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Cover Illustration: Air photo of the Eastern End of Oneida Lake taken in 1985 with 
features discussed in report and outline of study area. 
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EXECUTIVE SUMMARY 
 A study of the sediment dynamics and morphology of the Oneida Creek delta, 
Oneida Lake New York provides the following conclusions: 

• The delta at the mouth of Oneida Creek is a wave dominated sand system that 
extends 1800 ft into Oneida Lake and is incised by a deep channel of Oneida 
Creek. 

• The Oneida Creek delta covers an area of lake floor of from 3.53 x 105 to 3.65 x 
105 ft2 (~3.20 x 105 m2). It contains an estimate of 1.42 x 107 to 1.73 x 107 ft3 
(~3.96 x 105 m3) of sediment and pore fluid, comprising an estimate of 7.72 x 108 
kg of solids (sand). 

• Observed suspended loads and discharge characteristics of Oneida Creek are 
insufficient to have provided all of the sand within the delta within a reasonable 
length of time. 

• Significant sediment sources for the delta must include material resuspended 
from the eastern shore of the lake, particularly that area from the Fish Creek jetty 
at Verona Beach to and along Verona Beach State Park.  

• Exacerbated erosion of the shoreface region of the eastern end of Oneida Lake 
must be attributed to artificial lowering of the lake level, which extends the normal 
wave base, in conjunction with diminishment of sand supply from Fish Creek. 

• Dredging of the Oneida Creek delta to remediate the sedimentation problem will 
only temporarily alleviate the situation as the system will likely readjust to the 
new accommodation space provided by dredging. 

• Suspended loads from Oneida Creek are contributing excess mud (silt and clay) 
to Oneida Lake but are not considered the major source of sand that currently is 
deposited across the delta. 

 
 
 
PROJECT OBJECTIVES  

One of the main issues of concern outlined in the draft Oneida Lake and Watershed 
Management Plan is sedimentation from tributary streams.  Initial tributary monitoring 
data from the Oneida Lake Watershed identifies Oneida Creek as the third largest 
contributor of Total Suspended Solids (TSS) with an average 4,365 g/ha/day during 
storm events (Figure 1).  Using data from a USGS flow monitoring station, daily 
estimates of TSS ranged from 18,295 kg/day up to 75,282 kg/day. Historic bathymetric 
maps of the area show that the general depth around the shoreline and creek mouth 
was about 3-4 feet.  A recent bathymetric survey of the area shows that today, much of 
the area is 3 feet deep or less, with some areas only 1.5 feet deep.  This growing 
deposystem (classified as a wave dominated delta) has caused navigation and 
aesthetic problems and numerous potential effects on aquatic life in and around the 
mouth of Oneida Creek. 
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Figure 1:  Drainage basin map of Oneida Creek and its tributaries. 
 

Although it is believed that anthropogenic influences have greatly increased the 
rates of natural erosion in Oneida Creek and subsequent deposition in South Bay, this 
has never been quantified or examined in detail.  In addition, the effects of winter draw-
down in lake level and subsequent expansion of wave induced sediment transport have 
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never been examined in this area.  Both of these factors may play an important role in 
the sediment dynamics of South Bay and, indeed the entire shoreline of Oneida Lake.   

Our primary objective for this project was to determine the source of the 
sediment clogging the area around the mouth of Oneida Creek (OC) and the greater 
South Bay area.  By mapping the wave dominated delta we were able to show in great 
detail the current morphology of this area and the volume (mass) of sediment contained 
within the delta. Our sampling and particle size analysis of suspended sediment loads in 
OC and bottom sediments across the delta have also allowed us to understand 
sediment delivery to and redistribution with the delta system. Further, sediment cores 
have allowed us to examine the temporal changes in sediment process over the last 50 
years. 
 
BACKGROUND 
   Today the Oneida Lake Basin is a highly perturbed system that is not in 
equilibrium with the natural processes which contributed to its development over the last 
11,000 years. Sediment build up along the eastern shore is apparent from the natural 
history of shoreline progradation, since the basin became an isolated extension of 
Glacial Lake Iroquois some 11,000 years ago (cover figure). Approximately 1 mile of 
shoreline advance has taken place in the last 11,000 years with evidence that the rates 
have not been constant over time (Fadem, 2001; Hickock, 2000). The shorelines are 
marked by a prominent set of beach ridges and spits that run sub-parallel to the modern 
shoreline (cover figure). Such periods of episodic shoreline accretion may correspond to 
natural cycles in lake level fluctuation (climatically driven, Kirby, et al., 2001) or 
excessive sediment supply from rivers (decadal increases in storminess, also 
climatically driven). Sediment progradation (build out) is a natural process of the lake 
basin, especially along the eastern shoreline. However, the pattern and localization of 
sediment accretion at the mouth of Oneida Creek in tandem with erosion along the 
shoreline to the north is not an obvious natural pattern. Hence, the eastern shoreline is 
a good example of how human activity can disrupt a coastal system. The factors 
contributing and effecting sediment distribution along the eastern shoreline include: 
 

• wave processes 
• fluvial (river) processes 
• lake ice processes 

 
Of the above, wave processes are the most important as Oneida Lake has a long fetch 
due to its orientation parallel to the prevailing westerly winds and shallow depth. The 
waves influence the direction of nearshore drift and transport of shoreline sediment 
parallel to the shore and the resuspension and sorting of bottom sediment during 
periods of extended wave base, as during storms and during periods of lake level 
drawdown. Since 1952 periods of lake level drawdown have extended the wave base to 
greater areas of the bottom than under natural conditions. This leads to resuspension of 
the fine fraction (fine-grained sand and mud) especially after periods of ice cover that 
retard wave activity and allow settling of fines during the winter.  

Fish Creek and Oneida Creek represent the major river inputs at the eastern end 
of the lake (cover figure). Fish Creek is the much larger and more dynamic of the two 
systems and is primarily a bedload (sand) dominated system while Oneida Creek is a 
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suspended load (mud) dominated system. Since the excavation of the NY State Barge 
Canal delivery of the bedload (sand) to the eastern shoreline of the lake has been 
interrupted and today base level for Fish Creek begins at its juncture with the canal. 
This results in excessive sedimentation at the confluence which is remediated by the bi-
annual dredging of sand from this site. As a result the normal load of sand to the wave 
dominated system on the eastern shore of Oneida Lake is no longer in place and the 
shoreline communities of Sylvan Beach and the Verona Beach State Park have had to 
resort to beach nourishment in the past decade to counter shoreline erosion. Erosion of 
the shoreline is exacerbated by continued subsidence (compaction) of the coastal plain 
that is not balanced by natural sediment delivery by Fish Creek.   

Oneida Creek is also a perturbed system as its drainage basin (Figure 1) has 
undergone rapid development over the last half century. Such changes in land use, 
paved versus vegetated or agricultural landscape influence runoff and sediment yields. 
Such land use changes combined with the high degree of susceptibility of the 
soils/bedrock within the drainage result in a system that contributes to the sediment 
loading problems within Oneida Lake. The toxicity of the sediment supplied by Oneida 
Creek is also a concern because of the industrial and intense agricultural nature of 
some of the drainage area. The questions we attempt to place into perspective in this 
report deal with the relative influence of river, storm, and coastal (wave dominated) 
processes on the submerged delta off of Oneida Creek. It is apparent from our 
investigations that the excessive build up of sediment at the mouth of Oneida Creek is 
the result of a combination of the processes discussed above. Restoring open access to 
the mouth of Oneida Creek and preventing further sediment accretion at the site is a 
goal to be considered. However, such a solution to the problem will be realistic only if all 
the components to the equation are considered, including: 

 
• altered wave base due to lake level lowering 
• beach nourishment and erosion at Verona Beach State Park and longshore 

transport of sediment toward and across the delta 
• sediment supply from Oneida Creek 
• subsidence of coastal plain in vicinity of the mouth of Oneida Creek 

 
To address these issues we conducted several lines of research and observation 

that are outlined and discussed in the text of this report. These include: 
• bathymetric survey and volume calculations of the submerged delta 
• surface profile and bedform analysis 
• surface sediment sampling across delta, within Oneida Creek, and Fish Creek 
• sediment core analysis and geochemical studies 
• event observation and suspended sediment sampling at the mouth of Oneida 

and Fish Creek 
• toxicity analysis of surficial sediments including trace metals, and volatile organic 

compounds  
 

WATERSHED STUDIES AND EROSION DATA 
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Watershed Characteristics 
Oneida Creek originates south and west of Peterboro Swamp in the Town of 

Fenner, Madison County.  It flows east through Smithfield and then turns and flows 
southward through the Stockbridge Valley, then the City of Oneida, where it forms the 
border between Madison and Oneida Counties. The largest tributary, Sconondoa Creek, 
enters the main branch of Oneida Creek near the Madison/Oneida County border 
immediately west of the City of Oneida. Other more minor tributaries include Taylor 
Creek, Brandy Brook, and Black Creek, all primarily located in Oneida County. From 
approximately Route 5 southward, the watershed is characterized by rather steep 
slopes and rolling hills.  However, from Route 5 northward, the landscape, which is part 
of the Oneida Lake plain, is extremely flat with very little topographic relief (Figure 1). 
 As noted, the watershed for Oneida Creek is in both Madison and Oneida 
Counties.  The soil survey for Madison County has been updated and added into our 
Geographic Information System (GIS); however, Oneida County’s soil survey is still 
being completed.  Therefore, the following soil analysis is only representative of 
Madison County.  However, due to similar topography and geology, these results most 
likely echo what would be found in Oneida County if the data were currently available.   

