Technical Memorandum — Accotink Creek Chloride Study
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Background:

On September 29, 2015 the Virginia Department of Environmental Quality (DEQ) finalized the
stressor identification analysis report for the Accotink Creek biological water quality impairment.
Chloride was identified as one of four most probable stressors contributing to the biological
impairment. However, because the bulk of the data (172 of 195 observations) were in the upper
Accotink Creek watershed, comments submitted during the 30-day public comment period for the
stressor identification analysis report expressed concern that chloride was not sufficiently
documented to be a stressor to the biological community in the Long Branch (Central) and lower
Accotink Creek watersheds. While there were no paired chloride and specific conductivity
observations in Long Branch (Central), continuous monitoring of specific conductivity by USGS
indicates that chloride criteria were likely exceeded because of the strong correlation established
between specific conductivity measurements and chloride concentration. In the lower Accotink
Creek watershed, there were limited (n=23) paired chloride and specific conductivity observations
and no continuous monitoring of specific conductance during winter months when exceedances of
chloride criteria are expected. Accordingly, DEQ conducted a chloride study that gathered
additional paired chloride and specific conductivity observations in all three Total Maximum Daily
Load (TMDL) watersheds in addition to continuous monitoring of specific conductivity in the lower
Accotink Creek watershed over a 2 month period (1/11/16 through 2/29/16). The data gathered
during this period was combined with historical chloride and specific conductivity data to determine
if chloride relationships observed in the stressor identification analysis report were corroborated in
all three TMDL watersheds.

Methods:

On January 11, 2016 DEQ deployed a sonde and data logger that measured specific conductivity at
15 minute intervals in the lower Accotink Creek TMDL watershed at sampling station 1AACO004.84
located near the Telegraph Road bridge crossing of Accotink Creek (Figure 1). That data logger
recorded specific conductivity measurements through February 29, 2016. During this period, paired
chloride and specific conductivity measurements were collected at 5 monitoring stations (Table 1)
under all winter conditions including snow melt. There were two snow events captured during this
sampling period. On January 22™ and 23" around 29 inches of snow fell in the Accotink Creek
watershed, and on February 15" approximately 2 inches of snow fell followed by about an inch of
rain. The paired chloride and specific conductivity data collected in 2016 was combined with
historical chloride and specific conductivity data (1/6/04 through 12/29/15) to conduct a regression
analysis for each of the three TMDL watersheds. The regression equations were then used to predict
chloride concentrations based on continuous monitoring of specific conductivity during 1/11/16
through 2/29/16 in order to evaluate estimated trends in chloride concentrations following snow
melt events.


http://www.deq.virginia.gov/Portals/0/DEQ/Water/TMDL/StressReports/Accotink_Stressor_Analysis_Final_092915.pdf
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Figure 1. Map of Accotink Creek TMDL watersheds and chloride monitoring stations.



Table 1. Summary of data record for monitoring stations in each TMDL watershed.

Number of Paired
Chloride and Specific Collection

Watershed  Station Name Conductivity Samples Date Range Agency
01654000 146 1/6/04 -7/15/14 USGS
Upper 1AACO014.57* 37 3/9/05-2/18/16 DEQ
Accotink 1AACO018.48* 1 2/16/16 DEQ
Creck 1AACO021.28* 1 2/16/16 DEQ
1AACO021.70 1 2/15/06 DEQ
Long Branch  1ALOE000.26* 7 3/4/15-2/18/16 DEQ
(Central) 1ALOE001.99 1 6/1/06 DEQ
1AACO002.50 1 6/1/06 DEQ
Ai‘ggtierrlk 1AACO004.84* 18 3/8/07-2/29/16  DEQ
Creck 1AACO006.10 6 6/1/06 -3/4/15 DEQ
1ALOA000.17 9 9/28/06 - 6/4/07 DEQ

*Includes data collected as part of the winter 2016 chloride and specific conductivity monitoring
effort

Results:

Chloride Criteria Exceedances: Table 2 summarizes all chloride criteria exceedances observed
during the past 7 years. Based on the period of record, each of the three TMDL watersheds had at
least three measured exceedances of chloride criteria during the past 3 years. The acute chloride
criterion for Virginia states that the one hour average concentration of chloride is not to exceed 860
mg/L more than once every 3 years on average. The chronic chloride criterion for Virginia states
that the four-day average concentration of chloride is not to exceed 230 mg/L more than once every
3 years on average (YVAC25-260-140). Acute criterion exceedances were evaluated using a single
sample, whereas chronic criterion exceedances were evaluated using the average of data collected in
a 4-day period. In the upper Accotink Creek TMDL watershed there were 6 acute criterion
exceedances and 2 chronic criterion exceedances observed in the last 3 years in addition to 1 acute
criterion exceedance in 2010. In the Long Branch (central) TMDL watershed there was 1 acute
criterion exceedance and 2 chronic criterion exceedances during the last 3 years. In the lower
Accotink Creek TMDL watershed there were 2 acute criterion exceedances and 2 chronic criterion
exceedances throughout the last 3 years.




Table 2. Summary of chloride criteria exceedances.

