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1.0 INTRODUCTIONtc \l1 "THE STRATTON CORPORATION AND WINHALL-STRATTON FIRE DISTRICT #1Stratton, Vermont1999 ANNUAL WATER QUALITY EVALUATIONINDIRECT DISCHARGE PERMIT #9-0019/9-00441.0      INTRODUCTION  

A comprehensive water quality survey of the surface waters in the town of Burke including Dish Mill Brook, the East and West Branches of the Passumpsic River and their tributaries was conducted on seven dates from June through November of 2015.  This sampling program was closely coordinated between the Burke Conservation Commission and Vermont Department of Environmental Conservation (DEC) for the purposes of evaluating baseline water quality conditions of all larger streams in town.  A total of six sites were sampled on major tributaries including the East Branch of the Passumpsic River, Roundy Brook, Sutton Brook, Calendar Brook and two sites on the West Branch of the Passumpsic River (Figure 1).  A more focused evaluation of the Dish Mill Brook, which is considered stressed due to stormwater runoff and sedimentation, and its tributaries was also completed including eight sampling sites in this small watershed.  Four of these sites were on Dish Mill Brook itself, two were on a tributary that drains much of the development surrounding Q Burke Resort, and two sites sampled unnamed smaller drainages to this tributary called “High Meadow Road” and “Winter Green” for nearby landmarks.
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Figure 1: Locations of the water sampling sites showing the average Turbidity values.
2.0 METHODOLOGY
Total nitrogen, total phosphorus, and turbidity was sampled at 14 sites in the Town of Burke to evaluate sediment and nutrient levels which had been the primary stressors of concern in the watershed.  Samples were collected every three weeks from June 24th through September 16th.  In addition, two dates targeted rainfall events: September 30th (about one inch of rain) and November 20th (about one0-half inch of rain).  The sampling technique followed a pre-defined Quality Assurance Process Procedure (QAPP), including taking at least 10% blank and duplicate samples.  The sample sites were divided among two volunteer sampling groups on all dates except for the last two dates where Ben Copans sampled alone or with Mark Maghini to allow for last minute sampling of rain events.  Samples were delivered to the laboratory though currier service or by samplers directly. Volunteers were trained in the sampling protocol on June 8th and again on the first day of sampling on June 24th.  
3.0 RESULTS and Discussion
The following sections summarize the data collected during the project.  There were no detections in blank samples, and for all parameters, duplicates met the average reproducibility (RPD) limits in the QAPP. Another important consideration in evaluating water quality data is the flow and rainfall conditions under which the samples were taken.  This is important as phosphorus and turbidity levels often increase by one to even two orders of magnitude after significant rain events.  On the other hand, the nutrient criteria for phosphorus in the Vermont Water Quality standards is applied under low flow conditions (specifically at low median monthly flow).  Figure 2 shows the discharge measured on the East Branch of the Passumpsic River along with the flow on the dates when samples were taken. The first sample date occurred after a significant runoff event but days after the rain had largely finished. The September 30 sampling effort occurred after over an inch of rain had fallen the previous night and continued during sampling.  The samples taken on November 20
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Figure 2. Discharge on the East Branch of the Passumpsic River showing sample dates in red.
followed a smaller rainfall event, but was taken a few hours after rainfall had stopped, therefore water levels had begun dropping on smaller streams prior to sampling.  When looking at the average results across all sampling dates for all three parameters, a couple of patterns emerge.  Nitrogen levels appear to be relatively low across the Dish Mill Brook watershed which did not hold true with phosphorus and sediment levels.  It is also apparent that the phosphorus and turbidity levels tend to be similar across sample sites which is common in Vermont as most phosphorus tends to be bound to sediment.
Table 1.  Average results from 2015 water sampling.  Red shading shows higher relative values.
	                     Site
	Average Nitrogen mg/l
	Average Phosphorus ug/l
	Average Turbidity NTU

