All content copyright © 2009 Valerie Butler

All content copyright © 2009 Valerie Butler


An Analysis of the State of the Watershed:
The Klamath River Basin Below Iron Gate Dam
Valerie Butler

May 9, 2004

Introduction

“The Klamath River is listed by the federal Environmental Protection Agency as water quality ‘impaired’ because of low dissolved oxygen, excessive nutrients and algae blooms, and extremely high temperatures.”

The Klamath River Basin occupies parts of southern Oregon and northern California, and is roughly divided into an upper and lower basin. The area below Iron Gate Dam is the topic of this paper, and will be conveniently called the Lower Klamath Basin (Maps 1 and 2). The Lower Klamath River watershed encompasses approximately 8,314 square miles.
,
 The terrain is substantially mountainous and consists primarily of forest and rangeland.
 The mountains were formed millions of years ago from volcanic activity, and the geology reflects this. The land is mainly used for agriculture, grazing, mining, logging, recreation, and Native American use. The major tributaries within the lower basin include the Shasta, Scott, Salmon, and the largest tributary, the Trinity River. Portions of the Klamath and Trinity Rivers have been declared wild and scenic rivers and are therefore protected by federal and state governments. Precipitation in this region is high and accounts for 41% of runoff in California.
 Spring snowmelt accounts for much of the total runoff.

This paper seeks to address the factors affecting, and the ecological methods used, to determine the health of the Lower Klamath River system. Current and historical management and restoration approaches will also be explored alongside ideas not yet implemented.

Factors Affecting Riverine Health

In 2002, severe drought coupled with high summer temperatures (figures 1 and 2) and low flows (figure 3) created an epic disaster. In September 2002 there was a massive fish die-off in the lower Klamath River: more than 33,000 steelhead and salmon perished as they tried to reach spawning habitat upstream.
 Of these fish, 96% were chinook salmon.
 The California Department of Fish and Game concluded that protozoan (Ichthyopthirius multifilis) and bacterial (Flavobacter columnare) infection contributed directly to the fish kill.
 A study conducted by the California Department of Fish and Game (and later corroborated by the U.S. Fish and Wildlife Service) concluded that diminished discharges (table 1) and high water temperature were additional contributing factors.
 The effects of temperature on Chinook salmon are shown in 
table 2. The overall circumstances leading up to the fish kill are best understood by analyzing the activities within the watershed as a whole.

In 1962 the Iron Gate Dam (IGD) was constructed. The dam is located along the Klamath River, just south of the Oregon-California border. Its implementation has depleted discharges downstream and completely blocks the natural migratory patterns of anadromous fishes, contributing to their decline and endangerment. Studies indicate that dams provide ideal conditions for the growth and spread of pathogens.
 Research showed a dramatic decline in salmonid populations attributable to pathogenic infection after construction of IGD.
 Current management practice is focused on restoring threatened and endangered species of fish. “The primary water management issue in the Klamath River Basin is the restoration of fish populations that include listed species such as the Lost River and shortnose suckers, Coho salmon and steelhead trout.”
 

Dams also prevent new wood and gravel critical to salmonid refugia and spawning, respectively, from flowing downstream. Dams further inhibit the clearing out of sediment-covered habitat, used by fish and benthic insects, from being flushed downstream. 

Discharge from IGD is controlled by the federal Bureau of Reclamation (BOR) and is timed when flows upstream are high (Nov–Jun).
 Normal (estimated) flow patterns are shown in table 3.
 This has become a problem during the summer months, when temperatures are high and flows downstream are already low, and is of particular concern during periods of drought. Historical records show that the Klamath River experienced naturally low flows during the summer. However, diversion of water upstream (mainly for agricultural purposes) has further reduced discharge downstream of IGD (figure 4). “The dominant use of water in the Klamath Basin remains irrigated agriculture.”
 Three-quarters of the entire basin’s wetlands (upper and lower) have been converted and drained for agricultural purposes,
 leaving inadequate flows for biota. Inadequate flows refers to diminished water levels that negatively impact the life cycle of aquatic organisms. Upstream diversions include the Lost River being withdrawn and deflected to Lower Klamath Lake; and the Lower Klamath Lake being diverted via the Klamath Straits Drain northward into the Klamath River in Oregon.
 

