CMARP MONITORING 

SACRAMENTO RIVER BASIN

I.  INTRODUCTION


The Sacramento River is the largest river in California and is vital to the State’s economy.  It is a major source of drinking water for residents of northern and southern California, as well as a principal source of irrigation water for farms of the Central Valley.  It also supplies the majority of freshwater flow to the San Francisco Bay and therefore has a direct impact on the quality of water that supports numerous fish and other aquatic species.  

A variety of ecosystem restoration projects will occur for the San Francisco Bay-Delta and Sacramento River system as a result of the CALFED Program.  Many of these projects will be to improve the aquatic habitat and/or to restore the estuary for the support of various fisheries.  The success of this ecosystem restoration program will need to be evaluated and that evaluation will require a thorough knowledge of water quality and biological conditions within the entire estuary system, including the rivers and/or tributaries which discharge into the estuary.  Monitoring will be required before, during and after these efforts so that the success and failures of individual and collective projects can be evaluated. The CALFED program includes a Comprehensive Monitoring and Research Program (CMARP) which will be designed to develop the necessary data to evaluate the current status of the system, to monitor the success of all ecosystem restoration projects, and to perform focused research to address associated management questions.  The specific objectives of CMARP include:

A) Provide information to management on a continuing basis necessary to evaluate the effectiveness of program actions, and to support ongoing adaptive management actions.

B) Describe conditions in the Bay/Delta and its watershed on appropriate temporal and spatial scales

C) Evaluate trends in the measures of environmental condition.

D) Identify the major factors that might explain the observed trends.

E) Analyze data and report results to stakeholders and agencies on a timely basis.

F) Build an understanding of physical, chemical, and biological processes in the Bay-Delta and its watershed that are relevant to CALFED Program actions.

G) Provide information useful in evaluating the effectiveness of existing monitoring protocols and the appropriateness of monitoring attributes.

H) Test causal relationships among environmental variables identified in conceptual models.

I) Reduce areas of scientific uncertainty regarding management actions.

       Incorporate relevant new information from academic or government research.

J) Revise conceptual models as our understanding increases.

The purpose of this document is to provide recommendations for monitoring and research for the Sacramento River Basin.  Specifically, a water quality monitoring program for the Sacramento River is proposed which will provide CALFED with necessary information of how Sacramento River quality and quantity affects the San Francisco Bay/Delta ecosystem.  The monitoring program will assess aspects of the chemical, biological, and toxicological conditions of the system and also provide information on the fate and transport of CALFED-defined stressor compounds.  Those stressors include trace elements such as arsenic, cadmium, copper, chromium, lead, mercury, selenium, and zinc, organic compounds such as carbofuran, chlordane, chlorpyrifos, DDT, diazinon, PCB’s, and toxaphene, and other water quality parameters such as ammonia, dissolved oxygen, salinity, temperature, turbidity, organic carbon, nutrients, pathogens and toxicity.  Inputs from current agricultural, urban, and mining activities will be addressed in the monitoring plan, together with inputs from atmospheric, natural, historic and other sources.  

Overview of the Sacramento River Basin

The Sacramento River Basin (Fig. 1) covers approximately 27,000 square miles in northern California.  The total length of the Sacramento River is 327 miles. The mean annual runoff averages 16,960,000 acre-feet per year (Anderson and others, 1997) making it the largest river in the state of California.  The river provides the majority of freshwater flow to the San Francisco Bay.  The amount of flow in the Sacramento River is partly dependent on the amount of snowpack in the mountainous regions of the basin and stormwater runoff throughout the basin.  Because of the variable amounts of snowpack, the need to protect low-lying areas from seasonal flooding, and the need for power, reservoirs have been constructed throughout the watershed to store water.  These reservoirs were built with the intention of providing a more stable source of water for various uses, for flood control and for hydroelectric power generation.  The largest reservoir in the system, Lake Shasta (Fig. 1) was constructed between 1938 to 1944 by the federal government.  The capacity of Lake Shasta is 4,552,000-acre feet.  Lake Oroville (fig. 1) is the second largest reservoir in California, with a capacity of 3,537,600-acre feet.  Lake Oroville, on the Feather River, was completed in 1968 by the state of California.  Reservoirs have also been constructed on many of the other major tributaries to the Sacramento, including the Feather River, American River and Pit River.  Almost all of the major rivers draining the Sierra Nevada have some type of dam or control structure. 


