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1. INTRODUCTION 

1.1 Purpose and Objectives 

This report summarizes Task 1.3(b) Pollutant Source Analysis and Task 1.3(c) 
Sedimentation Analysis of the data collection program for the Buena Vista Lagoon 
Restoration Feasibility Study.  The objectives of the analyses are to identify critical 
pollutants in the Buena Vista Lagoon, develop loading estimates for the identified critical 
pollutants from Buena Vista Creek and local runoff, and determine potential sources of 
critical pollutants in the Buena Vista Creek Watershed based on existing data. 

1.2 Background 

Buena Vista Lagoon (Lagoon) receives wet and dry weather input from the Buena Vista 
Creek Watershed (Watershed).  Typical sources of discharges from Buena Vista Creek 
(Creek) include stormwater runoff and subsurface runoff under wet weather conditions 
during storms, and runoff from wastewater, nuisance water, and irrigation return water 
under dry weather conditions.  The inflows carry pollutants in aqueous and particulate 
phases into the Lagoon.  The aqueous phase of a constituent tends to remain in the 
water column within the Lagoon where it is subject to mixing across the Lagoon and over 
the water column while undergoing physical, chemical, and biological interactions.  The 
particulate phase of the constituent tends to settle to the Lagoon bottom with the solids it 
is sorbed to and is possibly redistributed by currents within the Lagoon during high flow 
or inlet breach events.  Interactions between constituents in the sediment bed and those 
in the water column can take place across the sediment-water interface. 
 
The water quality and sediment quality conditions within the Lagoon need be 
characterized to determine the potential impact to the beneficial uses of the Lagoon as 
designated in the San Diego Basin Plan (SDWQCB, 1994), which include the following: 
 

• Contact Water Recreation (fishing from boat or shore) 
• Non-Contact Water Recreation 
• Biological Habitats of Special Significance 
• Wildlife Habitat 
• Rare, Threatened, or Endangered Species 
• Marine Habitat 
• Warm Freshwater Habitat 
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• Estuarine Habitat (potential) 
 
Evaluation of a full range of constituents in both water column and bottom sediments is 
needed to identify critical pollutants that are present within the Lagoon at elevated levels 
that could potentially impact the beneficial uses of the Lagoon.  Upon identification of the 
critical pollutants, the potential source areas within the watershed can be through 
correlation with land uses. 
 
The Lagoon historically experienced sedimentation as a result of sediment input from the 
Creek.  The existing conditions of sedimentation in the Lagoon are a common concern 
such that sediment has been on the 303(d) list since 1996 as a critical pollutant of 
Medium Priority for TMDL.  Prior studies on sediment discharges from the Creek include 
those by Applegate (1985) and Chang (1986).  These studies yielded divergent results 
as to the level of sediment loading from the Watershed, through the Creek, and into the 
Lagoon.  One major reason for the uncertainty in sediment loading estimates is the 
nearly total lack of data for calibrating the analyses.  The Watershed is essentially 
ungauged.  The Lagoon’s bathymetry has not been surveyed in a manner that permits 
calculation of the amount of historical sediment deposition in the Lagoon that would 
provide a basis for estimating sediment loading from the Creek.  Therefore, 
reexamination of the existing knowledge on sedimentation into the Lagoon based on an 
independent loading analysis is necessary to provide adequate characterization of the 
sedimentation conditions in the Lagoon. 

1.3 Approach 

The analysis approach described below was designed to achieve the stated objectives 
of the study. 
 
Existing data on the water quality in the Lagoon and Creek were reviewed to identify 
pollutants at elevated concentrations.  The measured concentrations were compared 
with water quality objectives as set forth in the San Diego Basin Plan and California 
Toxics Rule to identify critical pollutants. 
 
The loadings of the identified critical pollutants into the Lagoon were determined for non-
point sources (NPS) and point sources (PS) based on existing data.  The NPS loadings 
from the Watershed were analyzed based on a regional analysis of loadings of the 
critical pollutants.  A regional analysis provides pertinent estimates of pollutant loadings 
for an ungauged watershed based on data from neighboring watersheds with similar 
hydrological and geological characteristics.  Data from the neighboring watersheds were 
reviewed and correlated with land uses.  Land use-specific loading rates of the critical 
pollutants were then determined on a regional basis.  These rates were applied to the 
Watershed to determine land use-specific loadings and total loadings of the critical 
pollutants into the Lagoon.  The land use-specific loadings were ranked to identify the 
primary contributing land uses and source areas within the Watershed. 
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The EPA Permit Compliance System (PCS) and information from the San Diego 
Regional Water Quality Control Board (RWQCB) were surveyed for major dischargers in 
the Watershed, which indicated no permitted dischargers in the Watershed.  Therefore, 
PS loadings were eliminated as pollutant sources. 
 
Since sediment was determined to be a critical pollutant identified as a result of water 
quality data review, a sedimentation analysis was conducted in addition to the Pollutant 
Source Analysis.  The Sedimentation Analysis was focused on discussion of the 
sediment loading results from the Pollutant Source Analysis by comparing them with 
those from prior studies in terms of both loading magnitude and basis of calculation to 
provide a perspective on the updated loading estimate.  The effects of BMPs are 
discussed below based on information provided by the local agencies. 

