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IV.EXECUTIVE SUMMARY

V egetated buffers strips (VBS) have along history as one of severa management practices that
function to minimize the likelihood that animal agricultural operations contaminate surface water
with pathogens or enteric microorganisms prevalent in fecal matter. We conducted a
demonstration project at the San Joaquin Experimental Range, Madera County, to determine the
utility of VBS to protect water quality on rangeland located in the southern Sierra Nevada
foothills.

We measured the amount of Cryptosporidium parvum, Giardia duodenalis, E. coli, Enterococci,
nitrate-N, phosphate-P, DOC, TOC in runoff from 48 VBS during the 2005-06 and 2006-07
rainfall season. We found that buffers either 1.1 or 2.1 metersin length readily exceeded the
99.9% (logyo = 3) retention requirement to be classified as effective by this project. Furthermore,
VBS with percent slopes ranging from 2 to 20% and with annual runoff ranging from O ml to a
maximum of 585 ml did not result in buffer retentions dropping below 99.9% for all four
microbia entities. In contrast, VBS of only 0.1 meter length did exhibit lower retention values
for G. duodenalis when the VBS generated higher amounts of runoff; in essence, they were
beginning to fail as an effective tool to reduce waterborne Giardia contamination from grazed
rangeland. VBS of only 0.1 m did achieve the requirement of >99.9% retention to be classified as
effectivein this project for the other three microbes, C. parvum, E. coli, and Enterococci). These
findings were summarized, along with additional background material related to waterborne
pathogens of livestock origin, in ashort technical manual on VBS design and implementation for
reducing microbial waterborne contamination from grazed rangeland in the southern Sierra
Nevada. Although delays in project completion did not alow usto conduct workshops on the
results of these VBS trials, we found other opportunities throughout Californiato extend
information and conduct public workshops on waterborne pathogens of livestock origin and how

VBS can function to remove waterborne pathogens from rangeland runoff.

In order to begin generating pollutant reduction benefits from Project 04-118-555-1, VBS at the

edge of swales and ephemeral/perennia streams should be no less than 1.1 meter in length for



grazed rangeland sites with <20% percent slope and similar soil and vegetation composition as
found at the SJIER. Buffers of this minimal length appear capable of retaining on average
>99.9999% (log, retention >6.0) of the fecal load of C. parvum, G. duodenalis, E. cali,
Enterococci. This recommendation assumes that the fecal mass deposited immediately up-slope
of the VBS islessthan or equal to 670 g/meter width. In order to achieve thislevel of VBS
retention, it isimportant to implement and maintain grazing management practices that maintain
the fecal pat density immediately upslope of the VBS to <670 g/meter width, or in very generd
terms, <2 calf or <0.3 adult bovine fecal pats per meter width. Adding an additional meter to this
recommendation would provide an additional barrier of protection for sites with critical water
quality needs or where the ability of VBS to retain pathogens may have been compromised (e.g.,
adult cow fecal pats exceeding 0.3 pats per meter width, compacted soils, lack of vegetative

cover).

These monitoring results support the assertion that rangeland buffers of limited width can be
effective in reducing animal agricultural inputs of waterborne protozoa and bacteriainto

drinking, irrigation, and recreational water supplies.



V.PROBLEM STATEMENT & RELEVANT ISSUES

Reducing non-point source (NPS) pollution such as pathogens, nutrients, and organic carbon of
California®streams and rivers from beef cattle grazing is a challenge for ranchers throughout the
foothills of the southern Sierra Nevada. Both perennial and ephemeral streams draining this
region of California can carry large amounts of these NPS pollutants such as bacteria and other
pathogens, particularly during winter rainstorms when fecal material from cattle may
inadvertently be washed into surface water sources and transported downstream to the San
Joaquin and Fresno Rivers. Successfully reducing this pollutant |oad remains technically difficult
given the fact that water quality impacts from cattle grazing often occur as NPS types of
pollution. Vegetated buffer strips (VBS) are being advocated by such agencies as the U.S.
Environmental Protection Agency and Natural Resource Conservation Districts as a core strategy

for reducing water quality impacts from NPS pollution from cattle grazing.

In order to better address NPS pollution problems occurring in the foothill regions of the
southern Sierra Nevada, we conducted afield demonstration project, developed a draft manual on
vegetative buffer design and implementation, and conducted public workshops on various topics,
including waterborne pathogens shed in the feces of livestock, how VBS implemented on
rangeland can function to remove waterborne pathogens, and we covered recommendations for
how to modify VBS so that they remove 90% to 99.9% of the expected environmental load of
pathogens from rangeland cattle.

This project addressed the relevant issue of reducing the indicator bacteria, E. coli, and a priority
pathogen shed by beef calves, Cryptosporidiumin the streams and rivers discharging out of the
foothills of the southern Sierra Nevada. Reducing microbial contamination from animal
agricultureis apriority issue for RWQCB 5, these microbial contaminants are priority pollutants
of the CALFED Drinking Water Quality Program, and these pollutants include the proposed
indicator bacteria for monitoring ambient water quality of freshwater sources throughout the state
(E. coli) as recommended by the SWRCB Assessment & TMDL Support Unit and the SWAMP

Sub-Committee on Indicator Bacteria Monitoring (Indicator Bacteria Monitoring and Assessment



Training Workshop, Sacramento, CA April 2, 2003).