Approximately 67% of the soils in the watershed are listed as limited for 
agricultural use due to high rates of erosion.  The majority of those soils exist in the hilly 
terrain, primarily south of Route 5. Additionally, the soil survey classifies 65% of the 
watershed soils as “not prime farmland”.  Despite the soil limitations listed above, nearly 
50% (land use figures are for Madison County only) of the watershed is currently being 
farmed.  Thus, the potential exists for increased anthropogenic erosion in those areas.  
However, a large portion (nearly 43%) of the watershed remains forested.  In addition, 
approximately 4% of the watershed is developed (primarily the City of Oneida) and 2% 
of the watershed is wetland.     
 
Existing Data on Oneida Creek 
 Lower Oneida Creek is listed as impaired on the New York State Priority 
Waterbodies List (PWL) for both Madison and Oneida Counties.  Sediment and 
nutrients are listed as the type of pollutants causing fisheries and aesthetic impairments 
to the creek.  Sources of these pollutants include agriculture, municipal wastewater 
treatment plants, urban runoff, and streambank erosion.  In addition fish propagation 
and survival in Sconondoa Creek are listed as stressed due to oxygen demand, 
siltation, thermal changes, pathogens, and aesthetics.   Primary sources of these 
stresses include municipal wastewater treatment facilities, agriculture, urban runoff, and 
streambank erosion.  These PWL updates were completed in 1996 and are rather 
outdated, however, they are in the process of being updated.  In addition to the PWL, 
both Madison and Oneida Counties have a Water Quality Strategy, which is a document 
used to guide water quality related activities at the County level.  Madison County’s 
Water Quality Strategy lists Oneida Creek as the second most important surface water 
priority due to high streambank and agricultural erosion rates which cause 
sedimentation problems for Oneida Lake and the fish species that use the creek as a 
spawning ground.   
 Water quality sampling, as part of the Oneida Lake Watershed Management 
effort, has been conducted for the major tributaries of Oneida Lake.  Oneida Creek was 
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sampled as part of this effort in 2000 and 2002-2003.  In 2000, Oneida Creek exhibited 
the third highest Total Suspended Solids (TSS) non-event loading rates and the third 
highest event loading rates (Table 1).  In the 2002-2003 sampling program, Oneida 
Creek was the largest per day contributor of TSS during storm events and the third 
largest contributor of TSS during non-storm events.  When examined on a per area 
basis, Oneida was the overall third largest contributor of TSS during storm events.  As 
the data suggests, Oneida Creek is clearly one of the largest contributors of sediment to 
Oneida Lake.  Currently, Oneida Creek is the subject of a more intensive stressed 
stream analysis being conducted by the Central New York Regional Planning and 
Development Board.  The goal is to identify segments or reaches of the stream that are 
contributing a greater amount of nutrients, pathogens, or sediment.  The end goal will 
be to focus implementation efforts in the most problematic locations.   
 
Sampling Date Non-Event 

TSS (kg/day) 
Event TSS 
(kg/day) 

Non-Event Areal 
TSS 
Loading(g/ha/day) 

Event Areal 
TSS Loading 
(g/ha/day) 

2000 6,299 181,670 213 6,153 
2002-2003 9,891 195,574 221 4,365 
 
 
Erosion Potential 
 Using GIS, a simplistic erosion potential model was created using existing soil 
layers, land-use information, and slope data.  Again, data availability limitations only 
allowed for analysis in Madison County.  The model rated areas of the watershed based 
upon potential for erosion, ranging from no erosion potential to very high erosion 
potential.  This primarily focused on land based erosion potential from development, 
agriculture, and landuse rather than focusing on streambank erosion along the 
tributaries themselves.  Three high potential areas are apparent and include; the 
watershed of Blue Creek which is a headwater tributary to Oneida Creek, the western 
hillslope of the Stockbridge valley, and the area surrounding an unnamed tributary to 
Oneida Creek in the City of Oneida (Figure 1).  Upon further investigation, it was 
determined that although the potential exists for erosion in the area within the City of 
Oneida, the stream itself is dammed in 2 or more locations.  This is a preserved park 
area called Mt. Hope Reservoir and is maintained as a multi-use area by the City of 
Oneida.  These dammed areas likely serve as effective sediment retention basins for 
this area and most likely mitigate any sediment impacts from this tributary.  
 In 1996, Jo-Anne Faulkner, a technician with the Oneida County Soil and Water 
Conservation District, walked the entire mainstem of Oneida Creek as part of a 
streambank erosion survey.  The goal was to quantify the erosion potential of individual 
stream reaches as a way to target areas for streambank stabilization projects. 
 
RESULTS OF BATHYMETRIC SURVEY 
 Figure 2 illustrates the detailed bathymetry of the submerged delta as compiled 
by our survey in the fall of 2003 (Figure 3). The delta takes on the classic morphology of 
a wave dominated delta characterized by an incised fluvial channel, levees on either 
side of the channel, and a broad apron of sediment that builds out 1800 ft from the 

Table 1.  Water Quality Sampling Results for Oneida Creek (Makarewicz 2000, Makarewicz 2003) 
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eastern shoreline. The orientation of the delta clearly indicates the dominant wind 
direction during storms from the WNW. The delta appears to have built out upon a 
deeper bench or terrace that occupies South Bay between 10 ft and 8 ft below normal 
lake level. This terrace may record an older, lower lake level and it is interesting to note 
the large bar that may mark a submerged barrier from Lewis Point to the north fringe of 
the delta (Figure 2). The delta itself is slightly asymmetric in depth, with a northern 
fringe that is somewhat shallower than the fringe to the south. Superimposed upon this 
general morphology are a number of sand bars that are well developed on the NW delta 
front (see poster in appendix; Figure 4). No bedforms were observed within the main 
axis of the Oneida Creek channel and this, along with the fact that the channel at and 
below the Route 13 bridge was floored with mud (not sand), indicates little bedload 
transport during most discharge conditions. Under high discharge events the mud 
deposited within the channel must be swept out into the lake exposing a coarse lag of 
gravel and refuse within lower end of the channel. 
 

Figure 2: Contoured bathymetric chart of Oneida Creek Delta as based upon digital survey illustrated in 
Figure 3. Contour interval is 0.5 ‘, with a range of depths of -1.5’ to -25.5’. 
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Figure 3: Survey tracks of digital soundings collected across the Oneida Creek delta and within 
South Bay, Oneida Lake. Red dots indicate end points of individual survey tracks and black lines are 
actually composed of merged dots that are not distinct data points at this scale. 

 
Figure 4: Oblique view of delta looking from the SSW toward the NNE. Contour colors are the same as in 
Figure 2.  
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Figure 5: Location of surface sediment samples collected across the delta and into the channel of 
Oneida Creek (Arnold, 2004). 
 
SUSPENDED SEDIMENT SIZE DISTRIBUTION 

The suspended sediment load of Oneida Creek was examined in relation to the 
particle size distribution and the total sediment of each size range supplied to the 
system. Twenty one (21) samples were collected during several events of differing 
character in order to asses the consistency of particle size transport under varying flow 
conditions and amongst the different tributaries feeding into the eastern end of Oneida 
Lake (Table 2). The grain size distribution of suspended sediment of Oneida Creek is 
primarily silt and clay, with only a minor percent of sand (Table 2). Since the delta is 
composed of sand (see next section) one must consider whether Oneida Creek could 
have been the primary or sole source of sediment on the delta. The way to assess this 
is to consider the total sediment discharge during flood or storm events. 
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Table 2: Grain size distribution of suspended sediment samples from Oneida Creek and adjacent 
drainages. Sampling dates are given as Month:Day:Year. SB is from Swallow’s Bridge; all others are from 
the delta at the mouth of Oneida Creek or nearby drainages. 
 

*(over estimate of sand % due to settling during collection) 
 
INTERANNUAL VARIATION OF SEDIMENT TRANSPORT MECHANISMS 
 Part of the dynamic nature of the delta system is due to the strong seasonal 
variation in sediment transport and reworking processes that are typical of a temperate, 
continental climate. The discharge curve for Oneida Creek illustrates a typical pattern of 
moderate discharge punctuated by peak flow events in the fall and late winter. These 
reflect autumnal storm activity and spring melt/runoff events (Figure 6). 

Creek                     M.D.Y Sand % Coarse Silt % Md & Fn Silt % Clay % 
Oneida Creek        3.10.04 10.68 20.83 61.98 6.51 
Oneida Creek        3.09.04 8.93 16.23 65.54 9.3 
Oneida Creek        3.08.04 5.58 13.95 66.07 14.4 
Oneida Creek        3.07.04 0.86 12.98 70.17 15.99 
Oneida Creek        3.06.04 16.56 18.4 52.88 12.16 
Oneida Creek      11.04.03 17.06 45.2 35.75 1.99 
Oneida Creek SB  3.18.03 8.29 22.83 58.25 10.63 
Oneida Creek        3.18.03 8.07 20.85 62.68 8.4 
Oneida Creek      10.17.02 1.29 12.75 74.04 11.92 
Fish Creek            8.07.02 44.91 19.86 30.12 5.11 
Oneida Creek  SB 9.12.02* 38.62 31.11 26.92 3.35 
Oneida Creek  SB 8.07.02* 33.97 29.85 32.76 3.42 
Cowalson Creek     8.7.02 27.72 34.27 35.56 2.45 
Conaseraga Creek  8.7.02 20.4 24.21 50.54 4.85 
Wood Creek           8.7.02 40.39 28.08 27.79 3.74 
Oneida Creek  SB 3.18.03 8.28 22.89 58.25 10.63 
Oneida Creek        5.12.03 4.51 11.1 61.4 22.99 
Oneida Creek a:  11.20.03 17.26 28.54 49.15 5.05 
Oneida Creek b:  11.20.03 15.4 23.92 54.41 6.27 
Oneida Creek c:  11.20.03 13.25 17.51 48.45 20.79 
Oneida Creek      11.13.03 30.47 24.47 39.29 5.77 



 13 

                    
Figure 6: Discharge conditions for Oneida Creek during the period of this study. 
 

