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 What is the average load of nutrients from agriculture and CAFO sources in the Canyon 
Lake watershed? 

Development of the TMDL involved application of lake and watershed models to 
characterize nutrient sources for setting LAs and WLAs. In addition, the TMDL 
watershed model was updated in 2010 to incorporate a more recent land use 
distribution. Projected attrition of agriculture and CAFO land use in the Canyon Lake 
watershed will continue to reduce the load from these sources.  

Section 3.2.1 describes the results from these models and projected attrition of 
agriculture and CAFO land uses. 

 To what extent do reductions in watershed loads (referred to as “washoff”) translate to 
reductions in loads delivered to Canyon Lake?  

Section 3.3.2 describes the estimation of loading factors to account for loss of nutrients 
between washoff areas and inputs to Canyon Lake. 

 What is the nutrient load reduction necessary to reduce estimates of existing and 
projected loads to the LA and WLA for agriculture and CAFO sources for WRCAC 
members?  

See Section 3.2.2. 

 How much nutrient load reduction has occurred or is expected to occur from watershed 
BMPs implemented by WRCAC agriculture and CAFO properties in the watershed?  

See Section 3.3.1.  

 For Lake Elsinore, what in-lake nutrient control strategy is recommended to address 
remaining load reduction requirements after accounting for watershed load reduction?  

Section 3.4.1 summarizes in-lake nutrient control recommendations and demonstrates 
how the selected strategy will provide the necessary load reduction to achieve 
compliance with the Lake Elsinore WLAs and LAs. 

 For Canyon Lake, what in-lake management action(s) is recommended to manage lake 
water quality so that numeric targets for response variables chlorophyll-a and DO can 
be achieved? 

Section 3.4.2 summarizes proposed in-lake management actions. Modeling results 
demonstrate that the selected strategy will provide the necessary reductions in annual 
average chlorophyll-a, and increase in daily average DO to achieve the TMDL numeric 
targets. 

 What is the certainty that the AgNMP, once implemented, will result in compliance with 
TMDLs for Lake Elsinore and Canyon Lake? 

Section 3.5 characterizes several important sources of uncertainty, including the role of 
spatial and temporal variability in nutrient loading as a result of hydrology and modeling 
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Table 3-2 Estimation of Decay Factors for Agriculture Land Uses for Portion of 
Watershed Nutrient Washoff that is Expected to Reach Canyon Lake 

Watershed 
Analysis Zone 

Watershed Washoff Loads to Lake (kg/yr) Loading Factor 

TP (kg/yr) TN (kg/yr) TP (kg/yr) TN (kg/yr) TP TN 

Canyon Lake below 
Mystic Lake (Zones 2-6) 

3,122 5,040 1,956 3,289 63% 65% 

Above Mystic Lake 
(Zones 7-9) 

2,356 3,552 <1 <1 < 0.01% < 0.01% 

The computed loading factors show that roughly two thirds of nutrient washoff reaches 
Canyon Lake from the portion of the drainage area that is downstream of Mystic Lake, while 
any loading to Canyon Lake from upstream of Mystic Lake is extremely rare, as has been 
shown with flow gauge data and simulation models. The loading factors must be included in 
any estimate of reduced loading to Canyon Lake as a result of watershed BMPs, thus washoff 
reduction in the watershed does not achieve an equivalent benefit in load reduction to the 
lakes. For example, watershed BMPs in drainages above Mystic Lake would have to reduce 
washoff by 10,000 kg to achieve a 1 kg reduction in loads to Canyon Lake. Therefore, this 
compliance analysis does not evaluate washoff reduction from agriculture and CAFO sources 
above Mystic Lake.  

Figure 3-1
San Jacinto River Watershed Analysis 



 

The 2010
CAFO so
from WR
uses was
be attribu
members
Canyon L
WRCAC 
different 
developin

Table 
Agricu
Lake 

WRCAC 

Other Ag

WRCAC 

Other Da

3.2.2 G
For CAFO
of which 
the CAFO
therefore
events, w
CAFO Pe
Permit an
from CAF

3.2.3 G
The load
agricultu
For the A
acreage 
determin
agricultu

Applying 
Canyon L

0 watershed
ources in the

RCAC memb
s used to ap
utable to WR
s comprise a
Lake waters
members re
ratios for W
ng separate 

3-3 LSPC S
ulture and 

Land Us

Ag Members 

griculture 

WRCAC Was

Dairy Member

airy / Livestock 

WRCAC Was

Gap Analys
Os in Zones
have implem

O Permit. Th
e no loading 
when loads a
ermit include
nd hence the
FO sources 

Gap Analys
 reduction to
re sources, 

AgNMP, allow
at the time o
ed as the pr
re land use. 

the ratios o
Lake from a

 model upda
e Canyon La
ber drainage 
pproximate th
RCAC memb
approximate
shed below M
epresent app
RCAC mem
compliance

Simulated 
CAFO Sou

se 

shoff (% of tota

rs 

shoff (% of tota

sis for WRC
s 2-6, there a
mented an E
he Permit req
of nutrients 

are likely to p
es ongoing i
e TMDL. Th
in the Canyo

sis for WRC
o Canyon La
is equal to th
wable load i
of TMDL dev
roduct of the
 

f WRCAC to
ll agriculture

ate estimate
ake below My

areas to the
he portion of
bers (Table 3
ly 30 percen

Mystic Lake 
proximately 

mbers betwee
e estimates f

Nutrient W
urces in the

TP Wash

8

2

al) 2

1

al) 

CAC CAFO
are only thre
Engineered W
quires reten
from these a
pass throug
nspection of
us, there is 
on Lake wat

CAC Agric
ake, necessa
he difference
s expressed
velopment. A
e allocated lo

o total washo
e sources, pr

ed watershed
ystic Lake w
e total washo
f the simulat
3-3). Table 3
nt of the sim
(i.e. watersh
5 percent of
en agricultur
for each, as 

Washoff fro
e Canyon L

hoff (kg/yr)

889 

,233 

28% 

70 

,618 

4% 

O Sources
ee existing W
Waste Mana
tion of the 2
areas will oc
h both Cany
f these prope
no additiona
tershed. 

culture Sou
ary to demon
e between e
d as a per ac
Allowable loa
oad per acre

off (from Tab
rovides an e

Sect

d washoff fro
watershed. T
off from agri
ted load into
3-3 shows W
ulated nutrie
hed zones 2
f simulated w
re and CAFO
documented

om WRCAC
Lake Wate

TN

WRCAC mem
agement Pla
25-year storm
ccur, except 
yon Lake and
erties to ens

al watershed

urces 
nstrate com

existing loads
cre loading r
ads in subse

e, and the nu

ble 3-3) to w
estimate of e

tion 3    Com

om all agricu
The proportio
culture and 

o Canyon La
WRCAC agri
ent washoff f
-6). For CAF
washoff. The
O sources is
d in the follo

C Complia
ershed belo

N Washoff (

1,572 

3,468 

31% 

183 

3,452 

5% 

mber CAFO 
n (EWMP) t

m event on-s
during extre

d Lake Elsin
sure complia
d load reduct

pliance with
s and the al
rate based o
equent years
umber of acr

watershed loa
existing loads

mpliance Analy

ulture and 
on of washof
CAFO land 
ke that could
cultural 
from the 
FO sources,
ese very 
s the reason 
wing section

nt and Oth
ow Mystic 

(kg/yr) 

operators, a
to comply wi
site and 
eme storm 
nore. The 
ance with the
tion required

 the LAs for 
lowable load

on land use 
s are 
res of 

ads into 
s from 

ysis 

3‐5	

ff 

d 

 

for 
ns.  

her 

all 
th 

e 
d 

d. 



Section 3    Compliance Analysis 

3‐6	

WRCAC members, and the focus of the targeted load for TMDL compliance in this AgNMP 
(Table 3-4). Table 3-4 also shows the total load from agriculture sources, prior to formation of 
WRCAC (see column for 2003 conditions), based on original modeling to develop the TMDL, 
and future projections of load, which are proportional to diminishing land use acreage. 
Projections of the rate of decline of agriculture for WRCAC and non-WRCAC members is only 
an approximation, and should be continually re-evaluated through land use map and 
watershed model updates. 

Table 3-4 Estimation of load reduction requirements for WRCAC member 
agriculture sources in the Canyon Lake Watershed below Mystic Lake 

Land Use Nutrient Loading (kg/yr) 20031 20072 20152 20202 

Agriculture 

TP 

Existing / Estimated Load 4,413 578 484 383 

Allowable Load 3 1,183 229 192 152 

Required Reduction / (Credit) 3,230 348 292 231 

TN 

Existing / Estimated Load 11,057 971 241 47 

Allowable Load 3 7,583 1,471 1,233 974 

Required Reduction / (Credit) 3,474 (499) (993) (927) 

1) Based on TMDL LA for all agriculture sources 
2) Loads shown represent WRCAC members only 
3) Allowable load is equal to the TMDL unit based LAs and WLAs and current and projected WRCAC member agriculture 

acres and cow population for CAFOs 

For the AgNMP, the rate of attrition for agriculture land uses was developed to match 
projected land use change included in the urban Comprehensive Nutrient Reduction Plan 
(CNRP). The CNRP used buildout general plan land use projections for each watershed city 
and the County of Riverside and a Caltrans growth rate forecast3 to develop the land use 
projections for years between 2010 and buildout, assumed to occur in 2035 (Figure 3-2). For 
this analysis, the rate of urban development in Riverside County was assumed to be 
comparable to the rate of agriculture land use attrition in the San Jacinto River watershed.  

Figure 3-2 shows the projected rate of growth over time from 2010 until the projected buildout 
date of 2035. This growth rate was used to compute dynamic land use based loading between 
2010 and 2020 for TP and TN in Canyon Lake below Mystic Lake (Figures 3-3 and 3-4). 

 

 

 

 

                                                      
3 http://www.dot.ca.gov/hq/tpp/offices/eab/socio_economic_files/2011/Riverside.pdf 
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The total agriculture TN loading rate in kg/acre, as estimated in the 2010 watershed model, is 
less than the agricultural per acre LA, thus there is a nitrogen credit. This credit could be used 
to offset required reductions from other sources though pollutant trading. Conversely, 
agriculture sources do show a required reduction in TP loads to achieve compliance with the 
TMDL; however, load reduction requirements are reduced over time as attrition of lands 
occurs with urban growth (Figure 3-5). 
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Lands in Canyon Lake Watershed 
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be achieved assuming average reductions of effective (found to reduce loading relative to 
control) treatments, as shown in Table 3-5. WRCAC will develop a tiered system for BMP 
deployment for agricultural operators that should be available by late 2015. This will also 
include a database tool for inputting BMPs and better understanding load reductions achieved 
by each agricultural operator.
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Many farms are already implementing stormwater runoff controls, based on results of the 
WRCAC Agricultural Operator Survey (see Attachment D). This survey shows that roughly 
25 percent of WRCAC agriculture acreage is currently implementing one or more runoff 
controls that would meet the criteria under consideration for inclusion in the CWAD Program. 
Washoff reduction benefits from new BMPs constructed to comply with the CWAD will take 
some time to be realized; therefore a conservative implementation achievement factor of 50 
percent is assumed for BMPs implemented prior to 2015; and 75 percent prior to 2020. 

Use of berms and levees to retain runoff on-site is another approach that some farms have 
used to address stormwater management (agricultural operator survey shows roughly 
5 percent of the WRCAC member drainage acreage). In the future, it is anticipated that a total 
10 percent of WRCAC drainage areas may be retained on-site by these types of BMPs to 
comply with CWAD requirements, thus washoff reductions for retention BMPs are also 
included in the AgNMP compliance analysis (Table 3-5). Agricultural operators are currently 
not under any permit requirements. 

3.3.2 Manure Management 
For dairy operators, the use of manure as a fertilizer will be diminished significantly in the 
future years. The Santa Ana Regional Water Quality Control Board (RWQCB) issued order 
number R-8-2007-0001 which will prohibit the disposal of manure to land on those ground 
water management zones lacking assimilative capacity for TDS and or nitrate-nitrogen unless 
a salt offset program is in place that is acceptable to the Executive Officer of the RWQCB, 
Santa Ana Region. Reduction in the use of manure by is expected as a result of the following 
planned BMPs: 

Table 3-5 TP and TN Washoff Reduction from Existing BMPs and Projected 
Implementation of BMPs  

Land Use 

2010 
Model 

TP 
Washoff 
(kg/yr) 

2010 
Model 

TN 
Washoff 
(kg/yr)

TP Washoff 
Reduction (kg/yr)

TN Washoff 
Reduction (kg/yr)

20101 20152 20203 20101 20152 20203

Irrigated Cropland 4 594  -70 -113 -125 -92 -148 -164 

Non-irrigated Cropland 5 280 932 -29 -52 -67 -65 -116 -151 

Orchards / Vineyards 6 7 440 -1 -1 -2 -1 -2 -2 

On-site retention 
(various agricultural 
types) 

889 1,572 -36 -45 -47 -63 -79 -83 

Total Washoff Reduction (kg/yr) -135 -211 -241 -221 -346 -401 

1) Based on estimate of existing BMP implementation downstream of 25 percent of WRCAC agriculture area. The 2010 watershed 
model update did not account for BMPs implemented by agricultural operators  

2) Based on an assumption that 50 percent of WRCAC agriculture area could comply with the CWAD requirements by 2015 
(including currently compliant lands) 

3) Based on an assumption that 75 percent of WRCAC agriculture area could comply with the CWAD requirements by 2020 
(including currently compliant lands) 

4) Effective BMPs include vegetated buffers and PAM application. For treated areas, AgNMP assumes 47 percent TP and 40 
percent TN removal efficiency  

5) Effective BMPs include vegetated buffers. For treated areas, AgNMP assumes 41 percent TP and 59 percent TN removal 
efficiency. Reduction is function of reduced washoff in future as a result of attrition 

6) Effective BMPs include cover crop and PAM application. For treated areas, AgNMP assumes 37 percent TP and 33 percent TN 
removal efficiency. Reduction is function of reduced washoff in future as a result of attrition	
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 Hauling of manure out of the San Jacinto watershed and implementation of a ban to 
prevent importation of manure. 

 Pilot study for converting manure through gasification into biodiesel fuel. If successful, 
the pilot project may be expanded to a regional facility. 

 Improved manure tracking through a manure manifest tracking system is recommended 
and additional special studies. 

Accordingly, the AgNMP compliance analysis computes a reduction in washoff that is 
expected from elimination of most manure spreading activities in the watershed. The 
agriculture operator survey found that about 10 percent of respondents currently utilize 
manure to fertilize fields, which equates to approximately 600 acres of agricultural land in the 
Canyon Lake watershed below Mystic Lake.  

The San Jacinto Integrated Dairy Management Plan included manure application rates of 7.7 
tons/acre and 33.3 tons/acre. Other studies have estimated manure application rates for fields 
in various geographies ranging from of 20 to 45 tons/acre (Gilley and Risse, 2000). Taking an 
average manure application rate of 20 tons per acre, and nutrient concentrations in wet 
manure of 1,000 mg TP/kg and 6,000 mg TN/kg, provides an estimate of the loading of 
nutrients to the watershed by spreading of manure. Farmers use spreading practices to 
attempt to retain manure and beneficial nutrients within agricultural fields; however some 
manure is lost in surface runoff. Choi (2006) estimated that 3 percent of nutrients in spread 
manure were lost in surface runoff. Applying this factor to the estimate of applied manure by 
WRCAC member agricultural operators in the Canyon Lake watershed below Mystic Lake, 
equates to a washoff rate of 0.5 kg TP per acre and 3.3 kg TN per acre. This washoff rate is 
used to approximate the reduction in nutrient washoff that may be achieved by reducing the 
acreage of agricultural land with manure spreading (Table 3-6). 

Table 3-6 TP and TN Washoff Reduction from Projected 
Elimination of Manure Spreading in the Canyon Lake below Mystic 
Lake Watershed 

Year 
TP in Spread 

Manure 
(kg/yr)1 

TN in Spread 
Manure 
(kg/yr)1 

TP Washoff 
Reduction 

(kg/yr)2 

TN Washoff 
Reduction 

(kg/yr) 2 

2010 10,884 65,304 0 0 

2015 5,442 32,652 -163 -980 

2020 2,721 16,326 -245 -1,469 

1) Nutrients in spread manure are estimated as a function of manure application rate of 20 tons/acre, wet 
concentrations of TP and TN in manure of 1,000 mg/kg and 6,000 mg/kg, respectively. Assumed ~10 
percent of irrigated agriculture land in 2010 still uses manure spreading (~600 acres) per survey responses 

 2) Washoff reduction based on estimate of 3 percent of spread manure lost to surface runoff and assumed 
reduction of current levels of manure spreading of 50 percent by 2015 and 75 percent by 2020.  

3.3.3 Watershed BMP Summary 
Table 3-7 provides a summary of the estimated reduction of TP and TN washoff from 
agriculture drainage areas in the Canyon Lake below Mystic Lake watershed. Washoff 
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reductions include accrued benefits from existing BMPs implemented since the adoption of 
the TMDL as well as projections of future manure management and structural BMPs 
implemented to comply with the CWAD. It should be noted that there is currently no system to 
track implementation of BMPs by WRCAC individual member agricultural properties at the 
present time. WRCAC members have been implementing BMPs on agricultural lands for 
many years; therefore, it is likely that the actual watershed load reductions are significantly 
higher than shown in Table 3-7. WRCAC is developing a process for documenting and 
acknowledging BMP implementation by individual properties, which will be complete and 
available by 2020.  

Table 3-7 Summary of Expected Watershed Nutrient Washoff Reduction from 
Implementation of BMPs in the Canyon Lake below Mystic Lake Watershed 

Year 
Agriculture BMPs for 

CWAD (kg/yr) 
Reduction of Manure 

Spreading (kg/yr) 

Total Watershed 
Washoff Reduction 

(kg/yr) 
TP TN TP TN TP TN 

2010 -135 -221 0 0 -135 -221 

2015 -211 -346 -163 -980 -374 -1,326 

2020 -241 -401 -245 -1,469 -486 -1,870 

Reductions of watershed nutrient washoff (using the appropriate loading factors in Table 3-3) 
translate to reductions in nutrient load to Canyon Lake and Lake Elsinore. Table 3-8 shows 
the remaining load reduction requirement after accounting for watershed washoff reductions. 
The WRCAC member agriculture operators will meet these load reductions through 
implementation of in-lake remediation projects. 

Table 3-8 Calculation of Load Reduction Requirements to be Achieved with 
In-Lake Remediation Projects by WRCAC Member Agriculture Operators  

Year 
Total Load Reduction 
Requirement (kg/yr) 1 

Watershed Load 
Reduction / (Debit) 2 

kg/yr) 

In-Lake BMP Load 
Reduction 

Requirement (kg/yr) 
TP TN TP TN TP TN 

2010 348 -499 -84 -144 264 -643 

2015 292 -993 -236 -862 56 -1,855 

2020 231 -927 -306 -1,216 -75 -2,143 

1) Negative values indicate no reduction requirement, and presence of a credit relative to the WRCAC agriculture load 
allocation 
2) Washoff reduction benefits reduced by a loading factor of 63 percent for TP and 65 percent for TN to account for losses 
in nutrients from watershed washoff to loads into Canyon Lake 

3.4 Load Reduction from In-Lake Remediation Projects 
Reducing agricultural loads down to the LA via watershed-based BMPs alone would be nearly 
impossible and extremely costly. Watershed-based BMPs would need to be designed to treat 
extreme storm events; whereas they are typically designed to treat smaller storm events (e.g. 
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1 inch or less of rainfall).  Alternatively, for lake nutrient TMDLs, water quality objectives can 
be achieved through the implementation of in-lake remediation projects in Lake Elsinore and 
Canyon Lake. Reduction of internal nutrient loads can offset reductions required that cannot 
be achieved with existing and planned watershed BMPs. Additionally, in-lake BMPs can be 
designed to achieve numeric targets for response variables in the TMDL, which include 
chlorophyll-a and DO. The following sections describe existing in-lake remediation activities 
ongoing in Lake Elsinore that provide sufficient nutrient reduction to offset the remaining load 
reduction needed to achieve WLAs and LAs. Also included is a new in-lake remediation 
project planned for Canyon Lake that will demonstrate compliance with the TMDL by 
achieving numeric targets for response variables chlorophyll-a and DO.  

3.4.1  Lake Elsinore 
Three in-lake remediation projects (or BMPs) are being implemented currently in Lake 
Elsinore: operation of an aeration/mixing system, fishery management, and lake stabilization 
through the addition of reclaimed water. Various parties subject to the TMDL have 
implemented each of these projects through the Task Force. WRCAC member agriculture and 
CAFO operators have determined that support of the aeration/mixing system is sufficient to 
achieve in-lake nutrient load reduction needed to offset baseline sediment nutrient reduction 
requirements in Lake Elsinore. Additional load reductions are not required to offset WRCAC 
agriculture and CAFO sources for TP and TN, as shown in Table 3-8 above. 

An average annual estimate of internal TP loading from sediments of 33,160 kg/yr for Lake 
Elsinore was found to exceed the TMDL allocation of 28,634 kg/yr, leaving no assimilative 
capacity for external loading (Regional Board, 2004). However, since the Lake Elsinore 
aeration/mixing system was planned for implementation at the time of TMDL adoption, a 
35 percent TP reduction was assumed to restore assimilative capacity and allow for 
development of LAs and WLAs for external sources. This assumed reduction in TP requires 
that all sources with WLAs or LAs in the San Jacinto River watershed continue to operate the 
aeration system to achieve the presumed 35 percent TP reduction, referred to as the baseline 
sediment nutrient reduction requirement. For the WRCAC member agriculture and CAFO 
operators, the baseline sediment nutrient reduction requirement is 1,435 kg/yr, 12 percent of 
the total presumed load reduction of 11,606 kg/yr (35 percent of 33,160 kg/yr internal TP 
load). Most of this requirement is for agricultural operators, 1,418 kg TP/yr, but WRCAC 
member CAFOs will participate to offset their responsibility of 17 kg TP/yr until the watershed 
model and TMDL is updated and any revision to the requirement is determined. Table 3-9 
provides the basis for determining the WRCAC member agriculture and CAFO portion of the 
baseline sediment nutrient reduction requirement.
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Table 3-9 Baseline Sediment Nutrient Reduction Requirement for 
WRCAC Agriculture and CAFO 

Nutrient 
Source 

Watershed 
Relative to Total 

Lake Elsinore 
WLA1 

Baseline Sediment 
Nutrient Reduction 
Requirement (kg/yr) 

Agriculture 
Local Lake Elsinore 0.9% 101 

Canyon Lake 2 12.3% 1,429 

CAFO 
Local Lake Elsinore 0.0% 0 

Canyon Lake 2 1.4% 159 

Total 14.6% 1,689 

1) For the local Lake Elsinore watershed, there are no WRCAC agriculture or CAFO members in operation. 
2) Transfer LA from Canyon Lake watershed of 2770 kg/yr is 41% of total allocation of 6,744kg/yr for reclaimed 
water, urban, septic, agriculture, and transfer from Canyon Lake. The agriculture and CAFO portion of the 
transfer from Canyon Lake to Lake Elsinore was assumed to be equal to the LA and WLA distribution in the 
Canyon Lake TMDL; agriculture LA of 1,183 kg/yr is 65% of the total allocation and CAFO WLA of 132 kg/yr is 
7% of the total allocation. Accounting for the portion of agriculture and CAFO that are WRCAC members (45% of 
agriculture and 5% of CAFOs), the portion of baseline sediment nutrient reduction requirement assigned to 
WRCAC agriculture and CAFO nutrient sources in Canyon Lake watershed is 12% (0.41 * 0.45*0.65) and 0.1% 
(0.41 * 0.05 * 0.07), respectively. 

WRCAC is currently working with other stakeholders to develop an agreement for sharing the 
cost of operating the Lake Elsinore aeration/mixing system. The draft agreement involves an 
initial 20 percent cost share for WRCAC member agriculture and CAFOs. This portion of the 
11,606 kg/yr assumed for total system TP offset capacity is 2,321 kg/yr, which exceeds the 
requirement of 1,689 kg/yr shown in Table 3-9 above. The excess offset capacity would be 
sufficient to provide additional TP reductions needed in the short term, as shown in Table 3-8. 
For 2010, it is estimated that the WRCAC members need an additional 264 kg/yr of TP offset, 
and this value declines over time as agricultural land uses are converted to urban land uses.  

3.4.2  Canyon Lake 
WRCAC agriculture sources will have a small unmet load reduction requirement to meet the 
TMDL, which declines from ~300 kg/yr in 2010 to zero in 2020 as a result of attrition and 
implementation of aggressive watershed BMP programs. In the interim period, WRCAC 
agriculture members will partner with the MS4 Permittees to implement the addition of 
aluminum sulfate (alum) to Canyon Lake to achieve interim numeric targets. The following 
sections describe how the use of alum additions will achieve compliance with the response 
targets for chlorophyll-a and DO.  

A one dimensional lake water quality model, DYRESM-CAEDYM, was developed by the Task 
Force for use in evaluating nutrient management strategies for Canyon Lake and Lake 
Elsinore. The analysis of in-lake nutrient management alternatives to achieve response 
targets does account for estimated load reductions from watershed BMPs included in this 
WRCAC AgNMP by reducing daily inflow loads to DYRESM-CAEDYM. Since watershed load 
reductions are estimated on an annual basis, an assumption was made that percent load 
reductions are roughly equivalent for different seasons and storm event sizes, allowing for 
daily inflow loads reductions at the same percentage as annual reductions. Table 3-10 shows 
total external load reduction with additional watershed load reductions projected (2010-2020 
average) from implementation of the CNRP for urban and septic sources in the CL/LE nutrient 
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TMDL and from expectation of continued improvement to vehicle emissions as a result of 
more stringent federal and state air quality standards (State Implementation Plan, South 
Coast Air Quality Management District).  

The Task Force has completed detailed evaluations of aeration, oxygenation, and chemical 
addition (Anderson, 2007; Anderson, 2012b; Anderson, 2012c). Based on these evaluations, 
the Task Force has determined that chemical addition, using aluminum sulfate (alum), is the 
most effective in-lake nutrient control strategy to achieve interim numeric targets for the 
response variables, chlorophyll-a and DO. Appendix C provides the basis for this 
determination. 

Table 3-10 Projected External Nutrient Load Reduction to Canyon 
Lake from all Jurisdictions with Allocated Loads 

Nutrient Reduction Source 
TP Load 

Reduction 
(kg/yr) 

TN Load 
Reduction (kg 

/yr) 

AgNMP Projects 287 1,180 

Land use change (2003 to 2010) 818 2828 

Stormwater program implementation 182 955 

Future urbanization w/ LID (2010 to 2020) 649 -217 

Atmospheric Deposition 1 0 384 

Estimated Load Reduction 1,936 5,130 

External Load to Lake from 2010 Model Update 8,932 32,209 

% of TMDL External Load 22% 16% 

1) Reduced emissions of NOx from new air quality standards are expected to reduce atmospheric NOx 
concentrations in southern California by 60 percent (State Implementation Plan, South Coast Air Quality 
Management District). Based on recent TMDL implementation planning in the Chesapeake Bay, it was 
assumed this reduced NOx concentration could translate into 20 percent less TN load from direct 
atmospheric deposition over Canyon Lake. This reduction does not account for reduced deposition and 
subsequent washoff from watersheds. 

3.4.2.1 Chlorophyll-a Response Target 
When alum is added to a waterbody, an aluminum hydroxide precipitate known as floc is 
formed. The floc binds with phosphorus in the water column to form an aluminum phosphate 
compound which will settle to the bottom of the lake or reservoir. Once precipitated to the 
bottom of the reservoir, the floc will also act as a phosphorus barrier. It binds any phosphorus 
released from the sediments during normal nutrient cycling processes that occur primarily 
under anoxic conditions such as those found in much of the hypolimnion at Canyon Lake. The 
aluminum phosphate compounds are insoluble in water under most conditions and will render 
all bound phosphorus unavailable for nutrient uptake by aquatic organisms. It is through the 
reduction of bioavailable phosphorus that alum additions reduce the growth of algae in 
Canyon Lake, as measured by chlorophyll-a concentration in water samples.  

Algae need both nitrogen and phosphorus for growth. The limiting nutrient is the one that is 
completely used for algal growth while some of the other still remains in its bioavailable form. 
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Analysis for Main Body 
The DYRESM-CAEDYM model was used to estimate the reduction of bioavailable 
phosphorus that would be needed to limit algae growth, and maintain average annual 
chlorophyll-a concentration at less than 25 ug/L in all hydrologic years. Adsorption isotherms 
were then used to estimate the required dose of alum needed to reduce phosphorus from 
current levels to the target concentration. Results showed that a dose of 10 mg/L of alum (~1 
mg/L as Al) would effectively reduce 10-year averages of chlorophyll-a from ~35 ug/L to less 
than ~5 ug/L by reducing TP from ~0.31 mg/L to ~0.15 mg/L (Anderson, 2012e). The model 
predicted a significant reduction in chlorophyll-a despite average TP concentrations being 
above the TMDL numeric target of 0.1 mg/L. The reason for this is that the reduction accounts 
for most of the bioavailable pool of phosphorus (i.e. dissolved orthophosphate form). At a 
relatively low dose of 10 mg/L, alum forms a less than typical floc size or “microfloc”, which 
has a longer residence time as it settles through the water column. The longer residence time 
allows for chemical processes needed to bind dissolved forms of phosphorus relative to 
heavier doses (50-100 mg/L) that largely only provide physical entrainment of particulates as 
a larger floc settles through the water column (Moore et al., 2009).  

Analysis for East Bay 
The one dimensional DYRESM-CAEDYM model simulates a lake wide average vertical profile 
of water quality, therefore areas of relatively greater concern for chlorophyll-a are averaged 
with areas of typically better water quality. Of particular interest to the agricultural operators is 
the East Bay of Canyon Lake. The East Bay is shallower than the Main Body, receives runoff 
from a different watershed, has higher nutrient concentrations, more dense and persistent 
algal blooms, and experiences minimal lateral mixing with the Main Body of the lake. A 
separate analysis using CDM Smith’s Simplified Lake Analysis Model (SLAM) was completed 
for this zone of Canyon Lake to assess whether alum can be effective for reducing 
chlorophyll-a. Once calibrated using historical nutrient and chlorophyll-a data (2007 – 2010), 
SLAM was used to test the effect of reduced water column TP on chlorophyll-a. See 
Attachment C for details on the SLAM application to Canyon Lake. SLAM results suggest that 
TP would need to be reduced to ~0.05 mg/L to reduce seasonal chlorophyll-a concentrations 
to below the numeric target of 25 ug/L (Figure 3-8). 

Elsinore Valley Municipal Water District (EVMWD) conducted jar tests to determine the 
reduction of TP that could be achieved at varying doses of alum (see Attachment C). Jar test 
results from the two East Bay monitoring locations (CL09 and CL10) showed that a dose of 
20-40 mg/L alum would result in a TP of ~0.05 mg/L, therefore a dose of 30 mg/L alum 
(~3 mg/L as Al) was selected for East Bay alum applications.



Section 3  

3.4.2.2 
Per the T
controlla
The TMD
relations
understo
protectio
a DYRES
thermocl
frequenc
exceeda
predevel

For the e
no excee
condition
the epilim
around O
lake to m
condition
pre-deve
Lake is c
turning o

   Complianc

Dissolved
TMDL, the n
ble water qu

DL Staff Rep
hip between

ood, the TMD
n of aquatic 
SM-CAEDYM
ine if the wa

cy plots in Fig
nces of the D
opment sce

epilimnion (m
edences of th
n. However, 
mnion, but ar
October and 
mix with surfa
ns; however,
elopment con
currently mee
over. 

SLAM Resu

ce Analysis 

d Oxygen 
umeric targe

uality factors
port recogniz
n nutrient inp
DL targets fo

life benefici
M model sce
atershed wer
gure 3-9 sho
DO WQO of
nario, theref

model output
he DO WQO
DO monitori
re limited to 
involves des

ace waters. T
 the degree 
nditions has 
eting interim

ults Showin
in Tota

Response
et for DO is n
”, a conditio

zes uncertain
put and disso
or dissolved 
al uses”. To

enario to ass
re completel
ow the full ra
f at least 5 m
fore such ex

t average for
O in the pred
ing data sho
the period w
stratification
This problem
to which the
not yet bee

m numeric tar

ng Chloroph
al Phosphor

 Target 
not limited to
n which is co
nty and com
olved oxygen
oxygen can 

o evaluate co
sess DO con
y undevelop

ange of daily
mg/L occur ro
xceedences 

r top 3 mete
development
ows that exce
when the lak
, which allow

m is also exp
e current rate
n modeled. T
rgets except

hyll-a for Va
rus during G

o conditions 
ontained in t

mes to the res
n levels in th
be revised a

ontrollability,
nditions abov
ped (Anderso
y results. For
oughly 50 pe
may be cons

ers of water c
t or in the wa
eedences of

ke is turning 
ws for low D
pected to oc
e of non-com
Thus, it can 
t for a tempo

Figu
arying Redu
Growing Se

that exist “a
the Basin Pl
solution that
he lakes is b
appropriatel
, the Task Fo
ve and below
on 2012d). T
r the hypolim
ercent of the
sidered unco

column), the
atershed BM
f the DO targ
over. Turno

DO water from
ccur under pr
mpliance ma
be conclude

orary period 

ure 3-8 
uctions 
easons 

as a result of
lan WQO for
t “as the 
better 
y to ensure 
orce develop
w the 
The cumulat
mnion, 
e time in the 
ontrollable. 

e model pred
MP + alum 
get do occu
ver occurs 
m bottom of 
re-developm
ay differ from
ed that Cany
when the la

3‐19	

f 
r DO. 

ped 

tive 

dicted 

r in 

the 
ment 
m 
yon 
ke is 



Section 3    Compliance Analysis 

3‐20	

The combination of watershed BMPs and alum additions will not directly increase dissolved 
oxygen within Canyon Lake; however, over time, the indirect benefit of reduced algal growth 
and die-off/settling will reduce sediment oxygen demand, and therefore reduce anoxic 
conditions at sediment-water interface. In turn, more anoxic conditions at the sediment-water 
interface will reduce the flux of nutrient from bottom sediments to the water column, which would 
provide additional reductions in algal growth and die-off/settling. Figure 3-7 shows that 
implementation of watershed BMPs and alum additions over a 10-year period would be 
expected to provide significant progress toward returning exceedence frequency of WQOs to 
pre-development levels. However, the ultimate load reduction will be realized over an even 
longer timeframe, and could take multiple decades to accrue given that the half-life of settled 
nutrients in Canyon Lake is estimated to be approximately 10 years (Anderson, 2012a). 
Attachment C includes a slideshow presentation, given by Michael Anderson on February 14, 
2012, describing kinetic modeling completed to assess the length of time settled nutrients are 
rendered no longer bioavailable, or inert, in Canyon Lake bottom sediments.  

3.4.2.3 Ammonia Toxicity Response Target 
Limited instances of acute and chronic ammonia toxicity occur in the Main Body and East Bay 
for samples taken from the hypolimnion or depth integrated over the entire water column. These 
ammonia levels of concern are the result of anoxic conditions at the sediment-water interface, 
which facilitates ammonification of organic nitrogen in lake-bottom sediments. Over time, 
reduced algal growth and die-off/settling due to alum additions will reduce sediment oxygen 
demand, and therefore reduce anoxic conditions at sediment-water interface. In turn, more oxic 
conditions at the sediment-water interface will reduce the frequency of ammonia toxicity in the 
water column. If ammonia toxicity continues to occur after the initial alum additions, then a 
supplemental BMP will be considered that would more directly address ammonia in the lake 
bottom or from external sources. 

Figure 3-9 
Cumulative Frequency of Daily Average DO in hypolimnion (left) and 

epilimnion (right) for DYRESM-CAEDYM Simulations of Existing, 
Pre-development, and with Watershed BMP Implementation Scenarios  
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or potential supplemental BMPs may be needed to achieve response targets in Canyon Lake for 
chlorophyll-a and DO. 

In 2016, the TMDL will be reopened to revise the final numeric target for DO to incorporate 
controllability by means of an allowable exceedence frequency representative of a pre-
development condition in the watershed. The 2012 DYRESM-CAEDYM simulations of a lake 
water quality for a pre-development level of watershed nutrient loads will be used to represent 
an uncontrollable frequency of exceeding the final DO target of at least 5 mg/L in the 
hypoliminion. A cumulative frequency plot of average daily DO data from the two year period of 
alum applications (Sep 2013 through Sep 2015) will be compared to the pre-development 
cumulative frequency to determine whether sufficient improvement to DO was achieved with the 
alum applications. 

3.5 Uncertainty  
The AgNMP is expected to achieve compliance with long-term average annual LAs and WLAs 
for agriculture and CAFO sources. Also, in assessing the WRCAC portion of agriculture and 
CAFO land use, only the acreage from the AIS mapping project were included. Hence, a higher 
load reduction responsibility was assumed by WRCAC by excluding from the total of agriculture 
and CAFO, those areas modeled as agriculture or CAFO, based only on SCAG land use data.  

We believe these points of conservatism in the AgNMP compliance analysis offset the other 
sources of uncertainty in the determination that the AgNMP, once implemented will achieve the 
LAs and WLAs for agriculture and CAFO sources. Specifically, estimates of reduction in nutrient 
washoff from WRCAC agriculture and CAFO lands involved many assumptions on cropland 
BMP effectiveness, manure application and retention processes, urban growth rates, and future 
WRCAC membership. WRCAC is developing special studies of land management practices and 
effects on nutrient loading to improve understating of these areas of uncertainty. Also, through 
nutrient offsets, in-lake BMPs are responsible for all of the Lake Elsinore and part of the Canyon 
Lake load reduction needed by WRCAC agriculture and CAFO members, yet nutrient load 
reduction estimated from implementation of alum addition in Canyon Lake and fishery 
management in Lake Elsinore are based on limited data, empirical modeling, and incubation 
studies. 

The following sections characterize some of these sources of uncertainty that could cause the 
AgNMP to be more or less effective than expected. 

3.5.1 Use of 2010 Watershed Model Update 
Load reduction requirements for this AgNMP compliance analysis were based on existing load 
estimates from the 2010 watershed model update. Since the adoption of the TMDL, urban land 
use has increased while agricultural land use has declined and this trend is expected to 
continue as the watershed approaches a buildout condition. Accordingly, the 2010 watershed 
model update generally showed an increased nutrient load from urban sources and a decreased 
nutrient load from agricultural sources. Urban septic loads also decreased based on the more 
accurate accounting of septics resulting from the 2007 SSMP. CAFO loads increased with the 
model update, despite extensive data showing the opposite trend in CAFOs and cow population 
in the watershed. The TMDL did not account for future changes in land use distribution in the 
watershed. For example, as agricultural and CAFO land use acreage decreases, and if the LA 



 

were to r
condition
acre load
feasibility
land use 
Additiona
regarding

3.5.2 C
The DYR
annual a
10 ug/L. 
chloroph
fluctuatio
used to d
average 
seasons 
a heavie
limiting th
simulatio

These m
phospho
monitorin
be repres
2013-201
than it wa
the wate
phospho
alum app

Uncertain
target for
results sh
attributab
demands
decades
hypolimn
CNRP an
applicatio
DO, such

remain the s
ns occur whe
ding rate usi
y of meeting
acreage use

ally, actual a
g dairy alloca

Controllabi
RESM-CAED
verage chlo
Therefore, t
yll-a respons

on. This mod
determine co
chlorophyll-a
may still exp
r dose of alu
he available 

ons using SL

odels rely o
rus reductio

ng station, co
sentative of 
15, and thus
as in the jar 
r before form
rus. The sta

plications are

nty is greate
r the hypolim
howed a red
ble to the ind
s. Anderson 
, but there is

nion. Conseq
nd AgNMP. 
ons for DO i
h as aeration

ame, then th
en looking at
ng the mass
 the TMDL, 
ed to develo

animal head 
ations not ac

lity of TMD
DYM simulat
rophyll-a, fo
he model pr
se target of 

del estimates
ompliance w
a meets the 
perience mo
um is planne
phosphorus

LAM. 

n a relations
n, which wa
ollected in d
potential am

s the expecte
test sample

ming an effec
akeholders w
e performing

est when it co
mnion, even 
duction in ex
direct benefit
2012a sugg

s much unce
quently, the 
In 2016, the
n the hypolim
n or oxygena

he allowable
t urban acre
s based WLA
WLAs were 

op the TMDL
counts (RW
creage.  

DL Allocati
tion projecte
r the entire l
rojects that t
an annual a
s a lake-wide

with the respo
response ta

ore algal grow
ed for shallow
s needed for

ship between
s based on 
ry season o

mbient water 
ed benefits m
s, then a po
ctive alumin

will continual
g as expecte

omes to the 
after accoun

xceedance fr
ts of reduce

gests that su
ertainty as to
stakeholders

e stakeholde
mnion and d
ation, would 

e per acre loa
eage increas
A. To assess
converted to

L and the 20
WQCB annua

ons and R
d the implem
ake would b
he AgNMP w
verage of 25
e average ch
onse target p
arget, specif
wth than oth
wer areas to
r algae to gro

n the dose o
one set of ja
f 2012 (see 

r quality whe
may not be r

ortion of the a
um hydroxid
ly evaluate w

ed or if the p

ability for al
nting for con
requency fro
d nutrient cy

uch benefits 
o the ultimate
s have deve
rs will evalua

determine wh
be needed.

Se

ading would
sing resulting
s the impact
o allowable 

010 watershe
al dairy repor

Response T
mentation of
be 5 ug/L wit
will achieve 
5 ug/L; irres
hlorophyll-a,
per the TMD
fic areas of C
hers, such as
o drop TP be
ow, based o

of alum addit
ar tests from
Attachment 

en alum addi
realized. For
applied alum
de floc that is
water quality
lan should b

lum to achie
ntrollability. T
om 80 to 65 p
ycling and as
may continu
e potential fo

eloped adapt
ate the effec
hether a sup

ection 3    Co

d increase. T
g in a reduce
t of these ch
per acre loa

ed model up
rts) should b

Targets 
f the CNRP a
th wetter yea
compliance
pective of hy
, which is the

DL. Even if th
Canyon Lake
s East Bay. 

elow 0.1 mg/
on East Bay 

tion and resu
m each of the

C). These ja
itions are im
r example, if

m would be s
s able to bin
y data to ass
be modified. 

eve the final 
The DYRESM
percent of th
ssociated se
ue to accrue
or DO condi
tive manage
ctiveness of 
pplemental in

ompliance An

The opposite
ed allowable
hanges on th
ading rates u
pdate.  
be used 

and AgNMP
ars reaching
 with the fina
ydrologic 
e same met
he lake-wide
e during criti
For this rea

/L, furthering
specific 

ultant 
e four compli
ar tests may

mplemented i
f pH is highe
spent acidify
nd with 
sess whethe

DO respons
M-CAEDYM
he time, 
ediment oxyg
 over severa
tions in the 

ement into th
alum 

n-lake projec

alysis 

3‐23	

e 
e per 
he 
using 

P, 
g 
al 

ric 
e 
ical 
son, 

g 

iance 
y not 
n 

er 
ying 

er the 

se 
M 

gen 
al 

he 

ct for 



Section 3  

This pag

   Complianc

e intentiona

ce Analysis 

lly left blank

3‐24	



Referen

Anderson
and W
Taskf
Septe

Anderson
Cond
subm
Unive

Anderson
Nutrie
subm
Unive

Anderson
Recy
Mem
Envir

Anderson
Bioav
2012

Anderson
Asse
Coun

Anderson
Mode
Autho
River

Breukela
bream
conce

Choi, In H
Maste
http:/

Colorado
Meth

EIP Asso
LESJ

EPA Reg
Coun

Gilley, J.
of the

Moore, B
case 
pp35

Pace, 20
Repo

Regional
amen

nces 

n, M.A. 2012
Watershed B
force by Dep
ember 18, 2
n, M.A. 2012
ditions and T
mitted to the 
ersity of Cali
n, M.A. 2012
ents in Inflow

mitted to the 
ersity of Cali
n, M.A. 2012

ycling as a R
orandum su
ronmental Sc
n, M.A. 2012
vailable in S
.  
n, M.A. 2007
ssment of In

ncil by Depar
n, M.A. 2006
el Developm
ority (LESJW
rside. 
aar, A.W., E.
m (Abramis 
entrations of
Ho (2006). F
er's thesis, T
//hdl .handle 
o Departmen
odologies fo

ociates. Fish
JWA, Augus
gion 9, 2007
nty Wastewa
E. and Risse
e ASAE. 43(
Barry C., Dav

study. Part 
1-363. 

011. Canyon
ort, prepared
l Water Qua
ndments). W

2e. Predicted
BMPs. Techn
partment of 
012. 
2d. Evaluate
TMDL-prescr
LE/CL Nutrie
ifornia-River
2c. Evaluatio
w and Impro
LE/CL Nutrie
ifornia-River
2b. Evaluatio

Result of Hyp
ubmitted to th
ciences, Un
2a. Estimate
ediments. P

7. Sediment 
n-Lake Altern
rtment of En
6. Predicted 

ment and Res
WA) by Depa

H. R. Lamm
brama) and 
f nutrients a
Field-scale e
Texas A&M 
.net /1969 .

nt of Public H
or Surface W
heries Manag
t 2005. 
. Arid West W

ater Manage
e, L.M. Runo
6):1583-158
vid Christens
II. Microfloc 

Lake Hypol
d for LESJWA
lity Control B

Water Quality

d Water Qua
nical Memor
Environmen

e Water Qua
ribed Extern
ent TMDL T
rside; June 1
on of Alum P
ove Water Q
ent TMDL T
rside; May 1
on of Long-T
polimnetic Ox
he LE/CL Nu
iversity of Ca

e Rate at Wh
Presentation 

Nutrient Flu
natives. Rep
nvironmental

Effects of R
sults, Final R
artment of E

mens, J.G.P. 
carp (Cyprin
nd chlorophy

evaluation of
University. T
1 /4193.  

Health and E
Water, 5CCR
gement Plan

Water Quali
ment Depar
off and soil l
88. 2000. htt
sen, and An
alum injecti

limnetic Oxy
A, April 201
Board (RWQ
y Control Pla

ality in Cany
randum subm
ntal Sciences

lity in Canyo
al Load Red
askforce by 

14, 2012. 
Phoslock, an
uality in Can
askforce by 
7, 2012. 

Term Reduct
xygenation i
utrient TMDL
alifornia-Riv

hich Phospho
to CL/LE Nu

ux and Oxyg
port submitte
l Sciences, U

Restoration E
Report subm
nvironmenta

Breteler and
nus carpio) o
yll a. Freshw
f a system fo
Texas A&M 

Environment
R 1002-31. 
n for Lake El

ty Research
rtment. 
oss as affec
tp://hdl.hand
n C. Richter
on, Lake an

ygenation Sy
1. 

QCB), Santa
an Santa Ana

yon Lake wit
mitted to the
s, University

on Lake Und
ductions. Tec

Departmen

nd Modified Z
nyon Lake. T
Departmen

tion of Phos
in Canyon L
L Taskforce 
verside; April
orus is Rend
utrient TMDL

en Demand
ed to San Ja
University of
Efforts on wa

mitted to San
al Sciences, 

d I. Tatrai. 1
on sediment
wat. Biol. 32
or manure ex
University. A

t, 2012. The 

lsinore, Fina

h Project Fin

cted by the a
dle.net/10113
r, 2009. New

nd Reservoir 

ystem, Prelim

 Ana Region
a River Basi

h In-Lake Al
e LE/CL Nutr
y of Californi

der Predeve
chnical Mem
t of Environm

Zeolite to Se
Technical Me
t of Environm

sphorus Load
Lake. Techni

by Departm
l 22, 2012. 
dered No Lo
L Taskforce,

 Study for C
acinto River W
f California-R
ater quality i
 Jacinto Wa
University o

994. Effects
t resuspensi
:113-121. 
xport throug
Available ele

Basic Stand

al Report, pre

nal Report, p

application o
3/16462 
wman Lake R
r Manageme

minary Desig

n, 1995 (and
in, Riverside

lum Treatme
rient TMDL 
a-Riverside,

lopment 
morandum 
mental Scien

equester 
emorandum
mental Scien

ds from Inte
cal 

ment of 

onger 
, February 1

Canyon Lake
Watershed 
Riverside.  
n Lake Elsin

atersheds 
of California-

s of benthivo
ion and 

h turfgrass s
ectronically f

dards and 

epared for 

prepared by 

of manure. T

Restoration. 
ent, v25(4) 

gn Phase 1 

d subsequen
e, CA. 

 

R‐1	

ents 

, 

nces, 

m 
nces, 

rnal 

4, 

e with 

nore: 

-

orous 

sod. 
from  

Pima 

rans. 

A 

nt 



References (continued) 

R‐2	

RWQCB, Santa Ana Region, 2004. Lake Elsinore and Canyon Lake Nutrient TMDL, May 21, 
2004. 

Rydin, E. and Welch, E.B. (1999) Dosing alum to Wisconsin lake sediments based on in vitro 
formation of aluminum bound phosphate. Lake and Reservoir Management. 15: 324-331. 

San Jacinto Basin Resource Conservation District. San Jacinto Watershed Integrated Regional 
Dairy Management Plan, prepared by Tetra Tech, December 2009.   

University of California at Riverside. Assessment of Best Management Practices to Reduce 
Nutrient Loads. Final Report for Section 319(h) Grant, Agreement No 05-040-558-1 between 
the State Water Resources Control Board and Regents of the University of California, 2011. 

 

 

	
	

	



 

Append

A. B

B. In

C. S

D. V
 Ja

E. A

F. T
 A

dix Docume

Blue Water S

ntegrated, R

SEP Report-I

Voluntary Ag
acinto Wate

AIS Aerial Ma

Tetra Tech R
Agricultural O

ents-Availa

Satellite Imag

egional Dair

Identification

ricultural Op
rshed 

apping Final

Report–Mana
Operations in

able Upon 

ging Techno

ry Managem

n of Technol

perator TMD

 Report 

agement Pra
n the San Ja

Request 

ology 

ment Plan (IR

ogies and A

L Implemen

actices to Re
acinto Waters

RDMP) 

Alternate Con

tation Plan w

educe Nutrie
shed

Refe

ntrol Measur

with BMPs in

ent Loads fro

erences (conti

res  

n the San 

om 

inued) 

R-3	



Reference

R‐4	

This pag

es (continued)

e intentiona

) 

lly left blank 



ATT
TMD

Table O

Attachme

 

TABLES

 

ACHM
DL Imp

Of Conte

ent A – TMDL

A.1  
A.2  
A.3  
A.4  

A.4.1 

A.4.2 
A.4.3 

A.4.4 

A.4.5 

A.4.6 

A.4.7 

S 

A-1  

MENT 
pleme

nts 

L Implement

Introduction
Lake Elsinor
Lake Elsinor
TMDL Tasks

Task
Oper
Task
Task
Plan
Task
Redu
Task
Eval
Task
In-La
Task

TMDL Implem
and Dairy Op

A 
ntatio

ation ............

n ....................
re San Jacin
re and Canyo
s Applicable 
k 2.3 General 
rations ..........
k 4 -   Nutrient
k 5 -    Agricul
.....................

k 9 -   Lake El
uction Plan ...
k 10 - Canyon
uation ...........
k 11 - Watersh
ake Model Up
k 12 - Pollutan

mentation Pl
perators .......

on 

......................

