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|. Introduction

This report summarizes thigends in water quality as measured by Yellow
Springs IncorporatedYSl) 6600EDS multiparametetatasonde®n the Klamathand
Trinity Rivers from May through November, 2010. The Yurok Tribe Environmental
Program YTEP) measuredvaterquality at several monitoring sites from Weitchpec to
t he USGS gagi n gRifietatehalfihauminteavalsstaBtingairk neidviay and
ending in early November. This monitoring was performed in an effort to track both
temporal and spatial patterns on the lower reaches of the Klamath River during the
sampling period. Thisdatawasdkad d t o previ ous yearsowater (
endeavor to build a mulfiear database on the Lower Klamath River. This summnsary
part of YTEPO6s comprehensive program of mo n
physical, and biological integritgf the Klamath River and its tributaries in aestific
and defensible manner. Datasonde placement along the mainstem of the Klathath
Trinity Rivers and measured parameters were coordinated with the Karuk Tribe and
PacifiCorp to expand our understamgl of the water quality dynamics in the Klamath
basin.

II. Background

The Klamath River Watershed

The Klamath River system drains much of northwestern California and-south
central OregonKigure 21). Thus, even activities taking place on land hundneitiss off
the Yurok Indian ReservationY(R) can affect water conditions within YIR boundaries.

For example, upriver hydroelectric and diversion projects have altered natural flow
conditions for decades. The majority of water flowing through the YIR iseteifrom
scheduled releases of impounded water from the UKzenath Basin that is often of
poor quality with regards to human needs as well as the needs of fish and wildlife.

Some historically perennial streams now have ephemeral lower reaches and
seaonal fish migration blockages because of inadequate dam releases from water
diversion projects along the Klamath and Triritivers. The releases contribute to lower
mainstem levels and excessive sedimentation which in turn causes subsurface flow and
aggrded deltas. Additionally, the lower slough areas of some of the Lower Klamath
tributaries that enter the estuary experience eutrophic conditions during periods of low
flow. These can create water quality barriers to fish migration when dissolved oxygen
and water temperaturevels are inadequate for migrating fish. The Klamath River is on
California State Water Resource Control Boar
temperature, dissolved oxygen, and nutrieamigl portions of the Klamath River were
recently listed as impaired for microcystin and sedimentation in particular reaches

The basinds fish habitat has al so been
during the past century by accelerated sedimentation from mining, timber harvest
practices, ad road construction, as stated by Congress in the Klamath River Act of 1986.
Management of private lands in the basin (including fee land within Reservation
boundaries) has been, and continues to be, dominated by harvest.
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The Klamath River

The health of the Klamath River and associated fisheries has been central to the
life of the Yurok Tribe since time immemorial fulfilling subsistence, commercial,
cultural, and ceremonial needs. Yurok oral tradition reflects this. The Yurok did not use
terms for north or east, but rather spoke of direction in terms of the flow of water
(Kroeber 1925). The Yurok word for salmonepuyr ef er s t o fit hat whi c|
Likewise, the local waterways and watershed divides have traditionally defined Yurok
aboriginal territories. Yurok ancestral land covers about 360,000 acres and is
distinguished by the Klamath and TrinityRivers, their surrounding lands, and the
PacificCoat extending from Little River to Damnation Creek.

The fisheries resource continues to be vital to the Yurok today. The September
2002 Klamath River fish kill, where a conservative estimate of 33,000 fish died in the
lower Klamath before reaching theirtabstreams to spawn, was a major tragedy for the
Yurok people.

The Yurok Indian Reservation

The current YIR consists of @@®00acre corridor extending for one mile from
each side of the Klamath River frgost upstream othe Trinity River confluencéo the
Pacific Ocean, including the chanreetd the bed of the riveiFigure 22). There are
approximately two dozen major anadromous tributaries within that area. The mountains
defining the river valley are as much as 3,000 feet high. Along most ofvie tie
valley is quite narrow with rugged steep slopes. The vegetation is principally redwood
and Douglas fir forest with little area available for agricultural development. Historically,
prevalent open prairies provided complex and diverse habitat.

