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Introduction:

This report is a summary discussion of the three-year water monitoring project of the Van Duzen River watershed.  The specific goal of the monitoring effort is to relate water quality, flow data, and geomorphology to watershed condition and the health of the salmon population.  This relation will help direct a course of action to improve conditions.  This summary includes the project motivation, purpose, history of past monitoring projects, recent watershed activity and conditions, results and evaluation of the 3 year monitoring data, implications of the results, and recommendation of action.  

Project Motivation:

Many North Coast streams and rivers have been identified as impaired due to sediment under the Clean Water Act, Section 303d  (CSWRCB, 1998).  Total Maximum Daily Loads (TMDLs) have or are being developed to identify and mitigate the impacts of sediment and to provide for attainment of Basin Plan water quality objectives. In addition, these watersheds are identified as key watersheds for salmonid production by the Northwest Forest Plan (USDA, 1997). Anadromous fish stocks on the North Coast of California have declined well below historical levels (Brown et al., 1994). Increased sediment delivery to stream channels is thought to be a significant contributor to the decline of fish populations.  Sediment can contribute to the decline of fish populations through several mechanisms including, but not limited to: clogging spawning gravel (Chapman, 1988), impacting feeding ability and growth rates (Newcombe and MacDonald, 1991), and simplifying habitat by filling in pools and low gradient reaches (Frissel, 1992).  Extensive efforts to restore the fishery are planned.  The effectiveness of these efforts will benefit from monitoring turbidity and suspended sediment concentration (SSC) and duration of exposures to assess whether restoration has reduced sediment transport within the channel and whether the turbidities and SSCs present will allow recovery of the fishery.

Project Purpose:

This monitoring project was organized and implemented by the volunteer members of the Friends of the Van Duzen community group. Friends of the Van Duzen is a grass roots, community organization comprised of residents and visitors to the Van Duzen region. For the past four years, Friends of the Van Duzen have worked closely with Salmon Forever to establish monitoring stations along the Van Duzen and in its various tributaries. Data is collected by trained volunteers, and distributed to the Water Quality Control Board Region 1. Students in the Hydesville and Carlotta elementary schools participate in our watershed projects. We are dedicated to helping to restore the river for future generations.

The project goals are:

· To provide information necessary to adapt management practices to better meet the objectives of the Northwest Forest Plan by quantifying the association between management activities and downstream turbidity and SSC levels.


· To provide information useful for implementing TMDLs by identifying background and current turbidity and SSC regimes.


· To provide information necessary for planning fisheries restoration by determining whether salmonids are likely to be exposed to harmful levels of turbidity and suspended sediment.


· To facilitate education, involvement and empowerment of watershed residents by organizing a community-based volunteer program for monitoring.


Monitoring History:

Past watershed analysis projects of the Van Duzen River Watershed include the independent Kelsey study of 1979, the EPA contracted Tetra Tech/Pacific Watershed Associates study of 1999, and the Pacific Lumber Company contracted Tetra Tech study of 2002.

Harvey Kelsey’s study of 1979 was a sediment budget and geomorphic process analysis of the Van Duzen River basin.  The sediment budget summarizes the years 1941-1975.  Kelsey examines in particular the influence of the 1964 flood on slope failure and sediment delivery, and compares this to the period before and after the flood in logged vs. un-logged areas.  With regard to slope failures during the study period, 56 occurred on logged areas while 26 occurred on un-logged areas.  Sediment discharge to the channel in thousands of metric tons was 477 logged vs. 77 un-logged in pre-flood period, was 4769 vs. 1139 during flood period, and was 123 vs. 4 in post-flood period. It was also found that the 1964 flood caused increased sediment delivery of 49% during the period of 1941-1975, than would have occurred without the storm.

The Pacific Watershed Associates study of 1999 was a sediment source investigation of the Van Duzen River basin which identified the sediment contribution of various erosional processes.  The assessment period covered the time from 1955 to 1999.  The basin was divided into 3 units; the upper domain, the middle domain, and the lower sub-watershed.  Findings for sediment delivery to the channel during the study period showed that approximately 20% was contributed by the upper domain, 52% from the middle domain, and 28% from the lower domain.  The lower domain covered the area from just upstream of Grizzly Creek State Park to the confluence of the Van Duzen and Eel River, which covers the same land area studied by Friends of the Van Duzen, excluding the area downstream of Yager Creek.  The PWA study found that potentially controllable sediment yield makes up 36% of the total sediment delivery for the lower domain.

