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Preface

Thisis an under-graduate student report. The opinions and conclusions presented do not
necessarily reflect the final material to be presented as the outcome of the Salinas Sediment Study
(2000-1 contract). Nor do they necessarily reflect the opinions or conclusions of the Central
Coast Regiona Water Quality Control Board, who funded the work, or any of its staff.

Having said that, | hope you enjoy the report. It isthe product of an extra-ordinary level student
dedication to the science of bettering the environment of the Central Coast while recognizing the
social and economic importance of its agriculture and industry.

Dr. Fred Watson
Project leader.
Student Capstone Advisor
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Abstract

The primary goal of this study isto determine typical sediment yields fromirrigated agricultural
fieldsin the Salinas Valley, California. The study presented here quantified erosion amounts
from vegetable row croplands by measuring water application, runoff and sediment loads coming
from row cropsin the Salinas Valley during irrigation and rainfall events. It estimated that for the
period April 2000 through March 2001, 234 kilo-tonnes (2.9 tonnes’'ha) of soil eroded from
approximately 60% of agricultura row-croplands. These lands had slopesless than 2.3%. It was
estimated that 70% of this eroded material was of silt & clay composition. Finaly, it was
determined that a properly functioning and maintained detention basin could remove over 99% of
sediment from water leaving the basin. The ultimate goal is to use these datain the larger scope
of the Salinas River sediment budget to help establish the total maximum daily load (TMDL) for
sediment in theriver. Thisisrelated to two larger issues. Firt, itisin partial compliance with the
Clean Water Act to address non-point source pollution. Second, it addresses concerns over
habitat degradation of the steelhead trout (Onchorhynchus mykiss), protected under the
Endangered Species Act.

1. Background

The study presented is within the context of a broader project that seeks to evaluate sediment
loads of the Salinas River on awatershed scale. The general background of this broader project is

presented here. Details of the study of focusfollow.

1.1. Sediment

Sediment transport in rivers is a natural process. In coastal streams and rivers, sediment is often
necessary to replenish sands that are transported from beaches by wave action (MBNMS, 1997).
However, when land uses such agriculture modify large tracts of land, and dams modify the
hydrologic regime of rivers, severe changes can occur to sediment transport (Mount, 1995).
When large rain events happen, large amounts of erosion occur and sediment can accumulate in

stream channels. This can affect not only river, but wetland and ocean processes as well. Excess



sediment in the form of sand in stream channels can amount to aggradation of the stream channel,
broadening the floodplain and leaving land adjacent to the water body more vulnerable to
flooding. Sediment in the form of silt and clay can carry nutrients and chemicals from
agricultural land into the surface water systems, causing problems with biotic systems. Finally,
the loss of the soil from agricultural land may reduce productivity, causing significant economic
loss (MBNMS, 1999). The implications of sediment transport problems to economic,

engineering, environmental and land management concerns makes it important to study.

1.2. The Salinas Sediment Study

The Watershed Institute at the Cdifornia State University, Monterey Bay (CSUMB) in February
2000 received a grant from the State Water Resources Control Board (SWRCB) for the primary
purpose of providing technical assistance toward the development of a total maximum daily 1oad
(TMDL) for sediment in the Salinas River. This project has been named the Salinas Sediment
Study (SSS). The Sdinas River flows through the heart of the Salinas Valley and is surrounded
by agricultural land, especially in the northern section of the valley (see Fig. 1). In addition, this
river isregulated by two large dams, which are located in the southern section of the valley. Data
from the study will be used to help determine the TMDL of sediment that will be a benchmark to
determine whether excessive amounts of sediment (considered a pollutant) are present. Part of
the study is to determine if some correlation between particular land uses and associated sediment

loadsinriversexist. Another isto develop a monitoring strategy to determine pollutant levels.

1.3. The SS Study Area

The Salinas Valley is located along the central coast region of the state of Californiain the United
States (Fig. 2). Its watershed covers some 11,000 km? ranging from its southern extent near the
city of Paso Robles to its northern extent at the mouth of the Salinas River near the city of
Sdlinas. The valley has a mediterranean climate, which is influenced by coastal processes giving
much of the northern section a partly maritime climate, also. At the city of Salinas, the
temperature ranges from a maximum average of 19.9 C to a minimum average of 8.2 C. The
average annual rainfall is 338.3 mm, with 95% falling from October to April (Western Regional
Climate Center, 2001).
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1.4. Need for the Study

1.4.1. The Clean Water Act

The need for the present study of sediment in the Salinas River comes from a mandate by the
federal government (Clean Water Act, 1972). The Clean Water Act (CWA) requires states to list
water bodies that do not meet quality standards. The Salinas River has been listed for several
different pollutants, one of them being sediment (MBNMS, 1999).

Sediment levels allowed by law are determined through a concept of total maximum daily load
(TMDL). The definition of a “TMDL” varies from situation to situation. It has not been
completely defined for the Salinas River. The federal government requires that the state reduce
sediment levels via the TMDL “process’. This process evaluates pollutant levels through
monitoring, assessing whether those levels need to be modified, and then enacting appropriate

management strategies to modify them, if necessary.

Although it has been nearly 30 years since the CWA was enacted, there currently is no
established TMDL for sediment on the Salinas River. It isthe responsibility of the Central Coast
Regional Water Quality Control Board (CCRWQCB) to define and implement TMDLSs of various
pollutants within the Salinas River (MBNMS, 1999). Initial establishment of a sediment limit is
scheduled to occur in May 2001.

1.4.2. The Endangered Species Act & Steelhead

Another need for the study concerns the steelhead trout (Onchorhynchus mykiss). In most years,
the Salinas River flows enough to breach through a small tidal sand barrier at its mouth. Just
offshore, adult steelhead trout may linger for months to gain access to their upstream spawning
grounds (Dettman and Kelley, 1986). When the Salinas does breach and connects with the ocean,
the steelhead swim up to the river's tributaries to spawn. Use by the steelhead has been
recognized as a beneficia use of the Salinas River (SWRCB, 1994).

In 1997, the steelhead was listed as a threatened species and placed under protection by the
Endangered Species Act (ESA) (50 CFR Part 17). The ESA was established in 1973 with the



intention to "provide a means whereby the ecosystems upon which endangered species and
threatened species depend may be conserved, to provide a program for the conservation of such
endangered species and threatened species'(16 USCS § 1531). Of most recent development is
the July 2000 final rule governing take (killing) of 14 threatened salmon and steelhead
Evolutionarily Significant Units (species)(50 CFR Part 226). This outlines in genera the need for
control of erosion and sediment in rivers of known steelhead use (50 CFR Part 223, 65 FR
42422).

With the listing of the steelhead trout as threatened, there is more urgent need to evaluate and
mitigate stream pollutant sources. One potential source of sediment is erosion due to agriculture.
It has been estimated that 40% of the suspended sediment load of U.S. streams comes from the
erosion of cultivated land (Woodward and Foster, 1997).



2. Presented Study

Agricultura land use in California has contributed to water pollution (Mount, 1995). Thisis an
issue of particular relevance in the Salinas Valley, where the dominant industry is agriculture, a 3
billion-dollar per year business (MBNMS, 1999). Erosion coming from surrounding agricultural
lands may be degrading water quality and threatening steelhead habitat.

Investigation into the quantity and nature of erosion due to agriculture is an important step toward
understanding the sediment processes of the Salinas River and developing a TMDL based in part
on them. This study investigates the quantity of erosion to agricultural land caused by irrigation
and rainfall events. It then seeks to determine how much of that erosion is sand or silt and clay in
composition. Finally, it investigates how effective a particular management practice, a detention

basin, can be at mitigating this erosion.

2.1. Irrigation and Rainfall Erosion

There may be two ways that significant sediment can leave an agricultural field. The firgt is
through irrigation of the crops. There are several ways in which crops are irrigated, and each has
a different erosive effect. The second is through rainfall events. It is not known how much of
each of these components could contribute to a sediment problem in the Salinas River.

Therefore, it is necessary to examine these potential sources.

2.1.1. Typesof Irrigation

As stated before, there are two ways that significant sediment might leave an agricultural field.
One may be through irrigation of the crops during the summer months. There are three major
classes of irrigation: furrow, sprinkler, and drip. Furrow irrigation is not common in the Salinas
Vadley, and in fact has become less common in California in general (Snyder, 1996). Most
common is sprinkler irrigation, where water is delivered under pressure through pipes to be
sprayed upward via sprinklers along a latera arm that lies on the ground. Typicaly, a system
will have severa lateral arms attached to a main line. Other systems are "linear" types that

deliver water sprayed downward from an overhead lateral on wheels that move along the field.



Drip irrigation on vegetable cropsis not yet widely used, but is used on certain fruits, particularly
strawberries. In a study of Koluvek, et a. (1993), it was observed that the only study to date to
measure erosion under sprinkler irrigation was carried out under center-pivot systems. These data
were not published, and are of little relevance since the Salinas Valley has no known systems of

this type currently in use.

2.1.2. Irrigation Erosion

Although few if any published studies have addressed sprinkler irrigation erosion and sediment
transport in the Salinas Valey specificaly, there is some information that gives an idea of what

the relative amount might be.

First, most irrigated areas in California have small slopes and contain fairly stable soils, resulting
in low erosion rates. Slopes above 2% often exhibit excessive erosion rates (Koluvek, et al.
1993). Agricultura land is defined here as land used in the cultivation of crops (i.e. vegetables,
grains), but not for pastoral or viticulture use. The SSS has determined through GIS analysis that
approximately 60% of tilled agricultural land south of the city of Salinas is at 2% slope or less.
Second, a 1985/86 survey by the USDA Soil Conservation Service concluded that no agricultural
land was affected by irrigation-induced erosion in the Salinas Valley (Koluvek, et al. 1993).
Finally, erosion of land using the sprinkler system is dependent upon water application in excess
of the soil infiltration rate (Trout and Neibling, 1993). With the use of best management practices

and careful application of water, excess flow can be reduced.