	Dish Mill Pinkham Rd
	0.26
	18.1
	1.8

	Dish Mill Dashney rd
	0.31
	30.6
	3.8

	Dish Mill pull off
	0.31
	37.1
	5.2

	Dish Mill Village
	0.33
	37.1
	6.5

	Dish Mill Trib1-Alpine Lane
	0.22
	39.3
	12.3

	Dish Mill Trib 1b-Winter Green
	0.27
	39.7
	9.8

	Dish Mill Trib 1a-High Meadow rd
	0.26
	22.5
	3.5

	Dish Mill Trib 1 Mt Road
	0.31
	37.3
	12.1

	East Branch Passumpsic
	0.40
	36.5
	6.3

	Roundy Brook
	0.55
	34.9
	7.5

	Sutton River
	0.38
	39.8
	6.7

	W. Branch Passumpsic School
	0.46
	29.9
	6.4

	W. Branch Passumpsic Hayden
	0.45
	33.5
	6.0

	Calendar Brook
	0.67
	40.5
	8.9


 3.1 Phosphorus and Turbidity levels
As can be seen in Table 1, phosphorus and turbidity levels are closely related across sample sites and dates. This is to be expected because in Vermont much of the phosphorus in surface waters is attached to sediments.  Also, because sediment levels greatly increase after rain events, both phosphorus and turbidity levels also tend to increase as was observed on September 30th and November 20th across all sites as shown in Figure 3 which shows the phosphorus values on these two dates and as an average across all other dates.  Phosphorus levels and turbidity levels were the lowest at the Dish Mill Pinkham, and High Meadow Road sites with average phosphorus values of 18 and 22.5 across all dates.  On the other end of the spectrum, average phosphorus values were elevated (between 37 and 40.5 ug/l) at the Calendar Brook Site, Sutton River, Winter Green, Alpine Lane, Lower Dish Mill, and Tributary 1 Mountain Road Sites.  However of all 14 sites, the only two that had average levels above the nutrient criteria of 12 ug/l on dates with the lowest flow (August 5 and September 16th) were Dish Mill Brook at Pinkham Road and Dish Mill Trib 1 Alpine Lane with average values of 12.35 and 14.84 ug/l.  However this flow level likely exceeded the low median monthly flow at which this phosphorus criterion is applied.
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Figure 3. Total phosphorus and turbidity levels 9/30/115 which was during a significant runoff event, 11/20/15 which was a minor runoff event, and on all other dates in 2015. 
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Figure 4 phosphorus levels along Dish Mill Brook on two rain event dates and average of other sample dates.  Data missing from Dish Mill Village site on 11/20/15.
Phosphorus and turbidity levels generally increased from upstream to downstream on Dish Mill Brook as shown in Figure 4.  In this target watershed, sediment and phosphorus levels seem to be originating along Tributary 1 excluding the High Meadow tributary, and areas between Pinkham Road and the Dish Mill Pull off site (see map of phosphorus levels in Figure 5). 
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Figure 5: Average phosphorus values at 2015 sampling locations.
3.2 Nitrogen levels
Average nitrogen levels were low across most sites in the town of Burke in 2015.  Levels were quite low across the Dish Mill Brook watershed although there is a small increase from the upper to the lower watershed and at the bottom of Tributary 1.  Across all sites, nitrogen levels were highest in Calendar Brook watershed with values of 1.09 mg/l on September 30, and 0.75 on November 20, and an average of 0.67 mg/l across all sample dates.  Roundy Brook also had slightly elevated nitrogen levels with an average at 0.55 mg/l, and the West Branch had average nitrogen levels of 0.46 and 0.45 mg/l at School Street and Hayden’s crossing, respectively.  While the nitrogen levels at these sites are not high enough to significantly impact the biological condition of these streams, these elevated levels identify these watersheds as contributing higher levels of nitrogen loading.  There are ongoing efforts to reduce nitrogen loading in the Connecticut River watershed as such loading contributes to elevated levels of nitrogen in Long Island Sound which in-turn reduces dissolved oxygen levels impacting fish and other species in the Sound. These water sampling results suggest that the Calendar Brook, Roundy Brook, and West Branch tributaries would be the best areas to focus nitrogen reduction projects such as agricultural BMP’s as well as stormwater management projects or wetland restoration efforts.
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 Figure 6. Total nitrogen levels on 9/30/15 which was during a significant runoff event, 11/20/15 which was a minor runoff event, and averaged across all other dates in 2015. 
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Figure 7: Average nitrogen values at 2015 sampling locations.
4.0 CONCLUSIONS 
· Additional sampling might provide more information concerning source areas in the Dish Mill Brook watershed.  The Burke Conservation Commission may apply for another year of sampling if the logistics of transporting samples to the lab could be improved. One option under consideration is to only sample phosphorus as that would allow more time to deliver samples to the laboratory (i.e., 28 days vs. 48 hours for turbidity and nitrogen.)
· Water sampling showed that nutrient and sediment levels are generally low across the town of Burke, although a few sites containing slightly elevated levels were identified.
· Nitrogen phosphorus, and turbidity levels were quite low at the Dish Mill Brook Pinkham Road and High Meadow Road sites.