The Tetra Tech/PALCO study of 2002 was an analysis of cumulative watershed effects for the lower Van Duzen basin.  This report set out to evaluate sediment sources delivered to the channel, interpret riparian and stream responses, and examine possible impacts on fisheries and aquatic life.  Since the Friends of the Van Duzen study focused on turbidity, the specific finding on sediment supply are highlighted.  The study found that sediment input to the channel due to management related sources was an average of 29% of the total sediment budget from all sources.  Streamside landslides accounted for 20% of the 29% with 9% coming from other management sources.

Monitoring Methods:

Friends of the Van Duzen primarily collects grab samples for turbidity and SSC determination.  Additional measurements needed to evaluate the impacts of turbidity and SSC are also collected.  These measurements include stream discharge or stage at sites where a rating curve has been or is being established.  Either a direct (discharge) or indirect (stage) measurement must be recorded at the time water samples are collected.  When possible position on the storm hydrograph (rising, peak, or falling limb) is also noted. 

Most samples collected are analyzed by Salmon Forever, which maintains their Sunnybrae Sediment Lab for turbidity and SSC determination. Samples for Hydrologic Year 03 were analyzed by Ed Brenneman at Hydseville Elementary using turbidity equipment borrowed from Salmon Forever. If sampling sites are added that are too far to deliver samples to the laboratory within the required time period, a field laboratory will be set up to allow timely sample analysis. The Quality Assurance protocol developed by Salmon Forever requires rapid processing of samples to prevent algae growth.

Data is entered into a computerized management system and checked by the data processing team prior to analysis.  Regular analysis of data with review by appropriate Salmon Forever Technical Advisory Panel members will facilitate timely detection of error or need for modification of protocols.  Analysis is conducted when data processing is completed.

Monitoring Sites History and Description:

The following sites have been monitored over the past 4 years: mainstem Van Duzen River, Grizzly Creek, Yager Creek, Fox Creek, Cummings Creek, Hely Creek. 

(Refer to Enclosed Map “Van Duzen River Watershed Water Quality Sampling Sites” for site locations.)

A history of the sites is as follows.

Mainstem Van Duzen: 

In June of 2000, Friends of the Van Duzen was notified that Pacific Lumber Company was going to begin a watershed assessment of the Van Duzen River. This process was required by the Habitat Conservation Plan of the Headwaters Agreement in 1998. Pacific Lumber Company was required to conduct a watershed assessment in all 22 of their watersheds over the next 5 years.

Pacific Lumber Company contracted Tetra Tech to conduct the study. A group of citizens FOVD along with local scientists, the Van Duzen Watershed Assessment Group (VDWAG) began working with Pacific Lumber Company and Tetra Tech regarding the Watershed Assessment (WA). As the study progressed from June 2000 into 2001, it became apparent to the VDWAG that the study was not being conducted on the main stem of the Van Duzen but on the tributaries. So that in a 25,000 acre area only 1% was being studied excluding the main stem. 

In regards to this concern, a group of people: Russell Sampson, private land owner; Jesse Noel, water activist; Sal Steinberg, community coordinator FOVD; Sharon Greene, teacher and artist; John Bair, hydrologist, McBain and Trush; and a group from the Tetra Tech Staff conducted a cross section, installed staff plates, and used an ISCO monitor from Salmon Forever to take multiple readings of the main stem of the Van Duzen River. 

The station was established in September of 2000 and produced data on the main stem for a three-year hydrological period. A site was established along the mainstem by Barber Shop lane at the home of Russell Sampson whose residence was right on the mainstem. In fact the Sampsons had lost approximately 300 feet of their property in 1995. 


After 3 years of monitoring, two staff plates were dislodged and washed away, and one is bent. Because the river tends to dig down against the rocks to deepen itself, it is difficult to maintain staff plates to be able to keep depth measurement.  In the winter of 2003, the river at Sampson’s shifted so that 50% of the water goes to the other side of the riverbed. Therefore, FOVD discontinued monitoring at Sampson and is seeking various sites along the Van Duzen to monitor. 

Grizzly Creek State Park: 

Home to majestic Redwoods, Grizzly Creek has been a favorite campground of tourists for many years. Pacific Lumber Company and Simpson Timber holdings surround the park. Grizzly Creek is also the home of the endangered Marbled Murrelet who fly all the way to the ocean and back each day during nesting season. A Marbled Murrelet Protection Zone was established.

