 0 0
Total icovar raleases 8,657 8,535 8,828 8,983 9,031
Wasled feicises from Lake Mead 1 o 2 231
Cprer Zasin energy £,07% 3,089 5,377 5,370 5,300
Loser Basin enerzy 3,776 H,001  W,875 4,926 4,663
Total emerg’ 8,852 9,090 10,252 10,296 10,163
ficover enziny @ 03% 25772 2,000 32839 3,85 FI U
Sequernce ho, 12 - 1061 through 1928 - Depleted Flow(1llY of Average) 11,530 11,537 12,082 12,002 12,082
VPPeT 5&5.D sicrage
3i-year average 24,366 24,592 24,582 24,499 24,332
tnd of study (Sept. 30, 2000) 26,512 23,313 27,263 27,068 27,071
¥inimun end-of-year storage 10,743 10,743 10,772 19,772 10,772
Lake Pcsell storage - T
3l-year average (1979-2000) 257 19,427 iy ,602 19,333 19,193
Lnd of study {Sept. 3G, 2000) 42,369 22,370 21,385 21,12% 21,127
L3 enc-oi-y2ar sterage 228 2,225 8,254 9,254 8,254
Lake !0 storase
3l-yeer average (1979-2000) 19,4R9 19,033 20,731  20,A%4 20,132
Ind of study (Sept. 30, 2060) 5,837 13,228 21,383 21,162 21,164
7 _cnd-of-year storage 14,3682 1u,3e2 18,335 16,199 15,135
Ton Lare Poueil 10,298 1u,25% 18,079 m saa 10,891
T shoiTeges o} Q o [¢]
ver releases 10,227 16,129 10,583 1.0,602 19,620
rlcases from Lake Head kil] $£9 M 317 758
oy 5,134 5,113 6,320 5,329 6,340
er 3isir eaeryy 5,792 5,753 5,061 6,087 6,028
Total erer;y 11,926 11,866 12,381 12,378 12,268
ncover energy 3 83% 4,626 4,608 4,857 4,855 4,826 -

kb o e b
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Streamflow Sequences

We had recommended in our Denver meeting that we base the criteria and
the test studies only on the 3l-year period 1970 through 2000. Our test
studies with the one exception previously mentioned are based on this

concept.

Initially we selected for study 13 - 3l-year continuous sequences or
those which began with each fifth year of the 1906-1968 period starting
in 1906, and continuing through 13%66. For the studies, we assumed 1906
followed 1968 in the streamflow sequences. Two studies (Nos. 14 and 15)
were completed with all 13 sequences, but realizing the magnitude of the
number of studies which would be necessary using 13 sequences in combina-

tion with many other variations in other parameters, we reduced the flow

sequences to 4 for the subsequent studies. The four selected sequences -

ara: #3 (1516-1946), #6 (1931-1961), #3 (1981-1908), #L2 (1usl-1928).

Phese are shown on the graph and provide a representative cross section of
sequences which we might reasonably expect during the next 31 years. The
first sequence (sequence #3) is about 103% of the 1905-1968 average with
higher than average years océurring early in the sequence, The second
(sequence #6) is about 86% of average and is the lowest 3l-year sequence of
record. The third (sequence #B8) is about 93% of average or about lower quartile
and contains the lowest 4 and l2-year sequences of record. The fourth is 111%
of average with below average years occurring early in the sequence., HNearly
all studies were run with all four sequences. However, we did run a few
studies using the 1953-1920 sequence which is 101% of average and includes

+he most critical 4 and 1l2-year sequences at the beginning of the study, The



six variables previously identified and included in various computations

in our studies are more fully described below:

Upper Basin Storage Reserve

We have studied five different stofage rules in the Upper Basin which
would remain inviolate to the extent streamflow is available subject
only to the minimum allowable delivery requirement from Lake Powell.
The five storage levels were those amounts required to deliver either
7 1/2 or 8 1/4 MAF annually at Lee Ferry during various critical stream-
flow éeriods of record using the following streamflow sequences to define
the critical periods:
(a) No specific sequence used. No inviolate storage provided.
(b) The sixth lowest in a 63 event sequence having an estimated
probability of being exceeded 90.5% of the time.
(¢c) The third lowest in a 63 event sequence having an estimated
probability of being exceeded 95.2% of the time.
(d) The lowest in a 63 event sequences having an estimated
probability.cf beiﬂg exceeded 98.4% of the time.
(e) Storage requirement defined under (d) above to which was added
the amount of storage between the dead storage level and the
minimum power level in Upper Basin Reservoirs. (Identified on

Table as 98.4+%).

