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1. Introduction

On November 13, 2008, the United States, the states of California and Oregon, and

PacifiCorp executed an Agreement in Principle (AIP) describing a framework for possible
NEBY2@Ff 2F tI OAFTA/ 2NLJQa RIYa 2y (GKS YfIFYlI{K
stipulated a water quality monitoring program, including-gaing monitoring of blue

green algae (cyanobacteria) and associated toxins. Water quality monitoring in 2009

was conducted under the plan: AIP Interim Measure 12: Water Quality Monitoring

Activities Monitoring Year 2009.

The Klamath Hydroelectric Settlement Agreement (KHSgy)ed on February 18, 2010,
supersedes the AIP. Interim Measure 15 of KHSA states that PacifiCorp shall fund long
term baseline water quality monitoring to support dam rewvad nutrient removal, and
permitting studies, and also will fund bhgeeen algae (BGA) and BGA toxin monitoring

as necessary to protect public healtPacifiCorgrovidesfunding of $500,000 per year

for this measureThe monitoring is performed by an &ty or entities agreed upon by

the parties to the KHSA and in consultation with the appropriate water quality agencies.
The 2010 water quality monitoring was conducted under the KHSA and represents the
second year of water quality monitoring.

The monitoing program is a cooperative effarf the KHSA MonitorinGroup®. Actual
monitoring is completed by a stget of the groughat includes the Yurok Tribe, Karuk
Tribe, PacifiCorp, and the U.S. Bureau of Reclamation. The progrdimues tocollect

data from 254 miles of river and reservoirs from Link Dam near Klamath Falls, Oregon to
the Klamath River Estuary near Klamath, CaliforArmual planning and coordination
meetings as well as interim reporting meetings during the sampling seasolude the

KHSA Monitoring Grougind stakeholders.TheKHSAVIonitoring Groupensures that

the intent of the Interim Measure is met, thappropriate quality assurance protocols

and standard operating procedurese in placewater quality conditionsind sampling
mattersare tracked in a timely fashioand ensuresprocesgransparency

This summary report focuses on the grab sampling data colleatidrthe available
water quality probe dataTwo appendices accompattyis report. Field data from the
2010 water quality sampling program is presented in Appendix A. Appendix B is a
Technical Memorandum in whigksults ofa laboratory comparisoare given

! The KHSA Monitoring Group consists of representatives from the North Coast Regional Water Quality Control Board; Oregon
Department of Environmental Quality; U.S. Environmental Protection Agency, Region IX; Karuk Tribe; Yurok Tribe; PadifiCorp; a
U.S. Breau of Reclamation.
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2. Program Elements

The2010KHSA monitoring programias carried oufrom Februarythrough December
of 2010 andincluded several monitoring elementsThe primary elementsf the
programinclude baseline monitoring and public health monitoririghe baseline water
guality monitoring elemenincludeswater quality grab sample data, phyaic
observations associated with these grab samples, water quality probe data and algae
species and concentratiatata. Thewater quality probesecordedobservations at
hourly or subhourly intervals. Parametesampled by probescluded water
temperature, dissolved oxygeapecific conductivityand pHat specificlocations in the
KlamathRiver(identified inTablel). The grab sampk are collected for analytical
determination for a suite of water quality constituents (see Section 3.Zhg algae
data in the baseline monitoring elememicludesalgae species identification and
guantification samples collected at each sampling fioca Thegrab sample andvater
guality probe data and algae species quantification are preseint¢tis report andare
available in electronic form.

The public health monitoring program datansistof algae species at specific sites
within reservoirs and river reaches afatuseson algae species and algal toxin
sampling. These results amet discussed herejrbut ratherare reported separately as
a compilation of summary reports presented throutpe 2010season These reports
were used to track phytoplankton and toxin conditions that supported management
decisions to post and dgost reservoir and river reaches

Adatabases being developethrough the Klamath Basin Monitoring Program (KBMP)

to store information collected under the KHSA prograncluding the baseline

monitoring and the public health monitorirglements These data are accessible via

the KBMPwebsite fttp://kbmp.net/). In addition, the KBMP welbsiincludes links to
guality assurance plans, associated program documents, and other materials and
features that provide transparency to the KBMP process that are directly transferable to
the KHSA monitoring program.