Flows in the Sacramento River are affected by reservoir releases, runoff, irrigation drainage, and flood control activities.  Reservoir releases are set by managers who balance the capacity of reservoirs for flood control with water supply needs for irrigation, urban, and environmental uses.  The amount of water allocated to irrigation, urban, environmental needs, and other uses is determined on the basis of reservoir storage and downstream requirements.  One of the principal environmental water needs is flow to the San Francisco Bay estuary for aquatic habitat requirements.  Water is allocated for this need to meet water quality criteria for salinity within the lower Sacramento River and the San Francisco Bay Estuary, and/or to provide water at the proper temperatures for migratory fishes.  Agricultural use of water is the highest single use in the Sacramento River Basin.  In 1990, for example, agriculture accounted for 58% of the water use in the basin and environmental needs accounted for 32%  (California Department of Water Resources, 1993).  In contrast, urban and other uses accounted for 10% of the demand.

Stormwater runoff occurs principally in late fall through spring (November – April) in response to rain in the lowland areas and snowmelt in the mountains.  Irrigation run-off is an important component of Sacramento River flow in the summer.  Two drains which discharge a considerable volume of irrigation runoff are the Colusa Basin Drain and the Sacramento Slough (Fig. 1).  Irrigation water is supplied by reservoir releases or ground water pumping from late March through September.  Flood control efforts have significantly changed the channel morphology and flow characteristics of the Sacramento River. Because of reoccurring flooding, especially in urbanized areas, such as Sacramento, the Sacramento River channel has been modified to accommodate high flow or to divert water out of the main channel.  Channel modifications include artificial levees and weirs.  Flow control is partly accomplished by a series of weirs, which remove water from the main channel and divert that flow onto agricultural land.  The flow is routed to the Yolo By-Pass, at a point just upstream of the Sacramento River at Verona.  Water discharges to the weir when flow exceeds 55,000 cubic feet per second on the Sacramento River at Verona.  It is necessary to take water out of the river at that location because of decreasing channel capacity downstream.  That water reenters the Sacramento River near Rio Vista and flows into the San Francisco Bay Estuary.  Water is also taken out of the Sacramento River at the Sacramento Weir and diverted to the Yolo By-pass.  

In the upper part of the basin, the mean annual discharge of the Sacramento River above Bend Bridge near Red Bluff is 12,790 cubic feet per second for the period of record of 1964 to 1996 (Anderson and others, 1997).  The mean annual discharge of the Sacramento River at Colusa is 11,460 for the period of record from 1946 to 1996 (Anderson and others, 1997).  The mean annual discharge for the Sacramento River at Verona increases to 19,620 cfs for the same period of record.  The mean annual discharge of the Sacramento River at Freeport, at lower part of the basin, is 23, 410 cfs for the period of record from 1949 to 1996 (Anderson and others, 1997).  The Feather River is the largest tributary to the Sacramento River.  The mean annual discharge of the Feather River near Gridley, which is located downstream of Lake Oroville, is 4,850 cfs for the period of record from 1969 to 1996.  This period of record is after the completion of the dam on Lake Oroville.  The Yuba River is the largest tributary to the Feather River and has a mean annual discharge of 2,370 cfs for the site at Marysville for the period of record from 1970 through 1996.  The second largest tributary to the Sacramento, the American River, has a mean annual discharge of 3,710 cfs for the period of record from 1956 to 1996.  The dam on Folsom Lake, just upstream of this site, was completed in 1955.


