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ABSTRACT 

In this study an examination of environmental factors potentially affecting the ability of small 
ponds to perform as water quality improvement facilities has been undertaken within a 240 square 
mile (622 square km) region of the North Carolina Piedmont, largely within the urban - suburban 
region of Charlotte, N.C. The study has involved 10 sequential sets of analyses. The first was a 
remote sensing and GIs-based analysis of the relationships between watershed attributes and 
turbidity within ponds during interstorm or dry periods. The second and third were analyses of 
bulk sedimentation (in 20 basins) and sedimentary facies (in five ponds). The fourth was a study 
of the physical and chemical limnology of a suite of 20 ponds. The fifth and sixth were 
investigations of P, N and Zn chemistry of pond sediment. The seventh through tenth involved a 
multicomponent analysis of pond performance during a full year climatic cycle with additional 
detailed analyses of a number of storm events. 

The benefits of small ponds to serve as water quality improvement facilities is likely limited 
(without dredging) to - 50 years. Approximately 1% of the existing ponds are likely to need 
remediation or improvement each year, if the current estimate of a net 12% benefit to TSS removal 
by the ponds is maintained. The efficacy of ponds for pollutant removal is species-dependent. 
From 20% to 98% of TSS, BOD, COD, total P and some metals such as Pb and Cr are likely to be 
removed. Ponds have limited efficacy (40%)  in removing other components such as C1, TKN 
and ortho P. Stratification in ponds during summer months produces anoxic, hypolimnionic 
waters which can dynamically exchange adsorbed constituents within sediment reservoirs with 
storm pulses of more dilute epilimnionic water. This can result in short periods of downstream 
TDS levels higher than under nonimpounded conditions. 
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SUMMARY AND CONCLUSIONS 

In this study an examination of environmental factors potentially affecting the ability of ponds to 
perform as water quality improvement facilities has been undertaken. The study involved ten 
sequential sets of analyses. The first was a remote sensing and GIs-based analysis of the 
relationships between watershed attributes and turbidity within ponds during interstorm or dry 
periods. The second and third were analyses of bulk sedimentation (in 20 basins) and sedimentary 
facies (in five ponds). The fourth examined the physical and chemical lirnnology of a suite of 20 
ponds. The fifth and sixth comprised investigations of P, N, and Zn chemistry of pond sediment. 
The seventh through tenth involved a multicomponent analysis of pond performance during a full 
year climatic cycle with additional detailed analyses of a selected number of storm events. These 
studies led to the following conclusions. 

1. Remote Sensing and GIs Analysis 

1.1. During the last 50 years, construction of ponds in the Charlotte region has produced about 
100 ponds per -60 square mile (- 155 square lun) USGS quadrangle. This has resulted in - 1.4 
ponds per square mile (-.65 ponds per square km). 

1.2. These ponds capture waters from approximately 10% to 15% of the land surface. 

1.3. Of the -400 ponds investigated, a significant number (30% - 40%) have elevated turbidities 
(>-25 NTU) for protracted interstorm periods, and thus are likely to provide little water quality 
benefit to downstream waters. 

1.4. Many, with the exception of large ponds on perennially flowing streams, have uniform 
surface water turbidities, which indicates that 'plug' flow is the exception not the norm. 

1.5. An analysis of the relationships of landcover, watershed area, soil and age characteristics to 
pond turbidity indicated few, if any, clear relationships. Groups of ponds with similar (a) drainage 
area to pond area, (b) landcover, and (c) soil factors thought to be related to sediment erosion, 
yield no correlations with the interstorm turbidities. 

1.6. Age-turbidity relationships show some general tendencies, which together with the results of 
the sedimentation studies discussed below, argue for filling of ponds to a shallow state (due to 
sedimentation occurring over time) as the most likely causative factor in the persistence of states of 
high turbidity during interstorm periods. However, low stage conditions for the 1983 dataset 
could be a contributing factor. 

1.7. Several nested sets of ponds in the study area show decreasing turbidities in ponds positioned 
successively downstream from each other. This indicates that much of the sediment which 
contributes to turbidity is being supplied from the influent streams and that the upstream ponds are 
efficiently capturing much of that sediment load. If resuspension of sediment is occurring within 
the ponds, its importance is subordinate to material entering from the influent streams. 

1.8. Assuming that the elevated turbidities represent failure of ponds to settle suspended materials 
due to shallowing with age and selecting a NTU level of -25 as a threshold level, -30% to 40% of 
the ponds would fail during an interval of -25 to 45 years. Thus, an - 1 %/year replacement or 
remediation rate appears to be required to stabilize the water quality benefits currently provided by 
the -400 ponds in the 4 USGS quadrangle study area. 



2. Sedimentation Rates and Sedimentation Processes in Ponds 

The historical analysis of sedimentation in 20 ponds has yielded important information about the 
rates of sedimentation in ponds, and thus about their benefits as water quality facilities as well as 
their life expectancies. 

2.1. The average sediment yield that is needed to account for the accumulated sediment in the 
ponds that were studied during Phase I is -2.6 tonslacrelyr. If conservative settling efficiencies in 
these ponds of approximately 75% are assumed (see Wu, 1989), the sediment inputs to these 
ponds are 3.5 tonslacrelyr. The net watershed benefit to the N.C. Piedmont, assuming 15% of the 
watershed drains into ponds, is a reduction in net suspended sediment of -1 1%. 

2.2. The rates of sedimentation calculated for each of the ponds were used together with initial 
reservoir capacities to determine life expectancies of the ponds. From these data the average life of 
the ponds is caculated to be 145 years with a standard deviation of 66 years, a minimum of 42 
years and a maximum of 290 years. However, these ages are the times required for complete 
infilling. Clearly only during a fraction of this interval (perhaps 113), will there be sufficient 
depths to maintain the quiescent bottom conditions and the water storage volumes that are required 
for optimum sediment removal. Thus, a more conservative estimate for the average beneficial age 
of these ponds is -50 years. This is consistent with the results of the remote sensing study above. 

2.3. Isopach maps of the 20 basins and facies analysis of the five ponds and Park Road Park 
Pond indicate that ponds with significant channelized inputs fill partly by prograding deltas 
composed of silty and sandy facies. In addition to deltaic infill, clays settle out with admixtures of 
organic matter to form pelagic sediments throughout the nonlittoral regions of all ponds. Only 
minor amounts of the pelagic sediments accumulate in the shallow ( ~ 6 0  centimeter) littoral areas, 
probably due to resuspension processes. While the construction of a 'fore bay' to facilitate 
dredging of deltaic materials would help to extend the life of some of the pondsstudied, many 
ponds are filled dominantly by such pelagic sediments. These pelagic sediments would likely 
bypass fore bays. The expectation is, therefore, that ponds with sediment fore bays would infill at 
rates that are not dramatically different from similar ponds lacking fore bays. Given these factors, 
ponds with fore bays may not significantly extend the interval over which the pond acts as an 
effective pelagic sediment trap. 

2.4. Given the sparsity of soupy pelagic sediment in littoral regions, it is also questionable 
whether any benefit is provided by water volumes within shallow ( ~ 6 0  centimeter) littoral realms. 
In estimating volumes for ponds, it is perhaps best to exclude this realm from residence time-based 
performance calculations. 

2.5. The instrumentation of Park Road Park Pond during Phase I1 provided two separate means of 
estimating sediment loads derived by erosion from the urbanized watershed. These were the use of 
direct observations of TSS concentrations during storm events over a 10 month interval to derive a 
TSS rating curve, and secondly, the use of 4 sediment traps in the pond to measure settling of 
sediment in the water column. The annually adjusted sediment loads determined by these two 
means are 2.18 and 2.23 tonslacrelyr, respectively. These are remarkably similar to the average 
determined from the historical analysis of sedimentation in the twenty ponds studied during Phase 
I. 

2.6 Zinc accumulations in pond sediments ranged from 2 kg to 1,065 kg per pond. Ammonium 
accumulations in pond sediments ranged from 0.1 kg to 73 1 kg per pond. Nitrate accumulations 
ranged from 0.03 kg to 22 kg per pond, while organic nitrogen accun~ulations ranged from 4.1 kg 
to 4,999 kg per pond. Total phosphorus accumulations in pond sediments ranged from 11 kg to 
33,222 kg per pond. 
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2.7 Annual accumulation rates per hectare of terrestrial drainage for zinc in pond sediments ranged 
from 0.002 kg/ha per year to 0.6 kglha per year. Annual accumulation rates of organic nitrogen in 
pond sediments ranged from 0.006 kglha per year to 2.8 kg/ha per year. Annual accumulation 
rates of total phosphorus in pond sediments ranged from 0.02 kgha per year to 6.6 kgha per year. 

3. Physical and Chemical Limnology 

3.1. Conductivity profiles indicate that periods of temporary stratification in the water column can 
occur in most pond settings during summer months. The year-long monitoring of conductivity and 
thermal profiles in Park Road Park Pond indicates a concentrational density stratification at a depth 
of 2-3 meters. Stratification will produce bottom anoxic conditions, which are returned to oxic 
conditions briefly during large summer storm flow events, and for longer periods during fall, 
winter and spring. During spring, fall and winter stratification is essentially nonexistent and little if 
any thermal stratification was evident throughout the year. 

3.2. Conductivity profiles indicate dynamic interactions within the water column. The epilimnion 
is episodically diluted by storm-induced flushing events. It exchanges with the underlying anoxic, 
high conductivity hypolimnion. Also large storms may disrupt this stratification entirely. 

3.3. The analysis of TSS budgets for the Park Road Park Pond indicate that there is a 98% 
trapping efficiency for TSS. The TDS budgets, in contrast, indicate that the inflow and outflow 
are essentially in balance (within estimates of error). This does not indicate that Park Road Park 
Pond is a passive reservoir for dissolved constituents. Rather the bulk ionic content of inflow 
waters appears to be maintained as it passes through the basin. The rapid changes in the structure 
of the conductivity profiles indicate potential exchanges with material in the bottom sediment 
reservoirs. Often during individual storm events Park Road Park Pond acted as a source of 
dissolved material to downstream waters as pond waters with higher concentrations were displaced 
by more dilute runoff waters. 

4. Adsorption/Desorption Analysis of Phosphorus, Nitrogen and Zinc. 

4.1. Results of the adsorption and desorption analyses are highly variable depending on pollutant, 
and thus each constituent should be examined individually. 

4.2. In general, zinc and phosphorus have high adsorption capacities whereas ammonium has a 
low adsorption capacity. 

4.3. During resuspension events, most sediment would continue to adsorb any zinc in solution as 
unfilled binding sites exist on pond sediments. Phosphorus would adsorb only if water 
concentrations were to rise, essentially opening additional adsorption sites on particles. Since 
ammonium binding sites are at capacity, resuspension of sediment has significant potential to 
release ammonium. Anoxic conditions would also allow the diffusion of sediment-bound 
phosphorus and ammonium into hypolirnnetic waters, which may continue to diffuse into 
overlying epilirnnetic waters or may be flushed downstream during episodic storm events. 

5. Settleability of Urban Runoff Pollutants 

5.1. It is evident that many of the pollutants associated with urban runoff waters are not 
significantly associated with TSS removal. These chemical variables include chloride, TKN and 
ortho P, all of which showed less than a 20% decline in concentrations in the settling experiments 
run with the samples of storm water influent to Park Road Park Pond. These components are 
either dissolved or adsorbed onto small colloids that remain in suspension. 
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5.2. Chemical variables which exhibited moderate declines in concentrations (between 20% and 
60%) include turbidity, COD and total P. Both COD and turbidity have protracted declines 
(beyond 24 hours) indicating an association with the finer fractions of settleable materials. Total P 
declined dramatically in the first 24 hours. 

5.3. Chemical variables which declined more than 60% in concentration over the course of the 
experiment, indicating a strong association with larger settleable materials included BOD, Cr, Pb 
and ammonium. 

6. Exchange of Pond Water with Ground Water 

6.1. Direct observations of seepage for the shallow areas of the Park Road Park Pond indicate that 
the littoral area loses -0.022 L per square meter per day. 

6.2. Calculations of hydraulic conductivity by slug test analysis from several deeper sediment 
covered areas yielded: mean K= 0.00000806, median K= 0.0000042, maximum K = 0.0000401. 

6.3. Determination of subpond hydraulic gradients together with the measurements of hydraulic 
conductivity perrnit estimations of recharge using Darcy's Law, and these range from 20 to 100 
L/day for the entire pond area. However, combining littoral observations with those calculations 
of loss from deeper parts of the pond leads to estimates of recharge to ground water ranging from 
-60 to 140 L/day for the entire pond. 
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Recommendations 

The remote sensing-based inspection of turbidity in ponds indicates that basins with elongate 
geometries promote plug flow, and those with more equant geometries promote mixed flow. All 
other factors aside, the designs of retention basins for optimum water quality benefit, should 
include considerations of geometries that promote plug flow. 

The thousands of small private ponds in Noah Carolina historically have been designed without 
consideration of their role as water quality BMPs. These basins have provided, and can continue 
to provide, an ancillary water quality benefit to the State by reducing nonpoint source pollution. 
However, these basins are not optimally designed or maintained for this purpose. Approximately 
30% of these basins (at least in this study area) are aging and soon need to be closed or dredged to 
prevent them from becoming a potential source of stream degradation as bottom sediment 
undergoes resuspension and is released into downstream receiving waters. Incentives that can 
promote better maintenance, or retrofitting, of the older ponds could represent a cost-effective 
means of abating nonpoint source loads in NC waters. 

Future research regarding the public impacts of private ponds should strategically focus on: (a) 
quantifying the negative water quality impacts of aginglfailing ponds, (b) performance analysis of 
various retrofitting options for small ponds for improving water quality benefits, and (c) watershed 
scale modelling of nonpoint source pollution with varying pond performance attributes. 

Point source to non-point source trade offs in pollution control may represent a means of 
developing incentives for retrofitting these older ponds, if performance characteristics can be 
reliably predicted. 

Conversely, ponds which threaten downstream receiving waters by resuspension of potentially 
chemically-laden sediment should also be examined and possibly closed. Nonregulatory 
guidelines for pond closure that minimize release of accumulated bottom sediment may be an 
avenue the State may wish to promote through the North Carolina Soil Conservation Service or 
Cooperative Extension Service. 

This research also confirms the efficiency of properly designed wet retention basins for sediment 
removal in a Piedmont setting. The Park Road Park Pond examined in the second half of this 
study retained over 98% of its TSS inputs during the 1995 calendar year. However, the research 
also provided experimental data that indicates that sediment retention ponds are dynamic aquatic 
environments where complex biogeochemical exchanges between sediments and the overlying 
water column can occur. This is particularly important given the episodic flushing and short 
residence times for storm runoff in most retention basins. During 1995 the average water 
residence time in the Park Road Park Pond basin was 16 days. However, this was reduced to 8 
hours during the single largest runoff event on August 27, 1995 when the entire pond volume was 
exchanged 3 times in one day. The potential release of contaminants associated with sediment to 
downstream aquatic systems may be significant during episodic large runoff events as well as 
through chronic, long term diffusion during quiescent periods. 

It is also apparent from this and other studies that for several pollutants such as organic nitrogen, 
Cl- and NO3- little if any water quality benifits may be derived from wet retention basins as these 
pollutants have no or little association with particulate material in storm runoff. 

Areas of future research which will increase our understanding of the benefits provided by wet 
retention basins as BMPs and further our predictive abilities in future BMP design include the 
following: 
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1. An examination of the post-depositional mobility of redox-sensitive sediment-bound pollutants 
such as phosphorus and toxic trace metals. Such data will provide information as to the long term 
retention of sediment-bound pollutants, and guidance as to proper pond dimensions which serve to 
minimize thermal and chemical stratification of pond waters. 

2. A thorough analysis of the relationships between pollutant species and load with the grain size 
and mineralogy of sediment produced in Piedmont and other physiographic settings. Such data 
may improve our ability to predict pollutant deposition in retention basins based on physical 
settling rates of sediment if we have better information about pollutant affinities for sediment of 
different size classes and mineralology. 

3. An increased effort to obtain reliable field data quantifiying sediment export rates from 
watersheds of different scales, physiography and land use types. Such data is urgently required to 
assess both the potential effectiveness of BMPs in mitigating non-point source pollution and to 
facilitate the basin wide modeling of water quality in current management plans. 



I. INTRODUCTION 

1.1. Need for Research 

The maintenance and restoration of high water quality within the surface waters of the United 
States is of primary importance. Within the southeastern Piedmont Province of the U.S. 
(including parts of Virginia, North Carolina, South Carolina and Georgia), one of the common 
means of mitigating agricultural and urban runoff pollution has been, and continues to be, the 
creation of small ponds or "wet retention basins". Small ponds have proliferated across the 
Piedmont Province of the southeast since the 1950's. In 1948 these basins captured around 1%- 
2%, and by 1972 around 12% to 15%, of the overland flow in a portion of the study region near 
Charlotte, North Carolina (U.S.G.S. Derita quadrangle, Figure 1). 

Figure 1. Location map of study area with the history of pond construction in the 
U.S.G.S. 7.5 minute Derita quadrangle of North Carolina, from four temporal sets of 
aerial photography. Ponds less than 1 acre are excluded. 

Inspection of infrared aerial photography (acquired in a dry spell during the late winter of 1983) 
reveals that many of the basins in this region have elevated 'background' turbidities and potentially 
represent sources rather than sinks for surface water pollutants. The resuspension of particulate 
matter and potential desorption of organic and inorganic contaminants represent emerging threats to 
downstream ecosystems and water supply watershed areas as these basins age. 



In addition to the potential problems associated with the aging of some 80,000 existing ponds 
across the state of North Carolina, there are new issues related to two contemporary efforts which 
promote the creation of new basins in urban areas. These two efforts are: federal EPA mandates to 
reduce non-point pollutionassociated with urban and agricultural storm water runoff (1990 
NPDES rules pursuant to the Clean Water Act), and North Carolina efforts for the protection of 
specific surface drinking water supplies (NC Water Supply Watershed Protection Law, N.C.G.S. 
143-214.5). Rules adopted under this law, require within certain water supply watershed areas that 
best management practices (BMPs), such as wet retention basins, be used to offset the impacts of 
high density development. The responsibility for the creation, maintenance, inspection and 
dredging of the basins is in the hands of local government. However, as pointed out by Wu 
(1989) "information on the beneficial use of detention ponds in the Piedmont is limited" ... and "the 
rate of sediment accumulation in Piedmont wet detention basins [has] not been studied." 

1.2. Physical Models for Pond Design and Performance. 

There are two contrasting models for basin performance which can be tested by current research 
efforts. 

The first is the model that is presently relied on for the design of wet retention basins in North 
Carolina. The North Carolina state guidelines for retention basins are founded on generic models 
of retention basin performance (e.g. Harrel, 1988; EPA, 1986). These guidelines suggest that the 
removal efficiency expressed as a percentage of the initial concentration can be obtained by 
adhering to simple drainage-basin-to-detention-basin area ratios and minimum pond depths. The 
framework is essentially a residence time model for pond performance. Wu (1988), who used 11 
storm events on three ponds in one area of urban Charlotte to characterize wet detention basin 
efficiency, concluded that ratios of 1% or 4.5% are required to obtain 62% and 85% removal of 
TSS, respectively, in the Piedmont. The equations underlying the EPA models and the study of 
Wu, imply that basin removal of a dissolved constituent, expressed as a percentage of the initial 
concentration, would be independent of sediment accumulation rates. If true, then concentrations 
of adsorbed contaminants in accumulated sediment may be high under low initial TSS conditions. 
The relationships of the suspended to dissolved load are not clear. There are a number of studies 
(e.g. Zison, 1980) that have indicated that in many hydrologic settings TDS and TSS are strongly 
correlated. However, a number of other studies of bottom sediments show particle size and 
compositional dependencies on the scavenging of pollutants . For example, the work of Nakazono 
and Saotome (1979) indicated preferential scavenging of PCB's and mercury by clay particles. 
They also showed that the adsorption of heavy metals increase in proportion to turbidity. The 
concentrations of adsorbed contaminants in bottom sediment in wet retention basins in the 
Piedmont are basically unknown and difficult to predict given our present state of knowledge. 

An alternative model for basin peformance is that pond dynamics (wind, biological, chemical, and 
thermal processes) act together to create a background turbidity state within a pond that is akin to 
the steady state turbidity created by turbulent forces operating in streams (e.g. see Partheniades and 
Mehta, 1971; Rouse, 1937). Since few theoretical factors within the formulation of the equations 
for the 'steady state' turbulence in streams are directly appropriate for wet retention basins, the 
steady state stream turbulence model is used only as a general analog for how intrinsic basin 
conditions can give rise to sustained levels of elevated turbidity. 

In reality, sediment loading, sediment characteristics, pollutant spectra, residence time, 
depositional processes, and post-depositional processes are all likely to be factors and are all likely 
to vary as a function of land use, storm intensity, and pond age. Before outlining the research 
design a few background comments on some of the variables are warranted. 



1.2.1. Role of sediment load. 

The long term performance of basins depends in part on sediment load. While a number of studies 
have been conducted from which various estimates of sediment load can be formulated for basins 
within different land use and physiographic settings, the variability of these estimates is such that 
these have limited practical application in predicting the time-dependent performance of any given 
pond (Figure 2). 

Landuse Classes for Two Empirical Studies 
of Suspended Sediment Loads 

Figure 2. Estimates of contemporary sediment loading of surface waters within the 
Piedmont of North Carolina. The work of Simmons (1988) derives sediment yields for 
watersheds of contrasting land cover from measurements of suspended sediments at 
selected USGS surface stream sampling stations. The work of Hamed (1994), conducted 
on small basins in Guilford County, N.C., reveals estimates of sediment loads generally an 
order of magnitude greater than those of Simmons. 

The uncertainty in, or variability of, sediment loads to small ponds makes it difficult to estimate 
performance, longevity, optimum design, or maintenance requirements. Meade, 1982, in his 
review of sedimentation in the larger regional context of Atlantic drainage, makes clear that there 
are fundamental differences in the estimates of sediment loads generated from consideration of 
overland flow phenomena ( e g  from application of the Universal Soil Loss Equation; Wischmeier 
and Smith, 1978) and those more directly represented by instream suspended sediment 
measurements. Judging by North Carolina Piedmont conditions typical of the Charlotte study area, 
ponds capture insufficient drainage (4 5%) to account for the apparent deficits. Thus, without site 
specific data on sediment loading, many issues relating to the use of wet detention basins as BMPs 
will remain unresolved. 

1.2.2. Sediment characteristics. 

The effectiveness of ponds as water quality BMPs in urban areas is first and foremost dependent 
on the ability of particulate matter in surface runoff to adsorb pollutants and subsequently settle out 
in ponds. The sizes of particles, and their compositions, are thus both likely to be important 
factors in pond performance. Figure 3 illustrates the role of particle size (and implicitly also 
particle composition) on adsorption of pollutants. 
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Figure 3. Variation of concentrations of pollutants in sediment of varying mean grain sizes 
from High Point Lake, N.C., (Davenport, 1993). 

The observation that concentrations can be an order of magnitude higher in the finer clay size 
deposits implies that ponds could trap the coarser size fractions but have only a minor impact on 
overall water quality if the more contaminated clays are left in suspension. Essentially, the finer 
10% of the suspended load could be carriers of more than 80% of the pollutant load. 

1.2.3. Post-depositional chemical and biological effects. 

Water composition of lakes and water impoundments are determined to a large extent by sediment- 
water interactions (Lerman, 1979). Transfer of chemical compounds between sediments and the 
overlying water involves a number of physical, chemical and biologically mediated processes. 
These processes include the sedimentation of suspended material onto bottom sediments. 
Microbially-mediated reactions in littoral and deep-water sediments lead to the immobilization of 
soluble compounds, the mineralization of organic matter, and the release of inorganic and soluble 
organic complexes into sediment pore waters andlor the overlying water column (Cuker et al., 
1990). Physio-chemical reactions involve both dissolution-desorption and precipitation-adsorption 
reactions (Avnimelech et al., 1983). In addition transfer mechanisms such as diffusion, 
turbulence, resuspension and biological disturbance affect the transfer of soluble and insoluble 
components across the sediment-water interface. 

The importance of post-depositional processes can be seen by a consideration of two observations. 
The first is that numerous studies have shown that metals are particularly susceptible to post- 
depositional migration under changing redox conditions and tend to concentrate in the uppermost 
layer of sediment that lies immediately adjacent to the sediment-water interface. Figure 4 illustrates 
one set of data from sediment analyzed from a small wet detention basin receiving urban and 
highway runoff (Harper et al., 1983). 

The other observation, is that many ponds appear to have interstorm periods of elevated turbidity. 
If interstorm periods involve sediment resuspension (e.g. due to wind energy) then one must 



accept the possibility that exit waters could be substantially more contaminated than inflowing 
waters. 

Depth 
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Figure 4. Variations in concentrations of metals in sediment as a function of depth from the 
sediment-water interface, from a small wet retention basin receiving urban-highway runoff 
in Florida (Harper et al., 1983). 

1.2.4. Sedimentation dynamics in ponds. 

The physical dynamics of lakes and ponds are governed to a large degree by differences in water 
density (Allen and Collinson, 1986). The density of water is primarily controlled by temperature 
and to lesser degrees by sediment concentration and salinity. Water exhibits its greatest density at 
4OC and its density decreases as temperature increases. Warm water (tropical) lakes tend to become 
density stratified more easily than cool water (temperate) lakes because of the relatively constant 
solar input. In temperate regions, lakes and ponds are subject to seasonal variation in solar input. 
As a result, the surface waters can cool to the density maximum (4OC, or lower) during the winter 
months. At the time of the spring thaw, lake water may be equitherrnal and only small amounts of 
wind energy are required to mix the column. As spring progresses, thermal stratification develops 
as the surface water warms. In the autumn, mixing may occur as air temperatures drop and surface 
waters cool and sink. This can occur as a dramatic wind-driven overturn event which lasts only a 
few hours. 

Wind also affects ponds by generating surface waves. The orbital motion of water particles 
affected by surface waves can extend to the bed where water is shallow enough for the waves to 
disturb the bottom sediments. The maximum depth to which waves affect the bed is approximately 
one half the wavelength. The dimensions of surface waves depends on wind strength, duration 
and fetch. Since fetch length influences the transfer of wind energy to the lake water, the 
orientation of the pond with respect to prevailing winds strongly influences sediment transport. 