The values of Table 2 (4 sheets) indicate the effect of these rules on

various items.



TABLE -

EFFECT OF RULE CURVE

25R

STUDY NUMBER 36 16 32 28
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 B8.25 8,25 8.25 8,25
Upper Basin Rule Curve Probability, percent 0 90.5 95.2 98,4 98,4+
Lake lead rule elev, a2bove which additional
Lower Basin use assumed 1190 1190 1190 1190 1190
Lake Mead rule elev., below which Lower Basin
shortage assumed 1100 1100 1100 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8400 8400 8400 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/Yr., 9500 9500 9500 8500 3500
Upper Basin depletion schedule Base Base  Base Base  Base
Reference to previous paragraph breakdown (a) (b) (c) (a) (e)
?cquence No., 3 - 1916 through 1945
Year 2000 Content, Lake Powell 1000 AF 13,040 13,048 13,040 14,229 18,011
Year 2000 Content, Lake Head lOOO‘AF 13,441 13,841 13,44l 12,278 9,988
31l-year average in 1000 AF
" Additional Upper Basin Use After 1968 1,332 1,332 1,332 1,332 1,332
Lake Powell Release | 10,369 10,369 10,369 10,324 10,173
Lower Basin Use (Inc..Mexico & Surplus) 9,217 9,217 9,217 9,217 9,165
Lower Basin Waste (Unusable Spill) 1,022 1,022- 1,022 1,022 1,022
Lower Basin Uses Above 7 1/2" WAT 241 241 1 1 41
Lower Basin Shortage in 7 1/2 MAF (CAP) 0 o 0 0 52
3l-vear average in MKWH
Upper Basin Energy 5,949 5,549 5,949 5,940 5,912
Lower Basin Energy 5,804 5,804 5,804 5,792 5,712
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TABLE 2

Y EFFECT OF RULE CURVE

STUDY KUIMBER

1/ ‘Hoover below elevation 1083 part

time from 1998-2000,

36 16 25R 32 28
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8.25 8.55 8.25 8.25
Upper Basin Rule Curve Probability, percent 0 90.5 95.2 98.4 98,4+
- Lake lead rﬁle elev, above which additional
Lower Basin use assumed 1190 1190 1190 1190 1190
Lake Mead rule elev., below which Lower Basin ‘
shortage assumed 1100 1100 1100 1100 1100
Lake Mead demand - 1970 thru 1973, 1000+AF/Yr. 8400 8400 8400 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/Yr., 9500 3500 9500 9500 9500
Upper Basin depletion schedule Base Base Base Baée Basé
Reference to previous paragraph brezakdown (a) (b) (c) () (e)
$uéuence No. 6 - 1931 through 1961
fear 2000 Content, Lake Powell 1000 AF 5,705 5,465 5,865 7,475 9,600
‘Year<2000 Content, Lake Head 1000 AF 9,824 9,844 3,787 9,468 9,107
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,298 1,299 1,298 1,298 1,298
Lake Powell Release 8,903 8,906 8,895 8,811 8,696
Lower Basin Use (Inc. Mexico & Surplus) 8,916 8,916 8,910 8,840 8,759
Lower Basin Waste (Unusable 3pill) 0 0 0 0 0
Lower Basin Uses Above 7 1/2 MAF 0 0 0 0 0
Lower Basin Shortage in 7 1/2 MAF (CAP) 60 60 66 135 217
3l-year average in MXWH
Upper Basin Energy 4,863 4,865 4,863 4,841 4,855
Lower Basin Encrgy 4,796 4,800 4,791 4,748 4,551 L/

[
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TABLE o

EFFECT OF RULE CURVE '

STUDY NUMBER 3 16  25R 32 28
Minimum Release from Upper Basin Mil,AF/Yr. 8.25 8.25 8.25 8,25 8.25
Upper Basin Rule Curve Probability, percent 0 90,5 95.2 98,4 98.4+

Lake Mead rule elev. above which additional
Lower Basin use assumed 1190 1190 1190 1180 1190

Lake Mead rule elev, below which Lower Basin
shortage assumed 1100 1100 1100 1100 1100

Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. gu00 8400 8400 gn00 8100
Lake Mead demand - 1980 and after, 1000 AF/Yr. 9500 9500 9500 9500 9500
Upper Basin depletion schedule Base Base Base Base Base

Reference to previous paragraph breakdown (a) (b) (c) (d) (e)

' Sequence No. 8 - 1941 through 1908

Year 2000 Content, Lake Powell 1000 AF 13,773 13,763 13,808 16,062 19,804
Year 2000 Content, Lake Mead 1000 AF 13,807 13,795 13,844 13,809 10,655

3l-year average in 1000 AF

Additional Upper Basin Use After 1968 1,336 1,337 1,336 1,336 1,336
Lake Powell Release 9,188 9,209 9,187 9,098 8,958
Lower Basin Use (Inc., Mexico & Surplus) 8,951 8,965 8,9u8 8,064 8,838
Lower Basin Waste (Uﬁusable Spill) 2 .2 2 2 2
Lower Basin Uses Above 7 1/2 MAF 71 84 71 71 71
Lower Basin Shortage in 7 1/2 MAF (CAP) 96 93 99 182 209

3l-year average in MKWH

Upper Basin Energy 5,368 5,379 5,370 5,362 5,312

Lower Basin Energy 4,928 4,942 4,926 4,875 4,851

10
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L TABLE 2

EFFECT OF RULE CURVE

25R

28

STUDY NUMBER 36 16 32
Minimum Release from Upper Basin Mil.AF/Yr, 8.25 8.25 8,25 8.25 8.25
Upper Bésin Rule Curve Probability, percent 0 90,5 95,2 98.4 98,4+
Lake Mead rule elev, above which additional
.Lower Basin use assumed 1190 1190 1180 1190 1190
Lake Mead rule elev., below which Lower Basin
shortage assumed 1100 1100 1100 1100 1100
Lake Mead demand -~ 1970 thru 1979, 1000 AF/Yr.gu00 8400 8400 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/Yr.g500 9500 3500 9500 9500
Upper Basin depletion schedule Base Base Base Base Base
Reference to previous paragraph breakdown (a) (b) (c) (d) (e)
Sequence No., _ 12 - 1961 through 1928
Year 2000 Content,‘Lake Powell 1000 AF 21,124 21,125 21,124 21,i2u 21,116
Year 2000 Content, Lake Mead 1000 AF 21,162 21,163 21,162 21,162 21,154
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,425 1,424 1,425 1,425 1,425
Lake Powell Release 10,887 10,910 10,887 10,887 10,888
Lower Basin Use (Inc. Mexico & Surplus) 8,712 9,719 9,712 9,712 9,712
Lower Basin Waste (Unﬁsable Spill) 777 791 777 777 777
Lower Basin Uses fhbove 7 1/2 MAF 735 743 735 735 735
Lower Basin Shortage in 7 1/2 MAF (CAP) 0 0 0 0 0
3l-year average in MKWH
Upper Basin Energy 6,329 6,337 6,329 6,329 6,329
Lower Basin Energy 6,047 6,061 6,047 6,047 6,0u8

1L
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Upper Basin Depletions

In the studies Upper Basin depletions are measured at Lee Ferry and

include changes in storage at water use project reservoirs.

Two different Upper Basin depletion schedules were considered. One
was submitted in our initial draft of data handed out at the Denver
meeting and represented the Bureau's estimate of the timing and magnitude

of depletions which will occur in the Upper Basin. (Base Depletion).

The second represents the estimates of the individual Upper Basin States
and the Upper Colorado River Commission. The graph (Figure 1) shows

Upper Basin depletions for both estimates. (Rapid Depletion).

In addition, we have related the year-by-year depletion to the stream-

flow for the year by using a somewhat smaller than normal depletion in.
below average runoff years and a higher than normal in years of above
average runoff. Our calculations and assumptions for these estimates were
furnished you previously. The graphs (Figures 2, 3, 4, and 5) depict the
total and normal additional §ear-by—year depletion and the total and addi-
tional year-by-year depletion associated with two specific sequences (Nos, ©

and 12) for both the base rate and the rapid rate of depletion,

As with differing sequences of streamflow, variations in the two Upper Basin
depletions show significant ranges of values of energy production, terminal

storage, and Lower Basin uses and waste as shown in Table 3 (2 Sheets),

The comparison in Table 3 shows that a more rapid rate of depletion in the

Upper Basin will reduce water and power available in the Lower Basin and power

in the Upper Basin.

