


Section VI. Real Time Management

Apr-Sep net UKL Inflow (taf)

0 200 400 600 800 1000 1200
Apr1 50% forecast Apr-Sep net UKL inflow (taf)

Figure VI-2. Recent management of minimum UKL elevations and Klamath River flows
is based on the April 1-September 30 NRCS forecast, as plotted above against actual
inflow in thousand acre feet (taf). The red circles demonstrate that in some years,
uncertainty in forecast can be large, which can lead to erroneous water year type
designations and subsequent over or under allocations in implementing lake elevations
and river flows.
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Figure VI-3. Comparisons of discharge for Williamson River below its confluence with
the Sprague River at USGS Gage 11502500 and 11516530 Klamath River below Iron
Gate Dam by water year. Data presented are discontinuous, including only periods
when Klamath River discharge at the Iron Gate gage was greater than 3,000 cfs.
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=] Real Time Management X
Date: 3/8/2008
Enter the Williamson Discharge: 77

Estimated WRIMS Run 32 Refuge P: 9417637271215
Estimated WRIMS Run 32 Refuge Q: 1307.6865752638
Estimated WRIMS Run 32 Refuge AF: | 2593.794690477

L]

Figure VI-4. Example of an output display from the Microsoft Access routine used to
implement WRIMS Run-32 Refuge model outputs in real time. In this example, the date
and Williamson River discharge of 771 cfs are entered and the program calculates the
exceedence probability (.094), the corresponding WRIMS Run-32 Refuge flow (Q)
associated with that exceedence for the March 1-15 time step, and the total daily
discharge, in acre feet.
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Figure VI-5. RTM database interface display of daily flows (top) and total annual
discharge in acre feet (bottom) for historical Williamson River, historical Iron Gate, Run-
32 Refuge model output, and RTM for water year 1990 (10/01/1989- 09/30/1990).
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Figure VI-6. RTM database interface display comparing daily flows (left) and total annual discharge in acre feet (right) for the
historical Williamson River, historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model outputs. The top charts represent
an above average water year (1996), and the bottom charts represent a below average water year (1990).
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Figure VI-7. RTM database interface display comparing daily flows (left) and total annual discharge in acre feet (right) for the
historical Williamson River, historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model outputs. The top charts represent a
wet water year (1984), and the bottom charts represent a dry water year (1994).
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Figure VI-8. Comparison of discontinuous outputs of WRIMS Run-32 Refuge and RTM

with historical Iron Gate discharge for the four most recent years within the period of
record (water years 1961-2000) categorized as Wet, Above Average, and Average

Water Year types.
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Figure VI-9. Total annual discharge (acre feet) estimated for RTM and WRIMS Run-32 Refuge model output, and actual IGD

releases for the water years 1961-2000.
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Figure VI-10. Differences in total accumulated discharge between WRIMS Run-32 Refuge outputs and RTM flows and WRIMS Run-
32 Refuge outputs and historical Iron Gate flows calculated annually (top) and averaged by time steps for water years 1961-2000
(bottom).
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Figure VI-11. Habitat availability values calculated for Hardy et al. (2006a) Phase I
recommendations, WRIMS Run-32 Refuge flow outputs and the RTM flows by flow exceedence
during the critical Chinook salmon spawning (October — November) and juvenile salmon rearing
periods March — June.

140



Section VI. Real Time Management

Figure VI-12. Daily RTM database interface display calculated for the October 1, 2000 to
September 30, 2007, a period outside range of water years used in the WRIMS Run-32
Refuge model simulation.
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Figure VI-13. RTM database interface display comparing daily average flows for
historical Williamson River, historical Iron Gate, WRIMS Run-32 Refuge RTM, and
WRIMS Run-32 Refuge model outputs for water year 2005.
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Appendices

Appendices

Appendix A. Technical memo describing the Exceedence Index (IEI) developed by L.
Dunsmoor, Klamath Tribes.
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Appendices