VI.PROJECT GOALS

Our project’ s overal goal isto help reduce agricultura inputs of pathogenic microorganisms

into the waterways of California, thereby reducing potential waterborne disease impacts on

humans, domestic animals, and wildlife. Our objective for this project isto conduct a

demonstration field project, provide technical assistance, and conduct public outreach for

implementing VBS that will reduce pathogen, nutrient, and organic carbon loading into

tributaries of the San Joaquin and Fresno Rivers that eventually drain into the southern section of
the Delta.

Our project specific goals were to:

31

3.2

3.3

Assess the Effectiveness of Rangeland V egetative Buffer Strips (VBS)

312

3.13

314

Install forty eight (48) VBS at the San Joaquin Experimental Range, ranging from hill-
dlope sites to riparian areas that are adjacent to the stream channel and subject to return
flow conditions during winter.

Measure filtration efficiency of VBS across two (2) storm seasons for Cryptosporidium
parvum, Giardia intestinalis, E. coli, and Enterococcus, nitrate, ortho-phosphate, total
organic carbon/dissolved organic carbon (TOC/DOC). All analytical work will be
conducted under an approved Quality Assurance Project Plan (QAPP).

Prepare a Summary Report results from (3.1.3) and submit for review and approval by
the Grant Manager.

Manual for VBS Design and Implementation

321
3.2.2

3.2.3

3.24

3.25
3.2.6

Verify and edit the accuracy of monitoring data generated from (3.1.3).

Develop a statistical model for predicting filtration efficiency of VBS as a function of
buffer width, slope, location, and residual dry matter (RDM).

Develop a draft training manual that provides recommendations for installing VBS that
will result in ninety percent (90%) to ninety nine percent (99.9%) reduction in total load
of non-point source (NPS) pollutants entering streams from grazed | ocations.

Submit the draft Training Manual for peer-review and the Grant Manager for comments
and concerns.

Modify the draft Training Manual to address comments and concerns of all parties.
Submit the Final Training Manual for approval by the Grant Manager

Local Outreach, Training, and Workshops

331

Develop flyers and news releases to announce workshops for VBS design and
implementation. Distribute information and flyers through local newspapers, Coarsegold

7



Resource Conservation District website, Tribal publications and newsletters, North Fork
Community Development Council, watershed group newsletters, and UC Cooperative
Extension newsletters.

3.3.2 Develop amailing list from general solicitation, UC Cooperative Extension mailing lists,
North Fork Community Development Council, Indian reservations and rancherias in the
Madera-Fresno-Tulare region, and local watershed group mailing lists. Distribute flyer to
al individuals on our collated mailing list.

3.3.3 Develop workshop materials for VBS design and implementation from our project and
other grazing best management practices (BMPs) generated by other develop projects.

a. Module one (1) will review the various waterborne pathogens shed in the feces of
livestock and cover how VBS implemented on rangeland can function to remove
waterborne pathogens and other NPS contaminants from rangeland runoff.

b. Module two (2) will cover recommendations for how to modify the basic design of
VBS so that they remove ninety percent (90%) to ninety nine percent (99.9%) of the
expected environmental load of pathogens and other non-point source (NPS)
contaminants from grazing cattle. This module will incorporate information on VBS
generated from other develop project.

c. Module three (3), based on grazing BMPs from other develop project, will cover
herd management techniques that reduce fecal deposition and environmental |oading
of Cryptosporidium parvum from beef cattle herds.

3.34 Reservefacilities for workshops.
3.3.5 Schedule and conduct three (3) training workshops; record attendance.

VII. PROJECT DESCRIPTION

VII.i. Project Typeand Costs

Project Type: Field demonstration project combined with technical assistance, public education,
and community outreach.

Total project cost: $424,948.12

Grant funds: $328,364.73

Matching funds: $96,583.39

Fund sources:

Proposition 13, CALFED Drinking Water Quality Program $$328,364.73

Matching Funds: Coarsegold Resource Conservation District $56,201.9; and Regents of the
University of California $40,381.46

VII.ii. Methodology for Deliverable 3.1
This study was done at the San Joaquin Experimental Range (SJER), in the western foothills of
the Sierra Nevada, approximately 31 km northeast of Madera, California. During February 2005

through March 2005, 48 runoff plots designed to capture surface runoff (overland and litter flow)
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during natural rainfall-runoff events were established at the SJER. Plots were spiked with bovine
manure containing Cryptosporidium parvum and Giardia duodenalis in the winter of the 2005-
06 and 2006-07 rainfall years. Fifteen plots have VBS lengths of 0.1 meter, 15 plots had VBS
lengths of 1.1 meter, and 15 plots had VBS lengths of 2.1 meters. Three plots functioned as a
negative control. Following each rainstorm, water samples were collected from plots that
generated flow. There was often insufficient water to test for al constituents, so the priority for
receiving water for analysis was E. coli, Enterococci, Cryptosporidium parvum, Giardia
duodenalis, followed by the nutrients, nitrate-N, phosphate-P, DOC, and TOC. Where samples
Sizes were adequate, statistical methods were used to determine the effect of aspect (N, E, S, W),
percent slope, annual rainfall runoff (ml) per plot, and vegetative buffer length (0.1 m, 1.1 m, 2.1
m) on each pathogen’ s discharge from the VBSfield site.

VI1.iii. Existing data for Deliverable 3.1.