Another way in which wind affects lakes and ponds is by generating currents. In wide shallow 
lakes, water can pile up on the downwind side. This generates a return flow along the margins of 
the lake toward the upwind side. When the wind drops, the piled up water may flow back toward 
the upwind end of the lake, generating an oscillating motion known as a seiche. While such 



motions are probably not sufficient to cause bedload transport, they may be important to transport 
of material in suspension (Yuretich, 1979). 

In addition to currents generated by winds, currents generated by inflowing water have a strong 
influence on the patterns of sedimentation. In shallow lakes and ponds, Gilbert style deltas on the 
margins of the basin are important products of inflow. Also, in thermally stratified lakes, the 
inflowing water may not mix vertically with the lake water. It may be denser and travel as an 
underflow or it may be less dense and travel as an ovefflow. Underflows are capable of 
transporting a wide range of grain sizes as density currents into the basin. Overflows are capable 
only of transporting clays and silts, but may be able to disperse them throughout the basin (Wetzel, 
1983). 

At the present time there is an inadequate understanding oE (a) rates of sediment accumulation in 
wet retention basins, (b) the long term performance of wet retention basins, (c) the concentrations, 
distributions, and fates of pollutants within these basins, (d) the possibilities for resuspension and 
release of contaminated bottom sediment, (e) the regulatory and technical complications regarding 
the dredging or disposal of contaminated sediment within these basins, and (0 their potential as a 
managerial and fiscal responsibility to local government. 



11. PURPOSE AND OBJECTIVES 

In this study our focus is largely restricted to upper watershed retention basins which have little to 
no interstorm stream inputs. The research plan outlined below is designed to evaluate a spectrum 
of environmental variables that potentially affect three aspects of wet retention basins that are 
central to watershed management and water supply protection efforts in the Piedmont Province. 
These three aspects are the primary objectives of the research and are: (a) the life expectancy & life- 
time operational performance of wet retention basins in removing TSS & TDS, (b) the 
concentrations, distributions, and fates of contaminants in bottom sediment, and (c) the potential 
for resuspension and desorption of adsorbed contaminants within wet retention basins. 

The environmental variables to be included in this study are divided into two categories: a) those 
that relate to the characteristics of the drainage basin, and, b) those related to the pond (hereafter 
referred to as pond dynamics). The first set includes the drainage basin size (for estimates of runoff 
volumes), the pond acreage (for estimates of storage volume), and the locally variable factors of 
land use, soil erodability, and soil slope characteristics. The second set includes: pond shape and 
limnology ( e g  nutrient levels, dissolved oxygen, temperature, sediment type & grain size 
distribution). 

The research is broken down into two phases. Phase I is a regional comparative analysis of ponds 
and breaks down into six discrete investigations: (I) remote sensing and GIs analysis of a regional 
suite of ponds, (2) field study of sedimentation in 20 ponds, 3) depositional facies analysis of five 
basins, (4) physical and chemical limnology of ponds, (5 )  sediment chemical analyses, and (6) 
sediment adsorption - desorption analyses. The research for Phase I1 is broken down into four site- 
specific endeavors: (1) determination of current sedimentation rates in Park Road Park Pond, (2) 
Park Road Park Pond monitoring and annual TSS, TDS and water budgets, (3) settleability of 
urban runoff pollutants, and (4) analysis of pond exchange with ground waters. The 10 discrete 
endeavors within this research investigation are individually discussed. For each, a brief 
discussion of the methodology is presented and is followed by a presentation of the results. 





111. PHASE I. EVALUATION OF ENVIRONMENTAL FACTORS IN POND 
PERFORMANCE AND THE FATES OF ADSORBEDIDESORBED 
CONSTITUENTS IN SEDIMENT 

III.1.Regional Remote Sensing and GIs Analysis of Retention Basins 

The objective of this phase of the research was to obtain a regional comparative overview of 
drainage basin and pond attributes and to conduct an analysis of the regional basin characteristics 
which might be influencing turbidity conditions in ponds. 

111.1.1. Methodology. 

This part of the work was essentially a computer-based remote sensing and GIs task. The goals 
were to map out and define drainage basin attributes for approximately 400 basins within a four 
quadrangle region (Derita, Harrisburg, Mt. Island Lake, and Charlotte West) in the forested, 
agricultural, and suburban regions in and near Charlotte N.C. For each pond, the following 
parameters were identified: size, water spectral brightness values (index value to use for turbidity), 
drainage basin size, approximate age, soil erodability factors, soil slope characteristics, and 
landcover types. 

1II.l.l.a. Sizing ponds. Sizes were obtained by digitizing each pond's outline from the United 
States Geological Survey 7.5 minute topographic maps (revised with aerial photography taken in 
the early 1980's) using the ESRI Arcnnfo software. For each pond, the drainage areas where 
outlined by hand and then digitized. 

I1 I. 1.1. b . Soil erodabilitv factors and slope characteristics. These were estimated by first 
overlaying outlines of each drainage basin onto the soil maps for Mecklenburg County and 
recording approximate percentages of each of the included soil types. A spreadsheet was then 
composed of each soil types' slope and erodability factors. 

I I I. 1.1. c . Land use data. This was obtained by applying computer-assisted supervised 
classification techniques to a winter season 1989 Landsat MSS (multi-spectral scanner) scene of 
the Charlotte area. Land cover classes were aggregated into five classes: water, forest, agricultural 
and open, residential, and commercial. The classification was performed with the ERDAS 7.5 
software, using a maximum-likelihood algorithm. Rectification of these land cover classifications 
permitted the digital overlay of the drainage basin perimeters, and collection of land use statistics 
for each basin. 

1II . l . l .d .  Ages of ponds. These were bracketed by tracking each of 386 ponds on five sets of 
county aerial photography housed in the UNC Charlotte Department of Geography and Earth 
Sciences' aerial photography collection. The sets were compiled in 1948, 1956, 1960, 1968, and 
1983. 

1II . l . l . e .  Turbidity indices. These were obtained from two sets of imagery. One set was derived 
from the March 3, 1983 NHAP ( National High Altitude Photography) color infrared photography 
of Mecklenburg County. This data was obtained by optical scanning of the color prints. In order 
to avoid color shifts due to variations of exposure on the prints, only the central two thirds of each 
print was scanned. Fall off in intensity waschecked by comparing values for overlapping 
segments of adjacent photographs. Each scanned image was then rectified using a second order 
polynomial transformation algorithm (within ERDAS). This resulted in a digital 24 bit color image 
with spatial resolution of approximately 3.5 meters. The approximate coordinates for each pond 
were then obtained by an overlay of the ESRI Archfo pond coverage. A spatial variance filter 
was then applied to select pixels with brightness values representative of the water surface. The 



other set of brightness values was derived from a rectified 1990 (511 1/90) satellite image from the 
SPOT Image Corporation by similarly overlaying the pond outlines. However, the lower SPOT 
resolution (20 meters) did not permit the application of a variance filter to isolate high quality data 
locations for each pond. The two sets of brightness values (1983 & 1990) can then be used as a 
measure or index of turbidity following the methods discussed below. 

A thorough discussion of the use of remotely sensed information to estimate water quality indices 
of turbidity can be found in Curran and Novo (1988) and Mintzer and others (1983). These 
reviews show that numerous studies, conducted within a variety of hydrologic field and laboratory 
conditions, using a variety of remotely sensed data types (such as black and white photography, 
color photography, IR photography, MSS, TM and SPOT digital imagery) have documented that 
there is a high correlation between spectral reflectance values and turbidity. The relationship is 
highly linear for values of turbidity that do not exceed - 100 NTU (Nephelometric Turbidity Units). 
Above this level of turbidity the relation is nonlinear due to spectral saturation effects. These 
consistent findings are also underscored by the recent study of Lathrop and Lillisand (1989). Since 
in this study the aim is to define the relative rather than absolute values of turbidity, an absolute 
calibration to specific turbidity units is not explicitly required. While the body of work available 
does not provide a consensus on the spectral band or combinations of bands most appropriate for 
turbidity work, the work of Harrington and Schiebe (1992) on a reservoir with similar clayey soils 
in Arkansas showed that the 0.4 micrometer to 0.5 micrometer region had the highest resolving 
power. Thus, this approximate energy band is used for developing the turbidity indices in this 
report. 

In order to estimate the absolute value of turbidity some simultaneous measurements are generally 
necessary for radiometric calibration for at least one image acquisition in each region of 
investigation. This is because each region is likely to produce turbidities that have spectral 
characteristics which are influenced to some extent by the size and characteristics of the suspended 
sediment in that region. Recently, a parallel study of the use of remote sensing for water quality 
analysis in the reservoirs along the Catawba River was undertaken (Hansen, 1994). In that study, 
an attempt was made to calibrate MSS reflectance values to turbidity in Mountain Island Lake. 
This was done using weekly in situ turbidity data (in NTU) from the McDowell and Gar Creek 
Cove areas collected within 24 hours of the satellite images. Since the relationships between 
reflectance and NTU values of turbidity is linear up to approximately 100 NTU's (Harrington and 
Schiebe, 1992), this parallel study can be used to provide a rough estimate of the true values of 
turbidity after a transformation is performed of the 0.4 micrometer to 0.5 micrometer NHAP and 
SPOT data to their equivalent values in MSS reflectance units. For this transformation each data 
set has first been corrected for atmospheric haze (Ritchie et al., 1990; MacFarlane and Robinson, 
1984). Then the multiplicative transform factors for each image type can be found by using 
spectrally invariant targets that can be cross-referenced in each of the data sets. Using this 
approach the 1983 and 1990 data can be compared on an equivalency basis in approximate NTU 
values. 

111.1.2. Results of a remote sensing and GIs  analysis of ponds 

111.1 -2.a. Data characteristics. Of 430 ponds mapped on the four USGS quadrangle sheets only 
350 could be located on the 1983 NHAP photography, and only 240 on the SPOT satellite 
imagery. A number of these ponds were fed from upstream ponds and had to be excluded from the 
water shed analysis, since the effects of the upper pond would bias the results. Table 1 in 
Appendix 1 provides the matrix of all the watershed and pond attributes which were gathered for 
250 upper watershed ponds. Figure 5 shows the meteorological conditions preceding each of the 
two image acquisition dates (NHAP: March 3rd, 1983; SPOT: May 1 lth, 1990). The 1983 data 
were acquired during a 10 day period with less than 0.3 inches of rainfall, and after more than a 2 
month period with less than half the normal rainfall. The 1990 data had significant rainfall during 



the preceding 48 hours. Wind conditions are not significantly different, with velocities between 6 
and 17 rnileslhour. 

I - - - - 3/3/83 Avg. Daily Wind (MPH) 
- - v - - 511 1/90 Avg. Daily Wind (MPH) I 

I - 3/3/83 Precipitation - 511 1/90 Precipitation I 
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Figure 5. Meteorologic conditions at Charlotte Douglas International Airport prior to each 
image acquisition. 

The variation of turbidities within each of the data sets is shown in the two frequency plots shown 
in Figure 6. The 1983 data represent turbidity conditions that had been sustained despite the fact 
that only 0.3 inches of precipitation had fallen over the 200 hours prior to the turbidity 
measurement, while the conditions antecedent to the 1990 data included approximately an inch of 
rain in the preceding 72 hours, and almost 3 inches in the preceding 200 hours. In Figure 7, the 
1983 data are plotted against the 1990 data. A large suite of ponds illustrate higher turbidities in 
1983 than 1990, and some have higher turbidities in 1990. A limited population have comparable 
turbidities in both data sets. However, the 1990 data are of lower quality due to the lower 
resolution (20 meter versus 3 meter) than the 1983 data. 

Spectral scattering from adjacent land cover, and possible mixed waterkind pixels within the data 
sets limit conclusions which can be drawn from the 1990 dataset. In malung comparisons of 
turbidity indices to watershed attributes only the 1983 turbidity data are used and then only for 
ponds which received direct overland flow. 

111.1.2. b . Com~arison of turbidities to basin characteristics 

The ratios of the pond surface area to drainage basin surface area (SA/DA) expressed as a 
percentage are shown in Figure 8. The majority of ponds in the study have ratios between 2% and 
10%. A residence time model for turbidity in these ponds would predict greater settling times and 



thus lower turbidities during quiescent periods for ponds with high SAIDA ratios. Thus one 
would expect to see a correlation of turbidity indices with the SADA ratios. This of course 
assumes that average depths are comparable. While invalid in detail, one needs to acknowledge that 
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Figure 6. Frequency plots of turbidity values determined from reflectance in the 0.5 
micrometer wavelength region recorded by NHAP photography (March 3, 1983, top 
diagram), and satellite infrared data (May 11, 1990, bottom). 



a majority of the ponds have similar ages, sizes and topographic settings, and thus would be 
expected generally to have comparable water depth profiles. Graphs of the turbidity indices plotted 
against the corresponding SAIDA ratios are shown in Figure 9. As can be seen in these data, there 
is a crude fall off in maximum turbidities seen for SAlDA ratios above 5%. 

1983 Turbidity Index (-NTU) 

Figure 7. Correlation of 1983 and 1990 turbidity indices (data is unstratified). The data 
represents variable antecedent meteorologic and climate conditions. 
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Figure 8. Frequency plot of the SNDA ratios for ponds in this study. Areas were derived 
from USGS 1 94,000 scale topographic maps. 



Figure 9. Graph of turbidity indices for 1983 and 1990 as a function of the SAIDA ratio 
for each basin. 

Land cover characteristics were determined for each of the drainage basin areas. For the purposes 
intended here only a level one breakdown of the land cover types into agricultural, urban, and 
forested lands was performed. The purpose of this was to see if the expected variations of 
sediment loads from variable landcover types ( e g  Simmons, 1988) might be a determining factor 
in the turbidities seen in this data set. Since variability in drainage area might mask effects of land 
cover, the data were stratified into quartiles on the basis of the SADA ratios. Figure 10 shows 
only the lowest and highest quartile where ponds with similar very high drainage area to pond area 
ratios would show, if land cover factors were significant, a negative correlation of turbidity indices 
with the percentage of forested lands. 

Soil and slope characteristics were also investigated by (a) calculating an average erodability index, 
and (b) tabulating the percentage land lying within three ranges of grade: less than 8% grades, from 
8 to 15% grades, and over 15% grades. These data were obtained from the SCS soil maps for 
each basin. Graphs of turbidity against erodability indices for the high and low SA/DA quartiles 
showed no correlations. The graph in Figure 11, shows also little, if any significance of drainage 
basin slope in the control of turbidities seen in this ponds during quiescent periods. 

Basins will have lowered residence time for waters to settle out particulate matter as they age and 
fill with sediment. The 250 basins studied have increasing average ages of -28, -38 and more than 
45 years. For basins with similar SA/DA ratios we would expect that as basins fill with sediment 
their turbidity states would be elevated for longer intervals each year. The age and turbidity 
relationships are shown in Figure 12. The bottom diagram shows the relationship of pond ages to 
1990 turbidity indices for the lowest and highest SAIDA quartiles. The younger basins show a bias 
to higher turbidities with lower SA/DA (< 3) ratios. This is expected for this dataset since there 
was significant rainfall just prior to date of the image acquisition. The 1983 data, on the other 
hand, shows, if anything, the opposite trend, with the younger population of basins having high 
turbidities for higher SNDA (> 9) quartile. The 1983 turbidity observations were obtained during 
an extended (>2 month) period with less than average rainfall. Ponds would thus be potentially at 
a relatively lower stage, with exposed littoral banks and greater amounts of shallow area overlying 
previously accumulated sediment. Those ponds with the higher SAIDA ratios are generally those of 
large surface area, and thus provide longer fetches to wind generated waves. Their increased 



susceptibility, relative to the smaller, (and higher SAIDA ratio) ponds, to resuspension of bottom 
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Figure 10. Graph showing the absence of a significant correlation of turbidities seen in the 
interstorm 1983 data set with a landcover-controlled variation in sediment loads. 

sediment during wind activity could offer an explanation of the reversal of trends seen between the 
low and high S A D A  populations from the 1983 to 1990 conditions. Essentially, during runoff 
periods small ponds with high quantities of receiving waters have turbidities dominated by the 
overall watershed attributes. Whereas during long interstorm intervals, wind and water levels are 
more influential and can clearly create turbidity conditions equivalent to those of overland flow 



periods and perhaps are more influential in the larger ponds. The oldest population has, in general, 
higher turbidities under both sets of environmental conditions and lack significant variations among 
turbidities for low and high SAIDA populations. 

1 983 Turbidity Index (-NTU) 

Figure 1 1. Acreage (%) in the drainage basin area (for ponds with SA/DA < 3.0) formed 
of lands with slopes less than 8% versus turbidity. Basins with an abundance of low 
sloping land surfaces might be expected to have low sediment erosion rates and thus 
low turbidities. 
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Figure 12. Graphs show the relationships between maximum age of ponds and calculated 
turbidity indices. 

Field Study of 20 Ponds. 

This phase of the work focuses on defining the variability of the long-term accumulation rates and 
sediment characteristics of a suite of 20 ponds chosen to represent a range of the environmental 
factors potentially governing the two sets of basin performance models discussed above. 

111.2.1. Methods of analysis for the 20 ponds 

III.2.1.a. Selection criteria. 20 ponds were selected from the remote sensing work for field 
analysis. Criteria included accessibility and degree of reflectance on satellite imagery. All the ponds 
are in the vicinity of UNC Charlotte, most in the Derita and Charlotte West quadrangles. The 



ponds were visited by a team of two to four investigators using a 15-passenger van which carried 
all necessary field equipment. 

III.2.l.b. Profiling and coring. Pond profiling and coring were undertaken from a stable, 
easily-assembled, portable catamaran (Figure 13a). The catamaran comprises 2 canoes and two 4' 
by 8' sheets of plywood. The canoes were specially designed for the project by arrangement with 
the manufacturer. The gunwales in the middle eight feet of the canoes are constructed so that the 
tops have flat profiles amidships. The gunwales are capped by extra-wide coarnings to provide 
substrates for attaching the platform. The platform consists of two reinforced 4' by 8' plywood 
sheets hinged along the 8' dimension making an 8' by 8' working surface. The platform has a non- 
skid surface made by mixing sand into wet paint. When the platform is bolted to the canoes, it is 
level and supported by contact with the four gunwales. The catamaran easily carries three to four 
investigators and equipment and is propelled by paddles. 

A grid system for each pond was set up using buoyant polyester rope with markings at 10 foot 
intervals. The rope was deployed from a spool and stretched between stakes or trees on the banks 
of the ponds. A typical configuration for the grid consisted of a long transect extending from the 
dam through the deepest part of the pond to the inlet stream and crossed by two or more shorter 
transects oriented at right angles to the long, central transect. For large ponds, two or more 
parallel, long transects extended from the dam to the inlet end of the ponds. 

Profiles were run along the transects using a depth profiler with paper output and a ground 
penetrating radar unit in order to characterize pond bathymetry and subsurface stratigraphy (Figure 
13a). These data were used to prepare bathymetric maps of water depth and isopach maps of 
sediment thickness for each pond. The isopach maps were prepared in the time domain (i.e. 
nannoseconds of two-way travel from the water surface to the sediment-paleosoil interface). A 
series of cross reference and calibration points were obtained by sounding for the sediment- 
paleosoil interface with a gauged 3/4" steel pole and by referring to core thicknesses of pond 
sediments in the cores. The correlation of radar travel times with the sounding data is shown in 
Figure 13b. 

In the deep end of the pond along the central transect, water samples were taken as were 
conductivity and temperature profile data. Secchi disk readings were also made at the deepest point 
of the central transect. 

Three cores were taken from each pond, two from the deepest point along the central transect and 
one from the shallow end of the pond, about 3/4 the distance from the dam to the inlet stream. One 
of the cores from the deep end was analyzed for its chemical content. The other two cores were 
sedimentologically logged in order to determine lithofacies present in the pond and to calibrate the 
radar profiles. 

The cores were taken using a Wildco 2 inch (5 centimeter) corer with CAB plastic core liner tubes. 
The corer has three 1.5 meter extension rods which permit coring in water depths up to 5.4 meters. 
The core barrels used were of two lengths: 75 cm and 150 cm. Most samples were recovered with 
the 75 cm barrel. When coring, the liner tubes could be removed and capped thereby permitting 
multiple cores to be taken from a pond. The cores were labeled with pond name and core location 
(e.g. Transect 3, 10 meters from N end). Thus, data from the cores could be directly related to the 
bathymetric and radar profiles. Pond water remained on top of sediment in the core liner tubes until 
the cores were extruded and analyzed in the lab. 

III.2.l.c. Core description. The cores were taken to the sediment analysis lab where they were 
described according to the following procedures. First the pond water was decanted from the top 
of the core liner tube. A few centimeters of soupy, organic-rich sediment were generally disturbed 
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Figure 13. (a) Pontoon boat used for profiling and coring. The ground penetrating radar 
unit is on the deck. (b) Correlation of radar two-way travel times with depths to the 
sediment paleosoil horizon. 



during this procedure, but were retained, and the remainder of the core was unaffected. The core 
was then extruded onto a board covered by a large sheet of paper (banquet roll) for further 
analysis. Extrusion was accomplished by gravity alone or compressed air (lungs or air 
compressor) as necessary. As the core was extruded, care was taken to shift the core liner tube in 
order to deform the core as little as possible. Once extruded, the core was sliced lengthwise and 
each half of the core rotated to expose the cut faces. The core was then photographed with a scale 
and core location information within the field of view. Long cores (>SO cm) required more than 
one photograph. 

The core was then described sedimentologically following the format developed by the Ocean 
Drilling Program (Mazzullo and Graham, 1987). The various units were distinguished on the basis 
of color, grain size, sedimentary structures and organic content. Each layer was graphically and 
verbally described and note made of its thickness. The boundary between the base of the pond 
sediments and underlying pond bottom construction material (or saprolite) was noted. The saprolite 
was recognized by the presence of sand size material (commonly composed of quartz and 
muscovite mica) in a mud matrix, oxidation features and/or root material. The total thickness of the 
recovered pond sediments could be determined from the core description. 

III.2.l.d. Smear slide preparation. Each lithofacies within a core was sampled for grain size and 
smear slide analysis. Smear slides were prepared by extracting a small quantity of sediment with a 
toothpick. This was diluted with water and spread evenly on a labeled glass slide. The slide was 
then dried on a hot plate and allowed to cool. UV activated cement was spread thinly and evenly on 
the slide and a cover slip was applied. The smear slide was then placed in a UV light box for a few 
minutes to cure the cement. Composition of the sand and silt size material (including tests of algae) 
can be inferred by microscopic analysis of the smear slides. 

III.2.l.e. Grain size analysis. The grain size parameters for each sampled lithofacies were 
determined using a Spectrex laser particle counter. The laser particle counter focuses a laser beam 
on a suspensate prepared from filtered distilled water and a small amount of the sample. The 
diffraction of the beam as it strikes particles that cross its path is measured and converted to grain 
size distribution data based on frequency of occurrence of particle sizes. The instrument is 
calibrated daily using standards containing particles of known size. 

Samples analyzed using the laser particle counter were prepared by extracting about 10 mg from 
the cores and placing them in capped sample bottles with 10 mL of distilled water. The bottles were 
placed in an ultrasonic bath for a minimum of five minutes to completely disaggregate the samples. 
The particles exhibited Brownian motion when a drop of the suspensate was viewed under a 
petrographic microscope at high power. This indicated that the particles in the suspensates were 
deflocculated in distilled water (Galehouse, 197 1). Dispersants were not used because they contain 
particles that could alter grain size distribution data. The bottles were labeled and stored in a dark 
cabinet to prevent the growth of algae. 

For the final preparation, 1 rnL of suspensate was extracted from a thoroughly mixed sample bottle 
using a pipette and placed into a beaker containing 100 mL of filtered, distilled water (0.2-micron 
filters were used to filter water throughout the analyses to ensure that the water was free of 
particles coarser than 1 micron). From this beaker, 1 mL of dilute suspensate was extracted using a 
second pipette and placed into a second beaker containing 100 mL of filtered, distilled water. Prior 
to placing the sample into the second beaker, a background test was run in order to verify that the 
100 mL of filtered water in the second beaker was indeed free of particles coarser than 1 micron. 
Once the sample was placed in the second beaker, a magnetic stir bar was added to the beaker. The 
stir bar was run at a consistent speed sufficient to suspend all the particles present in the beaker so 
that they all had the opportunity to pass through the laser beam. 



The analysis procedure is controlled by the Supercount 6.7 software package supplied by 
Spectrex. Integrated measurements were made for each sample covering the range of 1 to 100 
micron. Each sample was automatically measured three times and the reported results are the 
average values from the three runs minus the background signal for the distilled water alone. Thus, 
by means of the double dilution technique, representative samples were obtained and measured. 
Replicate runs of individual samples produced consistent results. 

Sample numbers were assigned using the following protocol: The first number in the sample 
number refers to the stage of the investigation in which the pond was investigated. The next one or 
two digits refers to which of the 20 ponds was being sampled. The next one or two digits refers to 
the location of the samples within the ponds. Sample numbers are cross-referenced to locations in 
the field notes. 

III.2.l.f. Water and organic content. The final analytical technique applied to the core material 
was to determine water content and organic content of the cores. The water content was calculated 
by measuring the volume loss associated with air-drying of the cores. The starting volume was 
known from the initial dimensions of the wet cores. The dry volume was calculated from the length 
and an average of at least 4 widths of the dried cores. This procedure was performed on both the 
shallow and the deep cores for all 20 ponds. 

The organic content of the pond sediments was determined using one core (generally the deep core) 
from each pond. One half of the split core was air dried and volume loss determined. The split, 
dried pond sediments were crushed and thoroughly mixed using a mortar and pestle. About 1 gram 
of the bulk sample was extracted using a sediment splitter and weighed to the nearest 0.01 gram. 
The weighed sample was oven-dried for about 12 to 18 hours at a temperature of 1 10°C. The 
sample was cooled in a desiccator and weighed again. The difference in weight reflects the bound 
water content (weight %). The sample was then placed in a furnace at 550°C in order to bum off 
carbon material in a total carbon ignition procedure. The weight loss reflects the organic carbon 
content (weight %) of the sediment. 

111.2.2. Results 

A summary of the field and sedimentation characteristics for each of the twenty ponds surveyed in 
this study appears in Table 2 of Appendix 1. 

The bathymetric and isopach maps for each of the twenty ponds appears in Appendix 2, along with 
a summary table of physical and chemical parameters determined for each of the ponds. Locations 
of deep and shallow water cores taken at each pond are indicated on the maps. The deep water 
cores were used for the physical and chemical analyses . 