2. CRITICAL POLLUTANT IDENTIFICATION 

This section discusses the results of the data review conducted to identify critical 
pollutants in the Lagoon that might adversely affect the beneficial uses of the Lagoon 
based on existing water quality information provided by local agencies.  The primary 
basis for critical pollutant identification included information that supported the 303(d) 
listing by the RWQCB (1996,1998) and short-term water quality sampling programs 
conducted in the Lagoon by Coastal Environments (Coastal Environments, 2000) and in 
the Creek by the RWQCB (2002).  Earlier studies addressing water quality conditions in 
the Lagoon include City of Oceanside (1995), MEC (1994), Peters et al. (1985), LaPre 
(1980), and Carpelan (1969). 

2.1 RWQCB 303(d) Listing 

The beneficial uses in the Lagoon were determined to be impaired for aquatic life, 
contact recreation and noncontact recreation based on a water quality assessment 
conducted by the RWQCB (1996, 1998).  The pollutants determined to be critical for 
303(d) listing included nutrients, sediment, and bacteria.  The extents of impairment 
included 150 acres by nutrients, 350 acres by sediment, and potentially 350 acres 
threatened by bacteria. 
 
The basis for listing nutrients as pollutants of priority was largely observational and 
qualitative.  Treated sewage was discharged directly into the Lagoon until 1967.  
Together with urban runoff, nutrients were historically recycled within the Lagoon.  The 
presence of the original weir at the mouth of the Lagoon, which was installed in 1948 
with a crest elevation at 5.8 feet (ft) above NGVD, isolated the Lagoon from tidal flushing 
(Coastal Conservancy, 2002). The water depth in the Lagoon, which is regulated by the 
higher of the weir crest and barrier beach seaward of the weir, varies between 1~3 ft.  
Periodic algae blooms were observed to cause localized fish kills.  Nutrient build-up in 
the bottom sediments may have promoted eutrophication in the Lagoon.  Direct 
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observation of water quality conditions in the Creek also indicated potential 
eutrophication in the stream water that discharges into the Lagoon (SWRCB, 2002). 
 
The basis for listing sediment as a priority pollutant was also largely observational and 
qualitative.  The Lagoon was determined to receive sediment discharge through 
stormwater runoff from various sources in the Watershed that included agricultural land 
erosion, construction, and channel erosion.  The weir and barrier beach at the mouth of 
the Lagoon reduced sediment transport across the Lagoon and into the Pacific Ocean.  
Approximately 122,000-130,000 cubic meters of sediment were dredged from the I5 
Basin in 1983, from which two least-tern nesting islands were created.  The islands were 
graded and capped with sand in 1989.  Urbanization of the watershed that generally 
increased peak flow discharges during storms and encroachment upon the floodplain 
that eliminated most of the riparian and marsh land buffer were considered primary 
factors that contributed to Lagoon sedimentation, particularly during the period of the late 
70’s and early 80’s. 
 
The basis for listing bacteria as a priority pollutant was based on occasional 
exceedances of bacteria objectives from water quality sampling in the Lagoon.  A 
number of sewage spill incidences occurred during the period of 1991-1995 that 
contributed to elevated bacteria levels in the Lagoon.  Stormwater runoff that discharges 
into the Lagoon also contributed to the occasional violation of bacteria objectives. 
 
The three priority pollutants were listed on both the 1996 and 2002 303(d) List, with 
sediment designated higher priority (Medium) compared with nutrients and bacteria 
(Low).  Since the extent and level of beneficial use impairment by bacteria was 
determined uncertain by the RWQCB (1998), only sediment and nutrients are 
considered primary critical pollutants for this study based on the 303(d) process. 

2.2 Lagoon Sampling 

The water column in the Lagoon was most recently sampled in June-November of 1999, 
at six locations within the Lagoon for conventional pollutants, nutrients, and other water 
quality parameters on a monthly or bimonthly basis (Coastal Environments, 2000).  
Figure 1 shows the sampling locations, which included 2 in the I5 Basin, 2 in the PCH 
Basin, 1 in the Railroad Basin, and 1 in the Weir Basin.  Table 1 summarizes the 
sampling results. 
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Figure 1     Lagoon Sampling Locations 
 

Sampling Location 

(Source: Coastal Environments, 2000) 
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Table 1 Lagoon Water Quality Sampling Results 

CONSTITUENT UNIT MEASURED RANGE7 BASIN PLAN 
OBJECTIVE1 

Turbidity NTU 0.6-14.6 20 

Total Nitrogen (N) mg/L 1.0-4.4 0.256 

Total Phosphorus (P) mg/L ND3-0.4 0.0256 

Total Coliform MPN/100 mL 
Exceeded objective at least 
once in each basin during 

period 
230-3302 

Fecal Coliform MPN/100 mL Exceeded objective only once 
in Railroad Basin during period 4002 

Enterococcus MPN/100 mL No exceedance 1082 

Dissolved Oxygen (DO), 
Surface mg/L 4.5-6.2 7.0 

Dissolved Oxygen (DO), 
Bottom mg/L 2.5-5.4 7.0 

pH unit 8.0-9.3 7.0-9.04 

6.5-8.55 

Salinity, Surface ppt 1.6-2.7  

Salinity, Bottom ppt 1.6-3.0  

Source: Coastal Environments (2000) 

(1) RWQCB (1994).  All objectives (except for turbidity) not to be exceeded more than 10% of 
the time per year (per month for bacteria) 

(2) Single sample. 
(3)  Non-detect. 
(4) For bays and estuaries. 
(5) For inland waters. 
(6) For lagoons and lakes. 
(7) Total data range.  Local ranges vary. 
 

 
The sampling results most notably indicate the following: 
 

• Nutrients (N, P) tended to significantly exceed objectives, sometimes by 
an order of magnitude, which supports the 303(d) listing of nutrients as 
critical pollutants in the Lagoon. 

