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Executive summary 
Ballston Lake’s water quality has been evaluated since 1990 as part of the NY State Department of Environmental 

Conservation (DEC) sponsored Citizens Statewide Lake Assessment Program (CSLAP).   Over the last 10 years average 

phosphorus levels have been increasing significantly, from about 25 to 40 Parts per Billion (PPB). Phosphorus at 20 PPB 

defines the eutrophic threshold – a nutrient rich lake that supports excessive algae and plant growth whose decay 

depletes oxygen levels. Increasing phosphorus appears to be the primary agent behind algal and plant growth leading to 

decreasing subjective assessments of water quality. Three suspected sources are: 

 

1. Reintroduction of natural sources through lake level changes and lake ecology changes 

2. Septic and fertilizer from shoreline residential development, 

3. Inflow from the watershed.   

 

This study begins to address 3.) Inflow from the watershed with a monitoring program for one year to measure 

phosphorus levels and flow rates in three significant lake tributaries during major rain events. Continuous lake level and 

temperature, and frequent lake total phosphorus (TP) measurements were also made in conjunction with tributary 

measurements. Three different tributary watersheds were selected that represent lands that are: heavily developed, slated 

for future development, and relatively undeveloped.   

 

The results show that for almost all measured rain events, all tributaries supply phosphorus at higher concentrations than 

the mean lake values.  Storm averaged concentration of phosphorus in the creeks flowing into Ballston Lake are about 3  

times (80-140 PPB) the lake mean summer level (40 PPB). Since most runoff occurs during storms, phosphorus enters 

the lake at a much greater rate than it leaves.  

 

The heavily developed watershed of Buell Heights, (in the hamlet of Ballston Lake), showed mean concentrations over 

140 PPB with very high occasional concentrations (> 250 PPB). Per acre, Buell Heights contributes 5 to 7 times more 

phosphorus than the two rural tributaries.  Inadequate septic systems are a likely contributing cause.   

 

During the summer months of 2012, lake phosphorus concentration increased. The response was not strongly correlated 

to runoff events, but instead, appears to have a seasonal component that is tied to water temperature and, possibly, sun-

shine. Biological phosphorus transport is implicated; anoxic sediment or hypolimnion phosphorus liberation may be oc-

curring, creating conditions for soluble phosphorus. This is the basis of additional BLIA studies starting in 2013. 

 

This study does not implicate inflow as the primary source of a 10 year increase in lake phosphorus.  However, it does 

indicate a continued, and probably unsustainable, net watershed loading of the lake with this nutrient. Increases in the 

lake phosphorus concentrations in the last decade may reflect liberation of previously sequestered phosphorus, possibly 

indicating that the lake can no longer effectively sequester this nutrient. In 2012, NYS DEC listed Ballston Lake as an 

impaired water requiring a remediation plan. 
a
  

 

Phosphorus concentrations are strongly correlated to volume flow in all streams. Lake phosphorus loading is dominated 

by concentrations at peak flow. Therefore, measures to slow stream runoff should be a positive factor in controlling 

phosphorus inflow. Existing storm water management practices called for in the lake watershed overlay zoning are well 

justified. Enhanced practices should be considered such as wooded stream buffers, storm water retention basins for 

highway drainage systems, and artificial wetlands as part of subdivision activity. Follow-up studies in 5 and 10 years are 

recommended to assess the impact of the recent ban on phosphorus in lawn fertilizer and effects of additional develop-

ment in the watershed. 

 

The results strongly support the development of a municipal sewer system in the Ballston Lake Hamlet area to reduce 

this potential source of phosphorus from this watershed. 

 

This project was developed and implemented by the members of the Ballston Lake Improvement Association (BLIA), 

under the guidance of the Cornell Cooperative Extension of Saratoga County and financed with a $6,600 grant from the 

Bender Scientific Fund of the Community Foundation for the Greater Capital Region. BLIA is thankful to the Bender 

Scientific Fund for enabling a community organization to do a thorough ecological study of our lake. 

                                                           
a
 The Final New York 2012 Section 303(d) List of Impaired Waters Requiring a TMDL/Other Strategy,  October 2012 

(revised February 2013) 
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Introduction 
 

Prior to 1990, only scattered measurements of lake quality were done in Ballston Lake
1,2

 and no trends can be deduced.  

Starting in 1991, the Ballston Lake Improvement Association (BLIA) joined the DEC sponsored Citizens Statewide 

Lake Assessment Program (CSLAP)
3
. This program provides a comprehensive measurement protocol that included 

laboratory measurements of phosphorus, nitrogen, pH, chlorophyll and clarity. Samples were taken eight times a year, 

June through September.  

 

Two trends are unmistakable (and statistically significant
4
) in this data. Lake pH has dropped continuously since 1991 

from slightly alkaline (pH of about 8.5) to nearly neutral pH of about 7.5. Phosphorus (measured as Total Phosphorus, 

TP) in parts per billion or micrograms per liter, has increased from a mean of about 25 PPB to 40 PPB in this time. For 

the first 10 years of data, no significant upward trend in TP could be observed. However since 2000, TP has been 

climbing steadily (Figure 1). Phosphorus is the growth limiting nutrient in Ballston Lake and increases have resulted in 

increased biological activity, evident in both subjective assessments of lake quality and in increases in chlorophyll. (See 

Appendix I for supplemental CSLAP data). 

 

 
Figure 1- Ballston Lake Total Phosphorus levels increase from 2000 on. 

 

In 2001, The Capital District Regional Planning Commission (CDRPC) prepared an assessment
5
 study for the Ballston 

Lake watershed, based primarily on demographics, growth patterns, soil and topography, and infrastructure, but with 

little quantitative data of watershed performance or lake water quality. Their assessment was that while lake water 

quality was currently good, “nutrient levels (primarily nitrogen and phosphorus) consistently exceed the [NYS] 

swimming guidance value and that the water transparency regularly approaches the lowest acceptable level for 

swimming. Additional stress from prospective development has the potential to cause significant damage to the Lake’s 

recreational usage and lakeside property values.” 

 

The Town of Ballston, addressing the planning needs of anticipated growth, revised its comprehensive plan between 

2004 and 2006. As part of that plan, an overlay zoning district for Ballston Lake was proposed to strengthen zoning and 

storm water management within the watershed. This overlay district was developed with the assistance of BLIA and 

adopted in 2009
6
. During this period, the CSLAP data on phosphorus began to show statistically significant increases. 

Both the town and BLIA agreed that establishing a baseline watershed performance was essential to understanding if the 

overlay zoning would be sufficient to stem or stabilize the deteriorating lake water quality. Over the next two years, 
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BLIA established continuous lake level monitoring and rainfall monitoring to help establish the hydrological response of 

the watershed, and considered the source of increasing phosphorus.  

 

The source of the phosphorus was unclear – the three suspected sources were: 

 

1. Reintroduction of natural sources through lake level changes and lake ecology changes
7,8

 

2. Septic and fertilizer from shoreline residential development, 

3. Inflow from the watershed.   

 

Quantifying watershed nutrient inflow is easier than evaluating groundwater or complex biological transport. It also 

helps establish a baseline hydrological response needed to assess the effectiveness of zoning on storm water 

management.  For these reasons, BLIA sought to measure phosphorus inflow on representative significant tributaries in 

the Ballston Lake watershed.  

 

In 2011, BLIA, under the direction of the Cornell Cooperative Extension of Saratoga County, applied to the Bender 

Scientific Fund of the Community Foundation for the Greater Capital Region for a grant of $6,600. The grant covered 

the cost of laboratory water sample measurements of TP from a stream sampling program in the Ballston Lake 

watershed.  The grant was awarded on July 2011. Sampling was completed in November 2012.  

 

Project Description 

Purpose 
The purpose of this project was to measure the amount of phosphorus being delivered to Ballston Lake from the 

watershed tributaries and gauge the impact on the lake. For this, simultaneous measurements of flow and phosphorus 

concentrations were taken in three of the major tributaries. A phosphorus load was computed for each rain event. 

Understanding the component of phosphorus load on the lake will assist in evaluating measures to stabilize or, 

preferably, reverse present lake phosphorus concentrations.  

Tributaries 
Two tributaries, on opposite sides of the lake, cover about one third of the total watershed. In addition, these tributaries 

reflect substantially different land usage and have much different prospects for real estate development over the next 10-

20 years.  They are denoted as the Saunders Road stream (west side) and the Sweet Road Stream (east side).  A third 

tributary covers a small fraction of the watershed, but drains a highly developed area cited by the CDRPC report as a 

likely problem area; this tributary drains into the south end of Ballston Lake and is the primary drainage for the Buell 

Heights residential area of the Ballston Lake hamlet.  

 

 The Sweet road stream watershed includes current and former farmlands that are zoned for dense development 

and will be under intense development pressure due to the proximity to the Global Foundries site in Malta. A 

baseline hydrological and nutrient performance is especially critical. This stream is probably typical of the 

topography and development of other smaller streams on the east side. 

 

 The Saunders road stream is the largest tributary and drains a largely undeveloped portion of town with a mix of 

woodlands and farmland, and an extensive wetlands complex both on the high lands and before entering the 

lake. Lands suitable for development tend to be upstream of wetland buffers on this stream. A large (250 acre) 

undeveloped parcel in this watershed is currently under consideration for purchase by the Town of Ballston for 

open space. 

 

 The Buell Heights stream drains a highly developed area of small lots that were developed in the post war 

period of the twentieth century
9
. There is no sewer system, and all of the houses have septic tanks or cesspools.  

 

The watersheds, delineated with a USGS online tool 
10

 are shown below in Figure 2. The properties of the watersheds are 

tabulated in Table 1 and Appendix C. Note that the watershed area of 6,650 acres is less than the 8,537 provided by 

CDRPC, mostly because they include areas that drain to the Ballston Lake outlet wetlands area to the north. While there 

is hydrological connection with the outlet area, nutrients that flow to that area do not flow or mix with the lake. CDRPC 

also has a more generous estimation of wetland drainage at the south end of the watershed.  
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The lake surface area is 278 acres.
11

 

 
Figure 2- Ballston Lake tributaries and watersheds 

 

 

Table 1 - Properties of the watersheds 

 Saunders Rd. Sweet Road Buell combined Lake 

Basin Lag Factor 0.0691 0.0252 0.0126 0.64 

Ave. Basin Slope (ft/mile) 213 50 213 175 

Basin Storage (ponds & swamps) 5.2% 5.5 % 0 8.2% 

Mean annual precipitation (in) 35.6 35.3 35.4  

Forest cover (%) 40 39.1 35 42 

Max snow depth  (inch) 16.7 16.6 16.5  

Main channel length (miles) 3.56 1.73 1.29  

Mean annual runoff (inch) 15.7 15.4 15.5 15.6 

Urban land use percentage 4.3 1.9 31 10.2 

Drainage area (Sq miles (acres)) 2.53 (1620) 1.25 (800) 0.60 (384) 10.4 (6656) 

Drainage area (% of watershed) 24 12 5.7  

 

Experimental Design 
The overall plan was to obtain integrated phosphorus loading in several major tributaries of Ballston lake. The 

overwhelming majority of runoff occurs in storms that deposit 1” or more per event
12

. This expectation is substantiated 

by measurements of lake level and estimated lake outflow (Appendix A). Only large storms were targeted for sampling; 

thunderstorm events rain totals are localized and difficult to quantify. Subject to vagaries of weather, water samples were 
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collected at sufficient frequency during each storm as to make a piecewise integration of the total flow and phosphorus 

load possible.  