Results for volume loss, bound water content and organic content appear in Appendix 3. The deep 
water cores were used for these analyses for all ponds. Replicate analyses were performed on 
shallow water cores for Hospital and Airport #2 ponds in order to determine the variation in water 
and organic contents within a pond. Volume loss is expressed in terms of the volume occupied by 
the dried sediment as a percentage of the volume occupied by the wet sediment. Dried sediment 
occupies from 13% to 59% of the wet sediment volume with a mean value of 35%. The bound 
water and organic contents are expressed as percentages of the dried sediment weight. Bound 
water comprises from 1% to 8% of the air dried sediment weight with a mean value of 3.9%. The 
organic material comprises from 7% to 14% of the kiln dried sediment weight with a mean value of 
10.9%. 

The sedimentologic logs of the shallow and deep water cores from the twenty basins, with a legend 
explaining the symbols, appear in Appendix 4. The legend (a) explains the patterns which 
represent the facies, (b) describes the facies, (c) interprets the sediment transport processes, and 



(d) interprets the depositional environments in which the facies formed. The legend is to be used 
with the lithologic cross-sections in the text (Figures 14-20 and 3 1-34) and the lithologic logs in 
Appendices 4 and 5. 

111.3 Depositional Facies Analysis of the 5 Ponds 

111.3.1 Methodology 

Of the twenty ponds surveyed during the first phase of field work, five were selected for more 
intensive investigation of their sedimentology. This was accomplished by a combination of 
profiling, coring, sedimentologic logging and preparation of cross-sections. 

III.3.l.a. Profiling. The five ponds were profiled more extensively on a denser grid array of 
transects using the depth recorder and the ground penetrating radar. Some transects were also 
physically probed to further characterize sediment thickness variation. The water depth was ' 

recorded using a stadia rod with a cross-piece at the base. The cross-piece prevented the stadia rod 
from penetrating the pond bottom sediments. A metal rod was then used to push through the 
sediments to the level where it was stopped by a resistant horizon. The resistant horizon was 
assumed to be the compacted, sandy, pre-pond-construction saprolite. The difference in depths 
represented the pond sediment thickness. These data were collected with sufficient coverage for a 
couple of the ponds (Statesville B and Airport #2) so that isopach maps could be constructed and 
compared to the isopach maps developed using the ground penetrating radar. 

III.3.l.b. Logs and cross-sections. In addition to the probe data, additional cores (as many as 
twenty) were taken from the five ponds. These cores were compared to the probe data to evaluate 
core recovery. The cores were extruded, split lengthwise, photographed, sedimentologically 
logged and sampled. Smear slides were made and grain size analyses performed for all cores. The 
logs were used to construct cross-sections hung from the bathymetric profiles (Figures 14-20). 
The cross-sections have considerable vertical exaggeration but nonetheless permit 3-D 
reconstruction of pond sediment distribution. Of particular note are the lateral extent and thickness 
variations of distinctive units such as rhythmites and massive organic-rich muds. 

111.3.2. Results 

The results of the analysis of the five ponds are portrayed in sedimentologic logs (Appendices 4 
and 5) and cross-sections (Figures 14-20). The facies which are portrayed in the logs and cross- 
sections are described briefly in the explanation to Appendix 4. A more complete description of the 
facies follows. 

III.3.2.a. Facies. Soupy organic-rich mud. A facies common to nearly every pond is the dark 
gray to black, soupy, organic-rich mud which occurs at the tops of cores. The soupy mud is water- 
saturated and therefore of low density. It lacks strength, flows easily and lacks internal structure. 
The mineral component of the mud includes clay- and silt-sized clays, micas and quartz grains. The 
dark gray to black color of the mud is due to the presence of abundant organic material including 
algae and diatoms. Animals (e.g. ducks, geese, fish and cattle) likely contribute a small amount to 
the organic content of the soupy mud. As the soupy mud is easily deformed, it is not clear that 
coring recovers the full thickness at any one location. However, as the same technique was used at 
all coring sites, the variation in thickness from one core to another is assumed to indicate variation 
in the amount of soupy mud present within and between ponds. In any one pond, this facies is 
generally thin to absent adjacent to the shores in shallow water (less than 30 centimeters deep) and 
generally thickens toward a maximum in the deepest parts of the ponds. 

The soupy organic-rich mud facies is interpreted as the most recent pond sediment composed of 
clastic and organic material which settled out of the water column as pelagic mud into oxygen- 



depleted bottom waters. The organic material was produced in the pond by biologic activity (e.g. 
photosynthesis). Much of the clastic material was carried into the pond by the feeder streams. 
Some of the clastic material may have been eroded from the pond margins by wave action. Wave 
action also may have prevented accumulation of the organic-rich muds close to shore in shallow 
water. Reworked muds likely moved toward and accumulated in the deepest parts of the ponds. 
The greater thicknesses of the organic-rich muds in deeper water may also reflect the relatively low 
oxygen levels as compared to oxygenated, wave-agitated shallow waters. 

Green to dark gray laminated mud. The green to dark gray laminated mud is a common facies in 
many of the ponds. It is a compacted, firm mud composed of silt- to clay-sized particles of mica, 
quartz and clay minerals in layers millimeters to centimeters thick. The dark colors are due to the 
presence of unoxidized organic matter. The laminations are visible due to variation in grain size 
(e.g. from silty mud to clayey mud) accompanied by color changes due to variable organic 
contents. The coarser laminations typically have a lighter color. The laminations occur in couplets 
with the coarser material comprising the lower layer grading up into finer material of the upper 
layer. The bases of the couplets are generally sharp and may be locally erosive. This facies is 
composed of multiple couplets. The couplets commonly maintain uniform thicknesses for 
centimeters vertically but thickness variations do occur. For example, a zone of thinly-bedded 
(millimeter-scale) couplets may grade up into a zone of thickly-bedded (centimeter-scale) 
laminations followed by a return to thinly-bedded laminations. This facies commonly occurs in the 
deeper parts of ponds (water depths in excess of 60 to 90 centimeters) although it may occur in 
shallower depths (30 to 60 centimeters) close to streams supplying sediments to the ponds. 
Deposits of this facies thin with increased distance from the sediment source. This facies is 
commonly associated with the brown laminated mud facies described below. 

The green to dark gray laminated mud facies is interpreted as turbidites formed by density currents 
flowing into relatively deep, oxygen-depleted parts of the ponds. The sources for the density 
currents are the streams entering the ponds. These streams supply sediments, especially during 
floods associated with heavy precipitation events. The distance to which discrete turbidity currents 
travel is governed by the amount of sediment in motion during the sediment gravity flow event. 
Thus, the thickness of the facies diminishes with distance from the source of sediment. The green 
to dark gray laminated muds are part of deltaic complexes which the streams are building into the 
ponds. Variation in thicknesses of couplets may be due to changes of sediment supply to a site on 
the delta. Changes in sediment supply may be related to migration of distributary systems higher 
on the delta, or to changes of land use within the watershed. 

Brown laminated mud. The light- to dark-brown laminated mud is a common facies in many of 
the ponds. It is a firm, compacted mud dominantly composed of clay- to silt-sized particles of 
mica, quartz, clay minerals and organic matter. As in the case of the green- to dark-gray laminated 
facies, the organics in the brown laminated muds include algal material and diatoms. However, 
there are insufficient organics to obscure the brown colors produced by oxidized iron in the 
sediments. Centimeter-scale laminations are comrnon with subordinate sections of millimeter-scale 
laminations. The laminations are visible due to variation in grain size (from clayey mud to silty 
mud) and oxidation state of iron. The dark brown layers are slightly coarser than the light brown 
layers. The laminations occur in sharply to erosively-based couplets with the dark brown, lower 
layer grading up into the light brown, upper layer. The thicknesses of couplets vary vertically and 
can reach a maximum of 3 to 5 centimeters. This facies commonly occurs in close association with 
the green laminated muds. In general, the brown laminated facies is more thickly bedded than the 
green laminated facies. The brown laminated facies is generally found in water depths in excess of 
60 to 90 centimeters but may occur in shallower depths in association with feeder streams and 
deltas. This facies typically thins with distance from the source of the sediment. 

The light- to dark-brown laminated mud facies is interpreted as turbidites rapidly deposited under 
oxygenated, organic-depleted conditions. The turbidites originated with flood events in the feeder 
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Figure 1 6: Lithologic cross-section of transect 3, Hospital Pond. See Figure 14 for explanation of vertical exaggeration. 
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Figure 17: Lithologic cross-section of Statesville B Pond. See Figure 14 for explanation 
of vertical exaggeration. 
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Figure 18: Lithologic cross-section of transect 4, Airport #2 Pond. See Figure 14 for 
explanation of vertical exaggeration. 
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Figure 19: Lithologic cross-section of Waverly Lake. Bathymetry is vertically exaggerated 33: 1. 
Lithologic logs are vertically exaggerated 16: 1 relative to the bathymetry. 
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Figure 20: Lithologic cross-section of transect 5, Webber Farm pond. Bathymetry is vertically exaggerated 10: 1. 
Lithologic logs are vertically exaggerated 16: 1 relative to bathymetry. 



streams carrying sediment into the ponds. The rate of deposition was probably higher for the light- 
to dark-brown laminated muds than for the green- to dark-gray laminated muds as evidenced by (1) 
the greater thickness on average of the laminated brown mud couplets, and (2) the relative scarcity 
of organic material in the brown laminated mud. The scarcity of organic matter may be due to the 
short time intervals between turbidity current events which prevented the accumulation of much 
organic material in the ponds and its deposits (assuming rates of organic productivity remained 
constant). Alternatively organic activity may have been suppressed during intervals when the 
brown laminated muds were deposited. A possible cause for the high sedimentation rates (and low 
organic productivity) responsible for the brown laminated muds could be the disruption of the 
watershed due to construction activities. 

Disrupted dark gray to green mud. The disrupted dark gray to green mud is firm and cohesive 
and composed of clay- and silt-sized particles of quartz, mica, clay minerals and organic matter. 
The facies contains remnants of bedding which are similar to the green to dark gray laminated mud 
facies described above. The bedding has been highly disrupted and the remnants are set in a matrix 
of massive mud. Clear examples of burrows are lacking from this facies. 

The disrupted dark gray to green mud is interpreted as pelagic andlor turbiditic muds which have 
been highly disrupted by bioturbating organisms. Although clear examples of burrows are lacking, 
the most likely cause of the disruption is the activity of organisms. Worms and crustacea have been 
observed at various levels in the sediment cores and the bioturbating activities of fish, turtles and 
birds should be considered. 

Dark gray to black compacted organic-rich mud facies. The dark gray to black compacted organic- 
rich facies is composed of clay- and silt-sized particles of quartz, mica, clay minerals and organic 
matter. It is generally centimeters to decimeters thick, massive, stiff and resistant to penetration. 
The facies is rich in organic matter and has a dark gray to black color. In places the organic matter 
consists of matted leaves but it is more commonly disseminated throughout the facies as remnants 
of algal and diatomaceous material. Vugs are locally developed in this facies. 

The compacted organic-rich facies is interpreted as buried and compacted organic rich pelagic mud. 
In its original, preburial state, this facies was probably similar to the soupy organic-rich facies 
described above. Thus, it probably formed over a long interval at relatively low clastic deposition 
rates. With burial, excess water was expelled and the organic-rich facies became compacted. This 
interpretation is supported by the occurrence of this facies in many places immediately below 
turbidites. The sudden influx of turbiditic material associated with progradation of a sublacustrine 
fan could prevent oxidation of the organics and cause compaction. 

Mottled mud facies. The mottled mud facies is composed of firm muds of dark gray to green to 
brown colors which have been mixed by bioturbation. Burrows are common and are millimeters to 
centimeters in diameter. The facies lacks sedimentary structures. Layers of this facies are 
widespread within individual ponds and occur at all levels within the pond stratigraphies. 

The mottled facies is interpreted as highly bioturbated mud of turbiditic or pelagic origin. 
Deposition rates were sufficiently slow that organisms had enough time to thoroughly rework the 
sediments at times when oxygen levels were sufficiently high to support benthic fauna. The 
bioturbation resulted in fluctuating redox conditions within the sediment. 

Massive mud. The massive facies consists of muds which contain no visible internal structures 
such as remnant bedding or mottles. It is interpreted as mud deposits of various origins (turbiditic 
and pelagic) which have been so bioturbated that the lithologies have been uniformly mixed, 
resulting in the massive appearance. 



Sand. The sand facies consists of poorly sorted, quartz and lithic fragment rich, rounded sand. 
Sand size ranges from fine sand to very coarse sand and little mud is present. The sand occurs in 
elongate, lenticular bodies in the subsurface and are best developed close to inflow streams of 
ponds. 

The sand facies is interpreted as the product of progradation of deltas building into some of the 
ponds. There are modern streams which are feeding the delta front which contain sand deposits of 
similar mineralogy, size and sorting. The buried sand bodies likely date from an earlier stage in 
delta progradation and may be either topset sands deposited in the distributary channels, or foreset 
sands deposited by gravity currents as proximal turbidites. 

Sandy mud. The sandy mud facies consists of weathered feldspar, mica and quartz grains in a clay 
matrix. The sandy mud facies occurs only at the bases of cores. It is generally a resistant stiff 
material which contains coarser-grained particles than the other facies. The colors vary from light 
to dark brown and reddish brown depending on the degree of oxidation of the iron in the sediment. 
Plant fragments are common and include stems and roots. 

The sandy mud facies is interpreted as heavily weathered saprolite developed on the igneous and 
metamorphic bedrock of the region. The saprolite is the pre-pond soil material from which the 
basin was originally carved. The plant material could mark the upper surface of the paleosol 
profile. 

111.3 -2. b. Histories of sedimentation in the ponds. The ponds have experienced different 
histories of sedimentation since construction. These distinctive histories are inferred from their 
deposits (see Figures 14-20) and presented below. 

Hospital Pond. After construction of the Hospital Pond (Figures 14-16), there was a lengthy 
period of slow deposition during which time the organic-rich muds accumulating on the pond 
bottom were churned up by bioturbating organisms. The mottled to massive layer that resulted is 
seen throughout the pond. Upon burial, this material has been compacted and the organic matter 
has been preserved locally as the dark gray to black compacted organic-rich mud facies. Overlying 
the organic-rich layer in many cores there is a green to dark gray laminated mud which is 
interpreted as the distal part of a sublacustrine fan composed of turbidites. The initial stages of 
deposition on the fan were sufficiently slow that the sediments are rich in organic matter, hence the 
dark color. In all three transects, the organic rich material is replaced upsection by brown laminated 
muds interpreted as turbidites. These brown turbidites were deposited rapidly as a result of an 
increase in sediment supply caused by a major disruption in the watershed. The disruption likely 
was the episode of construction of the nearby hospital during which much of the watershed was 
cleared. The sublacustrine fan during this phase of rapid deposition built out from the inlet stream 
at the west end of the pond as far as the deepest part of the pond. As deposition rates slowed once 
more, or the pond become oxygen poor, the dark turbidites replaced the brown turbidites in 
transects 1 and 2. In the end, the turbidites were replaced by soupy organic-rich muds during the 
most recent stage of pond history. This likely records the end of disruption within the watershed 
and a return to 'normal' rates of background sedimentation. 

Statesville B Pond. The sediments filling the Statesville B pond are quite thick and the pond is 
nearly full (Figure 17). The base of the sequence has not been penetrated. In general, the sediments 
comprise a delta formed by deposition from a westward flowing stream. The rate of deposition has 
changed with time, presumably due to changes in the land use of the watershed. At the base of the 
sequence (Core 22 16) there is a buried organic-rich compacted mud which probably records a 
period of slow deposition combined with high organic productivity. This period of slow deposition 
gave way to the rapid deposition represented by the dark turbidites which appear next in the cross- 
section (Cores 22 16 and 2223). The dark colored turbidites possibly record relatively rapid 
deposition rates of organic-rich sediments into oxygen-depleted bottom waters. Overlying the dark- 



colored turbidites are bioturbated sediments recording an episode of somewhat slower deposition 
rates as compared to the turbidites. Deposition rates picked up once more with the introduction of 
the dark colored turbidites seen in all four cores. Then, the style of deposition changed dramatically 
and the upper compacted organic-rich leaf layer formed. The organic-rich leaf layer is overlain by 
more bioturbated sediments indicating relatively slow deposition rates which allowed time for 
burrowing organisms to disrupt the sediment. The top of the sequence comprises soupy organic- 
rich muds where water covers the cores. There is also in core 2239 a buried lens of sand in the 
shallow subsurface formed by the westward flowing stream which crosses the delta surface. Core 
2239 in particular exhibits the upward coarsening of grain size in response to delta progradation. 

Airport #2 Pond. Much of the sediment filling the Airport #2 pond is part of a delta formed by a 
westward flowing stream (Figure 18). The earliest pond sediments comprise mottled muds 
presumably deposited at a sufficiently slow rate to permit thorough bioturbation. The mottled muds 
are replaced by dark colored turbidites. These record an increase in deposition rates. In the deeper, 
more distal parts of the pond, organic activity and oxygen levels were such that dark colors 
persisted. The dark colored turbidites are overlain by brown turbidites possibly due to a further 
increase in deposition rates. This facies is thickest at the upstream end of the pond, recording the 
progradation of the delta toward the west. The final facies is the soupy organic rich mud, forming 
over the entire pond at present. This records a marked decrease in deposition rates as the 
disturbance within the watershed ended. This change in land use may possibly be associated with 
completion of construction of the nearby airport runway. 

Waverly Lake. Waverly Lake is by far the largest pond in the study. It has a major inflow stream 
at the northwest end of the pond and the outflow stream and dam is at the southeast end. A delta is 
building into the pond on the northwest end. The cores show three episodes of relatively rapid 
progradation, in the form of turbidites, at the base, in the middle and at the top of the cross-section 
(Figure 19). These intervals of rapid deposition are interspersed with periods when organic-rich 
sediments were being deposited more slowly and simultaneously being bioturbated. In the deepest 
part of the pond, beyond the reach of abundant clastic material, the last sediment to accumulate is a 
fairly well consolidated organic-rich mud. The most recent episode of turbidite formation extends 
only a few hundred meters from the source stream. It is possible that the earlier episodes of 
turbidite formation had other sources of material (e.g. from other inlet streams). 

Webber Farm Pond. Webber F a r m  pond has experienced stable land use since construction. It is 
surrounded by pasture and the drainage divide comprises a railroad right-of-way. The sediments 
in the pond reflect the stable land use in that most are organic-rich, massive or mottled, bioturbated 
muds (Figure 20). The muds are consolidated at the bases of the cores and become soupy and 
uncompacted at the tops of the cores. The intermittent inlet stream is building a delta composed of 
silty sand into the northwest end of the pond. 

III.3.2.c. Summary of depositional processes in ponds. The cores provide a record of the 
processes responsible for the sediments filling the ponds. Much of the clastic sediment is supplied 
to the ponds by streams and overland flow as both bed load and suspended load. The suspended 
load enters the ambient waters of the ponds as sediment-laden plumes. In some cases the 
sediment-laden plumes travel through the ponds as plug flows and do not mix entirely with the 
pond waters. In other cases, the sediment-laden plumes become thoroughly mixed with the pond 
waters and distribute the suspended load uniformly throughout the ponds. In either case, such 
plumes supply much of the clastic material which contributes to pelagic sedimentation. Additional 
suspended clastic sediment is derived from reworking of banks and shallow water areas by wind- 
driven wave action. Another source of pelagic sediment is the in situ production of organic material 
by algae and diatoms. 

Pelagic sediments are likely to be deposited initially in a uniform fashion in thoroughly mixed 
ponds. In ponds with plug flow, however, the pelagic sediments may show a proximal to distal 



fining and thinning of deposits. In addition, pelagic sediments tend to be thickest in deeper parts of 
the ponds and may be absent from shallow waters entirely. This probably is due to reworking of 
soupy sediments by wave action. Given the size of the ponds, the limited fetch and the small size 
of waves, the maximum depths which are affected by wave action are on the order of 30 - 90 cm. 
Below wave base, sediments are unlikely to be remobilized. Bioturbation can also resuspend 
sediment as well as disrupt original bedding. The reworked sediments are transported preferentially 
downslope due to gravity and accumulate in deeper parts of the ponds. 

Construction of deltas is a common process within many of the ponds. Deltas form where inlet 
streams, both perennial and intermittent, enter the ponds. Both bed load and suspended load can be 
deposited on deltas due to rapid deceleration of flow velocities. Finer materials take more time to 
settle out of suspension and are therefore more common in the distal parts of the deltaic deposits. 
Deposition from turbidity currents commonly contributes to delta construction. The material in the 
turbidity currents is derived directly from the streams flowing into the ponds or by remobilization 
of pre-existing deltaic deposits by sediment gravity flow events. The distances the turbidity 
currents travel depend upon the slopes over which they are moving and the amount of material in 
transport. The more sediment in transport, the longer the current can maintain a density contrast 
with the ambient fluid and the farther the current will travel. Turbidity currents are capable of 
transporting clay to sand size material within the ponds. The proximal turbidites are dominated by 
the coarser available material (sands and silts) whereas the distal turbidites contain finer sediments 
(silts and clays). Coarser-grained turbidites commonly occur in channels in proximal settings 
whereas distal turbidites are found on the foresets and toesets of the deltas. Turbidites are 
recognized by their rhythmically alternating laminae of sand and silt or silt and clay. There is often 
a variation in color of the laminae associated with organic content. The post-turbidity current 
deposition of pelagic material is commonly organic rich and darker in color than the turbidites. 

Rates and styles of deposition in the ponds are closely linked to land use practices in the 
watersheds. Pelagic sediments are most abundant and deltas prograde most rapidly during times 
when the watersheds are disrupted and large amounts of sediment are being supplied to the ponds 
by the streams and overland flow. Due to high sedimentation rates, there is little time for burrowers 
to bioturbate the deposits, hence laminated sediments are common. At times of slower ('normal' 
background) sedimentation rates, organisms have abundant opportunity to bioturbate the sediments 
producing mottled or massive deposits. During times of high sediment loads, delta formation and 
progradation is important, especially near source streams. During times of low sediment load, 
pelagic sedimentation dominates. 

111.4. Field Collection of Pond Limnological Data 

111.4.1. Methodology 

The field sampling of pond limnologic data consisted of in situ measurements of water temperature 
and specific conductance profiles and water clarity. Water samples were collected for later 
analyses of total suspended solids, ammonium, total nitrogen (TN), total zinc, and filtered and 
non-filtered reactive phosphorus (TRP and FRP). 

Water column profiles of temperature and specific conductance were measured at the deepest points 
of the ponds with a Yellow Springs Instruments (YSI) combined temperature/conductivity meter. 



Field recorded conductivity measurements were adjusted to 2 5 ' ~  with the following empirical 
relationship: 

K = ((Krn)(C))/(l + 0.0191) at t = 25OC (APHA 1985) 

where: K = conductivity, mS 
Krn = measured conductivity, mS at t°C 
C = cell constant, per centimeter 
t = temperature of field measurement 

In situ water clarity was determined by measuring the depth to visual disappearance of an 8 inch 
diameter secchi disc. 

Water samples were collected as surface grab samples near the ponds center. Samples were 
collected with prewashed Nalgene bottles supplied by the Mecklenberg County Environmental 
Protection Agency Water Quality Laboratory (MCEPAWQL). Water samples to be analyzed for 
zinc were acidified with ultrapure HCI and submitted to (MCEPAWQL) for flame AA analysis by 
EPA method 289.1 (EPA, 1983). All other water samples except TSS samples were kept frozen 
until they were analyzed. Total suspended solid samples were determined by vacuum filtration of 
the sample unto a preweighed 0.45 micron glass fiber filter paper. The filter paper was then dried 
at 105 degrees C for one hour and reweighed (APHA, 1985). Ammonium analyses were 
performed with the manual spectrophotometric determination of color development at 630 nm after 
reaction with phenate (APHA, 1985). Total nitrogen (TN) determinations were measured as 
ammonium after persulphate oxidation and subsequent reduction with Devardes Alloy (Raveh and 
Avnimelech, 1979). FRP and TRP concentrations were determined with the manual 
spectrophotometric determination of color development at 880 nm after reaction with ascorbic acid 
(APHA, 1985). Filtered reactive phosphorus (FRP) samples were first vacuum filtered through a 
prewashed 0.45 micron polycarbonate membrane filter before colormetric analysis of the filtrate. 
Random quintuplet replicate water samples were collected to assess sampling and analytic 
variability. 

111.4.2. Results 

A summary of pond water quality parameters is presented in Figure 21 while individual pond data 
are presented in Table 1 of Appendix 6. In situ specific conductance and water temperature 
profiles from the 20 pond survey are presented in Table 2 of Appendix 6. 

111.5. Sediment Chemical Analyses 

111.5.1. Methodology 

Sediment cores collected from the various ponds were brought back to the UNC Charlotte 
Hydrologic Laboratory for initial sample preparation prior to chemical analysis. Cores were split 
(to facilitate drying) and air dried for approximately one week. Once the cores had dried the core 
was placed in a precleaned wide mouth Nalgene bottle and submitted to MCEPAWQL for analysis 
of zinc, ammonium, nitrate, total kjeldal nitrogen (TKN) and total phosphorus (TP). Preweighed, 
air-dried sediment samples for zinc were first digested in nitric and hydrochloric acid prior to 
sample analysis. Samples were then analyzed for zinc as described above. Ammonium and total 
phosphorus samples were digested in sulfuric acid prior to analysis. Ammonium analysis was 
performed by the automated phenate colormetric method (APHA, 1985). Samples for nitrate 
analysis were first immersed in distilled water followed by centrifugation and automated 
colormetric analysis utilizing the hydrazine reduction, EPA method 353.1, (EPA 1983). Organic 
nitrogen analyses were performed by kjeldahl digestion of the sample, EPA method 35 1.2, 
followed by an automated phenate analysis of ammonium concentrations (EPA 1983). 'Short' 



(upper 10 centimeter of the sediment profile) sediment cores were collected from the five 
intensively studied ponds and were chemically analyzed in the same manner as the longer cores. 

111.5.2. Results 

A summary of retention pond bottom sediment chemistry determinations is presented in Figure 22 
while individual chemical concentrations for long and short cores are presented in Tables 3 and 4 in 
Appendix 6. 