 
• Exceedances of the bacteria objectives were occasional overall, which 

supports the 303(d) analysis by the RWQCB that considered bacteria as 
of uncertain importance in impairing beneficial uses of the Lagoon.  
Although total coliforms exceeded objectives more frequently, it is 
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generally considered a less important indicator for bacterial contamination 
due to its ubiquitous, often naturally occurring sources. 

 
• Dissolved oxygen (DO) in the Lagoon tended to be appreciably 

depressed below objectives, which may be correlated with nutrient 
excess and algae blooms observed in the Lagoon. 

 
The results suggest that nutrients (N, P) are the primary pollutants of concern in the 
Lagoon. 
 
A reanalysis of the nutrient data from the sampling program was performed to evaluate 
the potential limiting nutrient in the Lagoon.  The nutrient concentrations were tabulated 
to calculate total N, total P, and N/P ratio by sample, which were then summarized as 
shown in Table 2. 

Table 2 Lagoon Nutrient Levels and N/P Ratios 

ITEM TOTAL N TOTAL P AVERAGE N/P 

Minimum 1.0 0.02 

Maximum 4.4 0.40 

Mean 1.7 0.10 

48 

 
Since the ratio of N/P is greater than 10, the results indicate that the Lagoon tends to be 
P-limited, which is typical of a waterbody receiving nutrients predominantly from non-
point sources (e.g. Thomann and Mueller, 1987).  This is consistent with the fact that 
there is no permitted point source in the Watershed that discharges into the Creek.  
Nutrient loadings to the Lagoon are, therefore, expected to primarily originate from non-
point sources such as agricultural, open, and urban lands as suggested in the RWQCB 
303(d) fact sheets (RWQCB, 1998). 

2.3 Creek Sampling 

The Creek water was most recently sampled three times during May-June, 1998 at 
Wildwood Park in Vista, South Vista way (Carlsbad) and a downstream location near the 
Lagoon, respectively, for nutrients, total suspended solids, turbidity, and metals.  The 
results are summarized in Table 3. 
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Table 3 Creek Water Quality Sampling Results 

CONSTITUENT UNIT MEASURED RANGE BASIN PLAN 
OBJECTIVE1 

Total Dissolved Solids 
(TDS) mg/L 1,133 - 1,378 750 

Turbidity NTU 0.6 - 1.7 20 

Total Nitrogen (N) mg/L 1.9 - 4.1 1.02 

Total Phosphorus (P) mg/L 0.22 - 0.83 0.12 

Chromium, Dissolved µg/L 10 16 (max) 
11 (chronicle) 

Zinc, Dissolved 
Total µg/L 20 

40 121 

Other Metal  ND  

Chloride mg/L 454 250 

Sodium mg/L 254 60 

Sulfate mg/L 281 250 

Source: RWQCB (2002) 

(1) RWQCB (1994).  All objectives (except for turbidity) not to be exceeded more than 
10% of the time per year. 

(2) For streams. 
(3)  Non-detect. 

 
The sampling results most notably indicate the following: 
 

• Nutrients (N, P) tended to exceed objectives, which supports the 303(d) 
listing of nutrients as critical pollutants in the Lagoon. 

 
• TDS, chloride, and sodium tend to appreciably exceed objectives, which 

indicates elevated salt content in the Creek water discharging into the 
Lagoon.  Although high salt concentrations in the Creek may impact 
certain beneficial uses of the Creek, they are not expected to have 
discernible effects on the Lagoon water considering the often brackish 
conditions in the Lagoon (Coastal Conservancy, 2002). 

 
• There were no exceedances of the metals objectives, which suggest 

loadings of metals into the Lagoon are not significant. 
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The results suggest that nutrients (N, P) are the primary pollutants of concern in the 
Lagoon. 

2.4 Summary 

Based on the information from the 303(d) process and analysis of sampling data from 
the Lagoon and Creek presented above, sediment and nutrients (N, P) were identified as 
critical pollutants in the Lagoon. 

3. POLLUTANT SOURCE ANALYSIS 

This section discusses the methods, procedures, and results of the pollutant source 
analysis for the identified critical pollutants (i.e., sediment and nutrients). 

3.1 Sediment 

Method 

Sediment loadings into the Lagoon and potential sources in the Watershed were 
analyzed based on a regional watershed sedimentation analysis.  The regional 
watershed sedimentation analysis was performed based on data of stream flows, 
sediment loadings and land uses from a group of watersheds in the general coastal 
region centering around the study area.  The sediment loadings from the selected 
watersheds were determined based on prior studies and correlated with land uses by a 
regression analysis.  The analysis yielded a regional loading estimator that is capable of 
providing total and land use-specific loadings from any typical watershed in the region on 
an average basis.  The loading estimator was then applied to the Watershed to 
determine sediment loading through the Creek and land use-specific loadings in the 
Watershed. 

Analysis 

A total of nine coastal streams in the general geological province of the Peninsular 
Ranges that encompasses the study area and extends approximately from just north of 
Santa Ana River to the Mexican border were selected to represent sedimentation 
characteristics of the region.  Selection of the component streams for the regional 
analysis was based on availability of sediment loading data either in the streams or 
watersheds.  Table 4 shows the selected component streams, stations in the streams 
where the loading analysis was performed, watershed drainage areas above the 
stations, and levels of upstream regulation (e.g. damming).  The composition of the 
levels of upstream regulation of the component streams roughly reflects the 
characteristics of watershed development in the region. 