 

In practice, this turned out to require samples taken between 1 and 2 hours apart during the height of the storms, plus 

samples taken at longer intervals before and after the storm. Overall, data was collected on 3 separate rain events during 

the fall season of 2011 and 7 from spring to fall in 2012.  Fall 2011 data did not generally capture sufficient data to 

provide for integration, but did guide the development of the final sampling protocols. 

 

Rainfall was obtained either in a rain gauge located near the Sweet Road Creek, or from the Weather Underground
13

  at 

the Buell Heights weather station. A discussion of the quality of the rainfall data is presented in Appendix A.  During 

2012, there were 7 events that were sampled totaling 11.9 inches of rain out of the year’s total of 28 inches (Figure 2). 

The year’s precipitation was 7 inches less (20%) than the historical mean of 35.6 inches. Though there is no official 

definition of “flood level”, lake residents consider it to be when the water is high enough to overflow the bank of some 

residents’ yards. Only once during the year the lake level was high enough to flood.  

 

 
Figure 3- Four samples in a wet spring and then 3 samples after a dry summer  

 

Lake level measurements were recorded hourly to a resolution of 0.06” at the lake level sample location on the south end 

of Ballston Lake. Air and water temperature at a depth of approximately one meter were recorded simultaneously. The 

impact of rainfall and lake level is tightly correlated.  (Appendix A) 

 

Water samples (Appendix B) were measured for total phosphorus (TP) by the Darrin Fresh Water Institute in Bolton 

Landing NY using EPA Method 365.2
14

. Samples were accumulated during the rain event and frozen immediately. The 

water samples for each rain event were delivered as one batch for evaluation. Lake samples were taken using the same 

protocol as CSLAP sampling (samples taken 1 m below the surface) every one to two weeks from April through 

November.  

  

Each stream water sample was accompanied by a measurement of the depth of water in fixed geometry channel for each 

stream. This was an oval shaped culvert for Sweet Road, and box culverts for the Buell Heights and Saunders Road 

streams. The detailed dimensions of the channels are provided in Appendix C. Standard highway culvert performance 

design standards were used to evaluate flow rate vs. water depth in Appendix D.  
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Measurement Results 

Data summary and conditions 
Collection of data was attempted during seven rainfall events in 2012. Some storms did not realize predictions and 

sampling was suspended if storm totals were not at least 0.75”. It was not always possible to predict the stream crests, 

especially in the Buell Heights watershed where the stream rose and fell very quickly. Table 2 summarizes the dates and 

rainfall accumulations associated with the sampled storms and indicate sample sets that are sufficiently complete to 

allow integration (complete).  

Table 2 - Lake and Rainfall during the 2012 sampling 

      Rainfall Lake Elevation in Inches 
Prior Rainfall 

In. 
  Sampling Status 

Event Start End Inches Start Max Increase 
From 

Creeks 
7 

Days 
28 

Days 
# 

Samples 
Sweet Saunders 

Buell 
Heights 

1 21-Apr 23-Apr 2.3 17.7 29.6 11.9 9.6 0.1 0.5 12 complete partial partial 

2 7-May 9-May 1.9 21.8 30.9 9.1 7.2 0.9 3.3 50 complete complete complete 

3 14-May 16-May 1.7 24.7 32.3 7.6 5.9 1.8 5.1 21 complete complete complete 

4 2-Jun 5-Jun 0.8 21.2 23.4 2.2 1.42 0.7 4.7 18 partial partial complete 

5 18-Sep 19-Sep 2.47 11.3 15.3 4 1.53 0.1 1.5 26 complete complete complete 

6 28-Sep 29-Sep 1.2 15.5 18.5 3 1.8 0.9 3.4 18 complete complete complete 

7 19-Oct 20-Oct 1.75 19.4 28.9 9.5 7.75 0.7 3.8 47 complete partial complete 

 

 

An example is the 1.9 inch rainfall and the height of the water flowing through the Sweet Road Culvertand the hourly 

lake level on May 7-9 is shown in below in Figure 4:  

 

 
Figure 4 – On May 8 at 15:00, the Sweet Creek crested at 17” in the 64" high culvert. 
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The height of the creek in the culverts for each sample were converted to flow in cubic feet per second (Appendix D).  

The instananeous flow was converted to volume over time by a stepped integration (Appendix E).  Then the sample 

results in parts per billion (or micro gram per liter) were extended by the total water volume for the time interval to 

calculate the pounds of phosphorus entering the lake during the rain event in Figure 5. 
 

Sweet Road :May 7-9, 2012
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Figure 5 – Sweet Road event May 7-9, 2012: Total P (PPB), actual flow (cubic ft. per second) and cumulative flow 

(million cu. ft.)  

 

Analysis 

Trends in Stream Phosphorus Concentration 
In each sampled storm the phosphorus concentration nearly always peaks before or at the flow peak (Figures 6 through 

8).  This expected increase in phosphorus as the flow increases is associated with liberation of phosphorus by sediment 

disturbance, and from phosphorus captured as part of suspended solids. It was, however, also expected that after the 

initial and peak flush that phosphorus concentrations would drop quickly as turbidity dropped. They did not. This 

suggests significant phosphorus in solution, from ground water or slow moving surface waters.  Neither suspended solids 

nor turbidity were measured in these tests - observed subjective water clarity was used. These results suggest a need for 

additional measurements of total suspended solids, and soluble phosphorus in addition to TP.   

 

The phosphorus concentration does not decrease to pre-storm levels within the normal event sampling time (typically 

one day). Sampling during the close together storms of May 7 and May 14 and September 18 and 28 indicate that 

elevated phosphorus persists for at least a week after a major storm: initial TP values for the second storm were the same 

as the last values from the previous storm (~50 PPB). Visual assessment of turbidity indicates return to pre-storm clarity 

much more quickly, again suggesting significant phosphorus not bound to sediment  
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Figure 6 - Sweet Creek: TP profiles all events 
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The Sweet Creek 

P measurements 

peaked before or 

on during the 

crest in the 

culvert at time 0.  

Other readings 

are within 1 day 

before and after 

the peak. 

 

 

Figure 7 - Saunders Creek: TP profiles, all events 
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Figure 8 - Buell Heights: TP profiles, all events 
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The Buell 

Heights Creek P 

coincides with 

the creek’s crest 

in some 

readings, but in 

others they peak 

early and vary 

wildly. The 

highest TP 

reading was 700 

(off the chart). 

 

 

Almost every creek measurement for every storm was above 40 PPB – average lake summer concentration in recent 

years, and well above the 20 PPB average lake concentration prior to the year 2000.  For most major events, the peak is 

100 to 200 PPB, 3 to 5 times the lake summer concentrations of 35-50 PPB. Only samples taken after a period of low 

rain and well before the storm record values that are at or lower than the lake concentrations. These stream values are 

higher than guidelines provided by the EPA of 33-50 PPB
15

. 

 

In most cases, as flow increases, TP increases monotonically, the green oval in Figure 9. The slope depends on factors 

which are not clear. Some possible correlations: 

 

 Storms after dry spells (Sept 18) achieve high TP concentrations at low peak flows, suggesting either a flushing of 

accumulated P, or because of more ground absorption of water, less runoff dilution of phosphorus sources
16

. The 

September 28 storm may fall in this category as well since peak flows are low, indicating the ground is still 

absorbing significant rainfall.  

 Fall events. (Sept 18 & 28 with the red oval and Oct 18 with the blue oval) suggests a continued flushing of a dry 

summer accumulation of phosphorus.  

 Spring rain events (green oval) provide a consistent lower level of P either because of:  a) less winter accumulation 

of P; or b) a more consistent rainfall pattern during the late winter and early spring preventing a concentration of P 

in sediment, or, with generally higher flow rates, a greater dilution of phosphorus sources. Seasonal differences are 

affected by vegetation.
17
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Figure 9 - Phosphorus increases with stream flow. 

 

While TP concentrations at Sweet and Saunders changed smoothly with flow changes, Buell Heights measurements 

showed wild excursions in the hundreds of PPB. Many of Buell Heights’ extreme peaks occurred at low flows early or 

before the main rain event (Figure 8). The high average phosphorus concentrations were expected in this highly 

developed watershed not served by sewers. The high peaks were not expected.  These peaks suggest significant point 

sources of concentrated phosphorus (for instance, failing septic systems or soil erosion
18

). 

 

Flow trends and hydrology 
 The integrated flows from the streams can be used to assess watershed response and lake level changes. Conversely, 

these comparisons help validate stream flow calculations.  

 

One of the hydrological response issues is what percentage of the rain in the watershed runs off during a storm. This is 

tabulated in Table 3 using the area of each watershed to determine total rain (in cubic feet) that fell in the watershed. The 

percentage that runs off is based on the integration of the flow for each of the streams. Three things are noticeable: 

 

1. After a dry August, runoff for the first two storms (September 18 and 28) was substantially less than at other 

times.  

2. Sweet watershed consistently retains more water than the Saunders watershed; this is somewhat unexpected 

with the large wetlands complex buffering the upper parts of Saunders, providing a basin storage value similar 

to Sweet. This might suggest that Saunders flows are overestimated. 

3. BH runoff is dramatically higher, even after a dry period. During wet periods, almost 100% of the rain runs off 

during the storm period. The values of 100+ % reflect both errors in integration because of insufficiently fine 

time sampling, and possible overestimation of Buell Heights flow rates. Time sample errors are especially 

problematic for Buell Heights as the stream level changed very quickly, as might be expected in a watershed 

with lots of impermeable surfaces.  

 

 

 

 

  

33 PPM EPA Guidelines 
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Table 3 - Percent of rain that flows from the individual watershed during a storm 

 Tributary Tributary 
Rain 

events 
Rain 
total 
inch 

Sweet Saunders BH Sweet Saunders BH 

Start Tributary runoff - million CF Runoff - percent 

21-Apr 2.3 2.72   41%   
7-May 1.9 1.95 6.92 2.42 39% 69% 104% 

14-May 1.7 1.63 5.96 2.96 33% 60% 123% 
1-Jun 0.8   0.57   51% 

18-Sep 2.5 0.07 0.37 1.19 1% 2% 34% 
28-Sep 1.1 0.07 0.49 0.89 2% 8% 58% 
18-Oct 1.8 1.72  3.84 33%  153% 

 

Another way to represent this data is by comparing stream flows against the watershed area ratios. The area ratio is 1 to 

0.49 to 0.24 for Saunders : Sweet : Buell Heights. Watershed development in the Saunders and Sweet watershed is 

comparable and it was expected that integrated runoff from these two watersheds should occur in this ratio, however, 

Sweet Road consistently discharges less.  For rain events during the spring when the ground water table is high, the 

difference is modest (Table 4). In September, actual discharge volumes for Sweet and Saunders were much reduced, but 

Sweet seemed to capture a higher percentage of its rain. Overall, this again suggests that Saunders road flows might be 

overestimated – the culvert shape makes it the most difficult measurement.  