Thereare other Klamath River monitoriregforts outside of the KHSA prograttmat are
sponsored by individual entitiesSome of these progranmsayprovide additional data
related to Klamath River water qualiég well a®ther aquatic system information.
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3. Baseline Program Water Quality Sampling

3.1. Site Locations and Frequency

In 2010 sampling was conducted at twendfpur sites along the Klamath River and its
tributaries, from Link Dam to the Klamath Riestuary(Figurel), by the four sampling
crews. Sixteen of those sites were located on the mainstem of the Klamath River, four
sites were located in the reservoirs on the Klamath River, and four sites were located on
the magjor tributaries of the Klamath Rivethe Shasta, $tt, Salmon and Trinity Rivers
Physical parameters @ter temperature dissolved oxygerspecific conductivitypH)

were collected at all siteduring the samplingvent Grab samples for analysis of all

other baseline water quality constituents werellezted monthly, except at Link Dam

and below Iron Gate Dam, where samples were collecteddnthly from May through
October and monthly for the remainder of the sampling season. Site locations, sampling
frequency and sampling crew are presented ablel.
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Figure 1. 2010KHSA Klamath River baseline monitoring sampling sites
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Table 1. 2010Baseline monitoringlocations, constituents,sampling frequency, and sampling entity
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Site ID Sampling Method: TP G G G G G G G G G
KR2544 Link Dam H/VP  HIVP  H/VP HIVP M/ M/ M/ M/ M/ M/ M/ BM/ BM M2/ USBR
BM BM BM BM BM BM BM S BM2
KR260 Keno Reservoat Miller Island H/VP  HIVP H/IVP H/IVP M M M M M M M M/S - - USBR
KR238 Klamath River below Keno Dam H/VP  HIVP HIV  HIV M M M M M M M M/S - M2/BM USBR
P P 2
KR2282 Klamath River above J.C. Boyle Resen H - - - M M M M M M M - - - PacifiCorp
KR2260 J.C. Boyle Resenvbir VP VP VP VP M M M M M M M M/S - - PacifiCorp
KR2240 Klamath River below J.C. Boyle Dam H - - - M M M M M M M - - - PacifiCorp
KR2195 Klamath River below USGS Gage H H H H M M M M M M M M/S - - PacifiCorp
KR2064 KR above Shovel Creek (Stateline) H - - - M M M M M M M M/S - M2/BM  PacifiCorp
2
KR1990 Copco Reservdir VP VP VP VP M M M M M M M M/S - - PacifiCorp
KR1950 Klamath River below Copco Dam H - - - M M M M M M M M/S - - PacifiCorp
KR1920 Iron Gate Reservdir VP VP VP VP M M M M M M M M/S - - PacifiCorp
KR1897 Klamath Rivebelow Iron Gate Dam H M/ M/ M/ M/ M/ M/ M/ BM/ M M2/ PacifiCorp
BM BM BM BM BM BM BM S BM2
KRL560 Klamath River atValker Bridge Road H - - - M M M M M M M M/S - - Karuk
KR1285 Klamath River below Seiad H H H H M M M M M M M M/S - M Karuk
KRL006 Klamath Rivenear Happy Camp H - - - M M M M M M M M/S - - Karuk
KR0591 Klamath River at Orleans (USGS) H H H H M M M M M M M M/S - - Karuk
KR0435 Klamath River At Weitchpec H H H H M M - M M M M M/IS  M/S - Yurok
KR®85 Klamath River below Trinity River H H H H M M - M M M M M - - Yurok
KR0060 Klamath River near Klamath H H H H M M - M M M M M - - Yurok
KR0005 Klamath River Estuary - - - - M M - M M M M M - - Yurok
6
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SHROO Shasta River near mouth H H H H M M M M M M M - - - Karuk

SCRO00 Scott River near mouth H H H H M M M M M M M - - - Karuk

SARO00 Salmon River near mouth H H H H M M M M M M M - - - Karuk

TRROO Trinity River near mouth H H H H M M M M M M - - - - Yurok
Notes:

4 Sampling at two depths in J.C. Boyle reservoir (0.and 8 mbelow surfacg

b Sampling at three depths in Copco reservoir (0.%rlow surface one intermediate depth and 1 mabovebottom)