Buena Vista Lagoon Restoration Feasibility Analysis 
Pollutant Source and Sedimentation Analyses 
    
 

Everest International Consultants, Inc.   10 
December 2002   

 

Table 4 Component Streams for Regional Sediment Loading Analysis 

STREAM STATION USGS  
STATION  

DRAINAGE 
(SQ. MILE) REGULATION1 

San Dieguito River Del Mar 11030500 338 Extensive 

San Diego River Santee 11022500 377 Extensive 

San Diego Creek Culver 11048500 42 Extensive 

San Diego Creek Campus 11048555 306 Extensive 

San Juan Creek San Juan 
Capistrano 11046500 106 Moderate 

San Luis Rey River Oceanside 11042000 557 Moderate 

Santa Margarita 
River Ysidora 11046000 723 Moderate 

Sweetwater River Descanso 11015000 45 Natural 

Santa Ana River Santa Ana 11078000 1,700 Extensive 

(1) Inman and Jenkins (1999) 
 
Sediment loads from the component streams were obtained based on the data from 
Taylor (1983), Inman and Jenkins (1999), and the USGS stream loading measurement 
database.  Taylor (1983) analyzed 23 coastal basins in Southern California and provided 
upland sediment yields from the watersheds based on debris basin siltation data.  The 
estimated sediment yields represent the amounts of upland sediment production in the 
watershed.  Inman and Jenkins (1999) analyzed 20 coastal streams in California and 
calculated in-stream sediment loads based on USGS stream flow and suspended 
sediment measurements. 
 
The data from Taylor (1983), Inman and Jenkins (1999), and the USGS database 
(USGS, 2002) were processed to provide in-stream sediment loads for the nine 
component streams selected for analysis.  The in-stream loads for all streams except 
San Diego River at Culver and San Dieguito River were provided by Inman and Jenkins 
(1999).  The load for San Diego River at Culver was calculated separately based on the 
USGS measurements at the location.  Since only upland yield was available for San 
Dieguito River, it was necessary to estimate the in-stream load based on the upland 
yield provided by Taylor (1983). 
 
It has been well established that the actual amount of sediment delivered through the 
streams to downstream locations (known as coastal delivery) is often appreciably less 
than the amounts produced upland, primarily due to the presence of various interceptors 
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(e.g., dams and debris basins) as well as the variable carrying capacities of runoff flows 
overland and in stream along the paths of sediment delivery.  A delivery ratio, defined as 
the ratio of sediment load measured in-stream at a downstream location to the upland 
sediment yield, needs be developed and applied to the upland sediment yield to obtain 
the in-stream sediment load at a downstream location. 
 
To develop delivery ratio estimates, the sediment loads provided by Inman and Jenkins 
(1999) were divided by upland yields by Taylor (1983) for streams that were analyzed by 
both to provide data points of delivery ratios.  These data were then correlated with 
watershed drainage areas by a regression analysis to provide a regional delivery ratio 
curve as show in Figure 2.  The results indicate that the delivery ratio decreases (smaller 
fraction delivered to downstream) as watershed size increases, which is consistent with 
the well-known fact that sediment delivery becomes inefficient as the size of a storm 
system becomes smaller relative to that of the watershed.  For San Dieguito River with a 
drainage area of 338 square miles (mi2), the delivery ratio was determined to be 
approximately 0.42.  Applying this delivery ratio to the upland yield estimate by Taylor 
(1983), the corresponding in-stream load was determined.  As a  
verification of the regional delivery ratio curve, the in-stream load of 102,885 cubic 
meters/year (m3/yr) measured in San Diego Creek at Campus Drive was applied with a 
predicted delivery ratio of 0.43 to give an upland yield of approximately 239,300 m3/yr.  
This agrees well with the site-specific estimates of approximately 250,000 m3/yr (County 
of Orange, 1998). 
 

 
Figure 2 Regional Sediment Delivery Ratio 
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Table 5 shows the sediment loads for the nine streams together with four types of 
primary erosional land use acreages in the respective watersheds.  Largely paved 
impervious areas were not included in the analysis due to the limited erosional area 
associated with this land use.  The acreages of the erosional land uses above the 
measuring stations were obtained from the EPA BASINS land use database (EPA, 
2001a). 

Table 5 Sediment Loads and Land Use Acreages 

LAND USE  
(ACRE) STREAM 

AGRICULTURAL RANGE BARREN FOREST 

LOAD1 

(M3/YR) 

San Dieguito River 
at Del Mar 42,212 108,670 1,677 44,341 100,170 

San Diego River at 
Santee 8,198 174,197 3,939 32,204 9,615 

San Diego Creek at 
Culver 8,016 10,690 1,455 335 124,200 

San Diego Creek at 
Campus 9,826 18,896 3,023 335 102,885 

San Juan Creek at 
San Juan 

Capistrano 
9,737 56,825 1,568 5,724 49,038 

San Luis Rey River 
at Oceanside 

72,844 200,890 3,509 67,089 409,615 

Santa Margarita 
River at Ysidora 90,260 346,237 8,340 32,091 91,346 

Sweetwater River 
at Descanso 1,970 18,631 0 7,958 4,135 

Santa Ana River at 
Santa Ana 194,763 431,967 25,481 203,003 475,962 

(1) Based on bulk sediment aggregate density of 1.04 tons/m3 (Taylor, 1983). 
 