 

Buell Heights has a high percentage of impermeable surfaces: 31% vs. 2%-4% for Sweet and Saunders and no wetlands 

(Table 1). It was expected that actual flows would be higher than expected based on area ratios alone. This was true for 

the larger storms but for the storms at the end of the summer, the difference was huge (Highlighted in yellow in Table 4). 

This result mirrors the results in Table 3 and suggests that the Buell Heights watershed absorbs relatively little rainfall, 

even after a dry period.  

 

 

Table 4 - Buell Heights discharges significantly more water than expected for its area. 

Stream 
Ratio 
based 

on Area 

Actual ratios: Total water discharge 

7-May 14-May 18-Sep 28-Sep 

Saunders 1 1 1 1 1 
Sweet 0.49 0.28 0.27 .20 0.14 

Buell Heights  0.24 0.36 0.49 3.26 1.84 

 

A final way to evaluate the flow calculations is to compare the lake inflow to the measured lake level excursions. We 

have used lake level measurements to evaluate the discharge rate of the lake. The initial rate of lake level change is 

measured at the end of storm events at several lake water levels. A correlation of lake out-flow based on lake level can 

be derived from this information (Appendix F). It is instructive to compare predictions of lake level based on 

extrapolations to the entire watershed and using the lake outflow to correct. This was done for the May 7-9, 2012 event 

at Sweet Road. The lake level rise was calculated as if there were no lake outflow, and again by subtracting the outflow 

from the lake inflow for each sample interval in the storm event. The results in Figure 10 illustrate reasonable agreement 

with the actual lake level excursion (9 inches)
19

; the shortfall suggests errors in the lake discharge rate calculation stream 

flow rates, or watershed extrapolation error. 

 

 This particular lake discharge function captures the shape of lake level response; changes to either the 

coefficient or power of the lake discharge function do not lead to comparably shaped curves.  

 Increasing the flow of this stream makes the correspondence worse (implies even more water to the lake), and 

there is little to suggest an underestimation for the Sweet road stream – area ratios in Table 4 would become 

more skewed, and Manning coefficients are near their upper limit.  

 Lower percentage runoff in other parts of the watershed would explain the difference: however, this is at odds 

with the results from above (Table 3 and 4). If runoff rates were about 30% less in the rest of the watershed than 

in Sweet Road then response matches well with the actual data  (equivalent to assuming that Sweet Road 

occupies a larger percent of the overall watershed). This again implies possible overestimation of Saunders and 

Buell Heights stream flows.  

 

Nonetheless, within about 30%, this result supports that the Sweet Road runoff can reasonably be extended to the entire 

lake. This allows us to estimate the total phosphorus inflow from all tributaries (most of the watershed has similar 
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development levels except for Buell Heights), and sets a baseline hydrological response for evaluation of the 

effectiveness of future storm water management in the watershed.  
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Figure 10 - Lake levels based on Sweet Rd inflows extrapolated to the entire lake watershed at either 12% of the 

watershed area (actual) or 16% (5/8/12) 

 

 

Total Phosphorus Loads 
 

In Table 5 the total phosphorus loading was computed for each rain event by integrating the convolution of TP 

concentration with flow rate (Appendix E).  

  

Table 5 - Average inflow TP concentrations and total phosphorus delivered to the lake 

 

Date Saunders Road Sweet Road Buell Heights 

 
Average 
TP PPB 

Pounds 
P 

million 
cubic feet 

Average 
TP PPB 

Pounds 
P 

million 
cubic feet 

Average 
TP PPB 

Pounds 
P 

million 
cubic feet 

21-Apr-12     79 13.4 2.72    

7-May-12 72 31 6.92 82 10 1.95 87 13 2.46 

4-May-12 82 30 5.96 88 8.9 1.63 175 31 2.92 

18-Sep-12 85 2 0.37 190 0.9 0.07 271 20 1.19 

28-Sep-12 48 1 0.49 80 0.3 0.07 108 6 0.89 

18-Oct-12    148 15.9 1.72 120 28 3.84 

Total of 4 fully 
sampled storms  

76 64 13.7 87 20.1 3.7 150 70 7.4 
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Figure 11- Range and average P by creek for each storm 

 

 

 
Figure 12 - Each creek's contribution by storm in pounds of Total P. 
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For the 4 completely sampled storms, there was 154 pounds of phosphorus added to the lake (table 6). For these storms, 

Buell Heights Creek contributed 70 pounds or 45% of the phosphorus though its area represented 14%. As we have 

noted, Buell Heights flow rates may be overstated, however, even a factor of 2 error in the flow rates would still leave 

Buell Heights contributing 35 out of 120 – 30%. The average contribution of phosphorus from the Buell Heights 

watershed to the lake per unit of watershed is 3 to 6 times the other tributaries.  

 

 Sweet:   20 pounds / 800 acres = 0.03 pounds per acre 

 Saunders:  64 pounds / 1620 acres = 0.04 pounds per acre 

 Buell Heights:  70 pounds / 384 acres = 0.18 pounds per acre. 

 

Sampled Storm 3 Creeks

Total 

Watershed

Date Avg TP ppb P lb Avg TP ppb P lb Avg TP ppb P lb P lb P lb

7-May 72 31 84 10 87 13 54 147

14-May 82 30 89 9 175 31 69.9 158

18-Sep 85 2 193 1 271 20 22.9 29

28-Sep 48 1 81 0.3 108 6 7.3 10

Total 4 storms 64 20.1 70.0 154.1 345

P % of 3 creeks 42% 13% 45% 100%

Area Acres 1,620      800     384   2,804      6,656         

Area % of Watershed 24% 12% 6% 42% 100%

Saunders Sweet Buell Heights

 
Table 6: Volume averaged TP concentrations for all events 

  

 To extrapolate to an average annual amount we need to estimate inflow from non-measured storms and incompletely 

measured storms, and demonstrate that the storm runoff is a substantial fraction of the runoff. This is done in Appendix 

A, where major event runoff is found to constitute 50 to 85% of the total runoff and we show that these storms are 

representative of almost all storms. Our estimate is that the 9 major runoff events in 2012 generated 75% of the total 

runoff for the year.  At average TP concentrations of 80 to 100 PPB for storm events (135 million CF), and 20-40 PPB 

for ordinary runoff (43 million CF), this translates to 720 to 950 lbs of phosphorus per year of watershed inflow.  

 

Most of the tributary watersheds resemble the Saunders and Sweet road drainages in terms of density of development, so 

extending to the entire watershed with the average TP concentrations of those streams seems reasonable, but 

conservative.  

 

To put this into perspective, if the 350 homes around the lake were occupied by 2.2
20

 people whose sewerage were to go 

directly (no treatment) into the lake with 1 pound of phosphorus per person per year
21

, they would generate about 800 

lbs. per year.  Typically we would expect additional sources of household phosphorus, and with only 15-30%
22

 of the 

phosphorus entering the septic systems would be sequestered, contributing shoreline residences are contributing 560 to 

680 pounds to the lake per year. This estimate indicates that tributary inflow and lake shore development are likely 

contributing phosphorus at comparable rates yielding a total contribution of 1,280 to 1,630 pounds of phosphorus per 

year. 
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Lake Phosphorus Concentrations 
 

In the project design, we had anticipated correlating lake TP concentration with rainfall events, possibly clarifying the 

large month-to-month variability in the CSLAP data. To this end, we gathered lake samples from both North and South 

CSLAP sampling locations.  

 

 
 

 

 

Early season lake TP concentrations were low – comparable to 1990-2000 CSLAP data – averaging 25 PPB. However, 

in late June the concentration increased to 40-45 PPB and did not drop back to spring levels until November.  

 

In Figure 13, you can see that in the rainy periods in the spring, the TP does not increase.  In early summer, when there is 

little rain, the TP increases rapidly and stays high from June to October. There were no major rain events, but the TP 

concentrations were high, even with the storms in September.  

 

Initially we expected there to be a sudden increase from the annual spring time thermal density inversion (which occurs 

around 40 F) that could mix high nutrient lower water with surface waters.  Instead, the sudden increase was in June 

when the water was warm – over 70 F (Figure 14). 

 

Overall, very little correlation with rain is indicated - this suggests that runoff does not mix with the surface waters 

directly. It would be worthwhile to measure stream runoff temperatures and compare to lake surface temperature 

(continuously recorded); if major rain events have runoff temperatures lower than the lake surface temperature, most to 

the runoff might end up in the deep parts of the lake. It is possible that the September rain event(s) were closer to the 

lake surface temperature, so despite not being large runoff events, registered as changes in the lake surface TP 

concentrations. The difference in phosphorus state between stream flow sources (particulate and detrital) and lake (algae) 

could lead to a lag time between loading and appearance in the lake water. This argues for measuring both TP and 

soluble P in the lake (at least) to understand the form of the phosphorus. 

 

 

Figure 13 - Lake TP concentrations rise during periods of low rainfall. 
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Figure 14 - Lake Phosphorus rises and falls with the lake temperature. 

 

During July and August, the average lake surface concentrations differed between shallow north end and the very deep 

south end locations. This, along with the late June jump suggests biological origins for the summer increase in TP. It is 

speculated that increased biological activity with warmer waters and increased sunlight leads to decreased oxygen at 

lower levels in the lake (lower oxygen solubility at higher temperatures and more decomposing material delivered from 

above). Phosphorus can be converted to soluble form in anoxic conditions and it seems possible that anaerobic 

conversion of phosphorus is liberating sediment phosphorus to the water column. Since the north and south basins are 

very different in depth and width it is expected that biological transport and activity could be much different in the two 

areas. 
23

 

 

Regardless of the reasons for the summer peak in TP, tributary inflow concentrations are 2-3 times summer phosphorus 

peaks and 4 to 6 times spring and fall lake phosphorus levels. Lake outflow occurs at lake surface concentrations so there 

is a net inflow of phosphorus. This is unsustainable, and the increases we are seeing in the last ten years may reflect a 

system that has, or is approaching saturation.   If biological effects are critical to the recycling of phosphorus into the 

lake system, we must also consider the effect of the decline in pH over the last 20 years from 8.4 to 7.2. Changes in pH 

will change the biota – we do not know if the changes will be beneficial or deleterious.  

 

Summary and Recommendations 
 

This study has met or exceeded the fundamental goal set forth in the project plan; to better understand and quantify the 

watershed sources of phosphorus, and the effect on lake phosphorus concentrations.  

 

It is clear that the watershed inflow is a major source of phosphorus inflow to the lake. Net inflow is positive – an 

unsustainable condition. In addition, there is greater run off from developed areas with much greater concentration of 

phosphorus.  This represents a considerable policy challenge to towns of Ballston and Clifton Park which encompass the 

lake watershed. It is an especially challenging problem for Ballston, as several thousand acres of largely undeveloped 

watershed have been zoned for dense development as a result of the 2006 Comprehensive plan. Since existing storm 

water regulations are not sufficient with existing levels of development, more stringent measures will likely be required.  
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Recommendations: Further Study 
Technically, the study does not implicate inflow as the direct source of recent increases in lake phosphorus as measured 

by CSLAP, however, the study identified a seasonal variation in phosphorus that was not captured by CSLAP data and 

TP levels in inflow streams that are slightly to substantially higher than those measured in the lake. Biological activity is 

suspected in liberation of previously sequestered phosphorus, possibly indicating that the lake can no longer effectively 

sequester this incoming nutrient. Additional measurements are indicated to help understand this phenomena and to 

adequately inform policy and remediation efforts. Some of these recommendations have been implemented or are 

ongoing as indicated below. 

