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The Klamath Basin Secretarial Determination: Water Quality Considerations for Decisions about Dam Removal
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Water quality is often overlooked in dam removals, but in some situations can be a driving factor and yet also pose significant
obstacles to making decisions about dam removal. The Klamath Secretarial Determination has been a three year decision-making
process regarding whether to implement the Klamath Hydroelectric Settlement Agreement (KHSA) and the associated Klamath Basin
Restoration Agreement (KBRA). These agreements provide a path towards ecosystem restoration in the Klamath Basin, including the
removal of four dams on hydroelectric reservoirs in the Klamath River in Oregon and California. In contrast to several recent, high-
profile dam removals in relatively undeveloped watersheds, central factors in the Klamath Basin for the development of the KHSA
and KBRA went beyond fish passage to included water quality considerations. In the Secretarial Determination considering dam
removal, critical water quality questions were parsed into short-term and long-term responses. Potential short-term negative water-
quality effects were primarily associated with the resuspension of reservoir sediment and included increased biochemical oxygen
demand (BOD) and toxicity from chemicals in the sediments, with physical effects associated with suspended sediments addressed
separately. Both BOD and toxicity affects are expected to be limited, depending on the manner in which the dams are removed.
Longer-term effects included changes in the water temperature regime, changes in nutrient and algal dynamics, and associated
changes in dissolved oxygen and pH. A Federal Water Quality Subteam for the Secretarial Determination investigated these and other
issues, including their interaction with fisheries concerns and applicable regulatory considerations for removal of the dams. The
Secretarial Determination provided an avenue for making informed decisions about dam removal. Monitoring and research can
provide feedback and information to evaluate potential significant water- quality concerns as well as mitigation for future dam
removals.
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Model Development and Estimation of Short-Term Impacts of Dam Removal on Dissolved Oxygen in the Klamath River
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Four dams on the Klamath River in northern California/southern Oregon are being considered for removal, including J.C. Boyle,
Copco 1, Copco 2, and Iron Gate. Under the current preferred drawdown scenario, dam removal would occur during winter months,
relying upon seasonal high flows to flush reservoir sediment deposits and reconnecting approximately 230 miles of the Klamath
River with the Pacific Ocean. Sediment transport modeling indicates that high concentrations of suspended sediments (SSC) (i.e.,
9,000-13,600 mg/L) would occur immediately downstream of Iron Gate Dam following drawdown, declining to seasonal
background levels (10-30 mg/L) within 6-10 months. However, the oxygen demand resulting from high organic content of the
sediment deposits may result in periods of hypoxia in the river that are not suitable for aquatic life. Using direct sampling of
reservoir sediments to determine in situ oxygen-demand characteristics and a 1-dimensional reach-scale numeric modeling approach
that includes channel geometry, tributary inflows, and predicted short-term SSC, oxygen demand and dissolved oxygen (DO)
concentrations were estimated for approximately 190 miles of the Klamath River from Iron Gate Dam to the Klamath Estuary.
Parameter sensitivity analyses conducted for several model parameters (i.e., SSC, immediate oxygen demand, biochemical oxygen
demand, water temperature, background DO, reaeration, and sediment oxygen demand) indicate that short-term DO levels in the
Klamath River will be most strongly affected by SSC, background DO, and water temperature. As the latter two parameters are
strongly seasonally dependent, the timing of reservoir drawdown is critical with respect to DO impacts. Depending on the actual
flows occurring during the year of dam removal and associated SSC, DO concentrations would likely remain above chronically
stressful levels for salmonids (5 mg/L). DO levels of 3-5 mg/L in the 20-25 km reach immediately downstream of Iron Gate Dam
could occur for a period of 4-8 weeks following drawdown of J.C. Boyle and Iron Gate Reservoirs. In a dry year, low-flow scenario,
predicted minimum DO could be near 1 mg/L. Potential short-term impacts to biota from low DO should be considered alongside
analyses of the biological impacts of corresponding SSC levels for particular dam removal scenarios.
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Simulating Water Temperature of the Klamath River Under Dam Removal and Climate Change Scenarios
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We used a one-dimensional water temperature model (River Basin Model-10, RBM10) to simulate mean daily temperatures of the
Klamath River for two management alternatives under historical climate conditions and six future climate scenarios. The two
management alternatives included: 1) the no-action alternative where dams remain in place, and 2) the action alternative where the
lower four dams are removed in 2020. Each management alternative was simulated under historical climate conditions (1961-2010)
and six 50-year (2012-2061) climate scenarios.