· Sampling results suggest that nitrogen reduction efforts in the town of Burke should focus on Calendar Brook, Roundy Brook, and the West Branch of the Passumpsic River which had the highest average nitrogen levels.
· Phosphorus and sediment source areas in the Dish Mill Brook watershed appear to be most significant between the Pinkham Road site and Dish Mill pull off sites with the exception of the High Meadow Tributary as shown in Figure 8 below.  Levels in tributary 1 were highest at the Alpine Lane site and Winter Green Tributaries, so these are areas of particular interest although this is based on only one significant rain event.  Additional sampling would be helpful to confirm these water sampling results for additional rain events.  However, based on a single year of data (with one significant rain event), road erosion and stormwater treatment practices may have the biggest impact if focused in these target areas.
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Figure 8.  Subwatersheds in the Dish Mill Brook watershed which were identified as generating higher levels of phosphorus (highlighted in red) vs subwatersheds identified as generating lower levels of phosphorus (highlighted in yellow).
APPENDIX a Total Nitrogen and Total Phosphorus results
	Total Nitrogen mg/l
	6/24/2015
	7/15/2015
	8/5/2015
	8/26/2015
	9/16/2015
	9/30/2015
	11/20/2015
	Average

	Dish Mill Pinkham Rd
	0.13
	0.31
	0.21
	0.21
	0.16
	0.49
	0.32
	0.26

	Dish Mill Dashney rd
	0.3
	0.34
	0.21
	0.25
	0.17
	0.56
	0.34
	0.31

	Dish Mill pull off
	0.16
	0.34
	0.22
	0.25
	0.18
	0.65
	0.35
	0.31

	Dish Mill Village
	0.17
	0.43
	0.22
	0.27
	0.17
	0.7
	 
	0.33

	Dish Mill Trib1-Alpine Lane
	0.1
	0.11
	0.12
	0.14
	0.12
	0.66
	0.28
	0.22

	Dish Mill Trib 1b-Winter Grn
	0.15
	0.15
	0.18
	0.27
	0.19
	0.59
	0.34
	0.27

	Dish Mill Trib 1a-Hmeadow
	0.16
	0.3
	0.25
	0.25
	0.19
	0.47
	0.19
	0.26

	Dish Mill Trib 1 Mt Road
	0.19
	0.3
	0.25
	0.24
	0.2
	0.68
	0.31
	0.31

	East Branch Passumpsic
	0.24
	0.31
	0.28
	0.37
	0.25
	0.92
	0.44
	0.40

	Roundy Brook
	0.42
	0.61
	0.45
	0.39
	0.37
	0.89
	0.7
	0.55

	Sutton River
	0.29
	0.34
	0.3
	0.29
	0.27
	0.71
	0.47
	0.38

	WB Passumpsic School
	0.27
	0.45
	0.38
	0.36
	0.35
	0.76
	0.64
	0.46

	WB Passumpsic Hayden
	0.27
	0.43
	0.38
	0.38
	0.37
	0.8
	0.54
	0.45

	Calendar Brook
	0.45
	0.83
	0.58
	0.51
	0.49
	1.09
	0.75
	0.67

	
	
	
	
	
	
	
	
	