Yurok Tribe Water Monitoring Division

In 1998, YTEP was created to protect and restore tribal natural resources through
high quality scientific practices. YTEP is dedicated to improving and protecting the
natural and cultural resources of the Yurok Tribetigh collaboration and cooperation
with local, private, state, tribal, and federal entities such as the Yurok Tribe Fisheries
Program (YTFP), US Fish and Wildlife Service (USFWS), the United States
Environmental Protection Agency (USEPA), Green Diamoaddrrce Company, the
NCRWQCB, and the United StateSeological Survey (USGS)USEPA funding
allocated under the Clean Water 8ection 106 and funding frofacifiCorp primaity
f und YconErRdusvaterquality monitoring activities.
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[1l. Methods

The monitoring study initiated in the middle of May, continued throughout the
summer months and ended in early November. Continuous water quality infarmati
was collected using YSI 6600EDS multiparamedatasondes equipped with specific
conductivity/temperature, pHPO and phycocyanin probes. ROX DO probes detect
concentrations of dissolved oxygen in bodies of water by measuring luminescence as it is
affected by the presence of oxygen, while phycocyanin probes are designed to detect the
presence of an accessory pigment known to occwianocystis aeurginosa These
sensors return conssstt, high qualitymeasurements.

During this study, many QC measure®re undertaken to ensure the data
collected with the datasondes were of the highest quality. According to the 2008
datasonde operation protocdlppendixA), datasondes were prand postalibrated on
site every two weeks order to account for electratrit and biefouling. When the
datasondes were deployed and extracted, an audit was performed with a freshly calibrated
YSI 6600EDS, a portable mulprobe instrument. Effort was made to record the
6600EDS measurements as close as possible to ther#¢aasnd within five minutes of
the datasonde recording a measurement.

Once the datasonde was extracted, eclgan audit was performed, this time with
the sitedatssonde and referencatasondeén a bucket filled with river water. Once this
audit was pdormed, the sitedatasondewvas cleaned and wiper pads were replaced.
Next, a postlean audit was performed with the sitetasondexnd refeencedatasonde
in the same bucket ofiater. After the post clean audit was completed, the dissolved
oxygen probevas calibrated using the wet towel method. This protocol requires the user
to wrap the datasonde in a wet towel and then place it in a calibration chamber
(cylindrical cooler). Dissolved oxygen percent saturation is then calibrated using the
current baometric pressure. Barometric pressure was measured using a reliable
barometer on site.

Once dissolved oxygen was calibrated, specific conductivity was calibrated,
followed by pHwith fresh calibration solutionsThese were calibrated using the rinse
methal outlined in the 2008 datasonde operation protoégpéndix A). Once
calibrations were completed the accuracy of the BGA probe was checked by recording
readings from DI water, and, during periods of bjmeen algae blooms, a solution of
rhodamine dyeTo view results of continuous bkgreen algae data please see the Yurok
Tri beds -geebriAlgjacBimmagyReport).

After all calibrations and audits were completed, the ddtasondevas returned
to its housing and redeployed.

V. Site Selection

The sampling area includes the lower 44 river miles of the mainstem Klamath
River on the YIR and the Trinity River above its convergence with the Klamath near the
southern boundary of the YIRn general, the various sampling locations were chosen in
order to represent the average ambient water conditions throughout the water column.



The sites listed below in bold indicate established sampling locations for the collection of
continuouswvaterquality data fromMay throughNovember

YTEP collectectontinwous water quality datat the following mainstem Klamath
River locationgFigure 41) (river miles are approximate):

1 KAT - Klamath River above Turwar Boat Rampi RM 8
(Figure 4-2)
1 TC - Klamath River above Tully Creeki RM 38.5
(Figure 4-3)
1 WE - Klamath River at Weitchpec (upstream of Trinity River) i RM 43.5
(Figure 4-4)
YTEP collected water samples for nutrient analysis at the following major tributary
locations:

1 TR - Trinity River near mouth (above Klamath River confluence)i RM 0.5
(Figure 4-5)

V. Quality Assurance

During this study, many quality assurance and quality control (QA/QC) measures
were undertaken to ensutigat thecontinuous water quality dateollected was of the
highest quality.

All field personnel that were involved in datasonde r@aiance have been
trained appropriately by the Water Division Program Manager and are properly
supervised to ensure proper protocol is followed consistently throughout the monitoring
seasonEach field visit requires that staff fill out field data sheetd #llow protocols
appropriately in the field. Datasonde maintenance is always conducted by at least two
staff for safety reasons and to maintain consistency.