Some of the largest discharge events are associated with cyclonic storm tracks 
of tropical depressions (remnants of hurricanes) which track across the area in some 
years. Late winter and early spring runoff events although large are not always the 
largest sediment loading events of the year, compared to fall rain storms (Figure 8). The 
peak in storm activity in the late fall and winter is also associated with drawdown of lake 
levels which means that the deepest wave base is also extended by the lower lake 
levels. The storm of 13 November, 2003 was associated with winds speeds of up to 56 
mph with sustained average winds of 45 mph out of the WSW (Figure 9). This event led 
to the highest suspended sand concentration (30.47%) observed in our study of the 
outlet of Oneida Creek (Table 2). The sand was not derived from the river but was 
resuspended load that was swept into the channel by wave processes. This particular 
storm preceded the drawdown of lake level but many other such events take place 
during the drawdown period.  

As the system ices over in winter (note that 2001 was the first year on record 
when Oneida Lake did not completely freeze over) the channel of Oneida Creek 
becomes blocked (Figure 7a). This is because the lower lake levels allow ice to form 
fast across the natural levees and that border the channel. Such restriction of flow 
forces narrow jets to cut the channel further out into the lake, under the ice at the 
western end of the channel (Figure 7a). This promotes extension and incision of the 
channel and actually allows the river to build outward, bypassing the delta proper. The 
maintenance of a deep (20’) channel just below the Route 13 bridge (Figure 4) is 
evidence of this incision process. During the spring runoff the river corrodes into the 
lake ice forming a narrow ice bound channel out into the lake (Figure 7b). Suspended 
loads are high at this time but sand loads are lower than fall rain storms (Table 2). 
However, one process that enhances sedimentation along the delta front at this time is 
the damming effect of floating debris, such as logs and branches that become lodged 
where the river flows under the ice (Figure 7b). This forms an effective baffle that 
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suppresses turbulence and enhances deposition of sand where normally (without the 
ice and baffle) it would be transported out into the deeper portions of the lake. 
 

                          
 
Figure 7: Photograph of ice over main channel and all of Oneida Lake (3/5/03) taken during sub-ice 
survey of bathymetry (left) and of break out of main channel (3/18/03) two weeks later (right). See table 2 
for grain size information of suspended load. 
 

              
 
Figure 8: Photograph of suspended sediment plume during fall storm (11/04/03). See table 2 for 
suspended sediment grain size. 
 

                            
 
Figure 9: Photography of waves breaking across the delta front during wind storm (11:13/03). See table 2 
for suspended sediment grain size. 
 
SURFACE SEDIMENT PARTICLE SIZE  

Thirty one (31) surface sediment samples were collected form the lower end of 
Oneida Creek, the delta, and the lake proper (Table 3). The samples were collected 
along two transects both into the channel and out across the delta (Figure 5). These 
were analyzed for their particle size distribution as illustrated in Figure 10. The lower 
channel of Oneida Creek actually contains mud rather than sand and is an indication of 
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both low flow conditions and the fact that Oneida Creek is a suspended load system 
with little bedload transport. It should be emphasized however that bedload transport 
during peak discharge events within Oneida Creek has not been directly measured. The 
channel levees, delta front and pro-delta consist of very well sorted fine to medium 
grained sand with the mud line (depth of increased silt and clay content) found at 10 ‘ 
depths along the delta front (Figure 11). Not surprisingly bedforms along the delta are 
dominated by wave bars and superimposed wave ripples. The orientation of the bars is 
parallel, to slightly oblique, to the contours of the delta front. These bedforms reflect 
oscillatory flow with net transport by longshore currents from the north to the south 
consistent with the dominant WNW wind direction and shore alignment. 

 
Table 3: Surface sediment sample locations and grain size parameters (from Arnold 2004). See 

Figure 5 for map view of locations. 
 

Transect  Sample #  Latitude Longitude    Water   Sand     Med 
  
Coarse 

       
Clay  

       
Mud  

     #        Depth (ft)     %   Silt % 
    Silt 
% 

          
% 

          
% 

13 13/13  N43-12.5567 W75-51.359      NA NA 36.0 10.0 10.9 56.9 
15/16 15/16  N43-10.7312 W75-47.166 40.4 17.1 52.4 14.8 15.7 82.9 
17/18 17/18  N43-10.6582 W75-47.0897 32.2 15.7 51.5 14.0 18.8 84.3 
1 21/22  N43-9.85376 W75-44.779 8.9 50.3 25.4 17.5 6.8 49.7 
2 23/24  N43-9.90117 W75-44.7315 7.5 77.0 11.1 8.6 3.3 23.0 
3 25/26  N43-9.95252 W75-44.7009 6.6 67.0 12.5 16.7 3.8 33.0 
4 27/28  N43-9.98909 W75-44.6165 5.2 85.0 4.9 8.3 1.8 15.0 
5 28/29  N43-9.97377 W75-44.5782 2.3 90.4 4.2 3.7 1.7 9.6 
6 31/32  N43-9.94281 W75-44.4847 4.3 93.4 3.6 1.7 1.3 6.6 
7 33/34  N43-9.9364 W75-44.4468 5.9 91.9 4.5 1.8 1.8 8.1 
8 35/36  N43-9.9287 W75-44.411 7.2 52.1 21.6 19.7 6.6 47.9 
9 37/38  N43-9.92205 W75-44.372 8.9 39.1 31.2 21.5 8.2 60.9 
10 39/40  N43-9.90357 W75-44.333 11.8 31.0 39.8 16.0 13.2 69.0 
11 41/42  N43-9.8093 W75-44.300 12.1 36.3 37.9 16.0 9.8 63.7 
12 43/44  N43-9.88065 W75-44.281 13.1 35.0 34.2 21.5 9.3 65.0 
13 45/46  N43-9.87339 W75-44.257 16.4 50.0 28.6 11.5 9.9 50.0 
14 47/48  N43-9.84987 W75-44.2105 19.4 16.3 44.6 12.3 26.8 83.7 
15 49/50  N43-9.8611 W75-44.2290 16.4 18.2 48.9 14.7 18.2 81.8 
16 51/52  N43-9.8644 W75-44.245 13.1 30.1 39.5 15.9 14.5 69.9 
17 53/54  N43-9.89785 W75-44.2832 2.0 90.6 5.4 2.0 2.0 9.4 
18 55/56  N43-9.8974 W75-44.3140 11.8 34.0 38.1 16.5 11.4 66.0 
19 57/58  N43-9.92254 W75-44.33012 2.6 88.8 6.3 2.4 2.5 11.2 
20 59/60  N43-9.94673 W75-44.3998 2.6 92.1 4.3 2.1 1.5 7.9 
21 61/62  N43-9.95715 W75-44.404 2.3 94.4 2.9 1.6 1.1 5.6 
22 63/64  N43-9.97340 W75-44.420 2.3 93.6 3.1 2.3 1.0 6.4 
23 65/66  N43-9.99595 W75-44.444 4.3 91.5 3.1 4.3 1.1 8.5 
24 67/68  N43-10.0103 W75-44.476 3.6 95.4 1.8 2.1 0.7 4.6 
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25 69/70  N43-10.06555 W75-44.531 5.6 95.0 1.6 2.4 1.0 5.0 
26 72/73  N43-10.095 W75-44.594 10.5 61.2 18.1 15.7 5.0 38.8 
27 75/76  N43-10.1250 W75-44.6436 12.8 29.7 40.0 19.5 10.8 70.3 
28 77/78  N43-10.1578 W75-44.692 14.1 20.4 47.0 17.1 15.5 79.6 
29 79/80  N43-10.2732 W75-44.8333 17.1 9.8 54.9 16.8 18.5 90.2 
30 81/82  N43-10.3487 W75-44.940 20.7 12.1 53.5 17.0 17.4 87.9 
31 83/84  N43-10.4757 W75-45.185 24.6 9.4 51.0 19.8 19.8 90.6 
 

 

 

                                       

                                 

                  

Figure 10: Grain size distribution for samples from the lake floor (top), delta front (middle) and inner channel of 
Oneida Creek (bottom). See Table 3 and Figure 5 for sample/transect location. 
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Figure 11: Sand % versus distance along transect (sample) from Channel (left) out into Lake (right), see 
figure 5 and Table 3 for sample/transect locations. 
 

SEDIMENT BUDGET 

To construct a sediment budget for the delta one must consider the quantity and 
character of sediment within the delta, the supply of and character of sediment 
introduced into the system, and the time interval over which the sediment budget is 
calculated. 
 
(1) Area =   3.2 x105 m2  = 3.53 x 106 ft2 (to 3.65 x 106 ft2)  
 
This is based upon the bathymetric map of the delta (Figure 2) and delineation of the 
edge of the system based upon slope and sand limits (mud line is at 10’; Arnold, 2004). 
The two estimates were done using circular limits for the edge of the delta or the GIS 
estimate of contoured depth. 
  
(2) Volume = 3.96 x 105 m3 or 1.42 x107 ft3 (to 1.73 x 107 ft3) 
 
The two estimates are calculated using an average thickness of 4’ and the circular edge 
of the delta or stepped areas and thicknesses based upon the details of the bathymetric 
map and GIS surfaces. 
 