The Sacramento River Basin can be divided into seven regions based on physiography (figure 2).  These physiographic zones are largely based on rock types.  The zones are the Sacramento Valley, the Klamath Mountains, the Coast Ranges, the Modoc Plateau, the Cascade Range, the Sierra Nevada, and the Sacramento-San Joaquin Delta.  The Sacramento Valley and the Sacramento-San Joaquin Delta are the low-lying portions of the basin.  For a more complete description of the geology of these zones, the reader is referred to Bailey, 1966 and Norris and Webb, 1990.  Metals have been mined from locations in the Klamath Mountains, the Sierra Nevada, and the Coast Ranges provinces.  The West Shasta Mining District, located in the Klamath Mountains near Shasta Lake, contains massive sulfide deposits including chalcopyrite, sphalerite, and pyrite.  These sulfide minerals are either replacement bodies as hot solutions migrated from nearby plutons, or were deposited from sea floor vents.  Residues from the exploitation of mines for these sulfide minerals resulted in the acid mine drainage which is the subject of part of this volume of papers.  Gold was also mined in the Klamath Mountains, and this province is second only to the Sierra Nevada for gold production in California (Norris and Webb, 1990).  Gold was recovered from modern and old stream deposits and also from mines.  Considerable amounts of gold have been recovered from the foothills of the western Sierra Nevada.  At least 107 million ounces of gold have been recovered (Norris and Webb, 1990).  Initially, gold was recovered from stream deposits, but later gold bearing ores were mined.  One of the recovery processes for gold from ore was mercury amalgamation (Bradley, 1918).  The mercury used for gold processing was mined in the Coast Ranges.  Residual mercury from those operations has contaminated streambed sediments within the Sierra Nevada and downstream locations.


Agriculture is a major land use of the Sacramento Valley.  Row crops are predominant in the lower Sacramento Valley, below the Sutter Buttes, but grazing is increasingly important in the northern valley.  Rice is one of the most important crops of the Sacramento Valley.  Orchards are another important agricultural land use in the valley.

Rice production involves the creation of temporary wetlands.  Pest control in these temporary wetlands includes the use of pesticides such as molinate, thiobencarb, and carbofuran, and copper compounds, such as copper sulfate, for the control of algae.  The rice growers in the Sacramento Valley have implemented a number of successful management practices over the past 15 years to control the discharge of pesticides to the Sacramento River. 

Orchards are often located on well-drained alluvial soils near existing river channels or other suitable locations.  Organophosphate insecticides are applied to some orchards, such as almonds and prunes, during the winter months for the control of over-wintering insects.  Subsequent rainfall events mobilize a portion of these pesticides to the Sacramento River and its tributaries.  

Land cover in most of the mountainous portions of the basin is principally forest.  The types of forests in the various locations are described in detail by Schoenherr (1992).

II.  MONITORING OBJECTIVES AS RELATED TO CALFED PROGRAM


To meet the needs of the CALFED Program, water quality monitoring in the Sacramento River must take into account (1) the downstream effects that the river discharge has on uses in the Bay-Delta system and (2) the more localized effects that water quality conditions have on the Sacramento River watershed and ecosystem.  It is important that the program provides information that relates water quality conditions to use attainment in order to better understand the role of water quality in the attainment of CALFED goals and objectives.  

CALFED goals and objectives emphasize the maintenance and enhancement of water quality to support drinking water, agricultural, industrial, recreational and environmental uses.  CALFED has identified a list of water quality stressors, which potentially impact these uses.  The proposed monitoring and research program for the Sacramento River addresses these water quality stressors.  

Consistent with the CALFED CMARP objectives, the proposed program would seek to achieve the following objectives:

· Integrate with ongoing monitoring programs in the Sacramento River basin

· Coordinate with and support monitoring efforts by local watershed groups

· Provide baseline water quality information on the main stem river and major tributaries which would allow

· Estimates of loadings to the Bay-Delta

· Identification of major source areas with the Sacramento River basin for parameters of concern  

· Assessment of spatial and temporal changes which relate to source contributions

· Assessment of long term trends for water quality change

· Assessment of localized changes resulting from implementation of control measures sponsored by CALFED or other entities

· Performance of special studies integrated with the proposed program

· Development and enhancement of conceptual and mathematical models of the system

· Use reliable and consistent methods and procedures for data collection

· Provide public access to data through use of a database management system

III. CONCEPTUAL MODELS AND HYPOTHESES

For the Sacramento River system, conceptual models of the fate, transformation and transport of contaminants are similar to the models that would apply to the San Joaquin River and the Bay-Delta.  Important processes include advection, mixing, adsorption/desorption, sedimentation, resuspension, chemical activity, uptake by biota, predation, biological decay, volatilization, and atmospheric deposition.  