Data is thoroughly reviewed once downloaded from the dataloy@&mP is the primary
organizatbn responsible for data review. The data manager will visually inspect all
entered data sets to check for inconsistencies with original field data sheets. Where
inconsistencies are encountered, data will bentered and renspected until the entered

data is found to be satisfactory or results will be discarded. Any unusual values outside
the range of norm will be flagged and all aspects of field data sheets will be reviewed.
Outliers will be identified and removed from the dataset if deemed necdésstrg QA
Officer. The Project Manager will maintain field datasheets and notebooks in the event
that the QA Officer needs to review any aspect of sampling for QA/QC purposes. Data is
reviewed and finalized once data arergeel or entered into a database.

The Yurok Tribe received a grant under the Environmental Information Exchange
Network Program and used it to develop the Yurok Tribe Environmental Data Storage
System (YEDSS)Continuous water quality data covered in this report have been entered
in YEDSS, where each water quality parameter is assigned a grade based on USGS
criteria (Appendix B) for each two week deploymemtn d = wi | | be uploaded -
WQX database.The metadata associated with each data type are also stored within the
system and cabe easily accessed when questions arise.



.

Moitrig Locations

~

Pacific %
Ocean

> Datasonde Locations
*  Periphyton Sampling Locations
@ Grab Sampling Locations
t:p Yurok Reservation Boundary
CS Lower Klamath River Watershed

e

. Pa - L -
LR N T s 2 sl = Sl e s . S YEUE IR SRR L NS

Figure 4-1.Datasonde Locations for 201G{s indicated by theb r o wn X6 s )



Figure 4-2. Klamath AboveTurwar (KAT)

Figure 4-3. Klamath Above Tully Creek (TC)
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VI. Results
Temperature

All Riverine Sites

Water temperatures on the Lower Klamand Trinity River varied greatly during
the 2010 monitoring season. The coolest daily water temperature wa€ &62May 22
at WE. The warmest daily water temperature was 2& 7 July 26 at WE. In this
discussion, the daily minimum and maximumtevaemperatures were compared to the
Yurok Tribeds water temperature standards i
the Klamath and TrinityRivers. The discussion reflects water temperature standards as
of November 1, 2005. Temperature standamsunder review and will be updated for
all salmonid life stageat a later date

Daily maxima and minima were disregarded when more than five measurements
were missing from a 2hour period and when the daily maximum or minimum was
expected to occuruling the gap. Gaps in data may occur during service or due to
instrument malfunction or vandalism. When gaps occurred in water temperature data,
information was filled in using data from U.S. Fish and Wildlife Service (USFWS)
HOBO temperature probes.hd@se probes, which are deployed and extracted by YTEP,
are placed in close proximity to eaclatasondesite. These prolserecord water
temperatureevery hour throughout the entire year, and are switched out twice a year for
data upload and probe maintenanand calibration. There is high confidence in the
comparability of thi s datasonde datasince nearly dlladata  wi t h
for the period of simultaneous deployment is within &:2°C. Continuousdatasonde
water temperature data frommetlower Klamath and Trity River is available from YTEP
upon request. For more information regarding HOBO water temperature data on the
lower Klamath and Trinity River, contact the Arcata office of the U.S. Fish and Wildlife
Service.

Klamath River abov@urwar (KAT)

Maximum water temperature at KAT increased during the first couple days of
deployment in mieMay then decreased until late Majfter late May, water temperature
generally increased until miduly, with a small decreasm temperature in egrlJune
(Figures 6-1 and6-2). After midJuly maximumwatertemperature generally held steady
until late August. In late August water temperature gradually decreased until late
October,except for small spikes in early and late September. In late Octobesr
temperature decreased sharply, then increased quickly at the very end of the month.
Water temperature held steady for about a week in early November, then decreased until
thedatassonde was removddr the seasan

The lowest temperature recorded&T during 2010 was 9.3& on May 23 and
the highest temperature recorded was 2346n July 25. The daily maximum water
temperature at KAT exceeded°Zl beginning on July 10 and remained above this
standard until August 28, exceeding it again from &aper2-5 (FHgure6-1).