12
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© TABLE 3

EFFECT OF RATE OF INCREASE IN UPPER BASIN DEPLETIONS

+

1/ Hoover below. elevation 1083 from 1950 -

——

STUDY NUMBER 32 33
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8.25
Upper Basin Rule Curve Probability, percent 98.4 98.4
-Lake Mead rule elev, above which additional
.Lower Basin use assumed 1190 1190
Lake Mead rule elev. below which Lower Basin
shortage assumed 1100 1100 -
Lake Mead demand - 1270 thru 1979, 1000 AF/Yr. 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/Yr, 9500 9500
Upper Basin depletion schedule Base Rapid
Sequence No. 6  _ 1931 through 1961
Year 2000 Content, Lake Powell 1000 AF 7,475 6,686
Year 2000 Content, Lake Mead . 1000 AF 3,468 .7,380
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,298 1,797
Lake Powell Release 8,811 8,305
lower Basin Use (Inc, Mexico & Surplus) 8,840 8,486
Lower Basin Waste (Un;sable Spill) 0 0
Lower Basin Uses Above 7 1/2 MAF 0 0
Lower Basin Shortage in 7 1/2 HMAF (CAP) 135 190
3l-year average in MKWH
Upper Basin Energy 4,841 4,690
Lover Basin Energy 4,748 3,313 Y/
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TABLE 3

EFFLCT OF RATE OF INCREASE IN UPPER BASIN DEPLETIONS

STUDY NUMBER , 2 33
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8,25
Upper Basin Rule Curve Probability, percent 98.4 98.u4

. Lake Mead rule elev, above which additional ,
_.Lower Basin use assumed 1190 1190

Lake Mead rule elev. below which Lower 8asin

shortage assumed v - 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8400 8#00
Lake Mead demand ~ 1980 and after, 1000 AF/Yr. 9500 9500
Upper Basin depletion schedule Base Rapid

Sequence No., 12 - 1961 through 1928
Year 2000 Content, Lake Powell 1000 AF 21,124 22,659
Year 2000 Content, Lake Mead  100C AF 21,162 ' 17,074

3l-year average in 1000 AF

Additional Upper Basin Use After 1968 1,425 1,977
Lake Powell Release 10,887 10,288
Lower Basin Use (Inc. Mexico & Surplus) 9,712 ‘ 9,592
Lower Basin Waste (Unﬁsable Spill) 777 483
Lower Basin Uuses fbove 7 1/2 MAF 735 615
Lower Basin Shortage in 7 1/2 MAF (CAP) 0 0

3l-year average in MKiH
Upper Basin Energy | ) 6’329 6,073
Lower Basin Energy . 5,047 5,775

14



Lower Basin Uses and Losses

After several meetings to attempt to resolve the issue of Lower Basin
losses and consumptive use assignments, the States of the Lowér Division
on the committee recommended that we base the test studies on a normal
release of 8.4 MAF at Lake Mead for 1970 - 1979 and a normal release of
9.5 MAF thereafter.

Since 9.5 MAF normal release after 1975 was not acceptable to all con-
cerned, it waé suégested that the.normal release after 1979 be broadened
to include three possibilities: 9.2, 9.5, and 9.8 MAF, The studies shown
in Table 4 reflect these three conditions.

~

Minimum Release from Lake Powell

Two different minimum releases at Lee Ferry have been used in the studies «
7 1/2 MAF and 8 1/4 MAF. A comparison of several parameters for comparable
studies using the two releases and two rates of Upper Basin depletion are
shown in Table 5.

Level of Lake Mead above Which Additional Lower Basin Use is Assumed

A comparison of the results of studies 16 and 17 shown in Table 6 for
sequences 6 and 12 indicates the magnitude of the change in the various
parameters that would be associated with lowering the Lake Mead level from
elevation 1190 to 1170 at which water deliveries for Lower Basin uses above
7.5 MAT would be made.