111.6 Sediment AdsorptionlDesorption Analyses 

Water quality and productivity in lakes and other impoundments is to a large extent determined by 
sediment-water interactions. The transfer of chemical components between sediments and the 
water column involves a number of interrelated processes (Figure 23). These processes include 
precipitation and adsorption reactions from the water column onto suspended and bottom 
sediments and dissolution and desorption reactions in the opposite direction. Microbially mediated 
reactions mineralize organic matter, immobilize soluble components and release soluble organic 
and inorganic compounds. The movement of material across the sediment-water interphase is 
controlled by a variety of physicochemical and biologic processes which include: diffusion, 
turbulence, resuspension and bioturbation. An assessment of the potential pollutant load 
associated with bottom and suspended sediments and the potential release of dissolved constituents 
from particulate matter in stormwater retention ponds is critical to formulate effective stormwater 
design and maintenance criteria to control non-point source (NPS) runoff. 

During this study we performed several experiments to examine the physico-chemical exchange of 
zinc, soluble reactive phosphorus (SRP) and ammonium between Piedmont sediments and 
retention pond water. 

111.6.1. Theory 

111.6.1 .a. Dilution analysis. Dilution analysis involved the extraction of soluble chemicals from 
sediment by varying amounts of water. Two possible models were considered: 

a) Infinite Source Model: The use of this approximation is appropriate where a relatively large 
solid pool of a sparingly soluble salt (i.e. calcium phosphate) is in equilibrium with the 
surrounding solution. The concentration of the salt in solution (C mg/L) will be constant over a 
wide range of waterlsediment ratios (V, W g ) :  

C = K, and 

where: Q = the amount of material extracted (mglg) sediment 
K = the concentration of material at saturation (mglrnL). 
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b) Exhaustible Source Model: This approximation is appropriate where the solid pool is finite with 
respect to the solution capacity of the system, and the equilibrium concentration of the soluble 
material is proportional to the solid phase pool size. In this case: 

C = as ,  and 

where: a = the linear distribution coefficient (g1m.L) 
S = the size of the pool in the solid phase (mglg). 

So is the size of the exchangeable pool in the solid phase. So is depleted as material is exchanged: 

From these latter two equations the following expression is obtained: 

Q = VaSd(l+ Va) 

which can be linearized as: 

Thus a plot of 11C against the dilution ratio, should result in a straight line with a slope and 
intercept of l/So and llaSo respectively (Avnimelech et al., 1983). 

111.6.1. b. Adsorption analysis. Adsorption-desorption analyses involves the equilibration of 
sediments with water containing various concentrations of a soluble species. A plot of the amount 
of adsorbed constituent per unit weight of sediment against solution equilibrium concentration at 
fixed temperature and applied pressure is referred to as an adsorption isotherm. In general material 
will be desorbed from the solid phase when water concentrations are low and adsorption will occur 
as water concentrations increase. 

Several types of adsorption isotherm are commonly observed in studies of sedimentlwater 
interactions. The two most commonly observed relationships are a linear and a logarithmic 
expression. An adsorption curve characterized by an initial slope that remains independent of 
adsorptive concentrations in the sedimentlwater slurry until the maximum possible adsorption is 
achieved is referred to as a C-curve (Sposito, 1989). This isotherm can be produced either by a 
constant partitioning of an adsorptive between the interfacial region and the surrounding solution, 
or by a proportionate increase in the amount of adsorbing surface as the surface excess of the 
adsorbate increases. The intersection of the isotherm with the abscissa (Y=O) defines the 
equilibrium concentration in solution when no net adsorption or desorption takes place. The slope 
of the isotherm is the reciprocal of a. The intersection of the isotherm with the Y axis, at X=O, is at 
Y = -So, the capacity of the exchangeable pool (Avnimelech et al., 1983). 

A logarithmic relationship where the initial slope of adsorption curve decreases as the concentration 
of the adsorptive in the sedimentlwater slurry increases is referred to as an L-curve (Sposito, 
1989). This type of relationship is the result of a high relative affinity of the sediment particle for 
the adsorbate at low surface coverage coupled with a decreasing amount of adsorbing surface as 
the surface excess of the adsorbate increases. This logarithmic relationship can be described by the 
van Bemrnelen-Freundlich isotherm equation: 



where: qi = the amount of material sorbed per unit weight of solid 
ci = the equilibrium solution concentration 
A and b are empirical coefficients. 

The values for A and b can be determined by plotting log qi versus log ci. If the Bemmelen- 
Freundlich type equation is suitable, the plot will be linear with a slope of l/a and an intercept of 
log -So (Manahan, 1994). 

Adsorption isotherms cannot be interpreted to indicate any particular adsorption mechanism. In 
fact one cannot make the distinction between adsorption and precipitation with this approach. Thus 
adsorption isotherms should be regarded as curve-fitting models without particular molecular 
significance, and having predictive ability limited to the particular, pH, redox and temperature 
conditions for which the adsorption isotherms were derived. 

111.6.2. Methods 

Sediment samples were collected from the five ponds selected for detailed analysis. Sediment 
samples were collected using the Wildco 2" corer with CAB plastic core liner tubes. Several deep 
and littoral zone cores were collected from each pond. The top 10 cm of each core was extruded 
and composited with the other cores. Samples were stored in sealed containers at 4 degrees C until 
analysis. 

The sediment slurry from each pond was homogenized with a blender before each test. 
Gravimetric water content of each sediment slurry was determined with a sediment subsample in 
the following manner: 

where: G = gravimetric sediment moisture content. 
W = sediment slurry wet weight. 

W 

W, = sediment slurry dry weight. 

For the dilution analysis, the homogenized sediment slurry was diluted to different sediment 
waterlwater ratios with distilled/deionized water, shaken for one hour, centrifuged, and filtered 
through a 0.45 micron membrane filter. Filtrates were then treated in the same manner as pond 
water samples and analyzed for zinc, ammonium and FRP content. 

For the adsorption/desorption analysis five grams of homogenized sediment slurry was added to 
125 mL of solution containing varying concentrations of zinc chloride, ammonium chloride and 
KH,P04. Initial solution concentrations ranged from 0 to 2 mgL as phosphorus and nitrogen and 
0 to 5 mgL as zinc. Sediment/solution slurries were shaken for one hour, centrifuged and vacuum 
filtered through a 0.45 micron membrane filter. Filtrates were then treated in the same manner as 
pond water samples and analyzed for zinc, ammonium and FRP content. 

111.6.3. Results 

Adsorption isotherms for ammonium, phosphorus and zinc are presented in Figures 24 through 
26. Dilution analyses for ammonium, phosphorus and zinc are presented in Figures 27 through 
29. The estimates of the capacity of the exchangeable pools (So), distribution coefficients (a) and 



solution equilibrium concentrations for ammonium, phosphorus and zinc are presented in Tables 1, 
2 and 3. 

111.6.3 .a. Ammonium. The adsorption/desorption relationships for ammonium and retention 
pond bottom sediments were generally linear (Figures 24 and 27). However, the general 
orientation of the relationship was not consistent among pond sediments. The Airport #2 Pond, 
Statesville B Pond and Waverly Lake sediments all exhibited a classic 'C1-type relationship with - 

adsorption increasing constantly with increasing equilibrium concentration (Figure 24). The 
Hospital Pond and Webber Pond sediments exhibited negatively sloped adsorption isotherms as 
they increasingly desorbed ammonium with increasing equilibrium solution concentration. The 
linear response in increasing desorption with increasing solution concentration indicates that the 
surface charge of the sediment particle became increasing positive as solution ammonium chloride 
concentrations increased. This would repel ammonium from surface adsorption sites into solution. 
However, the mechanism to initiate the change in surface charge is not immediately evident. Other 
possibilities such as an increased availability of ammonium through increased surface or interlayer 
exposure or changes in redox state in the sediment slurry are less likely to produce the observed 
linear relationships. This difference was not exhibited by these same two sediments during the 
dilution analyses (Figure 27). 

There is little agreement between the capacities, distribution coefficients and solution equilibrium 
concentration values determined from the adsorption and the dilution analyses (Table 1). The 
negative exchangeable pool of ammonium for the Webber Farm and Hospital Pond sediments 
indicate the adsorption capacity of these sediments is saturated and they will desorb ammonium 
only under the experimental conditions. No relationship between long or short core initial 
ammonium content, organic matter content or particle size was evident (data not shown). 
However, the results from both experiments indicate that Piedmont retention basin sediments will 
strongly desorb ammonium if resuspended into an oxygenated water column and that they have 
little potential for removing ammonium from the water column at the concentrations typically found 
in Piedmont retention basins (Appendix 6, Table I). 

III.6.3.b. Phosphorous. The adsorption/desorption behavior for phosphorus differs 
dramatically from that exhibited by ammonium. As for ammonium the adsorption/desorption 
isotherms for phosphorus were linear, exhibiting a 'C' type response as phosphorus adsorption 
increased linearly with increasing equilibrium solution concentration (Figures 25 and 28). 
However, there was considerable scatter in most relationships. Most of this scatter is attributed to 
the strong affinity of the sediments for phosphorus. This results in low equilibrium solution 
concentrations which have considerable analytic uncertainty associated with them. In addition it is 
possible that phosphorus adsorbed to colloidal particles <0.45 microns in diameter passed through 
the filter and was recorded as dissolved reactive phosphorus. This affinity for phosphorus is 
clearly evident in the dilution analyses where no detectable phosphorus was desorbed from both 
the Waverly and Airport #2 Pond sediments. The adsorption analyses tended to estimate higher 
capacities for the exchangeable pools than the dilution analyses (Table 2) This indicates that some 
phosphorus may be irreversibly adsorbed to retention pond sediments under the experimental 
conditions (Blatchley et al., 1994; DiToro and Horzempa, 1982). In general the adsorption and 
dilution analyses indicated that bottom sediments were roughly in equilibrium with the relatively 
low phosphorus concentrations found in the various retention ponds (Appendix 6, Table 1) and 
have considerable capacity for further phosphorus adsorption should ambient water concentrations 
increase. 
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Table 1. Capacity of exchangeable pools (So, uglg), distribution coefficients (a, g1mL) and 
solution equilibrium concentration (Co, ugL) for ammonium as derived through dilution and 
adsorption analyses. 

Dilution Analvsis Adsomtion Analysis 

Site - 

Webber Pond 0.972 255.00 71.43 18,141 0.986 -12.66 -39.30 498 
Airport Pond #2 0.960 50.28 55.55 2,793 0.934 20.83 83.22 1,733 
Statesville Rd. #2 0.875 22.04 25.00 55 1 0.830 45.45 17.17 780 
Waverly Lake 0.875 302.00 52.63 15,894 0.867 4.48 383.0 1,717 
Hospital 0.989 36.45 71.42 2,603 0.833 -16.39 -14.41 236 

Table 2. Capacity of exchangeable pools (So, uglg), distribution coefficients (a, g/rnL) and 
solution equilibrium concentration (Co, ugL) for FRP as derived through dilution and 
adsorption analyses. 

Dilution Analvsis Adsomtion Analvsis 

Site - g - a S g - a S 
Q 

C 
V Q 

Webber Pond 0.515 3.32 8.47 28 0.308 0.57 24.97 
Airport Pond #2 1.000 0.00 0.00 0 0.373 0.20 53.1 
Statesville Rd. #2 0.716 23.04 1.74 40 0.569 0.513 14.36 
Waverly Lake 1.000 0.00 0.00 0 0.669 0.298 -1 1.53 
Hospital 0.895 15.86 4.34 65 0.755 0.313 50.77 

Table 3. Capacity of exchangeable pools (So, uglg), distribution coefficients (a, g/rnL) and 
solution equilibrium concentration (Co, ugL) for Zn as derived through dilution and 
adsorption analyses. 

Dilution Analysis Adsorption Analvsis 

Webber Pond *0.072 1 7.93 8 0.994 1.46 -4.19 -6 
Airport Pond #2 0.806 234 0.37 87 0.994 1.79 -8.83 -15 
Statesville Rd. #2 0.956 -233 1.09 -254 0.989 1.77 -7.91 -14 
Waverly Lake 0.555 305 1.03 314 0.997 1.55 -5.51 -9 
Hospital *0.170 26 2.60 68 0.994 1.78 -9.16 -16 

* NSR no significant relationship 



III.6.3.c. Zinc. Unlike phosphorus or ammonium, zinc did not exhibit a linear adsorption 
relationship with retention pond sediments. Instead a consistent logarithmic or 'L' curve or van 
Bernmelen-Freundlich isothenn depicts the adsorption relationship (Figure 26). Like phosphorus, 
zinc exhibited a strong affinity for retention pond sediments and only the sediments from the 
Statesville B Pond released significant quantities of adsorbed zinc under the imposed experimental 
conditions (Figure 29). 

The negative adsorption capacities predicted by the adsorption analyses indicate that there is no 
capacity for the desorption of zinc from retention pond sediments (Table 3). The limited release of 
zinc from the Waverly Lake and Purport #2 Pond sediments may be at least partly attributed to 
colloidal bound zinc passing through the 0.45 micron filter paper. Like phosphorus, the 
adsorptioddesorption analyses for zinc indicate that the Piedmont retention pond sediments have a 
substantial capacity to absorb zinc should dissolved concentrations increase. The 
adsorptioddesorption analyses indicates that the sediments are not in equilibrium with the relatively 
low concentration of zinc found in the overlying water column and that the majority of the zinc 
found in the water column must be bound to suspended particles. The dilution and adsorption 
desorption analysis results from the Statesville B Pond sediments do not appear compatible as 
adsorbed zinc appeared to be readily desorbed from these sediments rather than irreversibly 
adsorbed as indicated by the adsorption analyses. 



IV. PHASE 11. INVESTIGATION OF POND SEDIMENTATION 
AND SEEPAGE LOSSES FOR PARK ROAD PARK POND. 

IV.1 Determination of Sedimentology and Sedimentation Rates 

IV.1.1 Methodology 

The sedimentology and stratigraphy of Park Road Park Pond was determined by coring, radar 
profiling and construction of cross-sections (see sections 111.2.1 and 111.3.1 for a discussion of 
methods). The locations of the profiles and core sites appear in Figure 30c. One sample (A8) was 
obtained from the stream channel upstream of the culvert beneath Park Road. The sedimentologic 
and stratigraphic data provide a record of long-term patterns of sedimentation within the pond. 

In order to determine current sedimentation rates, four suspended sediment traps were installed in 
the Park Road Park Pond on December 1, 1994 (Figure 30a). Each sediment trap consisted of 35 
cm long, 5.1 cm inner diameter PVC pipe capped at the bottom. The PVC pipe was suspended in 
the water column open end up by anchoring the sealed end of the pipe to the bottom of the pond 
and attaching the open end of the pipe to a float. Sediment traps had a height to width ratio 
between 5: 1 and 10: 1 which is recommended for measuring fluxes of suspended material as they 
settle in both calm and turbulent conditions (Murdoch and McKnight, 1994). The accuracy of 
sediment traps with these dimensions is reported to be within 10% to 20% with a 4 5 %  deviation 
between replicate traps. 

Unfortunately, Park Road Park Pond was not deep enough to suspend the sediment traps >3m 
above the sediment water interface, therefore the sedimentation rates as measured by the sediment 
traps must be viewed as a gross sedimentation estimate (Murdoch and McKnight, 1994). 
Collection of resuspended bottom sediments was possible with our sediment traps. Resuspension 
of bottom sediments could be caused by peripheral wind action leading to horizontal sediment 
transport and sediment focusing. However, wind driven sediment resuspension is likely to be of 
minor importance in Park Road Park Pond because of the small wind fetch and the substantial 
macrophyte community found in the littoral fringes of the basin. 

Sediment traps were collected monthly. Sediment samples were washed from the trap with 
distilled, deionized water into glass evaporation pans. Large living organisms such as leeches, 
l q a l  fish etc. were removed with tweezers before drying. Samples were then dried at 105 
degrees C for 24 hours and weighed. Monthly gross sedimentation rates were calculated by 
multiplying the dry sediment weights for each trap by 489.5 to adjust the collecting area of the trap 
to a square meter plane. Sediment samples from the months of August and September were 
analyzed with the laser particle size methodology outlined in section mi.2.l .e of this report. 

IV.1.2. Results 

Analysis of the cores collected from Park Road Park Pond suggests that the pond can be divided 
into two basins characterized by different styles of sedimentation. The proximal basin is located at 
the eastern end of the pond and contains a prograding delta (transects A-A' and B-B', Figures 3 1 
and 32). The distal basin is located at the western end of the pond and is dominated by pelagic 
sedimentation (transects C-C' and D-Dl, Figures 33 and 34). 

Transect A-A' (Figure 3 1) documents the distribution of the sediment composing the delta. The 
sediment layers fine from sand to silt and thin from decimeters to centimeters in a westward 
(downstream) direction. Tongues of sand extend several hundred meters downstream and are 
interpreted as turbidites (e.g. the sandy layers in core A3 of Figures 3 1 and 32). The pond floor . 
along A-A' has considerable relief as it represents a drowned dendritic topography. Some sandy 
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Appendix 4. Locations of transects for Figures 3 1-34 appears in Figure 30c. 



Figure 32: Lithologic cross-section for transect B-B', Park Road Park Pond. Bath ymet ry is vertically exaggerated 1 0: 1 . Lithologic 
logs are vertically exaggerated 16: 1 relative to the bathymetry. 
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layers are confined to bathymetric lows underlain by paleovalleys. Soupy muds are thin at the 
upstream end of the transect and thicken toward the west and in bathymetric lows. This suggests 
that soupy muds originally deposited in the shallow (less than 60 cm water depth) parts of the pond 
are subject to resuspension and redeposition in deeper and more distal localities. 

In the distal part of the pond, the sediments comprise massive to mottled to finely laminated 
organic-rich clayey muds. Bioturbation is common and all of the cores had soupy muds capping 
them. Apparently sedimentation rates were slow and oxygen suppy was sufficient most of the time 
thus permitting abundant bioturbation. The finely laminated mud facies which is developed locally 
may represent episodes of reduced oxygen during which pelagic muds settled out of suspension. 
The alternation in laminations may be due to variable loads of suspended sediment. Turbidite 
facies appear to be missing from this part of the pond. 

Monthly sedimentation rates estimated for each trap and Park Road Park Pond as a whole are 
presented in Table 4. Cumulative sedimentation rates for each trap and Park Road Park Pond are 
presented in Figure 35. Areally weighted sedimentation rates ranged from a low of 0.166 kg per 
square meter in December, 1994 to a peak of 13.7 kg per square meter in August, 1995. The 
tremendous sediment input in August is largely attributed to a single 16.5 centimeter rain event 
which occurred on August 26-29. This rainfall event was associated with Tropical S tom Jerry. 
During August approximately 36% of the annual sediment deposition occurred in Park Road Park 
Pond. Sediment deposition does not correlate well with rainfall totals (data not shown) indicating 
rainfall intensity and distribution, sediment availability and in situ factors such as biologic 
production and bank erosion are also important in determining monthly sedimentation rates. 

The east basin of Park Road Park Pond receives approximately four times the suspended sediment 
input of the lower west basin. This could be expected as the east basin directly receives 98% of the 
Park Road Park Pond terrestrial drainage. The general decline in sediment deposition from Trap 1 
through Trap 4 (Figure 35) indicates that plug flow predominates in Park Road Park Pond. This 
general decline in sediment deposition is evident in most months except for June and July when 
large woody debris was found in some traps. This debris likely floated across the pond surface 
before sinking some distance offshore. 

The grain size analyses indicated that the sediment trap material collected during August and 
September ranged from coarse to medium silt (4.48 phi - 5.43 phi) by weight. However, 
numerically the overwhelming majority of the particles were in the fine silt to clay size fractions 
(~8.57 phi). Despite the evidence for plug flow in Park Road Park Pond no trends in decreasing 
grain size or increased sorting of sediments with distance downstream was evident in traps 1 - 4 
during the two months examined. The mean grain size from two of the traps in August was 
coarser (4.48 phi and 4.68 phi) than any samples collected from September (5.18 phi - 5.48 phi). 
This likely reflects differences in precipitation between August (24.5 centimeter) and September 
(6.6 centimeter) and the energy available to transport sediment. 

IV.2.Park Road Park Pond Monitoring and Annual TSS, TDS and Water Budgets 

IV.2.1. Methodology 

An intensive monitoring program was initiated in 1995 to quantify the water, suspended sediment 
and dissolved inputs and outputs to Park Road Park Pond and to investigate the thermal and 
dissolved material dynamics within the pond. 

An instrument pod was set up on the riser stand of the Park Road Park Pond in early November 
1984 (Figure 30a). The instrument pod consisted of a potentiometric float activated water level 
recorder, an American Sigma 800S1 automatic water sampler, seven Campbell Scientific water 



Table 4. Park Road Park Pond monthly sediment deposition rates: December 1, 1994 to 
December 3 1, 1995. 

December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Trap 1 
(kdm2 ) 

Total 57.942 

Trap 2 
(k dm2 ) 

Trap 3 
(kdm2) 

Trap 4 
lkp/m2) 

Areal Weighted 
Average (ke/m2) 

*Estimated value sample lost. 
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T2 

T3 

T4 

Average 
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Figure 35. 1995 Park Road Park Pond cumulative sediment deposition rates. 



temperature thermistors positioned throughout the water column, a Campbell Scientific 
Weatherwatch 2000 weather station consisting of a windspeed and wind direction anemometer, a 
tipping bucket rain gauge, an air temperature thermistor, arelative humidity sensor and a solar 
radiation pyroheliometer. All meteorologic, water temperature and water level data were 
electronically recorded by a Campbell Scientific CRlO data logger. Data was measured every five 
minutes and averaged on a hourly basis. Water samples were collected on a daily basis. Water 
samples were analyzed for TSS and TDS concentrations as outlined above. In addition, weekly 
measurements of secchi depth disappearance, temperature/conductance profiles and water turbidity 
were made, methods as outlined in section 111.4.1 of this report. 

IV.2. La. Water budget analvsis. The monthly water budget for Park Road Park Pond was 
constructed in the following manner. 

where: P = precipitation to the pond surface (cubic meters) 
E = evaporation from the pond surface (cubic meters) 
OF = surface outflow from the pond (cubic meters) 
dS = change in pond storage (cubic meters) 
IF = surface inflows to the pond. 

Precipitation to the pond surface was measured by the recording rain gauge on the instrument 
tower at the pond from February 22 through the end of the study period. Missing data from 
January and February was extrapolated from the Charlotte Douglas Airport weather station located 
6.5 miles from the study site. Evaporation from the pond surface was calculated with the Meyer 
mass transfer relationship: 

E = C(eo - ea)(l+WI1O) (Meyer, 1944) 

where: E = the daily evaporation depth (inches) 
W = the wind velocity as measured at 25 feet above the water surface 
C = pan empirical coefficient. 
eo = the saturation vapor pressure at water surface temperature 
ea = the vapor pressure of air respectively (inches of Hg); 

Surface water temperatures were measured with a Campbell Scientific thermistor probe and 
continuously logged relative humidity and air temperature, and windspeed was measured with a 
Vasala temperaturelrelative humidity sensor and a R.M Young anemometer, respectively, both 
located on the pond meteorologic tower. A pan coefficient of 0.36, recommended for small lakes 
and reservoirs, was used (Veisman et al., 1989). 

Storage changes on the pond were measured with a potentiometric float recorder which was logged 
by the Campbell system. Surface outflows from the pond were calculated from pond 
stageldischarge relationships. Stageldischarge relationships were developed from velocity area 
discharge determinations of the drainage channel for Park Road Park Pond and manual stage height 
determinations. 

Surface inflows to the Park Road Park Pond were estimated by difference in the water budget 
equation. Groundwater inputs and outputs were assumed to be zero or in balance (see section 
IV.4). Although this water balance approach lumps all the budget errors into the surface inflow 
term, the hydrologic complexity of Park Road Park Pond and the logistics of monitoring the 



inflows to the pond necessitated this approach. Park Road Park Pond receives upwards of twelve 
major inflows during runoff events, all of which drain from significantly different catchment areas 
and with different land uses. The largest inflow which drains the majority of the terrestrial basin is 
characterized by a mobile sand bed which would have made the development of a reliable 
stageldischarge rating relationship problematic. In addition, the setting of the pond in an urban 
park makes expensive monitoring equipment vulnerable to frequent vandalism. 

IV.2.l.b. TSS and TDS budget analysis. The monthly TSS and TDS budgets for Park Road 
Park Pond were constructed in the following manner. 

TSS(1F) - TSS(0F) - TSS(dS) = net sedimentation 

TDS(IF) + TDS(P)- TDS(0F) - TDS(dS) = net retention 

where: TSS = total suspended sediments 
TDS = total dissolved sediments 
P = precipitation to the pond surface (cubic meters) 
OF = surface outflow from the pond (cubic meters) 
dS = change in pond storage (cubic meters) 
IF = surface inflows to the pond. 

TSS and TDS pond outflow fluxes were calculated by multiplying the daily pond outflow 
discharge by the daily water sample collected at the pond outflow riser stand. TSS and TDS 
changes in storage were calculated by subtracting the end of the month pond outflow concentration 
from the beginning of the month outflow concentration and multiplying this difference by pond 
volume after accounting for water storage changes. 

TSS and TDS concentrations in Park Road Park Pond inflows were found to vary substantially in 
response to changes in discharge. In addition, concentrations were found to vary by up to two 
orders of magnitude during individual runoff events. In order to address this variation it was 
decided to calculate the TSS and TDS inputs to Park Road Park Pond from concentration/discharge 
relationships developed from the single largest inflow to the pond. The east Inflow to the pond 
drains approximately 89% of the terrestrial watershed of Park Road Park Pond and is the only 
perennial surface input to the pond. Individual stream samples were collected over a wide range of 
discharges and the following relationships established: 

TSS= 8.4941 * 10(~.6155 * Q) r2= 0.755 
SC = 22.274 -88.292* Log (Q) r2= 0.805 

where: TSS = total suspended solids (mgL) 
Q = discharge in cubic meters per second 
SC= specific conductance (mS) corrected to 25 degrees C 

Specific conductance was later converted to TDS (mg/L) through the following relationship 
developed for Park Road Park Pond waters: 

TDS = 25.959 + 0.58061 * SC r2= 0.888 

A maximum value of 2030 mgL was used in the TSS equation. This value was chosen as it 
represented the maximum TSS concentration measured in stormwater runoff for the Charlotte area 
(D. Caldwell, Mecklenberg County Department of Environmental Protection, personal 
communication). Similar rating relationships are commonly used where concentrations are 
strongly flow dependent and are believed to be more accurate than periodic grab samples (Gregory 



and Walling 1979). As an alternate to the modeled TSS inputs to Park Road Park Pond we also 
estimated monthly TSS inputs by adding sediment inputs as measured by the sediment traps to the 
calculated TSS(0F) flux. 