(3) Sediment mass = 7.72 x108 kg of solids 
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This estimate is based upon the first volume given in (2), a porosity of 25%, and a 
density of solids of 2.6 x 103 kg/m3. 
 
(4) Sand supply, from Oneida Creek = 9.33 x 104 kg/day 
 
This number is based upon an average of 20% sand in suspended load (Table 2) and, a 
maximum suspended load of 4.67 x 105 kg/day (Makarewicz, 2003). 
 
(5) Time estimated to deposit delta from Oneida Creek = 8.3 x 103 days or 23 years. 
 
This number is based upon sustained discharge with the maximum suspended load 
given in (4). If average event loads or non-event loads are used in calculations the time 
needed for delta construction is increased to 1.97 x 104 days (54 years) to 3.9 x 105 
days (1069 years), respectively. The most realistic estimate should be based upon the 
nature of flow conditions over the longest period of time. Since events by definition are 
short lived the more realistic answer is closer to the 1000 year time frame.  
 
SEDIMENT CORE STUDY 
 The short core collected from South Bay provides some useful information on the 
timing of increased sand deposition within the system. The core represents a 
depositional rate of approximately 0.38 cm/y based upon 210Pb and 37Cs radioactivity. 
The former is a natural short-lived radioisotope commonly used for lake sediment 
chronology and the later is a human produced radioisotope associated with and limited 
to the period of atmospheric nuclear detonations, which peaked in 1963. Of interest is 
the increase in sand deposition beginning around 1973 and continuing up to the present 
time. This increased sand load records the influence of delta and channel progradation 
into South Bay. 

                                               
Figure 12: Grain size distribution within sediment core collected from South Bay. Note increasing sand 
content in upper 10 cm (since ~1973). 
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SURFACE SEDIMENT TOXICITY 
 A composite sample of silty mud was analyzed for trace and common elements 
and volatile organic compounds (Appendix). All results indicate levels well below EPA 
requirements. The only exception was for that of vanadium (a known carcinogen) which 
had a level of 9.8 mg/kg. At present the source of this material is unknown. The volatile 
organic compounds may not have been analyzed in a proper fashion due to sampling 
errors. However all levels were below detection limits. 
 
METHODS 
 
Particle Size Analysis 
 Particle size distributions of both suspended load (water) samples and sediment 
were determined on a Malvern Master Sizer E laser diffraction system housed in the 
sedimentology laboratory at Hamilton College. Laser diffraction is a rapid method, 
perfected in the last 10 years, of measuring the size variation of suspended particles via 
scattering of laser light. It has the advantage over traditional methods (such as pipettes, 
hydrometer, and sieving) in its rapid analysis time (about 5 mins. per sample) and its 
excellent reproducibility. The Master Sizer E measures particles from the sub-micron to 
600 micron (coarse sand) range. 
 
Bathymetry 
 Water depths across the OC delta and channel were determined using a shallow 
draft pontoon boat outfitted with a portable digital echo sounder operated at 200 kHz 
with 600 watts of power (www.odomhydrographic.comm).  The system’s transducer was 
specially designed for very shallow water depths and was mounted in front of the bow to 
maximize coverage in depths less than the boat’s draft. The GPS antenna was mounted 
directly above the transducer. The Odom Hydrographics,  Hydrotrach echo sounder has 
a built-in differential GPS receiver/signal processor and outputs data in hard copy 
analog form (paper record) and as a digital data string of depth, position, and time. The 
data string is read by laptob PC configured with surveying software Hypack Max 
(Coastal Oceanographics, Inc., www.coastalo.com). This allowed for real time data 
display and monitoring as well as post survey data editing. Such editing is required to 
remove noise from the received signal due to swell, ship motion, and water column 
interference (such as from weed beds). All records were thoroughly “ping edited” to 
remove such “noise” and then downloaded into a GIS software package that contoured 
the bathymetric data (Figure 2). 
 
Sediment sampling 
 All samples of surface sediment were collected by hand using a box grab 
sampler which collects a surficial surface sediment in a relatively undisturbed fashion. 
Sample locations were fixed by DGPS and marked on the hydrographic record.  One 
sediment core of 15 cm length was collected from the South Bay region off of the delta 
system. The core was collected using a KB corer which collects an undisturbed 
sediment water interface along with the down core sediment. This was essential in order 
retrieve modern material for 210Pb measurements. The core was split and sampled at 1 
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cm intervals. Samples were analyzed for water content, grain size, 210Pb and 137Cs 
activity. 
 
Radiogeochemistry 
 Activity of the natural radioisotope 210Pb and the anthropogenically produced 
radioisotope 137Cs were measured at the University of Hawaii under the supervision of 
Dr. Gary McMurtry.  
 
GIS Methodology: 
 Over 65,000 individual depth points were taken during our survey efforts in the 
fall of 2003.  Our transects mainly focused on the mouth of Oneida Creek and the South 
Bay area.  A total of over 45,000 of those points were used in our analysis and mapping 
of the delta formation at the mouth of Oneida Creek.  The survey was completed over 6 
days during October, 2002, and September and October of 2003.  During the periods of 
observation, New York State Canal Corporation records show that the water level 
variation was approximately 1/10 of a foot; therefore we felt no corrections were 
necessary to our depth data during that period.  All the points were processed, 
corrected for spurious data points due to wave induced noise and short term gaps in 
transducer or DGPS performance. The processed data were brought into GIS.  In 
addition to depth, each point also recorded the exact latitude and longitude in degrees 
decimal minutes format ( xx° xx.xxxx).  All points were converted into decimal degrees 
(xx.xxxx°) for mapping in GIS.   
 Using the Spatial Analyst extension within ArcView GIS 8.3, all points were used 
to create a shaded relief grid of the delta area.  In order to make the most smooth and 
representative map of the delta, the points were interpolated using a spatial analysis 
function known as inverse distance weighting.  Basically, this method predicts a value 
for any unmeasured location, by using the measured values surrounding the prediction 
location.  Although we took thousands of points, we could not cover every part of the 
delta, and hence the need to interpolate values between our sample points.  The 
resulting grid shows a color shaded relief map of the delta and surrounding area.  
Additionally we were able to generate contour lines for the area at any contour interval 
desired.  Half foot contours were used to show the general topography of the delta, 
however, 1/10th of a foot contours were useful in determining the finer details of the area 
including wave formations.  In order to develop detailed three dimensional maps of the 
delta, we used ESRI’s 3D analyst extension for ArcGIS.  The grids generated above 
were used in the 3D analysis, whereby the delta features were represented in a freely 
moveable environment that could be exaggerated to show both subtle and prominent 
features of the delta.  A number of views were generated, in addition to “flyby” movie 
scenes which simulate movement through the delta by an overhead observer.           
 
CONCLUSIONS 
A study of the sediment dynamics and morphology of the Oneida Creek delta, Oneida 
Lake New York provides the following conclusions: 

• The delta at the mouth of Oneida Creek is a wave dominated sand system that 
extends 1800 ft into Oneida Lake and is incised by a deep channel of Oneida 
Creek. 
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• The Oneida Creek delta covers an area of lake floor of from 3.53 x 105 to 3.65 x 
105 ft2 (~3.20 x 105 m2). It contains an estimate of 1.42 x 107 to 1.73 x 107 ft3 
(~3.96 x 105 m3) of sediment and pore fluid, comprising an estimate of 7.72 x 108 
kg of solids (sand). 

• Build out of the delta into Oneida Lake has taken place with noticeable impacts 
upon the sediment regime in South Bay (since at least the early 1970’s). Surface 
accretion (build up) of the delta is clearly taken place in late historic time. 

• Observed suspended loads and discharge characteristics of Oneida Creek are 
insufficient to have provided all of the sand within the delta within a reasonable 
length of time. 

• Significant sediment sources for the delta must include material resuspended 
from the eastern shore of the lake, particularly that area from the Fish Creek jetty 
at Verona Beach to and along Verona Beach State Park.  

• Exacerbated erosion of the shoreface region of the eastern end of Oneida Lake 
must be attributed to artificial lowering of the lake level, which extends the normal 
wave base, in conjunction with diminishment of sand supply from Fish Creek. 

• Dredging of the Oneida Creek delta to remediate the sedimentation problem will 
only temporarily alleviate the situation as the system will likely readjust to the 
new accommodation space provided by dredging. 

• Suspended loads from Oneida Creek are contributing excess mud (silt and clay) 
to Oneida Lake but are not considered the major source of sand that currently is 
deposited across the delta. 