¢ Sampling at four depths in Iron Gate reservoir (0.5bmlow surface two intermediate depths, and 1 nabovebottom)

Key:

Sampling Method

T¢ Thermistor

P¢ Probe or data sonde (minimum seasonal deployme#ipril to November)

Gq Grab sample

Sampling Frequency Codes

H ¢ Hourly measurements (in somestancessub-hourly)

VP¢ Vertical profile at stated sampling frequency

M ¢ Monthly sampling

M/S ¢ Monthly sampling (May, October)

BM/S¢ Bimonthly sampling (May October)

M/BM ¢ Birmonthly sampling May October and monthlgampling the remainder of the year

M2/BM2 - Bkmonthly sampling Juné&September and monthly sampling the remainder of the year

KHSA 2010 Annual Report




November 23, 2011

3.2. Water Quality Sample Collection

Watersamples were collected by the KHIS#selinewater quality monitoring program
participantsas was the water quality probe datgemperature, dissolved oxygen,
specific conductivityand pH. Analytical sampleg.e., other physical constituents and
chemical constituents listed ifablel) weresent to laboratories for analysis.

3.2.1. Analytical Sam ples

Grab water samples were collected for analytical determinatibn

¢ Nitrogen (ammonia, nitrate+nitrite, total Kjeldahl nitrogen (TKN), and total
nitrogen),
Phosphorusdrthophosphate and total phosphorus),
Carbon (dissolved organic carbon (DOC) artiqulateorganiccarbon(POCQC),
Solids (total suspended solids (TSS) and volatile suspended solids (VSS)),
Alkalinity,
Algae (chlorophyh and pheophytin)
Microcystin
e Carbonaceous biological oxygen demand (CBOD).

Additionalmicrocystingrab samples were collected for the analysis using liquid
chromatography tandem mass spectrometry (LCME)t all constituents were sampled
at all locations. All data are includedAppendix A

A total of seven laboratories completed the analytical kvtor the participating
program agencies:

e Basic Laboratories (Basic) in Redding, California,

e CH2MHill Applied Sciences Laboratory (CH2MHill) in Corvalis, Oregon,

e Aguatic Research in Seattle, Washington

e Chesapeak@iologicalLaboratories (CBL) in Solons) Maryland,

e EPA Region 9 (EPA) laboratory in Richmond, California,

e California Department of Fish and Game Water Pollution Control (DFG)

Laboratory in Rancho Cordova, California
e Aguatic Analysts in Friday Harbor, Washington.

3.2.2. Physical Measurements

At a minimum, vater temperature, pHspecific conductivityand dssolved oxygen were
measured at all sampling sites. In some cases, sampling entities collected additional
information (e.g, turbidity) during field visits to meet multiple objectiv€hyscal
measurements were recorded at each site using either thermistoraaber quality
probesthat were maintained and calibrated by each sampling entityaddition to the
vertical profilesn reservoirsand continuous time series monitoring (s€ablel),

physical parameters were also measured when grab samples were colldtgdical
measurements that were collected during grab sampling ackided in the field data

8
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(seeAppendixA), while time series monitoring data are maintaineg(and available
from) each sampling entity.

3.2.3. Quality Assurance

Program samples were collected under individual entity Quality Assurance Project Plans,
StandardOperatingProceduresand or Sampling Analysis Pla@i&ruk 2009, PacifiCorp
2008, USBR 200and Yurok008. These methods have been compared and reviewed

by the KHSAVorking Grougo ensure consistent sampling techniques are applied
(KHSANG 2010)

3.2.4. Laboratory Comparison

Because several laboratories are used by the various sampling parties, samples were
collected in triplicateand submitted for analysi® Aquatic Research, Basic, and
CH2MHill laboratoriesThere was variability in the laboratory nalés for all constituents
but ammonium, total nitrogen, total suspended solids, and dissolved organic carbon
showed the most variabilityln addition, results variedmong the three laboratories. In
general, the laboratory comparispnoupled with qualif assurance samples (e.g.,
duplicates), illustrates the range of potential results from individual and multiple
laboratories that can be incorporated into datgerpretation. More details on the2010
laboratory comparison are presentedAppendix B