A constant value of 5 mg/L multiplied by precipitation volume was used to estimate TDS inputs to 
the pond from direct precipitation. This value was chosen from the 3 1 year precipitation chemistry 
record from the Hubbard Brook Experimental Watershed, NH, typical for East Coast precipitation 
(Likens and Bormann, 1995). TSS inputs from precipitation were assumed to be negligible. 

IV.2.2. Results 

The 1995 Janoary to February water, TSS and TDS budgets for Park Road Park Pond appear in 
Tables 5-7. TSS and TDS budgets for individual runoff events are presented in Table 8. Park 
Road Park Pond water levels, TSS and TDS concentrations are presented in Figures 36-38. 

A wide range of runoff events was monitored during the 1995 study period (Figure 36). TSS 
values within Park Road Park Pond's epilimnion ranged from 0 mg/L to 49 mg/L with a mean 
daily concentration of 10.5 mg/L. TDS values within Park Road Park Pond's epilimnion ranged 
from 59.3 mg/L to 210 mg/L with a mean daily concentration of 89.4 mgk. Secchi depths ranged 
from 0.33 to 1.57 meters with a mean value of 0.67 meters. Turbidity values ranged from 4 to 32 
NTUs with a mean of 13.3 NTUs. Park Road Park Pond exhibited only brief periods of thermal 
stratification (Figure 39) and appeared to mix dramatically during runoff events (Figure 40). 
Continuously recorded water temperature profiles indicate inflow mixing to a depth of 3 meters 
during most of the year and to 6 meters during the spring and fall. Conductivity profiles indicate 
the presence of a sustained concentrational stratification with surface waters exhibiting conductivity 
values in the 60-90 mS range down to 3 meters where specific conductance values rise drastically 
to values approaching 280 mS (Figure 41). 

The conductivity data indicate the ionic composition of Park Road Park Pond changed dramatically 
during two large episodic runoff events. The first rain event occurred on May 2 (5.2 cm) and the 
second occurred on August 27 (15.6 cm). Both rain events completely mixed Park Road Park 
Pond to a depth of 6m. After the May 2 event epilimnetic waters remained fairly dilute while 
hypolimnetic waters became more concentrated and anoxic. The August 27 event totally destroyed 
this concentrational stratification and the pond remained mixed until the end of the study period. 

TSS inputs as modeled and calculated from the sediment traps and basin outflow data display some 
obvious monthly differences but over the 12 month period balance within 3% of each other. It is 
very apparent Park Road Park Pond functions as an efficient sediment trap with a trapping 
efficiency of approximately 98%. This is a greater trapping efficiency than that reported by Wu 
(1989) who concluded a SA/DA ratio of 4.5% was required by Piedmont detention basins to 
remove 85% of TSS inputs. Wu's model would predict approximately a 75% removal efficiency 
for a basin with a SA/DA ratio of 1.42% such as Park Road Park Pond. One of the reasons for 
Park Road Park pond's high TSS removal efficiency is the physiography of the pond itself. The 
pond is long and narrow with approximately 90% of the terrestrial drainage occurring at the 
opposite end of the pond from the outflow. The small area above Park Road at the distal end of the 
pond is constrained by a culvert as it passes under the roadway. This geometry would allow this 
area to act as an initial settling basin prior to any water entering the main body of the pond. In 
addition a further 8% of the terrestrial drainage enters the upstream basin leaving only 2% of the 
total terrestrial drainage area with the potential to short circuit the settling basin. 

Individual storm retention estimates vary from -260% (a net loss from the pond) to 99% retention 
(Table 8). Net export of sediment from the pond occurred during some small rain events where 
pond water with relatively high TSS values was displaced by a small amount of runoff with little 
energy available to transport newly eroded sediment into the pond. 



Table 5. 1995 Park Road Park Pond water budget 

Direct Runoff Inflow 
Precipitation (m3)' 1m3) Evaporation (m3) Outflow (m3) A Storage (m3) 

January 3,18 9 
February 3,272 
March 1,343 
April 615 
May 3,549 
June 6,866 
July 2,649 
August 7,241 
September 1,95 1 
October 5,148 
November 3,661 
December 1,118 

Total 40,602 (137.4) 1,095,010 (64.0) 35,829 (121.3) 1,099,415 (64.3) 368 (1.1) 

1. Values in parentheses following direct precipitation, evaporation and storage volumes 
are depths in centimeters for (water volume/pond surface area). Values in parentheses 
following inflow runoff volumes are depths in centimeters (water volume/terrestrial 
drainage area). Values in parentheses following pond outflow volumes are depths in 
centimeters (water volume/(terrestrial drainage area + pond surface area)). 



Table 6. 1995 Park Road Park Pond total suspended solids budgets 

TSS Inputs TSS Input TSS 
Modeled Outputs+Sediment Outputs A Storage Net Retention Net Retention 

Traps (kg) (kg) (kg) Estimate 1 Estimate 2 

January 55,105 
February 54,480 
March 9,3 1 1 
April 3,107 
May 83,933 
June 138,545 
July 39,082 
August 29 1,934 
September 1,440 
October 100,380 
November 73,O 1 1 
December 1,s 65 

Total 85 1,893 872,728 18,679 324 831,692 (98) 852,527 (98) 

1 .Values in parentheses are percent retention totals (retention (kg)/ inputs (kg) x 100). 



Table 7. 1995 Park Road Park Pond total dissolved solids budgets1 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 

TDS Inputs TDS Inputs TDS Outputs 
Modeled (kg) Precipitation (k 

AS torage 
m 
-75 
-20 

1,462 
82 

-2,294 
304 
57 

-95 8 
1,211 
-9 14 

98 
888 

-159 

1. Negative retention estimates equal a net export of material from the pond. 

Net ~e t en t ion~  
m 

2. Vahes in parentheses are percent retention totals (retention (kg)/inputs (kg) x 100). 



Table 8. Summary of 1995 individual storm runoff events 

Date - 

January 6 
Jan 11-15 
January 19 
January 23 
Jan 28-30 
February 4 
Feb 11-12 
Feb 15-19 
Feb 27-Mar 2 
March 3 
March 6 
March 8-10 
March 21 
March 27 
April 12- 13 
April 2 1 
April 23 
April 24 
Apr 30-May 4 
May 9-10 
May 13-14 
May 19 
May 27 
June 1-3 
June 5-7 
June 22 
June 26 
June 28 
July 16-17 
July 20-24 
July 27-28 
Jul3 1 -Aug 4 
Aug 15-17 
Aug 18-20 
Aug 26-29 
Sept 1 
Sept 11 
Sept 16-17 
Sept 22-23 
Sept 25-28 
October 4-5 
Oct 13-15 
Oct 2 1-22 
Oct 27-28 
Oct 31 

Precipitation 
0 

25.9 
49.5 

6.6 
3.0 

22.9 
2.5 
6.4 

72.9 
39.6 
2.5 
6.6 

11.9 
8.1 
1.8 
5 .O 
3.3 
4.1 
8.1 

52.1 
4.6 
9.1 

32.3 
22.1 
22.6 
36.1 
3.6 
4.8 

29.0 
16.8 
30.7 
20.1 
19.3 
6.9 

35.8 
183.1 
11.2 
5.3 

15.2 
27.4 
6.9 

70.9 
26.7 
23.4 
49.8 

2.0 

TSS Input TSS Output Net Retention TDS Input 
(kg) 

24,364 
27,432 

1,867 
19 

1,287 
7 

59 
49,926 

5,007 
21 
35 

8,124 
52 1 

11 
26 
10 
15 

2,845 
4 1,685 

145 
7,903 

23,699 
10,614 
8,143 

12,857 
5 

50 
20,248 

897 
24,640 
13,177 

337 
82 

3O,5 14 
260,974 

199 
28 

165 
540 
237 

49,615 
13,432 
1,737 

28,55 1 
3 

(kg) 

130 
813 
61 
10 

169 
14 
67 

2,130 
830 
22 
22 

233 
102 

4 
3 
3 
4 

24 
648 
21 
44 
83 
9 

87 
536 

11 
48 

182 
24 

332 
97 
15 
41 

368 
6,94 1 

7 1 
14 
40 
78 
36 

910 
313 
49 

280 
11 

(kg) 

907 
2,357 

374 
173 

1,202 
125 
469 

5,273 
2,865 

325 
289 

1,158 
90 1 
155 
213 
110 
135 
217 

1,101 
206 
326 
64 1 
335 
742 

1,459 
243 
268 
390 
652 

1,743 
1,475 
1,079 

445 
1,539 
6,957 

443 
167 
409 
583 
238 

1,837 
793 
435 
607 
98 

Net 
TDS Output Retention 

(kg) 

1,636 
3,126 

384 
78 

1,456 
69 

336 
8,278 
2,129 

20 1 
234 

1,702 
1,364 

53 
84 
41 
50 

327 
3,763 

79 
329 

1,341 
829 
708 

1,s 14 
121 
63 

297 
625 

3,049 
2,2 18 

984 
214 

1,165 
9,386 

188 
40 

413 
55 1 
205 

1,693 
874 
311 

1,526 
34 

1. Negtive retention estimates equal a net export of material from the pond. 

73 



Figure 36. 1995 Park Road Park Pond water levels. 
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Figure 37. 1995 Park Road Park Pond total suspended solids concentration. 



Figure 38. 1995 Park Road Park Pond total dissolved solids concentrations. 
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Figure 40. 1995 Park Road Park Pond water temperatures. 





Unlike the TSS budgets, the TDS budgets for Park Road Park Pond display no clear trend in 
retention of dissolved constituents. Over the 12 month period, TDS inputs and outputs balanced to 
within 1% of each other (Table 7). Errors associated with the mass balance methodology are likely 
within the range of +I- 30% (Devito et al., 1989, Winter, 198 I), making interpretation of monthly 
differences unjustifiable. This does not indicate that Park Road Park Pond is a passive reservoir 
for dissolved constituents. Rather the bulk ionic content of inflow waters appears to be maintained 
as it passes through the basin. The rapid changes in the structure of the conductivity profiles 
indicate a dynamic interaction between inflow waters and bottom sediments within the pond. Often 
during individual storm events, Park Road Park Pond acted as a source of dissolved material to 
downstream waters as higher concentration pond water was displaced by more dilute runoff waters 
(Table 8). 

IV.3. Settleability of Urban Runoff Pollutants 

IV.3.1 Methodology 

A laboratory study was carried out to examine the settling behavior of various pollutants contained 
in the runoff waters to Park Road Park Pond. Runoff samples were collected during storm runoff 
on two occasions from the various inflows entering Park Road Park Pond. Samples were 
collected in clean 5 gallon carboys and composited in a 2 meter long, 19 centimeter inner diameter 
settling column in the sedimentology laboratory at UNC Charlotte. Samples were withdrawn with 
a small diameter siphon 5 cm below the water surface of the column at 0, 1, 24,48,72,96 and 
120 hours after the initial addition. Withdrawn water was not replaced during the experiment. 
Water samples were analyzed for TSS, TDS, turbidity and specific conductance at 25 degrees C at 
UNC Charlotte (the methodology is outlined in section I11 4.1 of this report). Subsamples were 
submitted to the Mecklenberg County Environmental Protection Laboratory and analyzed for the 
following chemical variables: chloride (mecuric nitrate titration); chromium, copper, lead and zinc 
(graphite furnace atomic absorption), ammonium, nitrate, total phosporus and ortho phosphorus 
(colormetric analysis), TKN (kjeldahl digestion followed by colormetric analysis), BOD (5 day 
incubation followed by Winkler titration), COD (dichromate reflux method), total petroleum 
hydrocarbons (gas-liquid chromatography), oil and grease (partition-gravimetric method); and 
pesticides and PCBs (gas-liquid chromatography). Descriptions of analytic methodologies are 
contained in APHA, 1985, EPA, 1983 or EPA, 1988. Two trials were carried out because of 
sample volume requirements. Water samples from each trial were analyzed with the laser particle 
size counting methodology outlined in section 111.2.1 .e of this report. 

In addition to the laboratory trials, TSS data representing quiescent settling periods in Park Road 
Park Pond were selected from the 1995 daily sampling record. Data were analyzed to obtain 
"field" settling rates of suspended particulate material. 

IV.3.2 Results 

Pollutant settling data from the two trials are presented in Table 9 and Figures 42 and 43. 
Concentrations of cadmium, oil and grease, total petroleum hydrocarbons, pesticides and PCBs 
were always lower than detection limits in inflow waters on the two sampling dates, and are 
therefore not presented. The plexiglass settling column and its fittings appeared to be a source of 
contamination for zinc and copper, with concentrations continuously rising during the experiment 
and the data were therefore discarded. Specific conductance, TDS and chloride remained constant 
over time during the settling trials and appear not to be influenced by particle settling. 

The laser particle counter results indicate the suspended material fell in the medium silt fraction (by 
weight), 5.43 phi and 5.34 phi units for trials 1 and 2 respectively. As for the sediment trap 
samples analyzed in section N. 1.1, the overwhelming majority of particles in the runoff samples 
fall in the clay size fractions. Mean grain sizes of 9.02 phi and 8.82 phi units are obtained for trials 



1 and 2, respectively, when grain size data are analyzed as to frequency of occurrence. 
Surprisingly, almost no change in grain size occurred during either settling experiment. Average 
grain size increased by 0.14 phi units in trial 1 and decreased by 0.05 phi units in trial 2, both 
changes within the analytical precision of the laser particle counting technique. Suspended material 
became increasingly well sorted over time during each sampling trial. The coefficient of variation 
in grain size decreased from 52% to 24% during trial 1 and decreased from 42% to 2 1 % during 
trial 2. 

From both the field data and the laboratory settling experiments it is evident that suspended material 
in the Park Road Park Pond retention basin exhibit widely different TSS settling rates despite the 
homogeneity of particle size indicated from the TSS grain size analyses of runoff waters and 
sediment trap material (Table 9). Under laboratory conditions Randall et al. (1983) report that TSS 
removal rates are significantly related to initial sediment concentrations, with poor removal 
efficiencies occurring when initial TSS concentrations are <lo mg/L. Removal efficiencies are 
reported to increase as initial TSS concentrations rise to approximately 100 mg/L and remain 
relatively constant thereafter. There appears to be little correlation between initial sediment 
concentration and sediment removal rates in the Park Road Park Pond data (data not shown) 
indicating that environmental conditions may obscure this relationship in field studies. The TSS 
laboratory settling results both fall within one standard deviation of the mean for field data obtained 
from Park Road Park Pond itself. 

It is evident that many of the pollutants associated with urban runoff waters are not significantly 
associated with TSS removal. These chemical variables include chloride, TKN and dissolved 
ortho phophorus all which exhibited 0% or < a 20% decline in concentration over 120 hours in the 
settling column. Either these chemical variables are predominantly found in the dissolved form 
(likely for chloride and nitrate), they are found on the smallest colloids and remain in suspension 
for longer periods of time, or both. 

Chemical variables which exhibited moderate declines in concentration > 20%- < 60% include 
turbidity, COD and total phophorus. Both COD and turbidity exhibited slow gradual declines 
indicating that these parameters are associated with the sedimentation of smaller particle sizes. 
Total phosphorus declined dramatically in the first 24 hours of the experiment and thereafter 
remained constant or even increased in concentration marginally. Chemical variables which 
exhibited a greater than 60% decrease in concentration over the course of the experiment included 
BOD, chromium, lead and ammonium. Of these only BOD and chromium declined as rapidly as 
TSS concentrations. The effectiveness of gravity sedimentation at removing TSS, lead and BOD 
has been reported in similar studies (Randall, 1983; Whipple and Hunter, 198 1). The small range 
in sediment grain sizes found in the runoff waters sampled during the two settling trials precludes 
any analysis of the relationship between pollutant load and sediment grain sizes in this study. 
Several studies have reported significantly higher pollutant loads associated with the smallest grain 
size fractions (S tahre and Urbonas, 1990). 

IV. 4. Analysis of Pond Exchange with Ground Waters 

One of the outstanding questions concerning the fate of adsorbed contaminants within sediments of 
wet retention basins is the potential migration of these constituents into the underlying 
groundwaters via advective or diffusive means. A common civil engineering assumption within 
the southeastern U.S. Piedmont province is that pond waters, within usually a few years of pond 
construction, become hydraulically isolated from the underlying groundwater by the accumulation 
of a fine clayey silt along the bottom of the pond. The maintenance of water levels in most ponds 
during drought periods certainly supports this view. Yet few scientific studies have been attempted 
to directly document exchanges, which severely limits modem attempts to characterize potential 



Table 9. Settleabilityl of selected water quality parameters contained in terrestrial runoff into Park 
Road Park Pond. 

1 hour 24 hours 48 hours 72 hours 96 hours 120 hours 

TSS (Field)* 
TSS 13 
TSS 2 
Turbidity 1 
Turbidity 2 
Chromium 1 
Lead 1 
COD 1 
BOD 2 
NH,+ 1 
TKN 1 
NO3- 2 
Total P 1 
Ortho P 2 

1. Data represents the percentage of the initial concentration remaining in suspension. 
2. Field data for TSS settleability was determined from daily samples collected from the Park 

Road Park Pond riser stand. Standard deviation (first value in parentheses) and number of 
observations (second value in parentheses) for each time period are as follows 24 hours (23.3, 
38); 48 hours (22.3, 23); 72 hours (25.8, 11); and 96 hours (24.1,7). 

3. Numbers after each water quality variable represent laboratory trial 1 or 2. 
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Figure 42. Pollutant settling data, trial 1. 
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Figure 43. Pollutant settling data, trial 2. 



transport of contaminants that could in theory occur over long time scales. In this study two field 
methods of analysis were performed to document exchange, and exchange potential, of pond water 
with ground water. 

IV.4.1. Methods for exchange analysis. 

IV. 4.1. a.  Direct see~age measurements. 

First, an array of seepage meters was installed and monitored over a 5-month period from May to 
late September of 1995. The seepage meters were constructed following designs outlined by Lee 
and Cherry (1978), who used them to characterize exchanges in stream settings. The meter and its 
installation scheme are shown in Figure 44. This method is limited to installation in littoral areas 
where one can wade out and install the open end of the seepage bucket, or open-ended drum, into 
at least 2 to 3 inches of sediment to form a seal between water within the meter and the underlying 
groundwater. The meters are difficult to install in irregular, steep, hard or soupy substrates, or in 
weedy areas. A calibrated exchange bladder is partially filled to permit either a positive or negative 
exchange with the seepage area under the bucket. After a period of time, the bladder is removed 
and the change in volume is recorded to calculate the seepage rate per unit area. In the work of Lee 
and Cherry (1978) exchange rates were sufficiently high to make significant measurements over a 
period of a few minutes to hours. Rates of exchange in this study required that the meter be left for 
a 7-day period. Vandalism, fishing, floods, and other causes as yet to be discovered, destroyed 7 
seepage meters, and limited successful 7-day runs to approximately 1 of 4 trials. Despite these 
obstacles, 10 stations were successful occupied for two, or more readings, for at least a 7-day 
period. The distribution of these seepage sited is shown in Figures 30(a) and 45. 

In addition to the slug tests, vertical gradients of hydraulic head were calculated for six 
piezometers, where it was clear that the piezometer penetrated at least two feet into cohesive 
sediment. These were read over a three week period in November and early December. 

IV. 4.1. b . Indirect estimates of exchange potential. 

The other method, was to use small bore, shallow well, drive-point 'mini-piezometers' to 
determine exchange potential at various point in the pond. Initially, the intent was to use the 
method of Lee and Cherry (1978) that used mini-piezometers coupled with a manometer) in areas 
near the seepage meters in order to independently verify the seepage meter findings. However, the 
littoral areas of the pond did not have sufficient thickness of pond sediment to permit the use of the 
minipiezometers to determine subpond gradients because the underlying saprolite was too dense to 
permit a suffiecient depth of installation. Also, when installed, equilibrium with groundwaters 
could not be achieved with any confidence within a 3-hour period. Since no long duration well 
heads could be left along the shoreline overnight, no opportunity for further piezometric 
observations was possible in the littoral areas. The second approach to obtaining head and 
conductivity measurements was by installing mini-piezometer wells from a portable raft in deeper 
waters (4 to 17 feet). In these areas, wells could be installed in areas removed from human 
disturbances, driven into sediment accumulations over 2 to 3 feet thick, and left for longer periods 
of time. However, the initial attempt to read and conduct slug tests in the wells by hand with a 
Solinst water level meter met with difficulty due to very slow water movements. Later 
observations revealed that up to 3 to 4 days were required for piezometer wells to reach 
equilibrium, and floating debris (during several major flood events), and wind stresses typically 
limited the life of each well's seal with the underlying groundwaters to less than a few weeks. 
Manual efforts to read changes initial head and head variations during the slug tests failed due to 
the 2 hour to 4 day period required to reach equilibrium. In order to obtain estimates of hydraulic 
conductivity, wells had to be installed, left to equilibrate for several days, and then continuously 
monitored during long duration slug tests. 



Figure 44. Installation schematic for the seepage meters used to calculate flux with ground 
waters in the littoral fringe. 
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Figure 45. Seepage meter locations with their corresponding average values and Thiessen 
polygon areas. 



In the end to complete these hydraulic tests, electronic piezometers (made from vibrating wire 
pressure transducers) were linked by submersible electronic data cable to a datalogger installed in 
the instrument cabinet located on the pond riser stand. The datalogger (Campbell CRlO- 
x,w/AVW-4 module) supplied the excitation voltage to the vibrating wire pressure transducer and 
recorded and performed basic corrections to the data. Vibrating wire pressure transducers are 
sensitive to both pressure and temperature changes, and care must be taken to first correct for 
thermal effects. During the latter part of the study (November and early December) diurnal thermal 
changes became too extreme to properly correct the data using the surface air or water temperatures 
fromthe top control piezometer (see Figure 46), and the factory thermal calibration coefficients 
were inadequate to remove diurnal variations in the data stream. In addition to sensor calibration 
problems, well heads deteriorated typically over a three week period due probably to long term 
vibration from waves and wind. From September to December, 12 long (7 day) slug tests, 
following the methods of Bouwer and Rice (1976) and Bouwer (1989), were attempted at 7 well 
locations. Five of these tests (locations shown on Figure 30) yielded records sufficiently clear to 
obtain estimates of hydraulic conductivity which are discussed in the results section below. 

IV.4.2. Results 

IV.4.2. a. Results of the seepage analysis 

The seepage meter observations provide direct estimates of water exchanges in the littoral fringes 
of the pond. The head gradient information, and hydraulic conductivity data, provide a foundation 
to calculate potential exchange (using Darcy's Law) for the deeper parts of the Pond. 

Table 10 and Figure 45 show the results from 24 seepage meter runs (each for a -7 day time 
period). The stations are distributed around the perimeter of the pond. At least two observations 
were made for each station, and the data were then averaged for each location. A few intervals of 
positive exchange (base flow into the pond) were recorded at two stations, but these were during 
the early summer and followed significant storm events. Overall the data indicated averages for 
each station that are negative and reasonable consistent. The station array was used to construct a 
Thiessen polygon net. The seepage for each station was then used to calculate a loss for its area. 
The losses for all areas are shown in Table 10, and sum to 486 literslday loss to groundwater. 
However, the data discussed below on the potential losses to ground water from the piezometer 
data, would argue that these losses are not indicative of the deeper areas. 

IV .4.2. b . Observations of hvdraulic head 

Over the course of the project, piezometers were placed in numerous locations along the shoreline 
as well as locations in deeper water. However, observations taken during short duration wells are 
suspect due to the slow rates of water movement and the likelihood that emplacement of the 
piezometer results in a lowered head for a period of time. All head observations used in this study 
had to be maintained for at least a 7-day period. In addition, levels equal to pond head were 
rejected, due to the tendency over time for the seal to fail along the well casing. Thus, only 6 
values were obtained of the vertical gradient of hydraulic head. These are shown in Figure 47a, 
and are used to prepare an approximate potentiometric gradient map shown in Figure 47(b). The 
gradients are calculated by using the depth of incohesive sediment as the top of the confining unit 
for groundwater and the depth of penetration into the cohesive sediment for the distance over 
which the head difference (from pond water level) is established. The data show a fairly simple 
increase in gradients from a small region of base flow along the old buried channel in the upper 
part of the pond, to a middle region of very low gradients, to a region within the deeper parts of the 
pond that have strong negative gradients of head up to 0.5. 
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Figure 46. Installation schematic for the shallow, small bore drivepoint piezometer wells 
used for slug tests and potentiometric observations. 



Table 10. Groundwater Seepage Data for Park Road Park Pond 

Site Seepage Area Exchange Vol. Time Seepage Rate Site Avg. Rate Thiessen area Seepage/area 
sq. meters liters days I/d/sq.m. I/d/sq.m. sq. m. I /d 

Pond Total: 
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Idealized Contours of 
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Figure 47 (a) Slug test locations and observations of hydraulic potential, (b) interpretive 
potentiometric gradient map. 



IV.4.2.c. Calculations of hvdraulic conductivity 

Five of the piezometer wells yielded slug test results sufficiently detailed and removed of thermal 
noise to permit determination of hydraulic conductivities. 

Following methods outlined in Bouwer and Rice (1976) and Bouwer (1989), well, aquifer, and 
changes in head data are used to solve for hydraulic conductivity. The two pertinent equations are: 

{rc: 2 x 1.D. well casing ; Lw: penetration depth below water table, Le: screen interval, 

rw: radius to undisturbed aquifer; Re: effective radial distance over which y (drawdown) 
is dissipated; H: effective thickness of aquifer) 

Using well and aquifer characteristics outlined in Figure 46, the latter equation can be solved, after 
first evaluating the A. and B. coefficients from the nomogram provided in Bouwer (1989). A = 
2.4 and B = 0.4. Evaluation of this is as follows: 

- 

Substituting into the first equation, yields the following simplified expression: 

for 
Thus, all that is required to calculate hydraulic conductivity, is an evaluation of the ln(y0lyt)ldt 
term. This can be estimated by picking specific head and time intervals, or more appropriately 
long duration test, with sources of noise, statistically evaluated using a log-linear plot of ln(Y) 
versus time (as outlined in Bouwer, 1989). For each of the five slug tests, these plots are shown in 
Figures 48,49, and 50. For several tests the data reveal that there are two stages of response. This 
is common in cases where well disturbance has created a nearby zone with higher hydraulic 
conductivity. Uniform aquifer response to a slug test is usually expected to reveal a straight line 
segment on these plots, as is required by the form of the simplified expression above. Segments 
of each slug test were extracted and fitted with a linear regression model to determine the best linear 
estimate of d(1nH)ldt. These values are compiled in Table 1 1. As can be discerned, results range 
from -0.00004 to -0.000002 ftlday. Since some of the early results probably reflect disturbance of 
the aquifer during well installation, these results are not used to calculate a mean and median value. 
The median value for the remaining data is is 0.00000420 and the mean is 0.00000806. These 
results are consistent with general expectations, the clayey nature of the acummulated sediment, 
and the water budget data previously discussed. 
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Figure 48. Slug test results from sites S.T. #1 and # 2. 
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Figure 49. Slug test results from sites S.T. #3 and #4. 
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Figure 50. Slug test results from site S.T. # 5. 