Water temperatures were simulated for a 253-mile reach of the Klamath River, located in south-central Oregon and northern
California. Under historical climate conditions, impacts of dam removal on water temperatures were greatest near Iron Gate Dam, the
lower-most dam with the largest impoundment. Effects of dam removal on water temperature were attenuated in the lower reaches of
the Klamath River due to the contribution of tributaries. May and October simulated mean water temperatures increased and
decreased by approximately 1-2 °C and 2-4 °C, respectively, downstream of Iron Gate Dam after dam removal. Dam removal also
resulted in an earlier annual temperature cycle with a shift of 18 days, 5 days, and 2 days, near Iron Gate Dam (river mile 189.5),
Scott River (river mile 143.0), and Trinity River (river mile 43), respectively. Although the magnitude of precipitation and air
temperature change predicted by the five Global Circulation Models varied, all five models resulted in progressive incremental
increases in water temperatures with each decade from 2012 to 2061. However, dam removal appeared to delay the effects of climate
change to some extent near Iron Gate Dam. With dam removal, annual-mean water temperatures exceeded the 49-year historical
mean temperature beginning in 2045; whereas with dams, the historical mean was exceeded beginning in 2025. Potential changes in
seasonal water temperatures resulting from dam removal have a direct impact on salmon populations in the Klamath Basin. The shift
in temperature cycle is likely influence growth and migration timing of juvenile salmon, as well as the onset of spawning of adult
salmon.
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Using Monitoring Data and Empirical Analyses to Predict the Long-Term Effects of Dam Removal on Nutrients, Water
Quality, and Periphyton in the Klamath River
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The effect of Iron Gate and Copco Reservoirs on Klamath River water quality is a key issue in dam removal deliberations.
Multiple years of nutrient data, primarily collected by the Karuk and Yurok Tribes, allowed us to address this question using an
empirical approach. We assembled mass-balance nutrient budgets, including calculation of nutrient retention rates, for the
reservoirs and free-flowing river reaches.

Prolific summer algae blooms upstream in Upper Klamath Lake contribute huge nutrient loads to the Klamath River which are
currently partially removed by the reservoirs. To provide a range of estimates for potential changes to total phosphorus (TP) and total
nitrogen (TN) concentrations under dam removal, relative retention rates in river reaches were compared to those in reservoir reaches.
At Iron Gate Dam, riverine TP concentrations for June-October and July-September are predicted to rise 2-12% under dam removal.
TN concentrations under dam removal are predicted to be approximately 37-55%. The potential downstream effect of these increased
concentrations was explored by routing the load downstream and comparing with existing conditions. The results indicate that the
magnitude of the increases in TN and TP will diminish with distance downstream of Iron Gate Dam.

The effects of dam removal on periphyton and macrophyte growth are complex and may vary by reach. Periphyton growth in the
upper most reach, from Iron Gate Dam down to Seiad Valley, does not currently appear to be nutrient limited. Therefore increases in
nitrogen concentrations will not necessarily result in increased periphyton biomass, but the effect on periphyton and macrophyte
species composition is unknown. Nutrient changes expected with dam removal would likely shift N-fixing periphyton farther
downstream (from their current upstream limit of approximately Seiad Valley), and upstream flora could be replaced by non N-
fixers.



Other reach-specific factors such as substrate, flow velocity, shading, light, and water temperature also affect periphyton biomass
trends independent of nutrient dynamics, and many of these are expected to change following dam removal. Such factors must be
evaluated when attempting to determine periphyton or macrophyte biomass following dam removal. Additional periphyton sampling

would increase understanding how periphyton will react to dam removal.