This vegetated buffer strips were newly installed for this project so we do not have data from the
study locations regarding microbial water quality. Water samples are not collected from a
waterway, but instead are collected from rangeland runoff on proprietary metal collectors. Hence,

no pre-existing data from these grazed rangeland sites.

VIl.iv. New data from Deliverable 3.1, 3.1.2, 3.1.3.

Rangeland runoff was collected from the 48 plots during the 2005-06 and 2006-07 rainfall
season. Water samples from the 2005-06 rainfall season were found to be sporadically
contaminated with rodent feces due to adesign flaw in the runoff collector. The problem was
fixed during the summer of 2006 and the tables of pathogen data below are a summary of the
new data for the 2006-07 rainfall season. Storm events of sufficient magnitude to generate large
volumes of runoff only occurred during the 2005-06 rainfall year, hence, the data for nutrient

analyses is confined to thisrainfall year.



Table 1. New data for the ability of rangeland vegetative buffers to retain Cryptosporidium

parvum, Giardia duodenalis, E. coli and Enterococci in runoff from 48 plots during the 2006-07

rainfall year.
Buffer length
Negative
0.1 meter! | 1.1 meter! | 2.1 meter | control

C. parvum mean load" 55H 10" | 55H 10’ | 55H 10’ 0
G. duodenalis mean load" 55H 10" | 55H 10’ | 55H 10’ 0
E. coli mean load” 40H 10" | 45H 10" | 3.6 H 10" 0
Enterococci mean load” 1.2H10% | 9.8H10° | 1.2H 10" 0
C. parvum mean discharge” 94H10° | 1L.0H10* | 28H 10" | 24H 10°
G. duodenalis mean discharge’ 9.4H10* | 1.9H 10* 0 0
E. coli mean discharge® 222 7.4H 10 0.6 0
Entercocci mean discharge” 40H10° | 64H10" | 49H10® | 2.9H 10
C. parvum logy retention® 6.2 6.8 6.8 NA
G. duodenalis log; retention” 6.6 7.1 7.7 NA
E. coli logy, retention® 9.8 10.1 10.4 NA
Enter cocci logy retention” 7.2 6.2 6.5 NA
Mean annual runoff per plot (ml) 58.4 74.4 113.2 73.8

! Total amount of each microorganism placed into the runoff plot. Plots were spiked on 2/15/2007 with 726.8 g fecal

slurry and repeated on 4/10/2007 with 615.8 g fecal durry. Counts for C. parvum and G. duodenalis adjusted for

percent recovery. Total areaof VBS downslope from fecal spikewas 0.2, 2.2, and 4.2 m? for the 0.1, 1.1, 2.1 m long

buffers, respectively.

2 Total numbers of each microorganism enumerated in runoff from 10 rainstorms, starting 1/20/2007 (storm 1) and

ending on 5/5/2007 (Storm 10). Plots were spiked on 2/15/2007 with 726.8 g fecal slurry and spiked again on
4/10/2007 with 615.8 g fecal dlurry. Counts for C. parvum and G. duodenalis adjusted for percent recovery.

% Mean Log;, retention values were calculated for each buffer length for each microorganism as the mean of all
fifteen plot values of -log;o{ (total number of microbesin discharge) / (total numbers of microbe ininitial load)} .

10



Table 2. Mean nutrient concentrations (mg/L) by treatment for 2005-06 storm events. DOC =
dissolved organic carbon. TOC= total organic carbon. n= number of plots analyzed for each
treatment during each storm event.

nitrate-N phosphate-P DOC TOC
Storm | Treatment | mean n mean n mean n mean n
1 0.1 -- -- -- -- -- -- -- --
11 0.28 2 0.09 2 2.1 2 51 2
3 0.1 -- -- -- -- -- -- -- --
11 0.17 1 0.05 1 12 1 3.7 1
2.1 0.22 1 0.15 1 3.8 1 11.8 1
5 0.1 0.27 1 0.08 1 14 1 3.8 1
11 0.24 1 0.01 1 12 1 4.1 1
10 0.1 0.31 3 0.77 3 11.3 3 27.8 3
2.1 0.19 2 0.15 2 2.9 2 10.0 2
11 0.1 0.32 2 0.21 2 15.0 2 19.9 2
2.1 0.09 1 0.15 1 10.6 1 12.8 1
12 0.1 0.51 10 0.09 10 9.2 10 14.3 10
11 0.06 3 0.05 3 9.1 3 12.9 3
2.1 0.31 4 0.13 4 11.8 4 16.2 4
13 0.1 0.12 3 0.07 3 18.6 3 22.6 3
11 0.14 2 0.06 2 13.6 2 16.3 2
2.1 1.07 1 0.07 1 6.1 1 8.0 1
14 0.1 0.19 3 0.08 3 24.4 3 29.7 3
11 0.14 2 1.06 2 50.2 2 62.6 2
2.1 0.87 1 0.08 1 6.2 1 9.6 1
16 0.1 0.08 4 0.18 4 20.4 4 26.5 4
11 0.03 2 0.04 2 22.6 2 28.0 2
2.1 0.51 2 0.06 2 94 2 13.2 2
17 0.1 0.04 1 0.02 1 9.38 1 14.25 1
11 0.03 1 0.06 1 50.7 1 58.2 1
2.1 0.51 1 0.03 1 9.6 1 175 1




Table 3. Mean nutrient concentrations (mg/L) for each treatment averaged across all storms for
2005-06 rainfall season. DOC=dissolved organic carbon. TOC=total organic carbon. n= number
of plots analyzed for each treatment during each storm event.

nitrate-N phosphate-P DOC TOC
Treatment | mean n mean n mean n mean n
0.1 0.31 27 0.18 27 14.0 27 20.3 27
1.1 0.11 14 0.20 14 184 14 235 14
2.1 0.42 13 0.11 13 8.3 13 13.2 13

12



Before and After Photos
Deliverable 3.1.2: Example of installing a VBS for the demonstration project.
The following four photos show the installation and design of the plots and collectors.
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We took a photo series of atypical VBS plot across the different seasons to demonstrate how the

rangeland vegetation varies from fall through late spring.

