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: American White Pelicans on wing over Klamath Wetlands 1905.
Photo' William L. Flnley
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How did Klamath water create some of the Nation’s most fertile soils?
- Ancient Lake Modoc: Geologic Influences on Water

§ e B - -

* An ancient pluvial lake...consisted of
several connected arms with an overall
length of 75 miles... the 400 miles of
shoreline was at a uniform elevation of  #=
4,240 feet above sea level (about 100
feet higher than the elevation of
Upper Klamath Lake today and nearly A
200 feet above some of the farmlands =+ ARG
inTule Lake). 3 ST gt

* At 110 sq miles, Upper Klamath Lake
remains as last large body of water, the “ /" "
largest [continuous surface area] in
Oregon. ,

* (Samuel Dicken, 1980) Before the Medicine Lake shield volcano blocked its path (~ 10,000
U of O Geology Professor years ago), water would flow south into the Pit River.
Ash from Mt. Mazama and cascades filled the lakebed (note chalkrock)

aa8e

3 gf3/2025 Geological conditions stowed water flow, creating a giant iake filled with volcanic ash from the cascade volcanos, originally draining south, not west.




Ancient Lake Modoc — Pit River Connection vs Klamath River:
Genetics of Klamath Redband Trout vs Klamath Steelhead

* InJune 1894, Gilbert sampled rainbow trout from Klamath River + Rainbow Trout are a type of ocean-going trout.

and Upper Klamath Lake. He was unable to distinguish them * The steelhead branch of the rainbow trout spends most of its
from typical Salmo pairdneri, stating that the larger specimens time in the ocean, while the main branch spends all of its
had the characteristics of sea-run or land locked fish with a few time in freshwater.

spots and a truncate tail.
Outside of Alaska, redband salmon / trout in the Upper

* Oregon State University Study on RedBand Trout — Podcast 55 Klamath are the largest-bodied strain of native rainbow trout
* https://myodfw.com/beaver-state-podcast/klamath-lake-redband- that remain in freshwater their entire lives. Fish over 24
trout?fbelid=IwARO7dSiW3Y3IKnsVBDTg8MT3pgRYn83R2012 32dRK466dLCSeKQY inches are common and 30-inch trout are caught each year.
QQANrc

OSU Study Klamath Redband genetics came from the east...
- 05:15-—6:30 minute mark

Klamath Redband is genetically different from Klamath
River steelhead. Klamath Redband Salmon /Trout are
genetically more identical to Great Basin species than

Klamath River species of Steelhead.
7-minute mark

Question to Ponder: Why have Klamath River Steelhead not
bred with Klamath Redband Salmon/Trout for over 10,000
years?

4 9/3/2025 Geological conditions connected water to the fish now found In The Great Basin areas (closed to the ocean)




Klamath Climate Changes and Cycles

Perhaps 10,000 years ago the climate gradually settled into its present semi-
arid, fluctuating, and unpredictable state, and Lake Modoc began to shrink."
(Samuel Dicken, 1980 )

This change, coupled with the erosion of the natural basalt reef near Keno,
Oregon, lowered the elevation of Lake Modoc, thereby creating a series of
isolated lakes which initially earned the area the title of "Lake County" by early
settlers (read more in Klamath Echoes Volume 1) . In the 1870s, much of the
lands currently irrigated were covered in water for 20 months or more every
year.

David M. Meko, Connie A. Woodhouse, and Ramzi Touchan revisited a 1937
study by F.P Keen on historical precipitation in the Klamath. These 1000-year
studies clearly show routine dry periods in the Klamath precipitation cycle.
Each and pinic bar on the graph shows a recurring dry period that
occurred in the Klamath Basin, and at times, interacting with the weather
patterns of the Sacramento and San Joaquin watersheds.