......................
to Watershe
on Lake TMD
to Agricultur
WDR for Con

......................
t Water Quali
tural Discharg
......................
sinore In-Lak
......................
n Lake In-Lake
......................
hed and Cany

pdates ...........
nt Trading Pla

lan Tasks Ap
......................

.....................

.....................
ds Authority

DL Task Forc
ral and Dairy
ncentrated An
.....................
ity Monitoring
ges- Nutrient 
.....................
ke Sediment N
.....................
e Sediment T
.....................
yon Lake and
.....................
an (PTP) .......

pplicable to A
.....................

.....................

.....................
y ....................
ce ..................
y Operators .
nimal Feeding
.....................

g Program .....
t Managemen
.....................
Nutrient 
.....................

Treatment  
.....................

d Lake Elsino
.....................
.....................

Agricultural 
.....................

..... A-1 

..... A-1  

..... A-1  

..... A-2 

..... A-3 
g  
..... A-4  
..... A-9 
nt  
... A-10 

... A-10 

... A-10 
re 
... A-11 
... A-12 

 
..... A-5 

i	



Table of C

ii	

This page

Contents (cont

e intentional

tinued) 

lly left blank



 

Atta
TMD

A.1 In
TMDL co
the Lake 
coordina
(LESJWA
(Regiona
became 
stakehold
coordina
requirem
of LESJW
the agric

A.2 L
LESJWA
Elsinore 
County o
Propositi
earmarke
Elsinore 
wildlife h
watershe
strategie

 Lake

 Lake

 Lake

 Lake

 Lake

 Lake

LESJWA
measure

These ef
addition, 
Committe

chme
DL Imp

ntroduction
oordination e

Elsinore an
ted and adm
A), a joint po
al Board) ado
effective on 
ders formally
tion with LE

ments. The fo
WA and the T
ultural and d

Lake Elsino
A is made up

Valley Muni
of Riverside. 
on 13, a bon
ed $15 millio
and Canyon
abitats, prim

ed. Several L
s, including:

e Elsinore Ae

e Elsinore W

e Elsinore C

e Elsinore Ax

e Elsinore Is

e Elsinore D

A has conduc
s and poten

fforts provide
the TMDL T

ee for techn

nt A 
pleme

n 
efforts have 
d Canyon L

ministered th
owers author
opted the Nu
September 

y organized 
SJWA has b

ollowing sect
Task Force 
dairy operato

ore San Jac
p of represen
cipal Water 
LESJWA w

nd measure 
on for LESJW
n Lake. LESJ
marily in Lake
LESJWA pro
 

eration Syst

Wetland Enha

arp Remova

xial Flow Pu

land Wells 

redging Proj

cted several
tial funding 

e the basis f
Task Force c
ical guidanc

ntatio

been underw
ake Nutrient
rough the La
rity. The San
utrient TMDL
30, 2005, af
into a funde

been actively
tions describ
and status o
ors. 

cinto Wate
ntatives from
District, City

was formed in
to fund wate

WA to implem
JWA is char
e Elsinore, b
ojects are ce

em 

ancement 

al 

umps 

ject 

 studies to e
mechanisms

for ongoing c
continues to 
ce. 

on 

way since A
t TMDLs (“N
ake Elsinore
nta Ana Reg
Ls on Decem
fter EPA app

ed TMDL Tas
y involved in
be the organ
of TMDL imp

ersheds Au
m the Santa A
y of Lake Els
n April of 200
er projects th
ment project
rged with imp
but also in Ca
entral to the 

evaluate lake
s. 

compliance w
rely on the 

ugust 2000,
Nutrient TMD
e San Jacint
gional Water
mber 20, 200
proval. The e
sk Force in 2

n the implem
nizational str
plementation

uthority 
Ana Watersh
sinore, City o
00 after Cali
hroughout th
ts to address
proving wate
anyon Lake 
stakeholder

e conditions

work of the T
LESJWA Te

 well before 
DLs”). These
o Watershed
r Quality Con
04; the Nutr
existing TMD
2006. This T

mentation of t
ructure and r
n activities a

hed Project 
of Canyon L
ifornia voters
he State. Pro
s the impair
er quality an
and the sur

r TMDL com

, alternative 

TMDL Task 
echnical Adv

adoption of 
e activities w
ds Authority 
ntrol Board 
ient TMDLs 
DL 
Task Force i
the TMDL 
responsibiliti
s applicable

Authority, 
Lake and 
s passed 
oposition 13
ments in Lak

nd protecting
rrounding 
pliance 

manageme

Force. In 
visory 

A‐1	

f
ere 

n 

ies 
e to 

3 
ke 

g 

ent 



Attachme

A‐2	

A.3 L
In Decem
a formal 
defined i
signed M
collect da
watershe
stakehold
Elsinore 
the follow

 Co

 Riv

 Cit

 Cit

 Cit

 Cit

 Cit

 Cit

 Cit

 Cit

 Cit

 Cit

 Els

 Ea

 Ca

 Ca

‐ 

‐ 

‐ 

SAWPA
Task Fo

nt A     TMDL

Lake Elsino
mber 2004, a
cost-sharing
n the implem

March 5, 200
ata to analyz
ed solutions,
ders, and re
and Canyon

wing particip

ounty of Rive

verside Coun

y of Beaumo

y of Canyon

y of Hemet 

y of Lake El

y of Menifee

y of Moreno

y of Murrieta

y of Riversid

y of San Jac

y of Wildom

sinore Valley

stern Munic

lifornia Tran

lifornia Depa

March Air R

US Air Forc

Western Ri
Operators i

A serves as t
orce meeting

L Implementa

ore and Ca
all responsib
g body, or Ta
mentation pla
7. The purpo
ze the appro
 pursue gran
commend a

n Lake based
ants: 

erside 

nty Flood Co

ont 

n Lake 

sinore 

e 

o Valley 

a 

de 

cinto 

ar 

y Municipal W

ipal Water D

nsportation D

artment of F

Reserve Join

ce (March A

iverside Cou
in the San J

the administ
g organizatio

ation 

anyon Lake
ble parties na
ask Force, to
an for the nu
ose of the T

opriateness o
nts, coordina
ppropriate re
d on data co

ontrol & Wat

Water Distric

District 

Department 

Fish & Game

nt Powers A

Air Reserve B

unty Agricult
acinto River

rator for the 
on/facilitation

e TMDL Tas
amed in the 
o collaborati
utrient TMDL
ask Force is
of the TMDL
ate activities
evision to th
ollection and

ter Conserva

ct 

e 

Authority 

Base) 

ture Coalition
r watershed

Task Force
n, secretaria

sk Force 
TMDL bega

ively implem
Ls. A Task F
s to conduct 
L, identify in-
s among all o
he Basin Pla
d analysis. T

ation District

n on behalf o

e. In this role
l, clerical an

an the proce
ment various 
Force Agreem

studies nec
-lake and reg
of the variou
n language 
he Task For

t 

of Agricultur

e, SAWPA pr
nd administra

ss of creatin
requiremen

ment was 
cessary to 
gional 
us 
regarding La
rce includes 

ral & Dairy 

rovides all 
ative service

ng 
ts 

ake 

es, 



Attachme

manage
and hirin
informat
LECLTF

A.4 T
The Nutr
R8-2004
briefly de
general s
the agric
follow. 

A.4.1 T
(CA

All dairie
for Conce
R-8-2007
currently 
Canyon L
Attachme

 

nt A     TMDL

ement of Tas
ng of Task F
tion develop
F.html. 

TMDL Task
rient TMDLs 
-0037). Not 

escribes eac
status. Furth
ultural and d

TASK 2.3 – G
AFOS) 
s and relate
entrated Ani
7-0001. The 
in comment

Lake and La
ent D. 

L Implementa

sk Force fun
Force author
ped to date th

ks Applicab
include 14 t
all tasks are

ch TMDL tas
her discussio
dairy operato

GENERAL W

d facilities a
imal Feeding
new draft p

t period and
ake Elsinore 

ation 

ds, annual r
rized consult
hrough the T

ble to Agric
tasks in the 
e applicable 
k, its relevan

on on the sta
ors have res

WDR FOR CO

re currently 
g Operations
ermit Order 
 two RWQC
are address

reports of Ta
tants. SAWP
Task Force:

cultural an
TMDL imple
to the agricu
nce to the ag
atus and wor
sponsibilities

ONCENTRATE

under a Gen
s within the 
No. R8-201

CB workshop
sed in the cu

ask Force as
PA maintains
www.sawpa

nd Dairy Op
ementation P
ultural and d
gricultural an
rk performed
s is detailed 

ED ANIMAL F

neral Waste
Santa Ana R
3-0001/NPD

ps have been
urrent and th

ssets and ex
s a website w
a.org/roundta

perators 
Plan (Resolu
dairy operato
nd dairy ope
d for each ta
in the subse

FEEDING OP

e Discharge 
Region unde
DES No. CA
n held.  Nutr
he new perm

xpenditures 
with all 
able-

ution No.  
ors. Table A-
erators, and 
ask for which
ections that 

PERATIONS 

Requiremen
er Order No.

AGo18001 is 
rient TMDLs

mit and in 

A‐3	

-1 

h 

nt 
  

s for 



Attachme

A‐4	

This pag

nt A     TMDL

e intentiona

L Implementa

lly left blank

ation 



T

T
N

 

 

Table A-1. TM

Task 
No. 

Task N

Task 
1 

Establis
Discha
(WDR) 

Task 
2 

2.1 – W
County

2.2 – W
WDRs 
Storm W
associa
develop
Jacinto
2.3 – G
Concen
Feeding
(CAFO
2.4 – W
and Pro
Reclam
Require
EVMW
Reclam

MDL Implemen

Name 

sh new Waste 
rge Requiremen

WDR for Riversid
y MS4 Permittee

Watershed-wide 
for Discharges 
Water Runoff 
ated with new 
pments in the S

o Watershed 
General WDR fo
ntrated Animal 
g Operations 
s) 

Waste Discharge
oducer/User 

mation 
ements for the 
D, Regional Wa

mation Facility 

 

ntation Plan T

Task De

nts 
Issue new
Municipa
suppleme
Canyon L

de 
es 

Revise e
R8-2002
incorpora

of 

an 

Rescind 
Water Qu
(WQMP)
R8-2002

r Revise e
(Order 99
incorpora

e 

ater 

Revise O
considera
Recycled
findings

Tasks Applica

scription 

w WDR to Elsin
al Water District 
ental discharge
Lake 

xisting MS4 per
-0011) as need
ate TMDL requir

Order 01-34 wh
uality Managem
 approved unde
-0011 

xisting General 
9-11) as needed
ate TMDL requir

Order No. 00-1 t
ation Lake Elsin
d Water Pilot Pr

able to Agricu

C
D
Tnore Valley 

for 
s to 

M

rmit (Order 
ed to 
rements 

M

hen revised 
ment Plan 
er Order 

M

WDR 
d to 
rements 

M

o take into 
nore 
oject 

M

ltural and Dai

Compliance 
Date (per 
TMDL)March 31, 2006

March 31, 2006

March 31, 2006

March 31, 2006

March 31, 2006

Attachment

iry Operators

Relevance to
Permit and S

Not applicabl
operators; pe
ongoing 

 Not applicab
operators; pe
ongoing 

Not applicabl
operators; pe
ongoing 

The CAFO pe
issued and is
will be Order 
8-2013-0001
Not applicabl
operators; pe
complete/ong

t A     TMDL Imp

s 

o Riverside Co
Status 

le to agricultura
er Regional Boa

ble to agricultura
er Regional Boa

le to agricultura
er Regional Boa

ermit is currentl
s in the commen

No. R-8-2013-0

le to agricultura
er Regional Boa
going-as needed

plementation 

A‐5	

ounty MS4 

l and dairy 
ard status is 

al and dairy 
ard status is 

l and dairy 
ard status is 

y being 
nt period. It 
0001 

l and dairy 
ard status is 
d 



A

A

T

T
N

 

 

Attachment A     T

A‐6	

Table A-1. TM

Task 
No. 

Task N

2.5 – W
Municip
(EMWD
Reclam

2.6 – W
Force, 
Base 

Task 
3 

Identify
Operato

Task 
4 

4.1 – W
Nutrien
Plan(s)

TMDL Implemen

MDL Implemen

Name 

WDR for Eastern
pal Water Distric
D), Regional Wa
mation System 

WDR for US Air 
March Air Rese

y Agricultural 
ors 

Watershed-wide 
nt Monitoring 
) 

 

ntation 

ntation Plan T

Task Des

n 
ct 
ater 

If needed
address 
recycled 
to take in
Elsinore 
Project fi

erve 
Revise O
incorpora

Regional
all known
the San J
responsib
implemen

TMDL re
collective
watershe
quality m
Regional
modified 

Tasks Applica

scription 

d, revise order N
EMWD discharg
water to Lake E

nto consideratio
Recycled Wate
ndings 

Order R8-2004-0
ate TMDL requir

l Board will deve
n agricultural op
Jacinto watersh
ble for TMDL 
ntation 

sponsible partie
ely or individuall
ed-wide nutrient

monitoring progra
l Board approva
program as nee

able to Agricu

C
D
T

No. 99-5 to 
ge of 
Elsinore and 
n Lake 
r Pilot 

M

0033 to 
rements 

M

elop a list of 
perators in 
hed 

O
2

es to submit 
y a 

t water 
am for 
al; submit 
eded 

In
D
2
R
d
3
A
d
1

ltural and Dai

Compliance 
Date (per 
TMDL) 
March 31, 2006

March 31, 2006

October 31, 
2005 

nitial plan due 
December 31, 
2005;  
Revised plan 
ue December 

31, 2006 
Annual report 

ue by August 
5 each year 

iry Operators

Relevance to
Permit and S

Not applicabl
operators; pe
ongoing 

Not applicabl
operators; pe
ongoing 

Complete 

Monitoring Pr
Regional Boa
R8-2006-003
program app
(Order R8-20
Annual repor
August 25, 20

s 

o Riverside Co
Status 

le to agricultura
er Regional Boa

le to agricultura
er Regional Boa

rogram approve
ard in March 20
31); Amended m
roved in March 

011-0023; 
rts submitted thr
011 

ounty MS4 

l and dairy 
ard status is 

l and dairy 
ard status is 

ed by 
06 (Order 

monitoring 
2011 

rough 



T

T
N

 

 

 

Table A-1. TM

Task 
No. 

Task N

4.2 – La
Nutrien
Plan(s)

4.3 – C
Nutrien
Plan(s)

Task 
5 

Agricult
Nutrien
Plan (A

Task 
6 

On-site
(Septic 
Manage

MDL Implemen

Name 

ake Elsinore 
nt Monitoring 
) 

Canyon Lake 
nt Monitoring 
) 

tural Discharges
nt Management 
AgNMP) 

e Disposal Syste
Systems) 

ement Plan 

 

ntation Plan T

Task Des

TMDL re
collective
Elsinore 
quality m
Regional
modified 
TMDL re
collective
Lake in-la
monitorin
Board  ap
program 

s – Agricultu
individua
that addr
agricultur

em County o
Perris, M
shall sub
individua
Managem

Tasks Applica

scription 

sponsible partie
ely or individuall
in-lake nutrient 

monitoring progra
l Board approva
program as nee
sponsible partie

ely or individuall
ake nutrient wat
ng program for R
pproval; submit 
as needed 

ral operators co
ally shall submit 
resses a range o
ral-related activ

of Riverside and
Moreno Valley, a
bmit collectively 
ally a Septic Sys
ment Plan 

able to Agricu

C
D
T

es to submit 
y a Lake 
water 

am for 
al; submit 
eded
es to submit 
y a Canyon 
ter quality 
Regional 
modified 

ollectively or 
an NMP 
of 

vities 

P
d
3

 Cities of 
and Murrieta 

or 
stem 

D
S
a
re
re

ltural and Dai

Compliance 
Date (per 
TMDL) 

Plan/Schedule 
ue September 

30, 2007 

Dependent on 
State Board 
approval of 
elevant 
egulations 

Attachment

iry Operators

Relevance to
Permit and S

 

 

A draft AgNM
12/31/11. The
deadline requ
the CNRP. T
submitted1/3
4/30/13  

Not applicabl
operators; pe
ongoing 

t A     TMDL Imp

s 

o Riverside Co
Status 

MP was submitte
e RWQCB exte
uesting coordina
he CNRP was 

31/13. AgNMP d

le to agricultura
er Regional Boa

plementation 

A‐7	

ounty MS4 

ed 
ended the 
ation with 

delivered 

l and dairy 
ard status is 



A

A

 

T
T
N

Attachment A     T

A‐8	

Table A-1. TM
Task 
No. 

Task N

Task 
7 

7.1 – R
Drainag
Manage
(DAMP
7.2 – R
Water Q
Manage
(WQMP

7.3 – U
Caltran
Manage
(SWMP
Workpl
7.4 – U
Force, 
Base S

Task 
8 

Forest A
Review
Service
Plans 

TMDL Implemen

 

MDL Implemen
Name 

Revision of 
ge Area 
ement Plan 

P) 
Revision of the 
Quality 
ement Plan 
P) 

Update of the 
ns Stormwater 
ement Plan 

P) and Regional
an 

Update of US Air
March Air Rese

SWPPP 

Area – 
w/Revision of Fo
e Management 

ntation 

ntation Plan T
Task Des

Revise D
requirem

Review W
requirem

l 

Revise S
required;
Workplan
schedule
requirem

r 
erve 

Revise fa
to incorpo

orest 
Submit fo
schedule
implemen
Practices
Clevelan
National 

Tasks Applica
scription 

DAMP to include
ents 

WQMP to includ
ents 

SWMP annually 
 submit a Regio

n that includes p
es for meeting T
ents 

acility SWPPP a
orate TMDL req

or approval a pla
e for the identific
ntation of Mana
s to reduce nutr
d and San Bern
Forests 

able to  Agricu
C
D
T

e TMDL A
ff

de TMDL A
2

as 
onal 
plans and 

TMDL 

A

as needed 
quirements 

D
n
m
p

an with a 
cation and 
agement 
ients from 

nardino 

P
d
3

ultural and Da
Compliance 
Date (per 
TMDL) 
August 1, 2006, 
f. 

August 1, 
006,ff. 

August 1, 2006

Dependent on 
utrient 

monitoring 
rogram results

Plan/schedule 
ue September 
0, 2007 

airy Operators
Relevance to
Permit and S

Not applicabl
operators; pe
ongoing 

Not applicabl
operators; pe
ongoing 

Not applicabl
operators; pe
ongoing 

Not applicabl
operators; pe
ongoing 

Not applicabl
operators; co
submitted to 
September 2
existing Fore
meet TMDL r
Board found 
schedule for 
satisfies TMD

s (Continued)
o Riverside Co
Status 

e to agricultura
er Regional Boa

e to agricultura
er Regional Boa

e to agricultura
er Regional Boa

e to agricultura
er Regional Boa

e to agricultura
onsidered comp
the Regional Bo
7, 2007 that sta
st Plans are suf
requirements.  R
the proposed p
BMP implemen

DL requirements

) 
ounty MS4 

l and dairy 
ard status is 

l and dairy 
ard status is 

l and dairy 
ard status is 

l and dairy 
ard status is 

l & dairy 
lete – draft 
oard on 
ated the 
fficient to 
Regional 
lan and 
tation 
s 



 

T

T
N

Table A-1. TM

Task 
No. 

Task N

Task 
9 

Lake E
Sedime
Reduct

Task 
10 

Canyon
Sedime
Evaluat

Task 
11 

Waters
Lake an
In-Lake

 

MDL Implemen

Name 

lsinore In-Lake 
ent Nutrient 
tion Plan 

n Lake In-Lake 
ent Treatment 
tion 

hed and Canyo
nd Lake Elsinor
e Model Update

ntation Plan T

Task Des

TMDL re
(including
submit co
proposed
lake sedi
that inclu
TMDL re
(including
submit co
proposed
lake sedi
that inclu

on 
re 
s 

TMDL re
(including
submit co
proposed
update th
Elsinore/
Watershe
Lake and
models 

Tasks Applica

scription 

sponsible partie
g agricultural & 
ollectively or ind
d plan and sche
ment nutrient re

udes a monitorin
sponsible partie
g  agricultural &
ollectively or ind
d plan and sche
ment nutrient re

udes a monitorin

sponsible partie
g agricultural & 
ollectively or ind
d plan and sche
he existing Lake
/San Jacinto Riv
ed Model and th
d Lake Elsinore 

able to  Agricu

C
D
T

es 
dairy) to 

dividually a 
edule for in-
eduction 
ng program 

P
d
2

es 
& dairy) to 
dividually a 
edule for in-
eduction 
ng program 

P
d
2

es 
dairy) to 

dividually a 
edule to 
e 
ver Nutrient 
he Canyon 
in-lake 

P
d
2

ultural and Da

Compliance 
Date (per 
TMDL) 
Plan/schedule 

ue March 31, 
007 

Plan/schedule 
ue March 31, 
007 

Plan/schedule 
ue March 31, 
007 

Attachment

airy Operators

Relevance to
Permit and S

Complete; im

Complete 

Modeling effo
23, 2010 per 
RCFC&WCD
Board  

t A     TMDL Imp

s (Continued)

o Riverside Co
Status 

mplementation o

orts completed D
June 30, 2011 

D letter to the Re

plementation 

A‐9	

) 

ounty MS4 

ngoing 

December 

egional 



A

A

 

T

T
N

Attachment A     T

A‐10	

Table A-1. TM

Task 
No. 

Task N

Task 
12 

Polluta
function

Task 
13 

Review
Nutrien
Objecti

Task 
14 

Review

TMDL Implemen

MDL Implemen

Name 

nt Trading Plan 
nal equivalent 

w and Revise 
nt Water Quality 
ves (WQOs) 

w of TMDL/WLA/

ntation 

ntation Plan T

Task Des

or TMDL re
(including
submit co
proposed
funding s
implemen
tracking p
schedule
implemen
For Cany
Elsinore,
(a) review
the total 
and (b) e
appropria
total phos
ammonia

/LA Regional
basis for 
implemen
three yea
needed

Tasks Applica

scription 

sponsible partie
g agricultural an
ollectively or ind
d plan, schedule
strategy for proje
ntation, an appr
pollutant credits

e for reporting st
ntation 
yon Lake and La
 the Regional B
w and revise as 
inorganic nitrog

evaluate the 
ateness of estab
sphorus and un

a WQOs 
 Board will re-e
the TMDLs and

ntation at least o
ars, and revise T

able to  Agricu

C
D
T

es 
nd dairy) to 
dividually a 
e and 
ect 
roach for 
s and a 
tatus of 

P
d
3

ake 
Board will 

necessary 
en WQOs; 

blishing 
n-ionized 

D
2

valuate 
d 
once every 
TMDL as 

O
ye

ultural and Da

Compliance 
Date (per 
TMDL) 
Plan/schedule 

ue September 
0, 2007 

December 31, 
009 

Once every 3 
ears 

airy Operators

Relevance to
Permit and S

Initial plan/sc
Pollutant Trad
submitted an
implementatio
completing 3
Trading Feas
weBMP datab
at trading bet
stakeholders
Regional Boa
collection of a

To date, TMD
the next trien
for 2015 

s (Continued)

o Riverside Co
Status 

chedule for deve
ding Plan has b
d approved; 
on on-going. W
19 grant for a P
sibility Assessm
base tool. The g
tween agricultur
. 
ard action pendi
additional data 

DL has not been
nial review is sc

) 

ounty MS4 

eloping 
been 

RCAC 
Pollutant 

ent with 
grant looks 
ral 

ing 

n revised; 
cheduled 



A.4.2 T
Task 4 o
Regional
(Task 4.1
Lake (Ta

 A wa
nitro
TMD

 A La
and 
addi
toxic
prev

 A Ca
final 
addi
amm
alloc

The Lake
Regional
Quality A
required 
Regional

The Lake
Force su
the Regio
deferral o
CNRP. T
for deferr
March 4,

In a lette
allow res
monitorin
targets. T
of further
there are
lake and/
monitorin
watershe
WLAs an
developm

TASK 4 - NUT

f the TMDL 
l Board for a
1) and in-lak
ask 4.3). The

atershed-wid
ogen and pho
DL, including

ake Elsinore 
final nitroge
tion, this pro

city and the t
vent ammoni

anyon Lake 
nitrogen, ph
tion, the mo

monia toxicity
cation will pr

e Elsinore & 
l Board Marc

Assurance P
activities ha
l Board by A

e Elsinore an
bmitted a re
onal Board o
of a watersh

The Regiona
ral of the wa
 2011).  

r dated June
sources to be
ng efforts wo
The Regiona
r reductions 
e firm and ce
/or watershe
ng may be a
ed monitoring
nd LAs. Rega
ment of a rev

TRIENT WAT

implementat
approval a pr
ke complianc
e required M

de monitorin
osphorus all

g the waste l

in-lake nutr
n, phosphor

ogram will ev
total nitrogen
ia toxicity in 

nutrient mon
hosphorus, c
nitoring prog
y and the tot
event ammo

Canyon Lak
ch 3, 2006 (O
roject Plan (

ave been car
August 15th o

nd San Jacin
evised in-lake
on Decembe
ed-wide mo

al Board app
atershed-wid

e 7, 2011 the
e re-focused
ould be resto
al Board indi
in the monit

ertain commi
ed projects. T
ppropriate g
g is a conce
ardless, the 
vised monito

TER QUALITY

tion plan req
roposed wat
ce monitoring
onitoring Pro

g program to
ocations, an
oad allocatio

ient monitor
rus, chloroph
valuate and 
n allocation 
Lake Elsino

nitoring prog
chlorophyll-a
gram will eva
tal nitrogen a
onia toxicity 

ke Nutrient T
Order No. R
(QAPP), whi
rried out and
of each year

nto Watersh
e monitoring
er 23, 2010. 
nitoring prog
roved the re

de monitoring

e Task Force
d on project 
ored in time 
icated by let
toring progra
itments by th
The Regiona

given the exi
ern given the

Regional Bo
oring program

Y MONITORIN

quires the re
tershed-wide
g plans for L
ogram shou

o determine
nd complianc
ons (WLAs) 

ing program
hyll-a, and d
determine th
to ensure th

ore. 

gram to dete
a, and dissol
aluate and d
allocation to
in Canyon L

TMDL Monit
R8-2006-003
ich was also
d Annual Re
r.   

ed Authority
g program fo
This propos

gram pendin
evised in-lake
g program to

e requested
implementat
to assess co
ter (Septem

am as long a
he Task Forc
al Board als
sting volume

e need to ass
oard agreed
m. 

Attachmen

NG PROGRA

esponsible ju
e complianc
Lake Elsinor
ld include: 

e compliance
ce with the n
and load all

m to determin
issolved oxy
he relationsh

hat the total n

ermine comp
lved oxygen
determine th
o ensure that
Lake. 

toring Progra
31). The Tas
o approved b
ports prepar

y (LESJWA) 
or Lake Elsin
sal also prov
ng developm
e monitoring
o the CNRP 

 that monito
tion in Cany
ompliance w
ber 2, 2011)

as the reduc
rce to move f
o stated tha
e of lake dat
sess complia

d to work with

nt A     TMDL 

AM 
urisdictions t
e monitoring

re (Task 4.2)

e with interim
nitrogen and
locations (LA

ne complianc
ygen numeri
hip between
nitrogen allo

pliance with i
 numeric tar
e relationsh
t the total nit

am was app
k Force sub

by the Regio
red and sub

on behalf o
nore and Ca
vided a ration
ment of the A
g program an
(Order No. 

oring be redu
yon Lake. Ho
with the 2015
) that it may 

ctions are jus
forward with

at reductions
ta; however,
ance with th
h the Task F

 Implementat

A

to submit to 
g program 
) and Canyo

m and/or fina
d phosphorus
As). 

ce with inter
ic targets. In

n ammonia 
ocation will 

interim and 
rgets. In 
ip between 
trogen 

roved by the
mitted a 

onal Board. A
mitted to the

f the Task 
nyon Lakes 
nale for the 

AgNMP and 
nd the reque
R8-2011-00

uced further 
owever, 
5-16 interim 
be supporti

stified and th
h specific in-
 in in-lake 
, reducing 

he TMDL, 
Force on the

tion 

A‐11	

the 

on 

al 
s 

rim 
n 

e 

All 
e 

to 

est 
023, 

to 

ve 
hat 

e 



Attachme

A‐12	

Subsequ
meet the
address 
assist wit

A.4.3 T
Task 5 o
(AgNMP)
individua
Only thos
appropria
WRCAC 

Non-mem
must me
provided 
complian

A.4.4 T
The In-La
projects t
Elsinore.
recycled 
managem
Elsinore.
Novembe

The Octo
Alternativ
described
However
are perfo
required 
2011), th
reduce p
controlled
necessar

A.4.5 T
Task 10 
Canyon L
The plan
system (
plan for a
Order No
activities

nt A     TMDL

uently, new d
 requiremen
adding alum
th this projec

TASK 5 – AG

f the TMDL 
) Agricultura

als or as mem
se agricultur
ate TMDL al
member ag

mbers such a
et individual
in the AgNM

nce with the 

Task 9 - Lak
ake Sedime
that have be
 These Phas
water; (2) re

ment progra
 The Region
er 30, 2007)

ober 31, 200
ves) for pote
d above are
r, in a letter d
orming as ex
to comply w

he Regional s
phosphorus l
d by the Pha
ry. 

Task 10 - C
of the TMDL
Lake. The T
 included an
HOS) as alte
additional mo
o. R8-2007-0
.  

L Implementa

data by Dr. A
nts. Additiona
m application
ct. 

GRICULTURAL

requires dev
al operator m
mbers of the
ral operators
location fee
ricultural op

as Federal, 
 requiremen

MP. Once th
agricultural W

ke Elsinore
nt Nutrient R
een or are be
se 1 remedi
educing the 
m; and (3) in
nal Board ap
). 

07 plan inclu
ential implem
 not sufficien
dated June 3
xpected, and
with the WLA
stated that w
evels in Lak
ase 1 projec

anyon Lak
L required co
ask Force s

n evaluation 
ernatives for
odeling and 
0083 approv

ation 

Anderson ind
al options w

ns to Canyon

L NUTRIENT

velopment o
may develop 
e Western R
s that are pa
s are in com
erators. 

tribal and St
nts with the R
he AgNMP id
WLA for TN 

e In-Lake S
Reduction Pl
eing implem
ation project
carp popula
nstalling and
pproved this 

ded a prelim
mentation in 
nt to achieve
30, 2011 the

d if continued
As and LAs in
while it appe
ke Elsinore, t
cts and furthe

ke In-Lake 
ompletion of
ubmitted this
of alum trea

r in-lake sed
preparation

ved the plan

dicated that 
ere evaluate

n Lake. The 

T MANAGEME

of an Agricult
the agricultu
iverside Cou
id members

mpliance.  Th

tate entities 
RWQCB. Sc
d fully implem

and TP by D

Sediment N
lan, dated O
ented to imp
ts include (a
tion in Lake 

d operating a
plan (Order

minary list of 
the event th
e the in-lake
e Task Force
d, are likely t
n Lake Elsin

ears that the 
that nitrogen
er considera

Sediment 
f an in-lake s
s plan to the

atment, aera
diment treatm
 of an imple
and schedu

the HOS sys
ed and a pro
TMDL Task

ENT PLAN (A
tural Nutrien
ural nutrient 
unty Agricult
s in good sta
his documen

that have ch
cientific and 
mented it is 
December 3

Nutrient Re
October 31, 2
prove the wa
a) stabilizing 

Elsinore thr
an aeration/m
r No. R8-200

other mitiga
at the three 

e numeric tar
e indicated t
to achieve th

nore. In its re
Phase 1 pro

n and chloro
ation of Phas

Treatment
sediment tre
e Regional B
ation and hyp
ment in Cany
ementation s
ule for additio

stem alone w
oject has bee
k Force recei

AGNMP) 
nt Manageme

manageme
tural Coalitio

anding and h
nt includes o

hosen not to
technical do
expected to 

31, 2020. 

eduction P
2007, relies 
ater quality i
Lake Elsino

rough a fishe
mixing syste
07-0083) on 

ation strateg
remediation

rgets for Lak
hat the Phas
he nutrient r
esponse (Se
ojects may b

ophyll-a may 
se 2 projects

t Evaluatio
eatment eval
Board on Jun
polimnetic ox
yon Lake, an

schedule. Re
onal implem

would not 
en initiated t
ived a grant 

ent Plan 
ent plan as 
on (WRCAC)
have paid the
nly the 

o participate 
ocumentation

achieve 

Plan 
on existing 
n Lake 

ore depth wit
ery 
em in Lake 

ies (Phase 2
n strategies 
ke Elsinore. 
se 1 projects
reductions 
eptember 2, 
be sufficient 
not be 

s may be 

on 
luation plan 
ne 25, 2007.
xygenation 
nd a propose
egional Boar

mentation 

to 
to 

). 
e 

n is 

th 

2 

s 

to 

for 
. 

ed 
rd 



In LESJW
indicated
and (2) a
the stake
achieve t
Regional
impleme
(b) Strate

The Task
Prelimina
identified
of the HO
formal re
Septemb
improvem

In Janua
to determ
chloroph
intended 
can be a 
to use ch
Dr. Ande
continue 
CNRP co
but in lak
reconside

Thus, the
meeting 
was estim
target. Th
applicatio
assist all 

A.4.6 T
Model U
The Lake
quality m
January 
informati
schedule
The Reg
Novembe

The Task
(2010) –F

WA’s Decem
d that it was 
application o
eholders beli
the response
l Board, the 
ntation strate
egy B -imple

k Force com
ary Design P
d a recomme
OS, LESJWA
esponse from
ber 2, 2011, 
ments and n

ry of 2012, t
mine the pote
yll-a and DO
to provide a
whole-lake 

hemical addi
erson 2012b 

to occur if o
omment lette
ke water qua
ered and allo

e stakeholde
the TMDL re
mated to be 
herefore to c
ons over a 2
stakeholder

Task 11 - W
Updates 
e Elsinore an

models (Lake
2003). Task
on gathered

e for updating
ional Board 
er 30, 2007)

k Force subm
Final, Octob

mber 31, 201
considering 
f Phoslock. 
ieved that it 
e targets spe
Task Force 
egies: (a) St

ementation o

mpleted a stu
Phase I Repo
ended design
A submitted 
m Regional B
the Regiona
utrient reduc

the Task For
ential impact

O and to eva
additional co
solution, or 
tion or regul
determined 

only the HOS
er, the Regio
ality respons
ocated loads

ers opted to 
esponse targ
highly effect

control algae
2-year period
rs in this tas

Watershed a

nd Canyon L
e Elsinore an
k 11 requires
d from TMDL
g these mod
subsequent

). 

mitted the up
ber 7, 2010) 

0 letter to th
two alternat
However, of
would only b
ecified in the
discussed t

trategy A - u
of HOS. The 

udy titled Can
ort in April 2
n scenario. T
a letter to th

Board regard
al Board indi
ction actions

rce sought D
t of the HOS

aluate chemi
onfirmation o
to revise the
latory appro
that exceed

S were to be
onal Board s
e targets are
s may be fur

prioritize in-
gets for chlo
tive in achie
e in the lake
d beginning 
k. 

and Canyo

Lake TMDLs
nd Canyon L
s an update o
L monitoring 
dels to the R
tly issued its

pdated mode
and a sprea

he Regional
tives for nutr
f these two a
be necessar
e TMDL. In a
he proposed

use of alum, 
Task Force

nyon Lake H
011. The re
To facilitate 
he Regional 
ding the prop
cated its sup

s are also un

Dr. Michael A
S on in-lake T
cal addition 

on the select
e proposed i
aches to ach

dences of the
e implemente
states that if 
e not achiev
rther reduce

lake BMPs b
orophyll-a an
eving the inte
, the stakeho
in Septembe

on Lake an

s are based 
Lake Nutrien
of these mod
programs. T

Regional Boa
s approval (O

el (San Jaci
adsheet tool 

Attachmen

Board, the C
rient control 
alternatives, 
ry to implem
a May 17, 20
d alternative
Phoslock or

e preferred S

Hypolimnetic
port evaluat
continued p
Board on Ju
posed strate
pport, as lon
ndertaken. 

Anderson to 
TMDL respo
alternatives

tion of a HO
in-lake nutrie
hieve the res
e chlorophyl
ed in the lak
allocations 

ved, then the
ed.  

based on the
nd DO. Addin
erim and fina
olders plan i
er 2013. A g

nd Lake Els

on watershe
t Source As
dels to cons
The Task Fo
ard by letter 
Order No. R8

into Watersh
for calculati

nt A     TMDL 

Canyon Lake
in Canyon L
the letter in

ment the HOS
011 meeting
s further in t
r zeolite; and

Strategy B.  

c Oxygenatio
ted multiple s
planning for i
une 7, 2011 
egies. In a le
ng as waters

conduct add
onse targets
s. The studie
S by assess
ent manage
sponse targ
ll-a response

ke. In a Marc
are met by a

e TMDL will 

eir effectiven
ng alum to C
al chlorophy
is to first con

grant has bee

sinore In-L

ed and in-lak
sessment –

sider addition
orce submitte
dated Octob
8-2007-0083

hed Model up
ng the nutrie

 Implementat

A

e stakeholde
Lake: (1) HO
dicated that 
S in order to
g with the 
the context o
d 

on System 
scenarios an
implementat
requesting a

etter dated 
shed 

ditional stud
s for 
es were 
sing whether
ment strateg
ets. 
e target wou

ch 31, 2012 
all discharge
be 

ness in 
Canyon Lake
ll-a response
nduct 5 alum
en awarded 

Lake 

ke water 
Final Report
nal data and
ed a plan an
ber 31, 2007
3, 

pdate  
ent loads 

tion 

A‐13	

ers 
OS; 

 

of 

nd 
tion 
a 

dies 

r it 
gy 

uld 

ers, 

e 
e 

m 
to 

t, 
d 
nd 
7. 



Attachme

A‐14	

contribut
Additiona
2010 lett
resource
numeric 
the Regio
Task 11 

The Reg
time reso
However
should be

Funds 
new re
implem

 The
upd
dev
tha

 The

 If m
imp

A.4.7 T
Task 12 
submitted
Regional
Task For
considera
managem

Additiona
a Feasib
Watershe
(Agreem
suitability
for collec

nt A     TMDL

ed by each T
al modeling 
er to the Re

es would be m
response ta
onal Board. 
to be comple

ional Board’
ources shou
r, for the Reg
e met:  

earmarked o
mediation p

mented in La

e Task Forc
dates to the 
velop the Ag

at updates to

e Task Forc

monitoring do
plementation

Task 12 - Po
of the TMDL
d a plan and
l Board issue
rce plans to 
ation, on an 
ment project

ally, WRCAC
ility Assessm
ed and the D
ent 10-446-5
y analysis, e
cting BMP in

L Implementa

TMDL respo
needs were 
gional Board
more wisely 
rgets. This r
The June 30
ete.  

s Septembe
ld be expend
gional Board

or considere
rojects; thes
ke Elsinore, 

e should exp
watershed m

gNMP & CNR
o the model a

e submits a 

oes not dem
n efforts, inc

ollutant Tr
L requires th
d schedule o
ed its approv
submit a PT
as needed 

ts. The agric

C received a
ment for Poll
Developmen
558). Include

economic sui
formation fro

ation 

onsible party
identified in

d, the Task F
spent on im

recommenda
0, 2011 lette

er 2, 2011 le
ded on imple
d to consider

ed necessary
se new proje

though enh

plicitly ackno
model shoul
RP; and/or (
are necessa

proposed p

monstrate TM
cluding possi

rading Plan
hat a PTP be
outlining the 
val in Order 

TP or its func
basis, to sup

cultural and d

a 319 grant t
lutant Tradin

nt of a Best M
ed in the gra
itability analy
om agricultu

y to the Regi
 the 2010 up
Force stated

mplementing 
ation was re
er also indica

tter stated th
ementation a
r Task 11 co

y for model u
ects do not in
ancements 

owledge tha
d (a) the spr

(b) the Regio
ary; 

lan for upda

MDL complia
ible model u

n (PTP) 
e developed.
steps for de
No. R8-200

ctional equiv
pport implem
dairy operato

hat will be co
ng for Agricu
Managemen
ant, is an ag
ysis and dev

ural operator

ional Board 
pdate. Howe
d rather than
in-lake proje

eiterated in a
ated that the

hat in princip
activities rat

omplete, the 

update work
nclude the P
to those pro

at it is its resp
readsheet to
onal Board i

ate and use o

ance by Dec
updates, will 

. On Octobe
eveloping a p
07-0083 (Nov
valent for Re
mentation of 
ors participa

ompleted in 
ultural Opera
t Practices (
ricultural op
velopment o
rs.  

on Decembe
ever, in its D
n updating th
ects to achie

a June 30, 20
e Task Force

ple staff agre
ther than mo
following co

k are used to
Phase 1 proje
ojects may b

ponsibility to
ool proves in
ndependent

of the in-lake

ember 31, 2
need to be 

er 31, 2007 t
pollutant trad
vember 30, 

egional Board
individual in

ate in the Ta

fall of 2013
ators in the S
(BMPs) Data
erator surve

of a weBMP 

er 23, 2010.
December 23
he model, 
eve the 
011 letter to 
e considers 

eed that at th
odeling. 
onditions 

o implement 
ects already
e considere

o conduct 
nsufficient to
tly determine

e models; an

2015, then 
increased. 

he Task For
ding plan. Th
2007). The 
d 
n-lake nutrie
sk Force PT

. The projec
San Jacinto 
abase Tool 
ey, pollutant 
database to

. 
3, 

his 

y 
d; 

o 
es 

nd 

rce 
he 

nt 
TP. 

ct is 

ool 



 

Atta
Wate

TABLE 

Attachme

TABLES

B-1 – A
B-2 – A
B-3 – A
B-4 – A
B-5 – A
 T
B-6 – L
 W
B-7 – A
B-8 – P
B-9 – U
B-10 – T
B-11 – R
 p
B-12 – Hy
B-13 – Su
B-14 – La
B-15 – Su
B-16 – Ca
B-17 – Su

chme
ershe

OF CONTE

ent B - Water

B.1 
B.2 
B.3 
B.4 

B.4.1 
B.4.2 
B.4.3 
B.4.4 
B.4.5 

 

S  

All Mapped La
All Agricultur
Agricultural L
All Agricultur
All Agricultur

ribal) ...........
and Use Acr

Watershed Mo
Average Mont

recipitation 
USGS Flow G

hree hydrolo
Relative flow 

eriod ...........
ydrologic So
ummary – La
ake Elsinore 
ummary- Lak
anyon Lake a
ummary of N

 

nt B 
d Cha

ENTS 

rshed Charac

Introduction
Land Use ....
Climate .......
Hydrology ..

Wate
Majo
Flow
Soils
Wate

and Use- Co
al Land Use 

Land Uses fo
al Owners by
al Owners by
.....................
reage among
odel Report)
thly Tempera
Monitoring S

Gauge Station
ogic conditio
frequency at
.....................

oil Group Des
ake Elsinore 
average chlo

ke Elsinore W
average Chlo

Nutrient Wate

aracte

cterization ...

n ....................
.....................
.....................
.....................
ershed Analys
or Waterbodie
w ....................
s ....................
er Quality ......

mparison Ta
Only-Compa

or Operators 
y Sub-Water
y Sub-Water
.....................

g San Jacinto
.....................
atures and P
Stations in S
ns in the San
ons defined i
t the USGS g
.....................
scriptions (U
Water Qualit
orophyll a co

Water Quality
orophyll a Co
er Quality Da

rizatio

......................

......................

......................

......................

......................
sis Zones ......
es ..................
......................
......................
......................

able showing
arison Table
with Greater

rshed Zones .
rshed Zones 
......................
o River Basin
......................

Precipitation .
an Jacinto W

n Jacinto Wa
n the TMDL .

gauging stati
......................

USDA 2006) ..
ty Data .........
oncentration
y Data ...........
oncentration

ata for San Ja

on 

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

g 2005, 2007,
  ...................
r than 20 Acr
.....................
excluding F
.....................
n Jurisdictio
.....................
.....................

Watershed ...
atershed .......
.....................
ion #1170500
.....................
.....................
.....................

ns consolidat
.....................

ns (µg/L) by S
acinto Water

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

, 2010 (AIS, 2
.....................
res ................
.....................
ederal, State
.....................

ons (source: 
.....................
.....................
.....................
.....................
.....................
0 during 191
.....................
.....................
.....................
ted by seaso
.....................
Season ........
rshed (mg/L)

..... B-1 

..... B-1 

..... B-1 

... B-10 

... B-12 

... B-15 

... B-15 

... B-20 

... B-18 

... B-20 

2011) ... B-4 
............. B-5 
............. B-6 
............. B-7 
e and 
............. B-8 
2010  
............. B-9 
........... B-11 
........... B-11 
........... B-13 
........... B-14 
7-2011  
........... B-14 
........... B-19 
........... B-21 
on ....... B-23 
........... B-25 
........... B-31 
) .......... B-32 

i 



Table of C

ii 

FIGURE

B-1 – E
B-2 – W
B-3 – U
B-4 – D
B-5 – F
 Ja
B-6 – H
B-7 – L
B-8 – L
B-9 – L
B-10 – O
B-11 – C
B-12 – C
B-13 – C
 L
B-14 – C
 B
B-15 – C
 B
B-16 – C
B-17 – O
B-18– W
B-19 – W
B-20 – W
 

 

 

Contents (cont

ES  

MWD Land U
WRCAC 2007 
USGS Stream
Dominant Hyd

low Duration
acinto River 

Hydrologic So
ake Elsinore
ake Elsinore
ake Elsinore

Observed Lak
Canyon Lake 
Canyon Lake 
Canyon Lake 

ocations (CL
Canyon Lake 
Basin.............
Canyon Lake 
Basin.............
Canyon Lake 
Observed Can
Watershed W
Wet-Weather 
Wet-Weather 

 

tinued) 

Use in the Sa
Land Use fo

mflow Gauges
drologic Fea
n Curves for 
Watershed .

oil Group Ma
e Dissolved O
e Total Nitrog
e Chlorophyl
ke Elsinore N
Dissolved O
Dissolved O
Dissolved O

L09 and CL10
Total Nitrog
.....................
Total Nitrog
.....................
Chlorophyll 

nyon Lake N
ater Quality 
Sampling To
Sampling To

an Jacinto R
or Agricultur
s in the San J
tures in the W
Daily Mean D
.....................

ap of the San
Oxygen Conc
gen and Tota
l a Concentr

Nitrogen to P
Oxygen Conc
Oxygen Conc
Oxygen Conc
0) ..................
en and Total
.....................
en and Total
.....................
a Concentra
itrogen to Ph
Monitoring S

otal Phospho
otal Nitrogen

iver watersh
e in the San 
Jacinto Wate
Watershed ..
Discharges a
......................
n Jacinto Wa
centrations O
al Phosphoru
rations ..........
Phosphorus R
centrations a
centrations a
centrations a
......................
l Phosphoru
......................
l Phosphoru
......................
ations ...........
hosphorus R
Sites and Wa
orus Concen
n Concentrat

hed, 1998......
Jacinto Wat
ershed .........
.....................
at USGS Gau
.....................

atershed .......
Observed at 
us Concentra
.....................
Ratios ..........

at Station CL
at Station CL
at East Basin
.....................
s Concentra
.....................
s Concentra
.....................
.....................

Ratios ...........
atershed Ana
ntrations .......
ions .............

.....................
tershed ........
.....................
.....................
uges in the S
.....................
.....................
Station LEE

ations ..........
.....................
.....................

L07 ................
L08 ................
n Sample  
.....................

ations in the 
.....................

ations in the 
.....................
.....................
.....................
alysis Zones
.....................
.....................

............. B-2 

............. B-3 

........... B-13 

........... B-17 
San  
........... B-18 
........... B-19 

E2 ....... B-22 
........... B-22 
........... B-23 
........... B-24 
........... B-28 
........... B-28 

........... B-29 
Main  
........... B-29 
East  
........... B-30 
........... B-30 
........... B-31 

s .......... B-33 
........... B-35 
........... B-37 



Atta
Wate

B.1 In
Lake Els
approxim
located a
Riverside
located w

Historica
agricultu
in the LE

B.2 L
Upon ado
commun
Informati
2007 and
(Figure B

The TMD
EMWD a
aerial ma

WRCAC
due to th
Informati
aerial ma
and B-5 s
raw totals
characte

Table B-2
acreage.
agricultu

Table B-4
once aga
20 acre p

The 2005
Riverside
use withi

chme
ershe

ntroduction
inore and Ca

mately 780 sq
approximate
e, the San Ja
within Orang

lly, land use
ral activities

E/CL nutrient

Land Use 
option of the
ity was nece
on Systems
d 2010. The 
B-1).