Table 6 shows the sediment loads per acre of drainage areas for the nine streams 
together with the four types of erosional land use areas as percentages of total drainage 
areas in the respective watersheds.  These values were obtained by normalizing the 
values in Table 5 by total drainage areas in the respective watersheds. 
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Table 6 Sediment Loads and Land Use Acreages 

LAND USE  
(% TOTAL DRAINAGE)  

STREAM AGRICULTURAL RANGE BARREN FOREST 

 
LOAD 

(M3/ACRE/YR) 

San Dieguito River 
at Del Mar 20.0 51.4 0.8 21.0 0.47 

San Diego River at 
Santee 3.2 69.9 1.6 12.9 0.04 

San Diego Creek 
at Culver 30.4 40.6 5.5 1.3 4.72 

San Diego Creek 
at Campus 13.0 25.0 4.0 0.0 1.36 

San Juan Creek at 
San Juan 

Capistrano 
13.0 75.7 2.1 7.6 0.65 

San Luis Rey 
River at Oceanside 20.0 55.3 1.0 18.5 1.13 

Santa Margarita 
River at Ysidora 18.3 70.3 1.7 6.5 0.19 

Sweetwater River 
at Descanso 6.8 64.1 0.0 27.4 0.14 

Santa Ana River at 
Santa Ana 17.9 39.7 2.3 18.7 0.43 

 
 
The normalized (per-acre) sediment loads in the last column of Table 6 were correlated 
with the four types of normalized (percent) land uses in Columns 2~5 using multiple 
linear regression in the following form (Seber, 1977): 
 

ε++= ∑ 0lAlL ii  

 
where L  is the normalized total in-stream load, il  the land use-specific load for land use 

i, iA  the normalized area of land use i, 0l the intercept, and ε  a random regression 

residual with zero mean and constant variance.  The regression provides il  as estimates 
of regional loading rates from the four types of primary erosional land uses.  Table 7 
shows the loading rates. 
 
As a verification of the estimates, site-specific loading rates from prior local studies in the 
region were extracted and compared with the present rates.  Results are shown in Table 8. 
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Table 7 Sediment Loading Rates by Land Uses 

LAND USE LOADING RATE 
(M3/ACRE/YR) 

Agricultural 6.4 

Range 2.3 

Barren 106.4 

Forest 8.4 

 

Table 8 Sediment Loading Rate Comparison 

LOADING RATE 
(M3/ACRE/YR) 

LAND USE 
PRESENT STUDY

SAN DIEGO CREEK 
WATERSHED 

(OCPFRD, 2000) 

BUENA VISTA CREEK 
WATERSHED 

(APPLEGATE, 1985) 

Agricultural 6.4 7.5 10.4 

Range 2.3 2.71 1~23 

Barren 106.4 32.72 19.12 

Forest 8.4 --- --- 

(1) “Open” land use; assumed to approximate Range. 
(2) “Construction” land use; assumed to approximate disturbed/transitional Barren. 
(3) “Natural” land use; assumed to approximate Range. 
 

 
Comparison of the rates indicates that the loading rates by the present study based on a 
regional regression procedure agree well with site-specific estimates for the San Diego 
Creek watershed for Agricultural and Range land uses.  The rate for Barren land uses 
was estimated to be considerably higher than those of other land uses, which is 
consistent with the pattern in the local estimates.  Quantitatively, however, the present 
estimate for Barren land uses exceeds the local estimates by a factor of 3~5.  One 
possible reason for this discrepancy is the sensitivity of Barren land uses, which include 
disturbed, transitional lands such as construction sites, to sediment control and land 
management measures implemented.  Loading from Barren land uses can vary 
significantly depending on the extent of disturbed lands within a watershed, the length of 
time disturbed lands are present, and the level of sediment control measures 
implemented.  On this basis, loading rates from Barren land uses are probably best 
estimated based on site-specific estimates.  For sites where local estimates are not 
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available, such as in the case of the present study, the rates presented in Table 8 can be 
used to bracket the range of potential loadings. 

Results 

Sediment loading rates developed from the analysis presented above were applied to 
the land uses in the Watershed to provide total sediment loading and identify primary 
source areas.  The existing land use distribution within the Watershed was obtained from 
the EPA BASINS database (EPA, 2001a) as shown in Figure 3.  Table 9 summarizes 
the results of sediment loadings from the Watershed into the Lagoon by erosional land 
uses. 

Table 9 Lagoon Sediment Loading 

LAND USE AGRICULTURAL RANGE BARREN FOREST TOTAL 

Area  
(acre) 1,743 1,300 421 103 3,567 

%Total 
Watershed 15.6 11.6 3.8 0.9 32 

Loading 
(m3/yr) 11,155 2,990 13,8931 865 28,903 

(1) Based on estimate from San Diego Creek Watershed (OCPFRD, 2000) 
 
The results in Table 9 indicate that the Watershed discharges an annual total of 
approximately 28,900 m3 of sediment into the Lagoon.  Barren land uses contribute the 
greatest amount of sediment into the Lagoon, followed closely by Agricultural land uses.  
Contributions from Range and Forest land uses appear to be relatively small due, 
respectively, to the relatively low loading rate from range lands and small acreage of 
forest present in the Watershed.  The primary Source Areas for sediment in the Lagoon 
are, therefore, areas designated as Barren and Agricultural land uses in Figure 3. 
 