Appearance of VBS plot # 502 during different seasons
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Vl1l.v. Data Evaluation / Pollutant Reduction

Deliverable 3.1.4, 3.2.2. Microbial contaminants--One of the primary goals for this project was
to develop genera design criteriafor implementing VBS on Californiarangeland similar to the
SJER that could reduce microbial contaminants by 90% (logio = 1) t0 99.9% (logio = 3) in
surface runoff discharging from a grazed site. The summary statistics presented in Table 1 above
indicate that VBS at this site were capable of retaining on average >99.9999% (log;o retention
>6.0) of the fecal load of C. parvum, G. duodenalis, E. coli, and Enterococci. A more detailed
analysis using regression models (Deliverable 3.2.2) found that buffers either 1.1 or 2.1 meters
in length readily exceeded the 99.9% (logso = 3) retention requirement for effectiveness by this
project. VBS with percent slopes ranging from 2% to 20% and with annual runoff ranging from O
ml to amaximum of 585 ml did not result in buffer retentions dropping below 99.9% for all four
microbia entities (C. parvum, G. duodenalis, E. coli, Enterococci). In contrast, VBS of only 0.1
meter length did exhibit retention values for G. duodenalis less than 99.9% when the VBS
generated annual runoff in excess 200 mls; in essence, they were beginning to fail as an effective
tool to reduce waterborne Giardia contamination from grazed rangeland. Keep in mind though
that VBS exhibiting these higher annual runoff rates were rare at our field site, just 15% of VBS
produced 200 ml during the 2006-07 rainfall year.

Amazingly, VBS of only 0.1 meter at thisfield site achieved the requirement of >99.9% retention
to be classified as effective in this project for the other three microbes, C. parvum, E. coli, and
Enterococci. Using similar field methods, we have found similar results during previous work at
the Sierra Foothill Research and Extension Center, Y uba County, California, whereby VBS of
0.1 meter length retained >95% of the fecal load of C. parvum and E. coli across the entire storm
season (Atwill et al., 2006; Tate et a., 2006). This suggests that ranchers and other land owners
can implement surprisingly short VBS (only 10 cm) and yet have a substantial positive impact on
microbia water quality be preventing large amounts of the protozoal parasites, C. parvum and G.
duodenalis, and the bacterial indicators, E. coli and Enterococci, from exiting rangeland via

contaminated surface runoff. As stated above, we did not attempt to enumerate the number of
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pathogens and indicators that infiltrated into the soil profile within the VBS and may have
reemerged in surface flow at some down-slope location due to the inability of finding these
microorganisms. We have assumed that the fraction of microorganisms that enter the subsurface
are effectively lost and present minimal public or animal health risk compared to the amount of
pathogens being transported in surface flow, which may be orders of magnitude higher (Harter et
al., 2000; Atwill et a., 2002).

Recommendations from Deliverable 3.2 (Manual for VBS Design and I mplementation)

In order to begin generating these pollutant reduction benefits, VBS at the edge of swales and
ephemeral/perennial streams should be no less than 1.1 meter in length for grazed rangeland sites
with <20% percent slope and similar soil and vegetation composition as found at the SJER.
Buffers of thisminimal length appear capable of retaining on average >99.9999% (log; retention
>6.0) of the fecal load of C. parvum, G. duodenalis, E. coli, Enterococci. This recommendation
assumes that the fecal mass deposited immediately up-slope of the VBSisless than or equal to
670 g/meter width. In order to achieve thislevel of VBS retention, it isimportant to implement
and maintain grazing management practices that maintain the fecal pat density immediately
upsiope of the VBS to <670 g/meter width, or in very general terms, <2 calf or <0.3 adult bovine
fecal pats per meter width. Adding an additional meter to this recommendation would provide an
additional barrier of protection for sites with critical water quality needs or where the ability of
VBS to retain pathogens may have been compromised (e.g., adult cow fecal pats exceeding 0.3

pats per meter width, compacted soils, lack of vegetative cover).

These monitoring results support the assertion that rangeland buffers of even limited width can
be effective in reducing animal agricultural inputs of waterborne protozoa and bacteriainto

drinking, irrigation, and recreational water supplies.

Deliverable 3.1.4. Nutrients--Nutrient analysis was conducted on al samples for which
sufficient volume remained following analysis for microbial pollutants of interest. A total of 55

samples were analyzed for nutrients (nitrate, ortho-phosphate, dissolved organic carbon, total
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organic carbon) during the 2005-06 rainfall season (year 1 of the study). Due to low rainfall and
plot runoff volumes during the 2006-07 rainfall season (year 2 of the study), no samples were

analyzed for nutrients that year.