It islikely that an erosion problem due to irrigation is low. In any case, there is not likely to be
water applications large enough to move this eroded soil to the Salinas River. However, what
usually happens is that eroded soil is stored nearby in ditches or basins. If this eroded soil is not
managed in some way, it is likely that it will be mobilized toward the river during winter storm

events.



2.1.3. Rainfall Erosion

During the winter, anywhere from October through March, the Salinas Valley is subject to winter
storms. These storms can produce large amounts of rain, sometimes intensely, and can last for
long periods of time. It is during these storms that erosion is likely to be great, especialy on
fallow fields. Just how much erosion occurs due to a storm event is difficult to ascertain,
especialy over large areas. The process of erosion is complex enough given the consistent water

application of irrigation. It isall the more so with the additional complexity of rainfall dynamics.

The prediction of erosion due to rainfal is of great interest, especially for this study. Many
inferences about erosion in general are drawn from the studies of rainfall erosion on agricultural
land (Trout and Neibling, 1993). Wischmeier and Smith (1978) developed the Universa Sail
Loss Equation (USLE) for predicting rainfall erosion. Their study pertains to the erosivity factors
of the rainfall and runoff combined with the erodibility factors relating to soil properties,

vegetation, topography and particular land use practices.

Although the USLE is useful for determining erosion on agricultural fields, it was designed for
the management of erosion of individual land parcels in the eastern United States, and not on
watershed-scale applications. It involves determining parameters that would not be practical to
measure on such large scales. Furthermore, a regional specific analysis of agricultural erosion
must be applied here. Therefore, the USLE is of little use to this study.

2.2. Agriculture and Best Management Practices

Farmers understand the value of the soil and the merit in keeping it where it belongs, on the land.
Doing so can be difficult during times of severe weather, especially on fallow ground.
Management techniques that help minimize or mitigate erosion have been developed. These
strategies have been called best management practices (BMPs). A few examples are:

e vegetated buffer strips

e contour plowing

e cover cropping

e sediment recovery from ditches

e detention basins
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A certain amount of erosion might be considered acceptable to farmers under sustainable
conditions. Erosion that is considered acceptable for sustainable farming may not be acceptable
as sediment loads in rivers. Where a farmer may not have had a need to establish a BMP from
the point of view of productive soil loss, there may be a need to establish one from awater quality
point of view. This viewpoint may not be immediately obvious to farmers or the general public.
The Monterey Bay National Marine Sanctuary is currently working with area Farm Bureausin an
effort to communicate this viewpoint (MBNMS, 1999). Farmers have responded positively

(persona communication, Farm Bureau).

2.2.1. Current BMP Policy of the Salinas Valley

Although there are BMPs that help to mitigate sediment travel from a farmer's land, these
practices are not required by regulatory agencies in most areas of Monterey County where the
majority of the Salinas Valley lies. Use of BMPS has been a voluntary action initiated by
landowners. A farmer may have concerns about the amount of sediment leaving his’her property
for one reason or another. They may then seek the advice of the local Farm Bureau or Resource
Conservation District, which will supply assistance in selecting the BMP that best suits the needs
of the farmer. When this occurs, the farmer gains knowledge of water quality issues and can
incorporate this knowledge into hisher BMP decisions. Every indication from the various
agencies involved in regulating resources suggests a strong support of educational efforts to assist

those in a voluntary position to help solve environmental problems (MBNMS, 1999).

2.2.2. Detention Basinsasa BMP

One management practice that may be particularly useful for mitigating sediment-laden runoff is
the detention basin (Fig. 3). The basin works by capturing runoff into a holding pond, dowing its
velocity. This basin is typically located close (or even within) the field. The reduced velocity
alows the sediment to settle out of the water. As the basin fills with runoff, the “cleaner” water
near the top is slowly released out of the basin, usuadly by raised drains. If runoff amounts are
small, such as with irrigation or light rains, water does not reach alevel high enough to leave the

basin. Inthese cases, al eroded soil that eft the field can be trapped in the basin.

11
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Sediment basins are not maintenance-free. The sediment that accumulates at the bottom of the
basin must be removed. Otherwise, the sediment would simply fill the basin, leaving it
ineffective. This sediment can be removed from the basin using earthmoving equipment and
returned to thefield.

How often a retention basin needs to be maintained is a matter of:

* basin size compared to the field

» erosion characteristics of the field

» size of the storm/irrigation events

* timeand equipment availability to the farmer
In general, alarger basin would need maintenance less often, but might take valuable land out of
production. If thefield ison steeper dopes and/or has easily eroded soil, alarger basin might be
needed. A basin designed to accommodate irrigation events will not be as effective (if effective
at all) during heavy storm years. Resource Conservation Districts usually employ engineers that

can assist farmers with determining the correct size basin for their needs.

2.3. Project Goalsand Approach

The primary goal of this study is to determine typical sediment yields fromirrigated agricultural

fieldsin the Salinas Valley during irrigation and rainfall events.

The project has the following sub goals:
* Measure erosion from a number of irrigated fields under differing irrigation and rainfall
regimes
» Usethisinformation to establish a relationship/model that can be used to predict erosion
given simple water application and landscape parameters
e Usethismodel to upscale erosion datato the entire Salinas Valley
» Determine what percentage of erosion is sand vs. silt and clay

» Determine the effectiveness of detention basins in trapping eroded soil

Erosion from irrigation is expected to be relatively small compared to that resulting from winter
storms if those storms are sufficiently intense and/or long. However, it is likely that there are
strong relationships between the causal processes in each case. Thus, by measuring summer
erosion due to irrigation (which isin many ways easier than rainfall erosion) insight is gained that

13



may apply to all erosion. Since the sand and silt/clay components produce different problems
environmentally and may be mitigated in different ways, it would be useful to understand how
much of each component is leaving the field. Finally, knowledge of the efficiency of best
management practices currently employed (detention basins) is important for managerial/policy

pUrpOSEs.
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3. Agricultural Study Area

Because of the climate, the northern section of the Salinas Valley is an area of intense agriculture,
especialy along the flat dluvial deposits bordering the Salinas River (Fig. 1). The SSS has
estimated that approximately 15% of the Salinas Valey watershed is row crop agriculture
(165,000 ha). The study area for the presented project is agricultural land south of the town of
Spreckels, very near the city of Salinas. Agricultural area of this region is estimated to be
135,280 ha. This area (a little smaller than the agricultural area of the total watershed) was
chosen for two reasons. First, data was readily available for GIS analysis. Second, the remaining
drainage of the northern section of the watershed (surrounding the area of the city of Salinas) has

been so channeled that little runoff makes it to the Salinas River.

Although this region is fertile, it is dry. Tilled agriculture relies amost entirely on irrigation
during the summer growing season. In the winter, storms are often frequent or intense enough to
make it impossible to work the land, and temperatures can cool to less than optimum for the
vegetable crops. Therefore, much of the agricultural lands stay fallow during the winter
(November thru February).

This study examines erosion on these agricultural fields on four farms distributed over the length
of greatest agricultura activity from Greenfield north to the city of Salinas. The farmland studied
during the winter storm period was afallow field. Specific locations and farmer’s names are held

confidential as per agreement with the SSS.
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4, Methods

4.1. Site Selection and Overview

Fields in the valley were selected such that field size and boundaries were unambiguous and
application and runoff rates of water were easy to measure. Measurements were made of the
sediment carried by the water past some point, usualy the tail end of afurrow, field, or the drain
from an irrigation system. Monitoring started at the beginning of water application (either
irrigation or rainfall) to the field and proceeded until al runoff had ceased. Measurements and
samplesincluded:

»  Water gpplied or that fell asrainfall

*  Runoff water from the field

*  Runoff water samples.

» Fiedsize

e Field dope

This study covered the period from April 2000 through March 2001. A total of nine irrigation
events from three different farms and six rain events from one other farm were monitored. These
sites ranged the span of the Salinas Valey from the town of Greenfield (southern extent) to the

city of Salinas (northern extent).

An event is classified as a single watering occurrence either by irrigation (usually afew hoursin
length) or rainfall (of approximately the same duration). One field measured at two distinct and
separate locations during one rain or irrigation occurrence is considered two “events’. These
farms ranged in slope from 0.15% to 2.1%. GIS analysis by the SSS has determined that this
slope gradient represents approximately 60% of agricultural land south of the town of Spreckels
(very near the city of Salinas). This land predominantly borders the Salinas River and would
likely have the most immediate impact on sediment levels during storm events. However, thereis
land about tributaries of the Salinas that have slopes above this level. These could be significant

contributors to sediment levels during rainfall events.

There are three distinct types of water applications that were observed: two types of irrigation

(sprinkler and linear) and rainfall.

16



Samples were taken back to the SSS lab at the Watershed Institute and analyzed for sediment
concentration.  Total loads were calculated as the product of discharge and sediment
concentration (see details below). Various sized filters enabled the analysis of sand vs. silt/clay
percentage of sediment composition. Finally, data analysis alowed for the development of the
model used to predict valley-wide erosion on agricultural land. The following are general

procedures. Detailed instructions are provided in Appendix 1.