Table 11. Slug Test Estimates of Hydraulic Conductivity 

Site 
ElapsedTime Screened Depth 

d(lnH)/dt 
Hydraulic Conductivity 

Interval Interval' ( f t lda~)~  
- 

S.T. # I  0 to 35 hrs 2 to 3 ft -0.00035 

S.T. #2 Oto  14 hrs 1.5 to 2.5f t  -0.00091 

14 to 70 hrs -0.00034 

S.T. #3 .5 to 4.5 hrs 2.4 to 3.4 ft -0.00194 

S.T. #4 0 to 9 hrs 1.5 to 2.5 ft -0.001 10 

9 to 26 hrs -0.00063 

S.T. #5 0 to 1.2 hrs 2 to 3 ft -0.00602 

1.2 to 2 hrs -0.00279 

Mean value K(m)#: 

Median value K(md)#: 

Max. value K(max): -4.01 E-05 
Measured from the waterhdiment interface 

A Estimates based on Bouwer and Rice (1976) & Bouwer (1989) Slug Test Methods 
#Early time interval estimates excluded 

Table 12. Darcy Estimates of Groundwater Recharge From Pond 

dH1dl Contour 
Int.' 

Recharge Recharge 
(cu.ft./d) using (cu.ft./d) using 

Mean dH/dl K(m) K(md; ftld) 
0.75 -0.0074 -0.0039 

Recharge 
(cu.ft./d) using 

K(max) 

- - 

Totals: 0.71 49 0.3725 3.5566 

(=20.2 Ild) (=I 0.6 Ild) (=I 00.7 Ild) 

From figure 45 



Calculation of ~otential exchanrre with ground waters 

In Table 11 the potentiometric gradient data have been combined with the hydraulic conductivity 
data to made a calculation of the potential exchanges that may be occumng between the pond and 
ground water. As can be seen from Figure 47, a small segment of the pond in the upper reaches 
receives base flow, while the rest appears to exist under a negative head to groundwater. How 
much is potentially transfered to ground water given these gradients, and hydraulic conductivities? 
Secondly, are these potential exchanges consistent with the seepage meter data? Using the 
potentiometric map of Figure 47, area for each contour interval were calculated and assigned an 
average gradient. For each area a flux is calculated using Darcy's Law for the mean, median, and 
maximum hydraulic conductivity estimates (see Table 1 1) Then for each of these hydraulic 
conductivities, the fluxes are summed to provide a potential total flux for the pond on a daily basis. 
These numbers can be directly compared to the seepage data of Table 10. Potential fluxes from the 
head and hydraulic conductivity data range from 100 to 10 literslday. The seepage meter data 
indicated losses to ground water of 486 literslday, some 5 to 50 times greater. Neither set of data 
indicate significant transfers from a water budget perspective. The differences in these estimates 
can be viewed in a number of ways. First, it is clear that the littoral areas have little sediment 
accumulations and would be expected to have higher hydraulic conductivities. It may also be that 
there are systematic variations in hydraulic gradients along the margins of the pond. Without data 
on these parameters from the littoral areas it is difficult to resolve the source of the different 
estimates. Breaking the pond somewhat arbitrarily into a sediment-sparse area, and a deeper, 
sediment-covered area, along the 1 nanosecond isopach (shown in Figure 30c) provides a 
preliminary composite estimate of the exchanges with ground water. With approximately 10% of 
the area situated in the littoral fringe and 90% in the deeper area, the net exchange with ground 
water includes -50 Llday (littoral component) and 9 to 90 Uday (deeper component). Thus the 
best estimates that can be made at the current time are -60 to -140 Yday of recharge. 
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APPENDIX 1 

TABLES OF WATERSHED PARAMETERS FOR THE 250 POND REGIONAL STUDY AND 
THE PHYSICAL AND SEDIMENT CHARACTERISTICS FOR EACH OF THE TWENTY 
PONDS SURVEYED IN THE FIELD 



Table 1. Reglonal Survey of Environmental Factors of Basins with Direct Overland Flow 
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0 
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0 

72 
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20 

48 

23 
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43 

90 
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11 

80 
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36 

52 
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50 

N.A. 

57 
44 

0 
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23 

14 
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0 

40 

44 

28 

52 

29 

29 

50 

17 

0 

0 

0 

23 

0 

0 

0 

0 

3 

0 

0 

33 

0 
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0 

0 
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N.A. 
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0 
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0 

0 

0 
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Derita 
Derita 
Derita 
Derita 
Derita 

Derita 
Derita 

Derita 
Derita 

Derita 
Derita 
Derita 
Derita 
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Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
Derita 
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Derita 
Derita 
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Derita 
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Derita 
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Derita 
Derita 
Derita 
Derita 
Derita 107 

25 

32 

N.A. 
83 

18 

16 

44 

42 

48 

157 

4 1 

52 

58 

25 

56 

10 

N.A. 
42 

5 6 

40 

46 

25 

29 

30 

36 

N.A. 
45 

57 

35 

34 

47 

N.A. 
43 

26 

37 

56 

43 

11 

45 

62 

38 

36 

N.A. 
67 

N.A. 

55 

30 

33 

N.A. 
35 

33 

28 

37 

32 

35 

4 1 

N.A. 
N.A. 
30 

34 

40 

3 1 

67 
24 

N.A. 
N.A. 
N.A. 
46 

34 

97 

36 

32 
42 

28 

57 

40 

48 

26 

30 
38 

37 
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Derita 
Derita 
Derita 
Derita 

Derita 
Derita 
Derita 
Derita 
Derita 
Harris. 
Harris. 
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Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 

CI 
0 Harris. 
Ch Harris. 

Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 

Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 

10 

39 

24 

57 

6 7 

N.A. 

33 

96 

11 

4 2 

4 8 

16 

12 

11 

N.A. 
23 

11 

17 

15 

19 

36 

16 

16 
16 

26 

19 

10 

4 6 

37 

N.A. 
10 

23 

98 
25 

21 

24 

11 

6 1 

39 

40 

198081 1.7 530118 3908985 N.A. 

26 

34 

2 6 

49 

N.A. 

34 

3 1 

28 

2 6 

26 

29 

34 

26 

22 

N.A. 
2 9 

N.A. 
35 

35 

40 

34 

N.A. 
3 1 

27 

43 

27 

131 

34 

34 

N.A. 

N.A. 
26 

N.A. 
83 
29 

27 

N.A. 
N.A. 
35 

26 

N.A. 

42 

50 

14 

27 
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N .  A 
24 
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19 

20 

60 

0 

25 
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50 

69 
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0 
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6 
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33 

N.A. 

4 3 

40 

60 

0 
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0 

50 
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N.A. 

17 
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14 

0 
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N.A. 
3 
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19 
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3 

0 

1 00 

74 

57 
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50 

50 
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44 

63 

6 1 
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N .  A. 

0 

20 

10 
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50 

0 

67 

N.A. 

42 

50 

71 

38 

44 

N.A.  

45 

88 

56 

60 

35 

100 

75 

100 

47 

23 

0 

26 

43 

8 1 

50 

50 

40 

0 

56 

3 1 

17 

0 

36 

67 

N.A. 

57 

40 

30 
80 
83 

50 

50 
33 

N.A. 

0 

0 

0 

3 5 

44 

N.A. 

28 

0 

6 
0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 
0 

6 

17 

0 

0 

0 

N.A. 

0 

0 

0 
0 

0 

0 

0 

0 

N.A. 

38 

38 

38 

38 

38 

38 

>4 5 

38 

38 

31 

38 

38 

38 

31 

38 

31 

38 

38 

38 

38 

38 

38 

31 
38 

31 

N.A. 
38 

38 

38 

38 

31 

38 

38 
38 

38 

38 

3 1 

38 

38 

38 



Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 
Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 
w Harris. 

3 Harris. 
Harris. 
Harris. 
Harris. 
Harris. 
Harris. 

Harris. 
Harris 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

Harris. 

44 

3 9 

57 

36 

4 5 

15 

4 4 

N.A. 

2 1 

30 

10 

18 

62 

29 

15 

15 

11 

15 

2 6 

64 

11 

88 

5 6 

11 

80 

4 1 

20 

15 

2 5 

53 

63 

68 

N.A. 
27 

4 1 

14 

28 

63 

19 

4 1 

11 

3 1 

4 5 

N. A. 
N.A. 

4 8 

26 

35 

N.A. 

26 

N.A. 

25 

27 

37 

30 

60 

55 

75 

35 

4 4 

4 1 

26 

33 

26 

35 

63 

29 

76 

26 

34 

37 

N.A. 
30 

N.A. 
24 

38 

22 

26 

N.A. 

25 

N.A. 

33 

0 

13 

3 

9 

0 

0 

29 

0 

36 

2 1 

11 

0 

0 

0 

42 

50 

5 6 

40 

67 

5 

0 

4 6 

67 

50 

20 

8 1 

0 

32 

0 

5 

0 

33 

N.A. 
8 

0 

0 

0 

0 

67 

30 

0 

15 

8 

0 

0 

0 

5 

0 

9 

16 

11 

0 

0 

0 

0 

0 

11 

0 

0 

0 

3 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

17 

N.A. 
1 

0 
0 

20 

0 

0 

23 



Harris. 100 

MI. Is. Lake 1 

MI. Is. Lake 2 

MI. Is. Lake 3 

MI. Is. Lake 7 

MI. Is. Lake 8 

Mt. Is. Lake 9 

Mt. Is. Lake 10 

MI. Is. Lake 1 1  

MI. Is. Lake 13 

MI. Is. Lake 14 

Mt. Is. Lake 15 

MI. Is. Lake 16 

MI. Is. Lake 17 

MI. Is. Lake 19 

MI. Is. Lake 20 

Mt. Is. Lake 22 

MI. Is. Lake 23 

MI. Is. Lake 26 

MI. Is. Lake 28 
+ MI. Is. Lake 30 

Ml. Is. Lake 31 

MI. Is. Lake 32 

MI. Is. Lake 34 

MI. Is. Lake 35 

MI. Is. Lake 36 

MI. Is. Lake 38 

MI. Is. Lake 39 

MI. Is. Lake 40 

MI. Is. Lake 41 

MI. Is. Lake 42 

MI. Is. Lake 43 

MI. Is. Lake 44 

Mt. Is. Lake 47 

M!. is. Lake 51 

Mt. Is. Lake 52 

Mt. Is. Lake 53 

Mt. Is. Lake 55 

MI. Is. Lake 56 

Mt. Is. Lake 58 

Mt. Is. Lake 60 

49 

30 

23 

10 

84 

18 

8 

2 6 

19 

63 

52 

44 

9 

10 

42 

4 5 

1 1  

35 

57 

N.A. 
N.A. 
72 

30 

27 

90 

28 

27 

38 

60 

28 

33 

17 

8 

14 

27 

33 

N.A. 

26 

29 

33 

N.A. 
28 

36 

27 

28 

33 

25 

32 

27 

31 

24 

N.A. 

N.A. 
N .  A. 

N.A. 
N.A. 
N.A. 
N.A. 
33 

N.A. 
N.A. 
N.A. 
29 

39 

N.A. 

25 

50 

57 

53 

29 

35 

N.A. 
33 

30 

N. A. 

36 

31 

N.A. 
N.A. 

32 

7 

80 

80 

7 

47 

23 

0 

0 

N.A. 
53 

0 

0 

0 

N.A. 

33 

N.A. 
92 

0 

27 

0 

60 

15 

22 

7 1 

67 

78 

0 

37 

50 

0 

40 

37 

59 

28 

38 

86 

29 

N.A. 
0 

0 

20 

3 

4 

2 1 

18 

12 

0 

0 

N.A. 
2 

0 

24 

0 

N.A. 
0 

N.A. 
0 

8 

12 

27 

0 

5 

2 2 

0 

4 

0 

40 

13 

0 

50 

25 

17 

13 

4 

13 

0 

0 

N.A. 

67 

24 

67 

16 

14 

36 

35 

65 

100 

100 

N.A. 

43 

100 

76 

100 

N.A. 
67 

N.A. 
8 

92 

57 

73 

40 

80 

50 

29 

17 

22 

60 

33 

50 

17 

35 

47 

22 

68 

50 

0 

7 1 

N.A. 
33 

76 

7 

0 

2 

3 6 

0 

0 

0 

0 

N.A. 
2 

0 

0 

0 

N.A. 
0 

N.A. 
0 

0 

3 

0 

0 

0 

6 
0 

13 

0 

0 

17 

0 

33 

0 

0 

6 
0 

0 

14 

0 

N.A. 
0 

0 



Ml. Is. Lake 61 

Mt. Is. Lake 62 

Mt. Is. Lake 63 

Char. West 2 

Char. West 3 

Char. West 7 

Char. West 16 

Char. West 18 

Char. West 19 

Char. West 20 

Char. West 22 

Char. West 23 

Char. West 24 

Char. West 26 

Char. West 28 

Char. West 31 

Char. West 32 

Char. West 35 

Char. West 37 

M 
Char. West 39 

0 Char. West 40 
\O 

Char. West 44 

Char. West 46 

Char. West 47 

Char. West 48 

Char. West 50 

Char. West 52 

Char.West 54 

Char. West 58 

Char. West 59 

Char. West 60 

Char. West 63 

Char. West 64 

Char. West 65 

Char. West 66 

Char. West 68 

Char. West 69 

Char. West 70 

Char. West 71 

Char. West 72 

16 

24 

82 

15 

20 

33 

N.A. 
11 

183 

8 

34 

N.A. 
24 

30 

12 

2 1 

N.A. 
19 

N.A. 
N.A. 
12 

26 

26 

32 

22 

36 

N.A. 

37 

64 

60 

22 

4 2 

35 

42 

67 

22 

94 

N.A. 
4 9 

XX 

Char. West 74 558374 35981 522394 6.4 505800 3889283 43 

31 

38 

36 

29 

90 

2 9 

N.  A. 

27 

220 

N.A. 
30 

N.A. 
11 1 

31 

30 

28 
N.A. 
37 

N.A. 
N.A. 
30 

34 

27 

27 

33 

36 

N.A. 

62 

30 

4 1 

36 

37 

37 

25 

4 1 

29 

50 

N.A. 
27 

xx 
N.A. 



Char. West 79 947650 51928 895722 5.5 500893 3888539 43 N.A 31 
Char. West 80 38149 2911 35239 7.6 510694 3888732 14 N.A. 6 
Char. West 81 62866 2762 60105 4.4 505405 3888380 17 N.A. 9 

Char. West 85 172209 10062 162147 5.8 504636 3887821 47 N.A. 35 

Char. West 90 146663 5228 141434 3.6 509515 3887398 57 N.A. 44 

5 1 8 31 10 31 0.27 99.5 0 0 
33 0 67 0 31 0.27 81.3 19 0 
100 0 0 0 38 0.32  99.7 0 0 
17 26 52 4 38 0.29 99.3 0 0 

N.A. N.A. N.A. N.A. 38 0.27  63.2 37 0 
Char.West 93 139056 3778 135278 2.7 500139 3886959 67 N.A. 52 35 0 60 5 38 0.29 42 47.6 0 
Char. West 94 74456 6761 67694 9.1 510981 3889493 38 41 27 3 1 0 0 75 25 38 0.18 99.9 0 0 
Char. West 96 52021 929 51092 1.8 506869 3888964 12 N.A. 4 N.A. N.A. N.A. N.A. >45 0.24 84 16 0 
Char.West 97 139989 12433 127556 8.9 503910 3899672 47 27 35 - - - - - - - .- - - - - - -- - - -- ------- 9 53 6 24 18 31 0.27 77 23 0 

- - -- 
# These values are assigned in the order the ponds were digitized, to locate these ponds use the UTM (x.y) coordinates shown in the table. 

UTMx and UTMy: these two values are the metric (casting, northing: x.y) coordinates of the pond in the Universal Tranverse Mercator Projection measured from the UTM Zone 17 origin. 

A NHAP red: These values are relative brightness values determined by scanning the red wavelengths from the March1983 National High Altitude Photography of Mecklenburg Co, N.C. 

Red wavelengths on the photo represent near infrared on 1R film. 

SPOT red: These values are relative brightness values determined by scanning the red wavelengths from a 1989 winter SPOT Image Corp. scene. Red, again here represents near infrared wavelengths 



Table 2. Summary of Watershed and Sedimentation Characteristics for 20 Ponds near Charlotte, NC 

- - - -- - - - - - - . - - - - - - - - - - - - - -. - -- - - - - - - 

Watershed  Pond SAIDA Area<4 ft. WaterVol. Sed.Vo1. Organics  Age Life Sed.Load Inorg.  %Land-us= - -- 1 8 8 3  

Airport #I C-48 
Airport #2 C-17 
Albemarle road MH-2 
Davis Lake N A 
Hornet's Nest D-59 
Hospital Pond H-49 
IRM #I ' D-88 
IBM #2 D-98 
Moody Lake C-67 
Northside Baptist D- 105 
Paul Smith's N A 
Pawtucket t  M-58 
Reedy Creek N A 
Small Davis Lake D-39 
Sratesville A D-93A 
Statesville B D-93B 
Statesville C D-93C 
Waverly Lake MH-I 
We bbe r  H-99 
Zeb Edwards H-62 





APPENDIX 2 

BATHYMETRIC AND ISOPACH MAPS FOR THE TWENTY POND SURVEY 
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Pond: Davis Lake 
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Pond: Moody Lake 
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Pond: Paul Smith 
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Pond: Pawtuckett Golf Course 
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Pond: Reedy Creek Park 
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Pond: Small Davis Lake 
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Pond: Statesville A 
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Pond: Statesville B 
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Pond: Statesville C 
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Pond: Waverly Lake 
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Pond: Webber Farm 
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Pond: Zeb Edward's 
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Pond: Airport #I 

Watershed Attributes __________ 
Drainage Area(m."2) 
Pond Area(m."2) 
SAID A ('lo) 
Pond Storage Volume (m."3) 
Pond Sediment Volume*(m."3) 

Age'(y r.1 
Life Expectancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (t/acre/yr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
%Urban 
% AgricultureIOpen Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters _ _________- 

Date Value 
Secchi Disk Depth (m) 1 123194 2.45 
Surface Temperature (oC) 1 123194 5.5 

Surface Conductivity (pS) 1123194 45 

Laboratory Water Quality 

Water(ug1L) Sediment (mgtkg) 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

1 Temp(OC) I - Cond @ 25  OC ( p S )  I 



h 

m - < 
7 
€ ?  - a 

E 
E 2 
3 0  - 
0 > : $ - F.E 

Z o %  < z a  
C 3 m a  
3 5 5  cnaa 





Conductivity @ 25 "C (pS) 



Pond: Hornet's Nest Park 

Watershed Attributes 

Drainage Area(mA2) 
Pond Area(m."2) 
SAIDA (%) 

Pond Storage Volume (m."3) 
Pond Sediment V0lume*(m.~3) 

Age4(yrJ 
Life Expectancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (t/acre/yr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
Ol0Urban 
% Agriculture/Open Land 

Turbidity Index 
Erosion Tolerance* 

I ~ e r n ~ ( O ~  ) I - Cond @ 2 5  O C  ( p S )  I 

L 

Field Water Quality Parameters c" 
8 

Date Value 
Secchi Disk Depth (m) 211 8/94 0.71 
Surface Temperature (oC) 211 8/94 11 
Surface Conductivity (pS) 211 8/94 96 

Laboratory Water Quality - 
Water(ug/L) Sediment (mglkg) 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 



Pond: Hospital Pond 

Watershed Attributes 

Drainage Area(m."2) 
Pond Area(m."2) 

I 
SAfDA (%) 
Pond Storage Volume (m."3) 
Pond Sediment V0lume*(m.~3) 
Agee(yr.) 
Life Expect ancy(yr.) 
Organic Content (Oh by weight) 
Sediment Yield (Wacrelyr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
%Urban 
% AgricultureIOpen Land 

Turbidity Index 
Erosion Tolerance* 

Field Water Quality Parameters - 

Date Value 
Secchi Disk Depth (m) 12/22/93 1.23 
Surface Temperature (oC) 12/22/93 6 
Surface Conductivity (11s) 12/22/93 133 

Laboratory Water Quality 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Sediment (mglkg) 
NA 

59.8 
6.1 

0.88 
222.6 
330.3 

N A 
N A 

___e__ Temp ("C ) -- - Cond @ 25  "C 



Conductivity @ 25 ' C  (pS) 

o o c n ~ o o N o b m ~ b ~  q c n . m . c n 0  
O O ' , a O w a a v - . -  * o ~ o c D  
-3N 0 -  
O C U  N v -  2 h hl 
cn v- 



Pond: IBM #2 

Watershed Attributes -- -- 

Drainage Area(mmA2) 149000 & 

'- - Cond @ 25 "C (us)  Pond Area(m."2) 1200 

SNDA (O/o) 0.81 * 
Pond Storage Volume (m."3) 966 1 2  ' - 41 
Pond Sediment Volume'(m."3) 520 

A9e0(y r-) 32 

Life Expectancy(yr.) 6 0 C - 40 
Organic Content (% by weight) 

I 
7.6923 1 

Sediment Yield (tlacrelyr)' 0.1 1 ' 39 5; 
Inorgan. Sed. Yield " 0.102 I =l 

w 

Land Use 0 

8 8 %orest u 
- 38 o 

I ln 
0 N %Urban 

% Agriculture/Open Land 12 (3 

35 Turbidity Index 

- 37 . 4-J x - 
> 

Erosion Tolerance' . - 46 cr - 3 6  u Y 
Field Water Quality Parameters c 
- -- -- - - 0 - 35 

0 
Date Value 

Secchi Disk Depth (m) 311 2/94 0.27 
Surface Temperature (oC) 311 2/94 11 
Surface Conductivity (pS) 311 2/94 34 

- 34 

Laboratory Water Quality I I I 
6 33 

Water(ug/L) Sediment (mglkg) 
31 900 NA 0 0.5 1 1.5 2 TSS 

Zinc 52 27.6 Depth(m) 
NH4--N 9 0 12 
N02--N + N03--N NA 0.8 
Organic Nitrogen 370 148 
Total Phosphorus NA 439 

Phosphorous (Ortho dissol.) <SO NA 
Phosphorus (Ortho partic.) <50 NA 

Temp("C ) 



Pond: Moody Lake 

Watershed Attributes 

Drainage Area(m."2) 
Pond Area(mSA2) 
SAIDA (%) 
Pond Storage Volume (m."3) 
Pond Sediment V0lume'(m.~3) 

Ageb(yr.) 
Life Expectancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (tlacrelyr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
%Urban 
% Agriculture/Open Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters -- -- 

Date Value 
Secchi Disk Depth (m) 513 1/94 0.38 
Surface Temperature (oC) 513 1 /94 28.5 
Surface Conductivity (pS) 5M 1 /94 75 

Laboratory Water Quality 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Sediment (mghg) 
NA 

27.7 
19 

0.58 
129.4 

864 
NA 
N A 

1 -  Temp ( O C  ) I -A- - Cond B 2 5 O C  ( p S )  I 



Pond: Northside Baptist Church 

Watershed Attributes 

Drainage Area(m."2) 
Pond Area(m."2) 
SAIDA (%) 

Pond Storage Volume (m."3) 
Pond Sediment V0lume'(m.~3) 

Age'(y r.1 
Life Expect ancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (t/acre/yr)' 
Inorgan. Sed. Yield " 
Land Use ' --- 

%Forest 
%Urban 
% Agriculture/Open Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters 

Date Value 
Secchi Disk Depth (m) 4/9/94 0.6 
Surface Temperature (oC) 4/9/94 16.2 
Surface Conductivity (pS) 4/9/94 6 1 

Laboratory Water Quality 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Sediment (mglkg) 
NA 

39.1 
2.38 
0.45 

102.7 
31 6.2 

NA 
NA 

__e_ Temp("C ) -- - Cond @ 25 "C (pS) 



Pond: Paul Smith's Pond 

Watershed Attributes 
-- - - - - - - - - - - - - - - - - - -- - - - - - - - - 

Drainage Area(m.A2) 
Pond Area(m.A2) 
SNDA (%) 
Pond Storage Volume (m.A3) 
Pond Sediment Volume*(m.A3) 

AgeYyr.) 
Life Expectancy(yr.) 
Organic Content (Oh by weight) 
Sediment Yield (Vacrelyr)' 
Inorgan. Sed. Yield " 
Land Use 

- - .- 

%Forest 
%Urban 
% Agriculture/Open Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters 
- - - - - - - - - - -- - - - - - - - - 

Secchi Disk Depth (m) 
Surface Temperature (oC) 
Surface Conductivity (CIS) 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Date 
1/22/94 
1/22/94 
1/22/94 

Value 
0.37 
4.2 
63 

- -. . -. . - - - 
Sediment (mgkg) 

N A - 
34.8 

17 
1 .O1 
381 

295.7 
N A 
NA 

Temp("C ) 

* 

-' - Cond @ 25 "C 



Pond: Pawtuckett Golf Course 

Zinc 
NH4--N 
N02--N + N03--N 

Watershed Attributes - - -- - - 

Drainage Area(m."2) 242000 
Pond Area(m.A2) 12700 

Organic Nitrogen 76 
Total Phosphorus NA 
Phosphorous (Ortho dissol.) el 0 
Phosphorus (Ortho partic.) 15.3 

SAIDA (%) 5.2 

Pond Storage Volume (m."3) 27800 
Pond Sediment V0lume'(m.~3) 6700 

W * ( Y  r-1 42 
30' - 320  

Life Expectancy(yr.) 170 A 
Organic Content (% by weight) 1 0.1 563 I 

Sediment Yield (tfacrefyr)' 4.07 
Inorgan. Sed. Yield " 3.7 

n 
Land Use - - - - 

%Forest 0 h 

%Urban 6.8 
% Agriculturefopen Land 93.2 m cN 

Turbidity Index 23 
Erosion Tolerance' 64 

+ . - 
> . - 

Field Water Quality Parameters CJ 

- - - - -- - - - - -- 0 
3 

Date Value 
Secchi Disk Depth (m) 6/7/94 1 
Surface Temperature (oC) 6/7/94 26.8 
Surface Conductivity (pS) 6/7/94 226 