Both Klamath Falls and Klamath Keno reconstruction shows a dry-run of 21-
years below the median in the mid-1600s; routine extended dry periods
exceeding 5 years every 87-96 years with notable dry conditions in 1840s and
1930s which can be matched with written records. (Meko, Woodhouse, Ramzi,
2014)

5 9/3/2025
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Klamath is no stranger to change. Climate cycles can have |large swings on precipitation and effect the availability of water at Keno.
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6 g/3/2025 Evapotranspiration (ET) creates humidity and results in moderated temperatures. ET is not a “loss of water", but rather a relocation of water to precipitation over land
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2x Natural Reefs at head of Link River : ;
Natural Reef at Lake Ewahna — R 4‘
Natural Reef at Snow Goose \ e
Natural Reef at Keno (porous, underground flow?) = . 51\
Natural Reef at Clear Lake S 2
Natural Reef to Klamath Marsh (Rootbeer Falls) - . [
Underground flows in Sprague and LostRivers = 1l = |
ET and flood losses to Klamath River S
Between Link River and Keno: Y
1. Lower (Little) Klamath Lake” ~267,000 AFET . - _
2. Lost River Slough Loss = 1,200 cfs e ?

in spring /wet conditions

toTule (Rhett) Lake: ~267,000AFET

Lost River was closed to Klamath River™.
Clear Lake not connected to Lost Riverindrought™ -
Water flows towards the temperate rainforest.
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7 9f3/2025  Pre 18go conditions = wetlands, moderate temps, humidity, massive evaporation losses...and marshland plants that absorbed the natural phosphorus — increasing nitrogen loading
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The upper basin micro-climate is self-serving




Al Analysis of recycled ET in the Klamath Watershed above Keno

Scenario Summer ET (Jun—Sep) E‘;I‘?oaz:?ill;;)c)ycled ibeve Basin-avg ET Rain (inches)
Natural (pre-1905) ~340—-570 TAF ~51-143 TAF ~0.25—0.701in

Developed (1964- 2000) ~155—179 TAF ~23—45 TAF ~0.12—-0.22in

Dewatered (2001, 2020—2023) | ~10-20 TAF ~1.5—-5 TAF ~0.01—0.03 in +WILDFIRES

*The natural marsh/lake system returned 2-5x more recycled rain above Keno than the irrigated landscape.
*The irrigated landscape still contributed a meaningful recycled rainfall pulse (~25-50 TAF).
‘Under dewatering, recycled rainfall disappeared, with only trace inputs.

Where does this return of ET rain occur?

Summer winds & lake/valley breezes favor east-northeast transport and orographic triggering on the eastern Cascades &
Fremont-Winema highlands, so the recycled share that does fall above Keno is most likely to show up east/northeast of
Upper Klamath Lake (Williamson/Sprague headwaters & adjacent uplands) and along terrain-favored ridges rather than
the basin floor—consistent with PRISM-style summer patterns and observed wind roses.

Where have the dangerous [ large wildfires occurred during farm & refuge dewatered conditions?
- Bootleg Fire — Beatty / northeast of Sprague River (Fremont-Winema NF) — 2021

- Jack Creek [ Jack Fire and related 2021 Klamath County fires

- Van Meter Fire — Poe Valley 2022

- Moccasin Hill Fire (near Sprague River) — Sprague River community / Sprague watershed — 2014
9 9/3/2025 Source https://chatgpt.com/share/68a62212-8g54-8001-bsb3-gg3e579c55cf
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Klamath Watershed Water Supply Diagram — Averages 1958
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10 9/3/2025 Klamath water balance — average water flows in thousands of acre-feet per year as of 1958. Average at Klamath Falls about 1,000,000 acre-feet. At Keno about 750,000 acre-feet.




Natural UKL Fall Elevation — Pre Dam

Natural Rock Reef at
Outlet of Upper
Klamath Lake

—30 September 1921

*Developing D1 conditions in Klamath County
Reef elevation 4,137.8' as
recorded by JC Boyle

“University of Oregon Emeritus Professor
of Geography Samuel Dickens says...the
river began where the waters of Upper
Klamath Lake flowed over a basalt reef
(ridge); this reef was nearly the same
elevation as the surface of the lake, so the
. water was not very deep where it ran over the
reef...the discharge of the river was low

. enough to have left it dry for a time.”
Spindor, Jim. 1996. Yulalona. The Kiamath Basin
Historical Society. Trumpeter. Accessed at

hitps://klamathcountyhistoricalsociety org/images/Trumpete
rs/1996JuneTrumpeter 44.pd l
ik
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11 a/3/2025 Natural elevations of Upper Klamath Lake were near the natural lava barrier at the head of the Link River. Since 1992, elevations have been maintained above 4,138 in most years.
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g/3/2025 Records of the natural elevations of Upper Klamath Lake by USGS appear to havé aidatum error with the USBR datum