Regression Analysis: Using the entire data record of paired chloride and specific conductivity
observations (Table 1), scatter plots were prepared to analyze the relationship between the specific
conductivity and the chloride (Figure 2). The relationship between measured chloride and measured
specific conductivity in each of the 3 TMDL watersheds was very similar and strong as indicated by
the R” values and the regression equations (Table 3). The similarities in the equations suggest that
the specific conductivity and chloride relationship in all three watersheds functions the same.
Furthermore, the high R* values for each TMDL watershed indicates that specific conductivity can
accurately predict chloride concentrations for model calibration. However, at the time of writing
this technical memorandum, the actual predictive equation that would be used for model calibration
has not been established. Nevertheless, it is likely that the predictive equation to be used in model
calibration will be similar to those shown in Figure 2 and Table 3.




3000 -

Upper Accotink Creek
2500 + From 2016 Chloride Study
+ Used in Stressor Identification Analysis
2000 -
3 y=0.3206x-37.482
g_ 1500 R?=0.9977
(]
L
g 1000 - Acute criterion = 860 mg/L
L3
500
- Chronic criterion = 230 mg/L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Specific Conductivity {uS/cm)
Long Branch (Central)
1200 -
+ From 2016 Chloride Study
1000 + 2006 and 2015 data /
% 800 - Acutecriterion =860 mg/L
£
- 600 4 y=0.3275x-36.012
jg R?Z=0.9976
o
5 400
) Chronic criterion = 230 mg/L
200 /
0 T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500
Specific Conductivity {uS/cm)
Lower Accotink Creek
1600 - -
+ From 2016 Chloride Study
1400 + + Used in Stressor Identification Analysis
1200 - :
= y=0.3249x-37.334
E‘; 1000 - RZ=0.9966
z 800 - Acute criterion = 860 mg/L
‘= *
[=]
2 600 -
w
400 - -
Chronic criterion = 230 mg/L
200 4 .J"(Q’
O T T T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Specific Conductivity {uS/cm)

Figure 2. Regression analysis of chloride concentration as a function of specific conductivity in each
TMDL watershed.



Table 3. Results of the regression analysis between specific conductivity and chloride
concentrations for each watershed.

Watershed Regression Equation* R’ Number of Samples
Lower Accotink y = 0.3249x - 37.334 0.9966 186
Long Branch (Central) y = 0.3275x - 36.012 0.9976 8
Upper Accotink y = 0.3206x - 37.482 0.9977 34

*Specific conductivity (uS/cm) was the independent variable and chloride concentration (mg/L)
was the dependent variable

Predicted Chloride Concentrations: Specific conductivity is measured by the USGS at 15 minute
intervals in the upper Accotink Creek TMDL watershed (Station 01654000) and the Long Branch
(Central) TMDL watershed (Station 01654500). These stations are proximal to DEQ sampling
stations 1AACO014.57 and TALOE000.20, respectively. The continuous monitoring record in the
lower Accotink Creek TMDL watershed (DEQ station 1AACO004.84) represented the shortest
petiod of record among all 3 TMDL watersheds. Therefore, that period of record (1/11/16
through 2/29/16) was used to predict chloride concentrations using measuted specific conductivity
and each TMDL watershed’s regression equation (Table 3). Figure 3 shows the predicted chloride
concentrations over that period of record. Following each of the two snow events, estimated
chloride concentrations spiked over chloride water quality standards and remained elevated for
extended periods of time. Additionally, the benefit of estimating chloride concentrations using the
continuous records of specific conductivity is that maximum values can be seen even when sampling
efforts miss them. For example, based on a specific conductivity measurement of 12,600 pS/cm at
4:00 am on February 16™, 2016 in the upper Accotink Creek watershed, the corresponding predicted
chloride concentration was 4002 mg/L.. Later that day at 11:42 am, DEQ monitoring staff
measured a specific conductivity of 7986 uS/cm and a chloride concentration of 2149 mg/L.
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Figure 3. Chloride concentrations predicted using each TMDL watershed’s regression equation and
continuous monitoring of specific conductivity. Specific conductivity was measured in 15 minute
intervals from 1/11/2016 through 2/29/2016 at USGS station 01654000 for Upper Accotink Creek,
USGS station 01654500 for Long Branch (Central), and DEQ station 1AACO004.84 for Lower
Accotink Creek.



http://waterdata.usgs.gov/usa/nwis/uv?01654000
http://waterdata.usgs.gov/va/nwis/uv/?site_no=01654500

Conclusion:

In the recommendations section of the final stressor identification analysis report, it states that “A
TMDL for chloride should be developed for Long Branch if the predictive relationship between
specific conductance and chloride can be corroborated by additional monitoring,” and that “A
chloride TMDL should be developed for lower Accotink Creek if additional monitoring
corroborates the chloride conductance relationship and continuous monitoring of specific
conductance in lower Accotink Creek confirms that it is likely that chloride concentrations are
exceeding Virginia’s criteria to protect aquatic life.” Based on the measured exceedances of the
chloride aquatic life criteria established in the Virginia Water Quality Standards (9VAC25-260-140),
the corroborated relationships between specific conductivity and chloride concentrations as
indicated by similar regression equations and strong R’s, and the estimated chloride concentrations
following snow events, DEQ is confident that chlorides are a stressor to the biological community
in each of the 3 TMDL watersheds. Therefore, the Accotink Creek TMDL study will develop a
chloride TMDL for each watershed.


http://www.deq.virginia.gov/Portals/0/DEQ/Water/TMDL/StressReports/Accotink_Stressor_Analysis_Final_092915.pdf