3.3. Water Quality Analytical Methods

Basic, CH@Hill, Aquatic Research, and ChesapeRi#ogicalaboratories (CBUsed

either Standard Methods or EPA analytical methods for analysis of nutrients, dissolved
and particulate carbon, alkalinity, carbonacednislogical oxygen demand, total
suspended solids and volatile suspended sdlidble2). Method detection limits

(MDL) and reporting limits (Rtaried among the latratoriesor, in certain casesvere

not presented

3.3.1. Algae Samples

Analysis othlorophylta and pheophytinvas performed byhree of the
aforementionedlaboratories. Algae samples collected by USBR, PacifiCorp, Karuk tribe,
and Yurok tribe were sent to Aquatic Analysts in Friday Harbor, Washingtbn.
microcystin analysis was performed using the enzyimied immunosorbent assay
(ELISA) method at the EPA laboratory additional microcystin analysis was ddme

the DFG laboratory usg LCMSor selected locatior
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Table 2. Analyzing laboratories, method references, method detection limits and method reporting limits for water quality constituent®010)

Basic CH2MHill Aquatic Research CBL
Constituent Name Constituent ID Method MDL RL Method MDL RL Method MDL RL Method  MDL RL
Alkalinity ALKT SM 2320B 1.5 5.00 EPA 310.1 1.5 5.00 SM182320B 0.2 1 - - -
Ammonia NH3 EPA350.1 0.03 0.05 EPA 350.1 0.01 0.050 SM184500N  .006 .01 - - -
H3H
Carbonaceous Biological CBOD5 SM 5210 3.00 3.00 SM5210B 2.00 2.00 SM205210B 2.0 2.0 - - -
Oxygen Demand 5 day
Dissolved Organic Carbon DOC SM5310C 0.3 0.50 EPA 4151  0.052 0.50 SM205310B  0.095 0.25 - - -
Nitrate + Nitrite NO3+NO2 EPA353.2 0.01 0.05 EPA 353.2 0.002 0.010 SM184500NO 0.005 0.01 - - -
3F
Total Nitrogen TN EPA 351.2 (calc) 0.20 SM4506N C  0.020 0.020 SM204500NC - 0.05 - - -
Ortho-phosphate OPO4 SM 4500P  0.01 0.05 EPA 365.1  0.002 0.010 SM18 0.001 0.001 - - -
E 4500PF
Total Phosphorus TP SM 4500P  0.02 0.05 EPA 3654 0.011 0.050 SM18 0.002  0.002 - - -
BE 4500PF
TotalKjeldahl Nitrogen TKN EPA351.2 0.1 0.20 EPA351.2 0.087 0.20 EPA 351.1 - 0.2 - - -
Total Suspended Solids TSS SM2540D 1.0 5.0 EPA 160.2 0.95 2.00 SM20 2540D 0.1 0.5 - - -
Volatile Suspended Solids VSS SM2540D 1.0 5.0 EPA 160.4 0.95 2.00 SM20 2540E 0.1 0.5 - - -
Filtered Ammonia NH43 filtered or EPA 350.1 0.03 0.05 EPA350.1 0.0087 0.050 SM184500N  0.01 - - - -
NH4 filtered H3H
Filtered Nitrate + Nitrite NO3+NO2 EPA 353.2 0.01 0.05 EPA 353.2 0.0017 0.010 SM184500NO 0.01 - - - -
filtered sk
ParticulateCarbon PC - - - - - - - - - EPA - 0.0633
440.0
Particulate Inorganic Carbon PIC - - - - - - - - - EPA - 0.0633
440.0
Particulate Organic Carbon POC - - - - - - - - - EPA - 0.0633
440.0
Particulate Nitrogen PN - - - - - - - - - EPA - 0.0633
440.0
MDL¢ method detection limit
RL¢ method reporting limit
10
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4. Baseline Program Water Quality Data

Water quality samplefor the 2010 KHSA baseline water quality monitoring prograere from
Februarythrough Decembein 2010 (no sampling was done in Marchampling crewlsom

the various entitiexollectedsamples within a few days of each other, but sampling on the
same day throughouthe basin was infeasible due to other obligatiosisipping constraints,
travel considerations, and other factols. most cases all twentfpur sites were sampled each
month, though therewere periods when one or more sites were omitted or one or more
constituents werenot sampled All data are included iAppendix A

4.1. Data Summary

Physical measurements collected inclatea minimumwater temperature, pkispecific
conductivity and dissolved oxygerChemical and biologicalater quality measurements
include two types of algae (chlorophglland pheophytin), alkalinity, two forms of carbon
(dissolved organic and particulate), carbonaceous biological oxygen defoanthrms of
nitrogen (ammonia, nitrate+nitrite, total Kjeldgkand totalnitrogen), two forms of phosphorus
(orthophosphate and totaphosphoru$, total suspended solidgnd volatile suspendesbolids
and microcystin.

