
 

Page 1 

 

Final (Interim) Water Quality Report for UT to Crab Creek 
Post-Stream Restoration Monitoring 

Prepared by Division of Water Resources, 
Watershed Assessment Team 

January, 2014 
 
Introduction 
 
This document provides a summary of water quality monitoring data collected by the 
North Carolina Division of Water Resources (NC DWR) Watershed Assessment Team 
(WAT) for an unnamed tributary to Crab Creek (UTCC) in Alleghany County (below in 
Figure 1) during May 2013 through December 2013.  These data were collected in 
collaboration with the North Carolina Ecosystem Enhancement Program (NCEEP) to 
assess changes in physical, chemical and biological water quality indicators related to a 
stream and wetland restoration project completed in June 2010.  Pre-construction water 
quality data were collected during May 2007 through June 2008.  A final report 
discussing the pre-construction data was provided to NCEEP in January 2012 
(NCDWQ, 2012).  A post-construction interim water quality report was provided to 
NCEEP in December of 2013.    
 
The project is located approximately 16 miles east of the Town of Sparta on NC 18 and 
about six miles west of the intersection of NC 89 and NC 18 in Alleghany County, NC.  It 
is situated within the New River basin (old NCDWQ designation 05-07-03) and within 
the Little River sub-watershed (USGS 14-digit HU code 05050001030020), northwest of 
the Blue Ridge Parkway.  The UTCC is designated by NCDWR as Class C with a Trout 
waters supplemental classification.  It drains to the state designated High Quality 
Waters (HQW) of the Little River.   
 
NC DWR’s Basinwide Planning Unit provides more information about the sub-
watershed at the following link - New River Basin Plan. Additional information about 
NCEEP’s local watershed planning efforts in the area can be found at the following link 
Bledsoe Creek Local Watershed Plan. 
 
Figure 1 and Table 1 below provide descriptions of the three catchments (A, B and C) 
that together form the larger UTCC sub-watershed for a total drainage area of 
approximately 2.7 square miles.  The restoration project is located along the stream 
segment in Catchment B (Figure 1 below).  Catchments A and C are headwater 
catchments.   
 
Agriculture and forest are the predominant land uses in Catchments A and B.   The type 
of agriculture includes a mix of pasture for livestock production (horse and cattle), row 
crop rotations (corn-small grain), vegetable crops (pumpkins and cabbage) and 
Christmas trees.   Land use in Catchment C is mostly pasture for livestock production, 
small plots of Christmas trees and areas of forest. No permitted discharges are present.  
Area homes are on septic tank and leach fields.  
  

http://portal.ncdenr.org/c/document_library/get_file?uuid=fe3a8a8e-e947-47e1-95de-a51a22e2ccdb&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=ce8b3968-ee5e-40e4-9912-1cb635a88cc0&groupId=60329
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Figure 1.  Site map of project location. 
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Table 1.  UT to Crab Creek (UTCC) monitoring locations and catchment descriptions. 

Catchment 
Drainage Area 
(square miles) 

Monitoring Location 

Latitude Longitude 

C 0.44 36.55560 -80.96381 

A 1.66 36.55218 -80.97362 

B 0.62 36.56052 -80.96592 

Total  A+B+C 2.72 - - 

 
 
Methods   
 
Chemical and Physical Monitoring and Analysis 
 
Monitoring activities followed a monitoring plan approved by NCEEP (NCDWR, 2013a).  
 
Field measurements included surface water temperature (°C), dissolved oxygen (mg/L 
and % saturation), specific conductance (µS/cm at 25°C), and pH (S.U.).  All 
measurements were made in situ in a representative point of the channel that was well-
mixed and flowing, generally at or near the thalweg.  Meter calibrations and 
measurements were performed in accordance with the NCDWR Standard Operating 
Procedures (NCDWQ, 2011).   
 
Air and surface water temperature and stream stage were monitored in fifteen minute 
intervals, 24-hours per day during the months of May through December 2013 using 
HOBO pressure sensor and temperature water level data loggers installed at each 
location.  The units were housed in PVC pipes, which were perforated along the portion 
extending into the stream.  The tubes served as temporary stilling wells, prevented 
damage to the units and provided a stable water surface to increase the accuracy of 
stage readings. 
 
Nutrients (total phosphorus and nitrite + nitrate) were collected during baseflow 
conditions.  Total suspended residues (TSR) samples were collected during the rising 
limb of the hydrograph 0.5 foot above the existing baseflow elevation.  
 
All samples were collected, handled, preserved, and analyzed in accordance with 
NCDWR Laboratory Section requirements outlined in their Sample Submission 
Guidance Manual (NCDWR, 2013b).  All baseflow samples were collected as grab 
samples by direct fill of sample bottles by immersion.  Storm samples were collected 
using commercially available, 1-liter plastic passive samplers mounted at each location 
(see the Appendix for a picture of the sampling unit).   
 