 
Future Steps 
 Remediation of the sedimentation problem at the mouth of Oneida Creek via 
dredging would be a temporary solution. Sediment supply is clearly multi-sourced (from 
river, shoreface, and lake shore) and dredging would only be effective if steps were also 
taken to limit subsequent sediment delivery back into the system. Adaptation to the 
existing delta is probably a better avenue to consider.  
 A variety of data exists on the water quality of Oneida Creek itself and the state 
of its streambanks and watershed.  When coupled with the Stressed Stream Analysis 
that is currently underway, we have the ability to pinpoint and prioritize implementation 
projects within the watershed.  For areas identified through these efforts that cover large 
stream areas over multiple locations, perhaps the growing field of natural channel 
design hold some potential.  Although very few such projects have been undertaken in 
the Central New York area, current Natural Channel Design options do exist.  In some 
cases site specific bank stabilization BMP’s such as rootwads, riparian plantings, 
streambank stabilization, and others may be more appropriate.   Now that we have 
identified these priority areas through fieldwork and GIS, we can begin the process of 
pinpointing exact locations for remediation work and targeting funding for these efforts.  
A number of grant sources are available, including the New York State Environmental 
Protection Fund, the Great Lakes Commission, the U.S. EPA, the Finger Lakes-Lake 
Ontario Watershed Protection Alliance (FL-LOWPA) Special Projects Fund, the Central 
New York Community Foundation, and other potential grant opportunities.  The 
existence of extensive water quality monitoring data and the inclusion of this area within 
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the Oneida Lake Watershed Management plan should greatly assist in the 
competitiveness of grant applications.    
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Appendix I: Toxicity Report Attached 
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Appendix II: Katie Arnold’s Thesis, “Sediment Particle Size of the Oneida Creek 

Delta” Attached 
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Oneida Lake is the largest lake within interior New York State, located in central N.Y.  Its 

unusual limnological conditions create high productivity, and it supplies important economic and 

recreational resources for the area (Mills, 1978).  Over the past 10 years there has been a 

transition from the entire lake to the O.C. delta, a large increase in sedimentation decreasing the 

depth of the mouth of the tributaries and the shoreline (Local residents’ per. communications). 

Oneida Creek, which is a tributary of Oneida Lake, is believed to be bringing in large amounts of 

sediment that are building up and adversely affecting the environment of the lake. This growing 

deposystem is creating many problems for the aquatic life, for humans trying to navigate the 

lake, and those simply trying to enjoy the aesthetics. Oneida Creek has developed a wave-

dominated delta. Waves give rise to a variety of currents that may be directed onshore, parallel to 

the shore or offshore. The deposition of wave-dominated deltas is dominantly at the shoreline 

with facies sequences that coarsen upward from shelf muds, to silty sand, to storm and wave 

dominated sands (Reading, 1996). The long-term goal of this project is to discover where the 

supply of the sediment for the delta is coming from and to learn more about the nature of a wave-

dominated delta.   34 surface sediment samples were collected throughout the channel of Oneida 

Creek and across the delta front using the program Max Oceanographer with a built in 

differential GPS unit –hydrotrak to take a detailed bathymetric. The depth of water and location 

of the samples- latitude/longitude were recorded. The average water depth is 6.8 meters, while 

the average sand, medium silt, coarse silt and clay percentages are 54.6%, 23.39%, 11.4%, and 

8.58% respectively. The surface sediment samples were run through the Malvern for grain size 

analysis and showed that the river is largely made up of mud, while the delta is predominately 

sand.  

Introduction  
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Oneida Lake 

Oneida Lake originated from Lake Iroquois, which was a massive body of water that 

formed at the end of the Ice Age nearly 12,000 years ago. This occurred when the lower tide ice 

sheet dammed the St. Lawrence River which resulted in flooding that included much of Central 

New York. As the result of global warming, the ice mass melted and moved northward, thus 

opening the St. Lawrence outlet to the Atlantic Ocean which caused Lake Iroquois’ waters to be 

drained. Due to a slightly deeper depression, not all of the water was drained from Lake Iroquois. 

What was left in the depression is what we now know as Oneida Lake (Mills et al., 1998).                               

The size and shape of the basin, water residence time, and light penetration are critical 

factors in the biological productivity and the water quality (Makarewicz, 2000). Oneida Lake is 

located approximately 18 km northeast of Syracuse (Makarewicz, 2000). Oneida Lake is 33.6 km 

long with a maximum width of 8.8 km (Mills et al., 1998) (Figure 1 and 1a). It is a spoon shape 

lake with the deeper end being along the eastern end. Its average depth is around 6.8 m and has a 

surface area of 206.7mi^2 (Makarewicz, 2000). Its long axis is oriented east-southeast to west-

northwest making it fully exposed to the prevailing westerly winds. While the surface currents 

usually travel in the direction of the prevailing winds, the subsurface currents don’t necessarily 

do so. In fact, in the open lake of Oneida Lake, at a depth more than half the distance to the 

bottom, the subsurface currents move in the opposite direction  
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Figure 1 and 1a:  Oneida Lake Watershed and a regional view of the                
          eastern end of Oneida Lake (the study location).   
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of the prevailing winds (Makarewicz, 2000). The combination of the wind and shallow depth of 

the lake prevents semi-permanent (seasonal) thermal stratification that is typical in most other 

north-temperate lakes (Makarewicz, 2000).  

The drainage basin is underlain by a range of sedimentary rocks that dip gently to the 

south and that cover a range of rock units that vary widely in their resistance to erosion. They 

range in age from Middle Ordovician to Upper Devonian and are broken up into three different 

physiographic regions: The Tug Hill Upland, the Appalachian Upland and the Erie-Ontario 

Lowland (Mills, 1978). The bedrock pattern is significant because it affects the nature of 

groundwater, landforms, land use and soils (Makarewicz, 2000). The lake’s bottom sediments 

were last studied in 1969. At that time, silt and clay were the dominant sediment material 

covering 40.3 percent of the lake bottom, while sand made up 27.5 percent, cobble and rubble 

Oneida Creek 

Figure 1a 
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17.8 percent, and gravel 10.2 percent. Prior to 1935 the sedimentation rate was 0.8mm/yr.  This 

sedimentation rate sharply increased from 1960 to 1994, averaging 3.9mm/yr.  Major changes 

are not expected, except for near the mouths of tributaries where the deposition of watershed 

born sediment has been high.  The high deposition of watershed born sediments is possibly due 

to shoreline erosion related to flooding events and low levels of water (Makarewicz, 2000). 

Oneida Lake is naturally eutrophic making it highly productive in plants, especially 

phytoplankton. This lake provides economic opportunities for thousands of people, as well as 

offering outstanding fishing, recreational attractions, and aesthetic appeal. All these activities 

greatly depend upon the water quality and the environmental health of the lake and its tributaries. 

The environmental health of the lake and its tributaries are directly influenced by land use 

practices in the lake’s  

watershed (Makarewicz, 2000). The increases in population, development pressures, the loss of 

agricultural resources such as nutrients and soil from the watershed, and the increasing amount 

of sediment deposition are all threatening the environmental health of Oneida Lake. These 

factors have lead to the loss of fish habitat due to sedimentation and nutrients in Oneida Creek. A 

lake with a short residence time like Oneida responds quickly to reductions in external inputs of 

sediment and nutrients. Determining the sources and magnitude of soil and nutrient loss is one of 

the first necessary steps for successful land management and improving the health of Oneida 

Lake (Makarewicz, 2000).  

Oneida Lake’s nearshore sediment compositions are consistent with the geology of the 

sub-basin drained by each tributary. Most lake sediment supply comes from decaying plant and 

animals as well as from the sedimentary material that has been carried by the tributary from the 
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drainage basin. A stream’s aptitude to transport sediments fluctuates proportionally with 

velocity. Deposition, therefore, occurs most readily where the stream enters the lake, due to an 

immediate decrease in velocity. The concentration of sediment particles therefore decreases as 

the distance from the mouth of the stream increases (Makarewicz, 2000). 

 Oneida Lake is part of the Erie Canal system (Figure 2) and with this system the lake 

levels are artificially controlled.  The water levels are regulated for navigational purposes, to 

reduce flood damage, and to prevent ice damage in the winter (www.canals.state.ny.us).  As 

navigation slows down in the fall the water levels are drawn down for storage capacity predicting 

the runoff in the spring.  In the winter the levels are brought down the lowest while in the spring 

the levels are gradually increased, trying to maintain the storage capacity as long as possible, but  

 

 

 

 

 

 

Figure 2:  Oneida Lake on the Erie Canal System. 
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Figure 2  (www.canals.state.ny.us).   

 

 

 

 

enough to reach the summer target levels.  Summer levels are regulated to contain moderate 

runoff and still use the lake to its full capacity (Figure 3).  Public water supple and navigational 

Oneida Lake 
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levels are given highest precedence to guarantee a reliable, stable water supply throughout low 

water summer months (www.canals.state.ny.us).   

Oneida Creek  

Out of the eight southern tributaries that were studied on Oneida Lake, Oneida creek is 

one of the largest (Makarewicz, 2000). According to an initial tributary monitoring data from the 

Oneida Lake watersheds, Oneida Creek supplies about 6,153 g/ha/day of  Total Suspended 

Solids (TSS), making it one of the largest contributors of TSS (Madison County planning 

proposal). When comparing different bathymetric maps of the area, the general depth around the 

creek mouth and of the shoreline was about 3-4 feet (Figure 4). Recently they have shown to be 

3 feet or less with some areas only being 1.5 feet deep. The Priority Waterbodies List (PWL) for 

New York State has listed lower Oneida Creek as impaired for fish propagation because of 

excessive silt that covers eggs and decreases microinvertebrate forage for young fish. Lower 

Oneida Creek is usually considered a nursery for fish in Oneida Lake (Madison County planning 

proposal). The fish community has a deep intergraded importance to the ecosystem and to the 

people of Oneida Lake. 

Oneida Creek starts off in Peterboro swamp, located in the Appalachian Upland in central 

Madison County. It then proceeds to flow southeast into the Stockbridge Valley where it turns 

northward. It meanders through the Lake Plain Region, as is characteristic of its oxbow 

formations, finally emptying into South Bay of Oneida Lake. The topography of the watershed 

varies through its travel. It starts  
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Figure 3:  Oneida Lake Levels for 2000 
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Figure 4:  The contour lines of the eastern end of Oneida Lake. 
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Figure 4 

 

 

 

out with rolling till plains and then changes to steep valley sides with a flat valley floor in the 

Stockbridge Valley. The creek’s gradient ranges from 36.7 km/mile near Peterboro to 1.96 

km/mile in its lowest ream to Oneida Lake. Surficial deposits consist of fluvial sediments, 

lacustrine, and glacial till, while the bedrock of the area is composed of limestone and shale. The 

Stockbridge Valley is known for its very steep sides and high stream gradients which are a cause 

of elevated rates of streambank and farm erosion. 