Appendix B. Alt X, Alt X Yurok, WRIMS Run-32 Refuge, and Hardy et al. (2006a)
planning level flow targets, WRIMS Run-32 Refuge model flow outputs and historical
(1961-2000 water years) Iron Gate discharge, by exceedence. Highlighted areas
represent key months for Chinook salmon spawning and Chinook and coho salmon

rearing.
10%
Time step Alt X Alt X Yurok Run-32 Run-32 Hardy Phase Historical
Refuge Refuge Il Recc. Iron Gate
Target Output
Oct 1379 1300 1300 1300 1715 2511
Nov 1601 1300 1300 1300 2415 3152
Dec 1910 1300 1300 3234 3280 4062
Jan 2421 2421 2373 4481 3835 4348
Feb 2831 2831 2765 5894 4285 5656
Mar 1-15 3393 3393 3322 6048 4355 7748
Mar 16-31 3393 3393 3322 6470 4355 6995
Apr 1-15 3648 3648 3573 6117 4585 6381
Apr 16-30 3648 3648 3574 5761 4585 4495
May 1-15 3710 3710 3111 3651 3710 4618
May 16-31 3710 3710 3111 4014 3710 3608
Jun 1-15 3055 3055 2735 2646 3055 2523
Jun 16-30 3055 3055 2736 2515 3055 1526
Jul 1-15 2140 2140 1868 1688 2140 1050
Jul 16-31 2140 2140 1867 1636 2140 1016
Aug 1540 1540 1486 1310 1540 1094
Sep 1545 1545 1514 1311 1545 1612
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Appendices

Appendix C. Comparison of the average flow, by time step, for the historical Iron Gate

records, WRIMS Run-32 Refuge model simulation outputs, and real-time management

process (RTM) for the period of record, water years 1961-2000.
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Appendices

Appendix D. Average historical flows (cfs) by time step recorded at the USGS Klamath River below Iron Gate Dam, CA gage (a) and
difference between WRIMS R-32 Refuge model simulated flows and historical Iron Gate Dam flows (b) for water years 1961-2000.

(a) Historical Average Flows at USGS Iron Gate Dam Gage (cfs)
Water Year October November December January Febuary March1-15 March 16-31 April 1-15 April 16-30 May 1-15 May 16-31 June 1-15 June 16-30 July 1-15 July16-31 August September

1961 1,461 1,716 2,524 1,773 1,906 1,910 2,094 1,913 1,599 1,640 1,514 1,480 1,295 940 1,023 1,094 1,382
1962 1,907 2,253 1,985 1,907 1,769 1,599 1,748 2,985 2,284 1573 1,211 987 870 725 804 968 1,309
1963 2,511 2,852 3,661 2,103 2,189 2,669 2,435 2,942 4,741 3,489 2,420 891 823 758 729 1,058 1,574
1964 1,761 2,425 2,908 2,936 1,953 1,439 1811 3,067 2,493 1,048 1,074 1,159 851 856 857 1,073 1,369
1965 1,774 1,876 6,653 9,489 9,150 7,306 5,368 2,835 1,629 1,765 1,887 838 893 738 737 1,208 2,052
1966 2,798 4,188 3,040 2,554 1,546 1,558 1,981 2,693 2,271 1,053 1,018 728 696 714 743 1,052 1,313
1967 1574 1,796 3,069 3,099 3,212 1,987 2,101 1,781 3,135 4,174 4,283 2,337 755 721 732 1,016 1311
1968 1,654 1,805 2,725 1,870 1,997 2,790 2,148 1,311 1,300 1,019 1,018 712 703 727 742 747 1,048
1969 1,382 1,356 1,498 2,287 3,204 2,527 2,745 6,381 4,444 3,457 2,590 1,320 922 738 730 1,023 1,332
1970 1,745 2,773 2,615 5,327 5,656 5,017 3,682 1,495 1,330 1,188 1,714 1,017 719 722 705 1,020 1,310
1971 1,379 2,953 4,122 4,016 3,447 3,441 6,214 6,639 7,205 5,001 4,946 3,353 896 828 731 1,014 1,541
1972 2,753 3,152 3,777 4,100 3,770 12,447 9,219 3,854 3,429 2,125 2,748 810 764 712 725 1,029 1,640
1973 1,791 2,827 3,389 3,292 2,659 2,817 1,998 1,458 1,377 1,042 1,026 744 747 731 682 701 725