The Lewiston and Trinity Dams, which are both part of the Trinity River subwatershed, were constructed in the early 1950s. Flow release from the Trinity Dam is used for hydroelectric power and is also diverted for agriculture to the California Central Valley.
 These areas are experiencing problems similar to those of the Iron Gate site. The Trinity River downstream of the Lewiston Dam is home to anadromous salmonids and brown trout, while the Trinity reservoir (known as Trinity Lake) is stocked by non-native (hatchery) small- and largemouth bass, and kokanee (landlocked sockeye salmon). The North Fork of the Trinity River is home to steelhead during the summer months.

During drought years, as in 2002, inadequate river flows resulting from decreased precipitation, damming, and water diversions can especially hinder the migratory patterns of anadromous fish species. For example, the fish kill of 2002 was preceded by excessive winter runoff that altered the channel morphology and deposited a high degree of sedimentation. Normal flow regimes are important for flushing out sediment that can diminish or eliminate critical biotic habitat (refugia). The following September when precipitation and discharge were low, salmon were unable to swim upstream due to sediment barring their passage. A higher baseline flow would have most likely granted them passage to critical spawning habitat upstream. Instead, the fish converged into a river reach that was too small to hold the population. Overcrowding and higher-than-normal water temperatures due to lower-than-normal flows contributed to stress and the spread of infection. Increased water temperatures are favorable to the success of pathogens such as those that caused the fish die-off in 2002.
 The above factors also led to the decreased availability of dissolved oxygen. 

Agricultural runoff has contributed detrimentally to an increase in sediment, pesticides, temperature and nutrification of the Klamath River and its tributaries, while return flow from agriculture increases temperature and decreases dissolved oxygen (DO) levels. The EPA has declared that: the Scott River is impaired by “sediment/siltation” and “thermal modifications;” the Shasta River is impaired by “organic enrichment/low DO” and “thermal modifications;” and the Trinity River is impaired by “sediment/siltation.”
 With the exception of the Trinity River, agricultural activities were described as a “potential source of impairment.” In the case of the Trinity River, nonpoint sources and rangeland were considered a “potential source of impairment.” Additional TMDL sources are listed and appended at the end of this paper.

Cattle grazing and timber harvesting are important industries in the forested and mountainous Trinity River subwatershed. Mining was very active throughout this subwatershed during the Gold Rush era and the release of toxins (acid mine drainage) from these abandoned mines into groundwater continues to be of concern. Some mining still occurs, but data is unavailable as to its present impact. The U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) federally manage nearly 80% of this area; an additional 10% is privately owned by timber industries.

The New River area, also within the Trinity subwatershed, experiences a lot of wildfires caused by lightening. Thus riparian protection is vulnerable to decimation.

The lower Trinity River, near Humboldt, contains sites of groundwater contamination. These sites are under investigation and include the Copper Bluff Mine, Celtor Chemical Works (a U.S. Superfund site), and 12 sites at Hoopa/Willow Creek known to have emitted underground storage tank leaks. Pacific Gas & Electric (PG&E) may have released mineral oil containing polychlorinated biphenyl (PCB) at some of its facilities in the area. PCBs are carcinogens that also are known to produce adverse and long-lasting physiological effects in animals and humans. Pentacholorophenol (a toxic wood preservative) release from area lumber mills is another potential source of contamination.

In the Weaverville area, “Grass Valley Creek is the major contributor of … sand to the Trinity River, mostly as a result of logging.”
 Weaverville is the most-populated portion of the Trinity River subwatershed (population > 13,000).
 It constitutes relatively flat terrain and alluvial valley deposits, thereby causing an increase in river sedimentation. “Twenty-one sites are being investigated in this area where known releases from underground storage tanks occurred. Releases from underground tanks and bulk storage facilities have resulted in significant gasoline contaminant plumes, some containing MtBE, in Weaverville.”
 MtBE is Methyl Tertiary Butyl Ether, a contaminant found in gasoline. PG&E contaminant release similar to that mentioned in the lower Trinity River also exist here, as well as storage tank leaks and the potential for contamination from improperly treated sewage.

Above Weaverville, in the Lewiston and Trinity Lake areas, massive flooding in 1996–1997 deposited heavy amounts of sediment to these water bodies, resulting in a two-year recovery period.
 Sites in this area are under investigation for contaminants and are due to: erosion and sediment deposition from logging; acid mine drainage from old mines; contaminant release of fuels, heavy metals, and toxic chemicals from an abandoned mill; and gasoline discharge from recreational use on the lakes. Further investigations are under way concerning proper sewage disposal and septic tank wastewater leakage.