The Sacramento River system is significantly affected by anthropogenic activities, including reservoir releases or storage, flood control manipulations, agricultural practices, mining operations, and urban inputs.  In terms of loadings to the Delta, the most immediate effects are reflected in water quality conditions downstream of the major reservoirs in the system.  Longer-term effects require consideration of conditions above the reservoirs in the upper watershed, the water and sediment stored in reservoirs and sediments in the main stem of the river.   

The following considerations should be factored into conceptual models of the Sacramento River and its affect on the Bay-Delta system:

The movement of sediments influences water quality within the Sacramento River watershed and affects the loadings of numerous constituents into the Bay-Delta system. Important sediment processes include erosion, sedimentation, resuspension, and chemical interactions.  Sediment transport in the Sacramento system occurs primarily during peak flow events.

Total metals transport is strongly associated with these sediment pulses.  Colloids represent the dominant form of mercury, lead, and other metals in the water column and are an important factor in the distribution of other metals.  Sediment transport is also important in the fate and transport of other organic and inorganic constituents.

Dissolved metals concentrations are gross indicators of metals toxicity.  Organic and inorganic complexes reduce the toxicity of some trace metals in ambient waters.  Dissolved metals concentrations are also affected by interactions with particulates, algae and other aquatic organisms.

Peak loadings of many constituents to the Bay-Delta occur during short-term episodes of elevated runoff.

Trace metals and other materials transported to the Bay-Delta are deposited and retained in sediments of the Bay-Delta.

Loadings estimates to the Bay-Delta must consider both water column and bed load contributions.
Mercury forms become more bioavailable as they move downstream in the Sacramento River system, through methylation in the low energy, depositional environments of the Bay-Delta.  

Hypotheses:

A list of potential hypotheses to be tested using monitoring information for the Sacramento River watershed includes:

Observed ambient toxicity is caused by dissolved metals in the water column.

Observed ambient toxicity is caused by pesticides in water column and sediments. 

Ambient toxicity, as measured through laboratory bioassays, is indicative of field effects and reflects impairment of aquatic uses.

Above specific thresholds, fish tissue levels of contaminants are predictive of human health problems.

Fish tissue levels are significantly affected by water column concentrations of contaminants.

Levels of TOC, salts and pathogens are significantly influenced by ongoing sources.

Mercury concentrations are not significantly influenced by ongoing sources. 

Benthic invertebrate population characteristics are reflective of water quality conditions.

Temperature is not significantly affected by ongoing sources.

IV. MONITORING PLAN ELEMENTS

The monitoring program should be based on pre-planned activities throughout the year and must also include a significant component of stormwater runoff studies so that peak contaminant loads can be properly assessed and sources of contaminants identified.  It is important that general water chemistry analyses, such as major elements, pH, conductivity, temperature, and alkalinity, be included in the monitoring design along with the analyses of contaminant chemistry.  Toxicological analyses should also be included in the monitoring design in order to have information on potential harmful effects of the Sacramento River discharge to the Bay-Delta system.  The monitoring program must also be relevant to the assessment of riverine conditions and its effects on migrating fish.  The monitoring program must also be relevant to other resident aquatic species, which contribute to ecosystem function – algae, insects, amphibians and other fish species.  Therefore, ecological studies, which assess the condition of the riverine environment and the aquatic species populations, are also required.  Fish tissue monitoring, for organic and inorganic contaminants, is required in order to determine any concentrations of concern for human health.  The following described network is based on establishing water quality, and sources of CALFED-defined stressor compounds from the Sacramento River to the Bay/Delta system, and also on establishing the suitability of the current and future conditions of the aquatic environment of the Sacramento River Basin for migrating fish including salmon and other CALFED priority species
Description of Ongoing Monitoring Activities


Significant ongoing monitoring efforts are being performed in the Sacramento watershed by the USGS, Sacramento River Watershed Program (SRWP), Sacramento Coordinated Monitoring Program, Department of Water Resources Northern District, Department of Pesticide Regulation, Regional Board, USBR, and DWR Municipal Water Quality Investigations unit.  Table __ summarizes the major ambient monitoring programs being performed in the Sacramento Valley.  