 Measure lake surface TP with fine time granularity starting early and continuing late in the season to see if the 

summer peaks observed in 2012 are representative (completed).  

a. 2013 results are similar to 2012 results in time response, north/south effects, and magnitude. 

 Obtain Dissolved Oxygen (DO) profiles in the lake at north and south locations to coincide with the observed 

surface P concentration changes. Decreased DO, or anoxic conditions at depth would be consistent with 

biological recycling of Phosphorus. Supplement DO measurements with TP measurements at depth.  

a.  2013 DO suggests wind mixing as factor in phosphorus transport:  

i. A detailed series of DO profiles over a couple of weeks would be instructive. 

ii. Wind correlation with Lake TP measurements might explain some elevated surface TP 

measurements, and quantify convective mixing transport. 

b. 2013 DO and TP at depth support biological transport. Recommend measuring both TP and soluble 

phosphorus in the lake. 

 Measure the inflow temperature of the streams during rain events in the spring, summer and fall. Compare to 

lake temperatures to see if thermal stratification may be keeping summer inflow from showing up directly in 

surface Phosphorus concentrations.  

 Do bacterial testing on the Buell Heights stream. Large TP concentrations are indirect markers for failing septic 

systems, bacterial counts would be more direct. – In process during summer of 2013. 

 Perform TP, soluble phosphorus and total suspended solids simultaneously on Sweet road for 1 or 2 rain events. 

This data will help quantify the benefits of siltation basins and better stormwater management on retarding 

phosphorus transport to the lake.  

 Repeat Sweet road and Saunders road tributary measurements in 5 years to see if the ban on phosphorus in 

fertilizer has had a beneficial effect. 

 Measure inlet depth on Sweet road culvert during flow measurements, or consider installing a measurement 

weir. Flow measurements are the weak element of understanding watershed hydrological response and 

computing total (not concentration) phosphorus loads.  

 Develop a comprehensive sub-watershed hydrological model to evaluate, for instance, effects of changes in 

impervious surfaces.   

 Obtain expert opinion on the reasons for, and the effect of, changing lake pH. pH likely affects the biota and 

this could encourage biological activation of sequestered phosphorus.  

 As an adjunct to this study and for future studies, develop some measures of watershed development. Consider 

subdivisions, parcel development and clearing, and building permits.  

 

Recommendations: Policy  
 

 Encourage sewer service to the hamlet areas of Ballston Lake. The hamlet area service is needed for public 

health, lake quality and to encourage dense commercial development 

 Encourage sewer service to East and West side drives. Although we have not quantified the inflow from 

residential shoreline development, any reduction in phosphorus loading of the lake is helpful. East and West 

side drives should be able to tap this service. It is difficult to quantify the effectiveness of phosphorus 

sequestration in septic systems; however, effective rates less than 30% are likely, resulting in more than 500 

pounds of phosphorus loading to the lake. Annual septic pumping should be strongly encouraged to remove 

phosphorus from the watershed.  

 Revisit storm water regulations and stream buffer requirements in Ballston Zoning and Master Plan. Consider 

larger stream buffers
24

, artificial wetlands as part of subdivision regulations.  

 Consider sedimentation basin(s) for Sweet road stream and Buell heights stream. 

 Roadside ditch clean-outs by the town should be immediately seeded.  
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 Appendix A: Ancillary Measurements 

Rainfall  
Rainfall was sampled using a tipping rain gauge located adjacent to the Sweet Creek.  The gauge was out of service 

during the winter, and had technical difficulties during part of 2012, so most of the rain data was gathered from 

Wunderground.com from the Buell Heights station located in the watershed. Figures A1 and A2 illustrate overall rain 

and storm events in 2012.  

 

 

 
Figure A1 - 2012 rainfall totaled 28 inches vs. an average of 39.4 inches. 

 

 

 
Figure A2 - 9 weeks had rainfall greater than 1 inch. 7 of the weeks were sampled. 

 

 



21 

 

Lake Level 
In July 2011, a device was installed to measure the height of the lake. Every hour it records the pressures and 

temperatures of the lake and the air. The device has two pressure gauges. One gauge is fastened to a resident’s dock 

anchored on rock on the south end of the lake, about 3 feet below the surface. During the winter it is bubbled to prevent 

freezing. One gauge measures the pressure of the water. A second gauge, above the water, measures the atmospheric 

pressure. The difference in pressure is converted to water height. Combined with the data from our electronic rain gauge, 

we can analyze how the rain and lake interact. 

 

Figure A3 shows the increase in lake level from the May 7-9 storm showing the contribution in the increased lake level 

from the rain directly and from the watershed. 

 

 
Figure A3 - 1.9 inches of rainfall increased the lake level by 9.1 inches. 

 

The lake level differential was computed for all storms from mid-2011 through 2012 and compared to actual storm 

rainfall. Figure A4 shows that for almost all storms, there is a very tight correlation of rainfall and inches of lake level 

increase contributed from the watershed.  The notable exception is the 9/18/12 storm after a very dry summer. This 

relationship suggests that for storms with less than 0.5” of rain, there is little to no runoff, consistent with our 

expectation.  

 

The good correlation of lake level 

change with runoff allows us to use 

lake level excursions to estimate runoff 

from other large storms for which we 

do not have tributary measurements, 

but do have lake level measurements.  

This, in turn, allows us to estimate total 

annual phosphorus inflow: high 

average inflow TP concentration is 

applied to the inflow from large storms, 

and low (between storms) TP 

concentration is applied to the rest of 

the inflow.  

 

Figure A4 - Correlation of rainfall 

and lake level increase from the 

watershed. 
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The procedure outlined in Appendix F can be used for estimating annual total lake outflow by integrating outflow over 

the hourly lake level values. Equating total outflow to total inflow gives us the total runoff.  Errors in this approach arise 

from seepage through beaver dams and evaporation, which are not captured properly; very low lake levels do not have a 

corresponding weir type discharge. For instance, lake levels do not drop after a sudden rise in lake level when lake levels 

are below about 17 or 18 inches (for example the September 18 and September 28 storms - Figure A5). Nonetheless, 

using a datum of 17 inch lake level for the zero weir outflow can be used to estimate annual total lake outflow of 178 

million cubic feet (table A1).  

 

Table A1: Estimated runoff in large storms – lake level basis. 

 

Lake level cutoff MMCF Percent of total 

17 inch (all runoff) 178 100 

21 148 83 

22 123 70 

23 98 55 

 

The sharp spikes in lake level in figure A5 correspond to large runoff events. The lake level drops rapidly from these 

high levels so the outflow that occurs during the time of these high spikes represents inflow from the main part of the big 

storms. If we integrate the lake outflows only during periods of high lake levels, we will capture outflow associated with 

major storm runoff, but not the long steady runoff associated with ground water seepage between storms. To determine 

which times should be integrated, a convenient technique is to use a threshold lake level to identify large runoff events – 

the outflow integration occurs only when the lake level is above the chosen threshold. The threshold is somewhat 

arbitrary: higher values will capture a smaller part of the storm runoff; three lake level threshold values of 21, 22, and 23 

inch lake levels were used.  Using a lake level value that captures the major peaks in lake level, (22 inches) the integrated 

outflow (equated to runoff) from large storm events is at 70% of the total runoff (Table A1). This is the inflow that 

occurs at the high average TP concentrations. The rest of the runoff occurs at lower levels of 20-40 PPB.   
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Figure A5: 2012 Lake Level and temperature 
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Table A2 : Runoff computed from storm events (italics indicates estimates). 

 

 Tributary 

Rain events Rain 

total 

inch 

Sweet Saunders BH 

Start Tributary runoff - million CF 

21-Apr 2.3 2.72 6 0 

7-May 1.9 1.95 6.92 2.42 

14-May 1.7 1.63 5.96 2.96 

1-Jun 0.8 0 0 0.57 

18-Sep 2.5 0.07 0.37 1.19 

28-Sep 1.1 0.07 0.49 0.89 

18-Oct 1.8 1.72 6.1 3.84 

Sub Total  8.15 25.8 11.35 

 

Jan 21  1.6 6 2.5 

Mar 10  0.8 3 1.2 

Dec 28  0.8 3 1.2 

Sub total  3.2 12 5 

 

Storm totals  11 38 16 

Watershed total  95 155 282 

Watershed 

average 
 155 (135 Sweet/Saunders) 

 

A second way to estimate total runoff at high flows is to use the lake level excursion as a proxy for large storms and 

estimate flows for the large storms in 2012 that were not sampled. Referring to Figure A5, there are three storms in 2012 

that were not sampled. The Jan 21 storm was similar to the May 14 storm and comparable runoff is assigned.  The March 

10 and Dec 28 storms are smaller than any of the sampled storms and the March 10 event seems to be part of a warm 

spell that probably includes snow melt. For these storms, an arbitrary runoff about half the May 14 storm was used.   

 

Adding all the major storm discharges for the three tributaries (11+38+16 =65 MMCF) and extrapolating (area ratio) to 

the rest of the watershed (65/0.41=155 MMCF) shows that the major storms represent about 87% of the total runoff 

(155/178).  Using the most conservative value based on Sweet road extrapolated to the entire watershed, at least, 50% 

(95/178) of the total runoff is from large storms.  A mean value based just on Sweet and Saunders is 80% (135/178). 

Therefore this measure is consistent with the lake outflow measure (135 MMCF vs 123 MMCF), and indicates that 

around 70-80% of the total watershed runoff occurs in large storms. In other words, annually, approximately 130 MMCF 

of runoff occurs at mean phosphorus levels of greater than 80 PPB (>650 lbs phosphorus)  The remaining runoff (50 

MMCF) is assumed to occur at concentrations of about 30 PPB – typical of pre and post storm stream sampling 

concentrations (90 lbs phosphorus) for a total annual watershed phosphorus loading of about 750 lbs. 
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Appendix B: Water sampling protocol (lake and stream) 

Water sampling 
 

1) Obtain sterile plastic sample bottles from Darrin or CCE.  

2) Make sure the phosphorus sample bottle is labeled with 

a. Parameter to be measured (Total phosphorus (TP), and in some cases Total Suspended Solids (TSS)) 

b. The date and sample location 

c. Depth (for lake samples). Take sample just below the surface for stream samples. 

3) Rinse sample bottle with stream water twice before sample. Take sample of water. 

4) Replace cap, place in freezer within 2 hours. Samples may be stored for up to one month. 

5) Deliver samples in batches to Darrin for analysis (EPA 365.2). 

 

Repeatability 

 
In order to assess random error associated with sampling, two series of samples were taken at Sweet Road in rapid 

succession. Sweet road was generally free of the high spikes that were observed at Buell Heights, so samples in quick 

succession should provide a measure of the variance of the samples. The two samples sets were done in 2013, one at a 

high flow condition and one at a low flow conditions. The sample measurements shown below are consistent with 

regular measurements of Sweet Road showing elevated TP at high flow. The standard deviation of the two samples is 

shown as well – this is a measure of how likely the actual value is to the mean of the sample set: the actual mean has a 

68% probability of being within one standard deviation. These data show low standard deviations.  