In discussions with Jesse Noel and Clark Fenton, it was decided to place a monitoring station here.  Grizzly Creek was an important area of concern. Grizzly Creek State Park area had received a special designation under the Headwaters Agreement, and its hydrological and biological analysis would be critical to its outcome in March of 2004. At this time, due to the Marbled Murrelet Conservation Zone, it would be determined if the area could be logged or if it should be preserved. 

Grizzly Creek was also prime salmon habitat. In 1982 Grizzly Creek had the 2nd best Chinook salmon run in all of the Eel River systems. Today, a handful of Coho have been found in the upper reaches, but they are nearing extinction in the Van Duzen River basin. Citizens had observed a decline in water quality and the salmon population throughout the 90’s, and FOVD considered this area to be a key vantage point. Sharon Greene, local artist and teacher, began to take water samples from under the bridge at Highway 36 and Grizzly Creek State Park. 

Permission was requested by FOVD to the State Parks system, and we received permission to install staff plates under the bridge at Grizzly Creek State Park. Sharon Greene was designated as the person to take water samples and oversee the monitoring station. She was trained by Clark Fenton and certified.  Sharon Greene took water samples from 2000 till her death from cancer in Dec. 2003. During Sharon’s illness, Ed?, Sal Steinberg, and Robert Lieterman, Grizzly Creek Ranger, began to take water samples. After her death, Robert took over taking samples. 

The station at Grizzly Creek has had dramatic fluctuations in water velocity. Staff plates would become dislodged and wash downstream or even bend, and we had to continually make adjustments. Over the three year period, FOVD had to replace the staff plates on two separate occasions.  Most dramatic was in December 2002, when we had 25 inches of rain in one month.

The grab sample and flow and depth site is directly beneath the east side of the Highway 36 bridge, which spans Grizzly Creek.  Flow is measured from 20' east of the bridge, and depth is taken 2' out from a marker below the east side of the bridge.  Depth and flow are measured at the stream bank and not from the bridge.  This is one of two sampling locations that have also been surveyed for a cross-sectional profile, which is shown below.  This profile will be resurveyed each year during the dry season.


[image: image3.jpg]



Yager Creek: 

In the summer of 2001, an unusual event occurred. Yager Creek, mile tributary of the Van Duzen and a prime Chinook and Coho stream, ran dry and went underground at the bridge by Highway 36. This was the 1st time in 40 years that this event occurred and has since occurred each year subsequently. FOVD decided to establish a monitoring station at Yager Creek. 
Working with Clark Fenton, Salmon Forever, an area was surveyed and three staff plates were installed in November 2001.  Sal Steinberg volunteered to take water samples from Yager, and was trained and certified by Clark Fenton. Sal took water samples at Yager for 1 hydrologic year from 2001-2002.  The Yager Creek station was discontinued after one year due to heavy flows and the bending and dislodging of staff plates. 

Fox Creek Station: 

FOVD and local Fox Creek resident, Barry Stewart, decided to install a station along Fox Creek Rd. Fox Creek is the northernmost home of the Cutthroat trout.  At the mouth of Fox Creek a Cal Trans culvert does not allow the passage of salmon on Fox Creek. In October 2002, a staff plate was installed ½ mile up Fox Creek Rd. Barry Stewart was trained, and began to take samples. 

Cummings Creek Station: 

Residents in the Cummings Creek area, the Jorgenson’s, working with Bill Matson, Eel River Watershed Improvement Group, began taking water samples at their homes 1.5 miles up the creek. FOVD decided that it would be beneficial to have a monitoring station near the mouth of Cummings Creek. Staff plates were installed by Pat Boyle, Ed Brenneman, and Sal Steinberg in October 2002 under the Cummings Creek Bridge on Highway 36. During the rainiest December on record, 2 inches, staff plates and iron were dislodged and sent downstream. In October 2003, Pat Boyle and Sal Steinberg installed another set of staff plates. 

Hely Creek:  

Hely Creek was another important tributary of the Van Duzen. It had a long history of being prime salmon habitat, and was unique in that it flowed all year round. The mouth of Hely Creek runs through Humboldt County State Park, emptying into the Van Duzen River. A formal request was made by FOVD to the County Parks system. Permission was granted and a monitoring station installed in 2000.  Ranger Patrick Boyle, a 14 year ranger in the County Parks system, volunteered to take water samples and was trained and certified by Clark Fenton.