As a whole, in the Oneida Creek subwatershed, intensive agriculture production takes 

place on 40 percent of the land area. This area contains 76 farms, 34 dairy farms, as well as cash 

crops, and beef and sheep operations. 38 percent of the watershed is forested with the majority of 

this land being wooded swamps.  In some areas there is the problem of streambank erosion, 

surface water runoff, and valley flooding.  There is also the more hazardous problem of sheet and 

rill erosion (Makarewicz, 2000).  

  

Clastic Coast and Deltas 

Depositional coastlines vary with regard to their amount of terrigenous sediment. For 

depositional coastlines without much terrigenous sediment, biochemical sediments are able to 

form. For depositional coastlines with an ample amount of terrigenous sediment, this supply 
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either comes directly from the land via the river system or from an adjacent coast or shelf by 

littoral processes. As alluvial sediment reaches the shore, it is redistributed by basinal processes 

such as longshore drift, coastal current drift, and stream waves. Thus siliclastic coastlines reflect 

the interplay of two competing groups of processes, fluvial currents and basinal energy (Reading, 

1996).  

It was not until after the late 19 70’s that the importance of wave-dominated deltas was 

better understood with regards to interpreting process-related models including deltas. Factors 

such as coarse grain size, the caliber of sediment, water depth, the nature of the feeding system 

and the tectonic-physiographic setting began to be examined more closely. The makeup and 

volume of sediment in the Oneida Lake area is characteristic of the alluvial catchment area, its 

relief, size, climate, tectonics, vegetation, and the character of its superficial deposits and 

bedrock. These factors determine the grain size, amount, and method of delivery of the 

sediments to the shoreline. Sedimentary delivery to the basin by a river has certain behavioral 

and consequential depositional patterns that depend on the relative dominance of “(i) the inertia 

of the inflowing water as it enters the basin, and its diffusive mixing with basin water; (ii) the 

friction of the inflow at and basinward of the river mouth; and (iii) the buoyancy process at the 

river mouth” (Reading, 1996). The major factors that determine how these processes are played 

out are; the water discharge, the density contrast between the basin waters and the river, the grain 

size including concentration, suspension, and the total load ratio of the sediments, water depth at 

the river mouth and the basinward, and the velocity of the river (Reading, 1996). 

The interaction between the basinal reworking processes and the supply of sediment is 

strongly reflected by the morphology of shorelines. The dominant processes that move sediment 
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at shorelines are fair-weather waves and tides, which sometimes are enhanced by storms. Waves 

generate a range of currents, which may be directed offshore, obliquely, onshore, and parallel to 

the shore. Storms increase the intensity and interrupt the day-to-day processes by creating an 

increased turbulence and sudden movement of water and sediment both onshore and offshore 

(Reading, 1996).  

The build up of sediments that are developing around the mouth of Oneida Creek has caused the 

creek to be classified as a wave dominated delta. Deltas have immense stratigraphic significance 

and occur at the base level, either local or at sea level (Prothero and Schwab, 1997). Deltas form 

when the shoreline is fed straight from a contemporary river that supplies the sediment more 

rapidly than basinal energy can redistribute (Reading, 1996). Deltas are linked with meandering 

fluvial deposits that are prograding in time, which means their sedimentary bodies develop by 

lateral accretion. Wave dominated deltas are usually submerging features and are characterized 

by being fan shaped and by having greater amounts of sand than other deltas due to the waves 

reworking the sediments (Prothero and Schwab, 1997). Wave dominated deltas have a large 

amount of sediment supplied by longshore drift rather than a river (Reading, 1996).  

The environment of Oneida Lake is slowly but surely changing. These changes are 

critical and must be addressed before they get out of hand. Starting at the sedimentary level is the 

first step to come to any conclusions. The delta of Oneida Creek is an excellent area to study and 

work towards answers that will hopefully save the habitats in and around New York State’s 

biggest lake.  
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Methods 
 

Field Work 
 
 October 8th 2003 we left the South Bay dock around 8:30am, the day was sunny with light winds.   On the 

boat we used the hydrographic system Hydrotrac-Precision Survey Echo Sounder.  This produced hard paper copies 

and was integrated with a built-in differential GPS Hydrotrak 12 khz system to gather a detailed bathymetric survey 

and location using the computer software Hypack Max (Figure 5).  We also gathered 34 benthic grab samples and 

recorded the location and depth (Appendix 1).  We made two transects, one into the Oneida Creek channel and then 

one across the delta (Figure 6).  We lowered the benthic grab sample collector, sent down the messenger, brought up 

the sample and dumped it into a bucket.  Following this, I would then let the sample settle out, or if it was easy to 

gather, it would be transferred to a small plastic zip lock bag that would later be put in a fridge to keep cool. 

Lab Work 
 Once the samples were all collected the next step was to analyze their particle size via the Malvern (a laser 

diffraction system.) Each sample ran was first dispersed 

into small pieces in an ultrasound bath of calgan solution for one minute.  After the Malvern was aligned and the 

pump, ultrasound, and tank were turned on, the sample would be poured in and run through the system.  The 

Malvern Mastersizer E uses the particles in suspension to measure laser diffraction.  There is a low power Helium-

Neon laser that passes through a beam expanding optic, forming a monochromatic and collimated analyzer beam 

that is projected through an internal tank to the receiver, which is made up of a range of lenses and a detector. The 

range lenses detect any particle that  
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Figure 5:  Out on Oneida Lake collecting samples using a Differential GPS,        
Hydrotrac-Precision Survey Echo Sounder and the computer software                                        
Hypack Max. 
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Figure 6:  The 2 transects we made when collecting the samples; red is going into the 
river channel and blue is going across the delta. 
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intercepts and scatters the analyzer beam.  Smaller particles scatter the beam at higher angles. The machine 

determines the size of each individual grain by analyzing the angles (Domack personal communications).  The 

results were then printed out for further analysis (Appendix 1). 

 The next objective was to map out where all the samples were taken from on Oneida Lake.  Using the 

latitude and longitude I was able to mark down the 34 sample locations to get a better idea of exactly where they 

came from. Continuing from there I split the sampling into two different tracks.   

 With the help from Scott Ingmire from the Madison County Planning Department we used the ArcView 

GIS 8.3 Environmental Systems Research Institute computer system [ESRI] to create three dimensional computer 

images of the delta including short movies, contour lines, regional views, and color contrasting depth diagrams.  

Analysis of the data was the next step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 
 

In order to solve the bigger problems one must look at the smaller details.  In the case of Oneida Lake, the 

health of the lake is being put at risk because of an immense sediment supply into the Southern Bay.  At first glance 

this may just look like an insignificant development.  When one realizes the depth of the issue, however, it becomes 
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apparent that if the problem continues the changes that will occur to the lake, its habitat, and its surrounding features 

will be very severe.   

After running the samples through the Malvern to gather complete grain size and sediment composition 

analysis and plotting the sample sites on the map (Figure 6) one can more clearly see what is occurring. Figure 6 is a 

map of the southern part of the lake that shows the exact location of where all 31 samples were taken from.  At each 

sample we also recorded the depth of the water. 

Tables 1, 2, and 3 in appendix 1 are a compilation of all the data gathered from Oneida Lake.  This 

information is further displayed in the maps, graphs, and figures. These tables are very helpful when comparing the 

different parts of the study area, the sediment make up, and the water depth of the area. The average water depth for 

the sampling area is 3.86 meters, the average sand, medium silt, coarse silt and clay percentages are 54.6%, 23.39%, 

11.4%, and 8.58% respectively.   

On the sampling day we made two different transects, one going into the channel and another going across 

the delta.  There are 31 plots that follow the pattern of the boat and our sampling tail.  Transect 1 is going into the 

channel, while transect 2 is going across the delta and then out into the lake.  This can all be seen in figure 6. 

   I looked at water depth vs. sand percentage (Figure 7), water depth vs. clay percentage 

(Figure 8), and water depth vs. silt percentage (Figure 9).  Figure 7 is showing the water depth 

vs. the sand depth. In the shallower waters there is a greater percentage of sand ranging in the 90 

percent area.  As the water deepens the percentage of sand decreases to less than 10 percent.  

There is a grouping of data points that ranges from the water depth of 2-7 feet.  After 7 feet the 

data points disperse more evenly.  The linear regression of this graph is 0.750.  

 In figure 8, where water depth and the clay percentages are compared, one can see the 

opposite correlation.  As the water depth increases so does the amount of clay, but similarly both 

figures have the same grouping of data points in the 2-7 feet depth mark.  In the river channel, 

sample numbers 43-51 have a greater amount of clay  percent than the number found traveling to 

and across the delta.  The clay percentage for sample numbers 43-51 ranges from 9.3 percent to 

almost 27 percent. The rest of the samples found in the river channel and in the deeper water 
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range from 0.73 percent to almost 20 percent with the majority of them being less than 10 

percent clay. The linear regression on this graph is 0.813.   

In figure 9 one will see similar trends that were found in figure 8.  The silt percentage is lower in the 

shallower waters presumable because they are located in the delta.  The majority of the samples are under 10 percent 

silt in this area.  The percentage then increases as the depth of the water increases in the river channel and out in the 

deeper waters past the delta.  Coarse silt reaches the 20 percent range, while medium silt gets up in the 50 percent 

range.  There is again a similar grouping of data points forming the mud line around the depth of 7 feet.  The mud 

percentage of Oneida Lake, which is made up of clay and silt, is about 40 percent. This can also be seen in Table 1 

of appendix 1.   