Level of Lake Mead below Which Shortages in Arizona Diversions are Assumed

Similarly, a comparison of the results of studies 16 and 18 shown in Table 7
for sequences 6 and 8 indicates the magnitude of changes that would be asso-
ciated with lowering the Lake Mead level from elevation 1100 to 1070 at which

watér deliveries to Arizona would be reduced below 2.8 MAF,

15




© TABLE

EFFECT OF RELEAS?S FROM LAKE MEAD . i

STUDY NUMBER : 2y 32 21R :
;
Minimum Release from Upper Basin Mil,AF/Yr. 8.25 8.25 8.25 !
Upper Bésin Rule Curve Probability, percent 98.4 98.4 38.4 s
-Lake Mead rule elev, above which additional o !
. .Lower Basin use assumed 1130 1190 1190 i
Lake Head rule elev, below which Lower Basin é
shortage assumed 1100 1100 1100 §
Lake Mead demand - 1970 thru 19793 1000 AF/Yr. 8400 8400 84,00
Lake Mead demand - 1980 and after .9800 9500 9200 %
Upper Basin depletion schedule Base Base Base ;
g
i
Sequence No. 6 - 1931 thrcugh 1361
Year 2000 Content, Lake Powell 1000 AF 6,877 7,475 8,260
Year 2000 Content, Lake Mead 1000 AF 7,658 9,468 . 10,142
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,299 1,298 1,298
Lake Powell Release ‘ 8,855 8,811 8,754
Lower Basin Use (Inc. Mexico & Surplus) 9,051 8,840 8.733
Lower Basin Waste (Un;sable Spill) 0 0 0
Lower Basin Uses Aiove 7 1/2 UAF 0 0 0
Lower Basin Shortage in 7 1/2 MAF (CAP) 129 135 uo
3l-year average in MKWH
Upper Basin Energy 4,831 4,841 4,856
| 4,393 u,7ug u,7un

Lower Basin Energy

i Hoover below elevation 1083 from 1997 - 2004Q.
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* TABLE 4

EFFECT OF RELEASES FROM LAKE MEAD

17

STUDY NUMBER 22 16 19
Minimum Release from Upper Basin Mil.AF/Yr, 8.25 8.25 8.25
Upper Bésin Rule Curve Probability, percent 90.5 90.5 90.5
. Lake Mead rule elev. above which additional
.Lower Basin use assumed 1190 1190 1190
Lake Mead rule elev. below which Lower Basin
shortage assumed 1100 1100 1100
Lake Mead demand - 1970 thru 1979,, 1000 AF/Yr. 8100 8H00 . 8400
Lake Mead demand - 1980 and aftery 1000 AF/Yr, 9800 9500 9200
Upper Basin depletion schedule Base Base Base
Reference to previous paragraph breakdown
Sequence No. 6 - 1931 through 1961
Year 2000 Content, Lake Powell 1000 AF 4,335 5,467 7,019
Year 2000 Content, Lake Mead 1000 AF 8,968 9,8u4 10,810
31l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,299 1,299 1,299
Lake Powell Release 8,967 8,906 8,826
lower Basin Use (Inc. iMexico & Surplus) 3,030 8,916 8,774
Lower Basin Waste (Ungsable Spill) 0 0 0
Lower Basin !ses Above 7 1/2 MAF 0 0 0
Lower Basin Shortage in 7 1/2 MAF ( CAP) 150 60 0
31-year average in MKWH
Upper Basin Energy 4,842 4,865 4,881
ﬁower Basin Energy 4,743 4,800 4,783

§
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. TABLE 2

EFFECT OF MINIMUM RELEASE TO LOWER BASIN

STUDY NUMBER uy 43 ' 32 33
Minimum Release from Upper Basin Mil.AF/Yr. 7.5 7.5 8.25 8.25
Upper Basin Rule Curve Probability, percent 98,4 98,4 98.4 8.4

- Lake Mead rule elev, above which additional
.Lower Basin use assumed 1190 1190 1190 1190

Lake Mead rule elev. below which Lower Basin

shortage assumed 1100 1100 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr, 8400 8400 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/yp., 9500 9500 9500 9500
Upper Basin depletion schedule Base Rapid Base Rapid

:
!
i
}
i

Sequence No, 3 ~ 1916 through 19u46

Year 2000 Content, Lake Powell 1000 AF 13,327 17,774 14,229 10,$32 :

Year 2000 Content, Lake Mead 1000 AF 13,323 6,958 12,278 9,756

31-year average in 1000 AF

Additional Upper Basin Use After 1968 1,332 1,844 1,332 1,844
Lake Powell Release ' 10,352 9,677 10,324 3,959
Lower Basin Use (Inc. Megicq & Surplus) 9,212 8,910 9,217 9’072. _3
Lower Basin Waste (Uanable Spill) 1,024 927 1,022 926 g
Lower Basin Uses Above 7 1/2 MAF 235 239 2n1 232
Lower Basin Shortage in 7 1/2 MAF (CAP) o 305 0 136