Future Location of Link River Damn
e - Typical state of the Link Riverin Jul
_ D § - Note the dry “white” deposit on th

__ this photo was taken . Note men are wearin

L%

Property of the Shaw Historical Library/Oregon Institute of Technology -Lirar.y

13 9/3/2025 Natural elevations of Upper Klamath Lake, requlated by

y through August in dry years
erocks. These rocks have been dry for some period before
g hats (indicating less than a “strong wind").

the natural reefs, limited flow out of-Upper Klamath Lake in the summer.




. *&3 356 SURFACE WATER SUPPLY, 1022, PART X1

Daily gage height, in feel, of Upper Kiamath Lake near Rlamath Falls, Oreg., for
the year ending Seplember 90, 1028 -
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=3 : . LINK BIVER AT ELAMATH FALLS, ORZG.

! Locatton.—In NW. }{ roc. 32, T. 38 8, R. 0 E. ono-fourth milo above county

bridge ovor Link River, 1 mile bolow outlet of Upper Klamath Lake, and

Iimmediately above hioad of Lake Ewauea at Klamath Falls, Klamath County,

. * Dramwaae anna.—3,110 square miles,

¢ @, Hecoros avaiama—Muay 15, 1004, to Septombar 30, 1022,
| S Qaan—FPder water-stage recordor on left bank; elevalion of zero lu 4,080,325
- feet above nenlevel {revised determination) ; lnspected by Blancho Motach
binckor dally to Javuary 17 and by englneors of Bureau of Reelamation tharo-
altor.  Friox retorder on opposits bank and alittle farthor npstrenm waa used

June 0, 1908, to Angunt 30, 1012,  Chaln gage oa bridge ured 1904 to 1008.

|| Discmanauy MeAROREMENTS,—Made from bridge; section doop, ourrent alugglsh

at low water. . .

T 5. Notice men working under cranes
e . . excavatmg rocks. Men are Wearing
- ¥ « .

P, MJ‘..-..‘ hats, working under an active crane.

. VR AL A

- - - 2

oi, o e LTS

ity < Notesimilar photo on 30 Sept 1921
TSV T . What are the wind conditions?
- Whatis a “sluggish current”

Excawition through the upper reef at outlet of Upper Klamath Lake. Cut 100 feet wide and 8 feet deep. Shippineton in the
background. Octoher 7. 1921,

14 9/3/2025 Records of the natural elevations of Upper Kiamath Lake by USGS appear to have a datum error with the USBR datum




Drought Low Flows in Klamath River effect on Chinook Salmon?

Table 3.

Year

1925
1926
192
1928
1929
1130
1931
1932
193
1924
1935
1936
1937
1938
1929
1540
1941
1942
1943
1944
1945
1946
1947
1948
1369
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

Chinook Gounts and Egg Tekes at Klamathon Racks,

Rlazath Blyer, 1925 - 1961,

Yuwber of
Fish Counted

10,420
9,187
No Count
No Ceunt
4,011
2,392
12,611
13,740
Ne Count
10,340

ll.Dﬁll b
16,198...
33,144
16,140
Ho Connt
14,965
11,204
13,018
Na Count
He Count
No Count
No Count
No Count
5,821
11,504
21,584
17,857
6,591
6,267
2,062
14,946
6,710
1,436
1,950
3,546
6,153
9,021

1931

Brood
returns

age 3,
4 &5

(3} Epgs taken at Fall Creek, athers at Klamathon,

At 650 cfs UKL over Keno: Increased warm, nutrient-rich water raises temps (18-

Husher of
Epgs Taken

8,725,000
18,042,000
11,197,000
4,621,000
5,016,000
3,103,000
13,643,000
4,085,000
1,779,000 (a)
6,316,000
7,541,000
1,249,000
7,336,000
1,629,700
7,056,000
8,414,000
3,760,000 (a)
3,643,000 (o)
3,640,000 (a)
1,383,000 (o)
4,682,706 (a)
4,302,560 (a)
198,765 (a)
165,600 (a)
165,600 {a)
£65,000 (a)
1,261,000 (a)
1,422,000 (a)
1,097,080 (a)
202,000 (2)
3,271,750 (a)
1,551,600 (s)
20,512 (a)
11,250 (0)
1,404,600 {a)
1,372,800 (a)
3,704,000

THE MINIMUM RECORDED FLOW INTHE KLAMATH RIVER: 83cfs AT FALL
CREEK ON 2 AUGUST 1931.