 

 

 

 

 

 

 

 

 

 

Figure 7:  Sand percentage verse water depth. 
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Figure 8:  Clay percentage verse water depth. 
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Figure 9:  Medium and coarse silt verse water depth. 
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  Figure 9 

 

 

 

 

 

I also used the data to look at an area view of the different types of sediment and the water depth (Figure 

10).  Figure 11 and 11a compare transect 1 and 2 with the sand percentage and clay percentage. I also analyzed the 

sand percentage of transect 1 and 2 with a specific location (Figure12).   Figure 10 is an area graph showing the 

sediment type within the water depth range.  Again the highest percentage of sand is found in the shallower waters, 

and as the sand percentage decreases the coarse silt, medium silt, and clay all increase at variable amounts.  The 

large peaks in the sand could possible represent sand bars.   

When comparing transects 1 and 2 with the amount of sand and clay percentage there is 

an opposite trend (Figure 11 and 11a).  As the sand percentage increases in the beginning of 

transect 1 and 2 (going towards the river channel and the across the delta) the clay percentage 

decreases.   Conversely, as the clay percentage begins to build up at the end of each transect in 

the river channel and in the deeper waters the sand percentage decreases.  

 Figure 12 breaks down the two transects into 3 categories; the sand percentage going towards the river 

channel, going into the river channel, and then across the delta into the deeper parts of the lake.  As one travels 

towards the river channel they ride across the delta therefore there is a high percentage of sand.  While in the first 
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sample is 50 percent sand, by the 5th sample there is over 90 percent sand. Right by the mouth of the river with 

transect sample #11 the percentage of sand drops to 36.3 percent.  Once the river channel is reached the sand 

percentage drops. The highest percentage of sand found in the river channel is 50 percent and the lowest percentage 

is 16.3 percent.  One will find the highest percentage of sand once they leave the river channel and move across the 

delta where the percentages reach almost  

 

 

 

 

 

 

 

 

 

 

Figure 10:  Sediment type versus water depth. 

 

 

 

 

 

 

 

 

 

 

 



 70 

 

 

 

 

 

 

 

 

Error! Objects cannot be created from editing field codes. 

  Figure 10 

 

 

 

 

 

 

 

 

 

 

Figure 11 and 11a:  Sand and clay percentage of transect 1 and 2. 
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Figure 11a 

 

 

 

 

 

 

 

Figure 12:  Sand percentage broken down specifically 
when traveling towards the river channel, into the river 
channel and across the delta to deeper water. 

 
 

 

 



 73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 74 

0

25

50

75

100

0 5000 10000 15000

Distance (ft)

          Oneida Lake
Sand % traveling the delta

Sand % going across the

delta to deeper water

Sand % going towards

the river channel

Sand % in the river

channel

 

Figure 12 

 

 

100 percent sand.  Then as one moves away from the delta, into the deeper waters, the sand percentage decreases to 

20 percent and under. 
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Figures 13-17 are some results from the Malvern.  The graphs are used to display the cumulative and 

frequency distribution of the sediment sample. Each graph represents a different sampling site.  Figures 13 and 16 

are from the delta, Figure 14 and 15 are from the river channel, and figure 17 is from out in the deeper levels of the 

lake.   Figures 13 and 16 are sample numbers 33 and 59 the water depth for these samples are 5.9 feet and 2.6 feet 

respectively.  They are both coming from the delta and one can clearly see that sand is the main sediment in that 

sample.  Figures 14 and 15 are sample numbers 47 and 49, they both have a water depth of 19.4 and 16.4 feet.  The 

depth of water is significantly deeper. The river channel shows that sand is less of a factor here while clay and silt 

dominate the sediment sample.  Figure 17 is from sample number 81 from the water depth of 20.7 feet.  This sample 

is also similar to figures 14and 15 with its sediment makeup, but it is from farther out in the lake. 

 Using all the Malvern grain size and sediment composition data I was able to chart the 

sand, medium silt, coarse silt, and clay percentages (Table 1) and the mean grain size and modal 

size for each mark (Table 2).  Table 1 also has the water depth, distance between each marking, 

and the latitude and longitude that can be used for comparative analysis. Table 3 is the break up 

for the two different transects. 

This information offers a good visual for the location of the sampling, both into the channel and across the 

delta.  The data also tells what types of sample were collected in that area.  The river channel ranges from 16.3 

percent sand to 50 percent sand where the delta ranges anywhere from 31 percent sand to 95 percent sand with the 

majority of the samples being in  
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Figures 13 –17: Malvern results from different localities. 
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the upper half. From analyzing this data it is obvious that the river is not supplying the sand to the delta and there 

must be another source of sand.    The question must be asked, where is the sand coming from? 
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Discussion 
 

 Oneida Lake, which is the largest lake within NY State, is glacially formed and highly 

productive (Makarewicz, 2000).  It is part of the Erie Canal system and is very environmentally 

and economically important to the surrounding community.  Oneida Creek is one of the largest 

tributaries flowing into the southern end of Oneida Lake, right into the Oneida Creek delta. 

Oneida Creek delta is a wave-dominated delta (Makarewicz, 2000).  40 percent of the Oneida 

Creek watershed is used for intensive agricultural purposes.  It has been shown in recent studies 

that the mouth of the river and the surrounding area is decreasing in water depth (Makarewicz, 

2000).   This has an impact on the aesthetics of the lake, the navigation, and the aquatic life.  It is 

possible that erosion from farming and development from upstream is bringing in the sediment, 

but is it the case here?  Is it Oneida Creek that is supplying the sediment and causing the build up 

of the Oneida Creek Delta? 

 Based on the analysis of the results and the evidence we know that the delta is 

predominately sand while the river channel is mainly mud, with some sand underlying the mud.  

From this we can conclude that there is another source of sediment.  How does the Erie Canal 

affect the lake? What about long shore drift? And what does it mean for Oneida Creek delta to be 

a wave-dominated delta? 
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 Figure 7 shows the relationship between sand percentage and water depth. In the 

shallower waters there is a greater percentage of sand and as the water deepens the percentage of 

sand decreases.  One would expect to see this, especially at the mouth of a river, where there is 

an immediate decrease in the current velocity, change in friction, temperature, and buoyancy. 

The heavier sediments like sand are likely to drop with these changes.  The linear regression is 

0.750, which shows that there is a good relationship between the percentage of sand and the 

water depth.  The grouping of data points ends around the delta lake level. This is where the 

waves are coming creating the wave base as the data points start to decrease. 

 Figures 8 and 9 show the relationship between silt and clay percentages respectively. 

Together they make up the mud content of the lake.  Both of these figures have opposite trends 

than the sand percentage, but they themselves share a very similar trend. As the water depth 

increases so does the amount of silt and clay. The clay percentage graph has a linear regression 

of 0.813.  This again shows there is a good relationship between the clay percentage and the 

water depth.  The silt and clay graphs also have a similar grouping of data points in the same 

range of depth, forming the mud line.  Overall figures 7, 8, and 9 show that the water depth is 

important when controlling the deposition and transport of sediment. 

 Figure 10, which charts the area of sediments and the water depth, displays strong peaks developing in the 

sand section.  They are believed to be the development of sand bars.  In fact by looking at Figure 18 one can actually 

see the sand bars in the delta.  Figure 18 also shows evidence of possible slumping of the delta slope deposits.  This 

could be a result from the steep slope and a high sediment supply rate (Reading, 1996).   Slope instability is common 

where there is rapid accumulation and steep growth. For this fact deltas present major turbidity flows and the 

dominate source of slumps in the basin of lakes (Reading, 1996). When looking at figure 11 and 11a it is interesting 

to see that sample numbers for the sediment type are almost completely opposite each other for the sand  
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Figure 18: The dynamics of the delta from a top view. 
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percentage and the clay percentage.  This is just reinforcing that where there is a good deal of 

sand there is only a little clay. 

Figure 12 displays the sand percentage in 3 different categories; the sand percentage 

going towards the river channel, going into the river channel, and going across the delta into 

deeper water.  Here there are specific changes of sand percentages as the categories change.  This 

supports the fact that there is little sand in the river channel, but the delta is made up of almost 

completely sand.   

 When viewing the Malvern results from the 5 different samples; (33, 47, 49, 57, and 81) it 

is easy to see the individual sediment make up of each sample and compare them with the 

different locations they are from.  Samples 33 and 59, which are from the delta, are 

predominately sand. Samples 47 and 49 are both from the river channel and they have more clay 

and silt than sand.  Sample 81, which was taken from the deeper waters of the lake, has some 

clay, more silt, and just a little sand.  The river channel and the region past the delta have a 

dramatic difference in their water depth ranging from 16 to 20 feet deep, while the water depth of 

the delta is only 2.6 and 6 feet in these samples.  The transport of sand into the delta is having 

significant effects on the depth of the water and the environment of the lake.   