DL load alloc
and SCAG d
apping for th

compiled ae
e attrition of
on Systems

apping upda
summarize t
s of agricultu
rization as fl

2 shows a c
 Table B-3 f
re. This table

4 and B-5 de
ain the feder
parcels as is

5 Southern C
e County Ag
n the waters

nt B 
d Cha

n
anyon Lake 
quare miles 
ly 60 miles s
acinto Wate
e County. 

e developme
. Agricultura
t TMDL. 

e TMDL, it w
essary. WRC
s, AIS since 2

baseline TM

cations were
ata. Figure B
e agriculture

erial mappin
f agriculture 
s (AIS) in 200
tes are expe
the current a
ural land use
lood control 

omparison o
further chara
e excludes F

emonstrates
ral, State and
s the specifie

California As
riculture Co
shed. Where

aracte

lie within the
in the San J

southeast of
rshed lies pr

ent in the Sa
al and dairy o

was clear tha
CAC has use
2005. WRCA

MDL data wa

e based upon
B-1 shows th
e in the San 

ng data on th
from the init
05, 2007, an
ected around
aerial mappi
e categories
or water bod

of three cycle
acterizes true
Federal, Sta

s ownership 
d Tribal entit
ed definition 

ssociation of
alition (WRC
e appropriate

rizatio

e San Jacint
Jacinto Rive
f Los Angele
rimarily in R

n Jacinto wa
operators are

t current and
ed a special
AC has com
as collected 

n land use th
he 1999 EM
Jacinto Wat

he San Jacin
tial loading d
nd 2010. Add
d 2013, 2016
ng available

s as well as s
dies and non

es of mappin
e, WRCAC m
te and Triba

by sub-wate
ties. Both ta
for TMDL ag

f Governmen
CAC) land us
e, land use d

on

to Watershe
r Basin. The

es, and 22 m
iverside Cou

atershed has
re both ident

d accurate d
ized land us

mpleted aeria
using EMW

hat was pred
MWD land us

tershed is sh

nto watershe
data. Mappin
ditionally, it s
6, and 2019

e. All mappe
some that ev
n-agricultura

ng and the r
member or p
al entities. 

ershed zone
ables show o
gricultural re

nts (SCAG) 
se data were
data were co

ed, an area e
e San Jacinto

miles southwe
unty with a s

s been asso
tified as TMD

data for the a
se consultan
al mapping s

WD and SCAG

dominantly g
se data. The 
hown in Figu

ed for agricu
ng was comp
should be no

9. Table B-1,
d land use c
ventually fal
al entities. 

reduction of 
potential WR

es with Table
owners of gre
esponsible p

and the 200
e used to ch
onsolidated 

encompassi
o watershed
est of the Ci
small portion

ociated with 
DL stakehold

agricultural 
nt, Aerial 
studies for 20
G data. 

generated by
updated 20

ure B-2. 

ltural activiti
pleted by Ae
oted that fut
 B-2, B-3, B

classes show
l out of the 

all agricultur
RCAC 

e B-5 exclud
eater than 

parties.

09 Western 
haracterize la
into broader

B 1

ng
d is 
ty of 

n

ders 

005,

y
07

es
erial
ure
-4
ws

ral

ing

and
r



Attachme

B 2

categorie
provides

Historica
agricultu
agricultu
loading f
16,000 p
agricultu

Using 20
land use 

nt B    Water

es to help ac
additional in

lly, land use
ral activities
ral-related to
rom various 

people per ye
re to urban l

EMWD La

007 data, a la
classificatio

shed Charact

ccurately sup
nformation re

e developme
. However, o
o urban. This
portions of t

ear because
and is expe

and Use in t

and use map
on for agricul

terization 

pport nutrien
egarding lan

ent in the Sa
over the pas
s shift has in
the watershe

e of natural in
cted to cont

the San Jac

pping effort 
ltural land in

nt loading an
nd classificat

n Jacinto wa
st ten years l
nfluenced to 
ed. The cou
ncreases sin
inue in future

cinto River W

(AIS Final re
n the San Ja

nalyses (Tab
tion in the w

atershed has
land use has
a large deg
nty has bee

nce 1999.A c
re years. 

Figur
Watershed,

eport, 2009) 
cinto River w

ble B-6). Tet
watershed.

s been asso
s shifted ma

gree the expe
en adding an
continued sh

re B-1 
 1998 

produced a
watershed (F

ra Tech (201

ociated with 
arkedly from 
ected nutrie

n estimated 
hift from 

a more detail
Figure B-2). 

10)

nt

led,



WRCAC 2007 Land Use for Ag

A

riculture in 
R

Attachment B

Figur
 the San Ja
River Water

B    Watershe

re B-2 
acinto
rshed

ed Characterizzation 

B 3



Attachme

B 4

nt B    Watershed Charactterization 



All agricu

Note: The 

Table B-2

Ag
Land
Use
Code
2110
2120
2121
2200
2210
2300
2310
2320
2411
2412
2413
2420
2500
2600
2610
2620
2700

ultural land u

study area was

2 All Agricult

Ag Land 
Irrigated A
Non Irriga
Vacant Z
Orchards/
Citrus
Nurseries
Turf Farm
Christmas
Dairies In
Dairies N
Abandone
Other Live
Poultry
Other Agr
Compost/
Backyard
Horses
Totals

use comparis

s modified to m

tural land us

Use Descrip
Agriculture
ated Agricultu
oned Agricu
/Vineyards, U

, Undifferent
ms
s Tree Farm 
ntensive  

Non Intensive
ed Dairies  
estock

riculture, Und
Manure Pile
Livestock

son table 

match the Wate

e in the San 

ption

ure  
ulture  
Undifferentia

tiated  

e

differentiated
es

A

ershed boundar

Jacinto Rive

ated

d

Attachment B

ry

er watershed

200
Tot
Are
(ac

25,058
22,545
11,436

284
3,273

879
1,044

13
1,168
1,215

91
218
358
493

52
1,453
2,820

72,407

B    Watershe

d- compariso

05
al

ea
c.)

200
Tot
Are
(ac

.8 20,775

.2 15,521

.6 11,603

.7 170

.5 3,157

.2 929

.0 1,130

.3 13

.0 1,004

.4 1,076

.8

.0 191

.7 329

.2 349

.7 147

.3 1,548

.6 2,784

.0 60,732

ed Characteriz

on table 

07
tal
ea
c.)

20
Tot
Are
(ac

5.8  18,938
.7  14,537

3.4  12,131
0.3  231
7.5  3,255
9.5  884
0.5  1,141
3.4  18
4.5  982
6.2  1,249

57
.1  151

9.1  267
9.7  413
7.1  183
8.0  1,542
4.1  2,744
2.0 58,730

zation 

B 5

10
tal
ea
c.)
8.5
7.5
1.5
1.7
5.1
4.1
1.6
8.5
2.5
9.7
7.3
1.6
7.6
3.6
3.5
2.4
4.0
0.6



Attachme

B 6

nt B    Watershed Charactterization 



Attachment B    Watershed Charactterization 

B 7



Attachme

B 8

nt B    Watershed Charactterization 



Table B-6 La
Report, 2007

Jurisdiction

Cities/County 

Banning 

Beaumont 

Canyon Lake 

Hemet 

Lake Elsinore 

Menifee 

Moreno Valley 

Murrieta

Perris 

Riverside 

San Jacinto 

Wildomar 

Riverside County 

Other Jurisdictions

Air Force DOD 

Indian Reservation
BIA

U.S. National Fore

and Use Acrea
7 WRCAC data

n

U
rb

an
 

L
o

w
D

en
si

ty
58 4 

738 39

75 66

2,666 56

1,649 33

3,304 3,5

3,341 2,2

152 16

2,925 1,0

39 

1,617 48

480 1,3

3,406 12

s

2,685 

ns
77 22

est 418 4,1

age Among S
a)

L
o

w
-D

en
si

ty
R

es
id

en
ti

al

M
ed

-D
en

si
ty

 
R

es
id

en
ti

al

144 1

9 504 3

6 1,230 1

60 4,371 6

39 2,166 1

512 4,825 2

245 8,520 3

6 203 1

055 2,056 1

459 

89 1,951 1

346 532 

2,891 3,640 3

426 

22

152 327 

San Jacinto Ri

H
ig

h
-D

en
si

ty
 

R
es

id
en

t

C
ro

p
la

n
d

 

Ir
ri

g
at

ed

17

35

17

632 36 1,2

145 3 0

294 199 1,2

340 56 1,8

14 1 

154 49 3,2

169 83 4,2

2 32

328 580 14

35

46 10

iver Basin Jur

Ir
ri

g
at

ed
C

ro
p

la
n

d
 

N
o

n
-I

rr
ig

at
ed

 
C

ro
p

la
n

d
 

0

444 0

6 9

299 2,117 5

69 

232 5,971 7

862 4,388 2

54 1

269 2,710 5

266 757 1

2 84 7

4,926 7,488 4

0

5 325 3

0 3 6

risdictions (so

D
ai

ry
/ L

iv
es

to
ck

 

O
rc

h
ar

d
s/

 
V

in
ey

ar
d

s

0 18 

9

511 21 

18 

746 210 

200 261 

10

50 144 3

1,737 99 3

7 32 

4,360 3,898 4

3 102 

633 252 

Attachment B   

ource: 2010 W

P
as

tu
re

/H
a

y 

O
p

en
 S

p
ac

e 

50 

29 

142 

674 

273 

1,640 

953 

7

327 2,151 

13 

339 466 

31 

459 4,811 

2,590 

42 

861 

 Watershed Char

Watershed Mo

F
o

re
st

ed

W
at

er

78 

9,954 

955 470 

4,114 304 

7,198 3,096 

6,419 640 

8,297 398 

47 11 

4,917 470 

3,647 513 

2,539 

104,903 4,235 

117 56 

6,239 83 

123,327 475 

racterization 

B 9

odel

G
ra

n
d

 T
o

ta
l 

351 

11,759 

2,969 

17,306 

14,954 

28,994 

30,861 

516 

20,277 

511 

16,132 

5,083 

165,925 

5,875 

7,130 

130,502 



A

B

B
A
E
P
S
t

Attachment B    W

B 10

B.3 Climate
Area climate is c
Elsinore/Canyon
Precipitation in t
San Jacinto Riv
these gauges 

Table B-6 Lan
Report, 2007 

Jurisdiction

Public Domain Lan
BLM

Wilderness Lands 

Grand Total 

Land Use Percenta

Watershed Chara

e
characterized a
n Lake area is a
the upper water

ver Basin. Table

nd Use Acrea
WRCAC data

n

U
rb

an
 

L
o

w
D

en
si

ty

nd
26 62

2 16

23,537 27

age 4.8 5.5

cterization 

s semi-arid with
approximately 1
rshed averages 
 B-8 lists the mo

age Among Sa
a) (continued)

L
o

w
-D

en
si

ty
R

es
id

en
ti

al

M
ed

-D
en

si
ty

 
R

es
id

en
ti

al

2 66 

6

7,043 31,243 2

5 6.4 0

h dry warm to ho
1 inches occurr
18.7 inches an

onitoring station

an Jacinto Riv
)

H
ig

h
-D

en
si

ty
 

R
es

id
en

t

C
ro

p
la

n
d

 

Ir
ri

g
at

ed

5 36

2,142 1,077 27

0.4 0.2 5.6

ot summers and
ring primarily as
nually. RCFC&W

ns and average 

ver Basin Jur

Ir
ri

g
at

ed
C

ro
p

la
n

d
 

N
o

n
-I

rr
ig

at
ed

 
C

ro
p

la
n

d
 

6 18 2

0

7,254 25,145 8

6 5.1 1

d mild winters. A
s rain during win
WCD monitors 
annual precipita

isdictions (so

D
ai

ry
/ L

iv
es

to
ck

 

O
rc

h
ar

d
s/

 
V

in
ey

ar
d

s

2 44 

0

8,343 5,100 1

1.7 1.0 0

Average annual
nter and spring s
precipitation at 
ation. Figure B-

ource: 2010 W

P
as

tu
re

/H
a

y 

O
p

en
 S

p
ac

e 

590 

24 

1,130 14,226 

0.2 2.9 

 precipitation in
seasons (Table 
six rain gauges

-3 illustrates the

Watershed Mo

F
o

re
st

ed

W
at

er

17,868 

12,459 

313,357 10,751

63.9 2.2 

 Lake 
B-7).

s within the 
e location of 

odel

G
ra

n
d

 T
o

ta
l 

18,716 

12,501 

490,346 



Table B

Mont

January
February
March
April
May
June
July
August
Septemb
October
Novembe
Decembe
Annual
Source:  Mo
http://www.w

Table B

Station
code

67

212

155

124

248

89

Source:  Tet

B-7 Average

th

A

Pre

2.8
y 2.96

2.29
0.56
0.22
0.02
0.1
0.12

ber 0.3 
0.36

er 0.78
er 1.58

12.0
onthly Average fo
weather.com/wea

B-8 Precipit

Agenc

RCFC

RCFC

RCFC

RCFC

RCFC

RCFC

tra Tech Inc., Sa

e Monthly 
Average
Monthly 
ecipitation

(in)

6
9
6
2
2

2

6
8
8
09
or Lake Elsinore, 
ather/wxclimatolo

tation Mon

cy

C&WCD 

C&WCD 

C&WCD 

C&WCD 

C&WCD 

C&WCD 

an Jacinto Waters

Temperatu
Aver

Monthl
Tempe

(°
66
68
71
77
83
91
98
98
93
84
73
67
81

CA - weather.co
ogy/monthly/USC

nitoring Sta

Station

Elsinor

Sun Ci

Pigeon

Moreno

Winche

Hurkey
Park

shed Model Upd

A

ures and P
rage
ly High 
erature 
F)

M
T

3
4
4
4
5
5
6
6
5
5
4
3
4

om
CA0580

ations in S

n Name 

re

ty

n Pass 

o East 

ester

y Creek 

ate, October, 20

Attachment B

Precipitatio
Average

Monthly Low
Temperatur

(°F)
38
40
43
46
51
56
61
62
58
51
42
37
49

an Jacinto

Period of 
Record
Collected
7/1/1990 –
7/31/2009
7/1/1990 –
7/31/2009
7/1/1990 –
7/31/2009
7/1/1990 –
7/31/2009
7/1/1990 –
7/31/2009
7/1/1990 –
7/31/2009

10

B    Watershe

on

w
re

Av
Mo

Temp
(

52
54
57
62
67
74
80
80
76
67
58
52
65

o Watershe

Ann
Rain
(inc

–
10.6

–
11.2

–
12.8

–
12.1

–
10.8

–
18.7

ed Characteriz

erage
onthly 
perature
(°F)

ed

nual
nfall

ches)

6

2

8

1

8

7

zation 

B 11



Attachme

B 12

B.4 H
This sect
and Lake
portions
upstream
Canyon L
ultimately

All stream
mainstre
pollutants
flows onl
hydrolog

Due to th
use sour
Canyon L
as Mystic
Watershe
Valley in 
runoff sto

During d
subwater
from the 
receive r
hydrolog
agricultu
Lake (inc
quality of
of rainfal
space ar
Jacinto d
Lake. Fu

Major trib
Perris Va
Jacinto R
the south
watershe
developm
regarding

nt B    Water

Hydrology 
tion presents
e Elsinore. T
of the water

m of Mystic L
Lake. Canyo
y drain to the

ms in the Sa
am of the Sa
s do not rea
y during the
ic scenario e

he ephemera
rces within th
Lake and La
c Lake, serv
ed. Mystic L
the San Jac

orage capac

ry hydrologic
rsheds direc
local waters
unoff from th
ic years, Ca
ral land prac
cluding Perri
f Lake Elsino
l may excee

reas in the he
draining to Zo
rther, if the r

butaries to th
alley storm d
River, betwee
heast. The U
ed (Table B-9
ment of the T
g the hydrolo

shed Charact

s the hydrolo
The north for
rshed where 
Lake. Overflo
on Lake is fo
e downstrea

an Jacinto Ri
an Jacinto R
ch the lakes

e wet season
evaluation is

al nature of t
he watershe
ake Elsinore
es as a hydr
ake is locate
cinto Wildlife
city over time

c seasons, L
ctly tributary 
shed downst
he watershe

anyon Lake w
ctices in the 
s Valley and
ore. Lastly, d

ed the storag
eadwaters, s
ones 7-9, an
rainfall is sig

he San Jacin
drain convey
en Mystic La

U.S. Geologi
9, Figure B-
TMDL. The f
ogy of the w

terization 

ogic charact
rk and south 

they conver
ow from Mys
ormed by Ca
am Lake Elsi

iver watersh
River is dry, c
s. External so
n (October, t
s discussed 

the San Jac
d is a major 
. A natural s
rologic barrie
ed north of R
e Preserve. T
e.

Lake Elsinor
to them. For
tream of Can
ed areas dow
would be exp
central porti

d the Salt Cr
during wet h
ge capacity o
stormwater r
nd agricultur
gnificant, Ca

nto River inc
ys flows from
ake and Can
cal Survey (
3,), which pr
following sub

watershed.  

teristics for t
fork San Ja

rge and colle
stic Lake is c
anyon Lake D
inore.  

hed are ephe
contributing 
ources contr
hrough Apri
in the Lake 

into River sy
factor affect

sump, formed
er between t

Ramona Exp
This sump is

re and Canyo
r example, L
nyon Lake. S
wnstream of 
pected to sp
ion of the Sa
reek sub-wa
ydrologic ye
of Mystic Lak
runoff from p
ral runoff ups
nyon Lake m

clude the Pe
m the norther
nyon Lake. S
(USGS) ope
rovide the hy
bsections pr

he watershe
acinto River a
ectively beco
conveyed by
Dam; water 

emeral. Unde
no flow to C
ribute nutrie
l). Further in
Elsinore and

ystem, the lo
ting the ultim
d by the con
the upper an

pressway an
s gradually s

on Lake only
Lake Elsinor
Similarly, Ca
Mystic Lake

pill, resulting 
an Jacinto R
atershed) add
ears, heavy r
ke, causing
portions of th
stream of My
may overflow

erris Valley s
rn portion of 
Salt Creek d
rates severa
ydrologic da
rovide more 

ed draining t
are located 
ome the San
y the San Ja
releases fro

er normal dr
Canyon Lake
ents to the la
nformation re
d Canyon La

ocation of the
mate delivery
nfluence of tw
nd lower Sa

nd east of the
subsiding pro

y receive ru
re would only
anyon Lake w
e. Under mo

in urban de
River watersh
ditionally im
rain and/or e
surface flow
he cities of H
ystic Lake, t

w into Lake E

torm drain a
f the watersh
rains to Can

al flow gauge
ata that were
detailed info

to Canyon La
in the upper
n Jacinto Riv

acinto River t
om Canyon L

ry periods, th
e, and upstre
kes via storm
egarding the
ake TMDL. 

e various lan
y of nutrients
wo faults, kn
n Jacinto 
e City of Mo
oviding more

noff from the
y receive run
would only 
derate

evelopment a
hed below M
pacting wate
extended pe
w from open 
Hemet and S
to reach Can
Elsinore. 

and Salt Cre
hed to the Sa
nyon Lake fr
es in the 
e used in the
ormation

ake
r
ver
to
Lake

he
eam
m

e

nd
s to 
nown 

oreno
e

e
noff

and
Mystic 
er

eriods

San
nyon

ek.
an
rom

e



Table
Station
110705
110703

110702

110702

110695

110704

B-9 USGS 
n Number
500
365

270

210

500

465

Flow Gaug
Station N
San Jacin
San Jacin
Perris Val
near Perr
San Jacin
Expressw

San Jacin

Salt Cree
City, CA 

USGS stre

ge Station
Name 
nto River nea
nto River nea
lley Storm D
is, CA 

nto River at R
way near Lak

nto River nea

k at Murrieta

eamflow ga

A

s in the Sa

ar Elsinore, C
ar Sun City, 

Drain at Nuev

Ramona 
keview, CA 

ar San Jacin

a Rd. near S

auges in the

Attachment B

an Jacinto 
His

CA 1/1
CA 8/2

vo Rd. 10/
10/

8/2

nto, CA 
10/
10/

Sun 10/
10/

e San Jacint

B    Watershe

Watershed
storical Rec
1/1916–pres
25/2000–pre
/1/1969–9/3
/1/1998–pre

23/2000–9/3

/1/1920–9/3
/1/1996–pre
/1/1983–9/3
/1/2000–pre

Fig
to River wa

ed Characteriz

d
cord
sent 
esent
30/1997;
esent

30/2010

30/1991;
esent
30/1985;
esent

gure B-3
atershed 

zation 

B 13



Attachme

B 14

Represe
Hydrolog
Maximum
classify h
moderate
the varia
the San J
represen
the main 
Canyon L
elevation
the main 
Salt Cree
Canyon L
the San J
the lake c

Table

Scenar

I

II

III

The relat
data (for 
flow freq

Table
station

Hydro
(

1) Freque
are slightly

nt B    Water

entative Hy
gic flow scen
m Daily Load
hydrologic co
e, and dry) w
bility of nutri
Jacinto wate

nt various hy
stem of the

Lake. Canyo
n, Lake Elsin

stem of the
ek and the P
Lake may ha
Jacinto Rive
coming from

B-10. Thre

rio
Hydro
Cond

Wet

Moderat

Dry

tive flow freq
each water 
uency of the

B-11. Rela
n #1170500
ologic Scen
(Category) 

Wet

Moderate

Dry
ncy weighting in 
y different than s

shed Charact

ydrologic F
narios were d
ds (TMDL) (C
onditions wit
were develop
ient loading 
ershed. Repr
drologic con
 San Jacinto

on Lake also
nore could fil
 San Jacinto

Perris Valley 
ave moderat
er watershed
m the runoff f

ee hydrolog
ologic
dition

Re
W

1998

te 1994 

2000

quency of ea
year) at the 

e wet, moder

ative flow fr
0 during 19
nario Y

TMDL is based 
shown above 

terization 

Flow Scen
developed in
California Re
thin the San 
ped in the La
to the lake d
resentative y
nditions, and
o River flows
o spills to La
l and spill to

o River does
Storm Drain

te spills to L
d never reac
from the loca

gic conditi
epresentativ
Water Year

ach of the sc
USGS gaug

rate and dry 

requency a
917 – 2011
Years in Eac

Category
15

43

37
on 1917-2003 pe

arios
n the Lake E
egional Wate
Jacinto Wa

ake Elsinore
due to the va
years from 1

d are describ
s into and fill
ke Elsinore,

o Temescal W
sn’t flow all th
n making up
ake Elsinore
hes Lake Els
al watershed

ions define
ve

Both Can
flow at th
was 17,0
No Mysti
overflowe
1107050
No overf
Lake, flow
1107050

cenarios was
ging station 
seasons. 

at the USG
 period 
ch

Fre

eriod of record a

Elsinore and 
er Quality C

atershed. Thr
e and Canyo
arious hydro
1991 – 2000
bed in Table 
ls Mystic La
 and depend
Wash. The m
he way to C

p the water to
e. Under dry
sinore, with 
d surroundin

ed in the T

De

nyon Lake a
he USGS ga
000 acre-fee
ic Lake over
ed, flow at th

00 was 2,485
flows from M
w at the US

00 was 371 a

s determined
#1170500. T

GS gauging

Relative
equency (%

16%

45%

39%
and therefore res

Canyon Lak
Control Board

ree scenario
on Lake TMD
ologic condit
0 were initiall

B-10. Unde
ke, which th
ding on the e
moderate co
anyon Lake
o Canyon La
y conditions, 

external nut
ng the lake. 

TMDL

escription

and Mystic L
auging statio
et
rflow; Canyo
he USGS ga
5 acre-feet 

Mystic Lake o
GS gauging
acre-feet 

d using the a
Table B-11 l

g

%) 1

ults

ke Nutrient T
d, 2004) to 
os (wet, 
DL to evalua
ions that occ
ly chosen to

er wet condit
hen spills to 
existing 

ondition is wh
, with flows f

ake. Howeve
the flow from

trient loads t

ake overflow
on 11070500

on Lake 
auging statio

or Canyon 
g station 

annual total 
lists the rela

Total

ate
cur in 

o
ions,

hen
from
er,
m
to

w;
0

on

flow
tive 



B.4.1 W
As part o
watershe
hydrolog

Zo
wa

Zo
Jac

Zo
Riv

Zo

Zo
dra

Zo

B.4.2 M
Lake El
Lake Els
of the Sa
for thous
significan
extreme
which ma
releases
surface e
River.  

Canyon
Canyon L
Over 90 
reservoir
watershe
periods w
approxim
Lake Els
Canyon L
that flows

Mystic L
Flows en
into Myst
entering

Watershed
of the develo
ed analysis z
ic features s

nes 7, 8, and
tershed;

ne 6 represe
cinto River;

ne 5 drains t
ver between 

nes 3 and 4 

ne 2 drains t
ains to Cany

ne 1 represe

Major Wate
sinore
inore is loca

an Jacinto R
sands of yea
nt variations 
rain events.
ake up less t
from Canyo

elevation, La

n Lake 
Lake Reserv
percent of th
r from both th
ed (Zones 3 
when Mystic

mately 1,382 
inore. USGS
Lake, has be
s from Cany

Lake
ntering the S
tic Lake. My
the lake are

Analysis Z
opment the T
zones (Figur
such as sign

d 9, which d

ents the area

to the Perris
Mystic Lake

drain to Sal

the area dow
on Lake; an

ents that are

rbodies

ated in the so
iver watersh
rs. Prior to d
in lake leve
 Today, the 
than 10 perc

on Lake. Dur
ake Elsinore 

voir was crea
he San Jacin
he upper Sa
and 4). Flow
 Lake overfl
feet; when t

S flow gauge
een in opera

yon Lake hav

San Jacinto R
stic Lake is 

e generally lo

Zones
TMDL model
re B-4). The 
ificant water

drain to Myst

a downstrea

s Valley Stor
e and Canyo

lt Creek, wh

wnstream of
d

ea that drains

outhwest po
hed. Lake Els
development
l from being
lake receive
cent of the o
ring rare ove
overflows in

ated in 1928
nto watershe
an Jacinto R
ws may also 
ows. The ele
the lake leve
e 11070500,
ation since 1
ve occurred 

River from u
typically a d

ost from the 

A

l, the San Ja
delineation 

r retention fe

tic Lake, rep

am of Mystic 

rm Drain whi
on Lake; 

ich drains to

f the Perris V

s directly to 

rtion of the S
sinore is a n
t in the area
 a dry lake b

es surface flo
overall San J
erflow events
nto Temesca

8 with the co
ed drains to 
iver watersh
reach Cany

evation of C
el reaches th
, located on 
916. During
38 of the 94

pstream por
ry lake and 
system due 

Attachment B

acinto River 
of these zon

eatures or m

present the m

 Lake that d

ich confluen

o Canyon La

Valley Storm

Lake Elsino

San Jacinto 
natural lake, 
a, the lake na
bed to filling 
ows from loc
Jacinto River
s, at approxi
al Creek and

onstruction o
Canyon Lak

hed (Zones 5
yon Lake fro

Canyon Lake
his point flow
the San Jac
 its operatio

4 years or a

rtions of the 
serves as a 
to soil infiltr

B    Watershe

Basin was d
nes was bas

major tributar

most upstrea

rains directly

nces with the

ake;

m Drain drain

ore.

River Basin
which has b

aturally expe
temporarily 

cal tributarie
r watershed 
imately 1,25
d ultimately t

of the Railroa
ke. Flows typ
5 and 6) and
m Zones 7-9

e Dam spillwa
ws continue 
cinto River d
onal period, i
frequency o

watershed (
water sink b

ration and ev

ed Characteriz

divided into 
sed upon 
ries:

am portion of

y to the San

e San Jacinto

nage area an

n at the termi
been in exist
erienced

following 
es (Zone 1), 

and water 
55 feet water
to the Santa

ad Canyon D
pically enter 
d the Salt Cr
9 during rare
ay is 
downstream
ownstream 
t is estimate

of 40 percent

(Zones 7-9) 
because flow
vaporation.

zation 

B 15

nine

f the 

n

o

nd

inus
tence

r
a Ana 

Dam. 
r the
reek
e

m to 
of

ed
t.

drain 
ws



Attachme

B 16

Mystic La
Expressw
sump is g
long dura
back to t
when the
located o
in operat
Mystic La
determin
rates dur

Lake He
Lake Hem
operated
cities of H
The lake 
The lake 
River. Flo
that this a
contrast

San Jac
The head
north and
portions
Mystic La
where it t
hydraulic
groundw
pumping
flows dur
groundw

Perris V
The north
The drain
gauge 11
recorded
with storm

Salt Cre
Salt Cree
watershe
measure
gauges i
quality.

nt B    Water

ake is forme
way and eas
gradually su
ation flow ev
he San Jaci

e water surfa
on the San J
tion between
ake. Flow wa
ed the flow w
ring the othe

emet 
met was cre

d by the Lake
Hemet and S
is approxim
volume is ro

ow data at U
area genera
to flow data 

cinto River
dwaters of th
d south forks
of the San J
ake to Canyo
terminates. T

c sinks, little 
ater losses, 
and limited 

ring dry year
ater, water t

Valley Stor
hwest area o
n has its con
1070270 is l
d at this gaug
mwater runo

eek
ek is an inter
ed. The drain
s flow in Sa
n the waters

shed Charact

ed by the con
st of the City
bsiding prov

vents, the sto
nto River an

ace elevation
acinto River

n 8/23/2000–
as recorded 
was from the

er years, it is

eated when H
e Hemet Mu
San Jacinto,

mately 4,340 
oughly 8,100

USGS flow g
ally sustains 

recorded at

r
he San Jacin
s converge e
Jacinto River
on Lake and
The San Jac
or no sustai
and reductio
recharge. G

rs and rema
that infiltrate

m Drain
of the San J
nfluences wit
ocated on th
ge display hi
off from deve

rmittent cree
nage enters 
lt Creek nea

shed. Howev

terization 

nfluence of tw
y of Moreno V
viding more 
orage capac
nd downstrea
n is approxim
r roughly 3.5
–9/30/2010 a
at Ramona 

e local wate
 assumed th

Hemet Dam 
nicipal Wate
 and the Sa
ft above sea

0 acre-ft and
gage 110695

baseflow aft
t other gauge

nto River be
east of Valle
r Basin to M
d again down
cinto River B
ined baseflo
on in ground

Generally, the
ins waterles
s into the gr

acinto River
th the San J
he Perris Va
igh peak flow
eloped areas

ek that drain
Canyon Lak

ar Sun City a
ver, the USG

wo faults an
Valley in the
runoff storag

city of Mystic
am to Canyo
mately 1,425
5 miles down
and records
Expressway
rshed area a

hat since 200

was constru
er District (LH
n Jacinto Mo
a level and lo
d the outlet f
500, located 
ter a rain ev
es in the Sa

gin in the Sa
e Vista. The 
ystic Lake. T
nstream of t
Basin is a co
ow in most ar
dwater levels
e San Jacint

ss. With limite
round is cons

r watershed 
Jacinto River
lley Storm D
w rates of sh
s with little o

s southern p
ke from the s
and displays 
GS rates the 

nd is located
e San Jacinto
ge capacity 
c Lake may b
on Lake. Ove
5 feet. USGS
nstream of M
local runoff 

y in 2005, ho
and not Mys
00, Mystic L

ucted in 189
HMWD) and
ountain com
ocated in th
flows to the s
downstream

vent througho
n Jacinto Ri

an Bernardin
San Jacinto
The river con
he Canyon L

omplex hydra
reas especia
s due to exc
to River is n
ed surface w
sidered to b

is drained b
r upstream o

Drain near P
hort duration
or no associa

portions of th
southeast. U
a lower unit
data record

 north of Ra
o Wildlife Pr
over time. D
be exceeded
erflow at My
S flow gauge
Mystic Lake. 

as well as o
owever field

stic Lake. Giv
Lake has not

5. The dam 
d is a water s

mmunity of G
e San Jacin
south fork of

m of Lake He
out the year
ver Basin. 

no National 
o River drains
ntinues dow
Lake Dam to
aulic system
ally during d

cessive grou
not sustained
water rechar
be lost from t

by Perris Val
of Canyon La
erris, Califor

ns, a pattern
ated groundw

he San Jacin
USGS gauge
t-area flow t

ded at this st

amona
reserve. This
During high o
d and overflo
ystic Lake oc
e 11070210 
This gauge 

overflows fro
 investigatio
ven the low 
t overflowed

is owned an
source for th

Garner Valley
to Mountain
f the San Ja
emet, indica
r. This is in 

Forest wher
s the upper 

wnstream of 
o Lake Elsin

m which inclu
dry periods, d
ndwater

d by groundw
rge from 
the system.

ley Storm D
ake. USGS 
rnia. Flows 
 commonly s
water flow.

nto River 
e 11070465 
han other 
tation as poo

s
or
ow
ccurs 
is
was

om
ons 
flow
.

nd
he
y.
s.

acinto
tes

re the 

nore
udes 
deep

water

rain.

seen

or



The dom

B.4.3 F
Wet wea
watershe
gauges (
the likelih
indicates
suggests
prior to re

5

N

Canyon 

Per
Sto

Perris Res

minant hydrol

Flow  
ther runoff is

ed. Figure B-
(See Table B
hood that a p
s that the ups
s that this are
eaching the 

0 5

#

Lake Elsi

#

Lake

rris Valley
rm Drain

servoir

ogic feature

Dom

s the primary
-5 presents 
B-11). The fi
particular flo
stream porti
ea receives 
Ramona Ex

10 Miles

nore
Salt Creek

S. Fork San

#

#

es in the wate

minant hyd

y influence o
a flow durat
gure shows 

ow discharge
on of the Sa
groundwate

xpressway g

#

Mys

#

n Jacinto River

#

#

A

ershed are i

rologic feat

on flow rates
ion curve for
the cumulat

e is equaled 
an Jacinto R
er inflow and
auge.

stic Lake

#

San J

San Jac
River

Attachment B

llustrated in 

tures in the

s observed i
r daily mean
tive-frequen
or exceeded
iver has a m
 snowmelt r

#

acinto Reservoir

cinto 

B    Watershe

Figure B-4.

Figure B-4
e watershed

n the San Ja
n discharges
cy curves, w
d at the site.

more stable f
unoff that te

Hemet Lake

ed Characteriz

4
d

acinto 
s at the USG
which repres
. Figure B-5
flow rate, wh
ends to infiltr

zation 

B 17

GS
sent

hich
rate



Attachme

B 18

B.4.4 S
The U.S.
categoriz
rates afte
a high inf
River Ba
groups (F
by soil gr
Creek ar
Jacinto R
causes fo
Valley Re
area drai
moderate
area of th
little or no
classified

nt B    Water

Flow D

Soils
. Departmen
zes soils into
er prolonged
filtration whi
sin was obta
Figure B-6). 
roup C. Fore
e also mainl

River drainag
or this differe
eservoir, or o
ining to Perr
e infiltration 
he watershe
o associated
d as soil grou

shed Charact

Duration Cu

nt of Agricultu
o four distinc
d wetting (Ta
le soils in gr
ained from S
Areas drain

est land is th
ly represente
ge areas ma
ence may be
occasional d
ris Valley Sto
rates and a 

ed and repre
d groundwat
up D represe

terization 

urves for Da

ure (USDA) 
ct hydrologic
able B-12). G
roup D have 
STATSGO2
ning to the no
he most com
ed by soil gr

ainly because
e poor qualit
diversions fo
orm Drain is 
moderate ra
sentative hy
ter flow. Loc
enting areas

aily Mean D

Natural Res
c soil groups
Generally, so

a slow infilt
(USDA 2006
orth and sou
mon land us
roup C but d
e the unit-ar
ty of flow rec

or irrigation a
classified a

ate of water 
ydrographs s
al watershed
s of low perm

ischarges a

sources Con
, based on i
oils in group 
ration rate. S
6) and summ
uth fork San 
se in these a

differ from the
rea flow for t
cords, flows 
and domestic
as soil group 

transmission
show large s
ds draining i

meability. 

at USGS Ga
Jacinto R

nservation S
nfiltration an
A are well-d

Soil data for
marized by h
Jacinto Rive

areas. Areas
e north and 
this area is lo
captured by
c use. The m
B meaning 

n. This is a m
stormwater r
into Canyon

Figure
auges in the
River Water

ervice (NRC
nd transmiss
drained and 
r the San Jac
hydrologic so
er are domin
s draining to 
south fork S
ower. Poten
y the Paloma
majority of th
the soil has
mixed land u
runoff peaks 
n Lake are 

e B-5 
e San
rshed

CS)
sion
have

cinto
oil
nated

Salt
San
ntial
a
he

use
 with 



Table
Hydr
Soils

A

B

C

D

Not
Applic

e B-12. Hyd
rologic
 Group 

So
sa
So
de
So
an
So
co

cable 
Li

Hydr

drologic So

oils with high
ands or grav
oils with mod
eep, modera
oils with slow
nd slow wate
oils with very
ontent and p

mited soil, e

rological so

oil Group D

De

h infiltration 
vels. Little ru
derate infiltra

ately well dra
w infiltration 
er movemen
y slow infiltra

poor drainage

exposed bed

A

oil group ma

Descriptio

escription

rates. Usual
noff.
ation rates. 
ained soils.
rates. Soils 

nt.
ation rates. S
e. High amo

drock, or wat

Attachment B

ap of the Sa

ns (USDA 

lly deep, we

Usually mod

with finer te

Soils with hi
ounts of runo

ter body. 

B    Watershe

F
an Jacinto w

2006) 

ell drained 

derately

extures

gh clay 
off.

ed Characteriz

Figure B-6
watershed

zation 

B 19



Attachme

B 20

B.4.5 W
The follo
from the 
impacts t
This sect
Canyon L
(http://ww

Lake El
Elsinore
program
quality sa
integrate
May and 

Table B-
the LEE2

Figure B-
observed
bottom s
oxygen c

Figure B-
from all t
exhibit se
concentr

Figure B-
a gradua
determin
concentr
period co
dilute the

nt B    Water

Water Qual
wing section
San Jacinto
to water qua
tion is a sum
Lake Nutrien
ww.sawpa.o

sinore
Valley Muni
for Lake Els

ampling stat
ed samples w

biweekly fro

13 summariz
2 sample loc

-7 shows lak
d at station L
amples decl

concentration

-8 shows de
hree sites. N
easonal fluct
rations was o

-9 shows de
al increase in
e if this is a 
ations conso

ompared to t
e algae.

shed Charact

ity 
ns character
o watershed.
ality:  total ph
mmary of det
nt TMDL Ann
rg/AnnualW

cipal Water 
sinore in Apr
ions. Figure

were collecte
om June thro

zes monitori
cation. Resu

ke surface in
LEE2. Summ
lining to 0 m
ns, due to tu

epth integrate
Nitrogen and
tuations or s
observed on

epth integrate
n chlorophyll
significant tr
olidated by s
the other sea

terization 

rize water qu
 This analys

hosphorus, t
tailed inform
nual Water Q
QReports.ht

District’s (EV
ril 2006. Initi
 B-7 shows 

ed. EMVWD
ough Septem

ing results fo
lts are comp

ntegrated, an
mer month’s
mg/L. The win
urnover and 

ed total nitro
d phosphoru
significant ch
n April 11, 20

ed chlorophy
l a after Octo
rend. Table 
season; conc
asons, poss

uality in Lake
sis focuses o
total nitrogen
ation, which
Quality Repo
tm).

VMWD) initi
ally, monitor
the sampling
 collects sam
mber.  

or the period
pared to bas

nd lake botto
exhibit strat

nter months 
mixing of the

ogen and ph
s concentrat
hanges as a 
011. 

yll a, averag
ober 2009, a
B-14 provide
centrations d

sibly due to a

e Elsinore, C
on the prima
n, dissolved 
h can be obta
orts,

ated its NPD
ring for nutri
g stations w
mples month

d July 1, 200
sin plan obje

om dissolved
tified dissolv
exhibit grea
e epilimnion

osphorus re
tions were g
 result of de

ged from all t
although furt
es the avera
decrease du
an increase 

Canyon Lake
ary indicators

oxygen, and
ained Lake E

DES complia
ents occurre

where surface
hly from Oct

06 through J
ctives and T

d oxygen co
ved oxygen, 
ater uniformit
n and hypolim

esults locatio
generally uni
epth. A spike

three sites. T
ther study is
age chloroph
uring the spr
in precipitati

e, and runoff
s of nutrient 
d chlorophyl
Elsinore & 

ance monito
ed at three w
e, bottom, a
ober through

une 30, 201
TMDL targets

oncentrations
with the lake
ty in dissolve
mnion.

ons, average
iform and did

e in phospho

There has b
 required to 
hyll a 
ring sample 
ion which m

f

ll a. 

ring
water
nd
h

1 for 
s.

s
e
ed

ed
d not 

orus

been

ay



T

D
(
(
p
p
p

A
(
(
s

T
(
i
T
(
i
C
s
s
t
C
s
s
S
S
(
T
(
(
s

Table B-13 Su

Paramete

Dissolved Oxyge
(mg/L)
(Station LEE2, d
profile)
pH (3 stations, d
profile)

Ammonia N (NH
(mg/L)
(3 stations, integ
samples)

Total Nitrogen (T
(mg/L) (3 station
ntegrated samp
Total Phosphoru
(mg/L) (3 station
ntegrated samp
Chlorophyll a (μg
stations, surface
samples 0-2 m, A
to September)
Chlorophyll a (μg
stations, integrat
samples, April to
September)
Secchi Depth (cm
(3 stations) 
Total Dissolved S
(mg/L)
(3 stations, integ
samples)

ummary - Lak

r
TM

Comp
Da

en

epth

2015 

2020 

epth --- 

4-N) 

grated 2020 

TN)
s,
les)

2020 

us (TP) 
s,
les)

2020 

g/L) (3 
e
April 2015 

g/L) (3 
ted
o 2020 

m) --- 

Solids

grated --- 

e Elsinore Wa

MDL
pliance
ate

Basin
or

Not les
depth
Not les
meter

6-5 - 8

Data R

Acute
Compl

Chron
Compl

Annua
mg/L

Annua

Summ
greate

Summ
greate

--- 

2000 m

ater Quality D

n Plan Objectiv
TMDL Targets

ss than 5 mg/L a
average
ss than 5 mg/L 1
above lake botto

8.5

Results

Criteria
liance 

ic Criteria 
liance 

al average 0.75 

al average 0.1 m

mer average no 
er than 40 μg/L 

mer average no 
er than 25 μg/L 

mg/L 

Data

ves
s

No. of
Samplin

Events
as a 91 

1
om 91 

101 

100 

No observ
conditions
Exceedan
of 1040 am
12/19/06,
9/18/08, 7
12/4/09, 6
6/29/2011

90 

g/L 81 

95 

96 

100 

101 

20
f
ng
s

Range o
Daily 

Averages
0.3 - 11.65

0.00 -
11.50

6.72 - 9.76

ND - 0.77

ved exceedances
s measured.
nce of the chronic
mmonia readings
1/10/07, 10/12/0

7/29/09, 8/19/09 
6/9/10, 7/23/2010
.

0.50 - 8.56

0.09 - 0.89

15.2 - 
247.5 

16.1 - 
271.3 

28 - 102 

1082 - 
1967 

Attachmen

006 - 2011 Res
of

s
Annual
Mean 

5 6.35 

4.24 

6 8.92 

0.14 

s of the acute cr

c criteria observe
s).on the followin
07, 11/28/07, 1/1
, 8/26/09, 9/11/0

0, 8/18/2010, 9/3

6 3.57 

9 0.23 

93.27 

89.41 

57.56 

1449 

nt B Watershed Ch

ults

Annual
Median 

6.20 

3.65 

8.95 

0.09 

riterion at the ran

ed 7.2% of the t
ng dates:  8/29/0
16/08, 5/16/08, 6
09, 9/25/09, 10/2
30/2010, 10/12/2

3.29 

0.20 

88.37 

90.19 

52.19 

1437 

haracterization

B 21

Standard
Deviation

2.02 

2.56 

0.35 

0.15 

nge of pH 

ime (80 out 
06,
6/27/08,
21/09,
2010, and 

1.42 

0.12 

55.08 

52.51 

19.64 

205 



Attachme

B 22

L

nt B    Water

Lake Elsinor

Lake

shed Charact

re Dissolved

e Elsinore T

terization 

d Oxygen C

otal Nitroge

Concentratio

en and Tota

ons Observ

al Phosphor

Fig
ved at Statio

Fig
rus Concen

gure B-7 
on LEE2 

gure B-8 
ntrations



Table
conce

The Red
The nutri
2008). Fo
shows th
N:P ratio

B-14  Lake
ntrations c

Season

Winter

Spring

Summer 

Fall 

field ratio ha
ient that is b
or this analy

he N:P ratios
 is greater th

e Elsinore a
consolidat

as been used
below the rat
ysis, a 7:1 ra
s observed in
han 7:1, indi

Lak

average ch
ed by seas

Concen

d to determi
tio likely limit
tio for nitrog
n Lake Elsin
icating that p

A

ke Elsinore 

hlorophyll 
son

ntration [μg

98.9

74.1

93.4

94.1

ne the limitin
ts the growth

gen to phosp
ore. For mo

phosphorus

Attachment B

Chlorophy

a

g/L]

ng nutrient fo
h of phytopla
phorus (N:P)
ost of the per

is the limitin

B    Watershe

Fig
yll a Concen

for algal grow
ankton (Sch
) was used. 
riod of record
ng nutrient. 

ed Characteriz

gure B-9
ntrations

wth in the lak
indler et al. 
Figure B-10
d, the obser

zation 

B 23

ke.

rved



Attachme

B 24

Canyon
EVMWD
consists 
located w

Sta
stro

Sta

Sta
the
we

Unless s
averaged
averaged
through M
Lake mo

nt B    Water

n Lake 
’s NPDES c
of four samp

within the Ma

ation CL07 –
ongly stratifi

ation CL08 –

ation CL09 a
e lake that re
eather events

tated otherw
d samples fr
d samples fr
May, and biw
nitoring resu

shed Charact

Observ

ompliance m
pling location
ain Basin an

– Located at 
ed during th

– Located mi

and CL10 – T
eceive local n
s.

wise, in subs
rom Stations
rom Stations
weekly from 
ults for the p

terization 

ved Lake El

monitoring pr
ns (Figure B

nd Stations C

the deepest
he summer.

id-lake in the

Two relative
nuisance run

sequent table
s CL07 and C
s CL09 and C

June throug
eriod July 1

lsinore Nitro

rogram for C
B-11). Sampl
CL09 and CL

t part of the 

e main body

ely shallow s
noff and disc

es and figure
CL08, and E
CL10. Samp
gh Septembe
, 2007 throu

ogen to Pho

Canyon Lake
les from Sta
L10 are loca

lake near th

y of Canyon 

ample locati
charges from

es the Main 
East Basin sa
ples are colle
er. Table B-

ugh June 30,

Figure
osphorus R

e, which beg
ation CL07 a
ated in the Ea

he dam. The

Lake.  

ions within t
m Salt Creek

Basin samp
ampling resu
ected month
15 summari
, 2011.  

e B-10 
Ratios

gan June 20
nd CL08 are
ast Basin.  

 site is gene

he East Bas
k during wet 

pling results 
ults are 

hly from Octo
zes Canyon

07,
e

erally 

sin of 

are

ober
n



Table B-15 S

Parameter Co

Dissolved 
Oxygen 
(mg/L) 
(Station 07 
for Main 
Basin;
Stations 09 
and 10 for 
East Basin) 

201

202

pH (Station 
07 for Main 
Basin;
Stations 09 
and 10 for 
East Basin) 

---

Ammonia 
N (NH4-N) 
(mg/L) 
(Station 07 
for Main 
Basin;
Stations 09 
and 10 for 
East Basin) 

202

Total 
Nitrogen 
(TN) 
(mg/L) 

202

Total 
Phosphoru
s (TP) 
(mg/L) 

202

Chlorophyll 
a (μg/L) 
(surface
samples
0-2 m) 

201

Summary – Ca
TMDL

ompliance 
Date 

Bas
Obje
TMDL

15
Not le
mg/L a
therm

20

Not le
mg/L d
averag
hypoli

6-5 - 8

20

Data R

Acute 
Comp

Chron
Comp

20 Annua
0.75 m

20 Annua
0.1 mg

15

Summ
averag
greate
μg/L 

anyon Lake W
sin Plan 
ectives or 
L Targets 

No.
Samp

Eve
ss than 5 
above the 
ocline 

61 

ss than 5 
daily 
ge in 
mnion

61 

8.5 68 

Results 70 

Criteria 
pliance 

Excee
0.16%

nic Criteria 
pliance 

Excee
7/1/09
8/30/1
of the

al average 
mg/L 68 

al average 
g/L 70 

mer
ge no 
er than 40 

40 

Water Quality 
Main Basin

. of 
pling

ents

Range of 
Daily 

Averages

0.94 - 
13.75 

0 - 5.7 

7.43 - 
8.94 

0.011 - 
1.800 

edances of the acu
% of the time (1 out 

edances of the chro
9, 7/24/09, 5/10/10
10, 9/17/10, 10/26/
e time (19 out of 644

0.33 - 4.37

0.33 - 1.74

1.5 - 138.3

Data
n 2007- 2011 Resu

Annual 
Mean 

Annu
Medi

7.01 7.27

0.89 0.21

8.02 7.98

0.49 0.44

te criterion on: 5/30
of 644 samples) 

onic criterion: 6/18/
, 6/28/10, 6/12/10, 
10; Exceedances o
4 samples) 

2.06 2.00

0.68 0.64

34.331 29.30

ults

ual 
ian 

Standard
Deviation 

2.85 

1.53 

0.34 

0.31 

0/08; observed 

/08, 7/2/08, 
7/30/10, 8/9/10, 

observed 2.95% 

0.93 

0.25 

0 27.49 

Attachment B   

East
No. of 

Sampling 
Events

Rang
Da

Aver

60.00 
0.33 
11.17

68 7.30 
9.70

70 ND -
1.290

Exceedances of th
0.18% of the time 

Exceedances of th
6/18/08, 7/2/08, 7/
Exceedances obse
samples)

69 0.35 
5.49

70 0.09 
2.27

45 2.5 -
266.

 Watershed Char

Basin 2006 - 2011
ge of 
aily 
rages

Annual 
Mean 

-
7 6.24 

- 8.31 

0
0.40 

he acute criterion o
(1 out of 551 samp

he chronic criterion
/24/09, 11/30/09, 6/
erved 4.54% of the

- 2.04 

- 0.61 

-
1

61.00 

racterization 

B 25

1 Results

Annual 
Median

Stand
Deviat

6.01 1.56 

8.22 0.47 

0.37 0.28 

n:  5/30/08; observ
ples) 

: 5/30/08, 6/6/08, 
/11/10, 6/28/10; 

e time (25 out of 55

1.92 0.92 

0.53 0.36 

38.85 71.62

ard 
tion

ed 

1



A

B

1

Attachment B    W

B 26

Table B-15 S

Parameter Co

Chlorophyll 
a (μg/L) 
(integrated 
samples)

202

Secchi
Depth (cm) ---

Total 
Dissolved 
Solids 
(mg/L) 
(integrated 
samples)

---

 Data presented as a

Watershed Chara

Summary – Ca

TMDL
ompliance 

Date

Bas
Obje
TMDL

20

Summ
averag
greate
μg/L 

---

700 m

annual mean 

cterization 

anyon Lake W

sin Plan 
ectives or 
L Targets 

No.
Samp

Eve
mer
ge no 
er than 25 

60 

68 

mg/L 69 

Water Quality 
Main Basin

. of 
pling

ents

Range of 
Daily 

Averages

1.0 - 171.8

18 - 301 

152 - 901 

Data (continu
n 2007- 2011 Resu

Annual 
Mean 

Ann
Med

37.561 33.49

119.32 113.2

616.63 684.0

ued)
ults

ual 
ian 

Standard 
Deviatio

n

9 28.77 

25 44.67 

00 215.96 

East
No. of 

Sampling 
Events

Ran
Da

Aver

60 2.5 -
266.