3l-year average in MKWH
Upper Basin Energy 5,953 - 5,688 5,940 5,740
Lower Basin Energy 5,786 4,909 L 5,792 5,579

1+ Hoover below elevation 1083 from 1996 - 2000,

18



© TABLE 5

EFFECT OF MINIMUM RELEASE TO LOWER BASIN

LT e A

12

STUDY NUMBER 4y’ 43 32 33
Minimum Release from Upper Basin #il.AF/Yr. 7.5 7.5 8.25 8.25
Upper Basin Rule Curve Probability, percent 8.4 98.4 98.4 98.4
-Lake Mead rule elev. above which additional )
.Lower Basin use assumed _ 1190 1190 1190 1190
Lake Mead rule elev, below which Lower Basin
shortage. assumed 1100 1100 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8400 8400 8400 8u00
Lake Mead demand - 1980 and after, 1000 AF/Yr. 9500 9500 9500 9500
Upper Basin depletion schedule Base Rapid Base Rapid
Sequence No. _ 6 - 1831 through 1961
Year 2000 Content, Lake Powell 1000 AF .7,471 6,891 7,475 6,686
Year 2000 Content, Lake Mead . 1000 AF 9,068 6,807 9,468 7.380
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,298 1,797 1,298 1,797
Lake Powell Release 8,806 8,341 8,811 8,305
Lower Basin Use (Inc. Hexico & Surplusi 8,866 8,538 8,840 8,486
Lower Basin Waste (Unﬁsable Spill) 0 1 0 0
Lower Basin Uses Above 7 1/2 MAF 0 0 0 0
Lower Basin Shortage in 7 1/2 MAF (CAP) 109. 438 135 490
3l-year average in MKWH
Upper Basin Energy 4,897 - L,/647 4,841 4,690
Lower B3asin Energy 4,670 3,768 1/ 4,748 3,3132/
1 Hoover below elevation 1083 from 1293 - 2000,
2 Hoover below elavation 1083 from 1990 - 2000.
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TABLE 6

EFFECT OF LEVEL ABOVE WHICH ADDITIONAL LOWER BASIN USE IS ASSUMED !

PR

STUDY NUMBER 16 17

PR

Minimum Release from Upper Basin Mil,AF/Yr.

8.25 8,25 3
Upper Basin Rule Curve Probability, percent 90.5 90.5 ;
- Lake Mead rule elev, above which additional :
Lower Basin use assumed 1190 1170 §
g
Lake Mead rule elev. below which Lower Basin §
shortage assumed 1100 1100 !
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8400 8400
Lake Mead demand - 1980 and after, 1000 AF/Yr. 9500 9500 i
Upper Basin depletion schedule Base Base g
Sequence No, 6
Year 2000 Content, Lake Powell 1000 AF 5,465 5,465 %
Year 2000 Content, Lake Mead 1000 AF 9,8uy 9,844 3
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,299 1,299
Lake Powell Release 8,906 8,906
Lower Basin Use (Inc. Mexico & Surplus) 8,916 8,916 %
Lower Basin Waste (Un‘usable Spill) .0 0 i
Lower Basin Uses Above 7 1/2 MAF 0 0
Lower Basin Shortage in 7 1/2 HAI' (CAP) 60 60
3l-year average in MKWH
Upper Basin Energy 4,865 4,865 i
Lower Basin Energy 4,800 4,800
Jl-year average in MW-Yr.
Upper Basin Capability 1,264 1,264
Lower Basin Capability : 1,595 1,593
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TABLE )

EFFECT OF LEVEL ABOVE WHICH ADDITIONAL LOWER BASIN USE IS ASSUMED

STUDY NUMBER . 16 17
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8.25
Upper Basin Rule Curve Probability, percent 90.5 90.5

Lake Mead rule elev, above which additional
Lower Basin use assumed 1190 1170

Lake Mead rule elev, below which Lower Basin

shortage assumed 1100 1100
Lake Méad demand - 1970 thru 1979, 1000 AF/Yr, 8400 8400
Lake Mead demand ~ 1980 and after, 1000 Ar/Yr, 9500 9500
Upper Basin depletion schedule Base Base

Sequence No, 12
Year 2000 Content, Lake Powell 1000 AF 21,125 20,216
Year 2000 Content, Lake Mead 1000 AF 21,163 20,252