4.2. Measurement of On-Field Erosion

Data were collected in the field and samples taken back to the lab for processing in all cases.
Analyses utilized rainfall/application rates (mm/hr) and runoff rates (L/sec) combined with total
sediment (TS) concentrations (g/L) to obtain erosion (tonnes). Runoff rates multiplied by TS
concentrations gave the load (g/sec) of sediment coming off thefield. At times during sampling
the runoff and TS samples were not taken simultaneously, and/or a TS sample may have been
taken every other runoff measurement during consistent flows. In these cases, the average TS
value for the representative time period was used in calculations. The summation of these
calculated load val ues over the representative time periods gives the total amount of soil (tonnes)
off thefield. Thisdivided by the area of the field (ha) gives the erosion value.

4.2.1. Field Data Collection

1) The selected fields were measured before the events to ascertain the size of the area
irrigated (m?), its drainage points, slope, stage of crop, type and condition (last tillage) of
the soil. Slope was determined either through direct measurement (survey with digital
theodolite and laser distance meter) or was supplied by the farm manager.

2) At the drainage point, a capture system was constructed in such away asto allow for the
normal flow of water to exit the field in one continuous flow from which samples can be
taken. Typicaly, a detention basin or runoff ditch that drains the field served well as a
site for the congtruction of the catchment system. In some cases the field had a pre-
existing drainpipe, So construction was unnecessary.

3) Once the sprinkler system was in operation (or rain started), starting time was recorded.
Application rates were determined by one of the following methods:

« measuring the flow at the irrigation nozzles with buckets & stopwatches

17



» placing bucketsin the field and measuring depth of water over time
e pump flow meters

» rain gauges combined with the time the gauge was observed.

If the irrigation system was a linear one, the rate of travel of the system and the width of

instantaneous irrigation (that part of the field being watered at any particular moment) was

al'so recorded.

4)
5)

6)

7)

Once runoff reached the catchment system, the time of initiation was recorded

At regular intervals a bucket was placed under the drainage flow and filled. The time to
fill the bucket and the exact volume collected was recorded. This was done throughout
the runoff duration at approximately 5 — 20 minute intervals, depending upon how
quickly runoff rates were changing.

A sample of the runoff water was taken from the runoff flow at the same time that
discharge was measured. This sample was analyzed for total sediment (TS, procedures to
follow). During times of consistent flow, a TS sample was sometimes only taken every
other discharge measurement.

The time that the sprinklers shut off or rain stopped was recorded, as well as the ending

time of the runoff.

4.2.2. Total Solids (TS) Laboratory Procedure

The TS procedure was employed to determine the concentration of sediment in a water sample.
A filtration process was employed, based on Woodward and Foster (1997). The procedure is

summarized here and reproduced in detail in the Appendix.

1)
2)

3)

4)

5)

Sampl e bottles were pre-weighed (to the nearest 0.01g) and numbered.

After the sample was obtained, the outside of the sample bottle was rinsed and dried, then
weighed to the to the nearest 0.01g.

A small amount (literally a pinch) of sodium hexametaphosphate was added to the
sample and shaken thoroughly. This helped suspend particles and keep them from
flocculating.

Pre-dried and pre-weighed (to the nearest .001g) disposable glass filters (filter size, 1.5
micron) were used to vacuum filter the water sample.

The filters containing the sediment portion of the water sample were then dried for 2

hours at 100°C to evaporate any remaining water.
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6) Thefilters were reweighed to determine the amount of soil in the sample (to the mg).
7) Thevolume of the sample was determined from its weight and the density of water.

8) Concentrations of sampleswere recorded in mg/L.

Estimated error of the results is dependent upon mass and volume of the sample. The error
associated with a large sample (approximately one liter) with highly concentrated sediment
will be approximately 2%. Small samples (approximately 1/4 liter) with small sediment
concentrations can have errors near 100%. Thislarge error in “clean” samplesis not viewed
as a problem, because a 100% error in small sediment concentrations has little affect on
estimated loads. Furthermore, most samples taken are large enough and “dirty” enough to

keep errorslow.

4.2.3. Data Analysis

Sediment concentration data along with water application and discharge rates can be combined to

give the following information:

» Irrigation water (or rainfall) application rate over time, giving the amount of water applied

Runoff rate over time, giving the total amount of water discharged

Theload, or amount of sediment movement per time (mass/unit time)

Total load, or load over time (mass)

4.3. Modeling

Models were devel oped to predict or describe:
o FErosionfromafield
o Dédlivery off thefield
0 Upscaling from field to watershed scale, modeling:
= areaand slope of agricultural land
= rainfal/irrigation amounts and intensities
e erosionduetoirrigation
* erosion due to rainfall

* total erosion
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4.3.1. Erosion Mode

Development of the eroson model was done by multiple regression analysis using SPSS
statistical analysis software. By looking at the various parameters measured about the event and
finding the strongest correlating relationships between them and the erosion amounts, a model
was constructed that used easily measured parameters to estimate erosion. That is:

E=f (V1 V2 V3...) where,

E = Erosion, and

V1,V2, V3, arepossible controlling variables.

These controlling variables were determined to be:

=  Maximum intensity of water application

= Tota amount of water applied

= Slopeof thefield
These results are addressed again later, but it is important to mention them here. The
development of methods for the upscaling model relies upon the results of erosion analysis and

parameter correlations.

Knowing that many factors would contribute to variation of the data from the model, it was
expected that variance would be large. However, it was fdt that this estimate was more than
adequate and the range of error acceptable for the purposes of the project. It is expected that as

future datais collected, the model will become more robust.

4.3.2. Delivery Modd

The dedlivery model predicts how much of the eroded material could make it to the Salinas River
to become sediment. A simplistic view of the erosion transport processistaken. Thisview
assumes that all eroded soil will be “flushed” to the river if not somehow managed. This
relationship is expressed as.

D = SDR x E, where

D is sediment (tonnes) ddivered to the river (sediment not managed in some way) and

SDR isthe sediment delivery ratio, somewhere between 0 — 100%, and

E isthe amount of erosion from the fields (tonnes).

20



4.3.3. Upscaling

Upscaling is the process of taking information from field scale erosion and delivery models and
applying it to give an estimate of erosion for the entire Salinas Valley. An important part of this
process is to determine how much area has a given slope. With this information and
rainfall/irrigation application, erosion due to irrigation and erosion due to storm events can be

predicted. The two are added to give total erosion.

4.3.3.1. Finding Area and Slope

Upscaling was performed by first determining the amount of agricultura area within the Salinas
Valley that would have to potential to contribute to the Salinas River sediment budget. This was
done through GIS analysis using the Tarsier modeling framework (Watson et al., 2000) based on
information from the Association of Monterey Bay Area Governments (AMBAG). Since
erosion-maodeling results demonstrated a good relationship between slope of the field and erosion,
it had to be determined what portion of that area had what slope. This was also done using
Tarsier. Slope categorization started at 0.0 degrees and increased by increments of 0.1 degrees.
These categories were devel oped throughout all agricultural fields. Tarsier was used to determine
how much acreage fell into each of the slope categories and to calculate the average slope of the

area. This average was used in calculations after conversion from degrees to percent slope.

4.3.3.2. Rainfall/lIrrigation M odel

Therainfal modd is used to determine the amount of rain and the maximum ten-minute intensity
of winter storm events within the Salinas Valley. The maximum ten-minute application rate of a
storm event is based upon the one-hour maximum rate reported by the California Irrigation
Management Information System (CIMIS, 2001). There are four CIMIS stations recording
precipitation along the Salinas Valley within the agricultural study area. Their data are available
from the web, but only as intensities based on one-hour averages. It isfelt that there are intensity
averaging periods that play a more significant role in erosion that must be determined from
shorter timescales. A timescale based on a ten-minute recording interval is felt to represent
appropriate intensities and is approximately the same as the recording intervals established in the
field during storm event monitoring.

21



It was necessary to determine the relationship between 10-min. intensities and 1-hour intensities.
A tipping-bucket rain gage that records each 0.025 mm of rain received is located on the roof of
the Watershed Ingtitute. This data was recorded throughout the winter season. Near
instantaneous rainfall intensities can be derived from these data. Through data regression
analysis based on the winter’s rain record, a relationship was established between ten-minute
intensity and hourly intensity. This relationship is strongest for high intensities because the gauge
records more bucket-tips in a ten-minute period. Maximum hourly intensities for winter storm
events reported by CIMIS were converted to estimated ten-minute intensities and used for the
model.

Total rain amounts (as opposed to intensities) were determined directly from the reported CIMIS
amounts. Both rain amounts and maximum intensities were determined for each rainfal event.
A rainfall event was characterized as a period of precipitation activity on the order of severa
hours to a couple of days, with intengities greater than 0.2mm/hr (based upon hourly averaging).
Within these events there occur smaller time frames, perhaps afew hours, of greater precipitation
activity separated by lesser activity. It might also be appropriate to separate out these storm
“cells’ and treat them as separate storm events. However, it is felt that these cells occurred close
enough in time to each other that treating them individually would probably not make much

difference on the scale examined.

Finally, data from the four CIMIS stations were averaged arithmetically per rain event and used
in the upscaling calculations.

Irrigation intensities remain constant, so there is no need to scale them. Irrigation intensity and

amount were determined from data collected during the monitoring of irrigation events.