69 21 -

68 
336
1206

Basin 2006 - 2011
nge of 
aily 
rages

Annual 
Mean 

-
1

56.19 

231 90.50 

-
6 703.82 

1 Results

Annual 
Median

Stand
Deviat

50.92 46.22

86.36 34.26

658.11 223.28

ard 
tion

8



Figure B-
lake spill
concentr
dissolved

Figure B-
represen
in CL07, 
condition
most mo
due to tu

Figure B-
CL10. Du
portion o
constant

Figures B
the Main 
locations
seasona
concentr
concentr
was not o

Figure B-
Basin sa
same tim
than the 
at both s

Figure B-
period of
nutrient. 

-11 shows o
way). Highly

rations at 0 m
d oxygen co

-12 shows o
ntative of Ma

with peaks a
ns exist throu
nths. The w
rnover and m

-13 characte
ue to the low

of the lake. D
throughout 

B-14 and B-
Basin and E

s. Nitrogen a
l fluctuations

rations occur
rations, obse
observed for

-16 illustrate
mple locatio

me at both sit
Main Basin.
ample locati

-17 characte
f record, the 

observed dis
y stratified co
mg/L for mos
ncentrations

observed dis
ain Basin). D
and troughs
ughout most
inter months
mixing of the

erizes observ
w water dept
Dissolved oxy

the period o

15 show dep
East Basin, r

and phospho
s or significa
rred general
erved on Apr
r nitrogen. 

es depth inte
ons. Peaks a
tes; howeve
 Table B-16
ions. The low

erizes the av
N:P ratio of

solved oxyg
onditions ex
st months. T
s, due to turn

solved oxyg
issolved oxy
 occurring o
t of the year,
s exhibit grea
e epilimnion 

ved dissolve
th and inflow
ygen concen

of record. 

pth integrate
respectively

orus concent
ant changes 
ly during the
ril 11, 2011 a

egrated chlor
and troughs o
r, concentra
 summarize
west concen

verage N:P r
f N:P is less 

A

gen concentr
ist througho

The winter m
nover and m

gen concentr
ygen concen
on the same 
, with the lak
ater uniform
and hypolim

ed oxygen co
w from Salt C
ntrations in t

ed total nitrog
. Similar obs
trations were
by depth. Pe

e same perio
and continui

rophyll a con
of chlorophy

ations in the 
s the averag

ntrations hav

ratio for both
than 7:1, ind

Attachment B

rations at St
out most of th
months exhib
mixing of the 

rations at St
ntrations are
sample date

ke bottom co
mity in dissolv
mnion.

oncentration
Creek, stratif
the East Bas

gen and pho
servations o
e generally u
eaks and tro
ods. Howeve
ng to the en

ncentrations
yll a concent
East Basin h

ge seasonal 
ve been obs

h lake basins
dicating that

B    Watershe

ation CL07 (
he year, with
it greater un
epilimnion a

ation CL08 (
e similar to th
es as CL07. 
oncentration
ved oxygen 

ns at Station
fication does
sin have rem

osphorus ob
ccurred at b
uniform and 
oughs in nut
er, the spike
nd of the sam

s for the Main
trations occu
have been ty
chlorophyll 
erved in the

s. For the ma
t nitrogen is 

ed Characteriz

(closest to th
h the lake bo
niformity in 
and hypolimn

(most
he values fou
Highly strat

ns at 0 mg/L 
concentratio

ns CL09 and 
s not occur in
mained relati

bservations w
both sample 

did not exhi
trient
e in phospho
mpling seaso

n Basin and 
urred at the 
ypically high
a concentra
 spring.

ajority of the
the limiting 

zation 

B 27

he
ottom

nion.

und
tified
for

ons,

n this 
vely

within 

bit

orus
on,

East

her
ations 

e



Attachme

B 28

nt B    Water

Can

Cany

shed Charact

nyon Lake D

yon Lake Di

terization 

Dissolved O

issolved Ox

Oxygen Con

xygen Conc

centrations

centrations

Figure
s at Station 

Figure
at Station C

e B-11 
CL07

B-12
CL08



Canyo

Canyon

on Lake Dis

n Lake Total

ssolved Oxy

l Nitrogen a

ygen Conce

and Total Ph

A

entrations a

hosphorus

Attachment B

at East Basi

Concentrat

B    Watershe

Fig
n Sample L

(CL09 a

tions in the 

ed Characteriz

gure B-13 
Locations
nd CL10) 

Figure B-14
Main Basin

zation 

B 29

4
n



Attachme

B 30

nt B    Water

Ca

shed Charact

anyon Lake 

terization 

Total Nitro

C

gen and To

Canyon Lak

otal Phosph

ke Chloroph

Fi
horus Conce

in the E

Fi
hyll a Conce

igure B-15
entrations

East Basin

igure B-16
entrations



Table
Conce

Season

Winter

Spring

Summe

Fall 

San Jac
As part o
were coll

Sal
por
res

Goe
use
loc
Lak

B-16  Cany
entrations (

n

er

cinto Wate
of the Phase
lected from f

t Creek at M
rtion of the S
sidential.  

etz Road – T
e includes u

cation has th
ke.  

yon Lake a
(μg/L) by S

Main Bas

41.4

27.9

35.1

51.6

Ob

rshed
 I San Jacin
four sample 

Murrieta Rd –
San Jacinto w

Tributary are
rban, irrigate
e largest trib

average Ch
Season 

sin 

bserved Can

to River Wa
locations du

– Area tribut
watershed, w

ea includes t
ed croplands
butary area, 

A

hlorophyll 

East Basin

36.7

25.4

74.0

87.8

nyon Lake N

tershed Mon
uring wet we

ary to this sa
with land us

the northern
s, residentia
but much of

Attachment B

a

n

Nitrogen to 

nitoring Prog
eather event

ample locati
ses consistin

n half of the S
al, and open 
f the water is

B    Watershe

Fig
 Phosphoru

gram, water 
ts (Figure B-

ion includes 
ng of irrigated

San Jacinto 
space. This
s captured b

ed Characteriz

gure B-17 
us Ratios 

quality sam
-18):

the souther
d croplands 

watershed;
 monitoring 

by nearby M

zation 

B 31

ples

rn
and

land

ystic 



Attachme

B 32

Can
Lak

Cra
Th
Sa
dep
ups

A fi
ove
ove

Samples
obtain a 
detail in t
Reports.
phospho
Sample r
the storm
River at G
nitrogen
total pho
sample s
weather

Table B
(mg/L)

Waterbo

Salt Cree
at Murrie
Road

San Jaci
River at 
Goetz Ro

Canyon
Lake
Spillway

Cranston
Guard
Station

nt B    Water

nyon Lake S
ke to Lake E

anston Guard
is station ex
mpling at th
pendent on w
stream of th

fth station, S
erflows; how
erflows have

 are collecte
range of con
the Lake Els
Figures B-1
rus and tota
results indica

m (first flush)
Goetz Road
based on ob
sphorus. Th

site; all ratios
runoff.

B-17. Summ

ody Nu

ek
eta

Total
Phosp
Total

nto

oad

Total
Phosp
Total
Total
Phosp
Total

n Total
Phosp
Total

shed Charact

Spillway – On
Elsinore. Sam

d Station – T
periences th
is station is 
whether ade
is site is fore

San Jacinto 
wever, since 
e occurred. 

ed throughou
ncentrations
sinore & Can
9 and B-20 

al nitrogen, re
ate that nutr
) and then de
 and Salt Cr
bserved med
e average N

s were less t

mary of Nut

utrient

phorus
Nitrogen

phorus
Nitrogen

phorus
Nitrogen

phorus
Nitrogen

terization 

nly during hi
mples are ga

This station 
he highest a
conducted b

equate fundi
ested area.

River at Ram
the impleme

ut observed 
 across the 

nyon Lake N
illustrate the
espectively;
rient concent
ecrease dur
reek at Murr
dian concen
N:P ratio was
than 7.1, ind

trient Wate

N
Av

Co

108 0.7

108 2.4

90 1.4

90 2.7

59 0.5

59 1.7

29 0.6

29 1.22

igh storm ev
athered from

is located at
nnual flows 

by the United
ng is allocat

mona Expre
entation of th

storms at di
storm event

Nutrient TMD
e observed w
Table B-17
trations tend
ing later por
ieta Road ha
trations, whi
s calculated 
dicating that 

er Quality D

verage
oncentra

tion
C

5 0

7 2

4 0

3 2

7 0

8 1

5 0

2 1

vents is wate
m this site on

t the eastern
compared to
d States For
ted through 

essway, wou
his monitorin

ifferent point
t. Sampling m

DL Annual W
water quality
summarizes

d to be highe
rtions of the 
ave the high
ile the Goetz
for each wa
nitrogen is t

Data for Sa

Median
Concentra

tion

0.66

2.32

0.95

2.26

0.50

.76

0.49

.10

er released f
nly when wat

n portion of t
o the other s
rest Service,
Congress. L

ld be sampl
ng program 

ts of the hyd
methodology

Water Quality
y concentrat
s the water q
er during the
storm event

hest concent
z Road site 
atershed wat
the limiting n

an Jacinto

Standard
Deviatio

0.47

0.91

1.84

1.70

0.21

0.55

0.44

0.57 

from Canyon
ter is release

the watershe
stations.
, and is 
Land use 

ed if Mystic 
no such 

drograph to 
y is describe

y Monitoring 
tions for tota
quality data.
e beginning o
t. San Jacint
trations of to
has the high
ter quality 
nutrient in we

o Watershe

d
n

Averag
N:P

Ratio

4.2

2.7

3.2

2.4

n
ed.  

ed.

Lake

ed in 

al

of
to
otal
hest

et

ed

ge

o



Agricultural Nutri
Plan for WRCAC in
and Lake Elsinore

ent Management
n Canyon Lake
Watershed

Agricultural Nutrient Management Plan 
for WRCAC in Canyon Lake and Lake
Elsinore Watershed



Attachment B    Watershed Characterization 

B-34  

This page intentionally left blank  



 

 

 
Wett-Weather S

Atta

Sampling To

achment B    W

otal Phosph

Watershed Ch

F
horus Conc

haracterizatio

B‐3

igure B-19
entrations

on 

35	



Attachment B    Watershed Characterization 

B‐36	 	

This page intentionally left blank 



 

 

 
  

WWet-Weather

Atta

r Sampling 

achment B    W

Total Nitrog

Watershed Ch

Fig
gen Concen

haracterizatio

B‐3

 
ure B-20 

ntrations 

on 

37	



Attachment B    Watershed Characterization 

B‐38	 	

This page intentionally left blank 



	 	 C‐1	

Attachment C  
Canyon Lake Nutrient TMDL In-Lake Strategies Evaluation 

Table of Contents 

Attachment C – Executive Summary ......................................................................... A-1 

C.1 Executive Summary ........................................................ C:1-12 
C.2 Tasks 1-6: Technical Memorandum from Michael  

Anderson 2012 ............................................................... C:13-92 
C.3 Canyon Lake Alum ...................................................... C:93-104 

 

	

	

	



Table of Contents (continued) 

C‐2	

	

This page intentionally left blank. 

	

	



Atta
Cany
Stra

C-1 E
In order t
responsi
considere
of nutrien
concentr
Decembe
reduction
effective 
studies s
condition
reduce e
watershe

In Janua
evaluate 
TMDL re
additiona
solution (
in lake nu
achieve t
studies. T
nutrient m

 Tas
Se
rele
loa
cyc

 Tas
as 
wil
res
Bo
res
WL

chme
yon L
tegies

Executive S
to achieve c
ble parties, w
ed: (1) imple
nts into the la
rations proje
er 31, 2011 
n of nutrient 
means of co

showing that
n at the sedim
existing urba
ed loads red

ry of 2012, t
chemical ad
sponse targ

al confirmatio
(addressing 
utrient mana
the response
The key find
managemen

sk 1: Estima
diments. Th
ease nutrien

ads from CN
cling prior to

sk 2: Evalua
a Result of 
l not provide

sponse targe
ard states th

sponse targe
LAs and LAs

nt C 
ake N

s Eval

Summary 
ompliance w
which includ
ementing wa
ake; (2) imp
cts; or (3) so
draft of the C
levels in Ca
omplying wit
 suppression
ment water i
n and septic
uction. 

the Task For
ddition altern
ets for chlor
on on the se
needs for a

agement stra
e targets. Se

dings from ea
nt strategy ar

te Rate at W
is task show

nts to the wa
RP impleme
 2020. 

tion of Long
Hypolimneti

e sufficient n
et for chlorop
hat if the WL
ets are still n
s. Thus, HOS

Nutrien
uation

with the Lake
de WRCAC m
atershed-bas
lementing p

ome combin
CNRP conta
nyon Lake, 
th the nutrie
n of nutrient 
interface wo
c loads to the

rce sought M
natives and t
rophyll-a and
election of a 
ll sources w
ategy to use 
ection C.2 of
ach study th
re summariz

Which Phosp
wed that sett
ater column f
entation may

-Term Redu
c Oxygenati
utrient reduc

phyll-a. In its
LAs and LAs
not achieved
S alone is no

nt TMD
n 

e Elsinore an
member agr
sed activities
rojects in the
ation of wate

ained an eva
and determi
nt TMDL. Th
flux from la

ould more tha
e allowable W

Michael Ande
to determine
d DO. The st
HOS by ass
ith an alloca
chemical ad

f this attachm
at led to a re

zed below: 

phorus is Re
led nutrients
for several d
y not result in

uction of Pho
on in Canyo
ction in year
s March 31, 2
s are effectiv
, then the TM
ot sufficient t

DL In-

nd Canyon L
ricultural and
s and projec
e lakes that 
ershed and 

aluation of di
ined that HO
he basis for 
ke bottom se
an offset the
WLA/LAs, a

erson to con
e the potenti
tudies were 

sessing whe
ated load), o
ddition or reg
ment provide
evision to th

ndered No L
s in lake-bott
decades. Thu
n a significa

osphorus Lo
on Lake: This
rs with above
2012 comm

vely offset wi
MDL would 
to achieve c

Lake 

Lake nutrien
d dairy opera
cts that reduc

reduce in-la
in-lake BMP
ifferent strat

OS would be
this determi
ediments by

e load reduct
fter account

nduct additio
ial impact of
intended to 
ther it can b
r to revise th
gulatory app
es the result
e Canyon La

Longer Bioav
tom sedime
us a reductio
nt change to

oads from Int
s study show
e average ra
ent letter, th
ith in lake BM
be reopened

compliance w

nt TMDLs, th
ators, 
ce the disch
ake loads an
Ps. The 
tegies for in-
e the most 
nation were 

y creating an
tion needed 
ting for estim

onal studies 
f HOS on in-
provide 

be a whole-la
he proposed
proaches to 
ts of these 
ake in-lake 

vailable in 
nts continue
on in externa
o internal nu

ternal Recyc
wed that HO
ainfall to ach
he Regional 
MPs, but 
d to reduce 
with the TMD

C‐1	

he 

arge 
nd 

-lake 

n oxic 
 to 

mated 

to 
-lake 

ake 
d 

e to 
al 
trient 

cling 
OS 
hieve 

DL. 



Attachment C     Canyon Lake Nutrient TMDL In-Lake Strategies Evaluation 

C‐2	 	

 Task 3: Evaluation of Alum Phoslock, and Modified Zeolite to Sequester Nutrients in Inflow 
and Improve Water Quality in Canyon Lake. This study evaluated the potential water 
quality benefit that could be achieved with chemical additional alternatives. The DYRESM-
CAEDYM results showed that a reduction in dissolved orthophosphate at the lake inflows 
from ~0.35 mg/L to 0.20 mg/L would shift the lake to P-limitation and reduce average 
annual chlorophyll-a to below the final numeric target of 25 ug/L. The study also evaluated 
potential doses and associated costs for alum, Phoslock, or zeolite. 

 Task 4: Predevelopment Condition Assessments for Canyon Lake (Task 4a) and Lake 
Elsinore (Task 4b). To estimate the controllability of water quality in Canyon Lake and 
Lake Elsinore, the DYRESM-CAEDYM model was run for a scenario with external loads 
reflective of a completely undeveloped watershed. This scenario showed chlorophyll-a 
consistently below the water quality objectives. For DO, exceedences of the water quality 
objectives were estimated to occur as much as 50 percent of the time in Canyon Lake. 
Thus, a completely undeveloped watershed would not comply with the DO numeric target, 
as stated in the TMDL. The WRCAC agricultural and dairy operators will work with the 
MS4 Permittees to modify the TMDL numeric target at the next reopener of the TMDL, to 
allow for exceedences of the DO water quality objective within the hypolimnion as would 
be expected if the watershed were completely undeveloped.   

 Task 5a: Simulations Using Refined Model Parameter Set Under Steady State Conditions 
for Lake Elsinore. This analysis updated previous evaluations of management 
alternatives. The analysis quantifies the improvement to lake TP and chlorophyll-a that 
may be achieved with reclaimed water addition, carp fishery management, and aeration. 
Results suggest that, at a minimum, all three management strategies will be needed to 
comply with the TMDL   

 Task 5b: Evaluate Effects of Management Alternatives for Canyon Lake on External 
Nutrient Loading to Lake Elsinore. This study updated the DYRESM-CAEDYM model to 
create a linkage between Canyon Lake and Lake Elsinore, for testing whether improved 
lake water quality in Canyon Lake would reduce pass-through loads to Lake Elsinore. 
Results showed limited pass-through load reductions as a result of in-lake BMPs in 
Canyon Lake. 

 Task 6: Predicted Water Quality in Canyon Lake with In-Lake Alum Treatments and 
Watershed BMPs. This task involved simulation of the water quality response to proposed 
watershed BMPs and in-lake alum additions included in the AgNMP and CNRP. Results 
showed that the final numeric target for chlorophyll-a is expected to be achieved with the 
proposed project (Scenario 12 in the TM). For DO, the results show that the interim 
(epilimnion) DO target is expected to be achieved and significant progress toward the final 
(hypolimnion) target. These results are the primary basis for the Canyon Lake compliance 
demonstration presented in Section 3 of the AgNMP 

When alum is added to a waterbody, an aluminum hydroxide precipitate known as floc is 
formed.  The floc binds with phosphorus in the water column to form an aluminum phosphate 
compound which will settle to the bottom of the lake or reservoir.  
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EVMWD conducted jar tests to determine the reduction of TP that could be achieved at varying 
doses of alum. Samples collected at all four TMDL monitoring stations were collected and 
varying amounts of alum were added to each. Jar test results are summarized in Section C.3 of 
this Attachment. 
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D.1 Introduction 
California agriculture is the most highly regulated in the nation and probably the world. 
Producers must comply with many different types of government regulations ranging from 
environmental quality to food safety. These regulations were adopted to protect our health, the 
environment, and farm workers. But the regulations are often duplicative, conflicting, 
uncoordinated, inflexible or needlessly burdensome. While the agricultural community 
continually expands environmental stewardship through beneficial management practices 
there is also increased costs, and regulations from production inputs. On top of these hard 
costs are both the financial and time costs of complying with environmental laws and 
regulations which could often be reduced through more widespread adoption of feasible 
stewardship practices and coordination with multiple requirements. The AgNMP program will 
coordinate various ag programs, reduce redundancy that might otherwise occur and identify 
opportunities for reducing nutrient loads in the San Jacinto watershed. The Western Riverside 
County Agriculture Coalition (WRCAC) was formed in 2004 by dairy operators determined to 
be good environmental stewards on issues like the Total Maximum Daily Load (TMDL) for 
nutrients, a renewed dairy permit and the need to engage agricultural operators in this 
process.  Agricultural operators became engaged in the TMDL process without a mandatory 
permit. The challenge was to identify actual agricultural ownership and types of land use for 
the watershed. Attachment B summarizes agricultural land use mapping activities. WRCAC is 
confident in the land use data collected over the past nine years as it accurately describes 
agricultural activity in the San Jacinto watershed. However, specific agricultural owner BMPs 
have not in any way been attributed in past model load reductions. There are many reasons 
for this omission but the obvious one is that there are hundreds of owners that each 
implements different BMPs. There is no single mechanism to record agricultural BMPs.  A 
citrus grower may use mulch and micro-emitters to reduce water costs and surface runoff, 
while an irrigated farmer may place buffer strips along waterways next to his crops. The 
following sections discuss current practices and activities that will be completed in the 
AgNMP. 

D.2 AgNMP Activities 
AgNMP activities include: development of an agricultural survey and weBMP database tool, 
planned development and implementation of the process for individual agricultural operator 
reporting of BMPs and related activities to better assess load reductions, a pilot scale 
gasification project with regional potential on a larger scale, use of existing guidance 
practices, and continued participation in in-lake projects such as aeration for Lake Elsinore 
and alum application in Canyon Lake. The agricultural activities specific to the agricultural 
community are mentioned in this attachment. 

D.2.1 Agricultural Survey and weBMP Database Tool 
WRCAC received a 319 grant for “Implementation of Nutrient Total Maximum Daily Loads 
(TMDL) in the San Jacinto Watershed through a Feasibility Assessment for Pollutant Trading 
for Agricultural Operators and the Development of a Best Management Practices(BMPs) 
Database Tool “-Agreement 10-446-558. Significant progress has been made in identifying 
agricultural operators and aerial mapping for land use had been completed using 2007 data. 
Baseline TMDL data was then collected for 2005 and 2010 data was completed in 2012. 
However, specific BMPs, crops and land use practices remain unidentified.  This first step in 
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addressing this deficiency is important to the future CWAD program and the TMDL 
implementation process for agricultural operators in meeting 2020 compliance targets. 

D.2.1.1 Agricultural Operator Survey 

Task 3.0 of the grant developed an agricultural operator survey form to identify current land 
use practices and BMPs being implemented. This baseline survey was conducted on a 100 
percent voluntary basis. The survey was developed with simplicity in mind. The two page 
survey addressed the most common questions for agricultural land use practices. A copy of 
the survey is attached, see Table D-1. 

The foundation for the mailing lists for the survey were the compliant (those stakeholders with 
more than 20 acres and actively farmed within the past 5 years) and the exempt (those 
stakeholders excluded based on no agricultural activity within the past 5 years) as observed 
through the 2007 aerial mapping data. These lists were updated based upon August 2011 
available existing information. On the initial lists for 2007, Federal, State and tribal lands were 
included. Recently, it was determined that WRCAC would not likely collect on these agencies 
and they were returned to the RWQCBs responsibility and were subsequently removed from 
the mailing list. It should also be noted that there were considerable returned envelopes 
having never reached their destination address. With the survey being done in August of 2011 
and the mailing agricultural operator identification process utilizing 2007 data, it is 
understandable in the current economic climate that considerable change in ownership has 
occurred over a 4 year time period and undeliverable surveys were relatively high and 
expected. 

Survey Results: 
Mailed  Returned/Undeliverable Completed  

    Compliant   181   14 7.7%  51 28.2% 

    Exempt   135   11 10.4%  26  19.3% 

    TOTAL   316   25 7.9%  77 24.4%   

Identification of BMPs and land use practices in the San Jacinto watershed for agricultural 
operators is an important component for the future CWAD program and the implementation 
process for the TMDL. An agricultural operator BMP/ land use survey was distributed to 316 
stakeholders. The response rate was 24.4 percent on a 100 percent voluntary survey. More 
significantly of the 181 compliant stakeholders, those stakeholders actively farming, there was 
a 28.2 percent return or 51 completed surveys. 

Significant results were obtained in this survey. Perhaps one of the more important results 
was the percentage of leased land. Fifty-one (51 percent) of the agricultural surveys with 
active farm land indicated that the land being farmed was leased. Twenty-three and a half 
(23.5 percent) did not respond to this question. We expect that leased land in the watershed is 
realistically between the 60-75 percent range. This is significant for several reasons: 
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 Land owners are typically not as aware of the land practices on their land. Several land 
owners had to discuss the survey with the leases and in a high percentage documented 
that they were unaware of BMPs or land use practices on their property. 

 Developers are a significant portion of the leased land owners and many indicated that 
the land would be developed as the economic climate improves. 

 Education and responsibility of land use practices should be addressed in upcoming 
seminars and outreach venues. 

Land use type was generally distributed as expected. One-Third (36 percent) irrigated, 38 
percent non-irrigated, 6 percent citrus, 10 percent poultry, 6 percent horses/cattle/goats, and 4 
percent other. Please note that 6 percent of the land use was characterized as irrigated and 
non-irrigated and the parcel acreage was not broken done in the survey. The 6 percent was 
divided equally for the summary calculation. 

A total acreage of 15,198 acres was accounted for in the survey and although only 28 percent, 
the largest agricultural operators all participated in the survey and the remaining acreage we 
believe to be smaller parcels.  Of the 15,198 acres, grain crops accounted for 6,363 acres, 
citrus was 2,298 acres, potatoes 5,663 acres and the balance in other crops. 

Only 6 of 51 respondents used manure. Two of these users are large agricultural operators 
that accounted for an estimated 2,300 acres. One of these parcels is associated with a dairy 
and they use what they produce. There was one smaller dairy operator that also uses what 
they produce. Both have approved NMPs in place. 

Only 3.92 percent or two operators import manure. We have seen a constant and continued 
reduction of imported manure into the San Jacinto Watershed over the past 8 years.  

The use of chemical fertilizer was 47 percent. One would expect the use of fertilizer with 
irrigated crops and citrus. The type of fertilizer used was dependent upon crop type. 

Those agricultural operators utilizing recycled water made up 15.69 percent of the survey 
sample or eight respondents out of the 51 actively farming. The recycled water source is 
Eastern Municipal Water District (EMWD). 

Just under 30 percent of the active farming survey respondents rotate crops or 15 of the 51. 
Crop rotation was dependent upon the type of crop. 

Pesticides/Herbicide use was 31 of the 51 respondents or 60.78 percent. Brands and 
frequency varied. 

The majority of respondents did not file NOI’s or 71 percent. Eleven or 21.6 percent either had 
filed NOI’s or knew when to file an NOI. Again these were the larger irrigated crop users. 
Several indicated that they didn’t know what an NOI was? 

Of particular interest for our project, 68.62 percent said that they currently use BMPs. Thirty-
two (32 percent) either did not know if they used BMPs or didn’t respond to the question. This 
was a much higher percentage than we anticipated. We also noted that several people who 
said they did not use BMPs currently actually do. The understanding of what a BMP is should 
be addressed in future education and stakeholder outreach seminars.  Landowners who 
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leased had less knowledge of BMP practices than those who owned the land. BMPs 
implemented both increased and decreased costs almost equally. 

When asked if they would be receptive to new BMPs, 47 percent said yes while 14 percent 
said no. An additional 39 percent either had no response or didn’t know. 

BMPs listed as most frequently used in the San Jacinto watershed were: sprinklers/micro-
emitters, berms, wheel lines buffer zones, mulch and erosion control. 

The amount of money invested in BMPs varied from 0 to $100,000. The majority did not know 
costs or there was no response. 

When asked how much money they would invest in new BMPs 12 percent said none, 55 
percent did not respond, 27 percent didn’t know and only one respondent said yes. 

The information collected from this survey will provide the baseline land use agricultural parcel 
data that will be used to assist in the determination of pollutant trading BMPs from non-point 
sources to non-point sources in the watershed. The web-based BMP tool which was 
developed in 2012 will use this data to populate the database along with the most current 
aerial mapping data. 

D.2.1.2 Survey Conclusions: 

The agricultural survey provided good land use data for the San Jacinto Watershed with a 
24.4 percent rate of return in a 100 percent voluntary survey. The agricultural survey data 
accounted for 68.2 percent of the compliant acreage as compared to the 2007 compliant 
agricultural land use data.  Additional surveys have been received since evaluating the data 
and WRCAC expects the final participation percentage to be around 35 percent or an 
estimated one-third of the agricultural operators polled. Educational and stakeholder outreach 
will be important areas of emphasis for the AgNMP and CWAD as well. With a large 
percentage of leased land and owners not understanding what is occurring on their property, 
developing BMPs and striving for load reductions may be more challenging than expected. 
The owners will need to take a more active role on their property’s land use.  

There is also a need to educate agricultural operators on what BMPs are and how they benefit 
agricultural operators in load reductions. It appears that a large number of BMPs are 
implemented but not accounted for by the agricultural operators. 

Agricultural operators are not likely to spend any significant amount of money on new BMPs 
on their property in the current economic climate. Agricultural land use will likely diminish as 
the economy improves and urban development regains its momentum.  
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Table D-1 Agricultural Survey Form 
Name:  

Business name:  

Address:  

City/State/Zip:  

Phone:  

E-mail address:  

If we have questions, do you prefer to be reached by:   Phone   or    E-mail?  

Has your property been vacant of any agricultural activity over the past 5 years?  
 Yes  No  

Please list 
parcels:_______________________________________________________________ 

Do you lease this land for agricultural purposes?    Yes    No 

If yes, Name of lessee:  

 Lessee contact info:  

Land Use Type: (Please check all appropriate boxes) 

 Irrigated Agriculture Please list crops:  

 Non-Irrigated Agriculture Please list crops:  

 Turf 

 Citrus Please list type grown:  

 Nurseries Please list:  

 Poultry/ Horses Please list #’s:  

 Other Please identify:  
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Agriculture Acreage:  

Please list total acreage for each parcel used. If you have some irrigated and some 
non-irrigated please state by % how much of each. Use a separate sheet if necessary 
for multiple parcels. 

*Do not include dairy cows or any land associated with dairy operations. 

APN/Parcel # Acres Crops 

   

   

   

   

   

Farming Practices:  

Do you apply manure?   Yes  No – list parcels:  

Do you import manure?   Yes  No – list parcels:  

Do you apply a chemical fertilizer?   Yes  No    

 If yes, list parcels and type of fertilizer:  

 If yes, how often do you apply fertilizer?  

Do you use recycled water?  Yes  No  

Do you rotate crops?   Yes  No  

 If yes, how often do you rotate crops?  

Do you apply pesticides/herbicides?   Yes  No  

 If yes, list parcels and brands and frequency:  
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Do you file a Notice of Intent (NOI)?   Yes  No 

 If yes, please list parcels:  

Do you currently use Best Management Practices (BMPs) on your land?    
 Yes    No 

If yes, please answer the following questions. Examples include drip irrigation, 
mulching, buffer zones, etc. There are hundreds of possible BMPs. There is no 
incorrect answer. Any practice you use that reduces nutrient runoff from your land is an 
acceptable BMP. Please list them for each parcel where BMPs are used.(Use a 
separate sheet if necessary) 

Parcel # BMPs used 

  

  

  

  

Have these BMPs   increased or   reduced your costs? Please explain:  

 

 

If new BMPs were suggested that would reduce nutrient loss and save you money, 
would you be likely to implement new BMPs?    Yes    No 

How much have you invested on existing BMPs on your property? 
_____________________________ 

How much would you be willing to pay for new BMPs on your property? 
________________________  

Do you have any other comments?   
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In keeping with WRCAC’s holistic watershed-wide approach to this complex issue, The 
AgNMP begins with a greater level of determination of existing nutrient loading for agricultural 
lands as well as existing BMPs by individual operators. All agricultural should not be treated 
the same regarding levels of nutrient loading responsibility as is currently the case. We 
believe that a tiered-pay schedule based upon amount of nutrients on parcels is a better and 
fairer approach. Agricultural operators that currently invest and apply BMPs have no current 
means to be rewarded. The system we propose is based upon the level of environmental 
stewardship implemented and creating the process for agricultural participation in this 
process. 

The Five (5) key steps identified to assess and improve agricultural BMP implementation of 
the AgNMP in the San Jacinto watershed are: 

 Step 1: Determine Agricultural Nutrient Loading using various tools such as but not 
limited to agricultural surveys, Blue Water Satellite Technology, traditional monitoring, 
and aerial mapping.  

 Step 2: Develop and implement a tiered pay structure based upon amount of nutrients, 
BMPs implemented, proximity to waterbodies and other relevant factors. This process 
will be developed in 2014 and phased in over an extended period of time. 

 Step 3: Provide a database (WebNMP) for agricultural operators to input BMPs and data 
into a centralized database. This is being created as part of a 319 grant and is 
operational. Once a CWAD list of agricultural operators is identified, it is WRCAC’s 
intent to pilot test our process and weBMP tool on this group of stakeholders. 

 Step 4: Provide stakeholder outreach and education for both TMDL and CWAD 
requirements .Education and outreach should include BMP “measures for success.” 
Identification of those BMPs that have more merit in reducing nutrient loads than others. 
(*Perhaps tie into tiered process.) 

 Step 5: Develop a cafeteria-style tiered approach based upon nutrient load level tiers for 
BMP implementation. The specifics would need to be developed over the next few years 
and in close coordination with the CWAD program. 

 



Attachment D – Existing Nutrient Control Programs 

D‐9	

 

Buffer strip BMP at Scott Farms Photo courtesy of Nanette Scott 

The ultimate goal is to assess nutrient loading in the agricultural community in such a manner 
that BMP implementation is rewarded for those practicing good environmental stewardship. 
Those agricultural operators that have low nutrient loads will do low levels of BMP 
implementation. Likewise, those that use high levels of phosphorous will be expected to have 
a higher level of BMP commitment. Using a cafeteria-style tiered BMP selection process 
based upon nutrient loading imaging, ag operators can meet AgNMP requirements. WRCAC 
will dedicate significant time and energy in developing this process which allows individual 
agricultural operators to implement BMPs accordingly on their property. 

Management measures and guidance practices have been identified for BMP use in the San 
Jacinto Watershed. These are currently identified BMPs being utilized in the watershed, as 
well as those listed.  

WRCAC believes that Blue Water Satellite technology may be useful in the Agricultural BMP 
process. Blue Water Satellite, Inc. (BWSI) has developed methods to detect concentrations of 
Total Phosphorus in surface water using Satellite imagery and patented algorithms which 
results in a data screening tool which makes it possible to evaluate data over entire surface 
water bodies in a single snapshot of time. This image data is processed to look at 
combinations of spectral bands where the target has a unique signature based on absorption 
and/or reflectance. The imagery is then processed to map the concentrations of these targets 
throughout the waterbody. Additionally, soil applications for determining levels of phosphorous 
are also currently being evaluated. It is this soil technology WRCAC is interested in reviewing 
and utilizing if deemed appropriate in the San Jacinto watershed.  
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D.2.1.3 AgNMP Management Measures and Guidance Practices 

The Ag NMP Management Measures and Guidance Practices  has been developed to include 
EPA and SWRCB guidelines regarding Best Management Practices (BMPs) for agriculture, as 
well as incorporating many of the 1998 revisions to the NRCS Agronomy Manual. The 
SARWQCB is currently looking at a Conditional Waiver for Agricultural Discharges (CWAD) in 
the San Jacinto Watershed. Typically in the State of California only runoff discharges from 
irrigated lands are being regulated. However, in our watershed the CWAD program being 
developed will likely include irrigated lands as well as other livestock operations and AFOs, 
such as poultry and horse ranches.  Dairy is under a CAFO permit and is treated separately, 
although this plan will certainly address manure issues as part of the agricultural operator 
component. 

Individual operators cannot be held accountable for implementing the same types of BMPs 
with varying types of crops and loads, identification of nutrient loading will be addressed by 
WRCAC on a watershed scale while implementation of BMPs will be proposed and 
implemented on an individualized basis.  

The specifics of the program in this document have been laid out as Management Measures 
and Guidance Practices with regards to BMPs.  Each Management Measure covers a central 
topic or focus, followed by Guidance Practices that present many of the specific actions a 
grower might employ to meet the stated focus.  It should be understood that the Guidance 
Practices presented are not the only methods which will reduce nutrients in surface runoff.  
Reduction of runoff is a very complex interaction of practices, many of which may not be 
covered in this AgNMP document. WRCAC would encourage the use of any reasonable 
/acceptable BMP and would encourage use of new proven technologies.  

The Guidance Practices have been designed so that there is reasonable assurance they can 
be voluntarily implemented and maintained by the grower.  It should be noted that preliminary 
surveys of agricultural operations within the San Jacinto watershed have indicated that many 
growers already voluntarily incorporate many of the Guidance Practices into their normal crop 
production methods. WRCAC will continue to encourage and develop outreach to 
stakeholders in various ways. 

D.2.2 San Jacinto Watershed Agricultural BMPs 
D.2.2.1 Management Practices to Reduce Nutrient Loads from Agricultural Operations  
 in the San Jacinto Watershed 

Section D. 2.2.1 “Management Practices to Reduce Nutrient Loads from Agricultural 
Operations in the San Jacinto Watershed” is a comprehensive look at acceptable guidance 
practices and BMPs for the San Jacinto watershed. This information is conveyed nearly in its 
entirety for this section of the AgNMP.  TetraTech, Inc. was the consultant to WRCAC on a 
Voluntary Implementation of the Nutrient TMDL in the San Jacinto Watershed grant which was 
granted through the SWRCB. We wish to acknowledge and thank Jennifer Ferrando and Tetra 
Tech staff involved on this project. 
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D.2.2.1.1 Executive Summary 

Approved nutrient Total Maximum Daily Loads, (TMDLs), for Lake Elsinore and Canyon Lake, 
calls for significant reductions in nitrogen, and phosphorus loads, from agricultural land in the 
San Jacinto watershed. Although current land use and agricultural operation data for the 
watershed are imprecise, wet weather runoff from cropland is believed to contribute a 
significant portion of the total nutrient load from the watershed. Numerous management 
practices (often called “best management practices”, or BMPs) are available to help reduce 
nutrient loads from agricultural land in the watershed. BMPs typically act on one or more of 
four control principles: 

 Minimizing pollutant availability (source reduction) 

 Preventing pollutant detachment by water or wind  

 Reducing the transport of pollutants either by reducing the amount of water transported, 
and thus the amount of the pollutant transported, or by increasing deposition of the 
pollutant 

 Preventing delivery of pollutants to receiving waters 

Numerous candidate practices related to reducing agricultural nutrient loads in the San 
Jacinto watershed are identified. A comprehensive catalog of practices appropriate for the 
watershed is contained in the U.S. Department of Agriculture (USDA) Natural Resources 
Conservation Service (NRCS) Field Office Technical Guide (FOTG) for Riverside County, 
California, available on the Internet1. BMPs applicable to specific crop types produced in the 
San Jacinto watershed (e.g., citrus, potatoes, grapes, and orchard crops) are included in this 
report as well. 

At present it is impossible to recommend a single set of specific BMPs for all agricultural land 
in the San Jacinto watershed. The variety of agricultural activities, the need for site-specific 
planning and management, and uncertainty about the distribution of crops grown in the 
watershed preclude a one-size-fits-all prescription. Rather, we recommend general 
management principles that agricultural enterprises in the San Jacinto watershed should 
apply. Within each area, a grower can implement specific BMPs to meet these principles, 
tailored to the specific crop(s) and operation involved. 

Nutrient Management  

Crop nutrients should be supplied in quantities that reflect the amounts needed to produce a 
reasonable crop yield; the amounts already present in the soil; and the amounts contributed 
by all nutrient sources, including commercial fertilizers, animal manure, irrigation water, and 
other sources. Nutrients should be applied using rates, timing, and methods designed to 
minimize losses to surface water and ground water. Effective nutrient management reduces 
the amounts of nutrients available on agricultural land to be washed into surface or ground 

                                                           

1 Go to http://efotg.nrcs.usda.gov/.  On the map on the right side of the page under Access eFOTG, click on California. On the 
map in the popup window, click on Southern California, then on Riverside County. 
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water, while providing for adequate crop growth. The specific elements of nutrient 
management vary by crop type, but they typically include these activities: 

Nutrient and soil assessment 

 Field maps 

 Soil hazards and limitations, e.g., slopes, erosion potential 

 Soil sampling and analysis 

 Analysis of irrigation water for nutrient contribution 

 Analysis of animal manure and other organic additions  

Application of nutrients to croplands 

 Application of amendments and organic materials to provide nutrients and improve soil 
quality 

 Methods of fertilizer delivery and placement to reduce the potential for surface runoff, 
dust, ground water leaching, and volatilization of materials. 

 Selection of materials considering all formulations of plant-available nutrients relative to 
the growth stage requirements of the plant. 

 Calibration of equipment to deliver a known amount of material uniformly 

 Storage and handling of materials away from surface waters and in an area where spills 
can be cleaned up easily. 

Timing of nutrient applications to coincide as closely as possible with the crop growth stage 
requirements and short-term weather conditions. 

Record keeping providing information used to evaluate management effectiveness and help 
refine ongoing nutrient management. 

Irrigation Water Management  

The amount of irrigation water applied should be managed to minimize surface runoff and 
unwanted ground water leaching beyond the root zone, while satisfying the moisture 
requirements of the crop. When making irrigation decisions, producers should consider 
environmental interactions and soil hazards relative to erosion potential and infiltration rates. 
Irrigation applications should be designed to maximize uniformity and efficiency in the delivery 
of water. Soil moisture should be assessed before all irrigations. Effective irrigation water 
management avoids providing excess water to move nutrients from cropland to surface and 
ground water, while satisfying the moisture requirements of the crops. The specific elements 
and techniques of irrigation water management vary by crop and irrigation system type, but 
they typically include these activities: 

 Crop water needs and soil moisture assessment, considering the period between 
irrigation applications, weather conditions, and the amount necessary to replace the 
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amount depleted between irrigations, plus the amount necessary to satisfy the leaching 
requirement for the crop 

 Irrigation system design to efficiently apply irrigation water in the amounts and locations 
needed 

 Tracking irrigation applications to aid in refining irrigation application timing and rates, in 
reconciling usage, and in calculating irrigation efficiency 

 Tail water management to capture and treat excess water to prevent off-site discharge 
of nutrients and sediments, especially from furrow irrigation 

Erosion Control  

Tillage, planting, cultivation, and crop harvest should be conducted to minimize soil erosion by 
wind and water. Effective erosion control minimizes off-site movement of soil particles and 
associated nutrients to surface waters and helps to preserve soil productivity. Specific 
practices vary by crop type and field conditions, but erosion control practices usually address 
the following: 

Detachment of soil particles by wind or water 

 Residue and tillage management 

 Cover crops 

 Wind barriers 

Movement of soil particles by wind or water 

 Diversions and waterways 

 Contour planting 

 Terraces and water/sediment control basins 

 Windbreaks and shelterbelts 

Delivery of soil particles to waterways 

 Sediment basins 

 Filter strips 

 Riparian buffers 

Crop-specific Practices  

Specific crops might require specific practices adapted to their production and management to 
accomplish nutrient management, irrigation management, and erosion control. Individual 
practices to suit the needs of specific crops produced in the San Jacinto watershed are 
described in this report. Growers should consult with their producer organizations, NRCS, and 
other resources to identify specific practices appropriate to their crops and operations.  
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One way to channel the collection of necessary agricultural information in the San Jacinto 
watershed is through the use of models or screening tools at the farm level. Systematic 
examination of representative or model farms to identify areas of risk for nutrient runoff losses 
would guide the selection and targeting of BMPs and support estimates of potential watershed 
nutrient load reductions. The information required by available screening tools varies, but it 
typically includes the following: 

Soil test phosphorus results 
Soil erosion estimates 
Nutrient application rates 
Irrigation management 
Yield goals 
Nutrient credits, e.g., from legumes or 
irrigation water 

Site characteristics, e.g., soils, 
topography, drainage  
Manure characteristics and applications 
Calibration of application equipment 
Record keeping 

D.2.2.1.2 The Nature of Agricultural Management Practices 
The management practices described in this document control the delivery of nonpoint source 
pollutants to receiving water resources by 

 Minimizing pollutant availability (source reduction) 

 Preventing pollutant detachment by water or wind  

 Reducing the transport of pollutants either by reducing water transported, and thus the 
amount of the pollutant transported, or by causing deposition of the pollutant 

 Preventing delivery of pollutants to receiving waters  

The extent to which an individual management practice addresses the four methods of 
controlling the delivery of nonpoint source pollutants varies. For example, nutrient 
management addresses primarily source reduction, whereas conservation tillage can reduce 
both pollutant detachment and transport. 

Management practices are usually designed to control a particular pollutant type from specific 
land uses. For example, conservation tillage is used to control erosion from irrigated or 
nonirrigated cropland. It is important to consider, however, that management practices might 
also provide secondary benefits by controlling other pollutants, depending on how the 
pollutants are generated or transported. For example, practices that reduce erosion and 
sediment delivery often reduce phosphorus losses because phosphorus is strongly adsorbed 
to silt and clay particles. Thus, conservation tillage not only reduces erosion but also can 
reduce transport of particulate phosphorus.  

It is very important to recognize that some management practices might provide 
environmental benefits beyond those linked to water quality. For example, riparian buffers that 
reduce phosphorus and sediment delivery to waterbodies also provide habitat for many 
species of birds and plants. Reduced tillage decreases particulate phosphorus losses in 
surface runoff and can also reduce particulate matter in the air.  
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Sometimes, however, a practice used to control one pollutant can increase the generation, 
transport, or delivery of another pollutant. Conservation tillage, because it creates increased 
soil porosity, can increase nitrate leaching through the soil, particularly when the amount and 
timing of nitrogen application are not part of the management plan. Open composting can 
cause violations of air quality standards if ammonia-nitrogen is volatilized. Practices that 
detain surface runoff, such as grassed terraces and sediment basins, promote infiltration and 
might thereby increase pollutant delivery to ground water. It is important to carefully select 
management practices that meet nutrient load reduction goals while at the same time 
contributing to the solution of–or at the very least not exacerbating–salinity, air quality, and 
other problems in the watershed.  

Management Practice Systems  
Water quality problems cannot usually be solved with one management practice alone 
because single practices do not typically provide the full range and extent of control needed at 
a site. Multiple practices are combined to build management practice systems that address 
the treatment needs associated with pollutant generation and delivery from one or more 
sources. Management practice systems are typically more effective than individual practices 
in controlling a pollutant because they can be used at two or more points in the pollutant 
delivery process.  

For example, in the San Jacinto watershed it is necessary to reduce nitrogen and phosphorus 
loads. A system of management practices can be designed to reduce nitrogen and 
phosphorus availability, soil detachment (for the particulate portion), runoff, and delivery to 
receiving waterbodies. Such a system could include nutrient management to reduce 
availability, conservation tillage to reduce soil detachment and runoff, irrigation management 
to reduce transport, and grassed buffers to capture remaining nutrients before they can be 
delivered to receiving waters. Nutrient management can minimize the availability of nitrogen 
and phosphorus for transport from cropland in surface runoff or infiltration by matching the 
fertilizer application rate with crop needs (based on soil testing, analysis of nutrient sources, 
and realistic yield expectations). Proper timing of nutrient application can also reduce nutrient 
availability by minimizing the period during which applied nitrogen and phosphorus are 
available but not being used by a growing crop. Filter strips can be used to decrease nitrogen 
delivery by increasing infiltration and by taking up available nitrogen. Nitrogen not controlled 
by nutrient management, conservation tillage, and filter strips can be intercepted and 
remediated through denitrification in riparian buffers.  

Site-Specific Design of Management Practice Systems  
There is no single, ideal management practice system for controlling a particular pollutant in 
all situations. Rather, the system should be designed on the basis of the type of pollutant; the 
source(s) of the pollutant; the cause of the pollution at the source; the agricultural, climatic, 
and environmental conditions; the pollution reduction goals; the economic situation of the farm 
operator; the experience of the system designers; and the willingness and ability of the 
producer to implement and maintain the practices. The relative importance of these and other 
factors will vary depending on other considerations; such as whether the implementation is 
voluntary (e.g., government cost-sharing program) or mandatory (e.g., discharge permits). All 
of these factors are considered through rigorous planning processes like those used by the 
NRCS. The central purpose of conservation planning by NRCS is to develop a Resource 
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Management System, which is a combination of conservation practices and resource 
management activities for the treatment of all identified resource concerns for soil, water, air, 
plants, animals, and humans that meets or exceeds the quality criteria in the FOTG for 
resource sustainability (USDA, 2007). 

Why Practices Must Fit Together for Systems to Perform Effectively  
Each practice in a management practice system must be selected, designed, implemented, 
and maintained in accordance with certain standards and with site-specific considerations to 
ensure that the practices function together to achieve the overall management goals. If, for 
example, nutrient management, conservation tillage, filter strips, and buffers are used to 
address a nitrogen problem, planting and nutrient applications need to be conducted in a 
manner consistent with conservation tillage goals and practices (e.g., injecting fertilizer rather 
than broadcasting and incorporating it). In addition, runoff from the fields must be conveyed 
evenly to the filter strips, which in turn must be capable of delivering the runoff to buffers in 
accordance with design standards and specifications. When liquid animal waste is applied 
with irrigation water to provide for both crop nutrient and water needs, it is important to adjust 
management to simultaneously meet but not exceed the requirements for both resources––a 
complex task in many cases. 

Other Forces Influencing Practice Selection  
Because selection of practices for an individual farm operation can have ramifications that go 
well beyond a single purpose, it is necessary to consider all factors and forces that contribute 
to the choices farm operators make as they determine how best to achieve their business 
goals within the context of satisfying broader environmental and social obligations. Within the 
narrow focus of achieving nutrient load reductions to satisfy TMDL requirements, it is logical to 
recommend nutrient management, animal waste management, erosion and sediment control, 
irrigation water management, and riparian buffers as the key set of management practices. 
However, the specific mix of practices and the application of each practice to an individual 
farm also depend on the current practices implemented on the farm, current met or unmet 
obligations regarding other environmental objectives (e.g., air quality, ground water salinity, 
endangered species protection), the feasibility of implementing practices on the farm given 
crop selection and other farm attributes, the willingness of the owner/operator to implement 
and maintain the practices, product marketing, and the cost of the practices. In the San 
Jacinto watershed other environmental considerations and legal requirements must be 
addressed when considering the best set of practices to meet surface water quality objectives, 
including air quality, ground water quality, water supply, and salinity issues. Table D-2 
summarizes the major air quality and water quality requirements and expectations of 
agricultural operations that are separate from, but possibly complementary to, or in conflict 
with the TMDL nutrient load reduction requirements.  

The collective impact of these requirements on the correct mix of practices needed to address 
the nitrogen and phosphorus load reductions required of any individual agricultural operation 
depends on the extent to which the requirements apply to the operation and the response by 
the operation.  
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Table D-2 Summary of non-TMDL practice requirements for agricultural 
operations 

Rule or 
Initiative 

Target 
Pollutants 

Exemptions Activities Covered
Performance Expectations 

and BMPs 

Rule 223: 
Emission 
Reduction 
Permits for 
Large Confined 
Animal 
Facilities 
(LCAFs) 1 (Air) 

All air 
pollutants that 
contribute to 
non-
attainment of 
any ambient 
air quality 
standard and 
are within the 
District’s 
regulatory 
authority 

Does not apply to 
agricultural vegetative 
crop operations. 