 Oneida Lake is part of the Erie Canal system, which means that areas of the lake and the 

canal are dredged and the levels of the lake are artificially drawn down (Figures 2 and 3) 

(www.canals.state.ny.us).  Figures 7, 8, 9, show that the lake level and sediment deposition are 

correlated with each other.  We took our samples in the fall, as the Erie Canal system starts to 

prepare for winter and slowly draws down the lake levels.  I believe that the level the lake is 

brought down to effects where the wave base is being formed.  To have more evidence of this 

more samples will have to be taken in different season when the level of the lake has changed.  
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  Another issue is the dredging of the lake.  I did not look into this in my research, but it is 

worth mentioning for it could be important in future research of the Oneida Creek delta.  Some 

of the sand that is dredged is put on Sylvan beach, which is a little north of Oneida Creek on the 

eastern shoreline (Figure 1).  It is possible that an unnatural amount of excess sand is being 

transported to the delta by longshore drift.  Oneida Creek delta is a wave-dominated delta, waves 

generate a range of currents, which may be directed offshore, obliquely, onshore, and parallel to 

the shore (Reading, 1996).  It is also believed that wave dominated deltas have a large amount of 

sediment supplied by longshore drift rather than by a river (Reading, 1996).   Figure 19 is an 

aerial view of the eastern end of Oneida Lake.  The formation of the delta is seen by the lighter 

circular shape protruding from Oneida Creek (lighter because the water depth is shallower) it 

also shows a lighter strip along the coast starting up north and ending in the delta, this is 

evidence of longshore drift.  

 In conclusion we know that there is another source of sediment supplying the delta, for the 

river channel is mainly mud and the delta is primarily sand.  We know that there is a good 

relationship between the sand and clay percentages with the water depth and that the water depth 

has a great impact on the deposition of the sediment.  Oneida Creek delta is a wave-dominated 

delta. Waves create a substantial amount of energy and currents that  
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Figure 19:  An aerial view of the eastern end of Oneida Lake showing evidence of 

the delta and longshore drift. 
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create different factors (temperate, speed, buoyancy, and friction) that may contribute to 

sediment transport.  Artificially lowering the lake, dredging, and the amount of sediment that 

longshore drift is adding to the delta will all have to be studied further, along with the source of 

the mud and the little amount of sand in the river channel.  

The delta of Oneida Lake is building up and these sediments are adversely affecting the environment.  The affects 

may not be obvious, but these changes are critical and must be addressed before they get out of hand.  There is a 

need for much more research in this area to fully understand the nature of wave-dominated deltas and this build-up 

of sediment before thoughts of resolving the problem can occur.  Something needs to be done in order to save the 

valuable habitats within the lake.  
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Appendix 

Table 1  Bathymetric GPS and Malvern Data 

Table 2  Malvern data: Mean Grain Size and Model Size 

Table 3  Transects 1 and 2 broken down in more detail. 

Table 4 A complete set of the MasterSizer E Malvern results giving the cumulative and frequency of every 
sample. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Bathymetric, GPS, and Malvern results. 
Mapped  Mark  Latitude Longitude    Water   Sand     Med   Coarse        Clay         Mud  
     #        Depth (ft)     %   Silt %     Silt %           %           % 
13 13/13  N43-12.5567 W75-51.359      NA        NA 36.0 10.0 10.9 56.9 

15/16 15/16  N43-10.7312 W75-47.166 40.4 17.1 52.4 14.8 15.7 82.9 

17/18 17/18  N43-10.6582 W75-47.0897 32.2 15.7 51.5 14.0 18.8 84.3 

1 21/22  N43-9.85376 W75-44.779 8.9 50.3 25.4 17.5 6.8 49.7 
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2 23/24  N43-9.90117 W75-44.7315 7.5 77.0 11.1 8.6 3.3 23.0 

3 25/26  N43-9.95252 W75-44.7009 6.6 67.0 12.5 16.7 3.8 33.0 

4 27/28  N43-9.98909 W75-44.6165 5.2 85.0 4.9 8.3 1.8 15.0 

5 28/29  N43-9.97377 W75-44.5782 2.3 90.4 4.2 3.7 1.7 9.6 

6 31/32  N43-9.94281 W75-44.4847 4.3 93.4 3.6 1.7 1.3 6.6 

7 33/34  N43-9.9364 W75-44.4468 5.9 91.9 4.5 1.8 1.8 8.1 

8 35/36  N43-9.9287 W75-44.411 7.2 52.1 21.6 19.7 6.6 47.9 

9 37/38  N43-9.92205 W75-44.372 8.9 39.1 31.2 21.5 8.2 60.9 

10 39/40  N43-9.90357 W75-44.333 11.8 31.0 39.8 16.0 13.2 69.0 

11 41/42  N43-9.8093 W75-44.300 12.1 36.3 37.9 16.0 9.8 63.7 

12 43/44  N43-9.88065 W75-44.281 13.1 35.0 34.2 21.5 9.3 65.0 

13 45/46  N43-9.87339 W75-44.257 16.4 50.0 28.6 11.5 9.9 50.0 

14 47/48  N43-9.84987 W75-44.2105 19.4 16.3 44.6 12.3 26.8 83.7 

15 49/50  N43-9.8611 W75-44.2290 16.4 18.2 48.9 14.7 18.2 81.8 

16 51/52  N43-9.8644 W75-44.245 13.1 30.1 39.5 15.9 14.5 69.9 

17 53/54  N43-9.89785 W75-44.2832 2.0 90.6 5.4 2.0 2.0 9.4 

18 55/56  N43-9.8974 W75-44.3140 11.8 34.0 38.1 16.5 11.4 66.0 

19 57/58  N43-9.92254 W75-44.33012 2.6 88.8 6.3 2.4 2.5 11.2 

20 59/60  N43-9.94673 W75-44.3998 2.6 92.1 4.3 2.1 1.5 7.9 

21 61/62  N43-9.95715 W75-44.404 2.3 94.4 2.9 1.6 1.1 5.6 

22 63/64  N43-9.97340 W75-44.420 2.3 93.6 3.1 2.3 1.0 6.4 

23 65/66  N43-9.99595 W75-44.444 4.3 91.5 3.1 4.3 1.1 8.5 

24 67/68  N43-10.0103 W75-44.476 3.6 95.4 1.8 2.1 0.7 4.6 

25 69/70  N43-10.06555 W75-44.531 5.6 95.0 1.6 2.4 1.0 5.0 

26 72/73  N43-10.095 W75-44.594 10.5 61.2 18.1 15.7 5.0 38.8 

27 75/76  N43-10.1250 W75-44.6436 12.8 29.7 40.0 19.5 10.8 70.3 

28 77/78  N43-10.1578 W75-44.692 14.1 20.4 47.0 17.1 15.5 79.6 

29 79/80  N43-10.2732 W75-44.8333 17.1 9.8 54.9 16.8 18.5 90.2 

30 81/82  N43-10.3487 W75-44.940 20.7 12.1 53.5 17.0 17.4 87.9 

31 83/84  N43-10.4757 W75-45.185 24.6 9.4 51.0 19.8 19.8 90.6 

    average  11.2 55.0 25.4 11.4 8.6 45.4 
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Table 2 Malvern Results: Mean grain size and modal size.  
 

Sample #            Mean Grain Size                                  Modal Size 
13/13 38.3 214.6 
15/16 15.2 10.08 
17/18 13.2 7.81 
21/22 69.4 41.93 
23/24 198.4 242.02 
25/26 106.6 108.87 
27/28 159.3 170.46 
28/29 160.3 151.46 
31/32 222.6 225.59 
33/34 174.4 176.73 
35/36 72.2 114.29 
37/38 46.9 110.62 
39/40 27.1 23.77 
41/42 34.3 128.92 
43/44 39.2 42.29 
45/46 65.9 186.99 
47/48 11.5 1.91 
49/50 16.3 18.73 
51/52 25.9 24.9 
53/54 165 166.16 
55/56 31.5 135.27 
57/58 140.3 146.04 
59/60 185.2 190.38 
61/62 201 203.3 
63/64 221.9 227.35 
65/66 210 213.08 
67/68 227.5 359.84 
69/70 195.5 199.46 
72/73 99 138.8 
75/76 30 37.88 
77/78 19 17.41 
79/80 13.6 14.78 
81/82 15.3 17.24 
83/84 14.7 25.19 

 

 

 

 

Table 3 Transects 1 and 2 divided in more detail. 
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Transect 1    

mapped # Sample #     Distance (ft) 
                              
Sand % 

                     
Clay % 

1 21/22 0 50.3 6.8 

2 23/24 632.94 77 3.3 

3 25/26 1139.29 67 3.8 
4 27/28 1898.81 85 1.8 

5 28/29 2405.16 90.4 1.7 

6 31/32 3164.69 93.4 1.3 

7 33/34 3569.77 91.9 1.8 
8 35/36 4076.12 52.1 6.6 

9 37/38 4481.2 39.1 8.2 

10 39/40 4835.64 31 13.2 

11 41/42 5848.34 36.3 9.8 
12 43/44 6607.87 35 9.3 

13 45/46 6861.04 50 9.9 

14 47/48 7367.39 16.3 26.8 

15 49/50 7772.47 18.2 18.2 
     

Transect 2    

mapped # Sample #   Distance (ft) 
           Sand 
%        Clay % 

16 51/52 0 30.1 14.5 

17 53/54 5063.5 90.6 2 
18 55/56 1215.24 34 11.4 

19 57/58 1620.32 88.8 2.5 

20 59/60 2278.57 92.1 1.5 

21 61/62 2784.93 94.4 1.1 
22 63/64 3240.64 93.6 1 

23 65/66 3595.08 91.5 1.1 

24 67/68 4050.8 95.4 0.73 

25 69/70 4759.69 95 1 
26 72/73 5569.85 61.2 5 

27 75/76 6278.74 29.7 10.8 

28 77/78 6967.38 20.4 15.5 

29 79/80 8202.87 9.8 18.5 
30 81/82 9215.57 12.1 17.4 

31 83/84 11240.97 9.4 19.8 
 

 