Given acreage, dope and rainfal/irrigation information, upscaling is broken into 2 parts: 1)

determining erosion duetoirrigation, and 2) erosion due to rainfall events.
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4.3.3.3. Erosion Duetolrrigation

The results of erosion, rainfall and upscale modeling are brought together to create a valley-wide
estimate of erosion due to irrigation. Since irrigation water application intensity is consistent
throughout the irrigation event, the maximum intensity is the application intensity. For scaling
purposes, the average irrigation intensity for sprinkler irrigation events was used as the maximum
intensity for the model. The total amount of water applied was the average amount applied per
irrigation. With dope class average, maximum intensity and total amount of water applied input
to the erosion model, an erosion estimate (tonnes/ha) is given for each event (irrigation) and slope
class. Tota erosion (tonnes) duetoirrigation isthen determined by:

E,=(N ><C)Zn:(Ei x A) where,

i=1
E, = Erosion due to applied irrigation water,

N = Number of irrigations per crop,

C = Crops per growing season,

E; = Modeled erosion of the " slope class,
A, = Modeled area of the " slope class, and

n = number of slope classes.

4.3.3.4. Erosion Dueto Rainfall Events

The results of erosion, rainfall, and upscale modeling are brought together to create a valley-wide
estimate of erosion due to rainfall events. Maximum rain intensity, total amount of rain and each
of the slope class averages are input to the erosion model giving erosion (tonnes/ha) for each rain

event and slope class. Total erosion (tonnes) due to rainfall eventsis then determined by:

E, :i( I (E, XAi)j where,

EANE j

E, = Erosion (tonnes) due to rainfall,

E, =Modeled erosion of the " slope class,
A, =Modeled area of thei" slope class,

| = the number of slope classes, and

J = the number of rain events.
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4,3.3.5. Total Erosion

Finally, total erosion isfound by:

E=E+E

4.4, Sand vs. Silt/Clay Components of Erosion.

Sediment samples measured from the rain events were filtered specidly to determine the
percentage composition of sand and silt/clay. Before the samples were filtered using the 1.5-
micron filters, the samples were vacuum filtered through a 63-micron sieve. Thisis the accepted
size delineation that defines sand from smaller sediment components (Dunne and Leopold, 1978).
The fraction coarser than 63 microns was then transferred onto a 2.4 — 6 micron glass filter and
dried. The total sediment concentration was thus derived as the sum of the concentration for

fractions coarser and finer than 63 microns.

4.5, Detention Basin Efficiency

A pre-existing detention basin measuring 184 m by 13 m was selected for the study (Fig. 2). It
was integrated into the field that was measured during a rainfall event analysis (2/19/01 event).
Due to how the basin is designed, it was impossible to determine runoff or sediment contribution
to the basin from the field’s middle section. To determine how well the detention basin worked,
first an estimate was made of the total amount of runoff and erosion entering the basin. Estimates
were made of the middle section’s contribution using erosion data from the lesser-contributing
adjacent section. This estimated contribution was combined with the measured contribution of
the two adjacent sidesto give total runoff and sediment to the basin. Using the lesser contributing

data will decrease the calculated efficiency.

Sediment samples were taken of the water |eaving the basin; however, runoff measurements were
not. Thereis a dampening of variation in sediment concentrations leaving the basin due to the
nature of its design. Therefore, fewer samples need be taken. The greatest concentration of
sediment flowing out of the basin is expected to be from the beginning of outflow to peak
discharge. Tota discharge of water out of the basin can take a considerable amount of time.
Sincethe interest in basin efficiency is one of aworst-case scenario (or how much sediment could
escape), samples were taken during the time of greatest sediment concentration only.
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In order to determine basin efficiency two assumptions had to be made. First, al the runoff
volume that enters the basin will leave the basin. Second, the total volume of water leaving the
basin will have a sediment concentration equal to the greatest concentration sampled leaving.

The results of these assumptions will bias the calculated efficiency toward lower levels.
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5. Results

5.1. Measurement of On-Field Erosion

Approximately 310 sediment samples and 410 runoff measurements were taken and analyzed
during the course of this study. This information for all events was graphically analyzed and is
presented in Appendix 2.

5.1.1. Sprinkler Irrigation Erosion

Figure 4 represents a “typical signature” of a sprinkler event. Water application rates range from
6 — 10 mm/hr. Total water applied ranged from 8 — 50 mm. Runoff rates are typicaly low (1 —
4.6 L/sec peaks) and tend to lag considerably in time compared to application rates. It is
generally seen that the peak in runoff corresponds with the ending of the application of water.
Peak TSlevels (1.1 —54.8 g/L.) may also coincide with this runoff peak, but not necessarily. Peak
TS values can also appear at the beginning or even near the end of runoff. However, the effect of
the load being a product of runoff and TS concentration is seen graphically as peak loads (2.5 —
71.3 g/sec) generally corresponding with peak runoffs. Erosion rates from sprinkler irrigation
range from .0039 - .0777 tonnes/ha.
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M000523-W (3.174 ha)
5/23/00 Sprinkler Irrigation Event
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Figure 4. Typical sprinkler irrigation “signature” showing application rate, runoff rate, TS
concentration and sediment load.

5.1.2. Linear Irrigation Erosion

Figure 5 represents a “typical signature” of a linear event. Water application rates range from
34.4 — 46.6 mm/hr. Total water applied ranged from 13 — 26 mm. Runoff rates are again
typically low (3 — 3.6 L/sec peaks), but do not tend to lag considerably in time compared to
application rates as sprinkler irrigation does. It is generally seen that there is not a well-defined
peak in runoff, but rather a more consistent runoff rate over time with much smaller “mini” peaks.
Thisislikely due to the nature of the water application. As the linear apparatus travels along the
field, it progressively saturates the rows running parallel to the overhead sprinklers and runoff
occurs. The peaks may develop as new sections of land saturate enough to release a pulse of
runoff. Peak TS levels (9.1 —43.0 g/L) tend to be found near the middle of runoff, but typically
they are more like higher values within a series of spikes that occur throughout the event, much
like the runoff. Peak sediment loads (22.2 — 51.5 g/sec) correspond with the peak runoff and TS
levels. Erosion rates from linear irrigation range from .0586 - .1785 tonnes/ha, which is greater

than sprinkler irrigation (see Discussion section for interpretation of this).
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J000628-24 (1.473 ha)
6/28/00 Linear Irrigation Event
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Figure 5. Typical linear irrigation “signature” showing application rate, runoff rate, TS
concentration and sediment load.

5.1.3. Rainfall Erosion

Figure 6 represents a “typical signature” of arain event. Average rainfall rate ranged from 1.6 —
3.8 mm/hr. In addition, the maximum rate of rainfall (or rainfall intensity) was measured to range
from 1.9 to 13.2 mm/hr, based upon an approximate 10-minute sampling interval. Tota rain
amounts ranged from 4-14 mm. Runoff rates are generally higher compared to irrigation events
(1.5—-17.2 L/sec peaks). Peak runoff rates tend to lag in time compared to peak application rates,
but runoff duration in general is not very different temporally than application duration. Peak TS
levels (3.1 —46.4 g/L), asin sprinkler irrigation, can be found either in the beginning or near the
middle of runoff duration. Peak sediment loads (4.7 — 800.0 g/sec) correspond with peak runoff
and peak TS levels. Erosion rates from rainfall events ranged from .0028 - .5466 tonnes/ha.
These figures indicate the wide range of rates that rain can cause, from below to far above

anything measured in any irrigation event
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1010219-E (5.1 ha)
2/19/01 Rain Event
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Figure 6. Typical rainfall “signature’” showing application rate, runoff rate, TS concentration and
sediment load.

Note that the stated ranges for runoff, TS concentration and sediment load are not scaled to field
size, and therefore are not directly comparable; however, application rates, total amount of water

applied and total erosion are.
The information from this analysis, combined with measured field parameters, is summarized in

Table 1. Datais missing from the table represents data that was either unavailable, unknown, or

was simply not measured
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Table1l. Summary of Irrigation and Rainfall Event Parameters.

MO000523-| M000523- | M000630- | M0O00630- | J000622- | J000628- |J000628-
SSS ID# E wW E W 4 24 4
Farm A A A A B B B
Soil type DG DG DG
Slope 0.3 0.3 0.3 0.3 0.9 0.52 0.9
Crop stage ? ? ? ? ? ? ?
Soil state ? ? ? ? Cultivated| Sealed? | Sealed?
Irrigation type Sprinkler | Sprinkler | Sprinkler | Sprinkler | Linear Linear Linear
Ave Application Rate (mm/hr) 6 6 8.7 8.7 31.4 34.4 46.6
Maximum Application Rate (mm/hr) 6 6 8.7 8.7 31.4 34.4 46.6
Application Duration (min) 84 84 188 188 25 45 24
Amount of Water Applied (mm) 8.4 8.4 27.2 27.2 13.0 26.0 18.8
Runoff Coefficient 0.01 0.04 0.09 0.09 0.07 0.05 0.09
Runoff Duration (min) 171 117 235 276 176 260 320
Erosion (tonnes/ha) 0.0039 0.0077 0.0088 0.0777 | 0.0586 | 0.1785 | 0.1397
SSS ID# B000722-6/B000808-6|1010211-E{1010211-W|I010212-E|I010212-W|I010219-E|I010219-W
Farm C C D D D D D D
Soil type Heavy Heavy
Slope 0.15 0.15 212 1.8 2.12 1.8 2.12 1.8
Crop stage Mid Mid fallow fallow fallow fallow fallow fallow
Soil state Cultivated |Cultivated?| cultivated | cultivated |cultivated | cultivated |cultivated | cultivated
Irrigation type Sprinkler | Sprinkler | Rainfall | Rainfall | Rainfall | Rainfall | Rainfall | Rainfall
Ave Application Rate (mm/hr) 10 8.4 1.6 1.6 2.4 2.4 3.8 3.8
Maximum Application Rate (mm/hr) 10 8.4 1.9 1.9 7.5 7.5 13.2 13.2
Application Duration (min) 301 345 137 137 24 24 220 220
Amount of Water Applied (mm) 50 48 3.8 3.8 2 2 14 14
Runoff Coefficient 0.02 0.03 0.09 0.04 0.23 0.10 0.11 0.06
Runoff Duration (min) 170 242 151 140 175 143 241 208
Erosion (tonnes/ha) 0.0701 0.0471 0.0202 0.0028 | 0.0553 | 0.0116 | 0.5466 | 0.0542