Any confined animal 
facility that maintains on 
any one day: 
 1,000 or more milk-

producing dairy cows; 
or 

 3,500 or more beef 
cattle; or 

 7,500 or more calves, 
heifers, or other 
cattle; or 

 100,000 or more 
turkeys; or 

 650,000 or more 
chickens other than 
laying hens; or 

 650,000 or more 
laying hens; or 

 3,000 or more swine; 
or 

 15,000 or more 
sheep, lambs, or 
goats; or 

 2,500 or more 
horses; or  

 650,000 or more 
ducks; or 

 30,000 or more 
rabbits or other 
animals. 

 Submit a permit application that 
includes all equipment, all sources of 
air pollution, total animal capacity of 
the facility, and an emissions 
mitigation plan that demonstrates that 
the facility will use best available 
retrofit control technology (BARCT) to 
reduce emissions of covered 
pollutants. 

 Implement a specified number of 
mitigation measures for various 
categories of operation (feed and 
silage, milk parlor, freestall barns, 
corrals, handling of solid manure or 
separated solids, handling of liquid 
manure, land application of manure, 
poultry house) as provided in the rule. 
Measures for only dairy and poultry 
are specified. 

Rule 403: 
Fugitive Dust2 

(Air) 

Airborne 
particulate 
matter 

 Dairies 
 Agricultural 

vegetative crop 
operations that 
voluntarily implement 
practices in Rule 403 
Agricultural 
Handbook and 
perform self-
monitoring 

 Agricultural 
vegetative crop 
operations larger than 
10 acres 

 Non-dairy CAFOs 
(3,360 or more fowl 
or 50 or more 
animals) with 
disturbed surface 
area larger than 1 
acre 

 May not emit fugitive dust that 
remains visible beyond property line 
(exception for winds exceeding 25 
mph if specific measures are taken) 

 May not increase PM10 by 50 
micrograms per cubic meter 
o exception for winds exceeding 25 

mph if specific measures are taken
o exception if additional specific 

measures are taken and records 
kept 

 Track-out from vehicles and 
equipment to paved road must be 
removed. 

 Non-dairy CAFOs must also 
implement practices for manure 
handling (poultry only), feedstock 
handling, disturbed surfaces, 
unpaved roads, and equipment 
parking areas. 
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Table D-2 Summary of non-TMDL practice requirements for agricultural operations 
(continued) 

Rule or 
Initiative 

Target 
Pollutants 

Exemptions Activities Covered
Performance Expectations 
and BMPs 

Rule 1127: 
Emission 
Reductions 
from Livestock 
Waste3 (Air) 

NH3, VOC, 
PM10 

 Manure spread on 
non-dairy farms 

 If moisture content of 
manure is maintained 
above 50% and tested 
at least weekly, 
required corral 
clearings are reduced 
by one. 

 Removal of all feed 
lane manure to a 
digester 6 days per 
week eliminates other 
manure clearing and 
stockpile removal 
requirements 

 Dairies and related 
operations with 50 or 
more head, and the 
manure produced. 

 Manure procession 
operations 
(composting, 
anaerobic digesters) 

 Practices associated with timing and 
method for manure removal, excess 
water in corrals, feed lane paving, and 
stockpile removal. Manure removed 
from dairy and handled within the 
District goes only to an approved 
manure processing operation and 
agricultural land within the District that 
is approved for manure spreading. 

 Manure may be processed only by a 
permitted anaerobic digester, a 
registered composting operation, or a 
registered alternative manure 
composting operation. 

Rule 1133: 
Composting 
Emissions 
Database4 (Air) 

N/A Agricultural composting 
conducted using 
feedstock generated on-
site 

All new and existing 
composting operations 

Registration and annual updates 
reporting the type and amount of 
materials received, amount of products 
produced, facility design throughput 
(tons/year) and actual throughput, 
feedstock description, process 
description, published tipping fee 
schedule, and number of air quality- and 
odor-related enforcement actions issued 
in writing against the facility. 

Rule 1133.2: 
Emission 
Reductions 
from Co-
Composting 
Operations5 

(Air) 

NH3, VOC  Agricultural 
composting conducted 
using feedstock 
generated on-site 

 Approved alternative 
manure composting 
operations in 
compliance with Rule 
1127 

 Smaller co-composting 
operations 

 Smaller municipal co-
composting operations 
achieving 80% 
removal of NH3 and 
VOC 

Co-composting 
operations (biosolids 
and/or manure mixed 
with bulking agents) 

 Enclosed vessels required. 
 Inward airflow required. 
 No measurable increase in either NH3 

or VOC outside enclosure. 
 Exhaust vented through emissions 

control system that removes at least 
80% NH3 and VOC. 

 New facilities may submit alternative 
technology that achieves at least 80% 
reductions in NH3 and VOC. 

 Existing facilities may submit 
alternative technology that achieves at 
least 70% reductions in NH3 and VOC.
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Table D-2 Summary of non-TMDL practice requirements for agricultural operations 
(continued) 

Rule or 
Initiative 

Target 
Pollutants 

Exemptions Activities Covered
Performance Expectations 
and BMPs 

Santa Ana 
Basin Plan6 
(Water)  

Nitrate(NO3) 
and high 
salinity, 
indicated by 
total 
dissolved 
solids (TDS) 

Irrigation water is not 
directly regulated. 

Amended in 2004 to 
incorporate an updated 
TDS and Nitrogen 
Management Plan 

The plan seems to call for no 
management actions by agriculture. 
Agriculture is seen as an important 
source of water (water rights) to the 
basin. . Although historical agricultural 
activity has caused much of the salinity 
problem in the watershed, the Basin 
Plan tends to work around agriculture, 
with desalters and other practices and 
strategies carrying the bulk of the load 
in reducing salinity. Preservation of 
agriculture is important to maintaining 
water inflow to the watershed, so the 
plan has no requirements for 
agricultural operations. 

Nonpoint 
Source 
Program 
Strategy and 
Implementa-
tion Plan 
(PROSIP) 
(SWRCB and 
CCC, 2000) 
(Water) 

All pollutants. 
BMPs 
directed to 
erosion, 
animal 
operations, 
nutrient & 
pesticide 
management, 
irrigation, and 
grazing 

Primary emphasis is 
voluntary 
implementation through 
education, technical, 
and financial 
assistance. Backup 
enforcement authorities 
vary in coverage and 
include Porter-Cologne 
Water Quality Control 
Act, Fish and Game 
Code, Food and 
Agriculture Code, 
Health and Safety 
Code, California Water 
Code, California Code 
of Regulations, and 
FIFRA (CCC, 2000) 

All agricultural activities 
associated with 
nonpoint source 
pollution 

See discussion under “Candidate 
Practices for Reducing Nutrient Loads 
in San Jacinto Watershed.” 

Ordinance No. 
427.3, an 
Ordinance of 
the County of 
Riverside 
Amending 
Ordinance No. 
427 Regulating 
the Land 
Application of 
Manure7 

Animal waste, 
nutrients, 
pathogens, 
organic 
matter 

Sites meeting certain 
specifications are 
exempt from general 
prohibition of disposal, 
land application, or 
storage of manure 
within the 
unincorporated portions 
of a designated area 
within the county. 

Transport, disposal, 
land application, and 
storage of manure 
within unincorporated 
portions of the county 

Exemption from prohibitions requires: 
 CAFOs, tree/vine farming, operating 

farms registered with Agriculture 
Commissioner 

 Minimum of 5 ac tillable soil 
 Quality manure at rate approved by 

Commissioner 
 Time frame for planting after 

application approved by 
Commissioner 

Standards for manure use at approved 
sites: 
 Manure not applied within 100 ft of 

any well 
 Manure spread evenly at approved 

rate 
 Manure incorporated promptly by 

discing or appropriate tillage 
 Manure not applied in windy or wet 

conditions 
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Table D-2 Summary of non-TMDL practice requirements for agricultural operations 
(continued) 

Rule or 
Initiative 

Target 
Pollutants 

Exemptions Activities Covered
Performance Expectations 
and BMPs 

Ordinance No. 
484.2, an 
Ordinance of 
the County of 
Riverside 
Amending 
Ordinance No. 
484 for the 
Control of 
Blowing Sand8 

Sand, 
airborne 
particulate 
matter 

Applies only to 
designated Agricultural 
Dust Control Areas, 
defined as those areas 
subject to seasonal 
winds and having soil 
conditions as to require 
special measures to 
minimize soil erosion 
from wind  

Disturbance of land 
surface by excavating, 
leveling, cultivating, 
plowing, removing 
natural or planted 
vegetation, or by 
depositing or spreading 
a substantial quantity of 
similar soil, or any other 
act likely to cause or 
contribute to wind 
erosion of said land 

“No person owning, leasing, or 
controlling land in an Agricultural Dust 
Control Area shall disturb the surface or 
subsurface of any portion or portions 
thereof containing 3 acres or more, by 
excavating, leveling, plowing, 
cultivating, or discing or by removing 
crops or residues… without first having 
obtained a valid permit therefore or 
without complying with the terms or 
conditions of such permit.” 

1South Coast Air Quality Management District, http://www.aqmd.gov/rules/reg/reg02/r223.pdf (Diamond Bar, CA, 2006), retrieved October 
2007. 
2South Coast Air Quality Management District, http://www.aqmd.gov/rules/reg/reg04/r403.pdf (Diamond Bar, CA, 2005), retrieved October 
2007. 
3South Coast Air Quality Management District, http://www.aqmd.gov/rules/reg/reg11/r1127.pdf (Diamond Bar, CA, 2004), retrieved October 
2007. 
4South Coast Air Quality Management District, http://www.aqmd.gov/rules/reg/reg11/r1133.pdf (Diamond Bar, CA, 2003), retrieved October 
2007. 
5 South Coast Air Quality Management District, http://www.aqmd.gov/rules/reg/reg11/r1133-2.pdf (Diamond Bar, CA, 2003) retrieved October 
2007. 
6Santa Ana Regional Water Quality Control Board, Water Quality Control Plan – Santa Ana River Basin (8), 
http://www.swrcb.ca.gov/rwqcb8/html/basin_plan.html (Riverside, CA, 1995), retrieved October 2007. 
7Clerk of the Board, Riverside County, http://www.clerkoftheboard.co.riverside.ca.us/ords/400/427.3.pdf (Riverside County, 2000), retrieved 
November 2007. 
8Clerk of the Board, Riverside County, http://www.clerkoftheboard.co.riverside.ca.us/ords/400/484.2.pdf (Riverside County, 2000), retrieved 
November 2007. 
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Air Quality. Specifically, the types of practices that could be implemented on agricultural crop 
production operations in response to the air quality requirements in Table 3 include the 
following: 

Active Operations: Cessation of tillage when winds exceed 25 mph and one of the following: 

 Soil moisture monitoring for dust control 

 Irrigation or bedding of fields as soon as possible after land leveling 

 Conservation tillage 

 Mulching: uniformly distributing plant residue, manure, or other material on soil surface 
before disturbing soil 

 Avoidance of land disturbance in designated Agricultural Dust Control Areas 

Inactive Operations––Three of the following: 

 Compliance with local jurisdiction ordinance regarding windblown dust 

 Cover crop with at least 60 percent ground cover 

 Crop residue management with at least 60 percent ground cover 

 Surface roughening 

 Conservation tillage 

 Cross-wind strip cropping 

 Field windbreaks 

 Ridge roughness 

 Wind barriers 

Farm Yard Area––One of the following: 

 Vegetation 

 Dust suppressants 

 Surface area modification (material less susceptible to wind blowing) 

 Disturbed surface area reduction 

Track-Out––One of the following: 

 Track-out area improvements (e.g., paving or chemical stabilization) 

 Track-out prevention 
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 End of row equipment turnaround areas (keep tractors off roads) 

Unpaved Roads––One of the following: 

 Speed control to 15 mph 

 Access restriction 

 Unpaved road treatments (e.g., mulch, water, chemical dust suppressants) 

 Surface modification (e.g., cover with asphalt, concrete, or gravel) 

Storage Pile––One of the following: 

 Wind sheltering (3-sided barrier) 

 Watering to prevent dust 

 Chemical stabilization 

 Covering with tarps or other temporary cover 

It is notable that nutrient management is not addressed by any of the air quality 
requirements. The management of animal waste hauled to and applied on crop operations is 
not addressed by the air quality requirements in Table 3, nor are riparian buffers or field 
buffers required. Irrigation water management is addressed but only for the purpose of dust 
control. Erosion and sediment control, however, is addressed, albeit piecemeal, by virtue of 
including conservation tillage, windbreaks, cover crops, strip cropping, and the like. 

The practices required by existing air quality authorities form a potentially solid baseline to 
address the detachment, transport, and delivery of particulate nutrients because of the 
emphasis on erosion and sediment control, but the quality of this baseline depends heavily on 
the practice choices made by the crop producers. For example, a combination of conservation 
tillage, cover crops, and cross-wind strip cropping could yield nutrient loads very different from 
those achieved through a combination of field windbreaks, wind barriers, and ridge roughness, 
particularly if the cover crops scavenged nutrients. While not affecting crop production 
operations directly, the provisions for handling and disposing of manure from dairy operations 
could be helpful within the broad context of watershed-based nutrient management because 
they help create an infrastructure for routing and managing the nutrient content of manure 
even though that is not the current focus of those requirements. 

Water Quality. In California’s 2000 Nonpoint Source Program Strategy and Implementation 
Plan (PROSIP) (SWRCB and CCC, 2000), the State Water Resources Control Board and 
California Coastal Commission, along with other state agencies, identified seven management 
measures to address agricultural nonpoint sources of pollution that affect state waters. The 
state committed to implementing these and other management measures for other nonpoint 
sources by 2013 through the nine RWQCBs and the CCC. The agricultural management 
measures include practices and plans installed under various nonpoint source programs in 
California, including systems of practices commonly used and recommended by USDA as 
components of Resource Management Systems, Water Quality Management Plans, and 
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Agricultural Waste Management Systems. The management measures contain performance 
expectations that can generally be achieved with a range of practices, providing an important 
context within which to consider specific agricultural BMPs to be implemented in the San 
Jacinto watershed. Although implementation of BMPs under PROSIP is expected to occur 
primarily in a voluntary fashion supported by educational outreach, technical assistance, and 
financial assistance and incentives, backup authorities are identified for use in cases where 
voluntary implementation has not occurred by 2013 or as needed to address priority water 
quality problems (CCC, 2000). The agricultural management measures are described in detail 
below under “Candidate Practices for Reducing Nutrient Loads in San Jacinto Watershed.” 

Nutrient management is promoted in a variety of ways in the San Jacinto watershed. For 
example, the San Jacinto Basin Resource Conservation District identifies nutrient 
management as one of its areas of program interest and includes in its long-range plan efforts 
to encourage nutrient management in support of water quality projects (SJBRCD, 2002). The 
NRCS is supporting with Environmental Quality Incentives Program (EQIP) funds a statewide 
animal water quality initiative that focuses on nutrient management at animal feedlot 
operations (USDA-NRCS, 2007). General EQIP funds are also used to support nutrient 
management for tree and vine crops. 

Ground Water Protection Areas. The California Department of Pesticide Regulation (DPR) 
has identified sensitive areas to prevent contamination in the first place and to avoid further 
contamination of areas already contaminated. The DPR found that specific combinations of 
soil types and depth to ground water are common to areas where pesticides have been found 
in ground water because of routine agricultural uses. DPR then designated all sections of 
lands in California with similar features as Ground Water Protection Areas, or GWPAs––
geographically defined areas that are vulnerable to pesticide contamination by leaching or 
runoff. GWPAs include all existing Pesticide Management Zones, plus other areas based on 
specified soil types and a depth to ground water of 70 feet or less. Users of pesticides 
regulated under section 6800(a) of the California Code of Regulations are regulated in 
GWPAs. 

Leaching GWPAs are defined as sections of land where pesticide residues move downward 
from the application site on the soil surface through the soil matrix with percolating water to 
ground water. Leaching GWPAs are in areas with coarse-textured soils that have rapid 
infiltration rates. Pesticides containing active ingredients that are regulated to protect ground 
water may be applied by a permitted applicator if any one of the following mitigation measures 
is met: 

No Irrigation. No irrigation water is applied for 6 months. 

No Contact with Irrigation Water. Pesticides are applied to the planting bed or the berm so 
there is no contact with the irrigation water that percolates to ground water. 

Irrigation Management. The irrigations are managed so that for each irrigation applied for 6 
months after the pesticide is applied, the amount of water applied divided by the net irrigation 
requirement is 1.33 or less. 
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Other management practices approved by DPR that may be more suitable to specific cultural 
practices or farming techniques are used.  

Runoff GWPAs are defined as sections of land where pesticide residues are carried in runoff 
water from application sites to more direct routes of ground water recharge, such as dry or 
drainage wells, poorly sealed production wells, or ditches or retention areas excavated below 
confining soil layers, or to areas where leaching can occur. Soils in runoff GWPAs have low 
infiltration rates caused by a hardpan layer or fine-textured soils. Pesticides containing active 
ingredients that are regulated to protect ground water may be applied by a permitted property 
operator when any one of the following mitigation measures is chosen: 

Band Treatment. The pesticide is applied as a band treatment, not to exceed 33 percent of 
the distance between the rows, except in citrus, where the band may extend out to the drip 
line of the tree. 

Soil Disturbance. The soil is disturbed within 7 days before the pesticide is applied. 

Incorporating the Pesticide. The pesticide is incorporated on at least 90 percent of the area 
treated within 48 hours after the pesticide is applied, by mechanical means or sprinkler or by 
low-flow irrigation (1/4 to 1 inch), including chemigation if allowed by the label. 

Timing of Application. The pesticide is applied between April 1 and July 31. 

Control of Runoff Within a Field. All runoff (from irrigation or precipitation) is retained on-site 
for 6 months after application, provided the holding area has a percolation rate of less than 0.2 
inch per hour. The holding area may have a percolation rate of 0.2 inch per hour or greater if 
the runoff water is completely recirculated every 24 hours. 

Control of Runoff Outside a Field. All runoff (from irrigation or precipitation) is stored off-site 
for 6 months after application, provided the holding area has a percolation rate of less that 0.2 
inch per hour. 

Control of Runoff Outside a Field. For 6 months following application, runoff is managed so 
that it runs off onto an adjacent fallow field at least 300 feet long that is not irrigated for 6 
months after application, with full consideration of any plant back restrictions.  

Control of Runoff from Canal Banks and Rights-of-Way. For 6 months following 
application, runoff water from the tops and outer sides of canal banks and from rights-of-way 
moves off-site as overland flow onto adjacent land, at least equal in area to the treated area, 
where it infiltrates into the soil with no chance of flow into structures such as dry wells, ditches, 
or excavated retention areas with percolation rates greater than 0.2 inch per hour. 

Other management practices approved by DPR that may be more suitable to specific cultural 
practices or farming techniques are used. 

Information on GWPAs in the San Jacinto watershed is available at 
http://www.cdpr.ca.gov/docs/emon/grndwtr/gwpa_maps/c33gwpa_final.pdf or from the 
Riverside County Agricultural Commissioner’s Office, 
http://www.rivcoag.org/opencms/index.html. 
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D.2.2.1.3 Candidate Practices for Reducing Nutrient Loads in San Jacinto 

Watershed 

Numerous practices are available to help reduce nutrient loads from agricultural land in the 
San Jacinto watershed. As noted earlier, the State Water Resources Control Board and 
California Coastal Commission, along with other state agencies, have identified seven 
management measures to address agricultural nonpoint source pollution that affects state 
waters. Candidate practices to implement management measures related to nutrient loads are 
identified in this section. To the extent possible, the candidate practices were selected from 
those practices deemed appropriate for the San Jacinto watershed. For example, a primary 
source was the NRCS, which publishes standards and specifications for practices in its 
FOTG. The version of the NRCS FOTG adapted for Riverside County is available on the 
Internet at http://efotg.nrcs.usda.gov/. An additional source of information on management 
practices to control nonpoint source pollution is the U.S. Environmental Protection Agency’s 
National Management Measures to Control Nonpoint Source Pollution from Agriculture 
(USEPA, 2003). This EPA guidance document contains detailed information on management 
measures to address nonpoint source water quality issues associated with nutrient 
management, erosion, pest management, animal feeding operations, grazing, and irrigated 
cropland, as well as information on the effectiveness and costs of such measures. The 
document can be accessed at http://www.epa.gov/owow/nps/agmm/index.html.  

The NRCS practices listed are broadly applicable to many types of agricultural activities. 
However, because of the distinctive practices used to grow some crops, more specific BMPs 
might be required. For some specific crop types produced in the San Jacinto watershed––
citrus, potatoes, grapes, and orchard crops––practices recommended from other regions have 
been included where local or regional recommendations were not available. It is likely that 
many of these practices can be adapted for use in the San Jacinto watershed. 

PROSIP, introduced above under “Other Forces Influencing Practice Selection,” calls for 
implementing the following agricultural management measures (CCC, 2000): 

1A. Erosion and Sediment Control 
Apply the erosion component of a Conservation Management System (CMS), as defined in 
the NRCS FOTG, to minimize the delivery of sediment from agricultural lands to surface 
waters, or design and install a combination of management and physical practices to settle the 
settleable solids and associated pollutants in runoff delivered from the contributing area for 
storms of up to a 25-year, 24-hour frequency. 

1B. Facility Wastewater and Runoff from Confined Animal Facilities 
Management Measure Component (1): Contain both facility wastewater and the contaminated 
runoff from confined animal facilities at all times up to and including storms exceeding a 25-
year, 24-hour frequency event [storage facilities should be of adequate capacity to allow for 
proper wastewater utilization and should be constructed so they prevent seepage to ground 
water].  
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Management Measure component (2): Manage stored runoff and accumulated solids from 
the facility through an appropriate waste utilization system that is consistent with 
Management Measure 1C. 

1C. Nutrient Management 
Develop, implement, and periodically update a nutrient management plan to (1) apply 
nutrients at rates necessary to achieve realistic crop yields, (2) improve the timing of nutrient 
application, and (3) use agronomic crop production technology to increase nutrient use 
efficiency. When the source of the nutrients is other than commercial fertilizer, determine the 
nutrient value and the rate of availability of the nutrients. Determine and credit the nitrogen 
contribution of any legume crop. Soil and plant tissue testing should be used routinely. 
Nutrient management plans contain the following core components: 

Management Measure Component (1): Farm and field maps showing acreage, crops, soils, 
and waterbodies. 

Management Measure Component (2): Realistic yield expectations for the crop(s) to be 
grown based primarily on the producer’s actual yield history, State Land Grant University 
yield expectations for the soil series, or NRCS Soils-5 information for the soil series. 

Management Measure Component (3): A summary of the nutrient resources available to the 
producer, which at a minimum include (a) soil test results for pH, phosphorus, nitrogen and 
potassium; (b) nutrient analysis of manure, sludge, mortality compost (birds, pigs, etc.), or 
effluent (if applicable); (c) nitrogen contribution to the soil from legumes grown in the 
rotation (if applicable); and (d) other significant nutrient sources (e.g., irrigation water). 

Management Measure Component (4): An evaluation of field limitations based on 
environmental hazards or concerns such as (a) sinkholes, shallow soils over fractured 
bedrock, and soils with high leaching potential; (b) lands near surface water; (c) highly 
erodible soils; and (d) shallow aquifers. 

Management Measure Component (5): Use of the limiting nutrient concept to establish the 
mix of nutrient sources and requirements for the crop based on a realistic yield expectation. 

Management Measure Component (6): Identification of timing and application methods for 
nutrients to (a) provide nutrients at rates necessary to achieve realistic crop yields; (b) 
reduce losses to the environment; and (c) avoid applications as much as possible to frozen 
soil and during periods of leaching or runoff. 

Management Measure Component (7): Provisions for the proper calibration and operation 
of nutrient application equipment. 

Management Measure Component (8): When manure from confined animal facilities is to be 
used as a soil amendment and/or is disposed of on land, take steps to ensure that 
subsequent irrigation of that land does not leach excess nutrients to surface or ground 
waters. 
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1D. Pesticide Management 
To reduce contamination of surface water and ground water from pesticides, use the following 
core components: 

Management Measure Component (1): Evaluate the pest problems, previous pest control 
measures, and cropping history. 

Management Measure Component (2): Evaluate the soil and physical characteristics of the 
site, including mixing, loading, and storage areas, for potential leaching or runoff of pesticides. 
If leaching or runoff is found to occur, steps should be taken to prevent further contamination. 

Management Measure Component (3): Use integrated pest management (IPM) strategies that 
(a) apply pesticides only when an economic benefit to the producer will be achieved (i.e., 
applications based on economic thresholds) and (b) apply pesticides efficiently and at times 
when runoff losses are unlikely. 

Management Measure Component (4): When pesticide applications are necessary and a 
choice of registered materials exists, consider the persistence, toxicity, runoff potential, and 
leaching potential of products in making a decision. 

Management Measure Component (5): Periodically calibrate pesticide spray equipment. 

Management Measure Component (6): Use anti-backflow devices on hoses used for filling 
tank mixtures. 

1E. Grazing Management 
Protect range, pasture, and other grazing lands using the following core components: 

Management Measure Component (1): Implement one or more of the following to protect 
sensitive areas (such as streambanks, wetlands, estuaries, ponds, lake shores, and riparian 
zones): (a) exclude livestock, (b) provide stream crossings or hardened watering access for 
drinking, (c) provide alternative drinking water locations away from surface waters, (d) 
locate salt and additional shade, if needed, away from sensitive areas, or (e) use improved 
grazing management (e.g., herding) to reduce the physical disturbance and reduce direct 
loading of animal waste and sediment caused by livestock. 

Management Measure Component (2): Achieving either of the following on all range, 
pasture, and other grazing lands not addressed under (1) above: (a) implement the range 
and pasture components of a CMS as defined in the NRCS FOTG by applying the 
progressive planning approach of the NRCS to reduce erosion, or (b) maintain range, 
pasture, and other grazing lands in accordance with activity plans established by either the 
Bureau of Land Management of the U.S. Department of the Interior or the Forest Service of 
USDA or with the California Rangeland Water Quality Management Plan. 

1F. Irrigation Water Management 
To reduce nonpoint source pollution of surface and ground waters caused by irrigation, use 
the following core components: 



Attachment D – Existing Nutrient Control Programs 

D‐28	

Management Measure Component (1): Operate the irrigation system so that the timing and 
amount of irrigation water applied match crop water needs. This will require, at a minimum, (a) 
the accurate measurement of soil-water depletion volume and the volume of irrigation water 
applied and (b) uniform application of water.2  

Management Measure Component (2): When chemigation is used, include backflow 
preventers for wells; minimize the harmful amounts of chemigation waters that discharge from 
the edge of the field, and control deep percolation. In cases where chemigation is performed 
with furrow irrigation systems, a tailwater management system might be needed.3 

1G. Education/Outreach 
Implement educational programs to provide greater understanding of watersheds, and to raise 
awareness and increase the use of applicable agricultural management measures and 
practices where needed to control and prevent adverse impacts on surface water and ground 
water. Public education, outreach, and training programs should involve applicable user 
groups and the community.  

The goal of education and outreach efforts is to implement pollution prevention and education 
programs to reduce nonpoint source pollutants generated from the following activities where 
applicable: 

 Activities that cause erosion and loss of sediment on agricultural land and land that is 
converted from other land uses to agricultural land 

 Activities that cause discharge from confined animal facilities to surface waters 

 Activities that cause excess delivery of nutrients and/or leaching of nutrients 

 Activities that cause contamination of surface water and ground water from pesticides 

 Grazing activities that cause physical disturbance of sensitive areas and the discharge 
of sediment, animal waste, nutrients, and chemicals to surface and ground waters 

 Irrigation activities that cause nonpoint source pollution of surface waters 

                                                           

2 The following limitations and special conditions apply: 
(1) In some locations, irrigation return flows are subject to other water rights or are required to maintain stream flows. In these 
special cases, on-site reuse could be precluded and would not be considered part of the management measure for such 
locations. 
(2) By increasing the water use efficiency, the discharge volume from the system will usually be reduced. While the total pollutant 
discharge load may be reduced somewhat, there is the potential for an increase in the concentration of pollutants in the 
discharge. In these special cases, where other management measures (nutrients and pesticides) do not reduce concentrations in 
the discharge, increasing water use efficiency would not be considered part of the management measure. 
(3) In some irrigation districts, the time interval between the order for the delivery of irrigation water to the farm might limit the 
irrigator’s ability to achieve the maximum on-farm application efficiencies that are otherwise possible. 
(4) In some locations, leaching is necessary to control salt in the soil profile. Leaching for salt control should be limited to the 
leaching requirement for the root zone. 
(5) Where leakage from delivery systems or return flows supports wetlands or wildlife refuges, it might be preferable to modify the 
system to achieve a high level of efficiency and then divert the “saved water” to the wetland or wildlife refuge. This approach will 
improve the quality of water delivered to wetlands or wildlife refuges by preventing the introduction of pollutants from irrigated 
lands to such diverted water. 
(6) In some locations, sprinkler irrigation is used for frost or freeze protection, or for crop cooling. In these special cases, 
applications should be limited to the amount necessary for crop protection and applied water should remain on-site. 



Attachment D – Existing Nutrient Control Programs 

D‐29	

Of these management measures, erosion and sediment control, nutrient management, 
irrigation water management, and education/outreach are the most directly relevant to the 
reduction of nutrient loads from agricultural land in the San Jacinto watershed. To the extent 
that grazing activities occur in the watershed, grazing management measures could also be 
applicable.  

Practices identified as candidates for implementation on agricultural land in the San Jacinto 
watershed are listed in Tables 3 through 6, along with the definition, purpose, and applicability 
of each practice. The definitions given for these practices are quite general; consult the full 
practice standard (available through the NRCS FOTG) for details. Note that although some 
practices are widely applicable to many crops (e.g., nutrient management and buffers), not all 
practices are applicable to all sites or agricultural enterprises. Candidate practices for specific 
crop types are listed in Tables 7 through 11. 

As noted previously, management practices might have different effects on different pollutants 
in different media. Sometimes these effects are additive; for example, a practice installed to 
control erosion can also reduce delivery of pollutants into ground water. In other cases, the 
effects of practices might conflict; a practice intended to control one pollutant in surface runoff 
might promote delivery of that pollutant into ground water. The NRCS uses a semi-quantitative 
evaluation system to identify and catalog the array of practice effects. The system assists in 
planning for implementation of practices to achieve a specific goal. The estimated effects of 
the candidate practices for the San Jacinto watershed on selected resource concerns––soil 
erosion, soil condition, water quantity, ground water quality, surface water quality, and air 
quality––are summarized in Table 11. For complete information on these and other practices 
for other resource concerns, consult the complete Conservation Practice Physical Effects 
database for California, available at 
http://efotg.nrcs.usda.gov/references/public/CA/RMSPlanningTool8-27-07Calif.xls. 

Over the past four decades, considerable research has been conducted to quantify the 
effectiveness of BMPs and conservation practices on water quality at the field and watershed 
levels. Many studies are cited in the scientific literature and in government reports. Much of 
this work is highly site-specific and difficult to apply directly to the San Jacinto watershed; 
however, some general ranges are shown in Table 12.  

Note that there is often a wide range in reported pollutant reductions attributed to BMPs. This 
variation is the result of a number of factors. Performance of a practice tested under controlled 
conditions in a plot study might be close to the ideal compared to the performance of the 
same practice when implemented on a farm field in the real world. Treatment effectiveness 
varies by pollutant characteristics. For example, removal of highly adsorbed pesticides by a 
vegetated buffer would tend to be higher than removal of poorly adsorbed pesticides in the 
same buffer. The same practice might also perform differently on different soils, in different 
climates, and in different management systems. The final effect of a practice also depends on 
the starting point. Nutrient management, for example, might result in large nitrogen or 
phosphorus reductions in a situation where fertilizer and animal waste are being significantly 
overapplied but might yield only small improvements when a producer is already close to 
the ideal.  
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Cost is a factor in selecting practices to control nonpoint source pollutants. The NRCS has 
published cost estimates for many of its conservation practices, including annual operation 
and maintenance as well as initial installation costs. However, the costs of practice 
installation, operation, and maintenance vary widely among agricultural operations. The 
NRCS’s cost figures are shown in Table 13 for the candidate practices for the San Jacinto 
watershed. It should be noted that the cost figures are only general guidelines. The cost of 
large structural practices like sediment basins and tailwater recovery systems is highly 
dependent on size. Local costs in Riverside County might be different from the state averages 
shown in Table 13. In addition, the costs that NRCS uses for conservation planning are often 
considered on the high end of the scale. Examples of other practice cost figures are 
summarized in Table 14 to allow comparison. 

Finally, it should be noted that practices to address nonpoint source nutrients beyond those in 
the NRCS FOTG might be available. The USDA Agricultural Research Service (ARS) Salinity 
Laboratory in Riverside (http://www.ars.usda.gov/main/site_main.htm?modecode= 
53 10 20 00) is one local source for technical information applicable to nutrient load reduction. 
Research being conducted by ARS scientists into water flow and chemical fate and transport 
in irrigated agricultural soils might provide new practices or improvements to existing practices 
that can be applied in the San Jacinto watershed. For example, a research project under way 
in the San Jacinto watershed–– Spatio-Temporal Assessment of Nutrient Management Plan 
(NMP) Performance for Field-Scale Lagoon Water Application––is assessing the performance 
and long-term sustainability of nutrient management for a field-scale dairy lagoon water 
application. A second project on the same dairy––Transport and Fate of Nitrate and 
Pathogens at a Dairy Lagoon Water Application Site: An Assessment of CNMP Performance–
–is tracking the fate of different nitrogen species and bacteria in soil and ground water 
following implementation of a Comprehensive Nutrient Management Plan (CNMP) at the site 
using dairy lagoon water and well water on winter wheat-rye. Results of these investigations 
will be directly applicable to the selection and implementation of nutrient management 
practices in the San Jacinto watershed. 

The NRCS practices identified above focus exclusively on those recommended for Southern 
California; it is possible that other practices from other areas with similar climate, soils, and 
agriculture can be adapted to work in the San Jacinto watershed. Finally, the ingenuity of 
agricultural producers in the watershed should not be overlooked. Some informal, common-
sense management activities, such as avoiding tillage or nutrient applications during rainy 
seasons or during individual storms or using producer-developed spreadsheets to manage 
fertigation might make important contributions. Clearly, novel or unproven practices might 
need to be evaluated rigorously to document their pollution control effectiveness before their 
application can be reliably counted on in nutrient load reduction programs. 
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Table D-3 Conservation practices directed primarily toward pollutant source 
reduction (USDA-NRCS, 2007a) 

NRCS 
Code 

Practice 
Name 

Definition Purpose 
Conditions where 
practice applies 

370 Atmospheric 
Resource 
Quality 
Management 

A combination of 
treatments to manage 
resources that 
maintain or improve 
atmospheric quality.  

 Minimize or reduce 
emissions of 
o Particulate matter 

(PM10 and PM2.5)  
o Odors  
o Greenhouse gases  
o Ozone (NOx and VOC) 
o Chemical drift 

 Maintain or increase 
visibility 

Applies to all land uses that 
contribute primary airborne 
particulates (dust, smoke, 
and chemicals), gaseous 
emissions causing 
secondary airborne 
particulates (ammonia, 
nitrates [fertilizers]), organic 
products, odor, greenhouse 
gases, ozone precursors, 
objectionable odors, and 
other gases that have a 
negative impact on air 
quality. Applies to cropland 
as well as roads and 
staging areas. 

590 Nutrient 
Management 

Managing the amount, 
source, placement, 
form, and timing of the 
application of nutrients 
and soil amendments. 

 Properly utilize manure or 
organic by-products as a 
plant nutrient source 

 Minimize agricultural 
nonpoint source pollution 
of surface and ground 
water resources 

 Maintain or improve the 
physical, chemical, and 
biological condition of soil 

Applies to all lands where 
plant nutrients and soil 
amendments are applied. 

595 Pest 
Management 

Using environmentally 
sensitive prevention, 
avoidance, monitoring, 
and suppression 
strategies to manage 
weeds, insects, 
diseases, animals, and 
other organisms 
(including invasive and 
non-invasive species) 
that directly or 
indirectly cause 
damage or annoyance.

 Enhance quantity and 
quality of commodities 

 Minimize negative 
impacts of pest control on 
soil, water, air, plant, and 
animal resources and/or 
humans 

Applies wherever pests will 
be managed. 

610 Salinity and 
Sodic Soil 
Management 

Management of land, 
water, and plants to 
control and minimize 
accumulations of salts 
and/or sodium on the 
soil surface and in the 
crop rooting zone. 

 Reduce and control 
harmful salt 
concentrations in the root 
zone 

 Reduce problems of 
crusting, permeability, or 
soil structure in sodium-
affected soils 

 Promote desired plant 
growth and to utilize 
excess water in the root 
zone in nonirrigated 
saline seep areas and 
their recharge areas 

Applies to all land uses 
where the concentration or 
toxicity of salt limits the 
growth of desirable plants or 
where excess sodium 
causes crusting and 
permeability problems. 
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Table D-3 Conservation practices directed primarily toward pollutant source 
reduction (USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose 
Conditions where 
practice applies 

633 Waste Utilization Using agricultural 
wastes such as 
manure and 
wastewater or other 
organic residues. 

 Protect water quality 
 Protect air quality 
 Provide fertility for crop, 

forage, fiber production, 
and forest products 

 Improve or maintain soil 
structure 

 Provide feedstock for 
livestock 

 Provide a source of 
energy 

Applies where agricultural 
wastes (including animal 
manure and contaminated 
water from livestock and 
poultry operations), solids 
and wastewater from 
municipal treatment 
plants, and agricultural 
processing residues are 
generated and/or used. 

702 Agrichemical 
Handling Facility 

A permanent structure 
used in the mixing, 
loading, unloading, 
and rinsing operations 
involved in the 
handling of on-farm 
chemicals, such as 
pesticides and 
fertilizers. 

Provide for capture, 
collection, recovery, and 
storage of agrichemical 
spills and rinsate in order 
to minimize the potential 
for pollution 

Applies (1) where current 
methods of mixing 
agrichemicals and rinsing 
of equipment are polluting 
or have the potential for 
polluting resources and 
(2) where nutrient and/or 
pest management plans 
that include the reuse or 
disposal of materials 
resulting from operation of 
the handling facility have 
been developed. 

-- Manure/Soil 
Treatment 

Using alum, water 
treatment residuals, or 
other products to 
reduce the available 
phosphorus content of 
animal waste or soil. 

 Reduce the quantity of 
water-soluble 
phosphorus in applied 
manure or in soil 
available to be 
transported off-site 

 Improve the nitrogen-to-
phosphorus ratio of 
animal waste to facilitate 
use in a nutrient 
management plan 

Applies (1) where animal 
waste application supplies 
phosphorus in excess of 
crop/soil need and (2) 
where levels of soil 
phosphorus are 
excessive. 
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Table D-4 Conservation Practices Directed Primarily toward Preventing 
Pollutant Detachment (USDA-NRCS, 2007a) 

NRCS 
Code 

Practice 
Name 

Definition Purpose 
Conditions where 
practice applies 

327 Conservation 
Cover 

Establishing and 
maintaining permanent 
vegetative cover to protect 
soil and water resources. 

 Reduce soil erosion and 
sedimentation 

 Improve water quality 
 Enhance wildlife habitat 

Applies on land to be retired 
from agricultural production 
requiring permanent protective 
cover, and on other lands that 
need permanent protective 
cover. Does not apply to 
plantings for forage production 
or to critical area plantings. 

328  Conservation 
Crop Rotation 

Growing crops in a 
recurring sequence on the 
same field. 

This practice may be applied as 
part of a conservation 
management system to support 
one or more of the following: 
 Reduce sheet and rill erosion 
 Reduce irrigation induced 

erosion 
 Reduce soil erosion from wind 
 Maintain or improve soil 

organic matter content 
 Manage the balance of plant 

nutrients 
 Improve water use efficiency 
 Manage saline seeps 
 Manage plant pests (weeds, 

insects, and diseases) 
 Provide food for domestic 

livestock 
 Provide food and cover for 

wildlife 

Applies to all cropland and 
other land where crops are 
grown. 

340 Cover Crops Establishing crops, 
including grasses, 
legumes, and forbs, for 
seasonal cover and other 
conservation purposes. 

 Reduce erosion from wind 
and water 

 Increase soil organic matter 
content 

 Capture and recycle or 
redistribute nutrients in the 
soil profile 

 Promote biological nitrogen 
fixation 

 Increase biodiversity 
 Suppress weeds 
 Provide supplemental forage 
 Manage soil moisture 
 Reduce particulate emissions 

into the atmosphere 
 Minimize and reduce soil 

compaction 

Applies on all lands that 
require vegetative cover for 
natural resource protection or 
improvement. 
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Table D-4 Conservation Practices Directed Primarily toward Preventing 
Pollutant Detachment (USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose 
Conditions where 
practice applies 

342 Critical Area 
Planting 

Establishing permanent 
vegetation on sites that 
have or are expected to 
have high erosion rates, 
and on sites that have 
physical, chemical, or 
biological conditions that 
prevent the establishment 
of vegetation with normal 
practices. 

 Stabilize areas with existing 
or expected high rates of soil 
erosion by water 

 Stabilize areas with existing 
or expected high rates of soil 
erosion by wind 

 Restore degraded sites that 
cannot be stabilized through 
normal methods 

Applies on areas with existing 
or expected high rates of 
erosion or degraded sites that 
usually cannot be stabilized by 
ordinary conservation 
treatment and/or management 
and, if left untreated, could be 
severely damaged by erosion 
or sedimentation or could 
cause significant off-site 
damage. 

345 
346 
329A 
344 

Residue and 
Tillage 
Management 

Managing the amount, 
orientation, and 
distribution of crop and 
other plant residue on the 
soil surface year-round 
while limiting the soil-
disturbing activities used 
to grow crops.  
Mulch till (345):  the 
entire field surface is tilled 
prior to planting.  
Ridge till (346): crops are 
grown on preformed 
ridges alternated with 
furrows protected by crop 
residue.  
No till/strip till (329A):  
crops are planted in 
narrow slots or tilled strips 
in previously untilled soil 
and residue.  
Seasonal residue 
management (344):  
residues are managed on 
the soil surface during a 
specified period of the 
year, while planting 
annual crops on a clean-
tilled seedbed, or when 
growing biennial or 
perennial seed crops. 

 Reduce sheet and rill erosion 
 Reduce wind erosion 
 Reduce soil particulate 

emissions 
 Maintain or improve soil 

condition 
 Increase plant-available 

moisture 
 Provide food and escape 

cover for wildlife 

Applies to all cropland and 
other land where crops are 
planted. Selection of a specific 
residue/tillage management 
system depends on crops 
grown, soil and climate 
conditions, and producer 
management preferences. 

450 Polyacrylamide 
(PAM) Erosion 
Control 

Erosion control through 
application of water-
soluble anionic PAM 

The practice is applied as part of 
a conservation management 
system to minimize or control 
furrow irrigation-induced soil 
erosion.  

Applies on furrow irrigation 
lands susceptible to irrigation-
induced erosion. 
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Table D-4 Conservation Practices Directed Primarily toward Preventing 
Pollutant Detachment (USDA-NRCS, 2007a) (continued) 
     

589A Cross-Wind 
Ridges 

Ridges formed by tillage, 
planting, or other 
operations and aligned 
across the prevailing wind 
erosion direction. 

Reduce soil erosion from wind. Applies to cropland. Best 
adapted on soils that are 
stable enough to sustain 
effective ridges and 
cloddiness, such as clayey, 
silty, and sandy loam soils. Not 
well adapted on unstable soils 
like sands, loamy sands, and 
certain organic soils. 

603 Herbaceous Wind 
Barrier 

Herbaceous vegetation 
established in rows or 
narrow strips in the field 
across the prevailing wind 
direction. 

 Reduce soil erosion and/or 
particulate generation from 
wind 

 Protect growing crops from 
damage by wind-borne soil 
particles 

 Provide food and cover for 
wildlife 

Applies to cropland or other 
land where crops are grown. 
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Table D-5 Conservation practices directed primarily toward affecting pollutant 
transport (USDA-NRCS, 2007a) 

NRCS 
Code 

Practice 
Name 

Definition Purpose Conditions where 
practice applies 

330 Contour 
Farming 

Tillage, planting, and other 
farming operations 
performed on or near the 
contour of the field slope. 

 Reduce sheet and rill erosion 
 Reduce transport of sediment and 

other water-borne contaminants 

Applies on sloping land where crops 
are grown. Most effective on slopes 
between 2 and 10 percent. Not well 
suited to rolling topography that has 
a high degree of slope irregularity 
because of the difficulty of meeting 
row grade criteria.  

332 Contour 
Buffer Strips 

Narrow strips of permanent, 
herbaceous vegetative cover 
established across the slope 
and alternated down the 
slope with parallel, wider 
cropped strips. 

 To reduce sheet and rill erosion. 
 To reduce transport of sediment and 

other water-borne contaminants 
downslope, on-site or off-site. 

 To enhance wildlife habitat 

Applies to cropland. Most suitable 
on uniform slopes ranging from 4 to 
8 percent. Not suited to fields with 
extremely long slopes unless the 
field slope length is shortened by 
installing other practices (e.g., 
terraces). 

362 Diversion A channel constructed across 
the slope generally with a 
supporting ridge on the lower 
side.  

This practice may be applied as part of 
a resource management system to 
support one or more of the following 
purposes: 
 Break up concentrations of water on 

long slopes, on undulating land 
surfaces, and on land that is 
generally considered too flat or 
irregular for terracing 

 Collect or direct water for water-
spreading or water-harvesting 
systems  

 Increase or decrease the drainage 
area above ponds 

 Protect terrace systems by diverting 
water from the top terrace where 
topography, land use, or land 
ownership prevents terracing the 
land above 

 Intercept surface and shallow 
subsurface flow 

 Reduce runoff damages from upland 
runoff 

 Divert water away from active 
gullies or critically eroding areas  

 Supplement water management on 
conservation cropping or 
stripcropping systems 

Applies to all cropland and other 
land uses where surface runoff water 
control and/or management is 
needed. Also applies where soils and 
topography are such that the 
diversion can be constructed and a 
suitable outlet is available or can be 
provided. 

380 Windbreak/ 
Shelterbelt 
Establishment 

Linear plantings of single or 
multiple rows of trees or 
shrubs or sets of linear 
plantings. 

 Reduce wind erosion 
 Protect growing plants 
 Provide shelter for structures and 

livestock 
 Provide noise and visual screens 
 Improve irrigation efficiency 
 Increase carbon storage 

Applies to any areas where linear 
plantings of woody plants are suited. 
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Table D-5 Conservation practices directed primarily toward affecting pollutant transport 
(USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose Conditions where 
practice applies 

412 Grassed 
Waterway 

A natural or constructed 
channel that is shaped or 
graded to required 
dimensions and 
established with suitable 
vegetation. 

This practice may be applied as 
part of a conservation management 
system to 
 Convey runoff from terraces, 

diversions, or other water 
concentrations without causing 
erosion or flooding 

 Reduce gully erosion 
 Protect/improve water quality 

Applies to areas where added 
water conveyance capacity and 
vegetative protection are needed 
to control erosion resulting from 
concentrated runoff and where 
such control can be achieved by 
using this practice alone or 
combined with other conservation 
practice 

422 Hedgerow 
Planting 

Establishment of dense 
vegetation in a linear 
design to achieve a 
natural resource 
conservation purpose. 

Provide at least one of the 
following 
conservation functions: 
 Food, cover and corridors for 

terrestrial wildlife 
 Intercept airborne particulate 

matter 
 Reduce chemical drift and odor 

movement 
 Increase carbon storage in 

biomass and soils 
 Function as barrier to noise and 

dust 

Applies wherever it will 
accomplish at least one of the 
stated purposes  

449 Irrigation 
Water 
Management 

The process of 
determining and 
controlling the volume, 
frequency, and application 
rate of irrigation water in a 
planned, efficient manner. 

 Manage soil moisture to promote 
desired crop response 

 Optimize use of available water 
supplies 

 Minimize irrigation-induced soil 
erosion 

 Decrease nonpoint source 
pollution of surface and ground 
water resources 

 Manage salts in the crop root 
zone 

 Manage air, soil, or plant micro-
climate 

 Provide proper and safe 
chemigation or fertigation 

 Improve air quality by managing 
soil moisture to reduce 
particulate matter movement 

Applies to all irrigated lands. An 
irrigation system adapted for site 
conditions (soil, slope, crop 
grown, climate, water quantity 
and quality, air quality, etc.) must 
be available and capable of 
efficiently applying water to meet 
the intended purpose(s). 
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Table D-5 Conservation practices directed primarily toward affecting pollutant transport 
(USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose Conditions where 
practice applies 

various Irrigation 
System 

Elements of irrigation 
systems may include 
reservoirs, furrows, 
channels, channel lining, 
pipelines, nozzles, 
microirrigation equipment, 
and appurtenances 
installed in an irrigation 
system. 

Specific irrigation system elements 
may be applied as part of a 
conservation management system 
to achieve one or more of the 
following: 
 Efficient and uniform application 

of irrigation water to maintain 
adequate soil water for the 
desired level of plant growth and 
production without causing 
excessive water loss, erosion, or 
water quality impairment 

 Climate control and/or 
modification 

 Application of chemicals, 
nutrients, and/or wastewater 

 Leaching for control or 
reclamation of saline or sodic 
soils 

 Reduction in particulate matter 
emissions to improve air quality 

Irrigation system elements are 
planned and located to serve as 
an integral part of an irrigation 
water distribution system 
designed to facilitate the 
conservation of water on a farm 
or group of farms. Selection of 
specific system or facilities 
depends on site conditions, crops 
grown, and producer 
preferences. 

570 Runoff 
Management 
System 

A system for controlling 
excess runoff caused by 
construction operations at 
development sites, 
changes in land use, or 
other land disturbances. 

Used to regulate and manage the 
rates and amounts of runoff and 
sediment from development sites 
during and after construction 
operations or to retrofit existing 
sites to minimize or lessen 
undesirable effects like flooding, 
erosion, and sedimentation. 

Applies if there is a need to 
control runoff, erosion, and 
sedimentation to compensate for 
increased peak discharges and 
erosion resulting from 
construction operations at 
development sites or from other 
changes in land use that affect 
the runoff characteristics of the 
site. The discharges may be 
caused by such factors as 
increased runoff, reduced time of 
concentration, and reduced 
natural storage. 

598C Cross-Wind 
Trap Strips 

Herbaceous cover 
resistant to wind erosion 
established in one or more 
strips across the prevailing 
wind erosion direction. 