Daily maximum water temperatures at KAT exceeded@B(0% of the time, or
54 out of 180 days of the monitoring seasoigife 63). Water temperature exceeded
21°C 19.32% of the time, of,6850ut of 8,721readingdor all halFhour measurements
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during the monitoring seasofrigure 63).The severday moving average of the daily
maximum exceeded 15%C on June 25and continued to exceed this standard until
Octoberl8 (Figure 62).

Klamath River above Tully Creek (TC)

Maximum waer temperature at T@ecreased for the first week after initial
deployment. After this decrease, water temperature then increased until late July, with
small dips in early June and early Jifygures 6-4 and 6-5). After late July, maximum
temperaturedeaeased slightly, but generally held steady until late August. After late
August water temperature decreased until late October, with small spikes in early and late
September.

The lowest temperature recorded at TC durinfj020as8.87” C onMay 22 and
the hghest temperature recorded wad4.02C on July Z. The USFWS water
temperature probe recorded a slightly higher maximum temperature of 24.07 on July 26,
when thedatasonde was out of servicdue to equipment malfunction The daily
maximum water tempenate at TC exceeded 2C beginning onJuly 10and remained
above this temperature unéiligust 28, exceeding it again frddeptembep-5 (Figure 6-

4).

Daily maximum water temperatures at TC exceed@€2AP.53% of the time, or
54 out of 166 days of the momoring seasonHjgure 66). Water temperatures exceeded
21°C 23.3®% of the time, or,741 out of A50readings for all hathour measurements
during the 2@0 monitoring seasonHgure 66).The severday moving average of the
daily maximum exceeded 13& fromJune 26 until October 1(Figure 65).

Klamath Riverat WeitchpedWE)

Maximum water temperature at WE increasedthe first couple of days after
initial deployment, then decreased over the following wéedures 6-7 and6-8). After
the decreas water temperature increased until late July, with a dip in early June. After
late July, water temperature decreased slightly, then held steady unflugudt. After
mid-August temperature gradually decreased until late October, with spikes iraearly
late September. After late October, water temperature decreased sharply, then increased
quickly at the very end of the month. Water temperature held steady for about a week in
early November, then decreased until dagasondevas removed on Novemb@ifor the
season

The lowest temperature recorded at WE durin02@as 8.62°C on May 22
while the highest recorded temperature R4s72°C on July 5. The daily maximum
water temperature at WE exceeded@@Dbeginning onJuly 9 and remained above this
temperature untiugust 28, exceeding it again frodeptembeR-5 (Figure 67).

Daily maximum water temperature at WE exceeded BPC26 of the time, or
55 out of 182 daysof the monitoring seasorrigure 6-9). Water temperatures exceeded
21°C 25.80%6 o the time, or2,217out of 8594 readings for all hathour measurements
during the 2@0 monitoring seasonHgure 6-9).The severday moving average of the
daily maximum exceeded 1& fromJune 26 through October {Bgure 6-8).
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Trinity River near Mouth (TR)

Maximum water temperature at TiRcreasedfor the first couple of days after
initial deployment, then decreased over the following w@egures 6-10 and6-11).
Water temperature then generatygreased until late July with a very small dip inlga
June and larger dips in mitlne and early July. After late July, water temperature was
fairly steady until midAugust, at which time temperature decreased until late October.
During this time there were spikes in early and late September. Aedtibber, water
temperature decreased sharply, then increased quickly at the very end of the month.
Water temperature then held steady udditasonde were removedn November 9 for
the end of the season

The lowest temperature recorded at TR duringD2@4s 9.06C on May 22, and
the highest temperature recorded was 237@n July 26. The daily maximum water
temperature at TR exceeded®€lbeginning on July 10 and remained above this
temperature until Augusi82 exceeding it again fro®eptember -5 (Figure 610).

Daily maximum water temperature at TR excee®@ @29.6®6 of the time, 064
out of 182 days of the monitoring seasoRidqure 612). Water temperatures exceeded
21°C 20.4®%6 of the time, orfl,7940ut of 8,764readings for all hathour measuments
during the 2@0 monitoring seasonHgure 612). The sevefay moving average of the
daily maximum exceeded 15& from June 26 through October (Fgure 611).