The South Fork of the Trinity River has been listed as sediment impaired by the U.S. EPA (1998).
 This subwatershed has seen significant sediment depositions due to intensive logging operations and related road building activities, and because of natural landslides from the steep mountainous terrain (table 4). “A sediment source analysis determined that sediment delivery to the stream averaged 1,053 tons/square mile/yr over the period 1944–1990. Sixty-four percent of that sediment was from mass wasting (table 5).”
,
 Mass wasting is the movement of material due to gravity, and contributors in this area include high precipitation and loose soil. Wildfires, cattle grazing, PG&E contamination, mills, dumps, mining, and leakage from storage tanks and storm water discharges also contribute to the instability of this tributary. In addition, the operable Kelly Mine in Hayfork has known chromium and arsenic leaks.

Groundwater in the small cities of Yreka and Weed has also become contaminated in recent years due to sewage leaks.

Some Ecological Methods Used to Determine River Health

Presently, an environmental baseline assessment is under way and ongoing.
According to a 2002 Biological Assessment Report, the Bureau of Reclamation is responsible for data collection based on “water year types (above average, below average, dry, or critically dry),”
 lake levels, instream flows, and estimations of water supply availability. Current water flows and lake levels will be compared to documented flows during 1990–1999 and are not to go below the minimum or average monthly levels during that 10-year period. There are several flow and temperature stations along the length of the Klamath River (map 1). Numerous models have been suggested to help alleviate some of the issues affecting the basin. For example, a collection of proposals for minimum monthly flows at IGD is shown in figure 5. Figure 6 suggests instream flow requirements that address the needs (fishing and water rights) of the Yurok Native American Tribe. There have been many studies conducted that examine the decline in numbers and health of coho salmon, chinook salmon, and steelhead. Setting requirements for minimum instream flow needs is the first step toward their restoration. A report prepared for the Department of the Interior in 1999 stressed the need for an analysis of four flow components: “fish habitat flows, channel maintenance flows, riparian flows, and valley maintenance flows,”
 with fish habitat flows being the most critical component. 

The Klamath National Forest, an arm of the U.S. Department of Agriculture, utilizes a “watershed functioning matrix”
 to currently assess the health of the basin. The matrix uses established guidelines and measures temperature, turbidity, chemical/nutrient contamination, access to habitat, habitat structures, channel conditions, flow/hydrology, and general watershed conditions such as road density, disturbance history, and riparian conditions. The matrix classifies the overall health of streams as “properly functioning, at risk, and not properly functioning.”

The Surface Water Ambient Monitoring Program (SWAMP)
 was implemented in 1999 and is under the jurisdiction of California state and regional water quality control boards. Its goals are to identify problems within the watershed; create an ambient, consistent monitoring system; document water quality conditions; and share data. SWAMP is currently focused solely on high priority areas, due to budget constraints. The Klamath River Watershed was assessed by SWAMP during 2001–2003.
 A Toxic Substances Monitoring Program (TSMP) has been in existence since 1976 and is also run by California state and regional water control boards.

Other assessment tools used are the California Stream Bioassessment Procedure (CSBP) and the California Lentic Bioassessment Procedure (CLBP). The CSBP is used to assess wadable streams and the CLBP is used to assess still waters (lakes and reservoirs). These methods were utilized in a macroinvertebrates study (2002) recommended by the Federal Energy Regulation Commission (FERC).
 The study is being analyzed to understand the impacts of PacifiCorp’s hydroelectric activity in the watershed. The results are not yet available.

A California Department of Water Resources study (1986)
 of water quality compared historic data with analysis conducted at the time. They characterized the Klamath River and its tributaries as largely bicarbonate. Chloride levels were low, as were boron levels (higher levels were found in the Shasta River). Sulfate concentrations were less than 25 mg/L. pH ranges were 7.0–9.0, and were highest during the summer. The majority of the rivers in the basin were low in alkalinity, with the exception of the Shasta River, which had somewhat higher values. Nitrate and phosphate values were above normal in the basin and were attributed to agricultural ventures in the Upper Klamath Basin. Nitrogen was present as “nitrate, ammonia, and organic compounds.” The Shasta River had the highest concentrations of phosphorus. DO was generally highest in the winter and lowest in the summer and were considered “tolerable” for fish viability.