 Reduce soil erosion from wind 
 Induce deposition and reduce 

transport of wind-borne sediment 
and sediment-borne 
contaminants downwind 

 Protect growing crops from 
damage by wind-borne soil 
particles 

 Provide food and cover for 
wildlife 

Applies to cropland or other land 
susceptible to wind erosion 
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Table D-5 Conservation practices directed primarily toward affecting pollutant transport 
(USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose Conditions where 
practice applies 

600 Terraces An earthen embankment 
or a combination ridge and 
channel, constructed 
across the field slope.  

This practice may be applied as 
part of a resource management 
system to support one or both of 
the following:  
 Reduce soil erosion 
 Retain runoff for moisture 

conservation 

Applies where  
1. Soil erosion by water is a 
problem  
2. There is a need to conserve 
water  
3. The soils and topography are 
such that terraces can be 
constructed and farmed with 
reasonable effort  
4. A suitable outlet can be 
provided  
5. Excess runoff is a problem 

601 Vegetative 
Barrier 

Permanent strips of stiff, 
dense vegetation along 
the general contour of 
slopes or across 
concentrated flow areas. 

 Reduce sheet and rill erosion. 
 Reduce ephemeral gully erosion.
 Manage water flow. 
 Stabilize steep slopes. 
 Trap sediment. 

Applies to all eroding areas, 
including but not limited to 
cropland, pastureland, rangeland, 
forestland, farmsteads, mined 
land, and construction sites. 
Applies only when used in 
conjunction with other 
conservation practices as part of 
a conservation management 
system. 

638 Water and 
Sediment 
Control Basin 

An earth embankment or a 
combination ridge and 
channel generally 
constructed across the 
slope and minor 
watercourses to form a 
sediment trap and water 
detention basin. 

A water and sediment control basin 
may be established to 
 Improve ability to farm sloping 

land 
 Reduce watercourse and gully 

erosion; 
 Trap sediment 
 Reduce and manage onsite and 

downstream runoff 
 Improve downstream water 

quality 

Applies to sites where 
1. The topography is generally 

irregular 
2. Watercourse or gully erosion is 

a problem 
3. Sheet and rill erosion is 

controlled by other conservation 
practices 

4. Runoff and sediment damage 
land and improvements 

5. Soil and site conditions are 
suitable 

6. Adequate outlets can be 
provided. 

Water and sediment control 
basins will not be used in place 
of terraces. 
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Table D-6 Conservation practices directed primarily toward affecting pollutant 
delivery (USDA-NRCS, 2007a) 

NRCS 
Code 

Practice 
Name 

Definition Purpose Conditions where 
practice applies 

350 Sediment 
Basin 

A basin constructed to 
collect and store debris or 
sediment.  

 Preserve the capacity of 
reservoirs, wetlands, 
Conservation Practice 
Standard 638 (water and 
ditches, canals, diversion, 
waterways, and sediment 
control basin)  

 Prevent undesirable 
deposition on bottom 
possible after construction 
ends to control erosion 
lands and developed areas 
and prevent excess 
sediment from leaving the 
site  

 Trap sediment originating 
from construction   

 Reduce or abate pollution 
by providing basins for 
deposition and storage of 
silt, sand, gravel, stone, 
agricultural waste solids, 
and other detritus 

Applies where physical 
conditions or land ownership 
preclude treatment of a 
sediment source by the 
installation of erosion-control 
measures to keep soil and 
other material in place or 
where a sediment basin offers 
the most practical solution to 
the problem. 

393 Filter Strip A strip or area of 
herbaceous vegetation 
situated between 
cropland, grazing land, or 
disturbed land (including 
forestland) and 
environmentally sensitive 
areas.  

 Reduce sediment, 
particulate organics, and 
sediment adsorbed 
contaminant loadings in 
runoff. 

 Reduce dissolved 
contaminant loadings in 
runoff.  

 Serve as Zone 3 of a 
Riparian Forest Buffer, 
Practice Standard 391. 

 Reduce sediment, 
particulate organics, and 
sediment adsorbed 
contaminant loadings in 
surface irrigation tailwater. 

 Restore, create or enhance 
herbaceous habitat for 
wildlife and beneficial 
insects. 

 Maintain or enhance 
watershed functions and 
values. 

Applies as part of a resource 
management system (1) in 
areas situated below cropland, 
grazing land, or disturbed land 
(including forest land); (2) 
where sediment, particulate 
matter, and/or dissolved 
contaminants might leave 
these areas and are entering 
environmentally sensitive 
areas; and (3) in areas where 
permanent vegetative 
establishment is needed to 
enhance wildlife and beneficial 
insects, or to maintain or 
enhance watershed function. 
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Table D-6 Conservation practices directed primarily toward affecting pollutant 
delivery (USDA-NRCS, 2007a) (continued) 

NRCS 
Code 

Practice 
Name 

Definition Purpose 
Conditions where 
practice applies 

386 Field Border A strip of permanent 
vegetation established at 
the edge or around the 
perimeter of a field. 

 Reduce erosion from wind 
and water 

 Provide soil and water 
quality protection 

 Manage harmful insect 
populations 

 Provide wildlife food and 
cover 

 Increase carbon storage in 
biomass and soils. 

 Improve air quality 

Applies at the edges of 
cropland fields and to connect 
other buffer practices within 
the field. May also apply to 
recreation land or other land 
uses where agronomic crops 
are grown. 

391 Riparian 
Forest Buffer 

An area of predominantly 
trees and/or shrubs 
located adjacent to and 
up-gradient from 
watercourses or 
waterbodies. 

 Reduce excess amounts of 
sediment, organic material, 
nutrients, pesticides, and 
other pollutants in surface 
runoff and reduce excess 
nutrients and other 
chemicals in shallow ground 
water flow  

 Create shade to lower water 
temperatures to improve 
habitat for fish and other 
aquatic organisms 

 Create wildlife habitat and 
establish wildlife corridors  

 Provide a source of detritus 
and large, woody debris for 
fish and other aquatic 
organisms and riparian 
habitat and corridors for 
wildlife 

Applies on areas adjacent to 
permanent or intermittent 
streams, lakes, ponds, or 
wetlands and areas with 
ground water recharge that 
are capable of supporting 
woody vegetation. 

447 Irrigation 
Tailwater 
Recovery 

A planned irrigation 
system in which all 
facilities such as sumps, 
pits, tanks, and pumps 
used for the collection, 
storage, and 
transportation of irrigation 
tailwater for reuse have 
been installed. 

This practice may be applied 
as part of a conservation 
management system to 
support one or both of the 
following: 
 Conserve irrigation water 

supplies 
 Improve off-site water 

quality. 

Suitable for use on lands and 
facilities that are served by a 
properly designed and 
installed irrigation system 
where recoverable irrigation 
runoff flows can be anticipated 
under current or expected 
management practices. 
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Table D-7 Potential management measures for citrus production (Boman et al., 
2004; Ventura County Resource Conservation District, 2006; Wu, 2008) 

Management Measure General Description 
Irrigation/Drainage Management 

Water Table Management 

Water table control can be managed more efficiently by having sufficient 
hydraulic capacity in the ditch/canal system, using water control structures on 
culverts, performing laser land leveling where appropriate, constructing and 
maintaining a properly designed drainage system, and actively monitoring the 
water table. 

Scheduling Irrigation and 
Drainage 

Drainage and irrigation schedules should focus on optimal crop production and 
promotion of deep rooting by maintaining a constant water table that minimizes 
water quantity and quality impacts. 

Salinity Management 

All irrigation sources should be analyzed and monitored frequently. As 
individual irrigation sources are characterized, the use of high-salinity sources 
should be reduced and low-salinity and/or alternative irrigation sources 
maximized. Practices that reduce salt buildup in the soils offer increased fruit 
yield, more effective nutrient uptake, and reduced potential water quality 
impacts on receiving surface waterbodies. 

Moderate Discharge Rate 

Adjust the rate of discharge proportionate to the rate of lateral movement of 
water through soils. Slowing the discharge rate lessens the turbulence, 
reduces sediment movement, reduces erosion, and moderates the impacts on 
the receiving waterbody. 

Water Furrow Maintenance 

Maintain a consistent bottom slope on water furrows between beds to achieve 
uniform drainage. Avoid rutting and sloughing of water furrow areas. Where 
possible, maintain vegetation management programs that minimize soil 
movement in the event of heavy rains by keeping a grass or vegetation cover 
on the soil surface between tree rows. 

Drainage Management Plan 

Implement and maintain a written drainage management plan that provides 
specific responses to various types and levels of rainfall. The goal of the plan 
should be a reduction in volume of off-site discharge while maintaining a 
healthy rooting environment for citrus trees, thereby maximizing fruit 
production. The plan should include target water table levels and pump or 
drainage structure operating procedures that will be used for typical and 
extreme rainfall events. Consideration should be given to the use of existing 
canals and ditches for temporary water storage. 

Drainage Rate and Volume 
Drainage rates and the volume of water released or discharged following 
intense rainfall events should provide an adequately drained root zone while 
minimizing off-site impacts. 

Discharge Structures 
Structures and/or pumps that regulate off-site water discharge should be 
adequately designed, constructed, and maintained so that target water table 
levels within the grove can be achieved. 

Detention, Tailwater Recovery, 
and Surface Water Use 

Where possible, on-site detention should be considered to reduce both the 
rate and volume of off-site discharges following heavy rains. 

Erosion Control/Sediment Management 

Riser-board Water Control 
Structures 

Place and maintain culverts with riser-board control structures at locations 
where runoff is discharged off-site. 

Sediment Settling Basins 
Create and maintain localized settling basins (sumps) to trap sediments at 
lateral and collector ditch connections, and at locations upstream of where 
water discharges from the grove. 

Ditch Construction Construct ditches and canals with side-slopes consistent with soil types. 

Stabilize Bare Soils 
Stabilize bare soils and canal or ditch banks by encouraging coverage by 
noninvasive vegetation. 

Ditch Bank Contours 
Contour ditch bank top edges or berms to divert water away from the drainage 
ditch. 
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Table D-7 Potential management measures for citrus production (Boman et al., 
2004; Ventura County Resource Conservation District, 2006; Wu, 2008) 
(continued) 

Management Measure General Description 

Erosion Control/Sediment Management 

Ditch Bank Vegetation 
Maintenance 

Control broadleaf weeds by using herbicides or conducting maintenance 
mowing of slopes and ditch banks to increase grass cover and decrease the 
proliferation of shade-producing shrubs and weeds, thus reducing erosion 
from wind and rainfall. 

Protect Ditch Banks 
Protect canal and ditch banks from erosion in areas subject to high water 
velocities 

Vegetative Stabilization 
Plant noninvasive vegetation and/or maintain desirable vegetation within all 
water furrows to prevent/minimize erosion and trap sediments that might result 
from stormwater runoff or irrigation drainage. 

Aquatic Plant Management When removing vegetation from ditch bottoms, avoid disrupting side slopes. 

Ditch Maintenance, Cleaning, and 
Dredging 

Develop and implement a systematic management plan for removing 
sediments from canals and farm ditches on a regular basis:  

 Spoil material should be removed and deposited on a self-contained, upland 
spoil site and not placed in a delineated floodplain.  

 Do not remove any more material than is necessary to restore the original 
design specifications or configurations. 

 No significant impacts on previously undisturbed natural areas should 
occur. 

 Erosion and sedimentation control devices (e.g., turbidity screens) should 
be used to prevent bank erosion and scouring and to prevent turbidity from 
discharging into adjacent waters during maintenance dredging. 

Grove Development/Renovation 
Upon completion of the soil bedding process within citrus groves, all bare soil 
areas (except tree rows) should be planted with grass or other vegetation 
species to minimize soil movement from rain and/or wind. 

Water Furrow Drain Pipes 
Use PVC drain pipe or flexible pipe to connect all water furrows or field ditches 
to lateral ditches. Extend the pipe on the downstream side away from the ditch 
bank to prevent bank scouring. 

Construction and Temporary 
Erosion Control Measures 

Special measures and/or temporary erosion control measures should be used 
during construction and renovation of groves, when culverts and control 
structures are replaced or repaired, and when there is a major disruption of 
established vegetation, such as during irrigation system installation or when 
buried water lines are repaired, e.g., straw bale dike, temporary sediment trap, 
seeding/mulching, fabric drop inlet, silt fence, outlet stabilization structure. 

Mulching between Tree Rows 

Place any loose material over the soil to control weeds, conserve soil 
moisture, and shield soil particles from the erosive forces of raindrops and 
runoff. Usually the material is coarse organic matter, such as leaves or bark, 
but it can also be chipped clippings from tree pruning or trimming. 

PAM 
Apply PAM to irrigation water and soil to stabilize soil structure, reduce soil 
erosion, and increase water infiltration. 

Nutrient Management 

Education 

Proper training of the field operators responsible for handling, loading, and 
operating fertilizer spreading equipment and for correctly maintaining field 
equipment can help achieve desired placement of fertilizers, avoid waste, and 
prevent contamination of open waters. 

Nutrient Management 

Develop a nutrient management plan based on soil, water, plant, and organic 
material sample analyses and expected crop yields considering nutrient 
budget; realistic yield goals; form, timing, placement, and method of fertilizer 
application; proper calibration and use of equipment; 
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Table D-7 Potential management measures for citrus production (Boman et al., 
2004; Ventura County Resource Conservation District, 2006; Wu, 2008) 
(continued) 

Management Measure General Description 

Nutrient Management 

Utilization of Waste Resources 
Use of animal waste and other waste products on land in an environmentally 
acceptable manner can be helpful in maintaining or improving soil, air, plant, 
and water resources. 

Utilize Tissue and Soil Analysis 
Fertilizer applications based on leaf tissue and soil tests will help avoid over-
fertilization and subsequent losses of nutrients in runoff water. 

Use Appropriate Application 
Equipment 

Operate machinery as designed so as to achieve precise and desired 
placement of nutrient materials at specified rates consistent with the form and 
source of nutrient materials. 

Equipment Calibration and 
Maintenance 

Proper calibration and maintenance of fertilizer application equipment is 
essential to avoid misapplication of nutrients. 

Apply Materials to Target Sites 
Place nutrients within the root zone of individual trees or drip-line bands along 
hedgerows of trees. Avoid placement in areas prone to off-site transport of 
nutrients, especially water furrows 

Avoid High-Risk Applications 
Do not apply materials in “high-risk” situations, such as before forecasted 
rainfall. Avoid applications of nutrients during intense rainfall, on bare soils 
with extreme erosion potential, or when water tables are near the soil surface. 

Fertilizer Storage 
Use caution when storing fertilizer to prevent contamination of nearby ground 
water and surface water. 

Spilled Fertilizers 
Immediately remove any fertilizer materials spilled on ground surfaces and 
apply at recommended rates to crops. 

Use Caution When Loading Near 
Ditches, Canals, and Wells 

Minimize the potential for spilled materials to pollute surface waters. When 
possible, locate mixing and loading activities away from ground water wells, 
ditches, canals, and other areas where runoff might carry spilled fertilizer into 
surface waterbodies. If such areas cannot be avoided, protect wells by 
properly casing and capping them and use berms to keep spills out of surface 
waters. Recover and apply spilled materials to intended zone of application. 

Alternate Loading Operation Sites 
Use multiple fertilizer loading and transfer sites to prevent concentration of 
nutrients in a single area. 

Use Backflow Prevention Devices 
Use backflow prevention devices on irrigation and spray tank filling systems to 
prevent nutrients from entering surface water and ground water. 

Split Applications 

Dividing the annual fertilizer requirement into two or more applications can 
minimize leaching of nutrients during the summer rainy season and help 
maintain the supply of nutrients over the entire growing season. Frequent 
fertigations can be an efficient method of application for nitrogen and 
potassium, while minimizing the potential for leaching of nutrients during 
excessive rainfall events. 

Foliar Applications 
Use foliar application of nitrogen to supply a portion of the annual nitrogen 
input, thus reducing the amount applied to the soil. 

Irrigation Management 
Limit irrigation to wetting only the root zone of the tree where possible; efficient 
irrigation to replenish only the water deficit within the rooting depth may 
improve nutrient uptake efficiency, while minimizing leaching losses. 

Well Protection 
Prevent ground water contamination by properly storing fuels, fertilizer, and 
agrichemicals. Avoid mixing/loading operations near wells, and backplug 
improperly constructed and/or deteriorated wells. 

Use Appropriate Sources and 
Formulations 

Reduce the potential for nutrient leaching and off-site movement by choosing 
appropriate sources and formulations of fertilizer based on nutritional needs, 
season (rainy vs. dry), and anticipated weather conditions to achieve the 
greatest efficiency and reduce the potential for off-site transport. Use 
controlled-release and slow-release formulations when feasible. 

   



Attachment D – Existing Nutrient Control Programs 

D‐45	

Table D-7 Potential management measures for citrus production (Boman et al., 
2004; Ventura County Resource Conservation District, 2006; Wu, 2008) 
(continued) 

Management Measure General Description 

Nutrient Management 

Salinity 
Fertilizer sources should be monitored closely in groves with high salinity 
levels. Fertilizers with high salt index levels can compound existing salinity 
problems. 

Conservation Buffers and 
Setbacks 

Strategically incorporating vegetative buffers (naturally occurring ones or 
planted forbs and grasses) into the citrus grove design can help to protect 
water quality by providing biological filtration, increasing residence time and/or 
residual nutrient uptake. 

Table D-8 Potential management measures for potato production (Hutchinson et 
al., 2002; Mikkelsen, 2006; Potato Growers of Alberta, 2002; Potato Growers of 
Idaho, 2007) 

Management measure General Description 

Nutrient Management 

Nutrient Budgeting 
Applying nutrients based on a nutrient budget that considers all sources of 
nutrients, including legume credits, organic matter, animal manure, crop residues, 
and irrigation water. 

Split Applications of Nitrogen 
Applying some of the total nitrogen requirement before planting and applying the 
remainder during the season with sidedress applications or through the irrigation 
system when plant needs are high and leaching/runoff potential low. 

Soil Testing 
Routine testing and analysis of soil in accordance with accepted procedures to 
ensure optimal application of nutrients according to crop need and available 
supply. 

Plant Tissue Testing 
Using petiole analysis during the growing season to determine the nitrogen status 
of the crop and respond in a timely manner with appropriate nutrients. 

Erosion Control 

Tillage Management 
Use of tillage techniques that minimize soil erosion and maintain soil organic 
matter while preparing the soil in a way that promotes potato plant growth. The use 
of minimal tillage whenever possible, especially before seeding and after harvest. 

Residue Management 
Maintenance of soil residue cover through proper rotations and straw 
management, such as the use of direct-cutting cereal crops, with no straw 
removal. 

Cross-wind Trap Strips 
Growing “trap” strip crops like corn within potato fields, leaving an anchored, 
vertical row of vegetation to slow wind and trap eroding soil. 

Windbreaks 
Linear plantings of single or multiple rows of trees or shrubs or sets of linear 
plantings to reduce wind erosion and protect growing crops. 

Cover Crops 
Crops, including grasses, legumes, and forbs, for seasonal cover between potato 
crops. 

Soil Management 

Conservation Crop Rotation 
Crop rotations that include low-nitrogen-requiring crops such as cabbage and 
cover crops. 

Organic Matter Management 
Maintenance of soil organic matter through accepted soil conservation tillage 
practices that minimize soil erosion from wind and water and through the use of 
manure and compost where available and economical. 
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Table 8 Potential management measures for potato production (Hutchinson et 
al., 2002; Mikkelsen, 2006; Potato Growers of Alberta, 2002; Potato Growers of 
Idaho, 2007) (continued) 

Irrigation Management 

Irrigation Water Management 
Application of irrigation water to meet crop needs and according to soil moisture 
reserves and consumptive use. 

Irrigation Scheduling 

Adjusting irrigation schedules according to transpiration and rainfall rates for the 
area; use of field scheduling tools such as evapotranspiration soil moisture 
monitoring and field verification to reduce risk of leaching pesticides and fertilizer 
below the root zone, while still meeting the water demands of the crop. 

Irrigation Efficiency 
Improvement of irrigation system application efficiency; minimization of water 
losses in the on-farm irrigation water distribution system. 

Table D-9 Potential management measures for grape production (Coalition for 
Urban/Rural Environmental Stewardship, 2006; Peacock et al., 1998) 

Management Measure General Description 

Nutrient Management 

Nutrient Application Decisions 
Apply only the amount of fertilizer needed to meet yield and quality goals, based 
on petiole or leaf analysis, vine vigor, soil testing, and soil water nitrate analysis. 

Application Rates 
Do not apply nitrogen at rates that exceed vine requirements. Nitrogen inputs from 
irrigation water, crop residues, and mineralization of soil organic matter must be 
considered when determining nitrogen fertilizer requirements. 

Split Applications of Nitrogen 
Apply nitrogen during the growing season, preferably after budbreak through fruit 
set, or postharvest to coincide with periods of rapid nitrogen uptake; avoid 
applications when vines are dormant. 

Nutrient Application 
Apply nutrients through a drip irrigation system when possible; ensure that 
irrigation water does not move off-site. 

Application Practices 

Follow good housekeeping procedures for fertilizer applications: 

 Clean up fertilizer spills promptly. 
 Shut off applicators during turns. 
 Maintain proper calibration of application equipment. 
 Clean tanks and equipment properly and apply rinse water evenly in vineyard 

using good agronomic practice. 
 Use back-flow prevention valves on the source water supply when injecting 

fertilizer into irrigation lines. 

Vegetative Practices 

Cover Crops 
Plant close-growing vegetation in the vineyard row to reduce or prevent runoff, trap 
sediment, and absorb nutrients. 

Vegetative Buffers 
Surround a field with strips of permanent vegetation that slow water runoff and 
increase infiltration so that sediment and attached nutrients are trapped and 
prevented from moving off-site. 

Vegetative filter strips 
Maintain strips of land in permanent vegetation between the vineyard and a 
waterbody. Filter strips slow runoff flow, allowing particulate material to settle out. 

Constructed wetlands 
Construct wetlands at tile line outlets or as part of buffer systems to provide 
conditions for deposition of particulate material, uptake of nutrients, and 
denitrification of excess nitrates. 

Irrigation Management 

Irrigation efficiency 

Efficiently manage irrigation water to minimize leaching and promote denitrification. 
Irrigations must be accurately scheduled and applied, and irrigation systems must 
be properly designed, operated, and maintained. Drip irrigation, when managed 
properly, can achieve high irrigation efficiency primarily by minimizing water flow 
below the root zone but also from reduced surface evaporation and runoff. 
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Table D-10 Potential management measures for orchards (Coalition for 
Urban/Rural Environmental Stewardship, undated; RWQCB, Central Valley 
Region, 2002) 

Management Measure General Description 

Vegetative Practices 

Orchard Floor Vegetation 

Grow seeded or resident vegetation on orchard floors that is later mowed or 
disked. Orchard floor vegetation anchors soil during winter rains preventing soil, 
nutrient, and pesticide runoff; improves water infiltration, soil aeration, and soil 
texture; and improves soil fertility. 

Cover and Green Manure Crop 
Disk plants to incorporate organic material and improve soil fertility and tilth; mow 
cover crops to reduce dust during harvest operations and improve water 
infiltration rates. 

Vegetative Buffers 
Maintain areas or strips of land surrounding an orchard in permanent vegetation. 
Vegetative buffers are effective in trapping eroded sediment, reducing runoff of 
pesticides that are adsorbed to soil particles.  

Vegetative Filter Strips 
Use areas of grass or other permanent vegetation to reduce sediment, organics, 
nutrients, pesticides, and other contaminants in runoff to maintain or improve 
water quality. 

Vegetative Barriers 

Establish narrow, permanent strips of stiff-stemmed, erect, dense, perennial 
vegetation in parallel rows and perpendicular to the dominant slope of the field. 
Vegetative barriers are effective in dispersing concentrated flow, thereby 
increasing sediment trapping and water infiltration.  

Grassed Waterways 

Plant natural or constructed channels in permanent vegetation in an area where 
runoff concentrates. Grassed waterways help to slow the flow of water to a 
nonerosive level and carry surface water at a nonerosive velocity to a stable 
outlet and are effective in trapping sediment and dissolved chemicals when 
designed to spread concentrated water flow evenly across a vegetative filter 
adjacent to waterways. 

Constructed Wetlands 
Construct wetlands at tile outlets or as part of riparian buffer systems for 
degrading pesticides and denitrifying nitrates. 

Hedgerows 

Establish fences of shrubs or trees in, across, or around a field. If runoff flows 
across the hedgerow in sheet flow, sediment can be trapped, reducing the 
amount of sediment and sediment-borne nutrients and pesticides that enter 
surface waters. Deep roots of many of the native species used in hedgerows can 
hold the soil and increase water permeability, reducing water runoff and off-site 
movement of sediment.  

Soil Improvement 

Aeration 
Use specialized tillage equipment to break crusts and aerate orchard soils to 
increase water penetration and retention, thus reducing runoff; improves the soil 
profile with minimal disruption to the orchard floor. 

Ripped Resident Vegetation 
In orchards with permanent or semipermanent sod, rip vegetation at various 
lengths and/or depths; ripping significantly increases soil water due to increased 
infiltration and porosity. 

Managing Runoff Water 

Water and Sediment Control 
Basins 

Construct earthen embankments or a combination ridge and channel across the 
slope and minor watercourses to form a sediment trap and water detention basin. 
Basins trap sediment and pesticides adsorbed to soil particles, reduce and 
manage on-site and downstream runoff, and divert the flow of dissolved 
substances like nutrients and pesticides. 

Avoid Compaction/Wheel 
Rutting 

Minimize creation of wheel ruts with equipment when the orchard floor is 
saturated.  Wheel ruts formed by equipment passing through wet fields can 
create channels for water to run off from orchards.  
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Table D-10 Potential management measures for orchards (Coalition for 
Urban/Rural Environmental Stewardship, undated; RWQCB, Central Valley 
Region, 2002) (continued) 

Drainage System Management 
Filter runoff water through vegetation allowed to grow in drainage ditches. Drainage 
management can help to mitigate off-site movement of nutrients suspended or dissolved 
in storm runoff. 

Berms 
Construct raised berms at the low ends of fields to trap sediment and adsorbed nutrients. 
Berms hold back water, increasing runoff retention and allowing infiltration. 

Irrigation Management 

Improved Water Application 

Change water volume being applied to increase irrigation efficiency, e.g., reduce volume 
of water applied to refill the crop root zone; change the amount, rate, or timing of water 
being applied to the crop to improve efficiency with no loss of crop production; increase 
distribution uniformity of applied water; reduce erosion caused by irrigation. 

Improved Control, Regulation, 
and Measurement of water 

Install measuring devices, division boxes, checks, turnouts, and valves and gates for 
greater control over water application. 

Irrigation Erosion 
Control/Irrigation Water Additives 

Use additives like PAM, gypsum, and humic acid, which can reduce nutrients and 
pesticides in the tailwater by increasing infiltration during irrigation events, reducing 
erosion, and promoting the aggregation of dispersed soil colloids.  

Tailwater Recovery Systems 

Collect, store, and transport irrigation tailwater for reuse in an irrigation distribution 
system. Tailwater recovery systems are suitable for use on sloping lands with surface 
irrigation systems or for use in areas where there is recoverable irrigation runoff flow or 
where such flows can be expected under the management practices used. 

 

Table D-11 Potential management measures for sod production (OMAFRA, 
2002) 

Management 
Measure 

General Description 

Managing Nutrients 

Phosphorus Application 
Apply phosphorus only once based on soil testing, immediately before seeding, when 
it can be incorporated and will increase seedling vigor. 

Nitrogen Application 
Apply nitrogen in light but frequent applications, based on the color, density, and vigor 
of the turf. The amount should be adjusted depending on desired growth. 

Managing Soil Loss 

Soil Preparation 
Prepare a level soil surface with tillage and land leveling; if soil is moist, roll 
immediately before harvesting to flatten irregularities. These two practices promote 
uniform cutting, which avoids wasting sod and removing excess soil. 

Erosion Control 
Use light surface cultivation followed by seeding of a winter cereal crop like rye 
immediately after harvest. Keep soil surface covered to avoid erosion. 
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Effects Quantification for Tables 12a and 12b: 
-5 Significant Increase in the Problem 

-4 Moderate to Significant Increase in the Problem 

-3 Moderate Increase in the Problem 

-2 Slight to Moderate Increase in the Problem 

-1 Slight Increase in the Problem 

0 No Effect, Situational, Insignificant, Facilitating 

1 Slight Decrease in the Problem 

2 Slight to Moderate Decrease in the Problem 

3 Moderate Decrease in the Problem 

4 Moderate to Significant Decrease in the Problem 

5 Significant Decrease in the Problem 
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Table D-12a Effects of candidate practices on selected resource concerns: Air 
quality, erosion, soil condition, and water quantity (USDA-NRCS, 2006) 
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327 Conservation Cover 2 2 1 3 3 2 2 2 2 0 2 2 

328 Conservation Crop Rotation 2 2 1 4 4 3 2 4 4 3 1 2 
329
A No Till/Strip Till  4 4 3 4 4 3 1 0 0 0 -1 2 

330 Contour Farming 0 0 1 4 0 3 0 0 0 -1 -2 1 

332 Contour Buffer Strips 1 1 1 4 0 3 0 0 0 -1 -2 1 

340 Cover Crops 3 2 2 4 5 4 1 2 2 2 1 2 

342 Critical Area Planting 2 2 1 5 5 4 1 0 0 1 0 0 

344 Seasonal Residue Management  2 2 2 4 4 3 1 0 0 0 -1 1 

345 Mulch Till  4 4 2 4 4 3 1 0 0 0 -1 1 

346 Ridge Till  4 4 2 4 4 3 1 0 0 1 -1 2 

350 Sediment Basin 0 0 0 0 0 0 0 0 0 0 -2 2 

362 Diversion 0 0 0 1 0 0 0 0 0 0 -1 3 

370 
Atmospheric Resource Quality 
Management 3 3 3 3 3 0 0 4 4 0 0 0 

380 Windbreak/Shelterbelt 3 3 2 3 5 1 1 2 2 1 2 -1 

386 Field Border 1 1 1 4 4 4 1 2 2 2 -2 2 

393 Filter Strip 1 1 1 4 0 4 1 2 2 2 0 0 

412 Grassed Waterway 0 0 1 4 0 5 0 -1 -1 -1 0 3 

422 Hedgerow Planting 2 2 1 1 2 1 0 0 0 0 0 0 

447 Irrigation Tailwater Recovery 0 0 0 0 0 0 -1 0 0 -1 -1 3 

449 Irrigation Water Management 3 3 0 0 3 3 3 0 0 0 0 0 

  For specific irrigation practice components, consult NRCS table  

450 PAM Erosion Control 3 3 0 3 3 3 1 0 0 0 0 0 

570 Runoff Management System 0 0 0 2 0 0 0 0 0 0 0 2 

590 Nutrient Management 2 3 1 0 0 -1 2 2 2 0 0 0 

595 Pest Management 2 2 2 1 0 3 0 0 0 3 0 0 
589
A Cross-Wind Ridges 2 2 0 0 4 0 0 0 0 0 0 0 
589
C Cross-Wind Trap Strips 2 2 0 0 4 0 0 0 0 0 0 0 

600 Terrace 0 0 0 5 1 1 0 0 0 0 -2 4 

601 Vegetative Barrier 1 1 0 4 1 4 -1 -1 -1 0 0 -2 

603 Herbaceous Wind Barrier 3 2 1 0 4 0 0 0 0 0 0 0 

610 Salinity/Sodic Soil Management 1 1 0 0 0 0 3 0 0 0 0 0 

633 Waste Utilization 0 2 2 2 1 2 0 0 0 1 0 0 

638 
Water and Sediment Control 
Basin 0 0 0 0 0 3 0 0 0 0 -2 2 

702 Agrichemical Handling Facility 0 0 0 0 0 0 0 0 0 2 0 0 
-- Manure/Soil Treatment 0 0 3 0 0 0 0 4 4 0 0 0 
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Table D-12b Effects of candidate practices on selected resource concerns: 
Ground water and surface water quality (USDA-NRCS, 2006) 

NRCS 
Code Practice 

Water Quality 
Ground Water Surface Water 

P
es

ti
ci

d
es

 

S
al

in
it

y 

N
u

tr
ie

n
ts

 

M
et

al
s

 

P
at

h
o

g
en

s 

S
S

/ 
tu

rb
id

it
y 

P
es

ti
ci

d
es

 

S
al

in
it

y 

N
u

tr
ie

n
ts

 

M
et

al
s

 

P
at

h
o

g
en

s 

327 Conservation Cover 3 1 2 1 2 3 3 1 2 2 1 

328 
Conservation Crop 
Rotation 2 2 2 1 2 2 2 1 2 1 1 

329A No Till/Strip Till  1 0 0 1 0 3 4 1 1 1 1 
330 Contour Farming 0 0 0 0 0 3 1 1 3 2 1 
332 Contour Buffer Strips 0 -1 -1 0 -1 3 2 1 3 3 1 
340 Cover Crops 2 1 2 1 2 2 2 0 2 2 1 
342 Critical Area Planting 0 0 1 1 1 4 0 0 2 2 1 

344 
Seasonal Residue 
Management  0 0 0 1 0 1 1 1 1 1 1 

345 Mulch Till  1 0 0 1 0 1 4 1 2 1 1 
346 Ridge Till  1 0 0 1 0 2 4 1 1 1 1 
350 Sediment Basin -1 -1 -1 -1 -1 4 2 2 5 2 2 
362 Diversion 1 0 0 0 0 2 1 0 0 1 1 

370 
Atmospheric Resource 
Quality Management 0 0 0 0 0 1 3 0 1 0 0 

380 Windbreak/Shelterbelt 0 0 5 0 0 2 2 0 1 1 0 
386 Field Border 2 1 2 1 0 2 2 0 2 1 1 
393 Filter Strip 1 1 3 1 1 5 3 1 5 4 1 
412 Grassed Waterway 0 0 0 0 0 2 2 2 2 1 2 
422 Hedgerow Planting 0 0 0 0 0 0 1 0 2 0 0 

447 
Irrigation Tailwater 
Recovery 2 -1 0 0 0 1 2 1 2 4 1 

449 
Irrigation Water 
Management 3 3 3 2 2 3 3 2 3 3 3 

  For specific irrigation practice components, consult NRCS table  
450 PAM Erosion Control 0 0 0 0 0 4 4 0 4 1 0 

570 
Runoff Management 
System 0 0 0 0 0 2 0 0 0 0 0 

590 Nutrient Management 1 1 5 2 1 1 1 1 5 3 1 
595 Pest Management 5 0 0 0 0 2 5 0 0 0 0 
589A Cross-Wind Ridges 0 0 0 0 0 1 2 1 2 0 0 
589C Cross-Wind Trap Strips 0 0 0 0 0 1 2 1 2 0 0 
600 Terrace -2 -2 -2 -1 -1 3 3 2 2 2 2 
601 Vegetative Barrier -1 -1 -1 -1 0 2 2 1 2 2 2 
603 Herbaceous Wind Barrier 0 0 0 0 0 1 1 1 1 1 0 

610 
Salinity/Sodic Soil 
Management 0 0 0 0 0 0 0 0 0 0 0 

633 Waste Utilization 2 2 2 0 2 0 0 2 2 0 0 

638 
Water and Sediment 
Control Basin -1 -1 -1 -1 -1 4 2 1 2 2 2 

702 
Agrichemical Handling 
Facility 2 0 2 1 0 0 0 0 0 0 0 

-- Manure/Soil Treatment 0 4 4 0 0 0 0 0 4 0 0 
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Table D-13 General pollutant reduction effectiveness of selected management 
measures from the literature (USEPA, 2003; USDA-NRCS, 2000) 

Management Measure 
General pollutant reduction effectiveness (%) 

Phosphorus Nitrogen Sediment Pesticides Bacteria 
Nutrient Management 35 15    

Reduced Tillage 45 55 75   

Terrace Systems 70 20 85   

Filter Strips 75–85 70 0–70 22–63 55 

Ridge Till    30  

No Till    21–92  

Buffers    11–100  

Animal Waste Systems 90 80 60  85 

Constructed Wetland 42 42 53   

Livestock Exclusion 15 12 34  29–46 

Irrigation Sediment Basins   75–95   

Straw in Furrows   40–80   

Table D-14 Estimated cost of selected NRCS conservation practices: California, 
2007 (USDA-NRCS, 2007) 

NRCS 
Code Conservation Practice Name Unit 

Installation 
Cost 

Life 
(Years)

Installation 
Cost /Yr 

O&M 
Factor 

O&M 
Cost/Yr 

Total 
Annual 

Cost 
327 Conservation Cover  Ac $1,000.00 10 $131.87 0.03 $30.00 $161.87 

328 Conservation Crop Rotation  Ac $15.00 1 $15.00 0.00 $0.00 $15.00 

329  Residue Management, No Till/Strip 
Till/Direct Seed 

Ac $50.00 1 $50.00 0.00 $0.00 $50.00 

330  Contour Farming Ac $5.00 1 $5.00 0.00 $0.00 $5.00 

332 Contour Buffer Strips  Ac $90.00 10 $11.87 0.03 $2.70 $14.57 

340 Cover Crop   Ac $300.00 1 $300.00 0.00 $0.00 $300.00 

342 Critical Area Planting  Ac $1,000.00 10 $131.87 0.05 $50.00 $181.87 

344  Residue Management, Seasonal Ac $30.00 1 $30.00 0.00 $0.00 $30.00 

345  Residue Management, Mulch Till Ac $30.00 1 $30.00 0.00 $0.00 $30.00 

346 Residue and Tillage Management, 
Ridge Till 

Ac (no information)     

350 Sediment Basin  No $10,000.00 20 $828.14 0.03 $300.00 $1,128.14 

362 Diversion  Ft $20.00 10 $2.64 0.02 $0.40 $3.04 

370  Atmospheric Resource Quality 
Management 

Ac $10.00 1 $10.00 0.00 $0.00 $10.00 

380 Windbreak/Shelterbelt 
Establishment  

Ft $6.00 15 $0.59 0.01 $0.06 $0.65 

386 Field Border  Ft $4.00 10 $0.53 0.01 $0.04 $0.57 

393 Filter Strip  Ac $500.00 10 $65.94 0.02 $10.00 $75.94 

412 Grassed Waterway  Ac $500.00 10 $65.94 0.02 $10.00 $75.94 

422 Hedgerow Planting  Ft $2.00 15 $0.20 0.05 $0.10 $0.30 

447 Irrigation System, Tailwater 
Recovery  

No $10,000.00 20 $828.14 0.03 $300.00 $1,128.14 

449 Irrigation Water Management  Ac $35.00 1 $35.00 0.00 $0.00 $35.00 
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Table D-14 Estimated cost of selected NRCS conservation practices: California, 
2007 (USDA-NRCS, 2007) (continued) 

NRCS 
Code 

Conservation Practice 
Name Unit 

Installation 
Cost 

Life 
(Years)

Installation 
Cost /Yr 

O&M 
Factor 

O&M 
Cost/Yr 

Total 
Annual 

Cost 
450 Anionic PAM Erosion Control Ac $50.00 1 $50.00 0.00 $0.00 $50.00 

570 Runoff Management System    No. $10,000.00 15 $988.00 0.02 $200.00 $1,188.00 

589  Cross Wind Trap 
Strips/Ridges 

Ac $12.00 5 $2.80 0.01 $0.12 $2.92 

590 Nutrient Management  Ac $60.00 1 $60.00 0.00 $0.00 $60.00 

595 Pest Management  Ac $125.00 1 $125.00 0.00 $0.00 $125.00 

600 Terrace  Ft $5.00 10 $0.66 0.03 $0.15 $0.81 

601 Vegetative Barrier  Ft. $0.75 10 $0.10 0.02 $0.02 $0.11 

603 Herbaceous Wind Barriers  Ft $0.01 5 $0.00 0.05 $0.00 $0.00 

610 Salinity and Sodic Soil 
Management  

Ac $200.00 1 $200.00 0.00 $0.00 $200.00 

633 Waste Utilization  Ac $15.00 1 $15.00 0.00 $0.00 $15.00 

638 Water and Sediment Control 
Basin  

No $10,000.00 10 $1,318.73 0.03 $300.00 $1,618.73 

Specific irrigation practice components

202 Irrigation System, Low-
Energy Precision Application 

Ac $1,500.00 10 $197.81 0.05 $75.00 $272.81 

320 Irrigation Canal or Lateral Ft $15.00 10 $1.98 0.20 $3.00 $4.98 

388 Irrigation Field Ditch  Ft $6.00 10 $0.79 0.20 $1.20 $1.99 

428  Irrigation Ditch and Canal 
Lining 

Ft $6.00 20 $0.50 0.02 $0.12 $0.62 

428  Irrigation Water Conveyance, 
Ditch and Canal Lining 

Ft $20.00 20 $1.66 0.02 $0.40 $2.06 

430  Irrigation Water Conveyance, 
Pipeline 

Ft $40.00 25 $2.95 0.02 $0.80 $3.75 

436 Irrigation Storage Reservoir  No $25,000.00 15 $2,469.99 0.01 $250.00 $2,719.99 

441 Irrigation System, 
Microirrigation  

Ac $1,200.00 10 $158.25 0.05 $60.00 $218.25 

442 Irrigation System, Sprinkler  Ac $2,500.00 15 $247.00 0.02 $50.00 $297.00 

443 Irrigation System, Surface 
and Subsurface  

Ac $3,000.00 15 $296.40 0.03 $90.00 $386.40 

464 Irrigation Land Leveling  Ac $350.00 15 $34.58 0.03 $10.50 $45.08 

468 Lined Waterway or Outlet  Ft $60.00 15 $5.93 0.02 $1.20 $7.13 

552 Irrigation Regulating 
Reservoir  

No $25,000.00 15 $2,469.99 0.01 $250.00 $2,719.99 

428A Irr. Water Conveyance, 
Ditch/Canal Lining, Concrete  

Ft $20.00 20 $1.66 0.02 $0.40 $2.06 

428B Irr. Water Conveyance, 
Ditch/Canal Lining, Flexible 
Membrane  

Ft $15.00 20 $1.24 0.02 $0.30 $1.54 

428C Irr. Water Conveyance, 
Ditch/Canal Lining, 
Galvanized Steel  

Ft $20.00 20 $1.66 0.02 $0.40 $2.06 

430AA Irr. Water Conveyance, 
Pipeline, Aluminum Tubing   

Ft $16.00 25 $1.18 0.04 $0.64 $1.82 

430CC Irr. Water Conveyance, 
Pipeline, Nonreinforced 
Concrete  

Ft $25.00 25 $1.84 0.02 $0.50 $2.34 

430DD Irri.Water Conveyance, 
Pipeline, High-Pressure, 
Plastic  

Ft $12.00 25 $0.88 0.02 $0.24 $1.12 



Attachment D – Existing Nutrient Control Programs 

D‐54	

Table D-14 Estimated cost of selected NRCS conservation practices: California, 
2007 (USDA-NRCS, 2007) (continued) 

NRCS 
Code 

Conservation Practice 
Name Unit 

Installation 
Cost 

Life 
(Years)

Installation 
Cost /Yr 

O&M 
Factor 

O&M 
Cost/Yr

Total 
Annual 

Cost 
         

430EE Irr. Water Conveyance, 
Pipeline, Low-Pressure, Plastic  

Ft $15.00 25 $1.10 0.02 $0.30 $1.40

430FF Irr. Water Conveyance, 
Pipeline, Steel  

Ft $25.00 25 $1.84 0.02 $0.50 $2.34

430HH Irr. Water Conveyance, 
Pipeline, Rigid Gated Pipeline  

Ft $20.00 10 $2.64 0.04 $0.80 $3.44

776 Irr. Water Conveyance, 
Pipeline, On Ground Aluminum  

Ft $5.00 25 $0.37 0.04 $0.20 $0.57

794I Irr. Water Conveyance, 
Pipeline, HDPE 

Ft $15.00 25 $1.10 0.02 $0.30 $1.40

 

Table D-15 Other cost estimates 

Practice Unit 
Cost 

(2006 $) 1 Source 
PAM application via irrigation $/acre $10–$18 Kay-Shoemaker et al. 

2000 
Irrigation Water Systems2 for water 
conservation 

$/acre served $97 USDA-FSA 1996 

Irrigation Water Systems2 for water quality $/acre served $89 USDA-FSA 1996 
Irrigation Water Systems2 for erosion control $/acre served $109 USDA-FSA 1996 
Sediment Retention Water Control Structures3 $/acre served/year $138 USEPA 2003 

Nutrient Management $/acre $6–$37 NAICC 1998 
1Cost adjusted to 2006 dollars using Consumer Price Index conversion factors (Sahr, 2007).
2 Components of practice are critical area planting, canal or lateral, structure for water control, field ditch, sediment basin, grassed 
waterway or outlet, land leveling, water conveyance ditch and canal lining, water conveyance pipeline, trickle (drip) system, sprinkler 
system, surface and subsurface system, tailwater recovery, land smoothing, pit or regulation reservoir, subsurface drainage for 
salinity, and toxic salt reduction. 
3 Median costs (1990 dollars) obtained from the Chesapeake Bay Program Office BMP tracking database and Chesapeake Bay 
Agreement Jurisdictions’ unit data cost. Annualized BMP total cost including O&M, planning, and technical assistance costs. Ten-
year life assumed. 

 



Attachment D – Existing Nutrient Control Programs 

D‐55	

D.2.2.1.4 Selecting and Implementing Agricultural Management Practices to 
Achieve Water Quality Goals in the San Jacinto Watershed 
The achievement of water quality goals depends on both the individual and collective actions 
of all persons who affect the problems in the watershed or the solutions to those problems. 
Management programs to reduce pollutant loads from the San Jacinto watershed should 
include specific practices tailored to the needs and opportunities of each agricultural 
operation, as well as a plan for applying appropriate practices throughout the watershed. In 
the first case, individual producers make decisions that address pollution control and 
economic sustainability using technical assistance and a comprehensive farm planning 
approach. At the watershed scale, managing nutrient loads requires balancing multiple 
actions, including targeting practices to the most important sources (both spatially and by 
magnitude) and applying practices that serve multiple users, such as management of manure 
distribution from within and without the watershed.  

Individual Agricultural Operators 
Management practices selected for individual agricultural operations must achieve on-farm 
goals for both managing pollutant export and ensuring economic sustainability, while also 
contributing as needed to the overall nutrient load reductions required in the watershed. Other 
environmental requirements and constraints must be considered as well.  

BMPs must be adapted to the particular objectives and circumstances of an individual 
agricultural operation; at the same time, they must adhere to certain standards and 
specifications. Therefore, developing a plan to select and implement specific practices is most 
often a one-on-one cooperative effort that involves technical assistance (e.g., from NRCS 
district staff, extension staff) and choices to be made by the producer. This planning effort 
usually works best when the entire farm operation is considered at the same time, rather than 
trying to “fix” a single problem. The following steps, adapted from NRCS planning procedures, 
are usually useful in this process: 

Identify problems and opportunities 

Determine objectives for both load reduction and farm operation 

Inventory available resources, including 

 Land units, locations, crops produced, current management practices 

 Information on human considerations, such as labor availability 

 Identification of other ecological concerns, such as threatened and endangered species 

 Identification of cultural resources such as archaeological or historic sites 

 Identification of infrastructure physical features such as roads, houses, fences, power 
lines, and other utilities 
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Analyze resource data 

 Benchmark condition of the farm resources 

 Environmental evaluation data 

 Cultural resources identification and evaluation data 

 Other program and legal evaluations data 

 Identification of resource problems, such as existing on- or off-site pollution problems 

 Identification of the causes or conditions that resulted in the resource problems 

 Identification of conditions with the potential to cause future resource problems 

Planner and producer agree on accepted definition of problems, opportunities, and concerns  

Planner and producer agree on statement of objectives 

Formulate alternatives, including full description and list of applicable permits and certification 
requirements 

Evaluate alternatives 

 A set of practical alternatives that meet design standards and specification and are 
compatible with the producer’s objectives 

 An evaluation of the beneficial effects and potentially harmful impacts for each 
alternative  

Make decisions 

 Assemble plan document, including potential program or implementation opportunities, 
and operation and maintenance 

 Schedule of conservation system(s) and practice(s) implementation 

 Documentation of environmental compliance (all National Environmental Policy Act 
[NEPA], cultural resources, and other applicable environmental laws and regulations) 

The process of selecting specific practices among identified alternatives is often a complex 
mix of balancing multiple considerations, e.g., practice effectiveness, practicality on the farm, 
and compliance with other resource requirements. The decision tree in Figure D-1 illustrates 
the process that should be followed in selecting management practices at each agricultural 
operation in the San Jacinto watershed. Note that there should be a provision for evaluating 
the performance of innovative BMPs that lack proven effectiveness in the region. 

The objectives of such a technical evaluation would be (1) to quantify the effects of the BMP 
on pollutant concentrations and loads under real operational conditions and (2) to collect 
information on the installation and operation of the practice that would affect its practicality 
and cost-effectiveness for other applications. The effectiveness of a single BMP can best be 
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evaluated using an input/output monitoring design, in which paired samples of inflow to and 
outflow from the practice are collected. The specific variables selected for evaluation should 
include the constituents responsible for waterbody impairment and those expected to be 
changed by the action of the BMP; associated explanatory variables such as flow (necessary 
to calculate load), precipitation, or temperature should also be measured as needed. In 
addition to water quality data, additional data on the use of the BMP, its function, and any 
operation and maintenance issues should also be collected. Water quality data can be 
evaluated using basic statistics like a t-test, and results can be expressed in terms of pollutant 
removal efficiency or mass balance. The more typical or representative the initial situation is 
and the BMP, the greater the likelihood that the results of a single-BMP evaluation will be 
broadly applicable within the watershed. It is very important to carefully document the situation 
on the land before the BMP is applied to support informed judgment regarding the likely 
performance of the BMP in other applications. 
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Figure D-1 

Practice Selection, Implementation, and Tracking Process for Single Operations in 
San Jacinto Watershed 

For example, consider an effort to evaluate the performance of a specially vegetated ditch in 
removing suspended sediment and attached phosphorus in runoff collected from an orchard. 
The evaluation could start with a conventional ditch with the downstream half-vegetated. 
Samples collected from the ditch just before the newly vegetated section would represent the 
input to the BMP section, and samples of the same plug of water as it reaches the outlet of the 
ditch would represent the result of the treatment. The monitoring program would include flow 
measurement during storm events, along with analysis of samples collected over the event for 
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suspended sediment and total phosphorus. Results could be expressed as the quantity or 
percent reduction in sediment or phosphorus load based on comparison of input against 
output. Other data important to collect in such a project would include precipitation (to place 
monitored storm events in the context of average or extreme conditions) and observations or 
measurements of vegetation or sediment in the ditch (to assess maintenance issues and the 
long-term prospects of the BMP).  