5.2. Modeling

5.2.1. Erosion M oddl

Statistical analysis using SPSS was used to determine a multiple regression model based upon
parameters found in Table 1, with erosion the independent variable. Parameters of most
importance were determined to be:

e Maximum intensity of rainfall/irrigation

* Tota amount of water fallen/applied

» Slope of thefield

Log transformations were necessary for all variables except the dope. Analysis demonstrated a
good relationship between the log of erosion and the log of maximum intensity of water
application (R? = .46). Weaker relationships occur between log of erosion and both log of total
amount applied and slope. The best fit model overall (R? = .76, see Fig. 7) was determined to be:

logE =0.89xlogM +logA +0.64x S—4.1, where

E = Erosion (tonnes/ha)

M = Maximum intensity of rainfall/applied water (mm/hr, 10-min average)

A = total Amount of water fallen/applied (mm)

S= Slope of thefield (%)

This model will allow for the prediction of erosion within the following parameters:
* Maximum intensities up to approximately 47 mm/hr
e Tota rainfall amounts up to approximately 50mm
e Slopesto approximately 2.2%



Modeled Erosion vs. Measured Erosion
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Figure7. Modeled erosion vs. measured erosion

5.2.2. Delivery Modél

Recall that a smplistic view of the erosion transport process is taken to describe the delivery of
eroded soil to the Salinas River. The delivery model is partially based upon the results obtained
from the detention basin study. It was found that the detention basin could detain 99% of erosion
entering it. Therefore, 1 % of all eroded material will be transported to the Salinas River,
assuming 100% adoption of a detention basin BMP and no other BMPs are in place. If no BMPs
are in place to manage this soil erosion, it is assumed that 100% of that soil will be transported to
theriver. Therefore:
1%xE <D <100%xE.

Vauesfor the range of estimated delivered amounts are given along with the erosion estimates.

5.2.3. Upscaling

5.2.3.1. Area and Slope

GIS analysis by the SSS determined area and dope for agricultural uses within the Salinas Valley
south of the town of Spreckels. This anaysis was performed using the Tarsier modeling
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framework at 360 meter pixel resolution, considered appropriate for this study (Watson, 2001).
There is approximately 1353 km? (135,300 ha) of agricultural land use, as defined by a map
produced by the Association of Monterey Bay Area Governments (AMBAG), in thisarea. This
is primarily row crop agriculture. Of this land, approximately 60% (805 km?, 80500 ha) has a
slope of 2.2% or less. Figure 8 displays agricultural land area and slope relationships.

Cumulative Area, Area of Ag. Land and Slope Class
Comparisons
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Figure8. Area, % cumulative area and sope class of agricultural land south of Spreckels.

Table 2 lists the area associated with each sope class of 2.2% or less and the average slope within

that class. These data were used in the upscaing of the erosion model.
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Table 2. Area and Average Slope

Average slope
Area (km2) | Area (ha) (%)
71.0 7095 0.09
74.0 7396 0.27
95.3 9535 0.44
95.5 9546 0.61
74.7 7474 0.79
57.1 5714 0.96
59.3 5926 1.13
57.6 5759 1.32
39.2 3921 1.49
44.4 4444 1.65
50.5 5046 1.83
44.1 4411 2.01
42.6 4255 2.17

5.2.3.2. Rainfall Modd

Based on the criteria for defining a rainfall event (section 5.3.3.2), six storm events occurred in
the Salinas Valley between the start of April 2000 and the end of March 2001: one in October,

two in January, two in February and onein March.

Through regression analysis, it was determined that the relationship between the dependant
variable “ten-minute intensity” (l1omin) @nd the independent variable “one-hour intensity” (leomin)
was:

l1omin = 3.0 X (I somin) °7® (R? = .45).

The most intense (amount of rain and maximum intensity) storms were in the beginning of
January and March. Unfortunately, rain event measurements were not obtained during these
times. Storm monitoring was performed during the two February events: two in the first and one
in the second. Monitoring of these events was not performed throughout the entire duration of
the event, but rather during storm cells within the event period. The maximum 10-min. intensities



ranged from approximately 10 — 12 mm/hr. Total amounts ranged from 17.7 — 53.8 mm. The
total precipitation recorded from October through March, averaged from the four CIMIS stations,
was 218.6 mm. Table 3 shows the summary of precipitation analysis based upon CIMIS data.
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Table 3. Summary of hourly and ten-minute averaged M aximum Storm Intensity and Total Amount

of Rainfall per Storm Event. Highlighted data were used for upscaling.

116-  |89- 113-
Salinas [Salinas [114- King
Oct Event (25-31) N. S. Arroyo [City Mean

Max Intensity (hourly averaged, CIMIS data, mm/hr) 4.4 11.7 3.9 4.3 6.1

Max Intensity (ten-min averaging by rainfall model,
mm/hr) 9.1 19.1 8.3 9.0 11.7

Amount Total Rain (CIMIS data, mm) 38.2 52 31 29.1 37.6

1-Jan Event (7-15)

Max Intensity (hourly averaged, CIMIS data, mm/hr)  [3.6 6.1 7.9 7.3 6.225

Max Intensity (ten-min averaging by rainfall model,
mm/hr) 7.8 11.7 14.2 13.4 11.9

Amount Total Rain (CIMIS data, mm) 31 67.5 b5 61.8 [53.8

2-Jan Event (23-29)

Max Intensity (hourly averaged, CIMIS data, mm/hr) 6.8 8.2 6.2 4.8 6.5

Max Intensity (ten-min averaging by rainfall model,

mm/hr) 12.7 14.6 11.8 9.8 12.3
IAmount Total Rain (CIMIS data, mm) 28 28.5 20.8 19.5 24.2
1-Feb Event (9-13)

Max Intensity (hourly averaged, CIMIS data, mm/hr) (5.9 5 4.9 4 4.95
Max Intensity (ten-min averaging by rainfall model,

mm/hr) 11.4 10.1 9.9 8.5 10.0
Amount Total Rain (CIMIS data, mm) 37.6 43.2 27.4 31.4 34.9

2-Feb Event (18-20)

Max Intensity (hourly averaged, CIMIS data, mm/hr) 5.3 4.8 8.1 5.8 6

Max Intensity (ten-min averaging by rainfall, mm/hr) 10.5 9.7 14.5 11.3 11.5

Amount Total Rain (CIMIS data, mm) 14.2 13.7 21.4 21.4 17.7

March Event (2-6)

Max Intensity (hourly averaged, CIMIS data, mm/hr) 3.6 7.7 5.4 8.9 6.4

Max Intensity (ten-min averaging by rainfall model,
mm/hr) 7.8 13.9 10.7 15.6 12.1

Amount Total Rain (CIMIS data, mm) 36.2 41.7 63.4 60.4 50.4
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5.2.3.3. Erosion and Dédlivery dueto Irrigation in One Season

The “typical” irrigation season was characterized as follows. The growing season was favorable
during the time of this study. It is expected that most of the row crop farmers were able to get in
two to three harvests during thistime. Thisis not yet verified, but it is a likely assumption. For
each crop grown, approximately .05 - 1 inch (12.7 - 25.4 mm, average =19.0 mm) of water is
applied during each irrigation event, with about 10 events per crop. This is quite variable
depending upon conditions, but is an amount commonly related by farm managers. Most
irrigation is of the sprinkler variety, so for this scaling exercise linear irrigation is ignored. The
average irrigation rate (therefore the maximum intensity) was determined to be 8 mmv/hr, based

upon 6 sprinkler events.

Using the erosion, area/s ope, and upscaling models (sec. 6.3.1, 6.3.3.1 & 6.3.3.3) in conjunction
with the above figures, an estimate of erosion due to irrigation was obtained. Erosion due to

irrigation during the study period is estimated to be approximately:

141 Kkilo-tonnes, 1.7 tonnes/'ha (see Table 4).

This would be considered a typical amount of erosion due to irrigation from year to year, as long
as irrigation strategies and agricultural area do no vary much. Recall that this is only for
agricultural land below 2.2% dslope, representing some 60% of agricultural land use.

Delivery of this eroded materia to the Salinas River was determined to be:
» Best case scenario (full adoption of detention basin BMP, no ather BMPs):
= D> 1%xE; = 1.4kilo-tonnes
*  Worst-case scenario (adoption of no BMPs):
= D < 100% x E; = 141 kilo-tonnes
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Table4. Summation of Erosion dueto Irrigation

Erosion
Model Erosion
(tonnes/ha): (tonnes) | Erosion (tonnes)
Average slope M =8, Area per |perslope| X 25events
per slope class A =19, slope class | class per | (10 irrigations,

(%) S =column 1 (ha) event 2.5 crops)
0.09 0.0122 7095 87 2171
0.27 0.0160 7396 118 2960
0.44 0.0205 9535 195 4880
0.61 0.0263 9546 251 6284
0.79 0.0343 7474 257 6414
0.96 0.0442 5714 252 6307
1.13 0.0566 5926 335 8378
1.32 0.0739 5759 426 10639
1.49 0.0953 3921 374 9342
1.65 0.1208 4444 537 13425
1.83 0.1573 5046 794 19845
2.01 0.2037 4411 898 22462
2.17 0.2592 4255 1103 27574

Total Erosion (tonnes)= 140682

5.2.3.4. Erosion dueto Rainfall Events during the 2000 — 01 Winter Season

Recall that six rainfall events occurred in the Salinas Valley between the start of April 2000 and

the end of March 2001: one in October, two in January, two in February and one in March.