Current Management and Restoration Approaches

Historically, management approaches in the Klamath River watershed have been controversial if not deleterious to the health of the overall basin. The Bureau of Reclamation’s massive Klamath Project, authorized in 1905 and in existence today, is largely responsible for many of the problems facing the basin. In the 1880s, local farmers and irrigation companies dug canals, and diversions of water from rivers to farmland were already occurring. The implementation of the Klamath Project in 1905 was seen as necessary to irrigate 200,000 acres of agricultural land and to alleviate competition for water (ironically, competition for water resources is still an issue in the basin today). Water and land rights in target areas were ceded to BOR. The project currently encompasses 220,000 acres of land,
 mainly in the Upper Klamath basin, and throughout its history has included the construction of seven dams (including IGD), 45 pumping plants, 516 miles of ditches, and 185 miles of canals.
 Data from the Klamath Project is part of the present baseline environmental analysis. 

Reformation of the project is called for by many agencies and working groups. The Department of the Interior (DOI) is working to address the complex issues facing the Klamath watershed.
 Water banks are being created along sites of the Klamath Project to mitigate the effects of irrigation. BOR is working to acquire farmland that can be restored to natural habitat. Groundwater is being substituted for surface water in order to alleviate demands on the Upper Klamath Lake and to increase downstream flows. Fish ladders and screens are being implemented at dam sites. A Klamath Basin Conservation Implementation Program (KBCIP) has been proposed that will “be designed to provide compliance with the Endangered Species Act (ESA) for both new and existing water uses, and to facilitate implementation of conservation efforts.”
 The program is a much-needed collaborative effort among many agencies and groups including, but not limited to, the states of California and Oregon, Fish & Wildlife Service (F&WS), Bureau of Indian Affairs, USFS, Natural Resources Conservation Service (NRCS), and the National Oceanic and Atmospheric Administration (Fisheries). KBCIP will further coordinate with an existing conservation program in the Trinity River subwatershed, called the Trinity River Restoration Program. This program is based on a flow study that has been ongoing for over 20 years and is intended to restore fish populations by instituting “new flow regimes, channel rehabilitation, sediment management, bridge replacement, and watershed restoration.”

Fish and Wildlife Service offices are working to narrow streams, stabilize streambanks, and to prevent cattle from entering the waterways and protective riparian zones. These actions are necessary to comply with the implementation of the Klamath Basin Fisheries Restoration Act, for which the F&WS is responsible. The Act requires restoration and maintenance of viable anadromous fish populations within the basin. The DOI asked the F&WS to identify necessary basin-wide measures intended to “restore the aquatic habitat to a level that would provide harvestable quantities of the key fish species.”
 An analysis of these measures is already under way. The F&WS is also working with private landowners to promote conservation practices, and seeks to prevent “sensitive species”
 from becoming listed species.

The Endangered Species Act sponsors Habitat Conservation Plan (HCP) agreements. These agreements allow for the “take” or kill of endangered or threatened species (monitored by state government agencies) so long as such activities can be offset by conservation measures. The F&WS, in conjunction with NOAA Fisheries, secured an aquatic HCP agreement with Simpson Timber Company.
 Conservation efforts are to include restoration of riparian buffers and substantial sedimentation reduction of streams.

The Bureau of Indian Affairs (BIA) is working closely with DOI on behalf of Klamath tribes to acquire land and water rights important to Native American culture. The BIA has been monitoring sites in the upper and lower basin and providing essential data (such as flow requirements) to the DOI to aid in application of conservation procedures.
 

A seven-year study of groundwater supplies by the U.S. Geological Survey will near completion in 2005. The study will address methods of water allocation in the upper basin and will hopefully assuage downstream stresses.

The National Academy of Sciences is developing an agenda for the DOI that will provide recommendations for habitat and species restoration/maintenance. The agenda will provide scientific and technical assistance in resource and budgetary allocation, and prioritization of activities.

Conclusion

The factors affecting the health of the Klamath River Basin are complex. The fish die-off of 2002, the largest recorded fish kill in U.S. history, signaled a crisis within the Basin that could no longer be ignored. The event spawned a flurry of scientific studies aimed at understanding what was happening within the watershed. The resulting data from those and other studies is underscoring the need for basin-wide collaborative measures by federal, state, tribal, and industrial agencies. Current practices are focused particularly on restoration of anadromous fish whose populations are threatened or endangered under the Endangered Species Act. Conservation efforts will involve extensive work in various areas, but rivers have been observed to have impressive rehabilitative abilities. If restoration measures continue in the manner described above, the Klamath Basin will hopefully be no exception.
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