In December 2001, while Ranger Pat was taking water samples he noticed something silver flying past him up the creek. Chinook salmon were running up Hely Creek and Pat notified the community who quickly began witnessing this great event. Many members of the community had not witnessed salmon spawning since the mid 1980’s, and for many this event was a unique experience in their lifetimes.

The Hely Creek site became our field study site for Hydesville and Cuddeback schools. Students came and conducted water monitoring and macroinvertebrate studies.

We noticed that sediment began to build up around the staff plate at Hely Creek. Following the Dec.2002 storms, fine sediment had built up one and a half feet at the staff plate. We decided to reinstall the staff plate under the bridge. In Nov.2003, with the help of Salmon Forever and the Humboldt State University Geological Society, a new staff plate was installed and an elevation survey was conducted. This is the second of two sampling locations, which have been surveyed, for a cross-sectional profile, which is shown below.  This profile will be resurveyed each year during the dry season.
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Monitoring Results:

The 3 year volunteer monitoring data being summarized spans November 2000 through January 2003.  The data collected by field volunteers includes measurements of turbidity, stage, and velocity at the various monitoring locations. A lack of consistency between recording both stage and velocity, as opposed to one or the other, for each water sample collection, rendered the calculation of site specific flow impossible.  Instead, hourly flow volume data was used as collected by the USGS monitoring station at Bridgeville, CA.  This data is used to establish a real time pattern of watershed flow response in the area.  Grab samples were typically collected during the rainy season from the month of November through April.  Grab samples were analyzed for turbidity, which is a measure of fine sediments in the water as determined by the amount of light passed through it. Turbidity levels were counted and grouped according to their possible effects on salmon health. Turbidity levels of 25 NTU and above reduce the reactive distance (distance at which food can be sighted under varying levels of water quality) for juvenile salmonids. 

(Henley, 2000) Juvenile Chinook Salmon feeding for planktonic prey declines at turbidity levels of  70 NTU and above.  Feeding for surface and benthic prey severely declines at 150 NTU and above. (Gregory, 1993)  These values were used as exceedence thresholds to group the sample days, by how many days had samples that exceeded each of these thresholds. This was compared to the total number of days sampled to see the severity of the impact.  Data is divided by sampling location, and by hydrologic year period.  One hydrologic year is from November of one year to the end of October of the next year. 

In hydrologic year one, Grizzly Creek, Hely Creek, and the Van Duzen at Sampson were sampled. Year 01 had lower overall channel flow volume than 02 and 03, as a result, the turbidity levels are much lower.  Grizzly Creek had 55% of sample days with turbidity over 25 NTU with a maximum recorded sample of 465 NTU.  Mainstem Van Duzen at Sampson had 63% of sample days with turbidity over 25 NTU with a maximum recorded sample of 737 NTU.  Hely Creek had 35% of sample days over 25 NTU with a maximum recorded sample of 385 NTU.  Below is a summary chart of the Turbidity Sample Range.  Also included is a foldout chart titled “Hydrologic Year 01 Turbidity and Flow Summary”, which shows all turbidity sample values along with a plot of the daily average flow values measured on the Van Duzen at the Bridgeville USGS station.


Turbidity Sample Range - Hydrologic Year 01             









Number of sample days with 
Total #
Max 


 turbidity values of at least:
of Days 
Sampled

Site ID:
25(NTU)
70(NTU)
150(NTU)
Sampled
(NTU)

Grizzly
11
8
6
20
465

Sampson
27
14
8
43
737

Hely
7
4
3
20
385

In hydrologic year two, Grizzly Creek, Hely Creek, the Van Duzen at Sampson, and Yager Creek were sampled. Year 02 had much higher overall channel flow volume than 01 and 03, though 03 had some higher peak flows.  As a result, the turbidity levels are much higher in 02 than the other two years.  Grizzly Creek had 48% of sample days with turbidity over 25 NTU with a maximum recorded sample of 355 NTU.  Mainstem Van Duzen at Sampson had 69% of sample days with turbidity over 25 NTU with a maximum recorded sample of 1000 NTU.  Hely Creek had 45% of sample days over 25 NTU with a maximum recorded sample of 994 NTU. Yager Creek had 44% of sample days over 25 NTU with a maximum recorded sample of 973 NTU.  On the next page is a summary chart of the Turbidity Sample Range for Hydrologic Year 02.  Also included is a foldout chart titled “Hydrologic Year 02 Turbidity and Flow Summary”, which shows all turbidity sample values along with a plot of the daily average flow values measured on the Van Duzen at the Bridgeville USGS station.