Selected data are summarized herein to illustrate general spatial and temporal patterns during
the 2010sampling period. Data are presentedimee formats: longitudinal patterns based on
seasonal data collectiofime series at specific locationand chartgepresenting theypes of

algae Longitudinal patterns are presented as box and whipkas’ and encompass all data at
each mainstem Klamath River site. The major tributaries (Shasta, Scott, Salmon, and Trinity
Rivers) are graphed separatel@onstituents presented include dissolved oxygen, total
dissolved carbon, total nitrogen, total pephorus, and microcystin.

Time series datare presented for individual constituents at locatiamsthe Klamath River for
which there ardUSGS flow gagéisttp://water.usgs.gov/) The location®f USGS flow gages for
which time series constituent data psesented irthis reportare presentedin Table3. Agae
dataare presented fofour locations: Klamath River above JC Bd¥servoir Klamath River
below JC Boyle powerhouse, Cop®servoirnear Copco Dam, and Irongd®eservoirat the

log boom. Plotsrepreseningthe percentages of the types allgae presenare in Appendix A

2 A boxandwhisker plot is a graphical way presenting statistical parameters including median, mean, lower and upper quartiles, and

outliers. Themedian value is represented by a horizontal liaépx (gray) is formed by the 2Bjuartile and 75 quartile and represents the
inter-quartile range (IQR)he whiskers extend beyond the 1.5*IQR above and below the quartiles; and points beyond the whiskers are termed
outliers.Outliers are values between 1.5 to 3 times the IQR. Bdreutliers are values greater than 3 times the IQR.

11
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Table 3. USGS flow gage locations for time seriesonstituent data within this report.

Location USGS Gage Number

Link River at Klamath Falls, OR 11507500
Klamath River at Keno, OR 11509500
Klamath River below Iron Gate Dam, CA 11516530
Klamath River near Seiad Valley, CA 11520500
Klamath River at Orleans, CA 11523000
Klamath River near Klamath, CA 11530500

Grabsample data and/or the associated physical measuremekisnat the time of the grab
sample (eg., temperature andlissolved oxygergre shavn in Figure 2 through Figure {$ee
Table4 for list of presentedinformation/data). Not all measurements for individual
constituents occur on the same date or tinihese illustrations are not intended to be
comprehensivebut ratherto present general conditions throughout the river systdaring
the 2010field season The complete data set (Appendix A) is availabtt@KBMP website
(http://www.kbmp.net/). The interlab comparison report is peented in AppendiC.

Table 4. List of figures and data presented.

Figure # Information/Data presented ‘
Figure 2 Box plotof baseline water quality programiata for dissolved oxygen in the Klamath River fror
Link River to th&lamath River estuary
Figure 3 Box plotof baseline water quality program data fdissolved organic carban the Klamath River
from Link River to the Klamath River estuary
Figure 4 Box plotof baseline water quality program data ftmtal nitrogenin the Klamath River from Link
River to the Klamath River estuary
Figure 5 Box plotof baseline water quality program data fatal phosphorusn the Klamath River from
Link River to the Klamath River estuary
Figure 6 Box plotof baseline water qualitprogram data fomicrocystinin the Klamath River from Link
River to the Klamath River estuary
Figure 7 Box plot of laseline water quality program data for dissolved oxygen, dissolved organic carl
total nitrogen, total phosphorugor the ShastaScott, Salmon, and Trinity Rivers
Figure 8 Gontinuous(e.g., hourlywater temperature, dissolved oxygen, and pH data at Diaky Klamath

RiveraboveKeno Dam, Klamath River below Iron Gate Dam, Klamath RiveraiadnN&lley, and
Klamath Rivebelow the Trinity River.