Note that monitoring to determine BMP effectiveness is a complex and often challenging task. 
Such an activity could be a grant-funded project, contracted to a qualified and experienced 
contractor. Good sources of guidance on the design and operation of monitoring programs 
include the following:  

USDA. 1996. National Handbook of Water Quality Monitoring, part 600 national water quality 
handbook. U.S. Department of Agriculture, Natural Resources Conservation Service, 
Washington, DC. ftp://ftp.wcc.nrcs.usda.gov/downloads/wqam/wqm1.pdf. 

USEPA. 1997. Monitoring Guidance for Determining the Effectiveness of Nonpoint Source 
Controls. U.S. Environmental Protection Agency, Office of Water, Washington, DC. EPA 841-
B-96-004 (available from the National Service Center for Environmental Publications at (800) 
490-9198). 

Watershed Scale  
The selection of practices begins with a thorough, accurate assessment of the water quality 
problems in the watershed. USEPA’s guidance to states regarding the use of Clean Water Act 
section 319 Nonpoint Source Program funds lays out basic elements of a watershed plan to 
solve identified water quality problems at the watershed scale (USEPA, 2003a). This guidance 
essentially states that successful watershed-based plans involving nonpoint sources of 
pollution must generally include at least the nine elements listed below.  

1. An identification of the causes and sources or groups of similar sources that will need to 
be controlled to achieve the load reductions estimated in the watershed-based plan (and 
to achieve any other watershed goals identified in the watershed-based plan), as 
discussed in item (2) immediately below.  

2. An estimate of the load reductions expected for the management practices described 
under (3) below (recognizing the natural variability and the difficulty in precisely 
predicting the performance of management practices over time).  

3. A description of the management practices that will need to be implemented to achieve 
the load reductions estimated under (2) above (as well as to achieve other watershed 
goals identified in the watershed-based plan), and an identification (using a map or a 
description) of the critical areas in which those practices will be needed to implement the 
plan. 

4. An estimate of the amounts of technical and financial assistance needed, associated 
costs, and/or the sources and authorities that will be relied upon to implement the plan.  



Attachment D – Existing Nutrient Control Programs 

D‐60	

5. An information/education component that will be used to enhance public understanding 
of the project and encourage early and continued participation of the public in selecting, 
designing, and implementing the management practices that will be implemented. 

6. A schedule for implementing the management practices identified in the plan that is 
reasonably expeditious. 

7. A description of interim, measurable milestones for determining whether management 
practices or other control actions are being implemented. 

8. A set of criteria that can be used to determine whether loading reductions are being 
achieved over time and substantial progress is being made toward attaining water 
quality standards and, if not, the criteria for determining whether the watershed-based 
plan needs to be revised or, if a nonpoint source TMDL has been established, whether 
the nonpoint source TMDL needs to be revised. 

9. A monitoring component to evaluate the effectiveness of the implementation efforts over 
time, measured against the criteria established under item (8) immediately above.  

Where the watershed-based plan is designed to implement a TMDL, these elements will help 
provide reasonable assurance that the nonpoint source load allocations identified in the 
nonpoint source TMDL or anticipated in National Pollutant Discharge Elimination System 
(NPDES) permits for the watershed will be achieved. 

It is not possible to estimate precisely the load reductions that will result from implementing 
practices on a single farm, let alone the cumulative load reduction from multiple practices 
across a watershed. The reasons for the latter difficulty are complex. Not all land in a 
watershed––even land in the same land use/land cover––generates pollutant loads equally. 
The same practice implemented in two different settings might yield different load reductions 
because of variation in initial condition or specific operation. Load reductions from individual 
operations high up in the watershed might require considerable time to be expressed at the 
watershed outlet. This could be particularly relevant to the San Jacinto watershed, where the 
transport of nonpoint source pollutants below Mystic Lake is intermittent.  

Nevertheless, it is very important to make a reasonable effort to identify the significant 
sources; identify the management practices that will most effectively address those sources; 
and broadly estimate the expected load reductions that will result. Scattershot implementation 
of management practices is usually an inefficient, if not ineffective, approach to achieving 
water quality goals. It is highly recommended that practices be targeted first to those locations 
in the watershed where the greatest pollutant load reductions can be achieved, while also 
considering logistics issues, cost, and acceptability to producers. 

As a starting point, using immediately available information, the nutrient source analysis  

Although evaluating the effects of practices at the watershed scale is conceptually similar to 
the evaluation of individual BMPs described earlier, the former is considerably more complex 
and challenging. Numerous additional factors must be considered: year-to-year weather 
variations, gradual implementation of a variety of practices across a large land area, variability 
in operation and maintenance among multiple producers, lag time in the expression of water 
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quality response far downstream of practice installation, and many more. Whereas it is typical 
to evaluate the effectiveness of a single BMP using an input/output monitoring design, it might 
be desirable to evaluate the cumulative effectiveness of multiple BMPs at the watershed scale 
by tracking designated beneficial use support status in the watershed, conducting paired-
watershed studies, performing trend analysis or measuring pollutant loads against TMDL 
targets at a single downstream station, using an above/below monitoring design, or applying a 
combination of approaches that could even include some input/output monitoring for BMPs of 
special significance. 

As for monitoring of single BMPs, the specific variables selected for evaluation should include 
those constituents responsible for waterbody impairment and those expected to be changed 
by the action of the BMPs, as well as associated explanatory variables like flow (necessary to 
calculate load), precipitation, and temperature. It is similarly important to collect additional 
data on the use of the BMPs applied in the watershed, their function, and any operation and 
maintenance issues. The level of detail needed and the necessary sampling frequency, 
however, will vary depending on the specific evaluation approach selected. Water quality data 
for any monitoring station, for example, are often reduced to annual values (e.g., annual 
mean, annual load) for statistical analysis, but there are also situations where quarterly values 
are more meaningful (e.g., seasonal patterns). Land use and land treatment data, , would  be 
summarized as aerial mapping is updated.  The design of a watershed-level monitoring 
program to evaluate the effects of implemented practices is critical because of the need to be 
able to attribute observed changes in water quality to the practices rather than to differences 
in weather or other factors unrelated to the BMPs.  

D.2.2.1.5 Recommended BMPs for Agriculture in the San Jacinto Watershed 

Many tools to reduce nutrient loads in surface runoff from agriculture in the San Jacinto 
watershed are available. However, at present it is impossible to recommend a single set of 
specific BMPs for all agricultural land in the watershed. The variety of agricultural activities, 
the need for site-specific planning and management, and the uncertainty about the distribution 
of crops grown in the watershed preclude a one-size-fits-all prescription.  

This section recommends general management principles that should be applied by 
agricultural enterprises in the San Jacinto watershed. Within each area, specific BMPs can be 
implemented by a grower to meet these principles, depending on the specific crop(s) and 
operation involved. This report has presented many such BMPs. It should be emphasized that 
the BMPs discussed are not necessarily the only methods that can reduce nutrient loads in 
surface runoff. Control of nonpoint source nutrient runoff involves a complex interaction 
between natural processes and management actions. Some potential control measures, such 
as innovative practices currently under development or novel, site-specific practices, might not 
be covered.  

Nutrient Management  
Crop nutrients should be supplied in quantities that take into consideration the amounts 
needed to produce a reasonable crop yield, the amounts already present in the soil, and the 
amounts contributed by all nutrient sources, including commercial fertilizers, animal manure, 
irrigation water, and other sources. Nutrients should be applied using rates, timing, and 
methods designed to minimize losses to surface and ground waters. Many provisions of 
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nutrient management are included in the NRCS Practice 590 standard. The specific elements 
of nutrient management vary by crop type, but they typically include these activities: 

Nutrient and soil assessment 

 Field maps 

 Soil hazards and limitations, e.g., slopes, erosion potential 

 Soil sampling and analysis 

 Analysis of irrigation water for nutrient contribution 

 Analysis of animal manure and other organic additions  

Application of nutrients to croplands 

 Application of amendments and organic materials to provide nutrients and improve soil 
quality 

 Methods of fertilizer delivery and placement to reduce the potential for surface runoff, 
dust, ground water leaching, and volatilization of materials 

 Selection of materials considering all formulations of plant-available nutrients relative to 
the growth stage requirements of the plant 

 Calibration of equipment to deliver a known amount of material uniformly 

 Storage and handling of materials away from surface waters and in an area where spills 
can be easily cleaned up 

Timing of nutrient applications to coincide as closely as possible with the crop growth stage 
requirements and short-term weather conditions 

Record keeping to provide information used to evaluate management effectiveness and help 
refine ongoing nutrient management. 

Effective nutrient management reduces the amounts of nutrients available on agricultural land 
to be washed into surface or ground water, while providing for adequate crop growth. 

Irrigation Water Management  
The quantity of irrigation water applied should be managed to minimize surface runoff and 
unwanted ground water leaching beyond the root zone, while satisfying the moisture 
requirements of the crop. Irrigation applications should consider environmental interactions 
and soil hazards relative to erosion potential and infiltration rates. Irrigation applications 
should strive for uniformity and efficiency in design and delivery of water. Soil moisture should 
be assessed before all irrigations. Numerous specific irrigation water management practices 
are defined in NRCS standards, including the Practice 449 standard. The specific elements 
and techniques of irrigation water management vary by crop and irrigation system type, but 
they typically include these activities: 
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Crop water needs and soil moisture assessment, considering the period between irrigation 
applications, weather conditions, and the amount necessary to replace the amount depleted 
between irrigations, plus the amount necessary to satisfy the leaching requirement for the 
crop 

Irrigation system design to efficiently apply irrigation water in quantity and locations needed 

Tracking irrigation applications to aid in refining irrigation application timing and rates, 
reconciling usage, and in calculating irrigation efficiency 

Tailwater management to capture and treat excess water to prevent off-site discharge of 
nutrients and sediments, especially from furrow irrigation 

Effective irrigation water management will avoid providing excess water to move nutrients from 
cropland to surface water and ground water, while satisfying the moisture requirements of the 
crops. 

Erosion Control  
Tillage, planting, cultivation, and crop harvest should be conducted to minimize soil erosion by 
wind and water. NRCS specifies numerous wind and water erosion control practices. Specific 
practices vary by crop type and field conditions, but the practices generally address the 
following: 

Detachment of soil particles by wind or water 

 Residue and tillage management 

 Cover crops 

 Wind barriers 

Movement of soil particles by wind or water 

 Diversions and waterways 

 Contour planting 

 Terraces and water/sediment control basins 

 Windbreaks and shelterbelts 

Delivery of soil particles to waterways 

 Sediment basins 

 Filter strips 

 Riparian buffers 

Effective erosion control will minimize off-site movement of soil particles and associated 
nutrients to surface waters and help preserve soil productivity. 
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Crop-specific Practices  
Specific crops might require specific practices adapted to their production and management to 
accomplish nutrient management, irrigation management, and erosion control. Individual 
practices to suit the needs of specific crops produced in the San Jacinto watershed are 
described in Tables 7 through 11 of this attachment. Growers should consult with their 
producer organizations, NRCS, and other resources to identify specific practices appropriate 
to their crops and operations.  

Education/Outreach  
Regional organizations, watershed groups, and government agencies should implement 
educational programs to raise awareness and promote the use of applicable agricultural 
management practices where needed to reduce nutrient inputs to surface water and ground 
water in the San Jacinto watershed. Public education, outreach, and training programs should 
involve appropriate user groups and the community. In cases where a major piece of 
equipment is needed to implement a new management practice, local agencies and 
agricultural organizations should consider purchasing that equipment for rental/sharing with 
producers in the San Jacinto watershed. 

D.2.2.1.6 Information Needs 

Recommendations for BMPs to reduce nutrient losses from agricultural land in the San 
Jacinto watershed need to be more specific on several levels. First, greater understanding of 
the agricultural nutrient sources in the watershed––by geographic area and by crop type––is 
needed to identify the specific practices needed and to set priorities for their implementation 
both by geographic area and by crop. Second, the current state of management on watershed 
farms must be assessed to understand the starting point, identify treatment needs, and 
estimate the potential results of nutrient reduction efforts.  

To fine-tune general recommendations for agricultural BMPs, additional information is needed. 
In general, this information includes the following: 

The extent and geographic distribution of agricultural land, by crop type and rotations, in the 
San Jacinto watershed 

The current state of management on agricultural land in the watershed, including information 
on current practices related to nutrient applications of fertilizers and animal manure, tillage, 
erosion control, and irrigation management  

The willingness of producers in the watershed to adopt new management practices 

The availability of funding and technical assistance to implement new management practices 

One way to guide the collection of necessary agricultural information in the San Jacinto 
watershed is through the use of models or screening tools at the farm level. With sufficient 
general information about watershed agriculture, it would be possible to construct several 
representative model farms of appropriate type, size, and management, e.g., citrus, grapes, 
tree crops, or vegetables. Systematic examination of these model farms to identify areas of 
risk for nutrient runoff losses would guide the selection and targeting of BMPs. 
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For example, Farm*A*Syst (UWEX, 2007) is a screening tool used across the nation to 
assess risks from fertilizer and livestock waste use, storage and handling of petroleum 
products, and management of hazardous wastes on the farm. Application of Farm*A*Syst 
requires information on a wide array of farm management activities: 

Frequency of soil tests 
Nutrient application rates 
Yield goals 
Nutrient credits, e.g., from legumes or 
irrigation water 
Site characteristics  

Manure characteristics and applications 
Irrigation scheduling 
Calibration of application equipment 
Record keeping 

Another widely used farm-level screening tool is the Phosphorus Index (USDA NRCS, 1994), 
a numerical assessment of landforms and management practices within a farm to determine 
the potential risk of phosphorus movement to waterbodies. The ranking of the Phosphorus 
Index identifies sites where the risk of phosphorus movement might be relatively higher than 
that of other sites. Application of the Phosphorus Index requires information about the sources 
of phosphorus and the existence of transport pathways to move the phosphorus: 

Soil test phosphorus 
Commercial fertilizer phosphorus 
application rate, method, and timing 
Organic fertilizer phosphorus application 
rate, method, and timing 
Soil erosion (calculated from the Revised 
Universal Soil Loss Equation [RUSLE]) 

Irrigation-induced erosion 
Ephemeral gully erosion 
Irrigation tailwater 
Soil runoff class 
Subsurface drainage 

These screening tools are not necessarily the only or the best ones to apply to the San 
Jacinto watershed; regionally or locally adapted tools should be researched and applied as 
available. 

Once model farms are developed and data obtained, evaluations using the appropriate 
screening tools with and without BMPs would help in exploring opportunities to implement 
specific practices, the types of water quality changes expected, and the cost-effectiveness of 
alternative practices.  

D.2.2.2 Assessment of Best Management Practices to Reduce Nutrient Loads in 
the San Jacinto River Watershed 

The University of California’s Final Report, Assessment of Best Management Practices to 
Reduce Nutrient Loads in the San Jacinto Watershed, Best Management Practices for 
Agriculture in the San Jacinto Watershed, addresses Dairy Nutrient Management & Dry Land 
Crop BMPs, Citrus, Vegetable, and Turfgrass BMPs.  These are typical BMPs that may be 
implemented by individual dairy and agricultural operators. They are not inclusive but are 
typical representations. While the UCR final report also addresses the guidance practices 
discussed in the Tetra Tech report and typical for implementation in the San Jacinto 
watershed, this section of their report addresses the specific BMPs tested in the watershed by 
University of California riverside staff. The report in its entirety is available upon request.  
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This project was funded by Federal Clean Water Act Section 319(h) Grant monies, through 
the Santa Ana River Regional Water Quality Control Board (SARWRCB). We wish to thank 
the lead investigator Laosheng Wu, Nyles Peterson, Mike Henry, David Birkle, Darren Haver 
and the various UCR staff that participated on this project. Other supporting staff included: Dr. 
Cindy Li of the SARWQCB, Pat Boldt with WRCAC and the SJRWC. 

D.2.2.2.1 Best Management Practices Tested 
D.2.2.2.1.1 Citrus Orchard BMPs 

Management practices which were investigated within citrus orchards included (1) the 
application of PAM to the surface soil, (2) the growth of a cover crop, (3) fertigation plus 
mulch, and (4) conventional fertigation (control) (Table D-16).   

Table D-16 Experimental treatments for the three field sites 

Field Treatments 

 

Citrus 

 

 

Fertigation 

(Control) 

 

Fertigation + Cover 

crop 

 

Fertigation + Mulch 

 

Fertigation + PAM 

 

Potato 

 

 

Chemical fertilizer 

 

Chemical fertilizer + 

Cover crop 

 

Chemical fertilizer + 

PAM 

 

Chemical fertilizer + 

Deep plowing 

 

Dryland 

 

Chemical fertilizer 

(Control) 

 

Manure (spread) 

 

Manure (disking) 

 

Chemical fertilizer 

+ Buffer strip 

Field Site Description and Layout 
This study was conducted in a mature (20 to 30 years old) citrus grove located near Valle 
Vista, the main citrus growing region in the San Jacinto watershed.  Here about 2500 acres of 
citrus are grown, which represents about 20 percent of Riverside County’s production.   

The treatments listed in Table D-16 were studied using established rows. The experiment in 
this site consists of 4 treatments with 3 replications (a total of 12 plots). A plot is 600 ft by 20 
ft, and represented the full length and width of each row in the orchard.  The plot layout is 
depicted in Fig. D-2. The first sample (first flush) of runoff from each plot was collected with a 
passive sample station.  Then, runoff of the replicated treatments from the three blocks was 
diverted to a 4 inch drain pipe line that carried the runoff (composite sample) to a monitoring 
station, which consisted of a sump-pump, a digital flow meter and a data-logger. Water 
samples at the monitoring stations were collected by passive siphon collectors that were 
controlled by timers. Detailed photos show the sample collection stations. 
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Soil series at the study site is mapped as Hanford coarse sandy loam (USDA-SCS, 1971). (A 
description of this soil series is provided in the appendix). These soils are well-drained.  Slope 
at the site is about 2 to 4 percent. Common for the citrus orchards in this region is the use of 
micro-sprinklers for fertigation. Fertigation treatment followed the common practices in the 
region (Citrus Production Manual ed. By L. Ferguson, Personal Communication). Fertilizers 
are applied at a rate of about 250 pounds N per acre per year. In addition, two foliar sprays of 
zinc sulfate and manganese sulfate (two 5 pound applications per acre per year) are usually 
sprayed during the summer and fall flush.   

Treatments were put in place in December early in the rainy season.  For the mulch treatment, 
leaves and trimmings were collected from nearby rows ( outside of the research plots) and 
placed on the mulch treatment rows. Wheat was planted as the winter cover crop.   It took a 
few weeks for the cover crop to establish and become effective as a treatment.  PAM, was 
applied at a rate of 10 lbs per acre, it was applied on the same day that wheat was planted for 
the cover crop.  The grower used his micro sprinkling system and fertigation on the same 
schedule as the remainder of the orchard and we did not interfere with this portion of his 
operation. 

Time Table: The experiment at this site started in January 2007 to allow sampling of some of 
the rainstorms for the wet season of 2006-2007. The original plan was to monitor up to three 
rainstorms during the wet season of 2007-2008 but this was dependent on the actual weather 
conditions. Due to very dry weather the first two seasons the SARWRCB allowed us to 
continue to monitor runoff for the 2008-2009 rainy season.  There was never any evidence of 
measurable irrigation runoff from these plots; thus this project only collects storm runoff; no 
irrigation runoff was monitored in this project.   

Results:  Detailed graphs and tables of our results are provided elsewhere in 
Section 2.4.1. 

D.2.2.2.1.2 Vegetable Crop BMPs 

For the vegetable plots the original plan was to investigate management practices within 
vegetable crop (potato) fields including (1) application of PAM to the soil surface or irrigation 
water, (2) growth of a cover crop, (3) deep plowing to alleviate compaction layer, and (4) 
control (Table D-16).   

Field Site Description and Layout 
This study was to be conducted in a potato field located near San Jacinto, within one of the 
main potato growing regions in the watershed.  There are approximately 7,000 acres under 
potato production in the inland valleys of southern California, including Riverside, San 
Bernardino, and San Diego counties.  

We were told that the field being considered was to be planted in the early spring for summer 
harvest, and with a summer planting (late July to early August) for fall and winter harvest.  We 
started laying out our plots in the fall of 2006 and deep plowing was done in late November.  
The grower planted wheat in December.  We assumed this was a cover crop and that it would 
be plowed under for spring planting.  Spring of 2007 came and went and no potatoes were 
planted.  The first potatoes were not planted until August 2007. 
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The spring crop is primarily White Rose, Kennebec, Orgold Russet, or some other processing 
varieties, plus some seed potatoes. The fall crop is almost exclusively the White Rose variety.  
All varieties are planted at the rate of 40 sacks to the acre so they obtain a 3'' spacing 
between plants. The market no longer wants big potatoes, so these varieties are harvested 
young.  Red potatoes take about 75-90 days to go from planting to harvest; white potatoes, 
80-100 days, and Red Chieftans, 120 days. 

Soil at the study site is mapped as Ramona sandy loam (USDA-SCS, 1971).  (A description of 
this soil series is provided in the appendix.)  Slope at the site is 0 to 2 percent. This soil is 
generally well drained with slow run-off. However, significant near surface soil compaction 
from the use of heavy farm equipment is common when growing potatoes and can increase 
the run-off potential.  Fertilizer additions are tailored to the varieties being grown.  Generally, 
70 lbs of N is added preplant.  However, if soil tests indicate that no additions of fertilizer are 
needed, they are not applied preplant.  Manure is not currently being used at this site, since 
the grower has observed that it encourages scab disease and clogs wash ponds during tuber 
processing. 
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Figure D-2  
Field Plot Layout in the Potato Field 
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The field is tilled during which plant debris from the previous harvest is incorporated.  The 
plant debris is chopped or shred as fine as economically feasible prior to incorporation.  Since 
undecomposed organic debris can cause serious nutritional and quality problems, ample time 
is allowed such that decomposition is reasonably complete prior to planting the potato seed.   

The experiment at this site consists of 4 treatments with 3 replications (a total of 12 plots, see 
Figure D-2). Randomized block design was used to minimize the effect of the differences in 
soil and topographical differences on treatments. The first sample of runoff from each plot was 
collected with a passive sample station. Then runoff of the same treatment from the three 
blocks (replications) was diverted into a 4 in. pipe line that carried the runoff to a monitoring 
station consisting of a sump-pump, a digital flow meter and a datalogger. Composite water 
samples at the monitoring stations were taken by the passive siphon collectors that are 
controlled by timers. The experimental design is similar to the citrus field, but the plot layout 
was not the same because of the specific field conditions.  

Specific Treatments: The grower used cover crops as follows: In the summer, Sudan-grass 
which was present on our plots in the fall of 2006, and in the winter, wheat (or possibly barley 
or oat).  Irrigation water was applied by sprinkler.  We learned that the grower had a very 
inefficient leaky system, which led to runoff water flooding our collection system and ruining 
some of our data.   

We applied granular PAM spread on the surface before the first August irrigation event. 
Fertilization followed the typical fertilizer recommendations for this region (approximately 70 lb 
N). 

Time Table: The potato grower messed up our workplan time table by not planting in the 
spring as expected.  We set up our plots in June and July (very hot) after the wheat cover crop 
was harvested.   All of our sample collection was from irrigation runoff, except for eight plot 
samples, which were hand collected from a storm event on November 30, 2007.  We did not 
carefully monitor any storms in the 2006-2007 or 2007–2008 wet seasons because the grower 
was uncooperative. We were able to monitor or partially monitor enough irrigation events to 
fulfill our requirement to monitor two irrigation events.   

Results:  Results from the irrigation events for potatoes are provided later in Section 2.4.2 of 
this report. 

D.2.2.2.1.3 Pumpkin Plots Summer and Fall of 2008 

Due to the problem with the uncooperative potato grower we requested and received 
permission to shift our plots to the dry-land wheat plots.   An irrigation system was installed 
and pumpkins were planted in the summer of 2008.  Management practices which were 
investigated within dryland winter wheat fields included (1) chemical fertilizer with a buffer strip 
to reduce sediment and nutrients within run-off, (2) the practice of incorporating manure into 
the fields soon after its spread, (3) the practice of PAM application, and (4) common chemical 
fertilizer (control).  

Field Site Description and Layout:  This study was conducted as a plot study on a 10-acre 
winter wheat field near Winchester/Murrieta/Menifee area, a major wheat growing region in 
the San Jacinto watershed.  The grower made special arrangements to provide irrigation 
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water to the plots specifically for our study.  We installed the irrigation system.  Soil at the 
study site is mapped as Cajalco fine sandy loam (USDA-SCS, 1971). This soil is well-drained, 
with a slope at the site of 7 to 8 percent.   

The experimental design used a randomized block design (3 blocks) and 4 treatments (a total 
of 12 plots). Each plot was 24 ft by 120 ft.  The first sample of runoff from each plot was 
collected with a passive sample station. Then runoff from the same treatment of the three 
replications was diverted to a 4 in. pipe line that carried the runoff to a monitoring station that 
consisting of a sump-pump, a digital flow meter and a datalogger. Water samples at the 
monitoring station will be taken by the passive siphon collectors that are controlled by a timer. 
The experimental layout is depicted in Figure D-3, except that the plot numbers may not follow 
the same order due to randomization. 

Specific Treatments:  Manure application rate was about 12 tons per acre and incorporated. 
A 10-ft buffer zone was established within the Vegetative Buffer Strip treatment plots.  PAM 
was applied at a rate of 10 pounds per acre by mixing the weighed PAM with corn meal and 
was applied dry with a fertilizer spreader. Chemical fertilizer application rate for the control, 
vegetative buffer and PAM plots was applied at a rate of 60 lb N/Ac. 

Veg. 
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Strip

Veg. 
Buffer 
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buffer strips Plots - 1, 5, 10

(10 ft X 24 ft buffer strips)

Dry Land Winter Wheat 2008 - 2009       Treatment Map

 
Figure D-3 

Dryland Wheat and Pumpkin Field Plot Layout 

It should be noted that in order to induce runoff, we were forced to apply irrigation water at 
much greater rates than the requirements of the crop.  If the grower were using standard 
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methods of irrigation, it is unlikely that runoff would have occurred on most plots and the runoff 
from the control plots would have been substantially more.  

D.2.2.2.1.4 Dry-Land Wheat BMPs 

Management practices which were investigated within dryland winter wheat fields included (1) 
chemical fertilizer with a buffer strip to reduce sediment and nutrients within run-off, (2) the 
practice of incorporating manure into the fields soon after its spread, (3) the practice of 
manure surface spread, and (4) common chemical fertilizer (control).   

Field Site Description and Layout 
This study was conducted as a plot study on a 10-acre winter wheat field near 
Winchester/Murrieta/Menifee area, a major wheat growing region in the San Jacinto 
watershed. Dryland wheat yields in southern California are highly variable and depend on the 
timing and amount of winter precipitation. For all three wet seasons of our study 2006-2007, 
2007-2008 and 2008-2009 the quantity and timing of the rainfall provided very poor conditions 
for growing dryland wheat. Profits can be substantial in good years, but financial losses are 
common in dry years.  Because yields are often only marginal, farmers operate as efficiently 
as they can, minimizing costs when possible. Soil at the study site is mapped as Cajalco fine 
sandy loam (USDA-SCS, 1971). (A description of this soil series is provided in the appendix.)  
This soil is well-drained, with a slope at the site of 7 to 8 percent.  Winter wheat grown in 
southern California relies entirely on incoming precipitation for its water, with no irrigation 
available. However, the field used for this study offered the advantages of being fenced in to 
protect against possible vandalism of sampling equipment, and of having a source of water 
nearby that was used to establish a vegetated buffer strip in a timely fashion for the start of 
these field tests.    

Both inorganic and/or organic fertilizers are used by area growers during winter wheat 
cultivation.  The behavior of organic fertilizers is more difficult to predict in dryland systems 
than for irrigated crops. This is because moisture is a key component for converting or 
“mineralizing” nutrients, particularly nitrogen and phosphorus, from fixed to plant-available 
forms. The conversion process occurs as soil microbes decompose the material.  Because 
these microbes must have water in order to develop, fertilizer mineralization would be 
expected to slow significantly in dry seasons and years.  The extent of this effect is difficult to 
predict, however, since a number of other factors, such as temperature and the history of the 
applied material also strongly affect mineralization (Barbarick and Ippolito 2000).   

Since dryland farmers derive much of their income during years when rains are optimal, 
fertilizers are applied assuming that yields will be optimal.  Fertilizers are typically applied to 
supply adequate nitrogen for the optimal yield. Because manures are phosphorus-rich, these 
applications can lead to a gradual enrichment of soil phosphorus (Gollehon et al. 2001) which 
can be exported to surface waters during heavy precipitation events. A minority of the 
phosphorus is dissolved and rinses off of the field, but most is in solid form and is lost with 
surface sediments that erode from the field (Baker 2000). Pollution control strategies for 
controlling surface water pollution from dryland are therefore similar to strategies used to 
control soil erosion.   
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As seen in the above drawing, the experimental design uses a randomized block design (3 
blocks) and 4 treatments (a total of 12 plots). Each plot is 24 ft by 120 ft. The first sample of 
runoff from each plot was collected with a passive sample station. Then runoff from the same 
treatment of the three replications was diverted to a 4 in. pipe line that carried the runoff to a 
monitoring station that consisting of a sump-pump, a digital flow meter and a datalogger. 
Water samples at the monitoring station were taken by the passive siphon collectors that are 
controlled by a timer. The experimental layout is depicted in Figure D-4.  

STN 1 STN 2 STN 3 STN 4

Water flow monitoring and sampling stations for the citrus and dry-ag. sites.

Flow measuring device (flume or 
sump-pump will be installed at each 
of the monitoring station.

Block 1 Block 2 Block 3

 

Figure D-4 
Diagram for Water Flow and Water Sampling in the Citrus Site and  

Dryland Site 

Specific Treatments:  Manure application rate is about 12 tons per acre. A 10-ft buffer zone 
will be established within the Buffer Strip treatment plots. Chemical fertilizer application rate 
for the control is 60 lb N/Ac. 

Time Table:  Experiment at this site started in January 2007 so that were able to catch at 
least some of the rainstorms for the wet season of 2006-2007. It was continued until 2008-09 
wet seasons. Since no irrigation was applied at this site, no monitoring took place during the 
dry seasons. 

Results: Results from the dry-land wheat are presented in Section 2.4.4 of this report. 
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D.2.2.2.1.5 Turf BMPs  

This part of the project did not involve field experiment, but a compilation of existing turf 
BMPs. Research findings on turf grass BMPs from UCR and UCCE were reviewed and 
compiled to generate outreach education materials. The BMPs used in this project primarily 
work by keeping or applying a cover to the soil surface.  Thus, turf naturally is a BMP because 
it protects the soil surface and slows the movement of sheet water flows into water courses.  
Turf problems come from the over application of nutrients or from careless applications that 
allow these nutrients to reach impervious surfaces and thus runoff. Workshops/training 
classes were conducted to extend the BMPs to the growers in the watershed.  

D.2.2.2.2 Monitoring Results 
D.2.2.2.2.1 Citrus Results 
Experimentally the citrus plots were very useful and they were in an established grapefruit 
orchard in full commercial operation by the grower.  They were the plots for which we obtained 
data for all three winter seasons.  Shown below is a photo of the orchard in its natural 
condition without BMP treatments.  It can be seen that there is considerable natural mulch 
present and some moss growing between the rows. 

Citrus plot treated with mulch 
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During the first two seasons there were a total of nine rain storms for which we collected data.  
The total nutrient runoff for these storms is shown individually on graphic form below (Figures 
D-5 to D-11. 

One observation that is very clear from the data is that total nutrient runoff from the citrus plots 
during the period we examined is very minimal.  The total averaged approximately one gram 
for each nutrient for two seasons.  That is one gram for three treatment plots which calculates 
to only 0.003 pounds per acre.  In the simplest terms there is only three pounds of either 
nitrogen or phosphorous runoff for each 1000 acres of citrus regardless of the treatment used.  
The citrus farms are doing a very effective job of nutrient runoff control under the conditions of 
low to moderate rainfall that occurred during our study period. 

With that said, all three treatments, mulch, PAM, and cover crop were effective in reducing the 
nitrate and total phosphorous.  The treatments were not effective in controlling the loss of 
ammonium nitrogen from the plots.  Mulch was very effective for all but the largest storms in 
controlling runoff.  It was in place before the cover crop had a chance to sprout and grow, and 
before the PAM became activated during the first rainstorm.  For this reason, December 
storms showed that the only effective treatment was mulch. 

However, over time the mulch material breaks down and the nitrogen and phosphorous 
contained in the mulch material is converted to inorganic forms that can runoff and contribute 
to the problem.  Thus, late season runoff from the mulch may even have higher values than 
the control.  During the winter growing season, after the cover crop has germinated and is 
growing it takes up excessive nutrients from the soil and may serve as the best treatment 
during the late season. 

Perhaps as a future treatment, the grower could try a combination of mulch and a cover crop 
to take advantage of the best characteristics of both treatments and provide a very good BMP 
for both early season and late season. 

The first data we obtained is from February 12, 2007.  The quantities of total nutrient runoff for 
the storm are very small as shown in the graph below, with the highest (nitrate on the PAM 
plots) approaching 0.005 grams (5 milligrams).  There was no runoff from the mulch plots 
during this storm, indicating that it was the best treatment. 
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Figure D-5 
Treatment Effect on Amount of Nutrients (Nitrate, Ammonium, and Total-P) 

in Runoff Water at the Citrus Site on February 12, 2007 
 

Figure D-6 
Treatment Effect on Amount of Nutrients in Runoff Water at the 

Citrus Site on February 23, 2007 
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The second storm with runoff occurred on February 23, 2007.  We obtained runoff from all 
treatments and had considerably more nutrient runoff from the plots in comparison to the 
earlier storm.  Strangely the ammonia runoff from the treatments was higher for all treatments 
than the control, but the treatments were shown to be effective in reducing nitrate, phosphate 
and total phosphorous.  As with the earlier storm event mulch was the most effective 
treatment for reduction of nutrients. 

The third storm event for which we obtained data was on February 27, 2007.  The total 
nutrient runoff was in the vicinity of 0.12 grams; this time for nitrate and phosphate from the 
control plots.  As shown in the graph below the mulch was once again the best treatment, but 
the cover crop was also very effective in reducing runoff. 

Figure D-7 
Treatment effect on Amount of Nutrients in Runoff Water at the Citrus Site 

on February 27, 2007 
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The fourth storm event for which we obtained data was on April 16, 2007.  The total nutrient 
runoff was in the vicinity of 0.05 grams; this time for ammonia from the PAM plots.  As shown 
in the graph below the mulch was once again the best treatment, but the cover crop was also 
very effective in reducing runoff. 

Figure D-8 
Treatment effect on amount of nutrients in runoff water at the citrus site on 

April 16, 2007 
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The fifth storm event for which we obtained data was on April 20, 2007.  The total nutrient 
runoff was over 0.50 grams; this time for phosphate from the control plots.  As shown in the 
graph below the mulch and PAM were the best treatments but the cover crop treatments were 
also very effective in reducing runoff when compared with the control. 

Figure D-9 
Treatment effect on amount of nutrients in runoff water at the citrus 

site on April 20, 2007 

The first storm of the 2007 – 2008 rainy seasons showed the same trends that we observed 
during the spring storms of the previous season; very small amounts nutrient runoff from the 
plots.  One surprise was that ammonium concentrations tended to be the highest in the mulch 
treatments.  This could be from the conversion of organic nitrogen into ammonium once the 
mulch was wetted by the first storm.  There is a natural mulch in every plot due to the 
accumulation of leaf matter and stem trimmings from the normal operation of the orchard. 

This second storm of the season was the only other storm for which data was collected during 
this second rainy season.  Once again mulch tended to be high in ammonium runoff, but all 
other treatments were superior to the control in reducing runoff. 

The third runoff from February 3, 2008.  All treatments showed greater nutrient runoff than 
control and the quantities of runoff are a little bit higher than all earlier results as can be seen 
from the following storm data.   
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Figure D-10 
Treatment effect on amount of nutrients in runoff water at the citrus site 

on December 3, 2007. No P was detected in this storm runoff 
 

 
Figure D-11 

Treatment Effect on Amount of Nutrients in Runoff Water at the 
Citrus Site on January 28, 2008 
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Figure D-12a 
Treatment Effect on Amount of Nutrients in Runoff Water at the Citrus 

Site on February 3, 2008
 

 
Figure D-12b 

Treatment Effect on Amount of Nutrients in Runoff Water at the 
Citrus Site on February 24, 2008 
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Table D-17 Nutrient Runoff for Citrus By Treatment 

Treatments NO3-N NH4-N P-Total 

Control 0.00105 ± 0.00011 0.00177 ± 0.00035 0.00121 ± 0.00015 

Cover Crop 0.00046 ± 0.00006 0.00131 ± 0.00018 0.00097 ± 0.00009 

PAM 0.00069 ± 0.00007 0.00212 ±0.00026  0.00077 ± 0.00007  

Mulch 0.00040 ± 0.00008 0.00277 ± 0.00055 0.00054 ± 0.00008 

 

Table D-18 Runoff volume, concentrations of nitrate, ammonium, total-P, and 
nutrient loss for each storm of the Control treatment in Citrus, 2007-08 

 First Flush and Sump Pump Collection 
Results

Calculated Pounds per Acre 

Storm 
event date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P mass 
(lbs/Ac) 

2-12-07 

 

7.50* 3.89 0.07 1.50 0.00016 0.000003 0.00006 

0** 0 0 0 

2-23-07 7.50 0.99 0.07 1.33 0.00004 0.000003 0.00005 

 0 0 0 0    

2-27-07 7.50 1.30 0.16 1.27 0.0001 0.00001 0.0001 

 0 0 0 0    

4-16-07 7.50 1.40 8.87 2.50 0.00007 0.00036 0.00013 

 0 0 0 0    

4-20-07 7.50 0.64 0.60 1.05 0.00013 0.00007 0.00049 

 131.72 0.43 0.21 1.90    

12-03-07 7.50 9.07 26.82 0 0.00036 0.00107 0.00000 

 0 0 0 0    

1-28-08 7.50 0.67 0.41 1.00 0.0002 0.0001 0.0002 

 189.25 0.38 0.20 0.60    

2-03-08 

 

7.50 0.50 2.83 1.87 0.00002 0.00011 0.00007 

 
0 0 0 0 

2-24-08 

 

7.50 0.55 1.16 1.13 0.00002 0.00005 0.00005 

 
0 0 0 0 

* From first flush sample. 
** From pump at the monitoring station.  The calculated pounds per acre combined both first flush and pump readings. 

Table D-17 summarized (sums and standard deviations) the total nutrients runoff from the 
citrus field under different treatment. The average runoff NO3 and total-P were the highest in 
the Control treatment than other BMPs, but the runoff amount was very insignificant from each 
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of the treatment, including the Control. NH4 was slightly higher from PAM and Mulch treatment 
than the Control, but their difference was not significant. 

Table D-18 showed that the total runoff volume (L) from the 600 by 20 ft (approximately 0.27 
ac) plots and the concentrations of nitrate, ammonium, and total-P in runoff water.  The runoff 
volume was very low in the entire season of 2007-08, which explains the low total loss of N 
and P from the field (low N and P loads to surface water). 

The following figures (Figures D-13 to D-15) show the nutrients runoff in the citrus field for the 
second rainy season. The data very much reflect the same trend as the first rainy season. 
Table D-19 shows the summaries of the nutrient runoff from the four storms in the 2007-08 
rainy seasons for which samples were collected.  The data clearly shows that all three of the 
BMP treatments are effective in reducing the total nitrate loss from the plots. But again, the 
total amount of runoff from the citrus field (lb/Ac) was very small. Overall the BMPs are 
effective in reducing nutrient runoff from the citrus plots. 

Figure D-13 
Treatment Effect on Amount of Nutrients in Runoff Water at the Citrus Site 

on December 16, 2008 
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Figure D-14 
Treatment Effect on Amount of Nutrients in Runoff Water at the Citrus Site 

on December 18, 2008 
 

Figure D-15 
Treatment Effect on Amount of Nutrients in Runoff Water at the Citrus Site 

on February 9, 2009 
 

Citrus  2nd Precipitation Runoff 12-18-08 - Total Nutrient M ass Loss

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

NO3-N NH4-N P-Total

Treatm ents

N
u

tr
ie

n
t 

in
 p

o
u

n
d

s 
p

er
 a

cr
e

T1 Control

T2 Cover Crop

T3 PAM

T4 Mulch

Citrus  3rd Precipitation runoff 02-09-09 - Total Nutrient Mass Loss

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

NO3-N NH4-N P-Total

Treatm ents

N
u

tr
ie

n
t 

in
 p

o
u

n
d

s 
p

er
 a

cr
e

T1 Control

T2 Cover Crop

T3 PAM

T4 Mulch



Attachment D – Existing Nutrient Control Programs 

D‐85	

 
Figure D-15a 

Treatment Effect on Amount of Nutrients in Runoff Water at the 
Citrus Site on February 17, 2009 

 

Table D-19 Seasonal Total Runoff (Sum ± STD) in pounds per acre (lbs/ Ac)  
of NO3-N, NH4-N and P-Total in Citrus crop 2008-09 (n = 4) 

Treatments NO3-N NH4-N P-Total 

Control 0.0015 ± 0.00024 0.0005 ± 0.00009 0.0003 ± 0.00005 

Cover Crop 0.0004 ± 0.00007 0.0005 ± 0.00012  0.0003 ± 0.00005 

PAM 0.0002 ± 0.00004 0.0005 ± 0.00007 0.0002 ± 0.00005 

Mulch 0.0002 ± 0.00006 0.0008 ± 0.00018 0.0007 ± 0.00017 
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Table D-20 Runoff volume, concentrations of Nitrate, Ammonium, total-P, and 
nutrient loss for each storm of the Control treatment in Citrus, 2008-09 

 
First Flush and Sump Pump Collection 

Results 
Calculated Pounds per Acre 

Storm 
event date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

Mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P 
mass 

(lbs/Ac) 

12-16-08 

 

7.50* 1.98 1.98 0.93 
0.00039 0.00020 0.00010 

28.77** 6.12 2.32 1.18 

12-18-08 

 

7.50 0.37 0.60 0.54 
0.0005 0.0002 0.0001 

50.34 5.36 1.90 1.25 

2-09-09 

 

7.50 0.63 1.16 0.51 
0.00059 0.00011 0.00009 

40.50 7.91 0.82 1.03 

2-17-09 

 

1.00 0.60 0.58 0.64 
0.00005 0.000005 0.00001 

4.54  5.90  0.23  1.22 

* First Flush Sample Results. 
** Sump Pump Sample results. The calculated pounds per acre combined both first flush and pump readings. 
 

Similarly, Table D-19 showed the total nutrient loss from the citrus field in  
2008-09 seasons, and Table D-20 was runoff volume (L) and concentrations of the runoff 
water, as well as nutrient loss for each storm for the Control treatment. The results are similar 
to the 2007-08 season: the low total loss of N and P from the field (low N and P loads to 
surface water) was attributed to low runoff volume. 

D.2.2.2.2.2. Vegetable Experimental Results 
D.2.2.2.2.2.3 Potatoes (Summer and Fall of 2007) 

First, on this section it is important to point out that the data gathered was from potato plots 
being irrigated with recycled water which would normally contain higher nutrient content than 
rainfall.  The second thing to remember is that these samples were collected from irrigation 
water leaving the plots, but this water was not allowed to leave the farmland.  The grower is 
fined $3000 per event when his irrigation drainage water leaves the property and gets into a 
stream or watercourse. 

Shown below is the map of the potato site showing the treatments.  You will note that we were 
not able to keep all the plots in one uniform location.  There is some distance between plots 1 
-8 and plots 9 -12.  Each plot was ultimately 8 potato rows with one or two rows between 
plots. 

  



Attachment D – Existing Nutrient Control Programs 

D‐87	

Treatment I –  No Sudan Grass + No Deep Plow (Control) Plots -  1,8,10  

Treatment II – Sudan Grass + Deep Plow     Plots -  2,5,12  

Treatment III – No Sudan Grass +  Deep Plow   Plots – 3,6,11 

Treatment IV – PAM Plots – 4,7,9 

The picture below shows the installation of pipe across the waste water collection ditch the 
grower used to prevent his water from flowing off his land and into the water courses of the 
San Jacinto watershed.  These pipes lead to collection points in front of each plot where 
passive samples were collected and the runoff was then diverted in an underground system 
we installed to a point where the timed samples from multiple plots could be collected.  A 
frequent problem was that the grower would from time to time pull out our collection pipes to 
cultivate his field or to remake the diversion ditch.   

 

 

 

 

 

 

 

 

 

 

 

 

Installing Runoff Collecting System at the Potato Field 

The four graphs shown below vary greatly.  Figure D-16 shows the first runoff from the potato 
field. There was a 0.3 lb/Ac nitrate and 0.2 lb/Ac ammonium runoff from the treatment of 
Cover-crop + Deep-plow. While during the second runoff, no crop cover with deep-plow 
treatment has the highest nitrate and ammonium loss, with Control being the second largest 
loss.  
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Figure D-16 
Treatment effect on amount of nutrients in runoff water at the potato site on 

November 3, 2007

Figure D-17 
Treatment effect on amount of nutrients in runoff water at the potato site 

on November 11, 2007 
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Figure D-18 
Treatment effect on amount of nutrients in runoff water at the potato site 

on November 17, 2007. No P was detected (Table 4-5)
 

Figure D-19 
Treatment effect on amount of nutrients in runoff water at the potato site 

on November 30, 2007. No P was detected (Table 4-5) 
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When all the runoff events are combined, the Control has the second highest runoff of nitrate 
and ammonium, while No-cover crop with deep-plow has the highest loss of both nitrate and 
ammonium. The PAM treatment, on the other hand, has the least amount of nitrate and 
ammonium runoff (Table D-21).  It was observed that the samples from the PAM plots had 
much less sediment runoff than from all the other plots, but this did not seem to carry through 
into reduced nutrients. 

Table D-22 showed the runoff volume (L) and concentrations of the runoff water, as well as 
nutrient loss for each storm for the Control treatment. The relatively large amount of nutrient 
runoff is mainly from the Nov. 3 and Nov. 11, 2007 storms, which had both high volume and 
nutrient concentrations.  

Table D-21. Seasonal total runoff (Sum ± STD) in pounds per acre (lbs/ Ac) of 
NO3-N, NH4-N and P-Total in Potato crop 2007 (n = 4) 

Treatments NO3-N NH4-N P-Total 

Control 0.494 ± 0.177  0.246 ± 0.116  0.0 ± 0.0 

S. Grass+ D. Plow 0.118 ± 0.044 0.036 ± 0.011 0.0 ± 0.0 

D. Plow 0.516 ± 0.252 0.386 ± 0.191 0.0 ± 0.0 

PAM 0.069 ± 0.021 0.030 ± 0.012 0.0 ± 0.0 
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Table D-22 Runoff volume, concentrations of nitrate, ammonium, total-P, and 
nutrient loss for each storm of the Control treatment in Potato Crop, 2007 

 
First Flush and Sump Pump 

Collection Results 
Calculated Pounds per Acre 

Storm 
event 
date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P 
mass 

(lbs/Ac) 

11-03-07 

7.50* 26.70 5.95 0 

0.1149 0.0094 0.0000 
0** 0 0 0 

7.50 32.70 1.92 0 

194.17 31.49 2.46 0 

11- 11-07 

7.50 31.97 51.89 0 

0.3762 0.2349 0.0000 
1330.43 33.37 19.41 0 

7.50 31.31 51.30 0 

7.50 28.91 1.36 0 

11-17-07 

7.50 2.55 0.25 0 

0.0025 0.0003 0.0000 
 7.50 15.90 3.17 0 

7.50 2.96 0.26 0 

0 0 0 0 

11-30-07 

7.50 0.44 2.26 0 

0.00034 0.00134 0.0000 
7.50 1.60 1.86 0 

7.50 0.44 2.27 0 

0 0 0 0 

* First Flush Sample Results. 
** Sump Pump Sample results. The calculated pounds per acre combined both first flush and pump readings. 

D.2.2.2.2.4 Pumpkins (Summer and Fall of 2008) 
Since we had difficulty in controlling the experimental design at the potato plots the previous 
season we converted the dry-agriculture (wheat) plots to irrigated vegetable plots for the 
summer season.  We found that it was necessary to excessively irrigate the crop in order to 
generate runoff and obtain samples.   

The graph below shows our vegetated buffer strips as the worst treatment, but this was early 
in the season and the buffer strips had been taken out and replanted when the plots were 
being prepared for the pumpkins, so it would be more effective later in the season. 
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Figure D-20 
Treatment Effect on Amount of Nutrients in Runoff Water at the Pumpkin Site 

on September 8, 2008 
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Figure D-21 
Treatment Effect on Amount of Nutrients in Runoff Water at the Pumpkin Site 

on September 29, 2008

Figure D-22 
Treatment Effect on Amount of Nutrients in Runoff Water at the 

Pumpkin Site on October 20, 2008 

 

Pum pkin 2nd Irrigation Runoff 09-29-08 - Total Nutrient Mass Loss

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

NO3-N NH4-N P-Total

Treatm ents

N
u

tr
ie

n
ts

 in
 p

o
u

n
d

s 
p

er
 a

cr
e

T1 Control

T2 Manure incorporated

T3 PAM

T4 Veg. Buf fer Strips

Pumpkin 3rd Irrigation Runoff 10-20-08 - Total Nutrient M ass 
Loss

0.000

0.050

0.100

0.150

0.200

0.250

NO3-N NH4-N P-Total

Treatm ents

N
u

tr
ie

n
t 

in
 p

o
u

n
d

s 
p

er
 a

cr
e

T1 Control

T2 Manure incorporated

T3 PAM

T4 Veg. Buf fer Strips



Attachment D – Existing Nutrient Control Programs 

D‐94	

Figure D-23 
Treatment Effect on Amount of Nutrients in Runoff Water at the Pumpkin Site 

on November 12, 2008 

Looking at the four graphs (Figs. D-20 to D-23) showing the total nutrient mass running off 
from the plots we found a significant variance in the vertical scale.  The greatest quantities are 
in the fourth graph, so it is dominant in the summary. 