It should be noted that, although urban land uses were not considered as erosional land 
uses in the present study, the runoff associated with urban land uses can contain small 
amounts of fine-grained sediment that can add to the total sediment loading that reaches 
the Lagoon.  This potential additional sediment load was considered negligible for the 
present study. 
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Figure 3 Buena Vista Watershed Land Use Distribution 

 

Comparison with Prior Studies 

Sediment loading from the Watershed through the Creek into the Lagoon was previously 
estimated by Applegate (1985) and Chang (1986) using different methods.  The studies 
provided divergent results of sediment loading into the Lagoon, with approximately 
58,140 m3/yr predicted by Applegate (1985) versus approximately 5,000 m3/yr provided 
by Chang (1986).  The order-of-magnitude difference in loading estimates resulted in 
uncertainty as to the actual sedimentation conditions in the Creek-Lagoon system.  One 
major reason for the uncertainty in sediment loading estimates is the nearly total lack of 
data for calibrating the analyses.  The Watershed is essentially ungauged.  The 
bathymetry of the Lagoon has not been surveyed in a manner that permits calculation of 
the amount of historical sediment deposition in the Lagoon that would provide a basis for 
estimating sediment loading from the Creek. 
 
Although there is no reliable basis for determining the actual sediment loading, the 
Applegate (1985) estimate is probably on the high side based on observation of 
sediment accumulation indicators (e.g., shoals) in the I5 Basin.  On the other hand, the 
Chang (1986) estimate implies relatively insignificant Lagoon sedimentation compared 
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with other streams in the region and this seems inconsistent with the view of the 
RWQCB.  The RWQCB has determined that there is a sedimentation problem in the 
Lagoon and that the sediment originates from upland sources in the Watershed 
(RWQCB, 1998).  On this basis, the sediment loading of developed under the present 
study represents an estimate somewhere between the prior sediment loading estimates. 
 
The sediment loading estimates in the present study are based on a relatively limited 
data set (i.e., component streams/watersheds).  Refinement of the regression model 
through inclusion of more regional data points would assist in providing more accurate 
estimates for land use-specific loadings.  Local land use-based mass loading monitoring 
analogous to the NPDES stormwater monitoring program conducted under RWQCB for 
the City of San Diego, San Diego County, San Diego Unified Port District, and 17 other 
cities as co-permittees would allow further improvement on loading estimates. 

Creek Erosion 

Creek erosion (channel down-cutting) has been one of the historical concerns in the 
Watershed.  One of the reasons for the concern is that it represents a source of 
sediment that would be carried downstream and discharged into the Lagoon. 
 
The most significant reported erosion events occurred during the period of late 70’s and 
early 80’s.  Severe down-cutting along portions of the channel was observed during the 
period.  Since then, stormwater detention facilities were constructed in the Watershed to 
reduce the peak flows.  No significant erosion event was subsequently reported based 
on available record 
 
Although severe erosion was reported during the earlier period, there was no evidence 
that the eroded sediment was transported all the way into the Lagoon rather than 
deposited along the downstream portions of the Creek.  The delivery ratio of eroded 
material is rarely unity as discussed previously.  In a stream, the actual amount of 
material delivered downstream largely depends on the carrying capacity of the stream 
flow, which varies along the stream. 
 
Chang (1986) analyzed erosion in the Creek using the Fluvial model (Chang, 1984).  It 
was determined that the Creek erodes at 33, 222, and 1,377 m3/yr for 10, 25, and 100 
year floods, respectively.  Since Fluvial is a bed-load model that predicts transport of the 
sand fraction of the bed material only, the corresponding total load of erosion is 
estimated to be approximately 330, 2,220, and 10,377 m3/yr for 10, 25, and 100 year 
floods based on a 10% sand composition.  Given the fact that an average annual 
discharge approximately corresponds to a 2~3-year event, discharge of sediment due to 
erosion in the Creek is not expected to be significant based on these estimates.  In other 
words, the sediment loads that discharge into the Lagoon is expected to be 
predominantly derived from source areas in the Watershed as opposed to creek 
ersosion. 
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3.2 Nutrients 

Method 

 
Nutrient loadings into the Lagoon and potential sources in the Watershed were analyzed 
based on a regional watershed nutrient loading analysis.  The regional watershed 
nutrient loading analysis was performed based on data of stream flows, nutrient loadings 
and land uses from a group of watersheds in the general coastal region centering 
around the study area.  The nutrient loadings from the selected watersheds were 
determined based on data from stream nutrient and flow monitoring programs conducted 
by the USGS (USGS, 2002a, b) and correlated with land uses by a regression analysis.  
The analysis yielded a regional loading estimator that is capable of providing total and 
land use-specific loadings from any typical watershed in the region on an average basis.  
The loading estimator was then applied to the Watershed to determine nutrient loading 
through the Creek and land use-specific loadings in the Watershed. 

Analysis 

A total of eight coastal streams in the general geological province of the Peninsular 
Ranges that encompasses the study area and extends approximately from just north of 
Santa Ana River to the Mexican border were selected to represent nutrient export 
characteristics of the region.  The component streams for the regional analysis were 
selected based on availability of long-term continuous flow data and consistency with 
those used in the sediment loading analysis.  Table 10 shows the selected component 
streams, stations in the streams where loading analysis was performed, watershed 
drainage areas above the stations, and the levels of upstream regulation (e.g., dams). 
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Table 10 Component Streams for Regional Nutrient Loading Analysis 

STREAM STATION USGS  
STATION  

DRAINAGE 
(SQ. MILE) REGULATION1 

San Dieguito River Del Mar 11030500 338 Extensive 

San Diego River Santee 11022500 377 Extensive 

San Diego Creek Culver 11048500 42 Extensive 

San Juan Creek San Juan 
Capistrano 11046500 106 Moderate 

San Luis Rey River Oceanside 11042000 557 Moderate 

Santa Margarita 
River Ysidora 11046000 723 Moderate 

Sweetwater River Descanso 11015000 45 Natural 

Santa Ana River Santa Ana 11078000 1,700 Extensive 

(1) Inman and Jenkins (1999) 
 
The composition of the levels of upstream regulation of the component streams roughly 
reflects the characteristics of watershed development in the region.  Unlike the sediment 
analysis presented previously, in-stream nutrient loads are not available from either 
existing studies or the USGS database for the streams considered for analysis.  
Therefore, it was necessary to first develop nutrient loads for each of the streams before 
applying the method of regional regression.  Nutrient loads from the component streams 
were determined by developing the regional nutrient rating curves for total N and total P 
and applying the rating curves to long-term flow records in each of the component 
streams. 
 