	Total Phosphorus ug/l
	6/24/2015
	7/15/2015
	8/5/2015
	8/26/2015
	9/16/2015
	9/30/2015
	11/20/2015
	Average

	Dish Mill Pinkham Rd
	9.42
	18.3
	12.3
	11.3
	12.4
	43.9
	19.2
	18.1

	Dish Mill Dashney rd
	13
	35.6
	8.76
	12.6
	9.1
	110
	25.4
	30.6

	Dish Mill pull off
	10.8
	34.9
	9.21
	13.8
	8.95
	150
	32.3
	37.1

	Dish Mill Village
	11.5
	41.4
	8.92
	15.4
	9.44
	136
	
	37.1

	Dish Mill Trib1-Alpine Lane
	12.3
	20.8
	20.9
	11.5
	8.8
	149
	51.7
	39.3

	Dish Mill Trib 1b-Winter Grn
	11.7
	24.9
	10.1
	11.8
	10.4
	145
	63.8
	39.7

	Dish Mill Trib 1a-Hmeadow
	11.1
	20.3
	12.1
	12.6
	11.1
	70.1
	20.5
	22.5

	Dish Mill Trib 1 Mt Road
	14.5
	22.4
	11.1
	12.7
	10.7
	130
	59.5
	37.3

	East Branch Passumpsic
	14.9
	11.9
	16.3
	19.5
	11.7
	129
	52.1
	36.5

	Roundy Brook
	16
	30.4
	7.94
	12.9
	9.51
	118
	49.6
	34.9

	Sutton River
	11.8
	22.9
	11.3
	17.8
	10.7
	169
	34.9
	39.8

	WB Passumpsic School
	20.3
	28.3
	9.24
	15.7
	10.6
	92.3
	33.1
	29.9

	WB Passumpsic Hayden
	16.4
	22
	7.74
	15.6
	10.2
	129
	33.8
	33.5

	Calendar Brook
	22.3
	56.4
	7.43
	10.1
	8.34
	123
	55.8
	40.5

	
	
	
	
	
	
	
	
	

	Turbidity NTU
	6/24/2015
	7/15/2015
	8/5/2015
	8/26/2015
	9/16/2015
	9/30/2015
	11/20/2015
	Average

	Dish Mill Pinkham Rd
	0.53
	1.34
	0.3
	0.37
	0.88
	7.24
	2.18
	1.8

	Dish Mill Dashney rd
	1.61
	3.45
	0.43
	0.88
	0.99
	15.2
	4.04
	3.8

	Dish Mill pull off
	1.59
	4.7
	0.55
	1.29
	0.77
	18.9
	8.46
	5.2

	Dish Mill Village
	2.06
	7.22
	0.38
	2.32
	1.05
	25.8
	 
	6.5

	Dish Mill Trib1-Alpine Lane
	2.18
	4.79
	1.17
	1.27
	0.82
	44.1
	31.6
	12.3

	Dish Mill Trib 1b-Winter Grn
	1.77
	5.35
	0.4
	1.38
	0.45
	25.1
	33.8
	9.8

	Dish Mill Trib 1a-Hmeadow
	0.59
	2.26
	0.54
	0.66
	0.84
	16.8
	2.65
	3.5

	Dish Mill Trib 1 Mt Road
	1.9
	4.29
	0.98
	1.89
	1.11
	44.3
	30.1
	12.1

	East Branch Passumpsic
	1.69
	0.56
	0.4
	2.07
	1.86
	28.7
	8.61
	6.3

	Roundy Brook
	2.18
	5.1
	0.27
	1.73
	0.96
	25.2
	16.9
	7.5

	Sutton River
	1.24
	3.45
	1.19
	2.41
	1.49
	28.4
	8.96
	6.7

	WB Passumpsic School
	1.55
	4.77
	1.41
	1.61
	0.97
	26.2
	8.24
	6.4

	WB Passumpsic Hayden
	2.46
	2.73
	1.03
	1.68
	1.53
	23.2
	9.23
	6.0

	Calendar Brook
	2.97
	3.96
	0.21
	1.22
	0.48
	36.6
	16.6
	8.9
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