Biological and Aquatic Habitat Assessments 
 
Benthic sampling was conducted on October 30.  The assessment report was not 
available as of this writing. 
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Results and Discussion 
 
Baseflow 
 
Baseflow monitoring began in May 2013 with staff collecting nitrite + nitrate samples at 
a planned frequency of twice per month.  Staff collected 16 samples from each of three 
monitoring locations along with the standard field measurements. 
 
Nitrite + nitrate nitrogen was the parameter selected for baseflow monitoring and 
assessments because it serves as a measure of change related to nutrient cycling 
functions.  It is soluble and present in the ground water discharge which comprises 
100% of the stream’s baseflow.  In addition, it is routinely detected above laboratory 
detection limits and is a relatively inexpensive analysis.  
 
Nitrite + nitrate results for the May through December timeframe for 2013 and 2007 are 
provided in Figure 2 below.  Median values and percent change between years are 
provided in Table 2 below.   
 

 
Figure 2.  Baseflow nitrite + nitrate data by catchment for May through December 2007 and 2013.  The 
blue line connects the means. 

 
Median values were higher in 2013 for all locations.   Catchment C showed the greatest 
change with a 76% increase.  Catchment B increased by 29% and Catchment A 
increased by 17%.  The cause of the increase is unclear at this time; however, it may be 
associated with higher rainfalls in 2013 which transported soil nitrogen through the 
vadose zone and into shallow groundwater subsequently discharging it to the stream. 
 
Table 2.  Comparisons of baseflow median values for nitrite + nitrate (mg/L). 

Catchment 2007 2013 % Change 

C 0.91 1.6 +76% 
A 0.94 1.1 +17% 
B 0.85 1.1 +29% 
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To assess whether or not the restoration project affected nitrite + nitrate concentrations 
within Catchment B, we examined nitrite + nitrate concentration ratios between 
catchments; specifically, the ratios of Catchment B to Catchment C and Catchment B to 
Catchment A (B:C and B:A) as shown in Table 3 below.  In theory, if there were no 
changes in the lotic ecosystem of the stream, the ratios between catchments should be 
similar between monitoring periods regardless of the increase in concentration. 
 
The catchment concentration ratios between years show substantial differences (Table 
3).  The ratio of B:C was 26% less and B:A was 11% more in 2013 versus 2007. One 
potential issue with interpreting these data is that the contributions of nitrite + nitrate 
from Catchments A and C increased between monitoring periods.  Another is that their 
contributions relative to each other changed.  Catchment A contributed higher levels 
than Catchment C in 2007, but in 2013 the reverse was true (Table 2).  These factors 
interfere with parsing contributions of nitrite + nitrate concentrations from Catchment B 
at this time.  Further multi-year monitoring is needed to understand the relationship 
between the catchments and their contribution of nitrite + nitrate relative to the 
restoration catchment.  Nonpoint source watershed land treatment projects generally 
require multiple year monitoring programs to measure the effects of management 
measures (NNSMP, 2005). 
 
 
Table 3.  Ratio of catchment nitrite + nitrate median values (mg/L). 

Catchment 2007 2013 % Change 

B : C 0.93 0.69 -26% 
B : A 0.90 1.00 +11% 

 
We considered comparing catchment yields similar to the pre-construction data analysis 
(NCDWQ, 2012).  However, since nitrite + nitrite concentrations were higher in 2013 
than in 2007, the yields would also be higher for all catchments.  We could consider 
catchment yield ratios to determine if there was a change, but as stated above, the data 
are difficult to interpret at this time without further multi-year monitoring to help parse 
other factors and further understand the relationships between catchments.  
Regardless, ratios of catchment yields are provided in Table 4 below for review.    
 
 Table 4.  Catchment ratios of estimated nitrite + nitrate yield (lbs/day).  

Catchment 2007 2013 % Change 

C : A+B+C 0.15 0.20 +36% 

A : A+B+C 0.65 0.59 -10% 

B : A+B+C 0.21 0.22 5% 

 
Catchment C shows the widest change of 36%.  Catchment A is negative in relation to 
the entire sub-watershed and there was a slight difference (5%) in Catchment B.  Again, 
further multi-year data are needed to determine if the restoration segment affected 
nitrite + nitrate yield from Catchment B as it relates to Catchments A and C.   
 
Another notable change in water quality indicators was a slightly higher median specific 
conductance for all catchments as shown in Table 5 below.  Catchment C increased by 
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25%.  Catchments A and B had a similar increase of 11%.  The pattern between 
catchments changed as well.  In 2000, B > A > C; and, in 2013, C > B > A. 
 
 
Table 5.  Comparisons of baseflow median specific conductance (uS/cm). 