 

Table B- 1 Multiple samples taken at the same time shows small deviation. 

 

Date Flow condition TP Mean Std Deviation 

Nov 1, 2013 High 83.9 85.9 4.5 

Nov 1, 2013 High 82.4 

Nov 1, 2013 High 86 

Nov 1, 2013 High 83.7 

Nov 1, 2013 High 93.6 

     

Nov 10, 2013 Low 23.3 24.5 1.3 

Nov 10, 2013 Low 25.8 

Nov 10, 2013 Low 24.3 
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Appendix C: Culvert Geometry  

Saunders Road Stream channel and culvert 

W ate r level = 0

C hanne l Profile loc ation

Flow direction

216 in

108 in

2  in

1 2  in

C hanne l profile

27°

Le ve l gauge

 
Figure C 1: Plan view of stream channel and channel profile section view 

 

 

 
Distance from 

South Wall 
Bottom elevation above 

south sill 

18 12 
17 13 
16 19 
15 22 
14 18 
13 8 
12 6 
11 5 
10 4 
9 4 
8 1 
7 1 
6 0 
5 0 
4 0 
3 0 
2 1 
1 0 
0 0 

Table C 1: Channel profile at stream gauge 
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Figure C 2: Culvert inlet side 

 

 

 
Figure C 3: Culvert exit side 

 

 

Other: 

 Channel grade over 65 feet through culvert is 7.5 inches  (~12 in. per hundred feet) 

 Channel is unobstructed for about 150 below culvert and then turns abruptly. 

 Channel is unobstructed for about 100 feet above the culvert. Growth, trees and obstruction occur beyond the 

100 feet, but the stream channel is constrained to about 20 feet wide.  

 Little to no woody stem growth in channel above and below culvert for 100 feet. 

 Channel is generally unconstrained below culvert – opens in to a wide plain.  
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Sweet Road Culvert 

80 in

64 in

11 in

Sweet road exit culvert and channel dimensions

North

South

80 in

64 in

North

South

6 in

Sweet road culvert inlet side channel

2 4 8 . 0 0  i n

1 3 . 9 5  i n

40 feet

5.5 inches

 
Figure C4: Culvert dimensions and channel profiles 

 

 

  
Figure C5: Sweet road stream culvert exit (looking 

east) 

Figure C6: Sweet road stream culvert inlet side 

(looking west) 
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Sweet road culvert channel profiles, 

5 feet upstream and downstream of culvert

Relative to bottom lip of pipe
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Figure C7: Plot of channel profiles 

 

 

Table C2: table of channel profiles: Inches relative to pipe bottom 

Feet Downstream Upstream

North Inches Inches

9 38

8 26

7 14 19

6 6 7

5 1 0

4 -2 -7

3 -6 -7

2 -9 -5

1 -11 -5

0 -11 -6

-1 -11 -5

-2 -11 -3

-3 -6 18

-4 10 28

-5 14 27

-6 20 25

-7 26 24

-8 25

-9 29
 

 

Other: 

 Downstream channel continues with a similar channel profile, some downed trees 

 Downstream channel has very small gradient, downstream pool dictated largely by lake level 

 Lake level at the time of this measurement was approximately at the bottom edge of the discharge pipe.  

 Upstream channel is terraced: the main channel broadens into a much wider channel when the flow reaches 

about 25 inches above the pipe inlet bottom lip.  

 Upstream channel continues in similar fashion for about 100-150 feet. 

 Upstream channel has considerable woody steamed material on the terrace part of the channel. 

 Upstream gradient is small, but greater than downstream channel – perhaps several inches per hundred feet. 
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Buell Heights Culvert at Rt. 146a 
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5.3 inch

Side view/elevation

End view

60 in

24 in

59 feet

~ 4 ft
~ 4 ft

Flow direction (~ NNE)

Level measurement

0= concrete base of culvert channel
On side wall of culvert exit

 
Figure C8: Route 146a box culvert dimensions 

 

 

 

 

 
Figure C9: Inlet and outlet of Buell Heights stream culvert. 
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Other 

 

 The main culvert is uniformly wide and high for its full length 

 It crosses the highway at an angle, but the culvert is square with respect to the flow 

 The inlet and outlet sections beyond the 59 foot enclosed sections have side walls and bottoms so the flow is 

undisturbed for an additional 4 feet at the inlet and exit (beyond the proposed stream level gauge location) 

 The inlet has a debris grate that will come into play as the inlet pool rises above about 18 inches. 

 The upstream side is a wide and broad pool with relatively shallow sides and little grade for 25 feet. Above that 

the channel narrows and has a good pitch. 

 The downstream channel is a straight, rip rap sided channel with about a 5 foot flat channel bottom and 30-40 

degree sides for 100+ feet. Moderate slope of about 5-10 inches per hundred feet (not measured). 

 We recommend measuring stream elevation at the exit on the basis that the long culvert should make this 

relatively insensitive to inlet conditions.  

 

Additional named tributaries 
 

Table C3: Additional tributary drainages 

 

 Saunders 

Rd. (to 

lake) 

Nolan Road Lakeside 

auto 

Lakeside 

farms 

Connolly Powers Outlet 

Drainage area  

(Sq miles ) 

2.75 1.25 0.76 0.56 0.44 0.14 0.063 

Drainage area 

(acres) 

1760 800 486 358 281 90 40 
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Appendix D: Flow vs. Depth for three tributary culverts.  
 

To calculate flows in the culverts, a program developed for the Federal Highway Administration was used
25

 - HY8 

(version 7.5). This program allows sufficient detailing of the particular culverts to allow the exit culvert water level to be 

used to compute stream flow. The one exception is that tailwater height at Sweet Road culvert sometimes backed up into 

the pipe due to high lake levels. Although the program can compute the flows under these conditions, the exit pipe level 

is not a single valued function of flow rate, therefore we cannot accurately compute the pipe flow under these conditions. 

In the future, inlet and outlet pipe flow depths should be taken at Sweet road when a high lake level condition is possible.  

 

The culvert geometries are provided in Appendix C.  

 

 
Figure D1: Screen shot of HY8 Culvert setup table 

 

Buell Heights – Route 146a Culvert Flow  
 

The outlet channel was not specifically measured, however, we did not observe water backing up in the channel, and this 

condition was realized in the computations for these inputs. The culvert is a relatively new, smooth concrete box with a 

tapered inlet and a debris screen.  The low Manning coefficient is appropriate for smooth concrete. It should be noted for 

all of these computations, the inlet and outlet elevations and outlet culvert invert elevation (bottom of channel at culvert 

exit) are arbitrary – only the differences affect flow rate.  

 

Parameters for HY8 Input 

Culvert 

Span 5 ft  

Height 2 ft  
Manning 
Coefficient 

0.012 
  

Inlet elevation  2 ft  

Outlet elevation 1.5 ft  

Outlet channel  

channel width 15 ft 

channel slope 0.01 ft/ft 

channel manning coefficient 0.02  
Channel invert (bottom)  
elevation 1.5 ft 
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Table D 1: Inputs for HY8 program - Buell Heights 146a culvert 
 

Figure D2 shows the computed flow vs. depth for this culvert. A power law curve fit adequate represents this data and 

was used for integration.  
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Figure D2: HY8 computed flow for Buell Heights culvert 

Saunders Road Stream Culvert 
 

Saunders Road is a concrete sided culvert, but a gravel/dirt bottom of variable elevation, both at the inlet and along the 

length. It has tapered concrete inlet sides and a continuously sloping channel above and below. The HY8 program 

provide for an arbitrary bottom profile at one location in the culvert. In this case we used the entrance profile. A high 

Manning coefficient (0.035) was used for the bottom as this was a rough stony surface and a low Manning coefficient 

was used for the sides (0.012). This is a very wide culvert and for moderate flows does not change depth greatly. On the 

other hand, the discharge rates were not strongly dependent on the Manning coefficient, and for moderate flows, the 

entire channel width was active.  Table D2 lists the parameters used for this culvert.  

 

Table D 2: HY8 inputs for Saunders Road Culvert 

Culvert 

Span 18 ft 

Height 10 ft 

Manning sides 0.012  

Manning bottom 0.035  

Inlet elevation 2 ft 

Outlet elevation 1.95 ft 

custom bottom profile - see above 

Outlet channel 

Width 30 ft 

slope 0.065 ft/ft 

Manning coefficient 0.02  
Channel invert 
elevation 

1.95 
ft 
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Saunders road - flow rates
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Figure D3: HY8 flow rates for Saunders Road creek - insensitivity to bottom channel Manning coefficient 

Demonstrated. 

 

Sweet Road Culvert 
 

A number of sensitivity and cross checks were made for this culvert. Calculations were made with a simplified Culvert 

analysis using the Manning equation implemented in a commercial spreadsheet using a round culvert approximation. 

Both round and elliptical shapes were evaluated with HY8 as well. And the effect of Manning friction coefficient was 

considered.  

 

First consider the effect of elliptical vs. round was considered. An 82” diameter round pipe closely approximates the 

culvert for depths up to half the pipe diameter (32 inches) - Figure D4. Both the 82” round diameter and a 16 pair point 

approximation to the elliptical shaper were evaluated. Both use a manning coefficient of 0.022
b
 and identical exit 

channel parameters. The results, truncated for the round pipe at 2.5 ft depth, are essentially the same – Figure D5.  

 

 
Figure D4: Circular Equivalents of the Sweet Road culvert 

                                                           
b
 http://www.engineeringtoolbox.com/mannings-roughness-d_799.html, Value for corrugated metal. A value of 0.024 

recommended in HY8. for corrugated steel.  
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Table D3: Sweet Road Culvert HY8 inputs for circular vs. elliptical geometry. 

Culvert 

Culvert diameter 81.6 Inches 

Manning coefficient 0.022 

Inlet  elevation 2.46 ft 

Outlet elevation 2 ft 

Outlet channel  

Outlet channel width 15 ft 

Outlet channel slope 0.010 ft/ft 

Outlet channel manning coeff. 0.02 

Channel invert 
(bottom)  elevation 1 ft 

 

 

As an overall check of the HY8 program a comparison was made with a simpler Manning equation result for a round 

pipe. For this calculation the exit channel was kept the same since this did not result in a “backed up” condition in the 

culvert, a condition that the Manning equation cannot accommodate. A couple of points are shown in Figure D5 – they 

indicate reasonable agreement, but slightly lower flow.  
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Figure D5: Comparison of Equivalent round and actual elliptical flow performance from HY8 

 

The HY8 program should allow calculation with submerged exit conditions, a situation that occurs in large rainstorms 

when the lake backs up to, and above the pipe. In order to assess how sensitive this might be and to demonstrate how this 

would be simulated, several simulations were run while increasing the bottom of the outlet channel from about 1 foot 

below to even with the culvert bottom exit. While this increased the tailwater elevation, the effect on the flow based on 

the exit pipe level was negligible as shown in Figure D6 (parameters in Table D4). Additional calculations were done 

with reduced exit channel slope and increased width that would simulate a slow tail water that was backed up. One of 

these is shown in Figure D6 and illustrates some of the complex flows that occur, including, in this case, a hydraulic 

jump. Further slowing of the tailwater further distorts the flow calibration. It is concluded that with only the culvert exit 

water depth, the flow cannot be reliably calculated in cases where the water has backed up from the lake. Practically, as 

long as exit velocities from the pipe are large
c
, high tailwater conditions do not affect the calibration, however, this 

condition was not notated with the data . In the future, inlet pipe elevations would be a more reliable flow measurement 

at this culvert.  