The random nature by which plots yielded sufficient water across treatments and storm events
severely weakened the monitoring design relative to analysis of nutrient data for vegetative
buffer treatment effectiveness. Table 2 illustrates this, displaying the unbalanced sample size
across treatments and storms. Table 2 also illustrates that nutrient analysis could only be
conducted during 10 out of 17 storms. Only one sample was collected and analyzed during the
entire study period for the “no fecal pat” treatment, these data are not displayed.

Table 3 reports vegetative filter strip treatment mean concentrations (mg/L) and sample size,
averaged across 10 storms for the 2005-06 rainfall season. Ortho-phosphate, dissolved and total
organic carbon concentrations (mg/L) were apparently lower at the 2.1 m compared to both the
1.1 and 0.1 m vegetative filter strip treatments. This trend was not statistically significant for
phosphate (p>0.62), dissolved organic carbon (p>0.26), or total organic carbon (p>0.28)
concentrations. No apparent trend existed between vegetative filter strip treatments and nitrate
concentrations (mg/L) (p>0.42).

In general, concentrations for nitrate and orthophosphate (Table 2) are well below levels of
concern for both drinking water safety and eutrophication. Concentrations did spike above 1
mg/L in several storms, but with no clear pattern relative to treatment. Dissolved organic carbon
and total organic carbon concentrations were exceptionaly high (>7 mg/L). Thisisnot surprising
when directly sampling hillslope runoff from a heavily vegetated slope, the important follow-up

guestion will be to determine the quality of dissolved organic matter in such runoff.

In summary, the results of nutrient analysis conducted in this study cannot be robustly analyzed

due to asignificant lack of balance of sample size across treatments and storm events.
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VIIl. PUBLIC OUTREACH

Public outreach for this project did not achieve al of its intended goals within the project
duration ending March 31, 2008, due to delays in completion of several key deliverables, but
several deliverables were partially achieved (e.g., Deliverable 3.3 Local outreach, training,
and workshops; 3.3.3aModule 1, 3.3.3b Module 2, 3.3.3c M odule 3) or were finished during
April through May, 2008 (e.g., Deliverable 3.2 Manual for VBS Design and I mplementation,
3.2.2. Statistical Model, 3.2.3 Training Manual) as explained below.

Deliverable 3.2 Manual for VBS Design and I mplementation

Deliverable 3.2.2. Statistical M odel

Deliverable 3.2.3 Training Manual

We finished our statistical modeling on May 12, 2008, which allowed usto develop our first
draft manual for VBS design and implementation on May 14, 2008. The manual provides some
initial background material regarding waterborne pathogens and principles of microbial transport
and a section on important microbial pathogens excreted by livestock or poultry and potentially
transmitted to humans through water. The manual discusses the important issue of designing

V SB to retain microbia pathogens compared to designing VBS for bacterial indicators, whichin
many ways presents a much more difficult challenge given the very high concentration of these
bacterial speciesin all ages of cattle. Finally, the manual presents the summarized data from
Deliverable 3.1 Assess the Effectiveness of Rangeland Vegetative Buffer Stripsand
Deliverable 3.1.3 Measurefiltration efficiency of VBS, and makes recommendations for
installing VBS that will result in ninety percent (90%) to ninety nine percent (99.9%) reduction
in total load of microbial pollutants entering streams from grazed locations in the southern Sierra
Nevadafoothills.

Deliverable 3.3 Local Outreach, Training, and Workshops
Deliverable 3.3.2 Mailing list
Deliverable 3.3.3 Develop workshop materialsfor VBS design and implementation from

our project and other grazing best management practices (BMPs) generated by other
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proj ects.

We did not conduct workshops on the new VBS data generated for contract 04-118-555-1 due to
adelay in developing a statistical model for predicting filtration efficiency of VBS that exceeded
March 31, 2008. Nevertheless, we found several workshop opportunities during 2005, 2006,
2007, and 2008 to extend information to be included in Module 1 (3.3.3.a) and Module 2
(3.3.3.h).

Deliverable 3.3.3a. Module one (1) was intended to review the various waterborne pathogens
shed in the feces of livestock and to cover how VBS implemented on rangeland can function to
remove waterborne pathogens and other NPS contaminants from rangeland runoff. This material
was devel oped for other outreach or training projects during 2006 and various versions of this
information included in outreach activities or training workshops given during 2005, 2006, 2007,
and 2008 listed below. No funds from the SWRCB were used to conduct these workshops.

Deliverable 3.3.3b. Module two (2) Module two (2) was intended to review generd
recommendations for how to modify the basic design of VBS so that they remove ninety percent
(90%) to ninety nine percent (99.9%) of the expected environmental load of pathogens and other
non-point source (NPS) contaminants from grazing cattle. This module was originally designed
to incorporate both new information and information on VBS generated from other projects.
Similar to above, the material that was to be incorporated from previous projects was included in
outreach activities or training workshops given during 2005, 2006, 2007, and 2008 listed below.
No funds from the SWRCB were used to conduct these workshops.

Deliverable 3.3.2 Mailing list. The Coarsegold RCD provided amailing list of 6000 names on
3/27/2008. The list was developed from information provided by UCCE, North Fork
Community Development Council, Indian reservations and Rancherias, and local watershed
groups. Owners-operators and managers of public and private rangelands in Madera, Fresno and

Tulare Counties were identified as the primary audience.
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2005

McDougald, N.K., Pathogen attenuation by vegetative buffers on annual rangeland. Coarsegold
Resource Conservation District workshop. O’ Neals, California. May 25.