3l-year average in 1000 AF

Additional Upper Basin Use After 1968 1,424 1,u24
Lake Powell Release 10,910 10,948
Lower Basin Use (Inc. Mexico & Surplus) 9,719 9,857
Lower Basin Waste (Uﬁusable Spill) 791 738
Lower Basin Uses Above 7 1/2 MAF ‘ 743 880
Lower Basin Shortage in 7 1/2 MAF (CAP) 0 0

3l-year average in MKWH

Upper Basin Energy 6,337 6,364
Lower Basin Energy ' 6,061 6,092

3l-year average in MW-Yr,

Upper Basin éapability 1,34y 1,344
*

Lower Basin Capability : 1,626 1,626
21




TABLE 7

e m—

EFFECT OF LEVEL OF LAKE MEAD BELOW WHICH SHORTAGE IN ARIZONA DIVERSIONS

ARE ASSUMED

Lower Basin Capability 23

STUDY NUMUBER 16 18
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8.25
Upper Bésin Rule Curve Probability, percent 90,5 80.5
-Lake Mead rule elev, above which additional )
-Lower Basin use assumed 1190 1190
Lake Mead rule elev. below which Lower Basin .
shortage assumed - 1100 1070
Lake Mead demana - 1970 thru 1979, ,1000 AF/Yr. 8400 8400
Lake Mead demand - 1980 and after 9500 9500
Upper Basin depletion schedule Base Base
1/ Hoover below elevation 1083 during 1997.
: Sequenée No, 8 - 1941 through 1908
Year 2000 Content, Lake Powell 1000 AF 13,763 12,607
Year 2000 Content, Lake Mead 1000 AF 13,795 12,626
3l-year averaze in 1000 AF
Additional Upper Basin Use After 1968 . 1,337 1,337
Lake Powell Release 9,209 9,253
Lower Basin Use (Inc. Mexico & Surplus)" 8,985 9,058
Lower Basin Waste (Un;sable Spillj 2 2
Lower Basin Uses Above 7 1/2 MAF 84 84
Lower Basin Shortage in 7 1/2 MAF (CAP) 93 3
Al-year average in MKWH
Upper Basin Energy 5,379 5,385
Lo;er Basin Energy 4,942 4,790 1/
3l-year average in MYW-Yr,
Upper Basin Capability 1,333 1,329
1,568 1,447



* TABLE 8

EFFECT OF GENERATING FIRM ENERGY AT HOOVER

oz

1/

L

Firm Power through 1987 at 83% efficiency,

i R R ey

PRSP ER 0 vy 5 aeN z

L

STUDY HUUBER 32 29R
Minimum Release from Upper Basin Mil.AF/Yr, 8.25 8.25%
Upper‘Bésin Rule Curve Probability, percent 98.4 98.4
Lake Mead rule elev, above which additional
. .Lower Basin use assumed 1190 1190
Lake Mead rule elev. below which Lower Basin
shortage assumed ' 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8400 Firm Power
Lake Mead demand - 1980 and after 9500 Firm Power E/,
Upper Basin depletion schedule Base Base
Sequence No. 6 - 1931 through 1961
Year 2000 Content, Lake Powell 1000 AF 7,475 7,168
Year 2000 Content, Lake Mead 1000 AF 9,468 9,326
3l-year average in 1000 AF
Additional Upper Basin Use After 1968 1,298 1,298
Lake Powell Release 8,811 8,846
Lower Basin Use (Inc. dexico & Surplus) 8,840 8,832
Lower Basin Waste (Uﬁusable Spill) 0 79
Lower Rasin Hses above 7 1/2 MAF 0 33
Lower Basin Shortage in 7 1/2 MAF (CAP) 135 177
31-year average in MKWH
Upper Basin Energy "u,éul v,822
Lower Basin Energy b, 748 4,671



TABLE 8 .’

EFFECT OF GENERATING FIRM ENERGY AT HOOVER ' i

STUDY NUMBER ‘ 32 ' 29R i
Minimum Release from Upper Basin Mil.AF/Yr. 8.25 8.25 ;
Upper Basin Rule Curve Probability, percent 8.4 98.4 i

- Lake Mead rule elev. above which additional ,
.Lower Basin use assumed } 1130 1190 !