The Sacramento River Basin National Water Quality Assessment Program of the U.S. Geological Survey has been collecting water quality and biological data at 12 sites from February of 1996 through May of 1998. Those sites included 4 on the Sacramento River and the remainder on tributaries including the Feather River, Yuba River, American River, Cache Creek, Colusa Basin Drain, Sacramento Slough, and Arcade Creek.  The program has entered a period of reduced sampling activity and the only site still being monitored is the Sacramento River at Freeport.  Sampling will continue at that site, on a monthly basis, indefinitely.  Detailed reports from that study are in preparation and will be available starting in 1999.  The study plan is described in detail by Domagalski and others (1998).

Major efforts were made in the development of the SRWP monitoring program to integrate with ongoing programs to take advantage of current resources and to avoid duplication of effort (SRCSD, 1998).  The approach used in the development of the SRWP monitoring program provides valuable information, which can be applied to similar integration activities in other locations.  The SRWP is performing a monitoring program at more than 60 sites within the basin, including both main stem Sacramento River sites and tributary sites.  The focus of the SRWP monitoring effort is on the assessment of water quality conditions within the Sacramento River basin and the impact of those conditions on beneficial uses.  The Program started in June 1998 and consists of regular sampling (monthly, semiannual or annual) for a variety of parameters.  The sites and parameters being monitored under the first year SRWP monitoring program are summarized in Table __.


Monitoring by the Department of Water Resources, Northern District is now focused in several small tributary streams located in the northern half of the watershed.  These tributaries are Mill Creek, Deer Creek, Big Chico Creek, and Clear Creek.  Chemical, toxicological and biological parameters measured in the DWR program are consistent with the parameters and procedures employed in the SRWP monitoring effort in the main stem of the Sacramento River.  


The Sacramento Coordinated Water Quality Monitoring Program  (CMP) has been monitoring three sites on the Sacramento River and two sites on the American River on at least a monthly basis since 1992.  The CMP monitoring effort is focused in the Sacramento urban area and includes monitoring for trace metals, selected pesticides, and other water quality parameters.  The CMP program is fully integrated and coordinated with the SRWP monitoring program.  Sampling and analytical methods, sampling events, and data sharing are closely linked to the SRWP monitoring effort.


The Department of Pesticide Regulation is monitoring two sites in the Sacramento River basin for organophosphate pesticides and toxicity.  Between January and March, five samples per week are analyzed of pesticide levels and three toxicity tests are performed each week.

Identified Water quality Concerns in the Sacramento River System

Studies completed in recent years under the above programs by local, state and federal agencies have shown that various locations within the Sacramento River watershed are impacted or are potentially impacted by contaminants and that a number of these contaminants are exported into the San Francisco Bay-Delta system.  Contaminants of concern or potential concern include mercury, trace elements such as cadmium, copper, chromium, lead and zinc, pesticides including organophosphate and organochlorine compounds, sediments, pathogens, organic carbon, salts and unknown constituents that result in positive responses in toxicity tests performed on ambient waters.  Sources of these contaminants include erosion, mine drainage, agricultural runoff, urban runoff, and natural geological features such as springs.  The greatest loadings of many contaminants tend to occur during or following storm-water runoff, but some constituents are present the system at higher levels at other times during the year.  


Many contaminants, such as pesticides, are associated with particular land-uses and are detected in water in a more or less predictable manner every year.  Two examples are the use of CALFED-defined stressor compounds such as carbofuran on rice and diazinon and chlorpyrifos on dormant orchards.  Pesticide use on rice and the subsequent drainage of rice fields is strictly regulated and is not currently considered to be a major water quality problem. The use of carbofuran during May and June on rice fields and the subsequent drainage of the rice fields, from summer through early fall has been listed as a possible concern in the CALFED process.  Diazinon use on dormant orchards occurs in the winter months and some of the diazinon applied enters the Sacramento River or its tributaries in stormwater runoff.  Concentrations of diazinon which are known to be toxic to invertebrates, such as Ceriodaphnia dubia, have been measured in this stormwater runoff (Domagalski, 1996).  It is theorized that impacts on invertebrate species may reduce food resources for fish and higher organisms and produce population declines in these species.