1974 1,333 2,221 4,076 6,177 4,065 4,261 6,995 9,254 4,495 3,082 2,995 966 807 730 744 1,030 1,327
1975 1,688 2,708 3,002 3,085 3,361 3,567 5,667 4,507 4,079 4,792 3,044 1,744 883 744 811 1,098 1,612
1976 2,432 3,156 3,805 3,132 2,885 2,540 2,592 2,047 1,578 1,283 1,003 749 717 718 717 1,054 1,428
1977 1,827 2,986 1,894 1,656 1,336 725 724 728 794 1,010 1,019 759 725 719 720 718 1,014
1978 1322 1,390 3,903 4,348 3,435 3,837 3,314 3,731 3,422 2,403 1,875 801 742 730 734 1,041 1,326
1979 1,329 1,623 1,824 2,027 1,644 2,639 2,555 1,455 1,326 2,083 1,098 742 721 709 756 1,022 1,304
1980 1,308 1,337 1,435 3,395 3,747 3,634 2,843 1,647 1,799 1,917 1,354 740 756 741 750 1,051 1,348
1981 1,342 1,343 1,465 1,364 1541 1,667 1,958 1,767 1,325 1,025 1,039 767 735 739 733 1,033 916

1982 852 1,306 3,836 3,810 6,777 9,077 4,904 6,179 5,763 3,011 1,914 793 815 2,194 712 1,039 1,345
1983 1,874 3,021 4,062 3,075 5,123 7,748 7,619 6,755 3,952 5,005 3,383 3,545 1,637 1,053 763 1,014 1,567
1984 2,746 4,167 6,735 4,013 4,024 4,427 7,038 5,981 4,403 3,942 3,608 2,523 1,423 796 728 1,030 1674
1985 3,353 5,254 3,976 2,142 1,764 2,065 3,119 5,323 3,567 1,730 1,026 1,434 755 721 723 1,011 1,645
1986 1,675 2,129 2,859 2,365 6,332 9,312 5,795 3,512 2,458 2,064 1,294 760 742 727 729 1,015 1,405
1987 1,801 1,844 2,143 1,827 2,579 2,161 3,101 1,601 1,305 1,010 1,016 732 748 741 859 935 1,332
1988 1,341 1,331 1,517 1,682 2,296 2,386 1,494 1,309 1,021 1,025 924 931 726 611 654 974 1,038
1989 1,037 1,166 1,324 1,605 2,125 4,627 6,690 5,041 4,310 3,283 1,702 1,098 744 741 739 1,035 1,337
1990 1,382 1,400 1,541 1,812 1,806 2,190 1,896 1,742 1,347 1,021 1,043 959 746 736 724 979 1,168
1991 1,345 1,324 1,621 1,334 747 849 993 801 754 761 979 741 612 547 542 647 749

1992 879 873 889 888 543 501 521 843 636 525 501 476 536 429 427 398 538

1993 904 915 914 1,011 910 1,953 7,962 6,619 3,763 3,901 1,529 3,883 934 705 680 1,039 1,359
1994 1,375 1,414 1,387 1,127 730 712 572 569 574 741 714 706 702 572 575 636 906

1995 937 909 944 1,191 1,105 2,143 6,151 3,583 2,853 4,618 1,969 827 1,320 756 735 1,040 1,350
1996 1,345 1,337 1,682 3,885 9,354 6,519 4,009 2,955 3,795 2,204 4,288 1,538 1,526 1,050 1,037 1,065 1,316
1997 1,346 1,461 3,494 9,553 5,545 3,447 2,553 1,863 2,791 2,784 1,466 1,324 1,163 831 809 1,058 1,035
1998 1,483 1,703 1,798 3,618 4,558 3,914 5,467 6,357 2,967 4,825 6,247 4,495 2,084 1,128 1,122 1,119 1,395
1999 1,398 2,171 3,207 3,475 4,163 8,018 6,649 5,932 5,636 3,760 2,486 1,948 1,921 1,359 1,314 1,149 1,341
2000 1,430 1,822 1,822 2,792 3,816 2,239 1,520 1,191 1,398 1,361 954 782 563 529 532 538 638

170



Appendices

Appendix E. Historical Upper Klamath Lake elevations by end of time steps (a) and WRIMS R-32 Refuge model simulated flows
minus historical Upper Klamath Lake elevations (b) for water years 1961-2000.