Using the erosion, area/dope, rainfal, and upscaling models (sects. 6.3.1, 6.3.3.1, 6.3.3.2,
6.3.3.4), an estimate of erosion due to storm events was calculated. Table 5 shows a summary of
erosion per slope class per event. The table shows summations of these figures. The total erosion

dueto rainfall for the 2000 — 01 winter storm seasonis:
93 kilo-tonnes, 1.2 tonnes/ha.
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Table5. Summary of Erosion dueto Storm Events

Delivery of this eroded material to the Salinas River was determined to be:

* .93 kilo-tonnes (930 tonnes) < D < 93 kilo-tonnes

5.2.3.5. Total Erosion, April 2000 — March 2001

Adding erosion due to irrigation and erosion due to rainfall events gives tota erosion of

agricultural land on 2.2% dlopes or less (60% of agricultura land) in the Salinas Valley south of

Spreckels:

234 kilo-tonnes, 2.9 tonnes’ha.

Delivery of this eroded materia to the Salinas River was determined to be:

e 2.34kilotonnes < D < 234 kilo-tonnes
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Oct 1-Jan | 2-Jan | 1-Feb | 2-Feb | March
Average slope
Area (ha) (%) tonnes | tonnes | tonnes | tonnes | tonnes | tonnes
7095 0.09 247 365 163 199 112 347
7396 0.27 337 498 223 272 152 474
9535 0.44 555 820 367 448 251 781
9546 0.61 715 1056 473 577 323 1005
7474 0.79 730 1078 483 589 330 1026
5714 0.96 717 1060 475 579 324 1009
5926 1.13 953 1408 631 769 431 1340
5759 1.32 1210 1788 801 976 547 1702
3921 1.49 1063 1570 703 857 481 1495
4444 1.65 1527 2256 1011 1232 691 2148
5046 1.83 2257 3335 1494 1821 1021 3175
4411 2.01 2555 3775 1691 2061 1155 3594
4255 2.17 3136 4634 2076 2530 1418 4412
subtotal: 16000 | 23645 | 10592 | 12908 | 7236 | 22509
Total erosion
(tonnes): 92890




5.3. Sand vs. Silt/Clay Components of Erosion.

Consistent sand breaks, or the filtering of the 63-micron and greater component, are not always
performed in the TSS lab methods. Originally, the intension of doing sand breaks was to
facilitate faster filtering of the sample, as sand would quickly clog the filters leading to the use of
numerous coarse filters. However, this filtering technique is also useful for determining the
amount of TS that is sand and that which is silt/clay. This technique of filtering using the sand
break was not used consistently for the irrigation events, but was used for the rain events.
Therefore, the results that follow are only from the six analyses that occurred during the February

2001 rain events. Recall that these were all from the same farm.

In general, of all the erosion leaving the fields, sand tends to make up the lesser of the two
divisions by weight (Table 6). Typicaly the sand component rarely exceeds the amount of
silt/clay throughout the runoff duration of the field; however, there are exceptions. The average
percentage of sand by weight for all samples taken is 30%, SD = 21%. Sand percentages range
from 0% — 80%. The east field produced an average of 34% sand through the events while the
west averaged 27%. Figure 9 illustrates an example of the general pattern of these relationships.
Graphs of all the measured events can be found in Appendix 3. Figure 10 shows the relationship
between runoff and % sand component. It shows no discernable relationship between the
percentage of sand in a sample compared to how much water is coming off afield.
1010219-E (5.1 ha)

2/19/01 Rain Event
Erosion Component Analysis
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Figure9. Runoff and L oad Relationshipsduring a Rain Event.
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Table 6. Average % Sand of Sediment samples
Average % Sand (> 63 um) of TS Samples

11-Feb | 12-Feb | 19-Feb | TTL Ave
East Field | 43% | 38% | 22% 34%
West Field | 22% | 23% | 35% 27%

Discharge vs % Sand of TSS Sample for All Agricultural Rain Event
Samples
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Figure 10. Log of Dischargevs. % Sand Component of Sediment Samples

5.4. Detention Basin Efficiency

The efficiency of the detention basin was determined by comparing the sediment leaving the
basin to the sediment entering the basin. This was based on the February 19" event, which was

the most intense of the events, maobilizing more sediment.

Approximately 3.3 tonnes of materia was estimated to have entered the detention basin from the
entire field. The measurements of the mid-section of the field were not possible, but estimates
were made based upon erosion activity of the west field (see Table 7). Thewest field wasused in

order to err on the side of decreasing an estimate of efficiency.

An upper-bound estimate of 0.032 tonnes of sediment left the basin. This was based on the
assumption that the volume of water leaving the basin equaled the volume entering (153 n).
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Although percolation and evaporation of water would be expected, these parameters were not

readily measurable. The assumption that all runoff entering the basin left the basin errs on the

side of decreasing efficiency. The maximum TS level that was measured from the basin outflow
(211.3mg/L) was used to determine an estimate of load. Therefore, it isfound that this basin was
at least 99% efficient at retaining all sediment that entered it (Table 7).

% Efficiency =

3.302in - 0.0320ut N
3.302in

100

Table 7. Figuresused to estimate mid-field erosion and basin efficiency

Erosion Area Sed. In TS Conc out | Discharged off Liters | Sed. out
(tonnes/ha)| (ha) (tonnes) (mg/L) (L/ha) infout | (tonnes)
East 0.547 5.123 2.800 211.3 14912.5 76396.5 | 0.016
West| 0.054 3.849 0.208 211.3 8254.3 31770.8 | 0.007
Mid 0.054 5.428 0.294 211.3 8254.3 44804.4 | 0.009 | Efficiency
Total 3.302 0.032 99.02%

Estimates based on erosion activity of west field

Samples indicate that al TS levels leaving the basin were low. Table 8 shows the TS values for

the samples collected, the %sand component, and the daily average TS for the events measured.

It shows TS values ranging from 72 — 211 mg/L. The %sand composition is somewhat smaller

than what was generally experienced to come into the basin. This is addressed in the Discussion

section.
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Table 8. Average % Sand of TS sample leaving the basin

per storm event

Date TS (mg/L) |% sand| TS Ave for day
11-Feb 100.5 9% 100.5
12-Feb 142.0 5%
12-Feb 105.0 17%
12-Feb 72.3 3% 106.4
19-Feb 112.9 27%
19-Feb 211.3 33%
19-Feb 184.7 0%
19-Feb 195.4 16%
19-Feb 188.4 6% 178.5

Total average: 145.8 13%

SD = 50.4

6. Discussion

Perhaps the first thing that should be stated and kept in mind when interpreting this erosion data
isthat no where near all of this erosion is making it to the Salinas River. Best management
practices were employed on all farms that werein this study. The potential for contribution of
sediment to the river by agricultureis great if no BMPs are applied. However, from the general
field observations made by this study it is evident that most farmers are doing a good job of

managing erosion.

From the examination of the results presented in Table 1 (Summary of Irrigation and Storm Event
Parameters), some interesting points arise. The storms seen this year had average application
rates far below any irrigation rates measured. Maximum intensities, however, are comparable to
sprinkler irrigation maximum intensities. Thisillustrates the importance of scaling the maximum
intensities reported by the CIMIS data down to 10-minute scale when using the erosion model.
The amount of water applied during two storm measurements was much lower than from
irrigation; however, these events were only partial measurements based on the tail end of the
storm cells. It isrecognized that the model should incorporate more storm events to be more
robust. Erosion amounts from storm event # 1010219-E (547 kg/ha) demonstrate that storm

events can be quite erosive.
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Average linear irrigation application rates are some 4.7 times what sprinkler irrigation rates are.
Average erosion rates reflect this by being 3.5 times higher aswell. Part of this may be due to the
greater dopesthat linear irrigation was measured on. At any rate, the dataindicate that if a
management goal isto reduce erosion, using linear irrigation may not be the watering strategy of
choice, especialy on doped fields. Runoff coefficients (runoff/applied) are comparable to those
of sprinkler irrigation, indicating the problem is not an increase in runoff, but rather anincreasein
sediment levels associated with the runoff. Since the amount of water applied is comparable to
sprinkler irrigation, the conclusion isthat the application rate istoo high for the slope of the field.
However, the farmer may well have a management strategy that justifiesthis. Linear systems
offer more control of water application, may lead to less evaporation of applied water, and cost

lessin labor to operate.

Events B000722-6 and BO00808-6 (sprinkler events) had large amounts of water applied to the
field, but runoff coefficients arelow. Thisislikely due to the small dope of thefield. Erosion
was alittle higher compared to other sprinkler events, but not much. It is speculated that the soil

type and perhaps the crop stage dictated the large application of water.

Construction of the presented erosion model began with some considerations in mind. It is
recognized that erosion is a complex process with many different variables of consequence.
Therefore, it was important to examine many different variations/locations of row croplands for
this study. For awatershed the size of the Salinas Valey, what is needed is an estimate based on
readily observed or obtained precipitation/irrigation data and slope field parameters. The erosion
model presented here, based on these readily available data and inclusive of al the other
variations, gives an order of magnitude/accuracy appropriate for the purposes of the Salinas

Sediment Study. Again, the model is expected to become more robust with additional data.