Klamath River above Turwar (KAT) Daily Water Temperature and Flow:
2010
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Figure 6-1. KAT Maximum/minimum Water Temperatures and Flow: 2010
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Klamath River above Turwar (KAT) 7-Day Moving Averages of Daily
Maximum and Average Water Temperature: 2010
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Figure 6-2. KAT 7-Day Moving Averages: 2010

Klamath River above Turwar (KAT) Water Temperature
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Figure 6-3. KAT Water Temperature Percent Exceedance: 2010
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Klamath River above Tully Creek (TC) Daily Water Temperature and
Flow: 2010
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Figure 6-4. TC Maximum/minimum Water Temperature and Flow: 2010

Klamath River above Tully Creek (TC) 7-Day Moving Averages of
Daily Maximum and Average Water Temperature: 2010
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Figure 6-5. TC 7-Day Moving Averages: 2010
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Klamath River above Tully Creek (TC) Water Temperature
Percent Exceedance: 2010
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Figure 6-6. TC Water Temperature Percent Exceedance: 2010

Klamath River at Weitchpec (WE) Daily Water Temperature and Flow:
2010
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Figure 6-7. WE Maximum/minimum Water Temperature and Flow: 2010
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Klamath River at Weitchpec (WE) 7-Day Moving Averages of Daily
Maximum and Average Water Temperature: 2010
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Figure 6-8. WE 7-Day Moving Averages: 2010
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Figure 6-9. WE Water Temperature Percent Exceedance: 2010
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Trinity River near Mouth (TR) Daily Water Temperature and Flow: 2010
250 60000
- 50000
20.0
- 40000
5}
O 150 _
2 £
2 | 30000 <
= I
: x
[T
E 10.0
- 20000
5.0 -
- 10000
0.0 . . . : . . . . . . . . o
Sftor1g 524119 €7no 621719 TSrg  7M971p 82mo 816719 830119 913119 ¥27719 1011499 10/2511g 1178010
Date
| =T Min =—m=WT Max Flow (TR at Hoopa) |

Figure 6-10. TR Maximum/minimum Water Temperature and Flow: 2010

Trinity River near Mouth (TR) 7-Day Moving Averages of Daily
Maximum and Average Water Temperature:2010
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Figure 6-11. TR 7-Day Moving Averages: 2010
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Trinity River near Mouth (TR) Water Temperature
Percent Exceedance: 2010
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Figure 6-12. TR Water Temperature Percent Exceedance: 2010
Dissolved Oxygen

All Riverine Sites

Dissolved oxygen(DO) concentrations are reportegd milligrams per liter
(mg/L). The datasondealculates this concentrati based onthe DO ensor 6 s perce
saturation reading. Percent saturation is the amount of oxygen dissolved in the water
compared to the maximum amount that could be preseneataime temperature and
barometric pressure. Water is said to be 100% saturated if it contains the maximum
amount of oxygen at that temperature and pressure. Sometimes water can become
supersaturated with oxygen, returning percent saturations readings a0@%. This
happens in two main situations. One is in -fasving, turbulent water, which
encourages more air to mix with the water. The other is in situations with large numbers
of aquatic plants. These aquatic plants release oxygen into the waieg d
photosynthesis, which mixes with the water as it rises to the surface.

In general, DO levels of the Lower Klamath and Trinity River follow an inverse
relationship compared to water temperature. As water temperature rises, its ability to
hold oxyge in solution is decreased, causing DO levels to drop. Therefore, as water
temperatures increase throughout the summer, DO levels tend to decrease. There is also
a diurnal fluctuation within the system, with minimum DO levels occurring late at night
andbr early in the morning when aquatic vegetation is respiring and photosynthesis is not
occurring. Conversely, maximum levels occur late in the afternoon and/or early in the
evening when aquatic vegetation is at peak photosynthesis. These diurnalifinstuat
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can cause large swings in DO throughout the day, which can be harmful to aquatic
organisms dependent @O for respiration.

DO levels at all sites varied greatly during the 2010 monitoring season. The
lowest DO concentration recorded was 7.77 mg/KAT on August 18. The highest
DO concentration recorded was 12.14 mg/L at WE on May 22. The lowest DO%
saturation recorded was 86.9% at KAT on August 21. The highest DO% saturation
recorded was 119.2% at WE on July 27. Due to its implications fohdiglth, minimum
DO concentrations are focused on in this summary. Optiddalevels are above 7.00
mg/L and above 80% saturation. At no point in time did minimum DO levels at any of
Y T E P 6 stime eoatihuous water quality monitoring locations fall dvel these
benchmarks during the 2010 monitoring season.