(a) Historical Upper Klamath Lake elevations (ft)

Water Year October November December January Febuary March1-15 March16-31 April 1-15 April 16-30 May 1-15 May 16-31 June 1-15 June 16-30 July1-15 July 16-31 August September

1961 4,138.6  4,139.5 4,140.0 4,1401 4,1414 4,141.9 41424  4,1425 41426 4,1425 4,142.4 4,142.1 41418 41411  4,1404 4,139.6 4,139.0
1962 4,138.9  4,139.0 4,1395 4,139.4 4,140.8 4,141.4 41421 4,142.4 4,142.8 4,142.9 4,143.0 4,142.6 41421 41414  4,140.8 4,140.0 4,139.2
1963 4,140.3  4,1405 4,140.8 4,140.6 4,1424 4,1425 41427 4,142.8 4,143.0 4,143.0 4,143.0 4,142.6 41423 41419 41415 4,1406 4,140.0
1964 41400 4,140.3 4,139.9 4,139.7 4,140.2 4,140.8 41414 4,1418 41422 41423 4,142.4 4,142.6 41428 41424 41419 41412 4,140.5
1965 4,140.2  4,140.7 4,1435 4,143.0 4,1422 4,141.6 41411  4,141.7 41423 4,142.6 4,142.9 4,142.9 4,143.0 414277 41425 4,1422 4,1415
1966 41408  4,139.7 4,139.6 4,1395 4,140.3 4,141.1 41419 4,142.1 41424 41424 4,142.4 4,142.2 41420 41416 4,141.2 41401 4,139.7
1967 4,139.4  4,1400 4,140.2 4,1404 4,140.6 4,141.3 4,1420 4,1424 4,1429 4,143.0 4,143.0 4,143.0 4,143.0 4,1425 4,1420 4,1409 4,140.2
1968 4,140.2  4,140.2 4,139.8 4,140.2 4,141.8 4,142.0 41421 4,141.9 4,141.7 4,1415 4,141.4 4,140.9 4,140.4 4,139.7 4,139.1 4,138.9 4,138.6
1969 4,138.6  4,139.5 4,140.4 41413 41414 4,141.9 41424 41427 4,143.0 4,143.0 4,143.1 4,143.1 41431 41426 41422 41412 4,140.5
1970 4,1406  4,139.9 4,140.8 4,142.4 4,142.2 4,142.3 4,142.4 41427 4,1430 4,143.1 4,143.2 4,142.9 4,142.7 4,1422  4,141.7 4,1405 4,139.9
1971 4,140.1  4,140.7 4,140.4 4,141.2 4,141.8 4,142.2 41427 4,142.6 41426 4,142.8 4,143.0 4,143.0 4,143.1 41429 41427 4,1419 4,141.8
1972 41413 41412 4,140.8 4,140.3 4,1421 4,142.1 41422 4,1425 41428 4,142.9 4,143.0 4,143.0 4,143.0 41426 41422 41416 4,141.1
1973 41412 41411 4,141.2 4,141.3 4,141.7 4,142.0 4,142.3 41424 4,1426 41425 4,142.4 4,141.8 4,141.3 4,140.7 4,140.1 4,139.1 4,139.1
1974 4,139.6 41412 4,1415 4,142.0 4,1422 4,142.4 41426  4,142.7 41427 41429 4,143.0 4,143.0 41429 41427 41425 41419 4,1415
1975 41414 41410 4,1409 4,140.8 4,1414 4,141.8 41422 41424 41427 41428 4,143.0 4,143.0 41431 41429 41427 41421 4,141.6
1976 41414 41412 4,1409 4,1409 4,1413 4,141.7 41421 4,142.4 41426  4,142.7 4,142.7 4,142.5 4,1422 41418 4,1414 414138 4,1415
1977 41414 41408 4,140.8 4,1409 4,1415 4,142.1 41427 4,142.6 41425 4,142.6 4,142.7 4,142.5 41422 41415 4,140.8 4,139.8 4,139.5
1978 4,139.6  4,1405 4,141.1 41415 41418 4,142.2 41425 4,142.7 41429 4,142.9 4,143.0 4,142.7 41424 41420 4,1416 4,1405 4,140.4
1979 4,140.3  4,1404 4,140.6 4,141.2 4,141.9 4,142.2 41424  4,142.6 41428 4,142.8 4,142.7 4,142.1 4,141.4 4,140.7 4,140.0 4,138.9 4,138.2