Turbidity Sample Range - Hydrologic Year 02









Number of sample days with 
Total #
Max 


 turbidity values of at least:
of Days
Sampled

Site ID:
25(NTU)
70(NTU)
150(NTU)
Sampled
(NTU)

Grizzly
19
9
6
40
355

Sampson
43
30
19
62
1000

Hely
30
13
9
67
994

Yager
17
13
8
39
973

In hydrologic year three, Grizzly Creek, Hely Creek, Cummings Creek, and Fox Creek were sampled. Year 03 had much higher overall channel flow volume than 01, and some higher peak flows than year 02. The turbidity levels are much higher in 03 than 01.  There were fewer sample days in 03 than the other two sample years because of the washouts of staff plates and dangerous field conditions caused by much higher than normal peak flows.  Grizzly Creek had 100% of sample days with turbidity over 25 NTU with a maximum recorded sample of 608 NTU. Hely Creek had 64% of sample days over 25 NTU with a maximum recorded sample of 459 NTU. Cummings Creek had 86% of sample days over 25 NTU with a maximum recorded sample of 684 NTU. Fox Creek had 67% of sample days over 25 NTU with a maximum recorded sample of 686 NTU.  On the next page is a summary chart of the Turbidity Sample Range for Hydrologic Year 02.  Also included is a foldout chart titled “Hydrologic Year 03 Turbidity and Flow Summary”, which shows all turbidity sample values along with a plot of the daily average flow values measured on the Van Duzen at the Bridgeville USGS station.


Turbidity Sample Range - Hydrologic Year 03









Number of sample days with 
Total #
Max 


 turbidity values of at least:
of Days
Sampled

Site ID:
25(NTU)
70(NTU)
150(NTU)
Sampled
(NTU)

Grizzly
9
8
6
9
608

Hely
7
7
5
11
459

Cummings
6
3
1
7
684

Fox
8
6
4
12
686

Conclusions:

As shown in the flow and turbidity summary graphs, change in turbidity level shows a general influence from fluctuations in flow volume.  This indicates that turbidity data is consistent with precipitation effects.  Turbidity values remain at very dangerous levels, even when flow is lower.  Turbidity sample values in the area of the lower Van Duzen watershed consistently show exceedence of levels shown to impair the lifecycle and survival of the coho salmon species.  Many of these values are 6 to 10 times above the highest exceedence threshold. Negative impacts of potential beneficial uses of waters including the impact on threatened species and impact on spawning and early development are occurring due to this high sediment load.  Much of this sediment load could be controlled by decreasing the impact from management related input, which has been shown in the previous Pacific Watershed and Tetra-Tech reports to account from 36% to 29% respectively.  This leads to the conclusion that waste discharges are significantly causing and or contributing to the impairment of water quality and beneficial use. Streamside landslides accounted for 20% of the management related input.  Since this is the highest portion of the 29% controllable input, it is most important to focus on reducing.  This would include but not be limited too increasing size and density of riparian buffer zones until this input is reduced.  To monitor the effect of needed improvement and reduced impact of management practices, the data collection effort must continue to be expanded with the end result of restoring water quality and beneficial uses of the Van Duzen Watershed.

Recommendations:

Several improvements and additions should be made to insure the continued value of this long term monitoring project.   These items fall in the categories of sample collection organization, sample data type expansion, and data analysis and organization.

With regard to sample collection, there needs to be increased consistency and coordination.  The same set of sites must be monitored the same months of each hydrologic year to establish year-to-year data throughout the continued long term monitoring effort.  These sites must also be monitored during the same time of month, the same number of times.  To ensure uninterrupted and broad coverage sampling, a sampling regime schedule must be established between the volunteers.  This would include details such as agreed upon sampling date ranges and also a list of backup volunteers.  Sampling must also continue throughout the entire year, not just during the wet season.  This is important to establish some sort of background conditions for turbidity and other water quality data that are not influenced directly by precipitation.  Dry weather sampling will have a lower need for frequency than that collected during the rainy season.  A greater effort should also be made to collect both stage and velocity data at each sample location.  A backup method should be established for times when the staff plates have been bent or washed out (measure from bottom of bridge to water surface).  

