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USDA CSREES Conservation Effectiveness USDA CSREES Conservation Effectiveness 
Assessment ProjectAssessment Project

ObjectivesObjectives

–– Determine if  past implementations of agricultural Determine if  past implementations of agricultural BMPsBMPs resulted resulted 
in improved water quality  in the Little Bear Riverin improved water quality  in the Little Bear River

–– Investigate changes in practices from producer perspective:  Investigate changes in practices from producer perspective:  
How How persistantpersistant are behavioral changes.  Do behaviors change are behavioral changes.  Do behaviors change 
over the long term, how effective are outreach / education over the long term, how effective are outreach / education 
efforts…efforts…

–– Critically examine the strengths and weaknesses of different Critically examine the strengths and weaknesses of different 
water quality monitoring approaches, particularly water quality monitoring approaches, particularly wrtwrt
identifying changes at a watershed scale.  identifying changes at a watershed scale.  









Little Bear River at Mendon Road - Utah DWQ 4905000 (1994-2004)

Year Flow (cfs) Total Phosphorus (mg/L)
1994 11 13
1995 10 13
1996 10 13
1997 11 4
1998 6 10
1999 7 10
2000 6 5
2001 4 7
2002 2 8
2003 4 8
2004 1 8

Number of Observations

Existing Little Bear Existing Little Bear 
River monitoring River monitoring 
program:  program:  
Grab samples at Grab samples at 
22--8 sites/year8 sites/year
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High frequency flow and turbidity data used..High frequency flow and turbidity data used..

To characterize:To characterize:
•• VariabiityVariabiity over timeover time

Sampling frequencySampling frequency
Timing of samplingTiming of sampling

•• Variability between sitesVariability between sites
•• Contribution of storm eventsContribution of storm events

and major runoff eventsand major runoff events

to determine concentrations and loads to determine concentrations and loads 
(TSS and TP)(TSS and TP)



“upper watershed site”

“lower watershed site”



Little Bear River Sampling ProgramLittle Bear River Sampling Program
Continuous Monitoring EquipmentContinuous Monitoring Equipment

Stage recording 
devices to estimate 
discharge

Turbidity sensors to 
monitor water 
quality

Dataloggers and 
telemetry 
equipment

http://www.campbellsci.com

http://www.ftsinc.com/

http://www.campbellsci.com



Additional monitoring:Additional monitoring:

Automated sampling of storm events at Automated sampling of storm events at 
two sitestwo sites

Ongoing monitoring program by Utah Ongoing monitoring program by Utah 
Division of Water QualityDivision of Water Quality

Periodic grab samples to establish Flow / Periodic grab samples to establish Flow / 
TSS and TSS/TP relationshipTSS and TSS/TP relationship



Upper Site   
Flow (cfs)

Lower Site   
Flow (cfs)

January – December 2006



Upper Site 

Flow (cfs)

and turbidity 

January – December 2006

Lower Site

Flow (cfs)

and turbidity 



Upper Site 

Turbidity vs TSS 

Lower Site 

Turbidity vs TSS 



2006 Upper Watershed Suspended Sediment Load Estimate



2006 Upper Watershed Suspended Sediment Load Estimate









TSS Load  Upper Site Lower Site

Annual   (kg)  8.9 X 106 1.4 X 107

Runoff (% of total) 89% 54%

Baseflow (% of total) 11%           46%

Storms (% of baseflow) <1% 16%



ConclusionsConclusions

High frequency surrogate monitoring can greatly improve High frequency surrogate monitoring can greatly improve 
estimates of loadsestimates of loads

Monthly sampling results in highly variable loading Monthly sampling results in highly variable loading 
estimates. estimates. 