 

                                                           
c
 A small drop from the pipe to the tailwater or, an obvious jet of water flowing into the tailwater would indicate this 

condition. If the pipe exit into the tailwater is free of active stirring, then the flow calibration cannot be used.  
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Figure D6: Effect of High Tailwater on flow calibration 

 

Finally, sensitivity to the manning coefficient is considered.  For corrugated metal, and generally rough surfaces, values 

of 0.02 to 0.025
d
 cover most materials. Very smooth pipes might be as low as 0.011. The pipe flow is inversely 

proportional to the Manning coefficient (in the basic Manning equation
e
), so in the extreme case that the Sweet road pipe 

was very smooth, flow rates would be roughly double the above values. But a more reasonable range of values would 

place the flow at +/- 10% of the computed value due to roughness variations Additional errors due to entrance and exit 

effects or inaccuracies regarding the culvert geometry would also apply.  

 

 

Table D4: Parameters for Figure D6 

Culvert (Figure D6) 

Culvert diameter 81.6 Inches 

Manning coefficient 0.024 

Inlet  elevation 2.46 ft 

Outlet elevation 2 ft 

Outlet channel  

Outlet channel width 15 ft 

Outlet channel slope 0.010 ft/ft 

Outlet channel manning coeff 0.02 

Channel invert 
(bottom)  elevation 1 to 0 ft 

 

 

It should be noted that the average concentration of TP in the stream for an event is not sensitive to the specific flow 

curve used above. For instance, average event TP for the Sweet Road Culvert is shown in Table D5 for two flow curves: 

Flow= 19.37* Depth ^ 1.96 and Flow = 26.54*depth^1.96 (corresponding to a manning coefficient of 0.011 in a round 

pipe). Because the exponents are the same for both curves, there is no dependence of the average TP concentration on 

these very different flow curves. Only the total discharge and the total phosphorus loads are proportional to the 

coefficient. General conclusions about the average inflow concentration of the tributaries relative to each other and the 

lake are essentially independent of the flow errors.  Flow errors do affect total loading and the hydrological conclusions. 

Nonetheless, these values are likely to be good to +/- 20% 

                                                           
d
 //www.engineeringtoolbox.com/mannings-roughness-d_799.html suggests 0.022 for corrugated pipe. HY8 suggests 

0.024 for corrugated steel.  
e
 http://www.engineeringtoolbox.com/mannings-formula-gravity-flow-d_800.html 
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Table D3: Integrated event dependency on flow curve 

CFS=19.37*Depth^1.96 (nominal)  

Date Total discharge 
Total 

P Average 

 MM CF lbm PPB 

21-Apr-12 2.72 13.39 80 

7-May-12 1.95 10.03 84 

14-May-12 1.63 8.90 89 

18-Sep-12 0.07 0.87 193 

28-Sep-12 0.07 0.34 81 

18-Oct-12 1.72 15.93 151 

    

Total 8.15 49 99 

    

CFS=26.54*depth^1.96 (high) 

Date Total discharge 
Total 

P Average 

 MM CF lbm PPB 

21-Apr-12 3.74 18.43 80 

7-May-12 2.67 13.76 84 

4-May-12 2.23 12.20 89 

18-Sep-12 0.10 1.19 193 

28-Sep-12 0.09 0.46 81 

18-Oct-12 2.36 21.86 151 

    

Total 11.18 68 99 
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Appendix E: Integration of flow and concentration 
 

The flow and concentration need to be integrated to provide average inflow concentration, total volume inflow, and total 

mass of phosphorus inflow. This was done using simple rectangular discreet step integration. Figure E1 illustrates the 

step wise discretization of the TP data for a stream event. The initial and final points define the end of the integration. 

Intermediate points are located based on an interval averaging that effectively gives a nearly trapezoidal rule 

approximation.  
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Figure E 1: Example Discretization for integration of TP data 

 

The flow rate is similarly discretized, and the product of the concentration, flow rate and the interval period gives the 

mass of phosphorus for the interval. The sum of the masses gives the total mass of phosphorus, and the sum of the 

interval flow times the gives the total volume of water. The ratio of the total mass of P to total mass of water (volume 

times density) gives the concentration. Table E1 shows raw integrated and averaged data for the data of Figure E1. 

 

Table E 1: Tabular representation of integrated storm event: Sweet road Oct 18-20, 2012 

Instantaneous values Integrated Interval  values Cumulative values 

 TP Water 
normal 

time 
flow 

(CFS) interval 
Water 

volume P Water Volume P. 
PPB Depth-ft hour  hr Cubic feet Lbs (Thousand CF) lbs 

21.2 0.08 -29.18 0.2 10.07 5438 0.01 5 0.0 

43.5 0.17 -9.05 0.6 11.65 24418 0.07 30 0.1 

59.6 0.56 -5.88 6.3 2.68 60537 0.23 90 0.3 

170.5 1.08 -3.70 22.7 2.03 165828 1.76 256 2.1 

165.4 1.25 -1.82 30.0 1.85 199610 2.06 456 4.1 

155.6 1.79 0.00 60.6 1.77 387279 3.76 843 7.9 

200.7 1.58 1.73 47.6 1.98 338365 4.24 1181 12.1 

120.9 0.75 3.95 11.0 6.50 258219 1.95 1440 14.1 

108.9 0.58 14.73 6.7 7.48 181837 1.24 1622 15.3 

101.5 0.58 18.92 6.7 4.05 98411 0.62 1720 15.9 

98.3 0.08 22.83 0.2 1.96 1058 0.01 1721 15.9 

 

It should be noted that sparse sampling and extreme variations in TP concentrations will introduce considerable error in 

the integration. An extreme case in point is the Buell Heights Rain event of May 14-16, 2012 that started with a very 

high 424 PPB TP measurement early in the storm with a considerable interval before the next sample was taken. The 

very long integration period at this high value considerably biases the calculated total P and average concentration. In 

this case, a more typical concentration of 100 would lead to an average concentration of 116 PPB vs. 172 including the 

higher figure. This was an insignificant problem when the sampling period is frequent during the main parts of the 

storms and, as in Sweet and Saunders; there are no high values at the initial “before” storm measurement.   
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Appendix F: Lake Outflow and lake level predictions 
 

In 2010 BLIA installed a lake level monitor that provides lake level (and temperature) measurements every hour for the 

entire year. The device is an atmospheric compensated pressure gauge that is suspended (fixed datum depth) about 3 feet 

below the minimum lake level near the south end of the lake.  

 

One of the first uses of the device was to estimate the outflow rate of the lake outlet as a function of lake elevation. 

During several storms during the 2010 season, the slope of the lake level decrease immediately after each storm was 

computed. This process was repeated in 2011-2012 where the lake minimum level was more clearly defined (17.1 inch
f
) 

allowing for a more accurate lake discharge calculation. The results shown in Figure F1 can be adequately represented 

with a power law function (similar to a weir). 2012 results show a higher discharge rate: Because of constantly changing 

outlet condition due to beaver activity and active removal of beaver dams, this discharge rate calculation can be expected 

to vary.   

 

The lake area is known (278 acres) and the volume per inch can be computed. Errors in this computation include the 

difficulty of including the volume effect of the large number of wetlands along the lake, possibly 50-100 acres. For this 

effort, the wetlands were ignored. Also, as the lake level increases, the surface area increases. This was accounted for by 

assuming an average shore slope of 20 degrees and a 7 mile shoreline. The volume of water stored in the lake as a 

function of level change is shown in Figure F2 – the effect of the shoreline factor causes the slight deviation from linear.  
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Figure F 1: Lake level discharge as a function of lake level 

 

                                                           
f
 This absolute value is arbitrary. It was chosen in order to provide direct correspondence to a manual lake level gauge 

used prior to 2010. Lake levels from the automated instrument have a value of 1.45 feet subtracted from the nominal 

automatic gauge level to give this correspondence. This value has NOT been referenced to a geographic datum such as 

mean sea level.  
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Figure F 2: Volume of (new) water stored in lake as a function of lake level change 

 

If the water volume vs. lake level change is approximated as a line, this data can be converted to an outlet discharge rate 

that is a simple power law function: Figure F3. It is now possible to compute the net lake inflow from the stream input 

during a storm. In order to make a prediction of the lake level during the storm, at each stream sample interval (see 

integration in appendix E), the total inflow is computed, this inflow is extrapolated to the entire lake based on the area 

ratio of the tributary (0.12 for Sweet road), and the lake level rise is computed assuming no outflow. The lake level is 

then used to compute the outflow rate, which is subtracted from the lake net inflow, a new lake level is then computed. 

Convergence requires an iterative solution – 3 to 4 iterations seem to be sufficient.   
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Figure F 3: Lake outlet discharge as a function of lake level: 
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Appendix G: Raw Data 
Table G1: Sweet road sampling summary - 2012  

Culvert flow based on Manning coefficient 0.022, and HY8 output for elliptical pipe.   

         

      Integrated quantities 

   TP Flow Hrs from 
flow 

(CFS) interval Cubic ft Lbs P 

Date Time PPB depth (in) peak flow  hr thousands  

            

4/21 18:10 44.5 2.5 -35.78 0.9 11.7 38 0.11 

4/22 17:35 37.7 4.5 -12.37 2.8 13.7 137 0.32 

4/22 21:30 45.8 8.0 -8.45 8.8 6.2 195 0.56 

4/23 5:57 93.1 23.0 0.00 69.2 5.6 1407 8.17 

4/23 8:48 70 19.0 2.85 47.6 4.0 682 2.98 

4/23 13:55 78 14.5 7.97 28.0 2.6 1 1.26 

      total (million) 2.72   

      Total (lbs)  13.4 

      Average PPB  79 

         

5/7 18:10 17.6 1.0 -23.77 0.2 5.1 3 0.00 

5/8 2:52 25.7 1.0 -13.50 0.2 6.3 3 0.01 

5/8 5:33 78.9 4.0 -11.08 2.3 2.4 20 0.10 

5/8 7:42 113.4 6.0 -8.65 5.0 2.2 40 0.28 

5/8 9:05 104.6 10.5 -6.65 14.9 2.0 106 0.69 

5/8 11:01 98.1 12.8 -4.72 21.8 2.3 181 1.11 

5/8 13:38 104 16.0 -2.05 34.0 2.4 289 1.87 

5/8 15:39 102.7 19.0 0.00 47.6 2.1 353 2.26 

5/8 17:45 69.1 17.0 2.07 38.3 2.1 284 1.22 

5/8 19:30 67.1 15.0 4.12 30.0 2.0 214 0.90 

5/8 21:40 61.6 11.0 6.03 16.3 1.8 108 0.42 

5/8 0:18 60 9.5 7.80 12.3 2.2 98 0.37 

5/9 2:53 57.7 7.5 10.48 7.7 3.3 92 0.33 

5/9 6:47 48.9 7.0 14.42 6.7 4.8 116 0.35 

5/9 12:25 46.6 5.5 20.05 4.2 2.8 43 0.12 

      total (million) 1.95  

      Total (lbs)  10.0 

      Average PPB  82 

         