Table D-23 Seasonal total runoff (Sum ± STD) in pounds per acre (lbs/ Ac) of  
NO3-N, NH4-N and P-Total in Pumpkin crop 2008 (n = 4) 

Treatments NO3-N NH4-N P-Total 

Control 0.223 ± 0.059   0.047 ± 0.014   0.093 ± 0.023   

Manure incorporated 0.138 ± 0.037   0.021 ± 0.006 0.043 ± 0.012 

PAM 0.103 ± 0.019  0.012 ± 0.001 0.032 ± 0.007 

Vegetated Buffer Strips 0.192 ± 0.025   0.092 ±  0.031 0.066 ± 0.010 
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Table D-24 Runoff volume, concentrations of nitrate, ammonium, total-P, and 
nutrient loss for each storm of the Control treatment in Pumpkin Crop 2008 

 
First Flush and Sump Pump Collection 

Results 
Calculated Pounds per Acre 

Storm 
event date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P 
mass 

(lbs/Ac) 

9-08-08 
7.50* 7.19 3.42 31.50 

0.0175 0.0122 0.0040 
236.18** 5.99 4.32 1.40 

9-29-08 
7.50 2.82 0.36 0.72 

0.0162 0.0024 0.0064 
809.61 1.72 0.25 0.70 

10-20-08 
7.50 4.03 0.75 1.25 

0.0482 0.0014 0.0305 
3133.22 1.35 0.03 0.87 

11-12-08 
7.50 5.48 1.02 1.05 

0.1411 0.0312 0.0523 
4548.43  2.76  0.61  1.03 

* First Flush Sample Results. 
** Sump Pump Sample results. The calculated pounds per acre combined both first flush and pump readings. 

The data (Table D-23) show that all three treatments reduced the quantity of nitrate leaving 
the field compared to the control.  PAM is obviously the best treatment reducing the nitrate to 
approximately one-half that of the control with 0.4 lbs/Ac for the season.  As to the quantity of 
runoff the control has just under 0.9 lbs./Ac for the season.   

The fact that the vegetated buffer strip was freshly planted early in the season probably ruined 
some chance of demonstrating that it was an effective method of reducing nutrients.  As the 
season progressed, it became more effective. Also, chemical fertilizer was applied in this 
treatment. The highest ammonium runoff from the Vegetated Buffer Strips-Chemical Fertilizer 
application is an indication that chemical fertilizers are more vulnerable to runoff. 

The results for the ammonium runoff have a similar pattern except for the vegetative buffer 
strips.  We are explaining this as a problem caused by rabbits.  The only green grass for 
several hundred feet around was found on the vegetated buffer strips and they were 
harvested down to bare ground by the rabbits in early September.  On that date ammonium 
runoff was eight times higher than the control.  On all other dates ammonium runoff from the 
plots was less than the quantity from the control plots; throwing out that one result would place 
the graph approximately equal to the results for the manure incorporated.  Note that the 
ammonium N quantities of runoff are substantially less than the nitrate quantities. 

From the data in Table D-23, the results for the total phosphorous quantities also indicate that 
all the treatments are better than the control and that PAM application is the best treatment for 
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reducing nutrient runoff.  Overall, PAM is an effective method of reducing nutrient runoff for 
vegetables in the San Jacinto watershed, and thus can be used as a BMP. 

The runoff volume, concentrations of nitrate, ammonium, total-P, and nutrient loss for each 
storm of the Control treatment in Pumpkin Crop 2008 were shown in Table D-24 The data 
demonstrated the relative contribution of runoff volume and nutrient concentration to the total 
loss of nutrient from the plots.  

The yield of the pumpkins was not significantly different among the treatments. The photo 
below shows the pumpkin plots and irrigation system as they were in peak growth near the 
end of September.  See Appendix for detailed Pumpkin Information. 

Pumpkin field 

D.2.2.2.2.5 Dryland Wheat Results 

Experimentally the wheat plots were probably the best for this particular study.  They were 
uniformly sized and shaped with clearly defined borders on every plot.  There were only slight 
differences in slope.  The grower was very cooperative and provided all the treatments, the 
tillage and planting and even provided irrigation for the buffer strips when it became apparent 
that natural rainfall would not suffice for the establishment of seeded areas. 
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D.2.2.2.2.6 Results for the first Winter Season (2006-2007)  

For the first winter season (2006-2007) we did not obtain any samples from the wheat plots 
due to the lack of rainfall after the treatments were in place.  There was one storm that caused 
most of the wheat seeds to germinate, but by the time the seedlings were approximately 2-3 
inches in height, the soil was so dry that the plants were dying. During this season, few of the 
growers in the area were able to harvest a crop without irrigation.  The Riverside Press-
Enterprise reported that rainfall for this period was 10 - 75 percent of normal in Riverside and 
San Bernardino Counties. 

The very best storm of the 2007 - 2008 rainy seasons came in early December. The plots 
were very dry, but the treatments were all in place from the previous season, (it had been so 
dry that not even weeds were growing).  Our staff went out after the rainstorm and made 
observations. The Press-Enterprise reported that rainfall for this period was 10 - 50 percent of 
normal in Riverside and San Bernardino Counties. 

The grower was not able to plant the crop on a timely basis, but we had our collection system 
in place for the subsequent storms in December.  The natural rainfall came early in the 
season and the growers in the area were looking at a pretty good crop in early February, but 
by mid-March the wheat crop had dried out and very little grain was harvested in the area.  
Ultimately the crop on our plots turned out to be mostly weeds, but we were able to collect 
samples.  These are the results. 

D.2.2.2.2.7 Results for the second Winter Season (2007-2008)  

For the 2008 rainy season, the Riverside Press-Enterprise reported that rainfall for this period 
was 50 - 90 percent of normal in Riverside and San Bernardino Counties, but on July 10, 
2009, the newspaper reported that “Riverside County agricultural officials are seeking a state 
of emergency drought declaration for the area because 20,000 acres of grain crops worth 
$5,000,000 have been lost this year.  This is followed by 2007, the driest year on record when 
$4.1 million in crops were lost.” 

The first data we obtained from the wheat plots on November 30, 2007 looked very favorable 
as to the quantities of total nutrient runoff.  Up until this time the nutrient runoff had been zero 
because there were no rain events large enough to generate runoff.  When this early season 
storm occurred there were no new treatments in place and certainly no wheat.  From this 
storm the soil was apparently so dry that most of the rain soaked into the dry soil.  The 
predominant nutrient running off as shown below was ammonium, but as you can see the 
quantities were very small (Tables D-26 & D-27).  The vegetated buffer strip, even though it 
was nothing but dried sod, did appear to have some effect in reducing the nutrient runoff.
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Figure D-24 
Treatment Effect on Amount of Nutrients in Runoff Water at the Wheat 

Site on November 30, 2007 

Figure D-25 
Treatment effect on amount of nutrients in runoff water at the wheat site 

on January 28, 2007 

The only other storm which provided runoff data and samples for nutrient analysis came in the 
few days before January 28, 2008.  From this event we again see that the vegetated buffer 
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strip does provide the best protection in controlling the runoff of nutrients.  We also noted that 
from these results the manure on the surface seemed to serve as a mulch and control the 
quantity of water running off and thereby also reduced the nutrient loss from the plots. 

It is interesting to analyze the storm event that occurred in the above period.  Our field data 
show that on 1/23/2008 we had 0.43 inches of rainfall and no runoff.  This was followed a day 
later (1/24/2008) with 0.27 inches of rainfall, but still no runoff.  On 1/25/2008 there was only 
0.02 inches of rainfall, but two of our four stations now recorded small quantities of runoff.  It is 
evident that when the soil is dry and loose, it takes a considerable size of rainfall before runoff 
is generated.  

Then, on 1/27/2008 we had the largest recorded storm of the season, 1.37 inches of rainfall, 
followed by 0.57 inches the next day (1/28/2008).  For the period there was a total of 2.66 
inches of rainfall which calculates to approximately 4980 gallons of water per plot or in round 
figures 15,000 gallons per treatment.  Our runoff amounts were as follows in the table below 
(Table D-25): 

Table D-25 Runoff Volumes Collected from the Dry-Wheat Field in the  
2007-08 Seasons 

Date Control Manure 
Inc. 

Manure 
Spread 

Veg. 
Buffer Strips 

Runoff 
amounts  

Gallons Gallons Gallons Gallons 

1/23/2008 0 0 0 0 

1/24/2008 0 0 0 0 

1/25/2008 5.3 10.8 0 0 

1/26/2008 0 0 0 0 

1/27/2008 7.3 512.3 4.4 65.2 

1/28/2008 178.4 398.2 44.7 30.2 

Totals  191.0 921.3 49.1 95.4 

% of Rainfall 1.3% 6.1% 0.3% 0.6% 

It can be concluded from the above data that: First, manure spread had the least amount of 
rainfall runoff of any of the treatments; from that it is assumed that manure on the surface 
acted as a mulch allowing the rainfall to soak into the soil rather than runoff.  However, the 
concentration of the nutrients in the runoff from this treatment was higher than for other 
treatments.  Secondly, the vegetative buffer strips were effective in reducing runoff to about 
half of the control and is the most effective treatment shown here for reducing the nutrient load 
in the runoff.  The greater quantity of runoff from the manure incorporated plots also helps to 
explain why there is greater nutrient loss from these plots.  Lastly, even the highest nitrate 
runoff from the manure incorporated plots is only 0.02 pounds per acre running off.  This is the 
highest amount of any nutrient shown in the graphs above and in the runoff summary table 
(Table D-26). 
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The most important conclusion to be drawn is shown by the last row in the table.  Only a small 
percentage of a significant rainfall event generated runoff from the agricultural land and that 
runoff does not begin until nearly an inch of rainfall has occurred, since the total runoff volume 
was very insignificant (Table D-27).   

Table D-26 Seasonal total runoff (Sum ± STD) in pounds per acre (lbs/ Ac)  
of NO3-N, NH4-N and P-Total in Wheat crop 2007-2008 n =2 

Treatments NO3-N NH4-N P-Total 

T1 Control 0.00215 ± 0.00144 0.00077 ± 0.00026 0.00149 ± 0.00105 

T2 Manure, incorporated 0.00623 ± 0.00369 0.00166 ± 0.00015 0.00251 ± 0.00178 

T3 Manure, spread 0.00527 ± 0.00250 0.00088 ±0.00022 0.00099 ±0.00070 

T4 Vegetated Buffer 
Strips 

0.00104 ± 0.00065 0.00030 ±0.00009 0.00047 ± 0.00033 

 

Table D-27 Runoff volume, concentrations of nitrate, ammonium, total-P, and 
nutrient loss for each storm of the Control treatment in Wheat Crop, 2007-08 

 
First Flush and Sump Pump Collection 

Results 
Calculated Pounds per Acre 

Storm 
event date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P 
mass 

(lbs/Ac) 

11-30-07 

 

7.50* 0.22 0.80 0 
0.00006 0.00020 0.0000 

0** 0 0 0 

01-28-08 

 

7.50 1.17 0.44 1.20 
0.00209 0.00057 0.00149 

178.4 0.91 0.23 0.60 

* First Flush Sample Results. 
** Sump Pump Sample results. The calculated pounds per acre combined both first flush and pump readings. 
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D.2.2.2.2.8 Results for the Third Winter Season (2008-2009) 

The picture below shows the area near the wheat plots during the first storm of the season on 
December 16, 2008.  It shows our wheat plots on the right side of the photo which are 
protected by a berm.  It shows the runoff coming down from the hills to the west of the wheat 
field and the water standing on the west side of the berm.  It was important as part of the 
experimental design to protect the plots from the water outside the plot area. 

At the time of this photo, the plots had been prepared and the treatments been applied, but 
the wheat had not been planted.  The storms on December 16 -18, wet the soil so that the 
wheat was unable to be planted until early January.  Thus, the experimental runoff results for 
the storms of this period are for a bare soil with the manure treatments freshly applied.  The 
vegetated buffer strips were in place, so the only BMP that could be completely evaluated was 
this treatment.  The results will show that the buffer strip was an effective BMP. 

The quantity of nutrient runoff from this information is huge compared to the two earlier rainfall 
events.  As stated above wheat had not been planted, so we have bare soil on the plots and 
freshly applied manure, so it is understandable that the nutrient loss from the unprotected land 
would be high. 

Wheat plots during the first storm of the season on December 16, 2008 
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Figure D-26 
Treatment Effect on Amount of Nutrients in Runoff Water at the Wheat Site 

on December 16, 2008 
 

Figure D-26a  
Treatment Effect on Amount of Nutrients in Runoff Water at the Wheat Site 

on December 18, 2008 
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The results from the total nutrient mass loss from the data on December 18, 2007 is about 
what one might expect from an early season storm with fresh manure applied to the soil.  The 
wheat crop was not evident at this time so the soil on the plots was bare.  The manure 
treatments had higher nitrate loss than the control and the manure on the surface also had 
higher phosphorous runoff than the control.   Samples were also collected two days earlier 
which had even higher quantities of nutrient runoff.  The vegetated buffer treatment had a 
substantial reduction in nitrate, but smaller reductions in ammonium or phosphate as 
compared to the control. 

We irrigated the wheat in January to make certain there was a crop in the field.  The irrigation 
quantities were chosen to be lower than amounts which would create runoff.  However, in 
many places the stand was poor and we had weeds instead of wheat.  After the December 
storm we had no rain events which were large enough to provide us with samples until this 
event on February 7, 2009.  The graph below clearly shows the effectiveness of our 
treatments in reducing nitrate and ammonium runoff concentrations, with reductions of nearly 
thirty percent.  Phosphorous runoff totals were all slightly higher than the control for the other 
three treatments. 

Note that when comparing the quantities of nutrient runoff that the totals regardless of 
treatment are much smaller than when the soil was bare and the manure freshly applied as 
shown with the December storms.  The wheat crop itself is effective in reducing runoff and the 
nutrients associated with that runoff. 

For the fourth wheat rain event of the season the nutrient runoff totals are smaller than the 
earlier events.  Manure on the surface is still providing greater nitrate and phosphate run off 
than the control.  The vegetated buffer strip is effective in reducing the nutrients compared to 
the other treatments. 
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Figure D-27 
Treatment effect on amount of nutrients in runoff water at the wheat site on 

February 7, 2009 
 

Figure D-28 
Treatment Effect on Amount of Nutrients in Runoff Water at the Wheat Site 

on February 9, 2009 
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For this storm event the quantities of nutrient loss from runoff are considerably less than from 
all the earlier storms, but there is little evidence that the treatments have any effect in 
reducing quantities.  Note that even with these small quantities of nutrient runoff they are 
considerably higher than any of the data from the citrus runoff.  Still, we are showing less 
than 0.1 pound of nitrate per acre for even the highest shown in the manure incorporated 
plots. 

Figure D-29 
Treatment effect on amount of nutrients in runoff water at the wheat site on 

February 10, 2009
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Figure D-30 

Treatment effect on amount of nutrients in runoff water at the wheat site on 
February 17, 2009 

It is not clear why the nutrient runoff amounts were higher here than they were a week earlier.   

In summary for the 2008-2009 seasons, the vegetative buffer strips were the most effective 
BMP treatment for the wheat.  During this winter season the manure on the surface did not 
seem to be effective as a mulch which had been an indication of the earlier seasons.  Visually, 
there seemed to be less manure on the surface than we had seen during the first season. 
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Figure D-31 
Nutrient concentrations from the sump pumps sampled at different times after  

a storm even started on February 17, 2009. T1, T2, T3, and T4 are Treatments  
1, 2, 3 and 4; R1, R2, R3, and R4 are the time sequence for runoff sampled  

at time 1(t=0), time 2 (t=30 min), time 3 (t=1 hr), and time 4 (t=3 hr) 

This is a complicated graph (Fig. D-31), but it is important that at least one be shown and 
explained.  The T (1-4) indicates the treatments as shown earlier.  The R symbol is used for 
the timed samples taken from the central collection point for each treatment.  The four 
summaries with the highest peaks are the total of the four concentrations from the same 
treatment of the timed samples. These values divided by 4 are the average concentrations for 
their corresponding treatment.   

Looking at R1 through R4 for the control one can see that there is no significant trend either 
up or down for any of the nutrients.   This is also true for the T3 and T4 treatments, but the T2 
manure incorporated treatment does seem to have a significant increase in the nitrate runoff 
for R3 and R4 as compared to the earlier samples R1 and R2.   
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Table D-28 Seasonal total runoff (Sum ± STD) in pounds per acre  
(lbs/ Ac) of NO3-N, NH4-N and P-Total in Wheat crop 2008-09 (n = 6) 

Treatments NO3-N NH4-N P-Total 

Control 0.1981 ± 0.0358   0.0687 ± 0.0163 0.0646 ± 0.0138  

Manure, incorporated 0.1260 ± 0.0231     0.0150 ± 0.0026  0.0406 ± 0.0087  

Manure, spread 0.1381 ± 0.0225    0.0300 ± 0.0063  0.1049 ± 0.0304   

Vegetated Buffer 
Strips 

0.0720 ± 0.0123     0.0218 ± 0.0048  0.0554 ± 0.0097  

Table D-28 summarized the nutrient runoff from the wheat field for the 2008-09 rainy seasons. 
Again, the Control treatment has the highest seasonal total nitrate and ammonium runoff, and 
the manure spread on surface has the highest total-P runoff. Vegetative buffer strip is a good 
practice to reduce nutrient runoff for the dry wheat. It was observed that relatively large storms 
contributed to the high total loss of nutrients from the plots  

Table D-29 Runoff volume, Concentrations of Nitrate, Ammonium, total-P,  
and nutrient loss for each storm of the Control treatment in Wheat Crop,  
2008-09 

 
First Flush and Sump Pump 

Collection Results 
Calculated Pounds per Acre 

Storm 
event 
date 

Volume (l) 
NO3-N  

mg/l 

NH4-N  

mg/l 

Total-P  

mg/l 

NO3-N  
mass 

(lbs/Ac) 

NH4-N  
mass 

(lbs/Ac) 

Total-P 
mass 

(lbs/Ac) 

12-16-08 7.50* 9.52 2.16 1.41 0.0782 0.0149 0.0134 
562.27* 12.12 2.30 2.08 

12-18-08 

 

7.50 1.76 1.86 1.40 0.0796 0.0448 0.0385 
2319.46 3.07 1.72 1.48 

2-07-09 

 

7.50 7.93 1.42 1.21 0.0270 0.0051 0.0020 
206.28 10.89 2.06 0.74 

2-09-09 

 

7.50 1.13 0.26 1.28 0.0047 0.00011 0.0026 
184.33 2.17 0.71 1.11 

2-10-09 

 

7.50 0.86 0.27 1.20 0.0086 0.0024 0.0084 
551.93 1.36 0.38 1.27 

2-17-09 

 

7.50 4.03 0.27 1.09 0.0006 0.0001 0.0001 
2234.54 2.27 0.38 0.98 

* From first flush sample. 
** From pump at the monitoring station. The calculated pounds per acre combined both first flush and pump readings. 
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D.2.2.2.3 Survey on Manure and Fertilizer Application  
A survey on Manure and Fertilizer Application in the San Jacinto River Watershed was sent to 
a group of representative growers. We mailed out 36 surveys, and received 16 responses.  
The following are the major findings from the Survey: 

1. The size of the agricultural operations ranges from 10.5 to 1600 ac. Based on the 
received surveys, 81 percent of the growers own their land; 94 percent of the growers 
irrigated their fields. Among them, 81 percent growers said that their size of operation 
will remain the same, 16 percent will reduce, and only 6 percent (one response) said 
that s/he will increase. 

2. Among the responders, only 19 percent of the growers use manure in their production 
(cow manure: 2; horse manure: 1). Manure was applied by surface spread or disk 
plowing.  One grower said that manure application reduced his/her fertilizer application 
by 75 percent.  

3. The range of manure application rate is from 1 to 1.5 tons per ac per year. 

4. 69 percent of the growers use chemical fertilizers; most of them use urea and N-P-K 
formula. Among the 11 users, 7 of them injected fertilizers through irrigation water; 1 
applied as base fertilizer; and another by side dressing. Fertilizer application frequency 
ranges from 1 to 3 times per year.  The highest use rate is 100 lb N per ac per year. 

5. 88 percent of the surveys consider water quality in the watershed is important. 38 
percent of them take measures to reduce runoff, 25 percent of them observed no runoff 
because of micro irrigation practices. Only one responder (6 percent) did not take action 
on runoff reduction. 

D.3 Comments and Recommendations 
Reviewing all of our research, we are not seeing a problem caused by runoff from the 
growers’ fields.   It has been dry, but even when it has rained we are not seeing substantial 
runoff from our plots.  The growers are taking a lot of blame for the nutrients getting into Lake 
Elsinore and Canyon Lake and are credited with the “historical legacy” of nutrients that have 
already accumulated in the water bodies.  

The desired outcomes have largely been met.  We have conducted a field study on citrus and 
dryland wheat that lasted through three Southern California wet seasons and found effective 
BMPs for reducing nutrients in runoff.  We have conducted field studies on summer irrigation 
of potatoes and vegetables and found effective BMPs for reducing nutrients in runoff.  Turf 
BMPs have been identified and education outreach meetings were held for golf course 
managers and residents in Western Riverside County. Specifically, 

1. All selected agricultural BMPs were found to be effective in reducing nutrient N and P 
carried by storm/irrigation generated runoff. 

2. We carried out outreach education to educate residents and golf course professionals 
about turf-related BMPs and their value by meetings. 
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3. Growers and stakeholder groups have been informed about agricultural BMPs and their 
value. 

4. Load reductions were quantified from adoption of these BMPs in citrus, dryland wheat 
and vegetables, and it was proved that certain BMPs are effective in reduce nutrient 
loads to surface waters, although we cannot be certain at this point that we have 
increased use of turf-related BMPs in the watershed. 

The main long term goal with which this project is associated is to control the nutrients in Lake 
Elsinore and Canyon Lake and to bring them into compliance with EPA water quality goals. 
Since the 1930’s, it has been common knowledge that soil surfaces need to be protected from 
wind and water erosion or the soil particles themselves will runoff into lakes, streams and 
other water courses. Nutrients attached to the soil particles and/or dissolved in the runoff 
water also runoff into the water bodies causing eutrophication.  Most of the BMPs evaluated 
here are methods used to protect the soil surface and thus prevent soil particles from leaving 
the field in question.  The exceptions to this may be PAM and deep-plowing, which work 
primarily by enabling more water to move down into the soil profile thus reducing runoff. 

It should also be noted that our surveys and research indicate those growers that had 
previously adopted methods of reducing runoff into the streams of the San Jacinto Watershed. 

CITRUS 

At the citrus plots with the micro-irrigation system we have never observed runoff from the 
plots during irrigation events we have witnessed.  The only time we saw excessive water was 
when the temperature fell below freezing and extra water was sprayed on the young plants to 
keep them from freezing (an ice shield).  Most of this water froze and ran off slowly or 
infiltrated into the sandy soil as the ice melted in the warmer days following the freeze. 

The citrus grower has his own runoff collecting system and we have not determined where it 
discharges and what BMPs he might be using at the discharge point.  We do know that it does 
run during heavier rainfall events and we know that some water is discharged through the 
roadways during heavier rainfall. 

Outside the area of our plots we have observed, in the rows themselves, the trimmings from 
the trees form natural mulch, and we see moss growing in some areas.  This is a natural 
process that he uses that reduces runoff. 

WHEAT (DRY-AG) 

During heavy storms, there seems to be more runoff coming onto the Boris property from the 
surrounding hillsides than is generated from the farmland itself.  There has been some erosion 
processes on the western end of our plots from this excessive runoff, but no erosion has been 
observed in the plots themselves and we have not been able to measure a substantial runoff. 

VEGETABLES 

In the 2007 Potato plots we observed that the grower created a system to collect the irrigation 
runoff water and keep it contained on the farm property.  We learned that he would be fined by 
the Eastern Municipal Water District if he allowed the water to runoff his property, since the 
irrigation water is recycled water.  Even though he was using a primitive sprinkler irrigation 
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system that leaked badly and created some problems for our collection system, the sprinklers 
were managed to prevent runoff from the property. Good irrigation management can 
effectively reduce the surface runoff during an irrigation event. 

In the 2008 pumpkin plots we had to excessively irrigate (above the requirement for the crop) 
in order to create runoff which we could collect for quantification and analysis.  A grower 
limiting his water use to that required to economically grow the pumpkin crop would not have 
created any runoff from these particular plots. 

Summary 
Our results showed that agriculture did not contribute significant amount of N and P to the 
lakes in the San Jacinto River Watershed, at least for the particular weather conditions from 
2006 to 2009. Nevertheless, adoption of agricultural best management practices that were 
proven to be effective in reducing water pollution should be encouraged and adopted, since 
pollution control in a watershed requires the effort of all stakeholders and potential 
contributors. 

D.3.1 Scott Brothers Dairy Farm Pilot Gasification Project 

Scott Brothers Dairy has embarked on a new and innovative technology that addresses 
multiple concerns and issues in the San Jacinto watershed agricultural community. As an 
entity that has a dairy and associated forage cropland associated with the dairy, Scott 
Brothers Dairy and Farm is the perfect candidate for this pilot scale project. This project is 
garnering a significant amount of excitement as we move forward. Federal, State, local, public 
and private entities are watching this technology closely. Reducing nutrient loads, eliminating 
waste streams, reducing salts, producing renewable diesel energy all by converting dairy 
waste. 

Successful completion of this project could provide the foundation for significant dairy waste-
to-fuel production capacity. At commercial scale, the technology could produce 6.8 million 
gallons of renewable diesel per year and the diversion of manure from the estimated 35,000 
cows used in a commercial scale model would result in reductions of 85,150 tons/year CO2E 
of methane and 72,066 tons/year of nitrous oxide. 

Based upon the results of this pilot scale, WRCAC will address a regional approach and 
examine the feasibility issues. This technology has the capability of addressing biosolid and 
green waste issues as well. 

The pilot project has received its SCAQMD permits as well necessary building permits as of 
May 13, 2013. Construction of the project is underway with an estimated operational start date 
of 07/15/13 

WRCAC has reviewed new and innovative technologies from around the world for the past 10 
years. WRCAC reviews all promising technologies and processes and proceeds based upon 
ready-to-proceed conditions and the best project fit to meet regulatory compliance 
requirements. 

WRCAC members are encouraged to participate in pilots or new technologies to assist the 
region and the dairy and agricultural operators. The Integrated Regional Dairy Management 
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Plan (IRDMP) included a vibratory shear enhancement process (VSEP) technology that was 
being used in Japan and with swine in Canada and the east coast. This technology was 
applied to a dairy facility in the Menifee area. Although impressive in results, cost benefit 
analysis was questionable and addressed only portions of dairy issues in the watershed. 

Project Description: Agricultural Waste Solutions, Inc. (AWS) and its host siting partner, Scott 
Brothers Dairy Farms LP (Scott), will assemble and operate a pilot facility on the Scott dairy in 
Moreno Valley, California, to produce renewable diesel from Scott dairy manure waste.  The 
facility will utilize four skid-mounted, AWS modules: a Solids Recovery Module that separates 
suspended solids from liquid dairy waste; a Water Treatment Module that converts the 
centrate (liquid discharge) from the Solids Recovery Module into reclaimed and clean water; a 
Gas Production Module that gasifies the manure solids to produce a high quality syngas; and, 
a Liquid Fuel Module that uses a Fischer-Tropsch liquefaction process to convert the syngas 
to renewable diesel fuel.  The facility is sized to process manure from 125 dairy cows (the 
Scott dairy total is an estimated 2550 head) or about 250 pounds of manure per hour, 2.5 tons 
per day.  AWS will own and operate the facility and it will operate the system on a continuous 
basis (16 hours/day, six days a week with scheduled maintenance).  The project is budgeted 
for $1,741,157; the grant sought is $658,220 and the project partners are contributing 
$410,027 cash and $672,910 in in-kind services. 

Scott is a member of the Western Riverside County Agriculture Coalition (WRCAC), a 
501(3)(c) non-profit coalition (twenty six dairy members who, collectively, have a total of 
56,000 dairy cows) that released in December 2009 the “San Jacinto Watershed Integrated 
Regional Dairy Management Plan” in order for dairy members to meet critical issues in the 
San Jacinto Watershed, including groundwater, surface water, air quality and salts issues, as 
well as meet regulatory requirements while maintaining the long-term sustainability of the 
dairy industry in the community.  The principal objective of this AWS-Scott dairy pilot facility, 
SJBiodiesel #1, is to produce renewable diesel from dairy manure waste at a volume and cost 
that demonstrates that a commercial-size facility for WRCAC member dairies is economically 
sustainable and, when integrated into the best dairy management practices set out in the 
Integrated Regional Dairy Management Plan, will make a substantial contribution to meeting 
the issues in the San Jacinto Watershed and the social and environmental goals of the San 
Jacinto Watershed Integrated Regional Dairy Management Plan.  The renewable diesel that is 
produced by the project will be used directly in Scott dairy off-road equipment. 

The proposed project enhances and furthers state and federal efforts to achieve and maintain 
federal and state ambient air quality standards because (1) the AWS system modules operate 
within the permitting standards required by the AQMD and have twice previously been issued 
operating permits to gasify animal waste by South Coast Air Quality Management District; 
and, (2) the AWS system modules will reduce total greenhouse gas emissions (i) by gasifying 
manure waste prior to methane (CH4) and nitrous oxide (NO2) emissions emanating from 
anaerobic decay of manure during traditional lagoon and land application; and, (ii) from 
replacing petroleum based diesel with cleaner renewable diesel from manure that is projected 
to result in reductions of as much as 49 percent hydrocarbon (HC), 33 percent carbon 
monoxide (CO), 27 percent nitrogen oxides (NOx), 21 percent particulate matter (PM) and 17 
percent carbon dioxide (CO2).  The project is not mandated by any local, regional, state, or 
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federal law, rule, or regulation nor is the project intended to help AWS to meet any 
performance requirement mandated by local, regional, state, or federal law, rule, or regulation. 

This AWS-Scott dairy pilot facility, SJ Biodiesel #1 facility has the following specific goals: 

 Verifying the quantity of renewable diesel output—projected to be 4 gallons of 
renewable diesel/hour from every 250 pounds/hour of manure solids input (125 dairy 
cows); 

 Verifying the renewable diesel quality and performance characteristics—projected to 
meet ASTM D 975 standard, ready for direct use in Scott off-road dairy equipment; 

 Verifying that AWS’s innovative Solid Recovery Module will separate and remove for 
gasification 98 percent of the total suspended solids over 5 microns in size from a 
flushed dairy waste stream and remove over 90 percent of the phosphorous (P), 
Chemical Oxygen Demand (COD), zinc and copper; over 65 percent of the total nitrogen 
(TKN); and, over 40 percent of the potassium (K) and salts from the dairy waste water; 

 Verifying the volume of reduced TDS salt per year—projected to be a diversion of up to 
16.46875 tons of TDS salt per year; 

 Verifying that air emissions from the AWS system are well within AQMD standards and 
will meet air emission targets of:  PM: 0 lbs/MM btu/hr; NOx: 20 PPM at 3 percent 
oxygen; SOx: 0; CO: 0 PPM at 3 percent oxygen; and VOC: 0;  

 Verifying the greenhouse gas emission reductions from the diversion of dairy manure 
from 125 dairy cows—projected to be 304 tons/year CO2E of methane (CH4) and 257 
CO2E of nitrous oxide (N2O);  

 Verifying the calculation of potential greenhouse gas emissions of the proposed project 
in grams of CO2-equivalent per megajoule, total metric tons per annum, and total metric 
tons over the design life of the project, as well as an estimate for a future commercial 
facility; 

 Verifying greenhouse gas emission reductions from the proposed use of 28,000 Fischer-
Tropsch-produced gallons per year of renewable diesel in place of petroleum based 
diesel—projected to be a reduction of 49 percent HC, 33 percent CO, 27 percent NOx, 
21 percent PM and 17 percent CO2. 

Scott Brothers Dairy Farm LP (Scott) is a family owned business comprised of a working dairy 
facility and farm in San Jacinto, California, and their processing creamery in Chino, California.  
The Scott dairy has 1070 milking cows, 140 dry cows, 870 heifers, and 470 calves, for a total 
estimated herd size of 2550 cows.   Scott dairy regularly ranks in the top 10 of their respective 
production tier for the California Dairy Herd Improvement Association (industry specific 
production rankings). They have a rich history in the Southern California dairy community, 
starting in 1913 when Ira J. Scott (the great grandfather to the current operators) moved his 
family from Iowa to Southern California. It was Ira’s two sons who established the first “Scott 
Brothers Dairy” – and the tradition began. The current generation of “Scott Brothers” – Bruce 
and Brad, along with their father Stan—operate an environmentally certified facility under the 
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voluntary California Dairy Quality Assurance Program. Their diverse interests in not only 
production agriculture, traditional crop farming, and food processing, coupled with the looming 
air and water quality regulatory requirements, makes them known as technical innovators in 
the local dairy community. They have successfully installed a solar panel grid to offset 25-35 
percent of their facility electrical bill and provide needed carbon offset credits for their 
business and are looking forward to a second phased implementation in the future. 

Bruce Scott is a 4th generation Southern California dairy farmer, and partner/owner with his 
brother Brad and father Stan in Scott Brothers Dairy Farm LP.  Bruce primarily manages the 
day to day farming aspect of the dairy, cultivating approximately 750 acres of crops used to 
feed the dairy herd. Because of the wide range of environmental regulatory requirements the 
modern dairy farmer faces, Bruce has developed a strong interest in incorporating innovative 
technologies to manage the environmental impact the dairy farm can present. Scott dairy 
utilizes a solar grid to offset their electrical power needs; they have converted their water 
pumping mechanisms to high efficiency electrical pumps under state grant funding, and utilize 
hybrid methods to manage the waste water/manure handling in compliance with current 
regulatory mandates. Bruce actively participates in the local watershed regulatory community, 
helping to advocate for his fellow dairymen and farmers. Bruce is the chairman of the Western 
Riverside County Agriculture Coalition, a former director of the Riverside County Farm Bureau 
and currently sits on various water/environmental policy boards including the Hemet/San 
Jacinto Groundwater Management Plan, San Jacinto River Watershed Council San Jacinto 
Basin Resource Conservation District, South Coast Air Quality Management District, Regional 
Water Quality Control Board, Eastern Municipal Water District, and Riverside County Solid 
Waste Management Advisory Task Force. In addition, Bruce has been a key collaborator with 
the USDA-ARS Salinity Lab, and has donated his time resources and facility to facilitate the 
research projects for “Spatio-Temporal Assessment of Nutrient Management Plan (NMP) 
Performance for Field-Scale Lagoon Water Application” and “Transport and Fate of Nitrate 
and Pathogens For Dairy Lagoon Water.” 

Brad Scott is a 4th generation Southern California dairy farmer, and partner/owner with his 
brother Bruce and father Stan in Scott dairy. Brad is the “Chief Herdsman” of Scott dairy, and 
also keenly interested in the incorporation of technology innovations to the modern dairy 
farming model. Brad’s management practices for the herd regularly ranks the herd in the top 
10 of their respective production tier for the California Dairy Herd Improvement Association 
(industry specific production rankings.) Brad actively participates in local, regional and national 
industry related associations as a resource and advisor, as the past president of the Riverside 
County Farm Bureau, board member of the Milk Producers Council, Southern Counties Dairy 
Herd Improvement Association, California Beef Council, California Dairy Herd Improvement 
Association, and as a member of the Industry Priority/Innovation Center Committee of the 
National Dairy Board/Dairy Management Inc. Brad attended California Polytechnic University 
and majored in Dairy Science. 

Coordination between AWS and Scott and the Western Riverside County Agriculture Coalition 
(WRCAC), a 501(3)(c) non-profit coalition (about twenty five dairy members who, collectively, 
have a total of 56,000 dairy cows) has been underway since February 2010.  Scott and 
WRCAC consultant, Pat Boldt, and AWS have reviewed together the AWS facility in Chino 
and the operations and facilities of the Scott dairy and ranch in Moreno Valley, along with 
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visits to other dairies in the San Jacinto area.  AWS principals have addressed a regularly 
scheduled WRCAC meeting to explain the AWS system to WRCAC members.  AWS has 
been briefed on the WRCAC-prepared “San Jacinto Watershed Integrated Regional Dairy 
Management Plan” that sets out the critical issues in the San Jacinto watershed, including 
groundwater, surface water, air quality and salts issues.  Meetings and discussions have 
taken place to discuss how AWS systems can integrate with the Dairy Management Plan and 
help Scott and other WRCAC members meet the regulatory requirements. The pilot project is 
the first step to maintaining the long-term sustainability of the dairy industry in the community 
with the ultimate project being a commercial scale regional unit.  

The principals of both Scott and AWS are experienced in administering and meeting contract 
obligations, including grant award contracts, and have developed and used in the past 
reporting systems to monitor grant projects to ensure the quality and integrity of test results 
and the reporting of the results to meet project requirements for producing a final report.  
McCorkle, Abruscato and the Scotts have successfully administered and complied with other 
grant requirements; AWS has meet FPPC requirements and Scott and WRCAC consultant, 
Pat Boldt, have met state, NRCS, EQIP and USDA grant requirements.  Prior to initiating this 
SJ Biofuels #1 project, close coordination will take place between each group’s principals and 
Pat Boldt to develop a mutually agreed upon process to monitor, audit and ensure compliance 
will all project deliverables and contract award requirements. 

AWS and Scott will be administering together a total budgeted project cost of $1,741,157; the 
grant sought is $658,220 and the project partners are contributing $410,027 cash and 
$672,910 in in-kind services. 

The San Jacinto Watershed where the Scott dairy is located faces critical issues including 
groundwater basin overdraft, poor quality groundwater that limits opportunities for recycled 
water use, and nutrient runoff contributing to nutrient overloading in Canyon Lake and Lake 
Elsinore.  To help solve groundwater, surface water, air quality and salts problems in the 
watershed, Scott and the Western Riverside County Agriculture Coalition (WRCAC), a 
501(3)(c) non-profit coalition (twenty six dairy members who, collectively, have a total of 
56,000 dairy cows) prepared and released in December 2009 the “San Jacinto Watershed 
Integrated Regional Dairy Management Plan” in order to provide an integrated regional plan to 
meet these critical issues.  One of the principal objectives of this AWS-Scott dairy SJ Biofuels 
#1 pilot facility is to demonstrate that diverting manure from traditional lagoon/land application 
to a feedstock for renewable diesel will make a substantial, positive, contribution toward 
meeting the Dairy Management Plan goals when an AWS system is integrated into the overall 
Dairy Management Plan.  These goals include helping to solve the groundwater, surface 
water, air quality and salts problems of the San Jacinto Watershed by preventing significant 
quantities of nutrient runoff from entering the Watershed.  For example, it is projected that 
diverting the dairy waste from 125 Scott dairy cows will eliminate 16.46875 tons of TDS salt 
per year.  Accomplishing the objectives of the Dairy Management Plan will significantly 
contribute to the sustainability of the WRCAC member dairies and preservation of the 
environmental quality of the San Jacinto Watershed natural resources. 

The Dairy Management Plan reported on several demonstration projects that were conducted 
to evaluate dairy Best Management Practices that could contribute to addressing nutrient and 
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salt issues for the Watershed.  The Dairy Management Plan was led by WRCAC and included 
representatives from Eastern Municipal Water District, Nuevo Water District, the San Jacinto 
Basin Resource Conservation District, the University of California Riverside Cooperative 
Extension, the USDA-ARS Salinity Lab and the USDA Natural Resources Conservation 
Service.  Three Best Management Practices demonstration projects were demonstrated on 
San Jacinto dairies, including effectiveness monitoring: ‘Spatio-Temporal Assessment of 
Nutrient Management Plan Performance for Field-Scale Lagoon Water Application’ with the 
USDA-ARS Salinity Lab; Vibratory Shear Enhanced Processing (VSEP®) with New Logic 
Research, Inc. to separate and concentrate suspended solids in order to recover clean water 
for reuse on the dairy, including livestock drinking water; and, A Forage Crop Irrigation 
Demonstration Project to test and demonstrate modern monitoring technologies for irrigation 
and water use management for forage crop production.  The Scott dairy utilizes best 
management practices for water saving technologies having converted their water pumping 
mechanisms to high efficiency electrical pumps under state grant funding. 

This SJ Biofuels #1 project will recover reclaimed and re-useable water for both the project 
needs (replacement reclaimed water for re-circulating water for cooling) and for daily Scott 
dairy operations by removing 98 percent of the total suspended solids over 5 microns in size 
and over 90 percent of the phosphorous (P), Chemical Oxygen Demand (COD), zinc and 
copper; over 65 percent of the nitrogen (TKN); and, over 40 percent of the potassium (K) and 
salts from the dairy waste water from the manure produced by 125 dairy cows.  The removal 
of these pollutants from dairy waste water will significantly reduce point source wastewater 
discharge and complement the Best Management Practices undertaken by Scott and 
WRCAC, particularly the salinity testing done with USDA and the VSEP technology.  This 
recovered water could, with further commercially available treatment methodologies (not an 
objective of this project), like the VSEP technology already tested, be restored to drinking 
water quality standards.  A project goal that directly relates to contributing to the goals of the 
San Jacinto Watershed Integrated Regional Dairy Management Plan is verifying the amount 
of reduced TDS salt per year, projected to be a diversion of up to 16.46875 tons of TDS salt 
per year from processing 250 pounds of dairy cow manure per hour.   

Market Transformation: The SJ Biofuels #1 project will demonstrate the sustainability of 
commercial projects to convert dairy waste to liquid fuels, principally renewable diesel, a 
replacement for petroleum diesel, the type of fuel most commonly used in agricultural 
operations.  The results from this project will enable and promote the commercial deployment 
of the technology in order to meet two important public policy goals, both for California and the 
nation: (i) reducing dependence on petroleum fuels by generating significant, commercial, 
renewable fuels from local market wastes; and (ii) meeting California’s and the nation’s goals 
to reduce greenhouse gas emissions, a reduction that will come both from the diversion of 
animal wastes to gasification and from the use of a cleaner burning, non-toxic, renewable fuel. 

Viable and Alternative Fuels Market:  The project goals are to verify the quantity of renewable 
diesel output per unit of input—projected to be 4 gallons of renewable diesel/hour from every 
250 pounds/hour of manure solids input (125 dairy cows) and verify the renewable diesel 
quality and performance characteristics of the liquid fuel—which has been tested and met the 
ASTM D 975 standard, ready for direct use in Scott dairy vehicles and equipment as a direct, 
cleaner, substitute for diesel fuel.  If the goals are met, and commercial projects initiated, then 
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converting the dairy waste from the WRCAC member farms in San Jacinto—35,000 dairy 
cows—would produce about 6.8 million gallons of renewable liquid fuels annually.  California 
has approximately 1.7 million dairy cows that produce a renewable manure waste feedstock of 
over 25 million dry tons annually or a potential renewable liquid fuel volume of about 330 
million gallons annually. 

Producing renewable liquid fuels from animal waste will diversity the state’s source of 
transportation fuels and provide local jobs at livable wage standards in the rural areas of our 
economy while helping agriculture remain economically competitive and sustainable.  
Developing alternative, renewable fuels is consistent with California’s legislation, executive 
orders and public policy (e.g., AB 32 and EXECUTIVE ORDER S-06-06). 

Consistency with Climate Change Policies:  This SJ Biofuels #1 project will demonstrate that 
the use of renewable diesel reduces greenhouse gas emissions (both tailpipe emissions and 
emissions on a total lifecycle basis, including emissions created in the production of 
renewable diesel), as well as other emissions such as particulate matter, carbon monoxide 
and unburned hydrocarbons.  Recent research papers regarding experimental results 
concerning the effects of Fischer-Tropsch (F-T) diesel fuel on the emission characteristics of a 
single-cylinder direct injection diesel engine under different conditions, has reported lower HC, 
CO, NOx and smoke emissions than conventional diesel fuel.  F-T renewable diesel produced 
from syngas (CO and H2) (the type of biogas to be produced in the SJ Biofuels #1 project) 
through F-T synthetic processes is characterized by a high cetane number, a very low sulfur 
content and a very low aromatic level.  Other reported studies conducted on unmodified diesel 
engines have shown that the exhaust emissions are reduced significantly with the use of F-T 
diesel fuel, reporting that the CO, HC, NOx and smoke emissions were reduced 
simultaneously when compared with those of conventional diesel fuel operation and NOx and 
smoke emissions were reduced by 16.7 percent and 40.3 percent, respectively, with F-T 
diesel fuel.  Other reports show reductions of 49 percent in HC, 33 percent in CO, 27 percent 
in NOx and 21 percent in PM compared with standard federal No.2 diesel fuel. 

SJ Biofuels #1 will produce F-T renewable diesel for direct substitute for diesel fuel on the 
Scott ranch.  A project goal will be to verify both the direct substitutability of the F-T renewable 
diesel and the actual reduction of  NOx, PM, CO, HC and smoke emissions, and greenhouse 
gas emissions, from the proposed use of 19,200 F-T- produced gallons per year of renewable 
diesel in place of petroleum based diesel.  In addition, the project will seek sustainability 
certificates from national or international certifying organizations both for the renewable diesel 
and the feedstock. 

In addition to reduced greenhouse gas emissions from the use of renewable diesel, this 
project also points a way forward to directly confront climate change by slashing greenhouse 
gas emissions from livestock operations (e.g., EPA-USDA’s AgSTAR program) in order to 
move the state’s and the nation’s economy into the clean economy of the future.  Greenhouse 
gas emissions from livestock operations can be dramatically slashed by the destruction of 
manure at the source and prior to the release of methane (CH4), nitrous oxide (N2O) and 
ammonia (NH3).  Methane has 21 times and nitrous oxide 310 times the Global Warming 
Potential (GWP) as carbon dioxide (CO2) when converted to equivalents as CO2E. 
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Accumulated manure on the ground and in lagoons emits several air contaminants, including 
ammonia (NH3), methane (CH4), and nitrous oxide (N2O). The greenhouse gases methane 
and nitrous oxide contribute to climate change.  The ammonia is understood to be a precursor 
to PM10 (fine particulate matter less than 10 microns in diameter).  Each local community has 
an air quality control board or regulatory agency responsible for ambient air quality standards 
and PM10 emissions (for example, the area around the Chino, California Valley is part of the 
South Coast Air Quality Management District (SCAQMD).  These regulatory boards have set 
goals for regulating emissions, and have prescribed measures for attaining State and federal 
air quality standards, e.g., the removal of manure from animal feeding operations (AFO’s), like 
dairies— SCAQMD’s rule 1127.  For example, the Chino area has, in the past, exceeded 
State and federal ambient air quality standards for PM10 emissions, making it a “non-
attainment zone”.  AWS system gasification of animal wastes will reduce PM10 emissions, 
directly contributing to the goals of the AQMD.  The AWS Gas Production Module is the only 
gasifier that has been issued operating permits by AQMD to gasify animal wastes in the South 
Coast region.  The AWS module was invented and is manufactured in Los Angeles County. 

Untreated manure emits methane (CH4) and nitrous oxide (N2O).  It is estimated that as 
much 304 tons/year CO2E of methane and 257 tons/year CO2E of nitrous oxide may be 
captured by operation of a .125 ton per hour (2.5 tons per day) AWS system that serves 125 
cows annually.  Greenhouse Gas reduction benefits include reductions of methane (CH4) and 
nitrous oxide (N2O) from the manure diverted to the AWS system. These emissions are 
translated to Carbon Dioxide Equivalents (CO2E) as shown in the calculations below: 

Conclusions:  The relative consistency of the project performance of the SJ Biofuels #1 project 
would confirm that using on-farm AWS Solid Recovery Modules with appropriately sized 
commercial Gas Production Modules (whether on-farm for larger operations or off-farm for 
smaller farms and clusters) is a good model to follow to deploy AWS gasification manure-to-
renewable fuels systems to an area of concentrated animal feeding operations, such as the 
WRCAC dairy members in San Jacinto, dairies in the Chino basin, beef feedlots in the Central 
Valley, and other species clusters, like swine and poultry. 

For individual farms and clusters of animal feeding operations, the deployment of the new, 
innovative AWS system technology systems, is challenged by the following factors: 

 Farmers are challenged in the U.S. by low market prices, thus they do not produce a 
consistent enough income on their existing investment to justify investing new capital in 
new systems; 

 Lack of consistent commitment on the part of animal feeding operations to install 
technology that is not in their core competency; 

 Availability of third party capital for a new, previously untried, innovative system for 
agricultural operations; 

 Individual farms, especially family farms at the scale of under 1,000 head, are becoming 
less and less economically viable, and many are shutting down rather than being 
passed on in the family. 
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The successful results of this SJ Biofuels #1 project will greatly overcome these factors by 
demonstrating the steps for integrating a centralized renewable fuels production into the daily 
life of a farm or dairy and the economic returns that can be earned from the efficient 
conversion of the energy value in agriculture wastes to renewable fuels.  The deployment of 
commercial projects would be especially beneficial in any high-concentration cluster of animal 
feeding operations, such as the San Jacinto and Chino areas. The close proximity of farms 
has resulted in air and water quality issues, but an AWS system can greatly mitigate those 
issues, and proximity minimizes transportation distances from various farms to a commercial, 
centralized unit and the subsequent distribution of renewable fuels. 

Deployment of this technology can readily be accomplished in time to make a significant 
contribution toward meeting both state and nationwide goals for renewable transportation 
fuels by 2020 and 2050.  Nationally, annual agricultural waste is about 12x human waste and 
about 5x the amount of municipal waste, or about dry 823 million tons.  Animal and process 
wastes could produce annually 24 billion gallons of renewable diesel and agricultural crop 
residues could produce annually 33 billion gallons of cellulosic ethanol.  Together, agricultural 
wastes could produce about 1.5x the national renewable fuel requirement for 2022.  
California’s agricultural industry, the number one industry in the state, has significant animal 
feeding operations—dairies, beef feedlots, poultry, swine.  The widespread commercial 
application of the AWS system technology—technology invented and manufactured in 
California—would make California a leader in the production of renewable liquid fuels using 
just animal waste.  Animal waste as the feedstock and the efficient conversion of its energy 
value to renewable fuels makes commercial scale facilities economically sustainable. 

D.3.2 Public Education and Stakeholder Outreach 

Public education and outreach activities that target nutrients will be implemented through 
WRCAC sponsored activities. A coordinated effort to discuss nutrients and the TMDL, BMPs 
for agricultural operators and requirements of the CWAD program, activities of agricultures’ 
participation in the Task Force and new issues will be an important task of the AgNMP. The 
implementation of the AgNMP will only be successful with public education and stakeholder 
outreach in the agricultural community. WRCAC is committed and will promote workshops and 
seminars as part of a continuing education program.  We intend to use experts such as the 
University of California Extension faculty, the Santa Ana Regional Water Quality Control 
Board, the Riverside County Ag Commissioners Office and other Outreach experts to target 
specific issues as identified in the UCR BMP Assessment study in the San Jacinto watershed. 
This will be a challenging task as each owner operator will ultimately be responsible for what 
they do or don’t implement. WRCAC will continue to regularly evaluate these activities and 
update activities as needed.  

Development of outreach courses, duration, stakeholder specific needs will be addressed in 
the development of the tiered approach program. We expect continuing education to be a 
component of the CWAD program with specific requirements. 

It is not possible to directly quantify reductions in nutrient loads in agricultural runoff to specific 
public education and outreach activities. Accordingly, the water quality benefits that occur as a 
result of these activities are considered qualitatively as part of the margin of safety associated 
with implementation of the AgNMP. 
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