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Chesapeake Bay Nontidal 

Monitoring Network

Purpose

• Collect water-quality samples using 

consistent methodology

• Collect water-quality samples across the 

full range of hydrologic conditions

• Quantify loads of nutrients and sediment 

in the nontidal rivers of the Chesapeake 

Bay watershed

• Estimate trends (changes over time) in 

loads to detect effects of changes in land 

management effects on water quality

Monitoring Stations

• 117 monitoring stations

– 30 with records > 30 yrs

– 81 with records > 10 yrs

– 6 with records 5-10 yrs

– 30 (green on map) with records < 5 years

• Drainage areas range from 1 to 27,100 

mi2



Data Collection

Discrete water quality 

samples, typically 12 

“routine” and 8 

“storm” are collected 

annually at or near 

streamflow gaging 

stations.

Samples are analyzed 

for total N, NO23, 

total P, ortho-P and 

suspended sediment

Total samples collected across 

NTN = 2,340 Annually



Weighted Bottle Sampler



DH-81

Designed for wading 

isokinetic or nonisokinetic

sampling (velocity = 1.5-7.6 ft/s)
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DH-95

Designed for 

isokinetic 

sampling up to 

15 feet 
(velocity 2.0 to 6.7 ft/s)



DH-2

Designed for isokinetic 

sampling at depths 

greater than 16 feet 
(velocity 2.0 to 6.0 ft/s)



D-96
Designed for isokinetic sampling 

at depths up to 100 ft

(velocity 1.5 to 6.0 ft/s)



Sample Processing



WRTDS and flow-normalization



• Unique regression model for each point at which a concentration 
estimate is required

• Models weight observations based on “proximity”, in time, 
discharge, and season, to conditions at the time each estimate is 
required 

DischargeTime Season
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Weighted Regression on Time, Discharge, and Season (WRTDS)

(Hirsch and others, 2010)

Primary Load Computation Model 2012-2015

Daily Load = Daily Concentration * Mean Daily Discharge
Load and Trend Estimation



WRTDS Load 

and Trend 

Example: 

Potomac River 

Total 

Phosphorus  
Annual
Load

Flow-Normalized
Load

Total reduction in RIM 
total nitrogen:
1985 to 2014 = -25%
2005 to 2014 = -18%

25% reduction

18% reduction



Total Nitrogen per 

Acre Loads and 

Trends: 2005-2014

Improving Trends = 44 of 81 (54%)

Degrading Trends = 22 of 81 (27%)

No Trend = 15 of 81 (19%)

Of the 14 stations with the highest per 

acre loads for Total Nitrogen:

• 6 have improving trends

• 3 have degrading trends

• 4 have no trends

• 1 has insufficient data for trend 

analysis

Results by major basins



Changes in Nitrogen per Acre Loads: 2005-2014

Example from the Susquehanna Watershed



Changes in Nitrogen 

per Acre Loads: 

2005-2014

Improving Stations

Range = -0.10 to -5.07  lbs/ac

Median = -0.68 lbs/ac (-10.0%)

Degrading Stations

Range = 0.04 to 1.21  lbs/ac

Median = 0.33 lbs/ac   (7.84%)

Trend in load network is the 

first of its kind

Download figure:
http://cbrim.er.usgs.gov/maps.html



USGS Nontidal Web Page
http://cbrim.er.usgs.gov/



Moyer and others 2012 Chanat and others 2015

Recent Publications

https://pubs.er.usgs.gov/publication/sir20155133https://pubs.er.usgs.gov/publication/sir20125244



Example of Good Storm Coverage



Example of Good Storm Coverage





Example of station that transitioned 

from no storms to targeted storm 

samples



Example of Poor Storm Coverage





Graphs of Hydrograph vs. Sampling 
Time

PDFs for each of the following 
samplers:

• DEDNREC

• USGSWV

• USGSPA

• PADEP

• SRBC

• USGSVA

• VADEQ

• USGSMD

• MDDNR

TWO types of graphs shown

• Older station figures from D. 
Moyer / USGS

• New station figures assembled 
by M. Ehrich



• Cubic meters/sec

• 2 years

• Box plot of 
sampled 
discharge vs. all 
discharge

Example of Good Storm 
Representation



• Cubic meters/sec

• 2 years

• Box plot of 
sampled 
discharge vs. all 
discharge

Example of station where targeting 
larger storms would considerably 

improve load and trend estimates.



Newer Station Figures Info

• WY 2014

• Cubic ft /sec

• Blue – flow 
• Dark blue – flows above 80th

Percentile
• Orange – Storm samples (S)
• Grey – Regular samples (R)
• Yellow – Regular, but 

counted as a storm (RSI)

• If dots are not on the 
hydrograph line, no flow was 
recorded at the sample time 
(using the # of the closest 
flow recording)