Lake Mead rule elev, below which Lower Basin i

shortage .assumed 1100 1100
Lake Mead demand - 1970 thru 1979, 1000 AF/Yr. 8uQ0 Firm Power L/
Lake Mead demand - 1980 and after 3500 Firm Power l/é
Upper Basin depletion schedule Base Base %
i
Sequence No. 8 -~ 194l through 1908 :
Year 2000 Content, Lake Powell 1000 AF 16,062 16,017 j
Year 2000 Content, Lake Mead 1000 AF 13,809 12,705 i
3l-year average in 1000 AF .
Additional Upper Basin Use After 1968 1,336 1,336
Lake Powell Release | 9,098 9,149
Lower Basin Use (Inc. Mexicq & Surplus) 8,86 8,766 ;
Lower Basin Waste (Unésable Spill) - 2 231
Lower Basin Uses Above 7 1/2 MAF - ) 71 L8
Lower Basin Shortage in 7 1/2 MAE (CAP) 182 258
3l-year average in MKWH
Upper Basin Energy 5,362 5,300
Lower Basin Energy | n,875 4,863

1/ Firm power through 1987 at 83% efficlency.
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Firm Energy Generation at Hoover Powerplant
A comparison of studies similar'excepf for power production at Lake Mead
is shown on Table 8. Study 29R shows the results of generating firm
energy at Hoover from 1970 through 1987 and is compared to the base

study 32.

Sequences Containing the Lowest Streamflows during the early vears

Although the 1931-1961 sequence is the lowest in terms of total runoff for
tg}\gntire period of all the possible sequences, the 1953-1320 sequence
cont;ins less total runoff in the early years. Since this might indicate
a problém in maintaining power production at Glen Canyon during the next

few years, wé«pan one study with the following parameters to check this

possibility. A\éaggarison with the Base Study (#32) is shown on Table 9.

Table 9

Values for 3l-year perisd (1970-2000) Study 32 Study 37
Minimum level Lake Powell - 1000 AF 5,582 4,017
Minimum level Lake Mead - 1000 AF 9,291 9,990
Average Energy, Upper Basin (MKWH) L,84) 5,455
Average Energy, Lower Basin (MKWH) 4,748 5,156
Average Release, Lake Powell - 1000 At 8,811 9,754
Average Release, Lake HMead -~ 1000 AF 8,840 3,415
3l-Year Average ‘
1968 Modified Tlow at Glen Canyon 10,454 12,263

Studies to Reflect Depletion Conditions after Year 2000

At the request of Mr., Holburt, we ran four studies with four streamflow

sequences each for the year 2001 to 2031 period to demonstrate the effect
of the criteria aftervyear 2000, One of these studies (Number 3%) using
sequence 8 indicated an Upper Basin shortage of 426,000 acre-feet in the

20
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twenty-sixth year of the study. This was the only Upper Basin shortage

imposed by the criteria found in all of the 146 studies that were made.

Withdrawals of Water from below Elevation 1083' at Hoover

Withdrawals of water below elevation 1083' at Hoover occur in 159 years

in twenty-five study sequences. These withdrawals occurred three times

using sequence 3, 11 times using sequence 6, two times using sequence 7,

8 times in sequence 8, one time in sequence 9, and no time in sequence 12.
Graphs

We have included a few graphs to illustrate some of the parameters that

have been studied and included in the tables. Copies of these are attached.
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FIG. 2

UPPER BASIN DEPLETION
(UPPER COLORADO RIVER COMMISSION ESTIMATE)
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FIG. 3
UPPER BASIN DEPLETION

(UPPER COLORADO RIVER COMMISSION ESTIMATE)
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MILLION A.F. PER YEAR

FIG. 4

UPPER BASIN DEPLETION
(BUREAU OF RECLAMATION ESTIMATE)
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MILLION £ = PER YEAR

FIG. 5

UPPER BASIN DEPLETION
(BUREAU OF RECLAMATION ESTIMATE)
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LAKE POWELL RELEASES MILLION AF PER YEAR

LAKE POWELL RELEASES MILLION AF.PERYE.: _

Figure
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PERCENT DIFFERENCE IN AVERAGE GENERATION FOR 4-31 YEAR SEQUENCES
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Figure 9

LOWER BASIN ENERGY

PERCENT DIFFERENCE IN AVERAGE GENERATION FOR 4-31 YEAR SEQUENCES
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Figure 10

LAKE POWELL AND LAKE MEAD

CONTENT ON SZIPTENMBER 30, YEAR 2000 (LMAF)
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