1980 41384 41394 4,140.6 4,141.7 41422 4,142.4 41425 4,142.8 4,143.1  4,143.0 4,143.0 4,142.8 41426 41420 4,141.4 41400 4,139.4
1981 4,139.4  4,139.7 4,140.6 4,141.3 4,1424 4,142.6 4,142.8 4,1429 4,143.0 4,142.9 4,142.8 4,142.2 4,141.6 4,1408 4,140.1 4,1384 4,137.6
1982 4,138.3  4,140.0 4,141.8 4,1415 4,1429 4,142.7 4,142.4  4,142.5 41426 4,142.8 4,143.0 4,143.1 4,143.3 41429 4,1425 4,1416 4,141.4
1983 41414 41410 4,140.7 41411 41421 4,142.2 41424  4,142.6 4,142.8 4,143.0 4,143.1 4,143.0 41429 41428 41426 4,1423 4,142.0
1984 41414 4,1410 4,140.8 4,141.1 4,141.7 4,142.1 4,1426 4,142.7 4,1429 41429 4,143.0 4,143.0 4,143.0 4,1427 4,1423 4,14138 4,141.8
1985 41414  4,140.9 4,140.4 4,140.8 4,141.6 4,142.1 41426 4,142.8 4,143.0 4,143.0 4,143.0 4,142.7 41424 41418 4,141.2 4,1405 4,140.6
1986 41409 41411 4,140.7 4,141.6 4,142.7 4,142.7 41426  4,142.7 41428 4,142.9 4,143.1 4,142.8 41426 41420 4,1415 41404 4,140.4
1987 4,1405 4,140.8 4,1409 4,1415 4,1419 4,142.2 4,1426 4,142.6 4,142.7 41425 4,142.2 4,141.9 4,1416 4,141.3 41410 4,1401 4,139.3
1988 4,139.1 41394 4,140.6 4,141.4 41420 4,142.4 41427 4,142.8 4,143.0 14,1429 4,142.9 4,142.7 41425 41417 4,1409 4,1395 4,138.7
1989 4,138.7  4,139.9 4,140.6 4,141.1 4,141.3 4,141.9 41425 4,142.7 4,1429 4,143.0 4,143.1 4,142.7 41423 41416 4,1409 4,139.9 4,139.6
1990 4,139.9  4,140.3 4,140.6 4,141.4 41417 4,142.2 41427 4,142.8 41428 4,142.8 4,142.7 4,142.4 41421 41414  4,140.7 4,139.6 4,138.9
1991 4,138.8  4,139.0 4,138.8 4,1395 4,1404 4,141.1 4,141.7 4,141.9 41422 41423 4,142.4 4,142.0 41415 41409 4,1403 4,139.0 4,138.2
1992 4,138.2  4,139.0 4,139.7 4,140.3 4,140.9 4,141.4 41418 4,141.7 41417 41412 4,140.7 4,140.1 41395 41391 4,138.8 4,137.7 4,137.4
1993 41376  4,138.3 4,139.3 4,140.0 4,140.9 4,141.8 41427 4,142.8 4,143.0 4,143.2 4,143.3 4,143.0 41427 41421  4,1415 4,1405 4,139.5
1994 4,139.6  4,139.7 4,139.9 4,1406 4,1414 4,141.8 41422 4,142.2 41421 41421 4,142.0 4,141.4 4,140.8 41399 4,139.0 4,1375 4,136.8
1995 4,136.9 4,137.8 4,138.6 4,140.3 4,1420 4,142.3 41427 4,143.0 4,143.2 4,143.2 4,143.1 4,143.1 41431 41427 41422 4,140.7 4,139.7
1996 41394  4,139.6 4,141.3 4,141.9 4,1423 4,1425 41426 4,142.9 4,143.1 4,143.1 4,143.1 4,142.7 41422 41415 4,1408 4,139.7 4,139.0
1997 4,139.0 4,139.9 4,141.6 4,141.8 4,1420 4,142.3 41425 4,142.8 4,143.1  4,143.0 4,142.9 4,142.5 41422 41417 41413 4,1404 4,140.2
1998 4,140.3  4,140.9 4,141.1 41420 4,1421 4,142.4 41427 4,142.8 4,143.0 4,143.1 4,143.1 4,143.1 4,143.0 41425 4,142.0 4,140.7 4,140.0
1999 41403 4,1413 4,1415 4,141.7 41420 4,141.9 4,141.8 4,142.0 41423 4,142.6 4,142.9 4,142.7 41425 41419 41413 4,1408 4,140.3
2000 41405  4,140.8 41415 41421 41423 4,142.3 41424 41428 41432 41431 4,143.0 4,142.5 41421 41414 41408 4,1394 4,139.6
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