Catchment 2007 2013 % Change 

C 45.8 57.0 +25% 

A 46.1 51.0 +11% 

B 48.9 54.2 +11% 

 
 
Stormwater Monitoring 
 
Storm events occurred frequently throughout the monitoring period.  Thirteen samples 
were collected for Catchment A, and ten each for Catchments B and C.  Samples were 
collected for each month during the eight-month monitoring period (May through 
December).  By comparison, pre-construction monitoring during 2007-08 included four 
samples from each site. Fewer storm events occurred during the 2007-08 monitoring 
period as well. 
 
Post-restoration stormwater monitoring focused on total suspended residue (TSR) 
because organic and dissolved solids comprise only a small portion of the overall TSR 
and it was important to keep laboratory costs to a minimum.  
 
TSR results for the monitoring period timeframe are provided in Figure 3 below.  Median 
values are provided in Table 6 below.   
 
 

 
Figure 3.  Stormwater TSR data by Catchment for 2013 and 2007-08.  The blue line connects the means. 
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Median TSR concentrations in 2013 were higher than in 2007-08 for all catchments. 
TSR from Catchment C was almost an order of magnitude higher.  Catchments A and B 
were almost three times higher.   
 
Higher TSR in 2013 was likely related to the vastly different weather patterns that 
occurred during each monitoring period rather than upstream land use disturbances; 
upstream land use had not changed.  Because annual storm events are naturally 
variable in length, intensity and amount of precipitation, TSR concentrations will vary as 
well.  Our data are reflecting this phenomenon of annual storm event variability and 
associated TSR concentrations.  
 
 
Table 6.  Median stormwater TSR (mg/L) by catchment and the ratio between Catchments C and A. 

Catchment 2007-08 2013 

C 81 736 
A 40 269 

     C : A 0.49 0.37 
B 126 418 

 
One approach to assess whether or not the restoration project is moving towards 
improved sediment retention included comparing TSR concentration catchment ratios. 
In this case, we compared Catchment C to Catchment A to determine if their relative 
sediment contributions changed between years.  We then examined the relationship 
between TSR of Catchment B to the two upstream catchments to determine if there was 
an increase or decrease in sediment contributions from the restoration segment. 
 
As shown in Table 6, the TSR ratio of C:A was between years was slightly different 
(0.49 in 2007-08 and 0.37 in 2013) but Catchment C contributed at least two milligrams 
of TSR for every one from Catchment A during both periods.  Therefore, while TSR 
concentrations increased in 2013 versus 2007-08, their relative downstream 
contributions remained about the same.  Pre-construction median TSR for Catchment B 
in 2007-08 was two to three times higher than the other two catchments indicating 
substantial relative contributions from Catchment B, while 2013 data for Catchment B 
was actually lower than Catchment C and just 1.5 times higher than Catchment A. 
 
Therefore, since the relative upstream contributions of sediment remained about the 
same for each monitoring period (although in higher concentrations) and while 
Catchment B was only 1.5 times higher versus (3 times higher than Catchment A in 
2007), it is reasonable to conclude that Catchment B was retaining portions of the 
upstream sediment and perhaps contributing less itself overall in 2013. 
 
Again, it is difficult to know with certainty if our conclusion is accurate without further 
multiple years of data collection to assess if this pattern represents improved sediment 
retention in Catchment B.       
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Temperature  
 
Mean air and surface water temperature measurements recorded for Catchment B 
during both monitoring periods (including June through September), along with the 
thermal change between years and the thermal relationship or difference between air 
and surface water are provided in Table 7 below.  Weekly means are charted in Figure 
4 below.   
 
Both air and surface water temperatures were slightly higher in 2007 than in 2013 
during the June through September timeframe.  Average surface water temperature 
was 0.62°C higher and average air temperature was 1.34°C higher in 2007.  As 
expected, there was also a change in the difference between air and surface water 
temperatures in 2007 versus 2013.  Indeed, there was a 2.34°C difference in 2007 and 
a 1.62°C difference in 2013 between air and surface water temperatures (Table 7 
below).  The gap between the mean weekly temperature data series on the charts in 
Figure 4 below represents the thermal relationship or difference between the two data 
sets. 
 
All that we can conclude from these data, at this point, is that ambient air temperature 
affected stream temperature (i.e., as air temperature declined, surface water 
temperature declined).  To assess whether or not the restoration project affected 
surface water temperatures (due to increased shading and longer periods of 
groundwater exchange), it would be necessary to track the change in the relationship 
between air and surface water temperatures over a multi-year period to account for 
varying climatic conditions and the buffering effect of groundwater.  As mentioned in the 
pre-construction report (NCDWQ, 2012), the groundwater discharge to surface water 
has a buffering effect on extreme surface water temperatures and improved wetland 
hydrology may help to moderate extreme stream temperatures by sustaining longer 
periods of groundwater exchange to the surface (O’Driscoll and DeWalle, 2004).   
 