Predictable Predictable dieldiel patterns patterns potential for systematic errorpotential for systematic error

Two sites in same watershed show very different annual Two sites in same watershed show very different annual 
patternspatterns

In west, spring runoff delivers up to 90% of total loadIn west, spring runoff delivers up to 90% of total load

Storms may represent significant portion of Storms may represent significant portion of baseflowbaseflow
loadsloads



Where are we headed?Where are we headed?
EPA funded Watershed Information System EPA funded Watershed Information System 
provides integrated online access to time series provides integrated online access to time series 
and spatial data and analysis tools for and spatial data and analysis tools for 
presenting and interpreting datapresenting and interpreting data

NSF Test bed project NSF Test bed project additional 6 sites  + 4 additional 6 sites  + 4 
climate stationsclimate stations

Develop Bayesian networks to include land use Develop Bayesian networks to include land use 
changes, climatic variability, seasonal variability, changes, climatic variability, seasonal variability, 
network of multiple stations to predictive value network of multiple stations to predictive value 
offlowsofflows and concentrations.and concentrations.



Funded by CSREES Conservation Effectiveness Assessment Grant

Project conducted in partnership with NRCS, Utah Division of Water Quality





Simplified Conceptual ModelSimplified Conceptual Model
Phosphorus LoadingPhosphorus Loading
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Simplified Conceptual ModelSimplified Conceptual Model
Phosphorus LoadingPhosphorus Loading

How large are the bumps versus the baseline?

Time

Lo
ad

in
g

Baseline Loading Point Source Loading Episodic Loading Total Loading





WQ efforts in Little Bear 

• Hydrologic Unit Area Project

• TMDL Project,  319 funds

• Additional cost share programs

• Other planning (eg Phase II, Source 
Water Protection) 











Simplified Loading Conceptual Simplified Loading Conceptual 
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How Do We Use Monitoring Data to How Do We Use Monitoring Data to 
Estimate Pollutant Loads?Estimate Pollutant Loads?

Simple Average ApproachSimple Average Approach
–– Average all flow observations for a periodAverage all flow observations for a period
– Average all concentrations for a period
–– Load = Average Flow * Average ConcentrationLoad = Average Flow * Average Concentration
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Where:

Lavg = average load for a time period

Qi = Instantaneous observations of flow

n = number of flow observations

Cj = Instantaneous observations of concentration

m = number of concentration observations

– Average all concentrations for a period



Issues WithIssues With
Load Estimation ApproachesLoad Estimation Approaches

Simple Average ApproachSimple Average Approach
–– Uses all available data Uses all available data 
–– Averaging ignores correlation between the flows and Averaging ignores correlation between the flows and 

concentrationsconcentrations
–– For exampleFor example-- what if we have predominantly flows from a what if we have predominantly flows from a 

wet year and concentrations from a dry year?wet year and concentrations from a dry year?

Paired Data ApproachPaired Data Approach
–– Limits data to those that are paired and tosses the restLimits data to those that are paired and tosses the rest

Both ApproachesBoth Approaches
–– What if the data are limited What if the data are limited –– do either of these do either of these 

approaches give us an accurate estimate?approaches give us an accurate estimate?



Continuous Monitoring DataContinuous Monitoring Data
Little Bear River Near ParadiseLittle Bear River Near Paradise

Little Bear River Near Paradise
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•• Using existing monitoring dataUsing existing monitoring data
____ samples ____ samples 
____ stations ____ stations 
____ years.____ years.

Intervals between samples____Intervals between samples____--
Parameters…..Parameters…..

•• Can we discern a difference in current Can we discern a difference in current 
phosphorus loads vs. those of 15 years ago?phosphorus loads vs. those of 15 years ago?



•• Can we discern a difference in current phosphorus Can we discern a difference in current phosphorus 
loads vs. those of 15 years ago?loads vs. those of 15 years ago?

•• Is traditional monitoring adequate to characterize Is traditional monitoring adequate to characterize 
natural or anthropogenic variability in flow or natural or anthropogenic variability in flow or 
phosphorus concentrations?phosphorus concentrations?