Figure 9 Gontinuous water(e.g., hourlytemperature dissolved oxygen, and pH for the Shasta River, S
River, Salmon River, and Trinity River. Data was collected using water quality data sonc
Figure 10 Water temperaturereadingsanddailyflow at USGS flow gage locatidns the mainstem Klamath
and Link Rivers.
Figure 11 Dissolved oxygereadingsanddaily flow at USGS flow gage locatidos the mainstem Klamath
and Link Rivers.
Figure 12 Grab sampl@issolved organic carbanddailyflow at USGS flow gage locatidos the
mainstem Klamath and Link Rivers.
Figure 13 Grab samplaitrogenanddailyflow at USGS flow gage locatidos the mainstem Klamath and
Link Rivers.
Figure 14 Grab sampl@hosphorusanddailyflow at USS flow gage locatiorfier the mainstem Klamath
and Link Rivers.
Figure 15 Grab samplenicrocystinanddaily flow at USGS flow gage locatidos the mainstem Klamath anc
Link Rivers.
12
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4.1.1. Mainstem locations
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Figure 2. Baselinewater quality program data for dissolved oxygenn the Klamath River from Link River to
the Klamath River estuary with median (1), mean (), outliers(*), and extreme outliers §) identified
(February 20107 December 20.0). Keno (246), Copco (198.7), and &m Gate (190.1) are reservoirs. Only
surface samples are taken into accounhote: X-axis is not to scale
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Figure 3. Baseline water quality program data fordissolved organic carborin the Klamath River from Link

River to the Klamath River estuary with median ( ), mean (), outliers(*), and extreme outliers ¢) identified
(February 20107 December 20.0). Keno (246), Copco (198.7), and Iron Gate (190.1) are reservoirs. Only

surface samples are taken into accounhote: X-axis isnot to scale.
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Figure 4. Baseline water quality program data for total nitrogen in the Klamath River from Link River to the
Klamath River estuary with median ( ), mean (), outliers(*), and extreme outliers ) identified (February
20107 December 20.0). Keno (246), Copco (198.7), and Iron Gate (190.1) are reservoirs. Only surface
samples are taken into accountNote: X-axis is not to scale.
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Figure 5. Baseline water quality program data for total phosphorusin the Klamath River from Link River to
the Klamath River estuary with median (), mean (), outliers(*), and extreme outliers ) identified
(February 20107 December 20.0). Keno (246), Copco (198.7), and Iron Gate (190.1) are reservoirs. Only
surface samples are taken into accounhote: X-axis is not to scale.
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Figure 6. Baseline water quality program data for microcystinin the Klamath River from Link River to the
Klamath River estuary with median § ), mean (), outliers(*), and extreme outliers ) identified (February
20101 December 20.0). Keno (246), Copco (198.7), and Iron Gate (190.1) are reservoirs. Only surface
samples are taken into accountNote: X-axis is not to scale.
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4.1.2. Mainstem locations
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and extreme outlers ) identified (February 20107 December 2@0).

15

KHSA 2010 Annual Report




November 23,

4.1.3. Mamk
30

******** Link Da

N
&)]
!

............. KR-above Keno -Dan 7

= = = = KR below Iran Gate Dam

N
o
!

————————————— KR n"ear Seiad Valley

***** KR hear Klamath

Water Temperature, C
(==Y
al

16

14 - .
5 &
= ]
212 - R
- 8
£ 10 {5 i
G 81
8 ,,,,,,,
= 6
S | et
%
a 4 1 ==== KR below Iron Gate Dam

KR near Seiad \‘\‘/alley

KR near Klamath

0 [ . . . . . . . .
J F M A M J S O N D
11
10 A
k-u(‘wv"\ R o
9 - -‘“’@W' 3
g AT
= 8 A,,.w,»‘-“‘“:‘,almy'v_».w,,,,4‘%i A = : s
S oo e ¥
E_ foomeee- Link Dam
L e KR above Keno Dam
6 = = = = KR below Iron Gate Dam
************* KR near Seiad Valley
5L~ KR near Klamath

J F M A M J \J A S (0] N D

KHSA 2010 Annual Report

Figure 8. 2010 continuouswvater temperature, dissolved oxygen, and\ptdata at Link Dam, Klamath River
aboveKeno Dam, Klamath' River below Iron Gate Dam, Klamath River near'Seiad\Valley, and Klamath
River below the Trinity River.
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