Elevated water temperature in the Sacramento River water is a major cause of concern for fish species of concern, such as salmon and steelhead.  Elevated temperatures may adversely affect migration or spawning of these species.  The construction of a temperature control device on Shasta Dam allows for better control of the river temperature, at least during times of sufficient reservoir capacity.  Temperature control in the main stem of the Sacramento River will be a major problem during drought years.  In those tributaries important for spawning by spring run chinook salmon and steelhead, elevated water temperatures are an ongoing concern. 


One major area of incomplete understanding is the effect of contaminants originating within the Sacramento River or its tributaries on downstream aquatic communities.  For example, mercury is generally not a toxicity problem for aquatic communities, wildlife or human health until it is changed to a toxic form such as methyl mercury.  Much of the mercury in the Sacramento River system may not be bioavailable in the dilute water of that system, but may in fact be taken up by biota and methylated in the brackish water of the Bay-Delta estuary.

The sources of total mercury are another area of uncertainty for the Sacramento River Basin.  Although some source areas are known, such as Cache Creek and some streams draining the gold country of the Sierra Nevada, other sources are still unidentified.  Work by Sacramento County, USGS and the Regional Board has indicated that a major mercury source is located somewhere between Red Bluff and Colusa that has not yet been pinpointed.

Another area of incomplete understanding is the effect of toxic contaminants, e.g. organophosphate insecticides, on resident aquatic organisms.  At present, the effects on Bay/Delta or Sacramento River species is largely unknown and needs investigation.

An obvious area of uncertainty is with toxicity of unknown origin.  Water samples that show a positive response in a standard toxicity test can be further tested to determine what compound or type of compound is causing the toxicity.  Frequently, the actual toxicant cannot be identified.


The magnitude of the effect of nutrients, pathogens, TDS and organic carbon on downstream water quality and beneficial uses is an area of uncertainty.  Although nutrient and organic carbon concentrations are known, there is imperfect understanding of the potential for those loadings to result in significant problems downstream.  Levels of pathogens and the effect of those levels on downstream uses are also poorly understood.

Proposed network of water quality monitoring stations

The water quality monitoring network for the Sacramento River Basin, in order to achieve the stated CALFED goals needs to take into account the sources of the CALFED-defined stressors and needs to take into account the environment of migratory fish, resident fish, and other aquatic organisms.  Therefore, the monitoring network, of necessity, must include a substantial portion of the Sacramento River Basin.  At a minimum the following locations must be considered as part of the monitoring plan:

Lake Shasta tributaries (Upper Sacramento River, McCloud River, Pit River)

Sacramento River Locations (from below Shasta Lake to below Freeport, probably 6 stations)

Feather River and tributaries (Yuba River, Bear River)

American River (at Sacramento)

Coast Ranges tributaries (Cache Creek, Putah Creek, Cottonwood Creek, Stony Creek, Thomes Creek, Clear Creek and other smaller creeks)

Sierran tributaries (Deer Creek, Mill Creek, Big Chico Creek, Butte Creek, Battle Creek, Antelope Creek, Cow Creek and other smaller creeks)

Acid Mine Drainage: (Iron Mountain discharge and others)

Agricultural Drainage (Colusa Basin Drain, Sacramento Slough)

Urban Drainage (Arcade Creek)

Yolo By-Pass near Interstate 80


A map of proposed stations is provided with this document (Figure 4). 


In the development of the SRWP monitoring program, significant effort was made by stakeholders to identify preferred monitoring sites in the Sacramento River watershed.  The above-proposed list incorporates sites that were identified in that process.  For tributary sites, a philosophy was adopted by the SRWP to attempt to work with local conservancies and watershed groups to build a coordinated approach, which respects the sensitivity of some local groups to monitoring of their watersheds by outside parties.  The SRWP has assisted in the funding of tributary monitoring in the first year SRWP monitoring program on a limited basis, placing emphasis on areas where the local groups have indicated an interest in monitoring.  These three pilot monitoring efforts (in Mill Creek, Big Chico Creek, and Deer Creek) have helped to coordinate main stem and tributary monitoring and have provided a vehicle to educate local stakeholders regarding monitoring methods and water quality issues.  It is recommended that tributary monitoring advocated by CMARP follow this model to encourage local leadership of monitoring on individual tributaries and coordination between these tributary efforts and the main stem monitoring programs.  At a minimum, monitoring of tributary sites should be restricted to the mouths of tributaries in the absence of local support.