•• Do Do instreaminstream monitoring data used in monitoring data used in TMDLsTMDLs focus too focus too 
much on point source loads when intermittent or much on point source loads when intermittent or 
infrequent infrequent nonpointnonpoint source loads are important?source loads are important?



Background Background -- The ProblemThe Problem

Need to characterize the flux of Need to characterize the flux of 
phosphorus through the Little Bear River phosphorus through the Little Bear River 
watershedwatershed

Mass Load = Concentration * FlowMass Load = Concentration * Flow

Requires streamflow and phosphorus Requires streamflow and phosphorus 
concentrationsconcentrations
This is also the classic TMDL problemThis is also the classic TMDL problem



What Data Do We Have to Work With?What Data Do We Have to Work With?

Traditional monitoring approaches Traditional monitoring approaches 
–– weeklyweekly
–– bibi--weeklyweekly
–– monthly or even less frequent grab samples monthly or even less frequent grab samples 

(gasp!)(gasp!)

Focused on assessing compliance and Focused on assessing compliance and 
characterizing general conditionscharacterizing general conditions



Consider Total Phosphorus Consider Total Phosphorus 
Little Bear River at Mendon RoadLittle Bear River at Mendon Road



ObjectiveObjective
Characterize total phosphorus loading to Cutler Characterize total phosphorus loading to Cutler 
Reservoir from the Little Bear RiverReservoir from the Little Bear River

Use existing monitoring data to calculate:Use existing monitoring data to calculate:
–– annual average loadsannual average loads
–– seasonal average loadsseasonal average loads
–– monthly average loadsmonthly average loads
–– Dare I say Dare I say –– calculate a daily load?calculate a daily load?

Characterize base flow loads versus periodic Characterize base flow loads versus periodic 
event based loadsevent based loads





Little Bear River at Mendon RoadLittle Bear River at Mendon Road
All Utah DWQ TP DataAll Utah DWQ TP Data

No Streamflow Gage AvailableNo Streamflow Gage Available

Total Phosphorus observations

241 observations from 1976 – 2004
(one outlier of 6 mg/L removed for plotting)

Streamflow observations

162 observations from 1976 - 2004



Last 10 Years?Last 10 Years?
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• In the past 20 years or so, ~$5 Million has been spent in public cost 
share funds in this watershed to improve water quality

•Data more than 10 years old are not representative of current 
conditions
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Little Bear River at Mendon Road - Utah DWQ 4905000 (1994-2004)

Season Flow (cfs) Total Phosphorus (mg/L)
Winter (January-March) 19 29
Spring (April-June) 21 36
Summer (July-September) 18 17
Fall (October - December) 14 17

Number of Observations

What if I What if I 
want to want to 

calculate calculate 
seasonal seasonal 
loads?
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Little Bear River at Mendon Road - Utah DWQ 4905000 (1994-2004)

Month Flow (cfs) Total Phosphorus (mg/L)
January 7 9
February 3 6
March 9 14
April 7 12
May 7 15
June 7 9
July 8 7
August 6 7
September 4 3
October 6 7
November 6 5
December 2 5

Number of Observations

What if we What if we 
want to want to 

calculate calculate 
monthly loads?monthly loads?
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Little Bear River at Mendon Road - Utah DWQ 4905000 (1994-2004)

Year Flow (cfs) Total Phosphorus (mg/L)
1994 11 13
1995 10 13
1996 10 13
1997 11 4
1998 6 10
1999 7 10
2000 6 5
2001 4 7
2002 2 8
2003 4 8
2004 1 8

Number of Observations

What What 
about about 

interannualinterannual
variability?variability?
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Streamflow data 
from the only active 
USGS gage in the 
watershed show 
HUGE variability in 
flow from year to 
year!

Time Period
Average TP 

Concentration (mg/L)
1994-1999 0.0921
2000-2004 0.1533

The average TP 
concentration during the 
dry years is 60 % higher 
than for the wet years



What about weekly or even What about weekly or even 
daily variability?daily variability?

Remember we wanted to Remember we wanted to 
characterize periodic characterize periodic 
events?events?