5/14 17:05 53.5 5.0 -20.87 3.5 6.2 78 0.26 

5/15 5:31 71.3 8.0 -8.43 8.8 8.0 252 1.12 

5/15 9:04 59.5 8.5 -4.88 9.9 4.2 150 0.56 

5/15 13:57 126.7 16.0 0.00 34.0 5.1 627 4.96 

5/15 19:19 68.9 13.0 5.37 22.7 4.1 333 1.43 

5/15 22:07 52.1 5.0 8.17 3.5 5.9 75 0.24 

5/16 7:12 47.2 7.0 17.25 6.7 4.5 110 0.33 

      total (million) 1.63  

      Total (lbs)  8.9 

      Average PPB  88 

         

         

6/1 12:10 22.4 1.0 -20.73 0.2 8.4 5 0.01 

6/2 5:02 41.8 2.0 -3.87 0.6 9.5 20 0.05 

6/2 7:05 66.3 2.0 -1.82 0.6 1.9 4 0.02 

6/2 8:54 50.8 2.5 0.00 0.9 0.9 3 0.01 

         

9/18 9:33 70.5 0.5 -10.68 0.0 1.7 0 0.00 

9/18 12:52 65.8 0.5 -7.37 0.0 3.0 0 0.00 

9/18 15:30 76.5 0.5 -4.73 0.0 2.6 0 0.00 

9/18 18:00 77.5 0.5 -2.23 0.0 1.9 0 0.00 

9/18 19:12 297 6.0 -1.03 5.0 1.1 20 0.37 

9/18 20:14 171.5 7.3 0.00 7.2 1.5 38 0.41 

9/18 22:07 113.6 2.3 1.88 0.7 3.4 9 0.06 
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9/19 2:57 81.8 1.0 6.72 0.2 4.5 2 0.01 

9/19 7:03 70.5 1.0 10.82 0.2 4.1 2 0.01 

9/19 11:11 58.7 0.8 14.95 0.1 2.1 1 0.00 

      total (million) 0.07  

      Total (lbs)   0.9 

      Average PPB  190 

         

9/28 9:50 59.9 1.0 -7.58 0.2 1.1 1 0.00 

9/28 11:58 94.7 4.0 -5.45 2.3 2.1 17 0.10 

9/28 14:07 89.3 3.0 -3.30 1.3 2.7 13 0.07 

9/28 17:25 74.1 3.8 0.00 2.0 2.6 19 0.09 

9/28 19:20 70.1 3.5 1.92 1.7 2.3 14 0.06 

9/28 21:57 58.5 2.8 4.53 1.1 1.3 5 0.02 

      total (million) 0.07  

      Total (lbs)  0.3 

      Average PPB  80 

         

10/18 11:11 21.2 1.0 -29.18 0.2 10.1 5 0.01 

10/19 7:19 43.5 2.0 -9.05 0.6 11.6 24 0.07 

10/19 10:29 59.6 6.8 -5.88 6.3 2.7 61 0.23 

10/19 12:40 170.5 13.0 -3.70 22.7 2.0 166 1.76 

10/19 14:33 165.4 15.0 -1.82 30.0 1.8 200 2.06 

10/19 16:22 155.6 21.5 0.00 60.6 1.8 387 3.76 

10/19 18:06 200.7 19.0 1.73 47.6 2.0 338 4.24 

10/19 20:19 120.9 9.0 3.95 11.0 6.5 258 1.95 

10/20 7:06 108.9 7.0 14.73 6.7 7.5 182 1.24 

10/20 11:17 101.5 7.0 18.92 6.7 4.1 98 0.62 

10/20 15:12 98.3 1.0 22.83 0.2 2.0 1 0.01 

      total (million) 1.72  

      Total (lbs)  15.9 

      Average PPB  148 

         

 

 

Table G2: Saunders Road sampling summary - 2012  

Culvert flow based custom bottom profile and HY8 output      

         

      Integrated quantities 

   TP Flow Hrs from flow (CFS) interval Cubic ft Lbs P 

Date Time PPB depth (in) peak flow  hr thousands  

            

20-Apr 13:48 22.3 1.0 -56.20 1.5    

21-Apr 17:52 41.2 3.0 -28.13 5.8    

22-Apr 17:45 44.3 6.5 -4.25 17.1    

22-Apr 22:00 46.8 8.2 0.00 24.5    

      total (million)   

      Total (lbs)   

      Average PPB   

         

7-May 16:22 28.5 3.7 -23.87 7.7 5.1 141 0.25 

8-May 2:34 37.5 3.8 -13.67 8.0 6.5 187 0.44 

8-May 5:16 66.8 6.5 -10.97 17.2 2.5 152 0.64 

8-May 7:30 123.5 11.0 -8.73 39.8 2.1 300 2.31 

8-May 9:27 100.4 12.8 -6.78 51.2 2.0 361 2.26 

8-May 11:25 84.1 13.7 -4.82 56.9 2.4 483 2.54 

8-May 14:10 88.0 16.6 -2.07 78.9 2.4 684 3.76 

8-May 16:14 84.1 17.9 0.00 90.2 2.0 649 3.41 

8-May 18:10 78.9 17.3 1.93 85.0 2.1 640 3.15 

8-May 20:25 67.1 16.6 4.18 78.9 2.0 580 2.43 
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8-May 22:15 61.9 15.6 6.02 71.2 1.8 449 1.73 

8-May 23:55 57.0 15.0 7.68 66.6 2.2 525 1.87 

9-May 2:38 59.6 13.4 10.40 55.3 3.3 663 2.47 

9-May 6:35 51.5 11.8 14.35 44.2 4.8 756 2.43 

9-May 12:08 49.5 10.2 19.90 35.0 2.8 350 1.08 

      total (million) 6.92  

      Total (lbs)  30.8 

      Average PPB  71 

         

14-May 17:45 64.9 5.52 -20.42 13.5 6.1 0 0.0 

15-May 5:58 72.3 11.28 -8.20 41.3 8.0 0 0.0 

15-May 9:42 63.9 11.04 -4.47 39.8 4.1 0 0.0 

15-May 14:10 116.8 17.04 0.00 82.9 5.0 0 0.0 

15-May 19:47 77.3 16.44 5.62 78.0 3.8 0 0.0 

15-May 21:49 68.9 8.52 7.65 26.2 6.0 0 0.0 

16-May 7:41 56.5 11.4 17.52 42.0 4.9 0 0.0 

      total (million) 5.96  

      Total (lbs)  30.1 

      Average PPB  81 

         

1-Jun 11:52 49.1 3.6 -20.80 7.4 8.4 223 0.7 

2-Jun 4:43 57.8 3.96 -3.95 8.4 9.5 286 1.0 

2-Jun 6:47 60.4 5.04 -1.88 11.8 2.0 84 0.3 

2-Jun 8:40 62.7 5.4 0.00 13.1 0.9 44 0.2 

      total (million) 0.64  

      Total (lbs)  2.2 

      Average PPB  55 

         

         

18-Sep 19:35 178.0 6.0 -1.17 15.3 0.6 32 0.4 

18-Sep 20:45 85.9 4.6 0.00 10.2 1.5 54 0.3 

18-Sep 22:30 88.5 4.4 1.75 9.9 3.3 118 0.7 

19-Sep 3:25 68.1 2.8 6.67 5.2 4.5 84 0.4 

19-Sep 7:30 57.2 2.2 10.75 3.8 4.1 55 0.2 

19-Sep 11:35 46.0 1.8 14.83 3.0 2.0 22 0.1 

      total (million) 0.37  

      Total (lbs)  1.9 

      Average PPB  84 

         

         

28-Sep 10:30 37.5 3.1 -3.97 6.1 0.9 20 0.0 

28-Sep 12:18 58.2 4.9 -2.17 11.4 2.0 82 0.3 

28-Sep 14:28 49.5 5.4 0.00 13.1 2.8 132 0.4 

28-Sep 17:55 44.3 5.0 3.45 11.8 2.6 112 0.3 

28-Sep 19:44 43.8 4.8 5.27 11.0 2.2 89 0.2 

28-Sep 22:25 42.7 4.7 7.95 10.6 1.3 51 0.1 

      total (million) 0.49  

      Total (lbs)  1.4 

      Average PPB  48 
 



43 

 

 

Table G3: Buell Heights sampling summary - 2012  

Culvert flow based rectangular culvert and HY8 output      

         

      Integrated quantities 

   TP Flow Hrs from flow (CFS) interval Cubic ft Lbs P 

Date Time PPB depth (in) peak flow  hr thousands  

            

21-Apr 17:40 251.9 3.0 -28.63 6.3 12.1 275 4.3 

22-Apr 17:57 46.5 3.2 -4.35 7.0 14.3 359 1.0 

22-Apr 22:18 72.6 4.8 0.00 11.8 2.2 92 0.4 

         

7-May 16:07 29.0 1.9 -23.77 3.5 5.1 64 0.1 

8-May 2:23 57.0 2.5 -13.50 5.0 6.3 114 0.4 

8-May 4:48 124.2 5.2 -11.08 13.0 2.4 113 0.9 

8-May 7:14 121.9 7.7 -8.65 22.1 2.2 176 1.3 

8-May 9:14 108.5 8.3 -6.65 24.4 2.0 173 1.2 

8-May 11:10 81.8 8.5 -4.72 25.3 2.3 210 1.1 

8-May 13:50 124.5 11.8 -2.05 39.0 2.4 331 2.6 

8-May 15:53 109.2 12.6 0.00 42.7 2.1 317 2.2 

8-May 17:57 75.9 10.1 2.07 31.7 2.1 235 1.1 

8-May 20:00 62.9 7.0 4.12 19.3 2.0 138 0.5 

8-May 21:55 58.7 5.9 6.03 15.4 1.8 102 0.4 

8-May 23:41 53.4 4.8 7.80 11.8 2.2 94 0.3 

9-May 2:22 51.2 4.6 10.48 11.0 3.3 131 0.4 

9-May 6:18 41.4 4.3 14.42 10.2 4.8 176 0.5 

9-May 11:56 40.7 3.8 20.05 8.7 2.8 89 0.2 

      total (million) 2.46  

      Total P (lbs)  13.2 

      Average PPB  86 

         

14-May 17:36 424.0 7.92 -21.02 23.0 6.1 502. 13.2 

15-May 5:44 70.9 6.00 -8.88 15.9 7.8 446. 1.98 

15-May 9:15 58.5 5.16 -5.37 13.0 4.4 207. 0.76 

15-May 14:37 182.3 16.08 0.00 59.2 5.1 1094. 12.4 

15-May 19:31 70.9 6.96 4.90 19.3 3.5 241. 1.07 

15-May 21:33 81.2 4.68 6.93 11.4 6.0 244 1.23 

16-May 7:25 45.6 4.32 16.80 10.2 4.9 182 0.52 

      total (million) 2.92  

      Total P (lbs)  31.3 

      Average PPB  172 

         