The development of the erosion model, based on the presented 15 events, is limited by the
variables measured. In order to determine the erosion contribution by the 40% of agricultural
land above a 2.2% dope, more measurements involving higher slopes will be needed. As
indicated earlier, slopes greater than 2% often exhibit excessive erosion rates. This will be
important data to ascertain, as erosion rates are expected to be quite high in these areas and are

likely to contribute significantly to sediment levels of the Salinas River.



Although 6 rainfall events were measured, these were all on the same farm ranging over 2 partial
and one full event, so the erosion model lacks much variation in parameters concerning rainfall

events. It will help to obtain awider variety of rainfall parameters on various farmsin the future.

Some storm events of this year had parameters that just exceeded the expected limits of the
model. Future model improvements should focus on obtaining more storm event data. The
estimate for storm erosion presented here is likely low. One important variable concerning
erosion is antecedent soil moisture. Irrigation timing is to a large degree determined by the level
of soil moisture. When moisture levels are lower, irrigation is required. Therefore, much of the
water applied is expected to infiltrate and not cause erosion. During storm events, however, the
soil can quickly become saturated and much more erosion can occur. This variation is not likely

to present itself in the measurement of irrigated soils.

Further statistical analysis of the erosion model could be done to determine whether it is the most
appropriate one to use. There may be other parameters not considered that could make it a better
predictor. Overall, this model is felt to provide a good estimate of erosion based upon the
observed data.

Therainfall model could likely be improved in afew ways. First, it would be useful to obtain the
raw rain data collected by CIMIS to calculate actual ten-minute averaged maximum intensities
rather than calculating them through regression analysis against 1-hour intensities. Second, it
might also be appropriate to calculate storm “cells’ as events rather than using the storm events
presented here. Finally, GIS analysis could be used to construct Thiessen polygons surrounding
the CIMIS stations to get a more accurate measure of rainfall amounts and intensities over

agricultural areas.

A lower estimate was obtained of erosion for rainfall events (93 kilo-tonnes) than for irrigation
events (141 kilo-tonnes). It is likely that the storm estimate is low due to the limited parameters
observed for the erosion model mentioned previously. However, if we except the estimate
obtained, one interpretation is to consider each irrigation event as a mini rainfall event. It is not
coincidental that the sprinkler irrigation graphs bear somewhat of a resemblance to the storm
graphs. Both ways of water delivery are similar, except that irrigation has a constant delivery
rate. In this case, there are some 25 - 30 of these events that occur on a field during the year.
They may not deliver as much water as a rainfal event, or with quite the intensity (linear
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applications excepted), but in this particular year there were five times as many of them. Viewed
in this light, the results are less surprising. In addition, the average precipitation amount for the
Sdlinas Valey is 338 mm, whereas the totd rainfall for these data obtained October thru March
was 219 mm. This is somewhat less than the estimated 475 mm applied by irrigation over the

course of a season.

The figure for the potential erosion contribution of row croplands in the Salinas Valley watershed
was developed for the use by Salinas Sediment Study to help determine what the possible
contribution of thisland use is to the sediment budget of the Salinas River. The issue of whether
this eroded material actually makes it to the river is not addressed in this study. Although we
have an estimate of how much erosion during the year April '00 — March ’ 01, this does not mean
that this much soil made it to the Salinas River to become sediment. This erosion estimate
represents the potential contribution to the sediment budget if that soil was not detained, but
allowed to flow off the fields, channeled to eventually find the river.

An estimate was made as to how much eroded material was sand compared to silt/clay. As stated
earlier, the two have different implications toward environmental degradation and management
policies. The sand break was only performed on six rain events, al from the same farm/field.
The only conclusions that can be drawn from the data will relate to soils of about the same
composition as the soil on thisfield. It was found that, on average, the soil eroded from the field
was about 30% sand, 70% silt/clay. Thiswould indicate that more management effort might need
to be focused on controlling the silt/clay component. However, both have a healthy percentage
represented and management focus would really depend upon the issues of concern. These
figures indicate that there might be a need for a TMDL that addresses each of these components
separately rather than addressing only “sediment”.

One might expect that as runoff flows in the field increase, more sand would be mobilized than
silt/clay. Figure 10 indicatesthat thisisn’t so. There does not appear to be arelationship between
the percentage of sand and discharge. Spikes or drops in the percentage of sand at any time at a
specific place during runoff appear to be random. Perhaps the erosion that is occurring in the
field is behaving much as it would on alarger scale in rivers, where the sand behaves as bed |oad

that movesin pulses.
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The estimate was made that, in the particular field studied here, the detention basin designed to
hold these sand and silt/clay components was 99% effective in doing so. This figure was derived
from an egtimate of what the middle section of the field was contributing to the basin. The
estimate is probably lower than it truly was. The reasoning is that the data from the west side of
the field, which had the lower soil loss of the two field sides, was used to estimate the larger
middle portion. One might expect that the middle section be the average of the east and west
fields. It isdesirable for the error to fall on the side of dropping the basin’s efficiency. Therefore
the lower of the soil erosion figures was used. In addition, the maximum TS value (211 mg/L)
leaving the detention basin was used to estimate overall soil loss. Again, one might expect that
the average of the TSS figures would be appropriate to use, but the highest gives the lesser

efficiency. Given these considerations, 99% efficiency is considered conservative.

Qualitatively, samples of water leaving the basin appeared clear. Water entering the basin looked
like dark chocolate milk. One would hardly need to do the kind of quantitative measurements

done here to appreciate that this basin was doing a very good job at what it was designed to do.

The associated percentage sand components and TS concentrations leaving the basin were
presented (sect. 6.5). The TSS figures of 100 — 200 mg/L are very low. Only afew grains of
sand need be in the sample to make up 10-30% of this. Much, perhaps all, of what was filtered
out was organic material. No effort was made to differentiate between organics and sand in the
lab so the amount was not quantified. Nevertheless, the condition was noticed. Given these
considerations, it is concluded that this particular retention basin removes 100% of the sand
component and is at |east 99% effective at removing al silt/clay components. However, the basin
is expected to lose this efficiency if allowed to fill with sediment. Filling could occur due to a

lack of maintenance or because of a particularly large storm event.

7. Summary

Recall the goal of this project: determine typical sediment yields fromirrigated agricultural fields
in the Salinas Valley during irrigation and rainfall events.

With the following sub goals:

* Measure erosion from a number of irrigated fields under differing irrigation and rainfal
regimes
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» Use this information to establish a relationship/model that can be used predict erosion
given ssimple water application parameters

* Usethismodel to upscale erosion data to the entire Salinas Valley

* Determine what percentage of erosion is sand vs. silt/clay

» Determine the effectiveness of detention basins in trapping eroded soil
To determine this, a total of 15 events (6 storm and 9 irrigation) covering four different farms
were measured. The results for each event were an estimate of the total erosion and values for a
number of variables suspected of influencing erosion. Data were analyzed and a simple erosion
model was constructed based on the following:

e Maximum water application rates

e Tota water applied

* Field dopes

e Resulting erosion
The erosion model was then used to upscale the data to reflect easily measured Salinas Valley
agricultural field parameters, namely area and dope characteristics. This was done using a
rainfal model and GIS andysis. Finally, an estimated range of how much erosion could become

sediment in the Salinas River was given using a delivery model.

The study was performed via the examination of |ettuce crops and fallow fields. It is not intended

to estimate nor isit based on erasion of fruit crops, vineyards or orchards.

Erosion dynamics of sprinkler irrigation and storm events are more similar to each other than to
linear irrigation. Linear irrigation tends to be more erosive to soils and its use is not

recommended on land with significant dopesif control of erosion is of primary concern.

It was estimated that erosion from fields in the Salinas Valley (Spreckels south) from April '00 to
March *01 was about 234 kilo-tonnes, (2.9 tonnes/ha). Delivery of this eroded material to the
Sdlinas River could range from 2.3 kilo-tonnes to 234 kilo-tonnes, depending upon BMPs
currently in place. This came from approximately 60% of the agricultural land in this area, all of
which was 2.2% in dlope or less. The other 40% of agricultural land above these slope sizes was
not estimated, but is expected to contribute much more than what is reported here.
Approximately 1.7 tonnes’ha came from irrigation events, while 1.2 tonnes/ha came from storm
events. This soil had at least the potential to find its way into the Salinas River to contribute to the
sediment budget. No assumptions were made as to how much actually made it to theriver.
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It was estimated that 30% of this amount of erosion was made up of a sand component or coarse,

leaving a 70% silt/clay component.
Examination of a detention basin’'s efficiency indicates that a basin can be nearly 100% effective

in removing sediment from runoff of agricultural fields, even when sediment concentrations

entering the basin are as high as 46.4 g/L.
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8. Conclusions

Human activities upon the Earth that affect the environment and its ecologies are only expected to
increase. The view that growth is necessary for our economic survival is a paradigm that assures
this relationship, especially when it comes to feeding our increasing population. If we are to
satisfy both our need for food production while looking out for the quality of water in our rivers
and the species that live in them, careful management of our land and water resources will be
paramount. With the knowledge that row crop agriculture here in the Salinas Valley has the
potential to mobilize 234 kilo-tonnes of soil, management of thisland useis vital to assuring that
this soil does not enter the Salinas River to become sediment. Some thirty percent of this
pollutant could otherwise reach the waterway to contribute to channel aggradation, thereby
leading to potential flooding along the river. Perhaps as much as seventy percent that would
otherwise be a productive nutrient rich component of soil could make it to the Salinas, carrying
with it pollutants such as various pesticides. Both components could be potentially harmful to the

steelhead using the river as amigratory corridor.