It is a Total Maximum It is a Total Maximum DailyDaily
Load Right?Load Right?



Back to the Original QuestionsBack to the Original Questions

Given We know that there are important 
processes that occur on a daily or even 
hourly time interval that are important

How can we capture the natural and 
anthropogenic variability in total 
phosphorus loads?



Continuous MonitoringContinuous Monitoring
Continuous monitoring of streamflow is relatively Continuous monitoring of streamflow is relatively 
easyeasy
–– Monitor water level and relate stage to dischargeMonitor water level and relate stage to discharge
–– Requires establishment of stageRequires establishment of stage--discharge discharge 

relationship relationship 
–– Must establish over a range of flow conditionsMust establish over a range of flow conditions

BUT:BUT: No technology currently exists to No technology currently exists to 
continuously monitor total phosphoruscontinuously monitor total phosphorus
–– We don’t have enough graduate students or dollars to We don’t have enough graduate students or dollars to 

collect that many wet samples!!!collect that many wet samples!!!



The Solution:  A Continuous The Solution:  A Continuous 
Monitoring ApproachMonitoring Approach

The obvious answer:  The obvious answer:  
collect higher collect higher 
frequency datafrequency data

Collect continuous Collect continuous 
data to characterize data to characterize 
flow and total flow and total 
phosphorus phosphorus 
concentrationsconcentrations



Little Bear River Sampling ProgramLittle Bear River Sampling Program
Periodic Baseline SamplingPeriodic Baseline Sampling

Wet samples collected weekly or biWet samples collected weekly or bi--weekly weekly 
depending on the time of year and analyzed for:depending on the time of year and analyzed for:
–– Total phosphorusTotal phosphorus
–– Dissolved phosphorus Dissolved phosphorus 
–– Total suspended solidsTotal suspended solids

At the same time spot checks of turbidity with a At the same time spot checks of turbidity with a 
portable field meterportable field meter

Establish relationships between total Establish relationships between total 
phosphorus, total suspended solids, turbidity, phosphorus, total suspended solids, turbidity, 
and flowand flow







Continuous Continuous 
measurementsmeasurements

Little Bear River at Mendon Road (4905000)

y = 2.3761x
R2 = 0.6993
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Little Bear River Near Avon (4905700)
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How Do We Use Monitoring Data to How Do We Use Monitoring Data to 
Estimate Pollutant Loads?Estimate Pollutant Loads?

Paired Observations ApproachPaired Observations Approach
–– Consider only paired observations over a Consider only paired observations over a 

particular time periodparticular time period

n

CQ
L

n

i
ii

avg

∑
== 1

Where:

Lavg = Average pollutant load for a time period

Qi and Ci = Paired observations of flow and concentration

N = number of instantaneous flow/concentration pairs







Little Bear River monitoring programLittle Bear River monitoring program

At the outlet site:         1976-2004 1994-2004  

Total Phosphorus 241 99
Stream Flow 162 72  

Little Bear River at Mendon Road - Utah DWQ 4905000 (1994-2004)

Month Flow (cfs) Total Phosphorus (mg/L)
January 7 9
February 3 6
March 9 14
April 7 12
May 7 15
June 7 9
July 8 7
August 6 7
September 4 3
October 6 7
November 6 5
December 2 5

Number of Observations



TSS Load  (kg) Upper Site Lower Site

Annual 8.9 X 106 1.4 X 107

Runoff 8.0 X 106 7.6 X 106

Baseflow 9.0 X 105 6.4 X 106

Baseflow storm events 4.9 X 103 1.0 X 106

TSS Load  (kg) Upper Site Lower Site

Runoff (% of total) 89% 54%

Baseflow (% of total) 11%           46%

Storms (% of baseflow) <1% 16%



Little Bear River monitoring programLittle Bear River monitoring program
At the outlet site:         1976-2004 1994-2004  

Total Phosphorus 241 99
Stream Flow 162 72  
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