2006
Atwill, E.R. Pond microbe assessment. Circle J-Norris Ranch Field Science Weekend. Tulare
County Office of Education. Springville, CA. January 28.

Atwill, E.R. CCA update: microbial water quality. California Cattleman® Association Annual
Meeting. Sparks, Nevada. November 16. (2 presentations).

McDougald, N.K., Managing pathogens on foothill rangelands with vegetation buffer strips.
17th Natural Resources Y outh Workshop. Fresno, California. March 24.

McDougald, N.K., Vegetation buffer strip study on the San Joaquin Experimental Range, Living
Among the Oaks Workshop. Coarsegold, California. July 27.

2007
Atwill, E.R. Pathogens-background, standards, and what is tested. 55th Annual Oakdale
Livestock Forum. Oakdale, California. February 27

Atwill, E.R. Pathogens: background, standards, and what is tested. Rangeland Water Quality
Meeting. Willows, California. March 5.

Atwill, E.R. Minimizing environmental dissemination of E. coli from animal agriculture and free
ranging wildlife in California. Sacramento Valley Livestock-Crop Interface and Food-borne
[lIness Prevention Meeting. Woodland, California. April 18.

Tate, K.W. and E.R. Atwill. Vegetative buffers and wetlands to filter E. coli and other pollutants
in runoff from pasture and rangelands. Beef and Range Field Day. Sierra Foothill Research and
Extension Center. Browns Valley, Caifornia. April 19.

Atwill, E.R. Update on E. coli issuesin livestock and produce. Fall Y olo County Cattlemen®
Association and Woolgrowers Meeting. Esparto, California. August 23.

McDougald, N.K., Use of vegetative buffer stripsto improve rangeland water quality. 18th
Natural Resources Y outh Workshop. O’ Neals, California. April 20.

McDougald, N. K., Mapping residual dry matter and its relationship to rangeland water quality.
USDA Natural Resource Conservation Servicetraining. O’ Neals, California. September 20.

2008
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Atwill, E.R. Bacterial indicators and pathogens. Upper Feather River Watershed Management
Meeting. Quincy, California. February 26.

Atwill, E.R. Invited Speaker. Understanding pathogens of concern, their prevalence, and survival
on rangelands. Rangeland Water Quality Meeting, UCCE Solano County. March 6.

McDougald, N.K., Use of vegetation buffer stripsto control pathogens on rangeland. 19th
Natural Resources Y outh Workshop. O’ Neals, California. April 11.

IX. CONCLUSIONS
I X.i. Project Evaluation and Effectiveness, PAEP

Goal 1: Install ademonstration project at the San Joaquin Experimental Range, Madera County,
comprised of 48 different vegetated buffers on aworking beef cattle operation. We will
demonstrate how buffers of differing width and slope remove the waterborne protozoa,
Cryptosporidium parvum, Giardia intestinalis, and the bacterial indicators, E. coli and
Enterococcus, from rangeland runoff during the rainfall season. We will also monitor VBS
efficiency for the additional CALFED DWQP pollutants of concern: TOC, DOC, nitrate, and
ortho-phosphate.

Desired Outcome: Identifying VBS design criteriathat will result in 90% to 99.9% reduction in
total load of NPS pollutants entering streams from grazed rangeland locations.

Was goal met? We were partially successful in identifying VBS design criteriathat will not only
meet, but exceed the 90% to 99.9% reduction in total load of NPS pollutants entering streams
from grazed rangeland locations. We did not complete critical statistical analyses before the end
of the project on March 31, 2008, but on May 12, 2008, we finished our statistical modeling
which provided the design criteriafor retaining >99.9999% of the fecal load of C. parvum, G.
duodenalis, E. coli, Enterococci on grazed rangeland in the southern Sierra Nevada foothills. It is
unclear whether our design criteriafor minimal lengths of VBS will successfully reduce nutrient
levels by 90% to 99.9%. Thisis because the 2005-06 and 2006-07 rainfall years did not generate
enough runoff from our VBS plotsto allow all contaminants to measured simultaneously. Y ou
basically run out of water when you only get 5 to 50 misto analyze for C. parvum, G.
duodenalis, E. coli, Enterococci and also nitrate-N, phosphate-P, DOC, and TOC.

Suggested changes: During the 2005-06 rainfall year we discovered a design flaw in our runoff
collectors that allowed rodents to defecate inside the metal collectors. This resulted in fecal
contamination of our water samples and forced us to discard the flawed data for microbial
analyses. We redesigned the collectors to eliminate this problem. In addition, given the difficulty
we had in obtaining enough runoff water per plot for analytical purposes, we would suggest that
researchers enlarge the size of the plotsin order to capture more runoff, allowing these water
samplesto be tested for a broader array of contaminants.

Overall effectiveness of the project: Given that it is very important to reduce microbial
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contaminants in our irrigation, drinking, and recreational water supplies, this project did identify
design criteriafor VBS that appear to generate >99.9999% reduction in the fecal load of C.
parvum, G. duodenalis, E. coli, Enterococci on grazed rangeland in the southern Sierra Nevada
foothills. Thisis asuccess. We did not have enough samples for nutrient analysis to provide any
advice on the effectiveness of VBS for reducing these contaminants.