Chinook life-cycles are typically 4-5 years (minus jacks 2-3 yrs)
« (Spawning in the Klamath River typically start in August ~ drought delays)
» 1929-1934 was a the driest consecutive years recorded at that time.

1931 was a warm year with previous numerous Kears of dry conditions (meanirlx__g
increased ET above the average with high likelihood of greater than 267,000AF of ET)

The Klamath Reclamation Project ADDED to the Klamath River below Keno in WY
1931 from Lost River contributions.

« River flows at Keno in June 1931 AVERAGED g7.6cfs.

« River flows at Keno in July 1931 AVERAGED 114 cfs

» River flows at Keno in August 1931 AVERAGED 202 cfs

- River flows at Keno in September 1931 AVERAGED 334 cfs

1931 Chinook Brood Count = 12,611 (escapement 81,848)
1935 Chinook Brood Count = 14,061 (escapement 45,000)
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26°C+), lowers DO (<5 mg/L), boosts algae/nutrients, elevates C. shasta disease risk.
5 ' 5mg g

At 750 cfs UKL over Keno further exacerbates warming (to 26°C+), DO drops, nutrient loading/algae blooms, higher pathogen exposure/disease mortality.

15
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The low flows associated with sustained drought did not destroy Chinook #s in the Klamath River; in fact, the driest year appears to have improved #s.




Low minimum flows (<300 cfs) in dry years correlate with high Chinook
salmon returns, reduce redd scour, and promote larger 3yr old fish.

SpawningYear

Estimated Spawning
Numbers Sources:

Drought Condition

Total Return
Numbers Estimates

Returning Age

Summer Flow

Adjusted Return

. Return Years (Age 3,4,5) Variations at Keno
(Brood) :31|‘tune 1966 CDFW during brood year Sourcesr: F'ortune 1966 Percentages (3,4,5) (mean/min/max cfs) Numbers (Age 3,4,5)
5 CDFW 2015
1934, 30%; 3,102;
. 6 .

1931 12,611 Yes (1929-1937) 1935, igggg OB £40%; 186/75/516 5,624

1536 ! 30% 3,119

1993, 65%; , ;
1990 564 Yes (1987-1992) 1994, 29,185;13,186; 2,539 | 29%; 688/326/1050 28’2970' 3,824

1995 6% 3

1994, . ) 61%; 18,043;
1991 580 Yes 1995, 1996 29,578, 18,478; 457 38%6; 1% 325/254/544 7,022: 5

1995, 129,836, 132,474, 48%; 62,323; 64,912;
1992 Soo e 1996, 1997 7,368 49%; 3% 206/131/574 221

2012, . . 58%; . .
2009 8,240 Yes (2007-200g) 2013, 15;2';00’ 108,799 41%; 1055/333/1170 182 1900; 44,608;

2014 ’ 1%

i 2017, 23,18y; 78%; . .

2014 24,287 Yes (2012-2017) 2018, 2019 5,567 800 19%; 3% 698/396/1070 18,086; 1,058; 24

In drought broods with low spawner escapement (e.g., 1990-19932),
competition for food and habitat, enabling faster growth and larger
density conditions results in faster juvenile growth, which yields larg
A River Upside Down: Less flow reduces stress on Chinook fry wi

16 9/3/2025

Low flows during natural drought periods appear to help, not hinder Chinook #s in the Klamath River

reduced juvenile Chinook density, thus lowering

smolts that survive better and return stronger. Low-
erage-3 spawners that mature and return sooner.

th less nutrient loading and less temperature increases.
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Contact Klamath Irrigation District: i i @

6640 KID Lane, Klamath Falls, OR 97603

541-882-6661
Gene.Souza@K\amatth.org