For example, if there was a cooling effect due to improved riparian shading and 
improved hydrologic connections between ground water and surface water, we might 
expect to observe a larger temperature difference between air and surface water 
temperatures over a multi-year timeframe. 
 
Table 7.  Mean air and surface water temperatures (°C) and temperature change between years.*  
 2007 2013 Change between years 

Air 20.99 19.65 1.34 
Surface Water 18.65 18.03 0.62 
Difference   2.34    1.62 0.73 
*Note:  These data, recorded by 24-hour data loggers in Catchment B, are from the same timeframe during each year 
(June 27 through September 12 of 2007 and 2013).    
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A. 
 
 

 
B. 
 
Figure 4A and 4B.  Weekly mean air and surface water temperatures recorded for Catchment B. 
The gap between the weekly mean air-surface water temperature lines represents the thermal 
relationship or difference between air and surface water temperatures. 
 
 

 
 
 

Summary and Conclusions 
 
Post-restoration chemical and physical water quality monitoring for the UT to Crab 
Creek consisted of baseflow and stormwater monitoring at three locations beginning in 
May 2013.  Sixteen baseflow samples of soluble nitrite + nitrate nitrogen, plus field 
measurements of dissolved oxygen, specific conductance, pH and temperature were 
collected at a frequency of twice per month through December 2013.  Air and surface 
water temperatures were monitored on a 24-hour basis at one location.  Thirteen storm 
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events were monitored during this period.  Benthic macroinvertebrate data were not 
available as of this writing.   
 
The change and relationship in nitrite + nitrate concentrations between the restoration 
catchment (Catchment B) and the other two upstream catchments was difficult to 
establish given the short monitoring time.  The difficulty is related to increased 
concentrations between monitoring periods along with a change in the relative 
contributions of the two upstream catchments.  Further multi-year monitoring is 
necessary to further understand the relationship between catchments and the factors 
involved to assess whether or not the restoration project affected nitrite + nitrate 
concentrations. 
  
TSR data collected during post-construction monitoring were four to ten times higher 
than pre-construction data.  While the data collected in 2007-08 were high quality and 
representative of area storm duration and volume, it is unlikely that the four samples 
collected in 2007-08 were representative of TSR across several years of pre-
construction time.  However, realizing that stream banks within the restoration reach will 
continue to stabilize on a yearly basis, and assuming that land-use in the two upstream 
catchments does not significantly change from this point forward, the TSR datasets may 
be useful as starting points to help assess change in the sediment load over time. 
 
The air and surface water temperature relationship is a good indicator to help assess 
the surface water temperature buffering effect of groundwater exchanges and improved 
shading.  This relationship should continue to change in the future as the restoration 
project continues to stabilize.   
 
Recommendations 
 

 Continue baseflow monitoring for nitrite + nitrate nitrogen on a once per month 
frequency for a multi-year period.   

 

 Continue with stormwater TSR and air-surface water temperature monitoring for 
a multi-year period.  Install multiple shallow wells within the thermally active zone 
of the restoration reach for additional data to help monitor the air and surface 
water thermal relationship.  
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Appendix 
 
 
Field and Laboratory Data 
Chemical and physical data collected from each catchment for the monitoring period 
during 2007-08 and 2013 are provided below in Figures A3 through A7.  Baseflow data 
are blue Xs; storm water data are red dots.  An explanation of box plots and whiskers 
are provided below in Figure 1A.  A photo of a storm water passive sampler is provided 
in Figure A2 below. 
 

 
Figure A1.  Explanations of box and whisker plot statistics. 

 
 

 
Figure A2.  In-stream passive storm sampler at Catchment A. 
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Figure A3.  Baseflow data comparisons between years.  Data are from May through December of each year.  The WQ 
standard for dissolved oxygen is 5.0 mg/L; for pH it is ≥ 6.0 and ≤ 9.0.  
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Figure A4.  Baseflow data comparisons between years.  Data are from May through December for each year.  The WQ 
standard for nitrite + nitrate is ≤ 10.0 mg/L.  



 

Page 15 

 

 

 
Catchment and Year 

Figure A5.  Baseflow data comparisons between years. Total Suspended Residue (TSR) data are from storm flows.  Data are 
from May through December except for TSR data which include results from September and October 2007; and, February and 
April 2008. Only four storm events were sampled during monitoring in 2007 and 2008.  The WQ Standard for temperature is 
20.0°C.  
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Figure A6.  Surface water temperatures (daily at 15-minute intervals) for June through September 2007. 

 
Figure A7.  Surface water temperature (daily at 15-minute intervals) for June through September 2013. 

 
 
 