Laboratory Water Quality 

Water(ug1L) Sediment (mglkg) I I I I I 
TSS 600 NA 1 0  200  

-- Ternp("C ) 
i 

-A- - Cond 63 25 "C (pS) 



Pond: Reedy Creek Park 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Watershed Attributes 
.- - --. - - - 

Drainage Area(m."2) 258000 
Pond Area(m."2) 5050 
SNDA (%) 2 
Pond Storage Volume (m."3) 3480 b 

Pond Sediment ~olumeym."3) 350 - 70 
Age'(y r.) 7 
Life Expectancy(yr.) 70 
Organic Content (% by weight) 8.41 121 

Sediment Yield (t/acre/yr)' 0.54 
Inorgan. Sed. Yield " 0.5 
Land Use 
-- .. . . . - -- -- w 

%Forest 100 
%Urban 0 a L n  

% Agriculture/Open Land 0 
L 
3 

N 
+-' 

+ Turbidity Index x x F 23 - 
-b Erosion Tolerance' 5 8 a 
cn 

Field Water Quality Parameters 
. -. - - -- . - - - - -- - - - - - - - . - u 

C 

Date Value 
Secchi Disk Depth (m) 6/9/94 0.75 
Surface Temperature (oC) 6/9/94 24.9 
Surface Conductivity (16) 6/9/94 55 

Laboratory Water Quality 
- 

Water(ug/L) Sediment (mglkg) 

__+__ Temp("C ) 

% -- - Cond @ 25 "C (11s) 





Pond: Statesville A 

Watershed Attributes -_ 

Drainage Area(m."2) 
Pond Area(m."2) 
SNDA (%) 

Pond Storage Volume (m."3) - 
Pond Sediment Volumeb(m."3) 

Ageb(yr.) 
Life Expectancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (Wacre/yr)' 
Inorgan. Sed. Yield " 
Land Use 

AgricultureIOpen Land 
Turbidity Index 
Erosion Toleranceb 

Field Water Quality Parameters 

Date Value 
Secchi Disk Depth (m) 2/25/94 0.7 

Surface Temperature (oC) 2/25/94 11 

Surf ace Conductivity (CIS) 2/25/94 106 

Laboratory Water Quality 
- ---- 

Water(ug/L) Sediment (mglkg) 
TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

0 0.5 1 1.5 2 2.5 3 

Dept h(m) 



Pond: Statesville B 
Watershed Attributes 

Drainage Area(m."2) 
Pond Area(m."2) 
SAJDA (%) 
Pond Storage Volume (m."3) 
Pond Sediment V0lume'(m.~3) 

AgeYyr.) 
Life Expectancy(yr.) 
Organic Content (% by weight) 
Sediment Yield (t/acre/yr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
%Urban 
% AgricuttureIOpen Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters 

Date Value 
Secchi Disk Depth (m) 51 1 2/94 N A 
Surface Temperature (oC) 511 2194 14.5 
Surface Conductivity (pS) 511 2/94 575 

Laboratory Water Quality 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

- 

Sediment (mglkg) 
NA 
32.1 
8.2 
0.9 

159.1 
202 
NA 
NA 

--+-- Temp("C) 

A 

__A_ _ Cond 62 25 "C (pS) 







Pond: Webber Farm 

Watershed Attributes - . - - . - -. - - . - - - - - -- - 

Drainage Area(m."2) 1 14000 
Pond Area(nA2) 16300 
SAIDA (%) 14 
Pond Storage Volume (m."3) 31 800 
Pond Sediment Volurne'(m."3) 13000 

Age'(~r.) 42 
Life Expectancy(yr.) 103 
Organic Content (% by weight) 13.6 

Sediment Yield (tlacrelyr)' 5.6 
Inorgan. Sed. Yield " 4.8 
Land Use 

%Forest 
%Urban 
% Agriculture/Open Land 

Turbidity Index 
Erosion Tolerance' 

Field Water Quality Parameters 
-- - - -.- -- - -- -- 

Date Value 
Secchi Disk Depth (m) 4/16/94 NA 
Surface Temperature (oC) 4/16/94 24 
Surface Conductivity (pS) 4/16/94 85 

Laboratory Water Quality - 

TSS 
Zinc 
NH4--N 
N02--N + N03--N ' 

Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

Sediment (mglkg) 
NA 
12 

8.8 
0.8 

169.2 
522 
NA 
N A 

-- Temp("C ) - Cond  @ 25 "C (pS )  
\ 

IIL 

I 

I 

I 

m 

- 



Pond: Zeb Edward's 

Watershed Attributes -- 

Drainage Area(m."2) 
Pond Area(m."2) 
SAIDA (%) 
Pond Storage Volume (m."3) 
Pond Sediment Volume'(m."3) 

Age4(y r.1 
Life Expectancy(yr.) 
Organic Content (Oh by weight) 
Sediment Yield (Wacrelyr)' 
Inorgan. Sed. Yield " 
Land Use 

%Forest 
%Urban 

L 
% AgriculturelOpen Land 0 CJ 3 

Turbidity Index 18 !?? 
80 

a 
Erosion Tolerance' tl 

$ 16  
Field Water Quality Parameters I- 
-- 

2000 
7.4 

Date Value 
Secchi Disk Depth (m) 4120194 0.1 8 
Surface Temperature (oC) 4120194 2 1 14 
Surface Conductivity (pS) 4120/94 9 7 

Laboratory Water Quality 

1990 t L 

1200 2 2  r 

r 

Water(ug1L) Sediment (mglkg) 

- Temp("C > 

TSS 
Zinc 
NH4--N 
N02--N + N03--N 
Organic Nitrogen 
Total Phosphorus 
Phosphorous (Ortho dissol.) 
Phosphorus (Ortho partic.) 

-' - Cond @ 25 "C ( p S )  





APPENDIX 3 

ORGANIC AND WATER CONTENT OF POND SEDIMENTS FROM THE TWENY POND 
SURVEY 



Table 1. 

Organic and water content of pond sediments from the 20 pond survey. See maps in Appendix 2 
for locations of cores. 

Pond 

Airport #1 
Alrport #2 
Auport #2 
Albemarle Road 
Davis Lake 
Hornets Nest 
Hospital 
Hospital 
IBM #1 
IBM #2 
Moody Lake 
Northside Baptist 
Paul Smith's 
Pawtuckett Golf C. 
Reedy Creek Park 
Small Davis Lake 
Statesville A . 

Statesville B 
Statesville C 
Waverly Lake 
Webber Farm 
Zeb Edward's 

solid 
volume 

59.4 1 
44.0 1 
30.08 
24.25 
24.88 
38.18 
23.44 
33.23 
49.08 
52.14 
34.5 
34.3 5 
13.35 
44.44 
39.38 
30.12 
30.46 
35.56 
42.24 
27.64 
32.38 
33.68 

% bound 
water 

2.84 
2.04 
3.16 
3.85 
3.53 
5.66 
5.63 
3.52 
2.96 
1.38 
6.59 
3.42 
1.3 1 
5.19 
4.46 
4.76 
4.17 
3.73 
2.68 
4.55 
8.09 
2.75 

organic 
weight % 

7.6 
7.3 

10.9 
9.6 
9.8 

11.0 
13.4 
13.1 
10.7 
7.7 

11.5 
11.4 
12.6 
10.2 
8.4 

13.6 
13.0 
10.9 
11.9 
10.5 
13.6 
11.3 



APPENDIX 4 

CORE LOGS FOR THE TWENTY POND SURVEY. LEGEND ON PAGE 208. 



depth 
below 
top of 
core 
(cm) uhit  facies 

grain 
sue 

color (phi) 

POND NAME: Airport #1  (shallow) 
CORE NUMBER: 132 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: Blake; Asander 
0 - 3 cm = soupy organic mud; grayish olive green 
very disturbed (mean = 8.74 phi at 1.5 cm ) 

3 - 6.5 crn = fine sandy mud; light olive gray; no 
structures. (mean = 9.14 phi at 5cm); soupy. 

6.5 - 10 cm = fine sandy mud; dark yellowish 
brown; massive (mean = 9.15 phi at 8cm); 
wood fragment at 7 cm; slight W n g  disturbance. 

10 - 20 cm = slightly sandy mud (silty); light bluish 
gray with dark yellowish orange; mottled; 
sediment feels like powder when dry; does not 
form ribbons; (mean = 8.9 1 phi at 15 cm); 
slight drilling disturbance. 
Saprolite. 

20 - 25 cm = slightly sandy mud (clayey); 
light bluish gray mottled with dark yellowish 
brown; more compact and drier than previous 
layer, but same color and very similar texture; 
sediment forms ribbons; (mean = 8.97 phi at 23cm). 
Slight drilling disturbance. Saprolite. 



depth 
below 
top of 
core 
(cm) uitit facies 

p i n  
Slte 

color (phi) 

POND NAME: Airport #1 (deep) 
CORE NUMBER: 13 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: Asander, Diemer 
0 - 1 cm = mud (clayey). Soupy, organic-rich, 
dark yellowish brown to moderate olive brown. 

1 - 5 cm = clayey mud, mottled dark yellowish 
brown, mottled soupy, probably heavily bio- 
turbated. 

5 - 10 cm = mud (silty clay) , mottled light olive 
gray, probably bioturbated. (mean = 8.67064 phi 
at 7 cm); moderate drilling disturbance. 
Saprolite? 

10 - 15 cm = mud (silty clay) mottled, plant fragments 
moderate yellowish brown, probably bioturbated. 
(mean = 9.10 phi at 12 cm ); moderate 
drilling disturbance. Saprolite. 

15 - 23 cm = mud (silty clay); moderate brown and 
light olive gray mottled mud, bioturbated. 
Twigs found at 19 cm; (mean = 8.63 phi at 19 cm) 
Moderate drilling disturbance. 
Saprolite. 

23 - 27 cm = mud (silty mud); light olive gray 
and moderate brown mottled mud. Possibly 
saprolite at base of core, contains plant fragments 
at 25 cm; (mean = 9.08 phi at 25 cm); 
moderate drilling disturbance. 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
Slze 

color (phi) 

POND NAME: Auport #2 (shallow) 
CORE NUMBER: 193 1 
DATE SAMPLED: May 1994 
DATE DESCRIBED: May 1994 
DESCRlBED BY: Blake 
0 - 3 cm = soupy, silty mud; 

dark yellowish brown. 

3 - 8 cm = massive mud; 
no visible structures; 
moderate brown. 

8 - 1 1 cm = moderate yellowish brown mud. 

11 - 12 cm = grayish black organic layer. 

12 - 26 cm = laminated clayey silt; 
some twig fragments; 
olive gray alternating with 
moderate brown, where the 
olive gray laminae are thinner 
(.5 cm) than the moderate 
brown ones. 

26 - 3 1 cm = fine grained sandy clay; 
some twig fragments; 
dark greenish gray. 

disturbed and from core catcher. 

. 



depth 
below 
top of 
core 
(cm) unit facies color (phi) 

POND NAME: Arport #2 (deep) 
CORE NUMBER: 192 1 
DATE SAMPLED: May 1994 
DATE DESCFUBED: 05-23-94 
DESCRIBED BY: Asander, London, Schulz 
0 - 7 cm = soupy, bioturbated, organic-rich mud; 

plant fragments found; 
dark greenish gray; 
background pond sediment. 

7 - 35 cm = organic-poor mud; 
moderate yellowish brown; 
thick-bedded turbidites. 

Core broke at 35 cm due to the prominent thick 
organic layer #3. 

35 - 39 cm = organic-rich, laminated mud layer; 
laminae are 2 - 3 mm thick; 
grayish black and dark yellowish brown; 
distal, organic-rich turbidites. 

39 - 44 cm = laminated layer, but not as 
organic-rich as layer #3. 



depth 
below 
top of 
core 
(cm) unit facies 

POND NAME: w o r t  #2 (deep) 

p i n  
CORE NUMBER: 192 1 

SIX DATE SAMPLED: May 1994 
color (phi) DATE DESCRIBED: 05-23-94 

DESCRIBED BY: Schulz 
39.5 - 44.5 cm = laminae 2 - 3 rnm thick. 

Becomes gradually organic rich 
upsection; olive gray. 
Distal turbidites. 

44.5 - 64.5 cm = massive to mottled thick clayey 
mud layer; bioturbated, organic-poor; 

, more resistant and darker in color 
than layer #2; dark yellowish brown. 
'Background' pond sediment. 

64.5 - 70 cm = massive to mottled silty mud; 
darker due to more organic matter: 

, plant remains and wood material; 
organic-rich; olive gray. 
'Background'pond sediment. 

sandy mud mottled with yellowish, 
reddish and greenish colors, 
in between light olive brown and 
moderate olive brown. 

Note: core was heavily oxidized and disturbed during 
extraction! ! ! 



depth 
below 
top of 
core 
(cm) unit facjes 

@n 
Slze 

color (phi) 

POND NAME: Albemarle Road (shallow) 
CORENUMBER: 12031 
DATE SAMPLED: 
DATE DESCRIBED: 6-23-94 
DESCRlBEDBY: Schulz 
0 - 10 cm = silty mud; mottled; almost soupy; moderate 
brown bioturbated; very disturbed. 

10 - 18 cm = silty mud; organic rich; olive gray; very disturbed. 

18 - 29 cm = sandy clay (fine sand). Saprolite. 
18 - 2 1 cm = plant remains, wood fragments; dark yellowish 
brown. 

2 1 - 26 cm = clay. 

26 - 28 cm = moderate brown; clay with few very coarse 
sand grains; plant remains; very disturbed. Saprolite. 



depth 
below 
top of 
core 
(cm) unit facies 

pl 
Slze 

color (phi) 

POND NAME: 
CORE NUMBER: 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: 
0 - 22 cm = silty mud; 

Albemarle Road (deep) 
12032 

6-23-94 
London 
bioturbated. 

0 - 6 cm = moderate disturbance. 

6 - 30 cm = slight disturbance. 

1 - 4 cm = light brown. 

4 - 22 cm = mottled moderate olive brown with 
moderate yellowish brown. 
5 cm = root material. 

5 - 22 cm = organic rich. 
8 cm = well preserved burrow. 

22 - 30 cm = clay with coarse sand and organics: 
moderate yellowish brown. Saprolite. 

24 cm = leaf material. 



depth 
below 
top of 
core 
(cm) unit facies 

POND NAME: Davis Lake (shallow) 

gni n 
CORE NUMBER: 1 15 1 1 

size DATE SAMPED: 
color (phi) DATE DESCRIBED: 6- 13-94 

DESCRIBED BY: London 
0 - 12 cm = light brown silt; no organic material found. 

0 - 5 cm = soupy 

5 - 42 cm = moderate drilling disturbance. 

12 - 20 cm = mixture of light brown and olive gray 
mud; orpnic  material; convoluted bedding. 

20 - 32 cm = olive gray mud: organic rich: no 
visible structures. 

26 cm = root material. 

32 - 41 cm = moderate yellowish brown; organic 
material (roots); silt to fine sand mud. 



depth 
below 
top of 
core 
(Cm) unit facies 

grain 
size 

color phi 

POND NAME: Hornet's Nest Park (shal 
CORE NUMBER: 164 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRlBED BY: Asander 
0 - 8 cm = mud (silty); grayish olive mud; algae 
rich. 

8 - 10 cm = mud (fine sandy silt); olive gray organlc 
layer; very disturbed. 

10 - 23 cm = fine sandy clay; dusky yellow 
green clay with mottles of grayish green 
(5G 5 / 2 ) ,  dark yellowish orange (10YR 6/6), and 
moderate brown (5YR 414). Saprolite? 

hloderate drilling disturbance 



depth 
hr iow 
top of 
core 
(cm) u n i t  facies 

grain 
size 

color (phi)  

POND NAME: Hornet's Nest Park (middle) 
CORE NUMBER: 163 1 
DATE SAMPLED: 
DATE DESCRIBED: 3-7-94 
DESCRIBED BY: Asander: Blake 
0 - 6 cm = very soupy grayish olive green 
mud with fine grain sand; wood found at 2 cm. 

6 - 10 cm = mud (fine sandy silt); greenish black 
organic layer; abundant twigs. 

10 - 12.5 cm = mud (loamy); dusky yellow green; 
clast - 1 cm in diameter: moderate disturbance. 

12.5 - 28 cm = fine grained sandy clay: i7ariegated 
layer with 0.5 c m  laminae. some laminae are 
medium bluish gray (5B 5/1) and are sandier than 
surrounding layers. Main color throughout is 
lisht olive gray. Very disturbed 12.5 to 15 cm. 
hloderate drilling disturbance 15 to 28 cm. 

2S - 37 tin = medium sand!. cia).: light oliie 
bro1t.n and g rq i sh  green massed together: 
pebbles throughout. Slight drilling disturbance. 

NOTE: Core was reduced - 20% during extracrion: 
top 25 cm ivas primarily affected. 



depl h 
below 
top of 
core 
(cml unit facies 

grain 
size 

color phi 

POND NAME: Hornet's ru'est Park (dee;?, 
CORE NUMBER: 1 6 1 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: Asander 
0 - 10 cm = mud (silty) grayish olive mud with ;1 
burrow 0.6 cm in diameter and 7.2 cm long. 
Burrow is filled with light brown (5YR 5/61 
silt. 3-4 additional burrows cut perpendicular 
or at some angle to the long direction, each 
about 2 rnrn in diameter. One sample taken from 
inside burrow (6 cm) and another in massive 
sediments (7 cm). 

0 - 2 cm = soupy; 2-10 cm slight drilling disturbance. 

10 - 18 cm = mud (silty); grayish black mud 
laminated with grayish olive 0.5 cm thlck l a y s :  
heavily bioturbated laminae between 12 and 16 cm. 

1 S - 23 cm = mud (clayey); light oh\-e gray \i.ith 
probable transverse cut burron.s (0.2 cm in a i m e r s r ; . .  

Slight drilling disturbance 

23 - 30 cm = light olive gray mud. sarurxs.', 
between - 23-25 cm. 1 to 1.5 cm oli1.e gr;i>. 
mud clasts benveen 25 and 30 cm. 

23 - 25cm = soupy; 25-30 cm; very distur?xL 

30 - 32 cm = medium sandy cla~.: no \.isi'rlt 
structures; olive gray. 

32 - 36 cm = medium sandy clay; moderate broivn: 
no visible structures. 

Slight drilling disturbance 



depth 
belun 
top of 
core 
(en11 u n i t  facies 

grain 
size 

color (phi) 

POND NAME: Hospital (shallow) 
CORE NUMBER: 1 1 1 1 
DATE SAMPLED: January 1994 
DATE DESCRIBED: 14 January 1994 
DESCRIBED BY: BlakeDiemer 
0 - 1 millimeter = oxidized, light-brown mud. 
former organic layer? 
1 rnm - 8 cm = mottled mud; 
massive. silty clay mud with mottles of greenish 
black, dark yellowish brown. dark greenish gray. 
oxidized light brown on margin; organic-rich 
layer. 

8 - 1 1 cm = laminated green mud with 
pale olive layers .5- 1 cm thick interbedded 
with olive gray layers 1 mrn thick. 

1 1 - 20 cm = massi\.e mud. 

lIassi\.e. ,ora>,ish olive green c l a ~ q  silt mud. 
From 16 - 20 cm. the sample came from the 
core catcher. 

20 - 2 1 cm = massive dusky blue green silty 
mud interpreted as saprolite. 
2 1 - 22 cm = dark yellowish orange and modsmx 
!.ellowish brown silty mud. Saprolite. 



depth 
belo\\. POND NAME: Hospital (deep) 
top o i  grain 

CORE NUMBER: 1 12 1 
core size DATE SAMPLED: January 1994 
(cm)  umr facies color (phi) DATE DESCRIBED: 19 Januaw 1993 

DESCRIBED BY: ~ l a k e l ~ s & d e r  
0 - 1 cm = light olive gray soupy organic- 
rich mud. 

1 - 6 cm = green laminated mud, grayish olive 
with lOYR 514 laminae. 

6 - 15 cm = brown laminated mud. 

Olive gray laminations in a brown laminated 
unit. Laminae are curved slightly upward and 
are bent on the sides. 

15 - 20 cm = green laminated mud. 

Silty mud with clay laminae. Grayish olive green 
laminated with dusky yellow green layers. Laminas 
are cun-e slightly upwards. 

20 - 3 1 cm = black and green mottled mud. 

hlassive black. organic-rich clayey mud with 
abundant grajvish olive green mottles. 

32 - 36 cm = sandy mud. 

Massive grayish oli\re sandy mud from core 
catcher. Saprolite. 

36 - 44 cm = sandy mud. 

Sandy clay mud (coarser than unit 6), duskjr 
>.ellow green, massive, with clumps of light 
bluish gray and dusky blue green material. Saprolite 



depth 
below 
top of 
core 
(cm) 

0 - 

5 - 

10 - 

IS - 

20 - 

25  - 

30 - 

35 - 

30 - 

ui%t facies 

POND NAME: IBiM # 1 (shallow) 
grain 

CORE NUMBER: 142 1 
size DATE SAMPLED: 

color (phi) DATE DESCRIBED: 2-23-93 
DESCRIBED BY: Asander 
0 - 02 cm = mud (silty); organic (algae)-rich; 
olive gray; very fine mud/slippery texture: soupy. 

02 - 14 cm = mud (silty with very fine sand); 
olive gray mud with leaf fragments (3-4 cm) 
and wood fragments; no visible structures; 
fibrous matter (fine roots?) present in lower 
2 cm of this 1ayer.The layer is very disturbed 
from 2- 14 cm. 

14-21 cm = fine sandy mud (silty) ; light o1ii.e gray: 
massive sandy mud; leaf pieces abundanr.leaves 
found at 16 cm: wood fragments as Ions as 6 cm 
;Ire present. 

2 1-26.5 cm = clay: moderate yellon%h brown 
c la~ .  with tiny black mottles: few areroots Frcseni: 
massive structure: wood fragment found at 22 cm. 



depth 
brlou 
lop of 
corc 
(cm) U ~ I  facies 

grain 
size 

color (phi) 

POND NAME: IBM #1 (deep:) 
CORE NUMBER: 14 1 1 
DATE SAMPLED: February 1994 
DATE DESCRIBED: March 1994 
DESCRIBED BY: Blake and Ascander 
0 - 2 cm = silty, organic-rich mud. soupy, 
greenish black. 

2 - 6 cm = laminated clayey mud (laminae Scm thick): 
light olive gray alternating with light brown; 
organic clayey layer with leaves and twigs. 

6 - 13 cm = mud (silty clay) massive olive gra!.. 
organic-rich mud with leaves and twigs (early pond fill. 
beyond reach of turbidites) 

13 - 17 cm = massi~e,  orpnic  mud (fine sar,d>. sili j: 
olive gray with organic black .5 rnm layers. no \.isible 
structures. leaves present (earliest pond filling or 
top of pre-pond soil). 

17 - 36 cm = massive clayey mud, forms ribbons well 
Oment but some fine sand; moderate brown: ivood fra, 

found at 1s cm: very resistant to penetration - bent head 
assembly tvhen corins this unit - probabl? represents 
saprolite. 



dcpth  
belou 
top of 
core 

grain 
size 

color (phi)  

POND NAME: IBM #2 (shallow) 
CORE NUMBER: 183 1 
DATE SAMPLED: April 1991 
DATE DESCRIBED: April 1994 
DESCRIBED BY: Blake 

soupy mud with fine grained sand: 
some leaf and twig fragments; 
color: moderate brown 

light bluish gray clay with medium 
grained sand particles; 

moderate brown sandy clay with 
leaf and wood fragments 

organic rich mud layer with v e n  
large leaf fra,ments (4 cm long 1: 
fine silty texture: 
color: dusky yellowish br0~l.n 

more soupy, dusky yellowish brown 
color: silty texture: leaf fra, oments. 

Note: core has been extended through extraction. 



depr h 
belo\\ 
top ol' grain 
core size 
( c m )  unit facies color (phi)  

POND NAME: IBM #2 (deep) 
CORE NUMBER: 182 1 
DATE SAMPLED: April 1994 
DATE DESCRIBED: April 1994 
DESCRIBED BY: Asander 
0 - 14 cm = soup!. mud with plant and root pieces: 

color: moderate brown 

14 - 3 . 5  cm = mottled. brownish fine sandy ~121:: 

plant remains found at 17 cm: 
colors: moderate brown. light bro~vn 
and lisht oli\.e gray: mottles are jhapelehs. 

34.5 - 35.5 cm = grayish black organic layer 

d T i  - .- 5 - 49 cm = mottled. bronxish \,en. fine sandy l o x :  
no organic matter, no visible structures: 
colors: dark yellowish brou-n. lisht brou.r?. 
olive gray. 



depth 
belou 
top of 
core 
(cmi unit facies 

grain 
sizc 

color ( p h ~ ~  

POND NAME: 1B.M #2 (deep) 
CORE NUMBER: 182 1 
DATE SAMPLED: April 1994 
DATE DESCRIBED: April 1994 
DESCRIBED BY: Asander 

19 - 5 1 cm = light brown mud without any structures 

LZ i - 51 cm = brownish. very fine sandy cia\. 
without any structures: 
wood pieces found at 52 cm: 
color: dark yellowish brown 3 r d  
dusky yellou.ish broivn 

Sol?: core has been oxidized extensively !! 

Saprolite may begin at 49 cm (diffi- 
cult to deduce in this core. because 
of the extensive oxidation and relative 
uniformity of colors between layers 



depth 
bclou 
top of 
core 
( c ~ I )  unit facie5 

grain 
size 

color (phi) 

POND NAME: Moody lake (shallow) 
CORE NUMBER: 1 133 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-08-94 
DESCRlBED BY: London 
0 - 16 cm = silty mud; plant material; red worn found: 
bioturbated: organic rich (roots) throughout; 
grain size samples taken at 3 and 9 cm. 

16 - 23 crn = silt! mud to fine sand: dark \.ellon.ish 
bron.n; organic-rich throughout. 