There are many best management practices that can be used to help reduce this potential sediment
contribution. Many BMPs are currently in place and working successfully in the Salinas Valley.
Every indication is that many farmers are doing a good job of keeping the soil where it belongs.
Evidence presented here indicates that when a properly engineered detention basin is used, nearly
al of the soil eroded from the field can be captured for productive return to the field, rather than
polluting the waterways. When detention basins are used in conjunction with other BMP
strategies, such as vegetated buffer strips, it should be possible to fully retain all eroded soil from

agricultural lands even during very large storm events. The key is appropriate engineering.

Detention basins need not be expensive or take alot of room. The basin in this study took up 2%
of the tota field area, designed and situated on the typicaly marginally productive border of
cropland. Agencies like the Resource Conservation District are available to assist the farmer with
implementing such BMP strategies. |f expense is truly an issue, the fact that such strategies can
help keep water resources clean might entice subsidies from state and federal agenciesto assist in

their structure and maintenance.
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BMP strategies, particularly detention basins that are properly engineered and maintained, can
and do work. If the true goal of policy is to keep the waterways clean, then the means are

available to mitigate possibly the most visible culprit, agricultural runoff.
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11. Appendices

11.1. Appendix 1: Field and Laboratory Proceduresfor the Salinas Sediment
Study

Field collection procedure:

Materials:

10L bucket with graduated scale

Stop watch

25-50 1L Nalgene bottles (perhaps more, depending on event length), pre-weighed & cataloged
Meter tape measure

Various digging tools (shovels, hoes, etc)

Various plastic/metal pipes & pieces for re-routing flow into sample bottles

Waterproof field recording book, with pencils

Procedure:

1)

2)

3)

4)

Scout the field of interest well before the event to ascertain the size of the plot irrigated (m?), its
drainage points, slope, stage of crop, type and condition (last tillage) of the soil. The farm manager is
agood source of information for much of this data.
The procedure for collecting samplesin the agricultural field isless regimented than the |aboratory
procedures and requires a bit of ingenuity and flexibility. At the drainage point, a capture system must
be constructed in such away asto alow for the normal flow of sediment-laden water to exit the field
in one continuous flow from which samples can be taken. It is essential that, whatever way this
construction is made, it allow for all the sediment that would naturally have left the field to do so.
However, it must be kept in mind that the system cannot add sediment that would not have normally
been present, either. Experience provesinvaluable here. Typically, aretention basin or runoff ditch
that drains the field serves well for the construction of the catchment system.
Once the sprinkler system isin operation (or rain starts), record the starting time. It will take some
time before runoff occurs. Thisisagood time to determine application rates. Randomly select about
10 irrigation sprinkler nozzles and for each, deflect flow into the bucket until 10L has been obtained,
timing how long it took to get the 10L. The averageis used for calculations. If theirrigation systemis
alinear one, also record the rate of travel of the system and the width of instantaneousirrigation. Rate
of travel can be obtained by marking a starting and ending point, measuring the distance between the
two, and then timing how long it takes the system to travel that distance. Instantaneousirrigation
width is simply the width of the area that is being wetted at any point intime. Be aware that changes
in the wind can affect thiswidth. For determining rainfall rates, place arain gagein thefield prior to
the event and record throughout time the amount of rainfall.
Once runoff reaches the catchment system, record the time. Thereislikely to be aninitial burst of
sediment flow at the beginning of the event that will be important to record, so samples should be
taken every 5 minutes for about the first 20 minutes, then at 10 minute intervals thereafter. Thisis
flexible and experience will dictate when to take more than fewer samples, but generaly if thereis
reason to believe that there will be great changesin load, more samples should be taken. Furthermore,
due to the sheer number of sediment samples that can be generated in this way, once flow is consistent
one can assume that the load is not likely to change much and thus one can take perhaps one sediment
sample for each two discharge samples. For those discharges that have no corresponding sediment
samples, an averaging of sediment concentrations from those taken around it is used. The idea should
be to take sediment samples relatively close in time to the discharge samples. Sampling consists of:

a) Taking adischarge measurement: Place the bucket under the flow and fill it. Record the time

to fill the bucket and the exact volume collected.
b) Taking a sediment sample: Place a Nalgene bottle under the flow and move it throughout the
flow continuously until ample sample is obtained. Thiswill ensure an accurate concentration
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when the sampleisfiltered in the lab. If the discharge is dirty, about half the bottleis
sufficient. If itis clean, fill the whole bottle.

Record the time every sample was taken.

Record the time that the sprinklers shut off or rain stops.

Continue sampling until there is no more tailwater coming off the field; record the time when this

happens.
If monitoring alinear system, be aware to note if the system ever changes speed.

Total Suspended Solids (TSS) Laboratory Procedure:

Materials:

250mL Besker

Total Dissolved Solid (TDS) meter

Transparency Tube

Filter Funnels with Vacuum Flask, Vacuum Pump and coarse and fine filter papers
Aluminum Drying Tins

Sand Break (63 micron) Filter Funnel

Scales, (1) decigram senditivity, (1) milligram sensitivity

Oven

Calgon (Sodium Hexametaphosphate)

Forceps

Procedure:

6)
7)

8)

9)

Record all values to a master data sheet

Before each procedure is performed, SHAKE THE SAMPLE VIGOROUSL Y!!!

Read manufacturers instructions (or be taught by lab personnel) on how to use a TDS meter, a turbidity
tube, vacuum apparatus, scales and oven.

Determine TDS by pouring a small amount of sample into a beaker, then using the TDS probe (be sure
of current calibration) record the value in microSeimons (uS). Allow time for sample to equilibrate
with the ambient temperature. Return amount sampled to the original sample.

Determine transparency (recorded in cm) by use of transparency tube. Return the sample to its bottle.
If transparency is < 5cm, do the following:

Pour small amount (~2-3cm) of sample into turbidity tube, then fill the rest of the tube to ~50cm with
clear water. The exact amounts are not important; what isimportant isto record the actual amount of
sample (cm) used and the total final (sample + clear water (cm)) amount of sample. Then determine
the transparency of that mixture. True transparency of the sample is then determined by (sample*
transparency)/ total. Due to the dilution, this portion of sample is now contaminated and should NOT
be returned to the original sample. For thisreason, it isimportant to use as little of the original sample
as possible that will still give agood turbidity reading. Experience will help here, but the dirtier the
sample, the less one needs.

Rinse and dry the outside of the sample bottle, then weigh the bottle with sample (g, to the nearest dg).
Add a small amount (quite literally a pinch) of Calgon to the sample and shake thoroughly. This will
help suspend particles and keep them from clumping.

Pre-dry (bake) al disposable filtersin the oven for 15 minutes at 100°C. Allow drying 15 minutes.
Place into labeled tins, weigh (g, to the nearest mg) and record tin #, tin and filter weight and filter
category (coarse or fing). Note: it isimportant not to touch the filter paper as oils from your hand will
affect the paper's ability to filter. Always use forceps to handle unused filter paper.

Vacuum filter the sand component (> 63 microns) using sand break filter. Then transfer this sand
component onto a coarse filter by vacuum filtration.

10) Place filter w/sample back to baking tin; place tin and sample in batch for drying.
11) Vacuum filter the sample again, thistime using a coarse filter. Repeat step 10.
12) Vacuum filter the sample again, thistime using a fine filter. Repeat step 10.
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13) Once there are enough samples for drying, dry the batch for 2 hours at 100°C. Allow to cool for 15
minutes and reweigh the samples (g, to the mg).
14) Discard the weighed filter w/sample to the trash when finished.

Notes on steps 6-9: Thisisageneral procedure for filtering samples. Experience with samples will help
dictate exact protocolsto be taken. For example, if a sample looks extremely clean and was taken in mid-
water, a sand break and coarse filtration may not be necessary. If the sampleis dirty, perhaps two or more
coarse filtrations will have to be performed before the final fine one. The intention of using different sized
filtersis not to determine TSS size; the intention is to allow the less expensive coarse filters to do as much
of the work as possible so that only 1 finefilter is needed to remove the final amount of TSSremainingin
the sample. In all cases where there is a suspected sand component, that information isimportant because
sand particles are often anomalous components of a sample and a sand break should be performed. Raw
data from this procedure is entered into a spreadsheet that uses the information to calculate the final TSS.
For the SSS, this spreadsheet is a Microsoft Excel program.

Data Analysis:

TSS data along with water application and discharge rates can be combined to give the following
information:

*  Runoff rate over time giving the total amount of water discharged

» lrrigation water application rate over time giving the amount of water applied
* Areaofirrigation

*  Sediment concentration (processed in lab as Total Suspended Solids).

The load rate (mass/unit time) is calculated from these data as the product of sediment concentration and
water flow rate. A load rate per area (mass/area/unit time), and atotal load (mass) based on load rate over
time are also calculated. Certain field parameters are recorded that have large effects on erosion and
sediment movement. These are;

* Thesdopeof thefield

»  Stage of the crop

e Type of soil

« Lasttillage of the sail.

Finaly, irrigation and storm runoff datais upscaled to reflect total appropriate area of agricultural row
cropland usein the Salinas Valley.
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Appendix 2: Graphsof Irrigation and Storm Event Dynamics
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Application (mm/hr), Runoff (L/sec), TS Concentration (g/L)
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1010211-W (3.8 ha)
2/11/01 Rainfall Event
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Appendix 3: Graphsof Load Erosion Component Analysisfor Storm Events
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