1-Jun 9:52 49.1 2.2 -20.67 4.1 9.3 136 0.4 

2-Jun 4:27 103.5 3.0 -2.08 6.3 9.8 222 1.4 

2-Jun 5:27 136.2 4.3 -1.08 10.2 1.0 38 0.3 

2-Jun 6:32 107.8 4.4 0.00 10.6 1.1 41 0.3 

2-Jun 7:35 79.4 4.3 1.05 10.2 1.0 35 0.2 

2-Jun 8:27 62.7 4.0 1.92 9.1 1.0 33 0.1 

2-Jun 9:37 65.7 3.8 3.08 8.7 1.2 38 0.2 

2-Jun 10:52 67.9 4.2 4.33 9.9 0.6 22 0.1 

      total (million) 0.57  

      Total P (lbs)  3.0 

      Average PPB  85 
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18-Sep 9:41 228.0 3.1 -9.63 6.6 1.7 40 0.6 

18-Sep 13:00 93.9 1.8 -6.32 3.2 3.0 34 0.2 

18-Sep 15:37 99.2 2.2 -3.70 4.1 2.5 37 0.2 

18-Sep 18:05 151.9 3.8 -1.23 8.7 1.9 58 0.6 

18-Sep 19:19 704.6 16.6 0.00 61.6 1.1 253 11.1 

18-Sep 20:22 207.4 14.4 1.05 51.1 1.5 270 3.5 

18-Sep 22:15 137.6 7.2 2.93 20.2 3.4 246 2.1 

19-Sep 3:07 103.3 3.6 7.80 8.0 4.5 129 0.8 

19-Sep 7:13 88.5 2.9 11.90 6.0 4.1 88 0.5 

19-Sep 11:20 84.5 2.4 16.02 4.7 2.1 35 0.2 

         

      total (million) 1.19  

      Total P (lbs)  19.8 

      Average PPB  266 

         

28-Sep 10:20 223.2 7.0 -1.75 19.3 0.9 61 0.8 

28-Sep 12:05 130.2 14.2 0.00 50.0 2.0 352 2.9 

28-Sep 14:15 85.0 7.9 2.17 23.0 2.7 226 1.2 

28-Sep 17:33 67.4 5.0 5.47 12.6 2.6 120 0.5 

28-Sep 19:33 62.8 4.6 7.47 11.0 2.3 90 0.4 

28-Sep 22:06 61.4 4.1 10.02 9.5 1.3 44 0.2 

         

      total (million) 0.89  

      Total P (lbs)  5.9 

      Average PPB  107 

         

18-Oct 11:15 26.2 2.0 -30.98 3.8 10.1 136 0.2 

19-Oct 7:26 92.2 2.8 -10.80 5.6 11.0 223 1.3 

19-Oct 9:16 93 4.1 -8.97 9.5 1.6 54 0.3 

19-Oct 10:35 163 5.5 -7.65 14.2 1.5 75 0.8 

19-Oct 12:11 266.9 10.6 -6.05 33.8 2.1 250 4.2 

19-Oct 14:42 148.9 16.8 -3.53 62.8 2.2 488 4.5 

19-Oct 16:30 120.9 14.6 -1.73 52.2 1.8 332 2.5 

19-Oct 18:14 142.6 19.9 0.00 78.8 2.0 563 5.0 

19-Oct 20:28 104.1 14.2 2.23 50.0 6.5 1170 7.6 

20-Oct 7:15 55.4 4.6 13.02 11.0 7.4 293 1.0 

20-Oct 11:16 51.5 4.1 17.03 9.5 4.7 162 0.5 

20-Oct 16:43 53.5 4.1 22.48 9.5 2.7 93 0.3 

      total (million) 3.84  

      Total P (lbs)  28.2 

      Average PPB  118 
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Table G4: Lake TP measurements 

Lake Samples  Sampled TP PPB 

Date Week North South Central 

4/20/2012 16 18.7 26.2  

4/25/2012 17 27.0 25.1  

5/3/2012 18 22.2 27.7  

5/5/2012 18 20.9 22.6  

5/9/2012 19 23.0 25.3  

5/13/2012 20 24.6 22.0  

5/16/2012 20 23.1 27.2  

5/20/2012 21 23.9 28.4  

5/27/2012 22 24.8 27.9  

6/1/2012 22 23.0 28.4  

6/10/2012 24 27.4 27.0  

6/13/2012 24 31.2 26.5  

6/22/2012 25 45.0 31.7  

6/24/2012 26 46.7 36.3  

6/26/2012 26 44.0 46.2  

7/2/2012 27 39.4 38.8  

7/10/2012 28 49.8 44.0  

7/20/2012 29 42.5 42.0  

7/22/2012 30 47.8 34.5  

8/5/2012 32 41.7 35.4  

8/19/2012 34 50.6 30.0  

9/3/2012 36 48.5 34.7  

9/16/2012 38 46.1 31.7  

9/27/2012 39 39.3 29.6  

10/2/2012 40 40.5 32.2  

10/8/2012 41 42.0 34.4  

11/5/2012   33.8  42.8 

11/10/2012  31.8  43.4 

11/12/2012    39.4 

11/16/2012  26.9  37 

11/18/2012    35.9 

11/20/2012  24.6  39.6 

11/21/2012    32.4 

11/23/2012  25.6  32.4 
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Appendix H: Supplemental data: Lake TP and Dissolved 
Oxygen - 2013 
 

BLIA has begun the recommended follow-up studies. We share the partial results here.  

 

Lake TP measurements that were done as part of this project showed that summer TP levels were higher than early 

spring and fall levels. Because of the potential significance of this finding, BLIA has been sampling the lake 

approximately weekly starting in April to see if the results from 2012 are repeatable. The full 2013 data set shows very 

similar trends for both north and south measurements, except for very high values at the south end at the transition 

period.  
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Figure H  1 - 2012 and 2013 Lake TP readings 

 

 

Stream inflow P concentrations were much higher than the lake surface values yet the lake P concentrations did not 

respond significantly to rain event. This plus the seasonal lake surface concentrations rose during the warm months, 

suggested that anoxic conditions might evolve in the warmer months in deep water, leading to mobilization of P in 

soluble form, that could then diffuse or be convected to the surface. Dissolved Oxygen (DO) profiles would help 

quantify this effect and four profiles have been obtained so far. Spring profiles are as expected – a significant reduction 

in oxygen saturation occurs in the late June time frame. For instance, at the shallow north end, the level for adequate 

oxygen saturation moves from about 10 ft depth to 7 feet between May and June. At the deep south end, the effect is 

more dramatic with a change from about 15 ft to about 7 feet.  

 

Measurements taken in August and September show a much more mixed surface layer and a well-defined transition 

between surface waters and anoxic lower waters. Temperature is uniform to almost 14 ft as opposed to 6-8 in the early 

profiles. DO profiles are very flat and do not show the surface saturation or supersaturation of oxygen that we see in the 

earlier profiles, consistent with reduced photosynthesis. The August and September profiles were taken after windy 

weather – possibly highlighting a sampling variable that we had not previously considered. TP at the north end of the 

lake on August 13 was over 50 PPB, suggesting possible convective mixing of lower waters, however, south end TP is 

not nearly so high, despite a comparable isothermal layer depth. On September 7, 2013, TP measurements were made at 
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both the standard 1m depth and also near the bottom of the isothermal level (4m/13 ft) and the levels were comparable 

(Table H1), consistent with good mixing. Measurements on October 11
th

 were taken on a calm day, following a windy 

day. Almost all of the late summer and fall DO profiles show acceptable oxygen only above about 10 ft depth.  

 

 Overall, the DO profiles suggest considerable amount of anoxic water column and have alerted us to the 

function of wind in mixing. In the North, mixing is effective essentially to the bottom sediments and 2013 TP 

data shows consistent elevated TP at the north end. This implicates transport of phosphorus from the 

lower/sediment levels. It remains unclear if that transport represents convective mixing of high TP lower layers, 

or mobilization of phosphorus biota.  

 The role of algae and plants in oxygen saturation is well known, but these measurements were taken at 

inconsistent times of day. A better DO testing protocol would sample at the same time each day. Two samples a 

day, one very early in the morning before significant photosynthesis takes place and another midday or 

afternoon would help clarify the dual role in oxygenation and respiration.  

 A series of DO profiles performed in 1984 by Union College
26

 at 7 locations around the lake on  four different 

days in July and August show similar behavior; steep drops in DO at 2-3 (6-10 ft) m depth, and variable slopes 

on different days. When there was a well-defined thermocline (2-3 m depth), the DO profile was tended to be 

more uniform above the thermocline with precipitous declines below the thermocline – suggestive of convective 

(Langmuir) type mixing.  

 

The Union College work also made measurements to 30 m (100 ft.)  at the south end with conductivity as well as 

temperature and DO. The conductivity measurements suggest the non-mixing portion of the lake is below about 20 m 

depth. This combined with the DO and temperature profile indicates the normal lake seasonable turnover probably 

occurs in all waters less deep than 20 m (65 ft). Much of the northern part of the lake is less than 5 m (15 ft.) deep, and 

DO and temperature profiles indicate that convective mixing occurs during the summer to most of this depth.  

 

Finally, the Union College measurement provide the most complete set of deep water TP measurements that are not in 

the non- mixing region (several CSLAP measurements were made at the 20 m depth, recording TP over 100 PPB, but 

this water is not felt to mix with the upper layers).  Average TP at the surface was 23 PPB while the average at 6 M was 

45 PPB. The difference was more marked at the northern end of the lake. DO profiles were not made at the same time so 

we cannot comment on whether the lake was mixed. It seems strongly advisable to coordinate DO/temperature profiles 

with deep water measurements in the future, and to obtain a series of measurements over a period of 1 to 2 weeks so that 

effects of wind mixing and diurnal cycles can be understood.  

 

Additional DO measurements were made by another Union College group in 1986
27

. These profiles in July again 

illustrate the same trends – some were well mixed, others showed more gradual declines in DO. Again, DO drops at 

around 2-3 meter depth. Again, wind mixing history is suspected, as well as lack of control on the time of day.  

 

 

Table H1: TP on September 7, 2013: Effect of Depth 

 

Depth North South 

1m 56.4 34.6 

4m 49.7 38.8 

 



48 

 

0

10

20

30

40

50

60

70

020406080100120140

Dissolved Oxygen - % saturation

F
e

e
t 

D
e

e
p

North june 27

North May 14

South june 27

south May 14

   Good OK

 
Figure H  2 -  DO profiles in spring and early summer 
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Figure H  3 -Temperature profiles in spring and early summer 
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Figure H  4 -Temperature profiles in August ,September and October 
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Figure H  5 – Dissolved Oxygen profiles in August, September and October, 2013 
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Appendix I: Supplementary CSLAP Data 
 

 
Figure I1: pH history of Ballston Lake 

 

 

 
 

 

Figure I2: Secchi Disk Visibility - Ballston Lake 
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Figure I3 Total Chlorophyll - Ballston Lake 
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