The recommended monitoring locations should be supported by CALFED in order to achieve the stated objectives.  As seen in the development of the SRWP program, ongoing programs will wish to continue operation at some of the recommended sites. Where data quality objectives are similar, opportunities for integration with these programs should be explored.  

All chosen sites must have an active flow gauging station at the location or nearby so that accurate measures of river or creek discharge and mass loading estimates may be made.  Although site selection criteria will partly be based on the location of existing gages, it may be necessary for the CALFED program to support the construction of new gauging stations, or the maintenance of existing ones.  Some gauging stations may need to be modified in order to obtain continuous temperature data.  A core group of stations requires monitoring throughout the year.  Other stations should be sampled on a seasonal basis or as part of an event-based wet season or agricultural runoff-monitoring program.  A map of these locations is shown on Figure 4.

Constituents to be monitored

It is recommended that the following water quality parameters be monitored.  This listing of parameters is largely consistent with the CALFED stressors identified by the CALFED Water Quality Technical Group and is consistent with the parameters of concern identified by the Sacramento River Watershed Program. 

Trace metals and other metals (using ultraclean techniques and low detection limits):

Mercury (Total and methyl), Copper (Dissolved and total), Cadmium (Dissolved and total), Zinc (Dissolved and total), Arsenic (Total), Lead (Dissolved and Total), Chromium VI (Dissolved and Total), Selenium (Total), Silver (Total), Nickel (Total), Iron (Dissolved), Manganese (Dissolved and Total), Aluminum (Dissolved and Total)

General Chemistry:

Boron (dissolved), Sodium (Dissolved), Calcium (Dissolved), Magnesium (Dissolved), Potassium (Dissolved), Chloride (Dissolved), Sulfate (Dissolved), Fluoride (Dissolved), Bromide (Dissolved), total dissolved solids, total suspended solids, total organic carbon, turbidity, hardness and alkalinity.

Field Parameters:

pH, conductivity, temperature and dissolved oxygen.

Nutrients:

Nitrate (Dissolved), Nitrite (Dissolved), Ortho-Phosphate (Dissolved), Ammonia (Dissolved), chlorophyll a 

Organophosphorous Pesticides:

Diazinon, Chlorpyrifos, Malathion, Methidathion, Phorate.

Carbamate Pesticides:

Carbofuran, Carbaryl, Molinate, Thiobencarb, 

Triazine and other organo-nitrogen pesticides:

Simazine, Atrazine, Cyanazine, Trifluralin, Metolachlor.

Pathogen Monitoring:

Giardia, Cryptosporidium, Coliform bacteria.

Aquatic Toxicity:

Toxicity to Ceriodaphnia dubia and Pimephales , toxicity follow-up investigations (toxicity identification analysis).

Sediment Toxicity:

Ceriodaphnia dubia and Hyallela species, toxicity follow-up (toxicity identification analysis).

Ecological Assessment:

Benthic invertebrate identification, algae identification, sampling of physical habitat.

Fish Tissue:

Total mercury, PCB’s and chlorinated insecticides (DDT, chlordane, others)

A Quality Assurance Plan must be developed to document the methods to be employed in the sampling and analysis of these parameters.  The EPA-approved QA plan developed for the SRWP monitoring program should be used as a starting point for development of the larger QA plan.  The QA plan will provide a useful tool to facilitate integration and coordination of monitoring efforts throughout the watershed.

Frequency of Measurement 


Water quality measurements are required at some sites throughout the year on a pre-planned basis.  Monthly measurements will suffice for that purpose.  In addition, sampling must also take into account stormwater runoff during the November – April wet season.  These event-based sampling efforts are parameter and site-specific.  Some examples include the following: runoff of orchard pesticides in the Feather River drainage; runoff of mine drainage in the Cache Creek and Yolo By-Pass areas; water quality and contaminant studies in the lower Sacramento River (Freeport and Yolo By-pass stations) to assess quality of water entering Bay/Delta system; tributary studies to examine urban runoff effects.  Most runoff studies are conducted during and immediately following rainfall events so that the changing contaminant concentrations during rising and falling river stage can be recorded.  Studies of agricultural runoff must be designed based the specific farming practices.