Nutrient monitoring data for a number of streams in the region are available from the 
USGS database (USGS, 2002a).  The measurements were conducted over different 
periods in the last few decades with simultaneous flow measurements.  Although various 
agencies have conducted nutrient sampling in the regional streams, no simultaneous 
flow data were collected.  This is also the case with the STORET database maintained 
by EPA (which no longer stores historical data from the USGS).  The lack of 
simultaneous flow measurements essentially renders the nutrient data useless for 
loading calculations.  On this basis, only the USGS data were used for the determination 
of regional nutrient rating curves.  Table 11 lists the streams and stations where 
simultaneous nutrient and flow measurements are available. 
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Table 11 Streams for Regional Rating Curve Development 

STREAM STATION USGS  
STATION  

Santa Margarita 
River Ysidora 11046000 

Santa Margarita 
River Fallbrook 11044500 

San Luis Rey River Oceanside 11042000 

San Luis Rey River Bonsall 11041000 

San Luis Rey River Monserate Narrows 11040000 

San Diego River Old Mission Dam 11022490 

Bubble-Up Creek Pala 11039600 

Sweetwater River Descanso 11015000 

Tecolote Creek San Diego 11078000 

 
The simultaneous nutrient and flow measurements from these stations were extracted 
from the USGS database.  Total N and P in each of the samples were calculated from 
component compounds when the totals are not provided.  Since not all samples contain 
the complete suite of component compounds to permit calculation of the totals, samples 
with the majority of the component compounds measured were included to provide 
approximate totals so as to increase the number of data points.  For example, the sum of 
dissolved nitrite-N, dissolved nitrate-N, total ammonia-N, and total organic-N was used 
as total N for the Santa Margarita River at Ysidora. 
 
It has been widely established that an approximately linear relation exists between the 
logarithm of nutrient concentration and logarithm of flow discharge (e.g. Cohn et al., 
1989).  This permits the development of a simple rating curve that correlates constituent 
concentration with flow discharge.  Since constituents in streams are generally much 
less frequently measured than flows, a rating curve can be used to provide continuous 
estimates of concentrations given continuous flow measurements.  The usefulness of a 
rating curve is especially apparent in the case of ungauged or infrequently gauged 
streams when estimates of constituent loadings are required. 
 
The logarithms of total N and total P data processed from the USGS data were 
regressed with the logarithm of daily mean stream flows.  The bias inherent in the 
retransformation of the logarithm regression (Cohn, 1995; Koch and Smillie, 1986) was 
corrected using the method of Furguson (Furguson, 1986).  Figures 4 and 5 present the 
rating curves for total N and total P for the region. 
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Figure 4    Regional Total Nitrogen Rating Curve 

 

 
Figure 5    Regional Total Phosphorus Rating Curve 
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The rating curves for total N and total P determined were applied to the long-term 
continuous daily mean flow measurements in the streams listed in Table 10 to provide 
long-term continuous loading records for these streams.  A total of ten years of flow 
records were used for most of the streams, which produced corresponding loading 
records of equal length.  The continuous loads were then summed to provide total 
annual loads for the individual streams. 
 
Table 11 shows the nutrients loads for the eight streams together with five types of 
primary land use acreages in the respective watersheds.  The acreages of the land uses 
above the measuring stations were obtained from the EPA BASINS land use database 
(EPA, 2000). 
 
Table 12 shows the nutrient loads per acre of drainage areas for the eight streams 
together with the five types of land use areas as percentages of total drainage areas in 
the respective watersheds.  These values were obtained by normalizing the values in 
Table 11 by total drainage areas in the respective watersheds. 
 
The normalized (per-acre) nutrient loads in the last two columns of Table 12 were 
correlated with the five types of normalized (percent) land uses in Columns 2-5 using 
multiple linear regression in the form of load equal to the sum of products between the 
land use percentages and corresponding loading rates.  The regression coefficients thus 
determined represent estimates of regional loading rates for the five types of land uses.  
Table 13 shows the loading rates. 
 
Since there has been a paucity of long-term land use-based loading monitoring data in 
the region and nationwide in general, direct verification of the loading rate estimates can 
not be reliably made.  As an indirect verification of the estimates, the nutrient loading 
rates were divided by the sediment loading rates by land use to provide potency factors 
for the individual land uses.  These potency factors were compared with those provided 
in EPA (1977) as shown in Table 14.  Comparison of the data in Table 14 indicates that 
the potency factors determined based on nutrient and sediment loadings compare well 
qualitatively with literature ranges. 
 