Goal 2: Based on the data we generate during Goal 1, develop atraining manual for VBS design
and implementation for local landowners (e.g., ranchers), regulatory agency personnel, tribal
members, and water quality conservation groups.

Desired Outcome: Clear, concise, and scientifically-based training manual for VBS design
criteria and implementation strategies, as determined by peer-review.

Was goal met? We did not complete the manual before the end of the project on March 31, 2008.
Instead, on May 14, 2008, we finished Version 1.0 of the VBS Manual but it is not peer-
reviewed. The manual is statistically rigorous, covers a series of topics related to the use of VBS
asatool for improving microbial water quality, it provides implementation strategies, but we
cannot determineif it is clear and concise because it has not been subjected to peer-review.

Suggested changes: The manual needs to incorporate the data from two on ongoing SWRCB-
funded projects, PIN #118 (Source identification, monitoring, and outreach for reducing
agricultural pathogens into the Sacramento-San Joaquin Delta Estuary), project PIN #206
(Implementation of buffer irrigation and grazing BM Ps to reduce pathogens, TOC/DOC and
turbidity from rangeland and irrigated pasture). Then, the manual needs to be subjected to peer-
review.

Overall effectiveness of the project: Our project was only partially effective for thisgoa in that
additional dataregarding VBS retention from other projects was not included in the manual and a
broad constituency of possible user groups did not review the manual for clarity. We will likely
continue to refine our manual and if additional funds are secured, publish it for more broad

public access.

Goal 3: During the project’ s duration (9/1/2004 to 3/31/2008), provide public education and
outreach for stakeholders such aslocal ranchers, agency personnel, water quality conservation
groups, and Indian tribes throughout Madera, Fresno, and Tulare county on how to install and
maintain VBS for NPS pollution reduction.

Desired Outcome: Enhance the knowledge base, ability and capacity of local land owners, animal
agriculture operators, conservation organizations, county and state regulatory agencies, and
Indian tribes to more effectively design and implement VBS for minimizing NPS contamination
of surface water from grazing activities.

Was goal met? Goal was partially met in as information from this grant was used in
presentations at workshops given in counties in proximity to the project, Madera, Fresno, and
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Tulare. It isimportant to note, though, that during the project’ s duration we gave workshops on
information to be used for content for the above mentioned workshops: microbial water quality,
pathogens shed by cattle of waterborne concern, and introduced the topic of how VBS function
and their ability to reduce NPS pollution at the following counties: Tulare, Stanislaus, Y olo,

Y uba, Plumas, and Glenn county. These workshops promoted the ideas and utility of VBS asa
tool to assist ranchers, agency personnel, water quality conservation groups to improve microbial
water quality. However, the workshops specifically indicated in this grant agreement were not
conducted before the project end date.

Suggested changes. Request alarger project budget to hire not only afield crew to run the VBS
experiments, but also to hire data analyst and outreach coordinator to facilitate the delivery of
these tasks.

Overdl effectiveness of the project: Minimal effectiveness due to task not being done as
specified.

I X.ii. Next Steps
A consortium of UC Davis faculty, UCCE Specidlists, UCCE Farm Advisors, and

various alied partners such as local Resource Conservation Districts (e.g., Coarsegold RCD) and
the Natural Resource Conservation District, USDA are very motivated to develop the scientific
basis, perform field trials, and conduct public outreach for how farmers, ranchers, and growers
can modify their management so as to improve microbial water quality for the source waters that
terminate in the Sacramento/San Joaquin Delta. To achieve this goal of devel oping science-based
research, technology transfer, and extension in the area of water quality, we will continue to seek

funding and to conduct projects on various beneficial water quality management practices.

UC Davis faculty are currently in the last year of two funded SWRCB projects, PIN #118
(Edward R. Atwill-Source identification, monitoring, and outreach for reducing agricultural
pathogens into the Sacramento-San Joaguin Delta Estuary) and project PIN #206 (Kenneth W.
Tate-Implementation of buffer irrigation and grazing BM Ps to reduce pathogens, TOC/DOC and
turbidity from rangeland and irrigated pasture). Dr. Atwill’s project develops a herd health BMP
for minimizing fecal shedding of Cryptosporidium parvum among beef cattle herds. This herd
health BMP would dovetail nicely with arangeland VBS strategy to form amulti-barrier

approach to minimizing pathogen contamination of foothill streams (i.e., reduce infection among
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cattle leading to safer manure and VBS barriers between cattle manure and streams). The VBS
component of Dr. Tate's project is being developed for ranchers in the northern section of the
SierraNevada, aregion with rainfall patterns, general vegetation, and soils are quite different
from our ranching conditions here in the Southern Sierra Nevada foothills of Madera, Fresno,
and Tulare County. We have communicated with the project leaders of these proposed projects
(#1218, 206) and modified our Scope of Work so that our VBS assessment data and training
materials can be shared among the other projects, and we will incorporate BMP protocols from
these other projectsinto our outreach and training activities. This cooperation between projects
will increase the geographica impact of CALFED-funded work, increase the audience size and
diversity that receives this new knowledge, and will help the many stakeholders and affected
parties be more informed and coordinated in their efforts to address animal agricultural impacts

on water quality.
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X.ii. List of Deliverables