Daily maxima and minima were disregarded when more than five measurements
were missing from a 2hour period and when the daily maximum or minimum was
expected to occur during the gap. Gaps in datg ot&gur during service or due to
instrument malfunction or vandalism. Continu@@® data from the Lower Klamath and
Trinity River is available fronY TEP upon request.

Klamath River above Turwar (KAT)

Minimum DO concentrations at KAT tended to drop fromayuntil midAugust,
with spikes in late May and early Junagiire 613). DO concentrations then gradually
increased untilate October, with three short spikes in early, mid, and late September. In
late October, there was a sharp increase in DO caatiens, then concentratis fell
until early November.DO concentrations were increasing when monitoring was
compleedfor the seasonn Novemberl10.

The lowest DO concentration recorded at KAT was 7.77 mg/L on August 18,
while the highest DO concentratti recorded was 11.75 mg/L on May 22g(ke 613).
The lowest percent saturation wat& %6 onAugust 21 and the highest recordeércent
saturatiorwas113.86 onOctober 11(Figure 614).

Klamath River above Tully Creek (TC)

Minimum DO concentrations afC generally dropped from May untrhid-
August with spikes in late May, early June, and early J(@®¥gure 6-15). DO
concentrations then gradually increased until i@tober with small peaks inate
August,early Septemberand late Septemherin lae October DO concentrations were
increasing sharply when tr#atasondevas removedor the seasomlue to mechanical
problems.

The lowest DO concentration recorded at TC wa$ img/L onAugust 17 while
the highest was 188 mg/L on May 22 (Figure 615). The lowest recorded percent
saturation wa®91.6% on August 17 and the lghest was 111.6% on July ZBigure 6
16).

Klamath Riverat WeitchpeqWE)

Minimum DO concentrations at WE generally dropped from Maig-August
with small peaks in late May, ewgrlJune, and early JulyFigure 617). DO
concentrations then gradually increased until l@&tober with small peaks inate
August, early September, and late Septembdén late October DO concentrations
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increasedsharply, then increased until early Wonber. DO concentrations were
decreasing when monitoring wasmpleted for the seasom November 9

The lowest DO concentration recorded at WE w&2 whg/L onJuly 27, while
the highest wad.2.14 mg/L on May 24Figure 617). The lowest recorded pent
saturation wa91.3% onJuly 27 and the highest wdsl9.26 on July27 (Figure 618).

Trinity River near Mouth (TR)

Minimum DO concentrations at TR generally dropped from May until late July,
with small peaks inlate May, early June, and early Ju(figure 619). DO
concentrations theimcreased until late October, with peaks in early and late September
In late October, concentrations increased sharply, then decreased until early November.
DO concentrations were increasing when monitoring waseswigsl on November 9.

The lowest DO concentration recorded at TR #d$mg/L on July B, while the
highest was 174 mg/L on May 22 (Figure 619). The lowest recorded pent
saturation was 94% onJuly 26 and the highest wd$5.5% on May 29Figure 620).

Klamath River above Turwar (KAT) Daily Dissolved Oxgyen and Flow:
2010
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Figure 6-13. KAT Dissolved Oxygen and Flow: 2010
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Klamath River above Turwar (KAT) Daily Percent Dissolved Oxygen
and Flow: 2010
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Figure 6-14. KAT Percent Dissolved Oxygen and Flow: 2010
Klamath River above Tully Creek (TC) Daily Dissolved Oxgyen and
Flow: 2010
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Figure 6-15. TC Dissolved Oxygen and Flow: 2010
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Klamath River above Tully Creek (TC) Daily Percent Dissolved Oxygen
and Flow: 2010
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Figure 6-16. TC Percent Dissolved Oxygen and Flow: 2010
Klamath River at Weitchpec (WE) Daily Dissolved Oxgyen and Flow:
2010
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Figure 6-17. WE Dissolved Oxygen and Flow: 2010
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Figure 6-18. WE Percent Dissolved Oxygen and Flow: 2010

Figure 6-19. TR Dissolved Oxygen and Flow: 2010
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