With regard to data type expansion, additional useful sampling types should be examined.  For example, all grab samples should be analyzed for suspended sediment.  This can be done by returning past grab sample bottles to be analyzed, as has already been done with a few of the samples and entered in the database.  As budget allows for monitoring equipment, the pH, temperature, conductivity, and dissolved oxygen levels of the water should be checked periodically to broaden the data type.  These levels should be tested as often as practical, though likely not more than the grab sampling is performed.  Two stream cross-sections have already been surveyed recently.  All stream locations must also be surveyed for cross-section profiles.  These profiles must be resurveyed each year during the dry period to measure sediment aggradation.

Additional spatial specific data may also be incorporated into the ongoing GIS mapping project through Legacy Connection of Arcata, who produced the site location map.  Possible useful information includes timber harvest locations, roads, geology and soils, other controllable usage, and precipitation.  Relating these items to various sub-basin units and their water quality conditions will prove useful in identifying primary sediment inputs and changing management practices. 

Establishment of a data collection and exchange relationship between the various land owners and community members in the Van Duzen Watershed is vital to provide the best possible conclusions.  Future monitoring and analysis efforts should be coordinated through the Regional Water board and a network between monitoring by Friends of the Van Duzen, Simpson, and  PALCO created.  This will allow a balance of beneficial use, water quality, and responsible business practice.
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		Grizzly Creek, Cross Section												Northwest corner of Grizzly Creek Bridge, Hwy 36

		Surveyed 11/01/03 by Joshua Harkins and Tod ?												Pict#89:BM 100ft elevation

		Fieldbook 1, page 2-5												Transit: HSU Fisheries Dept. 3

		Discharge XXX cfs												Clear, Sunny

										Height of

		Station		Adjusted		Backsight		Foresight		Instrument		Elevation

		(ft)		Station		(ft)		(ft)		(ft)		(ft)		NOTES

										93.60		100.00		BM#1:Nail 0.75ft down from top of NW bridge pillar

		0.40						0.61		93.60		92.99		Right bank rebar at base of NW pillar, fine sediment

		2.80						1.24		93.60		92.36

		7.00						2.68		93.60		90.92		Cobble slope

		11.00						3.69		93.60		89.91

		15.40						4.66		93.60		88.94		Edge of shelf covering rip-rap

		19.40						4.48		93.60		89.12		Break in slope, bank full

		24.40						7.44		93.60		86.16

		27.60						9.78		93.60		83.82		Bottom of slope

		30.70						10.48		93.60		83.12		Edge of water, Right bank

		38.10						10.89		93.60		82.71		Creek bottom 1

		45.80						10.84		93.60		82.76		Creek bottom 2

		54.40						10.47		93.60		83.13		Left bank edge

		63.80						8.97		93.60		84.63

		71.00						7.40		93.60		86.20

		76.10						6.10		93.60		87.50		Edge of overbank

		83.00						2.91		93.60		90.69		Top of bank slope (Bank full)

		91.50						1.73		93.60		91.87

		101.70						0.00		91.87		91.87		Base of column, Left bank rebar
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		Hely Creek, Cross Section												HW36, Hely Creek bridge, South

		Surveyed 11/01/03 by Joshua Harkins and Tod ?

		Fieldbook 1, page 6-8												Transit: HSU Fisheries Dept. 3

		Discharge XXX cfs												Clear, Sunny

										Height of

		Station		Adjusted		Backsight		Foresight		Instrument		Elevation

		(ft)		Station		(ft)		(ft)		(ft)		(ft)		NOTES

										98.62		100.00		BM#1:Left Bank SE corner of bridge, 1st metal I-beam bottom(1.375)

		71.50						5.12				93.50		Left bank pin, shiner in tan oak under redwood

		58.30						5.35				93.27

		54.70						5.97				92.65		Edge of slope

		44.90						10.76				87.86		Base of slope

		38.00						10.69				87.93		Bank shelf near log

		36.30						9.23				89.39		Top of log

		34.80						11.00				87.62		Edge of bank top

		33.50						14.03				84.59		Base of shelf

		30.70						15.13				83.49		Cobble slope

		27.10						16.33				82.29		Edge of water, left bank

		22.00						16.64				81.98		Center of channel

		22.00						16.38				82.24		Center of channel, water surface

		18.00						16.58				82.04		Edge of water, right bank

		11.10						15.53				83.09		Right bank, base of slope

		3.40						5.17				93.45		Top of slope

		1.00						4.50				94.12		Right bank, rebar
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