SCOPE OF WORK Date % work
submitted completed
1.0 CONTRACTS AND PERMITS --
1.1 Subcontract documentation 7/16/2005 100%
1.2 Copy of final CEQA/NEPA documentation 11/24/2004, | 100%
9/1/2005
1.3 Signed cover sheets for all permits 9/2/2004 100%
2.0 MONITORING PLAN, and QUALITY ASSURANCE PROJECT | - -
PLAN
2.1 Quality Assurance Project Plan 11/29/2004 100%
2.2 Monitoring Plan 10/29/2004 100%
3.0 WORK TO BE PERFORMED --
3.1 Assess the Effectiveness of Rangeland VBS - -
3.1.2 | Obtain written Landowner Agreements 9/2/2004 100%
3.1.2 | Install forty-eight (48) VBS 4/29/2005 100%
3.1.3 | Measure filtration efficiency of VBS over two storm events 5/1/2007 100%
3.1.4 | Prepare report summarizing results 3/15/2008 100%
3.2 Manual for VBS Design & Implementation - -
3.2.1 | Verify and edit monitoring data 3/12/2008 100%
3.2.2 | Develop statistical model for predicting filtration efficiency 3/15/2008 100%
3.2.3 | Develop peer reviewed manual for installing VBS w/ reduction of | 5/14/2008 80% Draft
NPS
3.2.6 | Submit final manual to Grant Manager 5/14/2008 80% Draft
3.3 Local Outreach, Training and Workshops --
3.3.1 | Develop & distribute flyers for workshops not 0%
submitted
3.3.2 | Develop mailing list 3/27/2008 100%
3.3.3 | Develop workshop materials not 50%
submitted
3.3.4 | Reserve facilities, schedule & conduct workshops, record | not 50%
attendance submitted
3.3.5 | Conduct workshops not 50%
submitted
3.4 Draft and Final Reports - -
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3.4.1 | Draft Project Reports 3/15/2008, 100%
5/17/2008
5/23/2008
3.4.2 | Final Project Report 6/4/2008 100%
6.1 Progress Reports by the tenth (10") of the month following the | quarterly
end of the calendar quarter (March, June, September, and
December)
6.2 Expenditure/Invoice Projections Each May
and Oct.
6.3 Grant Summary Form 12/2/2004
6.4 Natural Resource Projects Inventory project survey form 5/28/2008
6.5 Project Assessment and Evaluation Plan Date of Final
Report
Scope of Work

Deliverables not done or partially done by March 31, 2008

3.1.4 Preparereport summarizingresults

This deliverable was only partially done by 3/31/2008 due to the nutrient data not having been
collated and analyzed, and unforeseen delays in compiling and analyzing the microbial datain
mid to late 2007. The final Summary Report was finished and provided to the Grant Manager on
5/14/2008.

3.2.2 Develop statistical model for predicting filtration efficiency

This deliverable was only partially done by 3/31/2008 due to unforeseen delays in compiling and
analyzing the microbia datain mid to late 2007. The final statistical model was finished and
provided to the Grant Manager on 5/14/2008.

3.2.3 Develop peer reviewed manual for installing VBS w/ reduction of NPS

This deliverable was not done by 3/31/2008 due to unforeseen delays in compiling and analyzing
the microbia datain mid to late 2007. The manual was 80% finished and provided to the Grant
Manager on 5/14/2008. The 20% of unfinished work represents components such as conducting

a peer-review and incorporating those comments into the manual. It is important to note that
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funds for writing the manual were not requested in the budget; the plan has been for Rob Atwill
to take the lead on writing the manual and his salary is already paid by UCD. Funds associated
with the VBS manual in the Line Item Budget were for VBS sample collection and constructing
the database; statistical modeling and VBS manual development were funded by the matching
funds provided by UCD.

3.3.1 Develop & distributeflyersfor workshops

This material was not done by 3/31/2008 due to unforeseen delays in compiling and analyzing
the microbia datain mid to late 2007, resulting in project-specific workshops not being done.
Workshops covering Module 1 (3.3.3.a) and Module 2 (3.3.3.b) were conducted from 2005
through 2008, but flyers were not collected from these workshops.

3.3.2 Develop mailing list
The mailing list was finished and provided to the Grant Manager on 3/27/2008.

3.34 Reservefacilities, schedule & conduct workshops, record attendance

This deliverable was not completed by 3/31/2008 due to unforeseen delays in compiling and
analyzing the microbial datain mid to late 2007, resulting in the project-specific workshops not
being done. However, workshops covering material that will eventually be included in Module
1 (3.3.3.a) and M odule 2 (3.3.3.b) were conducted either in 2005, 2006, 2007, or 2008 in Tulare,
Fresno, and Madera County (project region) and aso in Stanislaus, Y olo, Y uba, Plumas, and
Glenn, but the attendance was not recorded from these workshops. The 50% completion is for
these workshops given by Neil McDougald or Rob Atwill either in the project region on the
general topic of VBS and microbia water quality, or outside the project region but on the topics
outlined in Module 1 (3.3.3.a) and Module 2 (3.3.3.b). Costs associated with these workshops

were not paid for with grant funds.

3.3.5 Conduct workshops
This deliverable was 50% done by 3/31/2008. See paragraph in 3.3.4 for explanation.
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X.iii. List of Subcontractors

Edward R. Atwill, School of Veterinary Medicine, University of California, Davis
Kenneth W. Tate, Department of Plant Sciences, University of California, Davis
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