For urban areas, the present study estimates a total P loading rate of 0.00076 
tons/acre/yr compared with approximately 0.00064 tons/acre/yr for residential and 
commercial lands provided by the EPA Nationwide Urban Runoff Program (NURP) 
database (EPA, 1983).  Assuming a typical N/P ratio of 10, the latter gives a total N 
loading rate of 0.0064 tons/acre/yr, which compares fairly well with 0.0079 tons/acre/yr 
estimated by the present study.  It is also worth noting that the present study predicts a 
higher loading rate from agricultural lands than from urban lands, which is consistent 
with values provided in EPA (2001). 
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Table 11 Nutrient Loads and Land Use Acreages 

LAND USE  
(ACRE) 

LOAD 

(TON/YR) STREAM 
AGRICULTURAL RANGE BARREN URBAN/ 

BUILD-UP FOREST TOTAL 
N 

TOTAL 
P 

San Dieguito 
River at Del Mar 42,212 108,670 1,677 13,547 44,341 10.6 1.0 

San Diego River 
at Santee 8,198 174,197 3,939 28,265 32,204 136.1 12.7 

San Diego Creek 
at Culver 8,016 10,690 1,455 5,734 335 47.6 4.4 

San Juan Creek 
at San Juan 
Capistrano 

9,737 56,825 1,568 1,179 5,724 74.9 7.1 

San Luis Rey 
River at 

Oceanside 
72,844 200,890 3,509 12,169 67,089 153.5 14.4 

Santa Margarita 
River at Ysidora 90,260 346,237 8,340 12,862 32,091 431.9 41.4 

Sweetwater River 
at Descanso 1,970 18,631 0 506 7,958 48.5 4.5 

Santa Ana River 
at Santa Ana 194,763 431,967 25,481 218,243 203,003 961.8 92.9 

 

Table 12 Nutrient Loads and Land Use Acreages 

LAND USE  
(% TOTAL DRAINAGE) 

LOAD 
(10-3M3/ACRE/YR) STREAM 

AGRICULTURAL RANGE BARREN URBAN/ 
BUILD-UP FOREST TOTAL 

N 
TOTAL 

P 
San Dieguito 
River at Del Mar 20.0 51.4 0.8 6.4 21.0 0.050 0.005 

San Diego River 
at Santee 3.2 69.9 1.6 11.3 12.9 0.546 0.051 

San Diego Creek 
at Culver 30.4 40.6 5.5 21.8 1.3 1.807 0.169 

San Juan Creek 
at San Juan 
Capistrano 

13.0 75.7 2.1 1.6 7.6 0.998 0.095 

San Luis Rey 
River at 
Oceanside 

20.0 55.3 1.0 3.4 18.5 0.423 0.040 

Santa Margarita 
River at Ysidora 

18.3 70.3 1.7 2.6 6.5 0.877 0.084 
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Table 12 Cont. 
LAND USE  

(% TOTAL DRAINAGE) 
LOAD 

(10-3M3/ACRE/YR) STREAM 
AGRICULTURAL RANGE BARREN URBAN/ 

BUILD-UP FOREST TOTAL 
N 

TOTAL 
P 

Sweetwater River 
at Descanso 6.8 64.1 0.0 1.7 27.4 1.669 0.156 

Santa Ana River 
at Santa Ana 17.9 39.7 2.3 20.1 18.7 0.884 0.085 

 

Table 13 Loading Rates by Land Uses 

LOADING RATE 
(TON/ACRE/YR) LAND USE 

TOTAL N TOTAL P 

Agricultural 0.0121 0.0011 

Range 0.0162 0.0015 

Barren 0.1199 0.0111 

Urban/Build-Up 0.0079 0.0008 

Forest 0.0261 0.0024 

 

Table 14 Potency Factor Comparison 

POTENCY FACTOR (%) 
PRESENT STUDY EPA (1977) LAND USE 

TOTAL N TOTAL P TOTAL N TOTAL P 

Agricultural  0.19 0.017 0.10~0.251 .0.003~0.1401 

Range 0.70 0.065 

Barren  0.11 0.010 

Forest 0.31 0.029 

0.05~2.692 0.022~0.4502 

(1) For corn, wheat, and cotton based on continuous sampling. 
(2) For pasture, alfalfa and brome grass based on continuous sampling. 
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Results 

Nutrient loading rates developed from the analysis presented above were applied to the 
land uses in the Watershed to provide total nutrient loadings and identify primary source 
areas.  For consistency with the use of local sediment loading estimate for Barren land 
uses, the regional N and P loading rates for Barren land uses were scaled by the 
regional potency factor for Barren land uses (Table 14) to provide corresponding local 
estimates.  The existing land use distribution within the Watershed is shown in Figure 3.  
Table 15 summarizes the results of nutrient loadings from the Watershed into the 
Lagoon by land uses. 

Table 15 Lagoon Nutrient Loading 

LAND USE AGRICULTURAL RANGE BARREN URBAN/ 
BUILD-UP FOREST TOTAL 

Area  
(acre) 1,743 1,300 421 6,609 103 10,176 

%Total 
Watershed 15.6 11.6 3.8 59.1 0.9 91 

Total N 
Loading 
(ton/yr) 

21.1 21.1 15.7 52.2 2.7 112.7 

Total P 
Loading 
(ton/yr) 

1.9 2.0 1.4 5.0 0.2 10.6 

 
 
The results in Table 15 indicate that the Watershed discharges annual totals of 
approximately 113 and 11 tons of total N and total P into the Lagoon, respectively.  
These amounts are relatively high compared with other smaller streams, which is 
consistent with the eutrophic tendencies historically observed in the Lagoon.  Urban and 
Build-Up land uses contribute the greatest amounts of nutrients into the Lagoon, 
followed by Agricultural and Range land uses.  Contribution from Forest land uses 
appears to be relatively small due to the relatively small acreage of forest present in the 
Watershed.  The primary Source Areas for nutrients in the Lagoon are, therefore, areas 
designated as Urban/Build-Up, Agricultural, and Range land uses in Figure 3. 
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