Aquatic ecology measurements are usually conducted during suitable time periods such as late summer/early fall when river stage is low and the necessary sampling can be completed safely.  Fish tissue sampling is also conducted under similar logistic requirements and when endangered species are not likely to impacted by the sampling methods.


The annual cost estimate for the above program is approximately $ 2.0 million for sampling and analytical work.  Costs associated with program management, data analysis, database management and reporting are not included in this estimate.

Data Archival and Storage 


It is proposed that data should be available to CALFED agencies, local groups and agencies, academic institutions and the public through the Internet by a downloadable database. The data should be available for retrieval after a thorough quality assurance review.  The database will require a storage location and funding will need to be provided for archiving and backup purposes.  The SRWP is contracting with the Department of Water Resources to integrate with the Interagency Ecological Program (IEP) database management system.

V. RESEARCH PROPOSAL SECTION

The following research topics have been suggested for the Sacramento River basin.  The goal of this focused research is to address significant issues that affect the interpretation of monitoring data and the understanding of the relationship between water quality conditions and beneficial use attainment. 

Research on sources of total mercury to the Sacramento River system: Current knowledge about sources of mercury to the Sacramento River is limited.  Although some sources are known, there are significant gaps in our understanding.  For example, a large increase in loading of mercury to the Sacramento River occurs during stormwater runoff events somewhere between Red Bluff and Colusa.  To date, the source of that mercury is unknown.  Significant improvements to our understanding could be achieved through  coordinated synoptic studies during rainfall events.

Research on geochemistry and biogeochemistry of mercury: Although mercury concentrations in the Sacramento River are being recorded, the amount of this mercury which is capable of moving through aquatic food webs is not completely understood.  Research is needed as to amount of mercury which can be transformed into toxic forms, such as methyl mercury, or be detoxified (de-methylated) under changing conditions of river flow, changing conditions of river chemistry (i.e. transition form river to estuarine conditions), and different locations in the system (main channel versus sloughs or wetlands).

Research on the toxicity of organophosphate pesticides to resident invertebrate species in the Sacramento River and Bay-Delta, both under laboratory and field conditions:  Research should include assessment of resident invertebrate community responses and recoveries from pesticide pulses through the system.  Research should also include evaluation of the linkages between invertebrate population dynamics and populations of CALFED priority fish species.

Research on best management practices for the control of the run-off of organophosphate insecticides:  Special studies and subsequent monitoring in the Sacramento River and tributaries is needed in order to better understand the control of  organophosphate insecticide entry into the river system.

Research on the fate and transport of pathogens in the Sacramento watershed and downstream waters:  Better test methods are needed to assess the viability and human health risks associated with existing pathogen levels in the system.

Research on nutrient-eutrophication response for Sacramento River Discharge and implications for the Bay/Delta:  To date, significant amounts of data have been obtained on nutrient concentrations in the Sacramento River and tributaries, including agricultural drains and urban streams.  However, the ability of these nutrients to impact the Sacramento River or Bay/Delta or result in eutrophication is not understood.  Studies are required to address this relationship.


 Research on the impacts of anionic polyacrylamide (PAM) use for erosion control on aquatic organisms.  It is anticipated that PAM use in the basin may increase given its attributes in controlling soil erosion.

Research to assess the relationship between sediment toxicity results and field effects.  Research should include examination of methods to improve interpretation of sediment toxicity results in the Sacramento River system and to develop sediment toxicity identification methods.  

VI.
Indicators

It is recommended that the monitoring program developed for the Sacramento River watershed employ the following environmental indicators, at a minimum:


Ambient toxicity


Fish tissue concentrations of specific contaminants


Dissolved trace metal concentrations in water


Organophosphate concentrations in water


Benthic invertebrate community indices in wadable streams

VII.
Links


The proposed monitoring program should be closely linked with the Sacramento River Water Program monitoring activities, which are already integrated with other major monitoring programs in the basin.  The Monitoring Subcommittee of the SRWP provides a focal point for contact with a number of other monitoring entities, including USGS NAWQA, Sacramento CMP, Regional Board, DPR, San Francisco Bay RMP, IEP, DWR Northern District, and others.


The proposed program should also be closely linked with monitoring efforts by local watershed groups.  The cooperative approach used in the SRWP to coordinate with and support local monitoring activities should be employed to the extent possible. 
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