20-13 cm = red oxidized mud (light bronm j: 
grain size sample taken at 20 cm. 
Saprolits? 



prmn 
size 

color (phi) 

POND NAhE: Moody Lake (deep) 
CORE NUMBER: 1 132 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-07-94 
DESCRIBED BY: London 
0 - 2 cm = soupy, olive gray (slightly broum). organic 
rich, silty mud: worm found; bioturbated. 

2 - 20 cm = olive brown u-ith black sections (organic 
material: silty mud: water-rich but not soupy; 
slight drilling disturbance 

Mean grain size taken at 9 cm 

20-32 cm = Dusky yello\vish brouvn : Or; oanic rich 
(roots) : Clay (ribbons in hands) 25-?2 crn : 
silty mud 20- 25 cm 
h~loderate drillinf disturbance 

*Mean grain size taten at 22 and 30 cm 



prai n 
SlZC 

color (ph i )  

POND NAME: Korthside Baptist Church ( s h a l l o ~  
CORE NUMBER: 1 103 1 
DATE SAMPLED: April or May 1994 
DATE DESCRIBED: 05-09-94 
DESCRIBED BY: Asander 
0 - 1 1 cm = silty mud with plant fragments 

(leaves?) about 2 cm long at 2 cm depth: 
soupy only at top 1 cm;appears to have 
been slightly oxidized; light oh -e  gray to 
olive gray. 

1 1 - 19 cm = mud ( c l a~~ey  silt); slightly more conholid3trcl 
than layer #1; highly organic at las: .3 cm - 
appears to be root, stem and l a f  ~ i e x s :  
no plant fragments in upper 7 - 5  cn;: 
dark yello~.ish broL1.n. 

I 9 - 3 1 cm = bioturbated. very fine sandy silt n.it11 
numerous .3 cm holes fburron.~'?) and 
stem and root pieces scattered rhroughou!. 

Possible lamination between 2 s  - 
3 1 cm, but highly disturbed: 
moderate brown to light brill::!:. 

3 1 - 41 cm = silty mud with numerous burron 5: 

no plant material present: 
burrow cut longitudinally and 
transverselj.: olive gray 



depth 
hciou 
top ot' 
core 

p i n  
size 

( c ~ I )  unit facies color (ph i )  

POND NAME: Northside Baptist Church (shallow) 
CORE NUMBER: 1 103 1 
DATE SAMPLED: April or May 1994 
DATE DESCRIBED: 05-09-94 
DESCRIBED BY: Asander 

4 - 46 cm = gap in core. 

46 - 66 cm = fine to medium grained sandy loam 
without any laminae or burrou.~: 
abundant root content in top 1 cm. but 
lacks roots below 47 cm; 
dark yellowish brown. 

66 - 7 2  cm = fine grained sand!. clay n.ithout x;.! 
visible plant material, burroivs cr 
laminations: dark yello\x.ish broii.n. 



depth 
belo\\ 
top of g r a ~ n  
core sizc 
( c m )  unir facies color (phi) 

POND NAME: Northside Baptist Church (deep) 
CORE NUMBER: 1 102 1 
DATE SAMPLED: May 1994 
DATE DESCRIBED: May 1994 
DESCRBED BY: Asander, London 
0 - 8 cm = silty mud without any visible 

structures: soupy; dark yellowish 
brown. 

8 - 20 cm = mud (112 silt. 112 clay) without any 
visible structures; dark yellowish 
brown. 

20 - 27 cm = \.eq. smooth textured mud wiri.1 
2 laminae. one at 2 1.5 cm and the 
other one at 26 cm; light bronn. 
the 2nd laminae is grayish brown 

- - - . - 11 cm = mud with the same texture as la\..er 
fi-3 and no visible structures: 
dark ~ ~ s l l o ~ ~ . i s h  bro~vn. 

Layer was greatly reduced in length 
durin: extraction! ! ! 



depth 
b e i o ~  
lop of 
core 
(cm) unit facies 

p i n  
size 

color (phi) 

POND NAME: Northside Baptist Church (deep) 
CORE NUMBER: 1 102 1 
DATE SAMPLED: May 1994 
DATE DESCRIBED: May 1994 
DESCRIBED BY: Asander, London 

mud with few grains of medium sand; 
no visible structures; light olive gray. 

Layer was greatly compacted length- 
wise during extraction! ! ! 

medium to fine grained sandy clay; 
about 3 cm long stem piece found at 
47 cm: moderate brown. 

fine sandy loam with abundant stend 
root pieces ( 1-2 cm), mica flakes: 
dark yellowish brown 

mud (forms ribbons), mica flakes: 
clayey texture with abundant decay- 
ing organic matter; 
darker than moderate yello~vis h bron,n. 

Sote: iayers $4 + 5 were greatly compacted 
during core extraction! ! ! 



depth 
below 
top of 
core 

prai n 
size 

(cm) ui i t  facies color (phi)  

POND NAME: Paul Smith's (shallow) 
CORE NUMBER: 122 1 
DATE SAMPLED: January 1994 
DATE DESCRIBED: January 1994 
DESCRIBED BY: AsanderBlake 

0 - 5.5 cm = organic rich soupy mud 

Grayish olive soupy mud with algae and other 
organic matter. 

5.5 - 11.5 cm = very fine sandy silt 

Slightly consolidated, massive sandy silt with 
abundant plant material. Grayish olive. 

1 1.5 - 16 cm = organic silty mud 

Greenish black organic rich massive mud. 

16 - 36 cm = \-eq. coarse sandy loam 

0li1.e black. \ .ep coarse sand grain m d  n.oo: 
fragments in mud. Possible saprolite. 



dcpth 
~ C I O U  POhQ KAME: Paul Smith's (deep) 
top of grain 

CORE NUMBER: 12 1 1 
corc size DATE SAMPLED: January 1994 
(cm) uint facies color (phi) DATE DESCRIBED: Januarv 1993 

DESCRIBED BY: ~lakelksander 
0 - 5 cm = organic rich mud 

Grayish olive green organic rich mud with 
mm scale plant fra, mments. 

5 - 13 cm = disturbed clayey mud 

Somewhat soupy and very disturbed sequence. 
Dark greenish gray. No visible structures. Leaf 
and stone fragments on rnm to cm scale. 

13 - 1 S cm = nutsive organic rich mud 

Greenish-black. organic rich. structurele~i 
mud u.ith layer of leaf fra, Oments. 

1 S - 19 cm = grayish olive green laminated mcd 
interbedded ai th  dusky ~lclloiv green 5GY 5,':. 

19 - 29 cm = sandy mud 

Very coarse sand composed of quartz, orthoclase. 
and possibly hornblende in a mud matrix. KO 
~'isible structures. grayish o1i1.e green. Construsrior. 
era soil: a sandy saprolite. 



depth 
bcloM 
top of p i n  
core size 
(cm) unit facies color (ph i )  

POND NAME: Pawtuckett Golf Course (shallow) 
CORE NUMBER: 1 17 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-20-94 
DESCRIBED BY: Schulz 
0 - 5.5  cm = soupy, silty mud, organic rich, greenish 
black, mottled. 

5.5 - 9 cm = moderate olive brown: silty mud; stem 
remains in the black layers; greenish layer surrounded 
by 2 black layers; black layers each - 0.5 cm thick. 

9 - 17 cm = mud; organic rich; stem remains; grayish 
olive. 

17 - 27 cm = silty clay: v e n  disturbed larninaiions: 
dark yello\vish bro~vn. 

27 - 33 cm = clay; laminated between moderate yeilo~vish 
bronn and dark yellowish brown laminations. each - 
2-3 mm thick. 

Last layer has mica particles in it ~vhich are \-cry fine sand size. 

33 - 39 cm = sandy clay: mottled: sand particles (fine 
sand); top is organic rich, olive gray, plant remains: 
light olive gray. 

39 - 55 cm = sandy: stem fragments: medium smd size: 
gra>.ish olive. Saprolite? 



depth 
belo\\ 
top of 
core 

grain 
size 

( C n l )  unit facie$ color (ph l l  

POKD NAME: Pawtuckett Golf Course (deep) 
CORENUMBER: 11721 
DATE SAMPLED: 
DATE DESCRIBED: 6-20-94 
DESCRIBED BY: London 
0 - 7 cm = moderate olive brown silty mud: 
red worm found (bioturbated). 

7 - 14 cm = light bro~vn ahernatins with moderrte 
olive brown silty mud with planar bedding. 

' f  
I 9 - 2 ! cm = silty clay: lenticular l;trninae/bedb 

12 - 56 cm = silty sand (medium sand,. Saprolite? 

- -, -- - 24 cm = olive graJV: organic-rich. 

22 - 35 crn = light olive gray. 

3 crn = organics (rwip found). 

- ?  
22  cm = root material 

3 - 56 cm = yellowish pray silty sand. Saprolits'? 

1 2  cm = root material. 

1 cn: = root material 



depth 
bclou 
lop of 
corc 
(Cm) unit facies 

g n i n  
size 

color (ph i )  

POND N A h E :  Reedy Creek Park (shallow) 
CORE NUMBER: 1 16 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRlBED BY: London 
0 - 7 cm = dark yellowish brown silty mud with very 
fine sand: leaf found at 6 cm; moderate drilling disturbance. 

8 - 10 cm = coarse sand: light olivegray. Saprolite. 

8 - 17 cm = slight drilling disturbance. 

10 - 17 cm = mottled light olive gray with olive gray. 

10 - 2s cm = silt!. sand. 

14 crn = \\.acid i;agrnsnt. 

17 - 20 cn; = \'s:-y disturbed. 

!? - 2S CIT = oli-*-e ;ra\.. 

20 - 24 cm = modmre drilling disturbance. 

24 - 28 crn = o r p i c  rich: l q e  \i.ood fragment 3 
vsy: disturbsJ. 



d e p t h  
belou 
top  o f  
core 

g r i n  
size 

color (phi)  

POhD NAME: R e e d  Creek Park (deep) 
CORE NUMBER: 1 162 1 
DATE SAMPLED: 
DATE DESCRIBED: 6- 16-93 
DESCRIBED BY: London 
0 - 3 cm = light olive gray. 
0 - 7 cm = medium drilling disturbance 
7 - 22 cm = slight disturbance. 
0 - 9 cm = silty mud. 

5 - 8 cm = moderate yellowish brown: 5cm leaf particle. 
8 cm = leaf particles across core (malting a layer). 

8 - 12 cm = planar beddins alternating grayish orange 
and moderate brown. 

9 - 11 cm = silry clay. 

12 - 14 cm = moderate yello\vish bsonn. 

14 cm = leaf particles across cors i m k n s  2 Ia!.sr 1 

1 1 - 26 cm = silty mud. 

22 - 27 cnl = moderate drilling aisrurbmce. 

27 - 37 cm = medium biuc pra!..disxrbed. sandy mud. 
Saprolite. 

74 - 37 cm = leaves. 



graln 
size 

color (phi) 

POND NAME: Small D a i s  Lake ( s h d l o ~ ~ )  
CORE NUMBER: 1 13 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-09-94 
DESCRIBED BY: London 
0 - 4.5 cm = moderate yellowish brown. 

0 - 5 cm = silty mud to fine sand; small organics 
found; grain size sample taken at 2 cm. 

5 - 12 cm = clayey mud; organic rich in sections not 
laminated; moderate brown; samples taken at 7 and 
1 1 cm for grain size analysis. 



depth 
belo\\ 
top 01' grain 
corc size 
( c ~ I )  unit facjes color (phi)  

POXD KAME: Small Davis Lake (deep) 
CORE NUMBER: 1 142 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-09-94 
DESCRIBED BY: London 
0 - 4 cm = light brown mixed with dark yellowish brown 
silty clay; 5 through 42 cm air pockets maybe due 
to burrows; mottled. 

9 - 38 cm = planar bedding: dark yellowish brown: 
silty clay; dark yellowish brown alternating wi th  
moderate brown from 14 to 38 cm. 

30 - 3s cm = very organic rich mud. 

3S - 40 cm = 1.5 to 2 cm thick organic rich 1q.er. 

40 - 51  cm = orpnic  material: clayey mud; no \%ible 
structures 



POh'D NAME: Small Da\,is Lake (deep) 

grain 
CORE NUMBER: 1 142 1 

size DATE SAMPLED: 
color (phi)  DATE DESCRIBED: 6-09-93 

DESCRIBED BY: London 
40 - 52 cm = organic material; clayey mud; no 
visible structures. 



depth  
brilou 
top of  
core 

gni n 
size 

( cm)  u n i t  facies color (phi) 

POND NAME: Statesville A (shallow) 
CORE NUMBER: 153 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 3-2-94 
DESCRIBED BY: Blake; Asander 
0 - 1.5 cm = soupy mud; moderate yellowish 
brown mud; algae-rich. 

1.5 - 4 cm = mud (fine to medium sandy mud); 
moderate brown; massive; very disturbed. 

1 - 11 cm = mud (silty); olive gray mud with twigs 
and leaves: massive (mean = 8.90 phi at 7cm); 
moderate drilling disturbance. 

I 1 - 12 cm = mud (clayey); moderate brown clay. 

12 - 17 crn = mud (silty): greenish black. silt), 
organic mud: abundant twigs: (mean = 9.1 I phi 
at 15 cm). 

17 - 24 cm = mud (silty): dark yellonish bron~n: 
massive mud: t~vigs present (mean = 8.91 phi 
at 20 cml. 

24 - 29 cm = mud (silty): moderate yello~vish 
brown; not as saturated as above layers: 
(mean = 9.11 phi at 26 cm). 

29 - 31 cm = loamy medium sand: medium gra>. 
laminated with moderate brown clayey (fine 
sand); no visible structures; (mean = 9.02 phi at 
33  cm). 



grain 
size 

umt facies color (phi) 

POND NAME: Statesville A (deep) 
CORE NUMBER: 15 1 1 
DATE SAMPLED: March 1 993 
DATE DESCRTBED: March 1994 
DESCRIBED BY: Asander 
0 - 5.5 cm = soupy, olive gray mud (silty); 

organic-rich in upper 1.5 cm (algae ): 
light olive gray to olive gray. 

5.5 - 6.5 cm = gap - broken core area 

6.5 - 9.5 cm = slightly laminated mud (1/2 clay I 
1/2 silt), very smooth texture: 
light brown 

9.5 - 10 cm = partially decomposed. black, organic 
10 - 10.5 cm = gap - broken core area 
10.5 - 13 cm = same as layer #Z 

1-2 - 16.5 cm = massiire mud (silty 1: 

dark !.ellowish br0n.n 

16.5 - 1 S.5 cm = same as layer $2 + $4 

18.5 - 2 1 cm = orpanic rich mud (silt!.;: 
light olive gray 

2 1 - 22 cm = gap - broken core area 

2 2  - 41 cm = massive mud (silty): 
dark j.ellou.ish bro1i.n 

-3 1 - 13 cm = gap - broken core area 



depth 
below 
top of 
core 
(cm) unit facies 

POND NAME: Statesville A (deep) 

grain 
CORE NUMBER: 15 1 1 

size DATE SAMPLED: March 1994 
color (phi) DATE DESCRTBED: March 1994 

DESCRIBED BY: Asander 

4 1 - 43.5 cm = slightly laminated mud; 
laminae 1 rnm thick; light brown 

43.5 - 45.5 cm = fine to medium, massive sandy 
clay; dusky yellow green 

45.5 - 64 cm = massive clayey loam; moderate 
yellowish brown; saprolite? 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Statesville B (sha 
CORE NUMBER: 173 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: Asander 
0 - 11 cm = mud (silty to coarse silt); dz 

low) 

'k greenis 
gray soupy mud withroots, leaves, &d stem pieces. 

1 I - 16 cm = mud (fine sandy siltj; grayish olive 
mud with large (-4 cm) leaf pieces. Soupy. 



depth 
below 
top of 
core 

grain 
sizc 

color (phi) 

POND NAME: Statesville B (deep) 
CORE NUMBER: 17 1 1 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: Asander 
0 - 1 cm = mud (silty); no visible structures; olive 
gray; slight drilling disturbance. 

1 - 6 cm = mud (silty); variegated olive gray and 
moderate brown; no visible structures. 

Slight drilling disturbance. 

6 - 17 cm = mud (112 silt, 112 clay); gray olive 
massive mud; slight disturbance. 

17-25 cm = mud (clayey); grayish olive, light 
olive gray and dark yellowish orange laminae, 
grayish olive being dominant; cross laminae dip 
- 30 degrees from horizontal. Bottom 2 cm is not 
laminated. 

Slight disturbance. 

25 - 28.5 cm = mud (fine to medium sandy clq.):  
dark yellowish brown; massive sandy clay. 
Slight disturbance. 
S aproli te? 

KOTE: This core was devoid of water 6r therefore 
was oxidized around the perimeter. 
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depth 
below POND NAME: Statesville C (deep) 

CORE NUMBER: 174 1 
' DATE SAMPLED: April 1994 

DATE DESCRIBED: April 1 994 
DESCRIBED BY: Asander 

43 - 49 cm = massive mud; . 
no plant material present; 
color: olive g a y  

49 - 73 cm = thinly laminated mud (112 silt, 112 clay) 
laminae 1 - 2 rnm thick; 
no plant material; 
color: light olive gray alternating with 
moderate yellowish brown, where the 
dominant color is olive gray 

73 - 75 cm = massive sandy mud ( fine medium sand): 
color: moderare yellowish brown 





depth 
below 
lop of 
core 
(cm) unit facies 

POND NAME: Waverly Lake (shallow) 

grain 
CORE NUMBER: 1 1 94 1 

size DATE SAMPLED: 
color (phi) DATE DESCRIBED: 6-27-94 

DESCRIBED BY:  ond don 

39-52 cm = medium drilling disturbance. 

48 cm = root material; color change. Saprolite. 



deprh 
below 
top of 
core 

gnin 
size 

(cm) unit facies color (phi) 

POND NAME: Waverly Lake (deep) 
CORE NUMBER: 1 19 1 1 
DATE SAMPLED: June 1994 
DATE DESCRIBED: 06-24-94 
DESCRIBEDBY: Schulz 
0 - 13 cm = organic-rich silt, bioturbated, 

mottled, grayish olive. - 

13 - 25.5 cm = silt, probably originally 
laminated: moderate yellowish 
brown alternating with 
grayish olive. 

25.5 - 46 cm = mottled and bioturbated mud; 
between light olive gray and 
grayish olive. 



depth 
below 
top of 
core 
(cm) unit facies 

POND NAME: Waverly Lake (deep) 

p i n  
CORE NUMBER: 1 19 1 1 

size DATE SAMPLED: June 1994 
color (phi) DATE DESCRIBED: 06-24-94 

DESCRIBED BY: Schulz 

46 - 49 cm = clay with plant remains throughout 
the layer; between light olive gray 
and grayish olive. 



depth 
below POND NAME: Webber Farm (shailow) 
top of grain 

CORE NUMBER: 1 123 1 
core size DATE SAMPLED: May 1994 
(cm) unit facies color (phi) DATE DESCRIBED: 05-25-94 - -  -- - 

DESCRIBED BY: Schulz 
I 

- 0 - 8 c m =  
soupy, organic-rich mud; grayish olive 
green; mean phi: = 8.20. 

8 - 2 1 cm = mottled, slightly consolidated, 
organic-rich mud; water-rich, but 
not as soupy as layer #I ,  perhaps 
bioturbated; dark greenish gray and 
greenish black and grayish olive green. 

2 1 - 23 cm = more compacted, organic-rich silty 
mud with few sand grains: dark greenish 
gray. 
mean phi:= 8.40. 

23 - 33 cm = organic-rich, sandy mud in between 
light olive gray and olive ,orqe. 
S aproli te. 



depth 
below 
[OD of 
core P n  S I X  
(cmi  unit facies color (phi) 

POND NAME: Webber Farm (deep) 
CORE NUMBER: 1 122 1 
DATE SAMPLED: May 1994 
DATE DESCRIBED: 05-23-94 --  - - 

DESCRIBED BY: Asander. Schulz 

0 - 20.5 cm = soupy mud, possibly organic 
color: dark greenish gray 

20.5 - 27 cm = sandy silt with tiny plant 
remains at depth of 26 - 27 cm: 
in between dark greenish gray 
and grayish olive green. 

27 - 31 cm = medium sandy silt with stem found 
at 29 cm depth; dusky yellow preen. 

3 1 - 32 cm = medium sand; moderate yellowish broivn. 
Top of saprolite. 

32 - 43 cm = brown, green and orange mottled 
medium sandy silt with mica flakes: 
in between greenish gray and dark 
greenish gray. 



depth 
below 
lop of 
core 
(cm) unit facies 

POND NAME: Webber Farm (deep) 
grain 

CORE NUMBER: 1 122 1 
s u e  DATE SAMPLED: May 1993 

color (ph i )  DATE DESCRIBED: 05-23-94 - -  - -  - .  

DESCRIBED BY: Asander, Schulz 

43 - 45 cm = clayey, medium sandy loam; 
greenish gray. . 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Zeb Edwards (shallow) 
CORE NUMBER: 1 1 13 1 
DATE SAMPLED: 
DATEDESCRIBED: 5-09-94 
DESCRIBED BY: Asander 
0 - 4 cm = mud (fine sandy silt); dusky yellow green 
mud with at least one 4-5 cm long leaf fragment; 
massive. 

4 - 2 1 cm = mud (silt); olive gray burrowed mud; 
no visible plant fragments; possible burrows 
throughout. 

2 1 - 23 cm = gap in record 

23 - 30 cm = mud (very fine sandy silt); alternating 
layers of dusky yellow green (6Y 5/2) and olive 
gray (5Y 312); layers - .75 cm thick; burrows (?) 
at 23 - 26 cm. 

30 - 3 1 cm = gap in record, soupy. 

3 1 - 37 cm = mud (medium sandy silt); olive gray 
unconsolidated very sandy silt; contains stems and 
roots (?). Top of saprolite? 

37 - 41 cm = mud (medium to coarse sandy loam); 
grayish olive loam with root pieces. 
Saprolite. 



depr h 
below 
top of 
core 
(cm)  unit facies 

p i n  
s u e  

color (phi) 

POND NAME: Zeb Edwards (deep) 
CORE NUMBER: 1 1 12 1 
DATE SAMPLED: 
DATE DESCRIBED: 5-09-94 
DESCRIBED BY: Asander 
0 - 22 cm = mud (silty clay); grayish olive to olive 
gray mud with possible burrow holes; at least 
one (4-5 cm) leaf; massive. 

22 - 32 cm = mud (clayey silt); olive gray mud with 
0.5 cm moderate brown lamellae in last 3 cm. 
No visible plant matter; possible burrows. 

32 - 39cm = mud (silty); olive black mud laminated 
with greenish gray (5GY 6/1) - 1 mm thick; 
last lamellae is 1.5 cm thick. Possible burrows: 
no visible plant matter. 

. 39 - 44 cm = medium to coarse sandy loam; medium 
bluish gray sandy layer with sand-sized mica flakes. 
KO visible structures or plant matter. Top of saprolite? 



depth 
beiou, 
top of 
core 

unit facies 

POND NAME: Zeb Edwards (deep I 

grain 
CORE NUMBER: 1 1 12 1 

size DATE SAMPLED: 
color (phi) DATE DESCRIBED: 5-09-94 

DESCRIBEDBY: ~ s & d e r  

44 - 62 crn = medium to coarse sand; greenish 
gray sand with no visible structures or plant 
matter. 



depth 
below 
top of 
core grain 

size 

EXPLANATION 

(cm) unit facies color (&i) 

5 - 10 cm: 

10 - 15 cm: 

15 -20 cm: 

20 - 25 cm: 

25 - 30 cm: 

30 - 35 cm: 

35 - 40 cm: 

30 - 45 cm: 

black to dark gray organic-rich mud, 
high water content and soupy texture. 

Interpretation: recent biogenic and clastic 
pelagic sediments. 

green to dark gray laminated mud, 
laminations are rnm to cm scale. 

Interpretation: turbidites deposited under 
oxygen depleted conditions. 

light to dark brown laminated mud; 
laminations are rnrn to cm scale 

Interpretation: turbidites deposited under 
oxygenated conditions. 

dark gray to green mud, highly disrupted n.itii 
remnants of bedding visible. 

Interpretation: bioturbated pelagic and 
turbiditic sediments. 

dark gray to black compacted organic-rich layer. 

Interpretation: organic rich pelagic mud which 
has been buried and compacted in an oxygen- 
depleted environment. 

dark gray to geen to brown mottled layer. 
burrows locally abundant. 

Interpretation: bioturbated pelagic and turbiditic mud. 

dark gray, greenish gray or brown massive mud. 

Interpretation: bioturbated pelagic and turbiditjc mud. 

poorly sorted, quartz and lithic-rich. rounded. 
fine to very coarse sand. 

Interpretation: bedload of distributary streams. 

sandy mud uith weathered feldspar, mica and quartz 
grains in mud matrix, colors vary from light to dark 
brown and reddish brown. 

Interpretation: paleosol or saprolite. 



APPENDIX 5 

LOCATIONS AND LOGS FOR CORES FROM THE 5 POND SURVEY 
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depth 
below 
top of 
core 

grain 
size 

(cm) unit . facies color (phi) 

POND NAME: Airport #2 
CORE NUMBER: 2342 
DATE SAMPLED: 19 May 1991 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 25 cm = moderate yellowish brown soupy 
clayey mud. Soft and very disturbed 
upon extrusion. Probably thickly bedded 
turbidites that are water rich. 

25 - 35 cm = 2-5 cm thick dark yellowish bronm cla!*e! 
muds alternating with organic rich oli1.e 
gray laminae 2-5 rnrn thick. Vuggy. 

35 - 4 1 cm = organic rich, thinly laminated ( 1-3 rnrn', 
dark yellowish brown clayey mud. Slon 
sedimentation rates? Vugpy. 



depth 
below 
top of 
core 
(cm) t i i t  

grain 
size 

facies color 

POND NAME: Airport #2 p.2 
CORE NUMBER: 2342 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

4 1 - 5 1 cm = thinly laminated (1-5 mrn) moderate 
yellowish brown clayey mud alternating 
with mm scale olive gray organic rich 
muds. Bioturbated and vuggy. 

5 1 - 63 cm = finely laminated (3mm) dark yellowish 
brown to grayish olive clayey mud. 
Laminations are faint due to bioturbation. 
Normal.pond sedimentation from settling 
of suspension load? Vugizy. 

63 - 76 cm = grayish olive medium grained sandy 
~ m e n ~ c .  clay with numerous wood fra, 

Saprolite. 



depth 
below 
top of 
core 

grain 
size 

(cm) unit facies color (phi) 

P O m  NAME: Arport #2 
CORE NUMBER: 23445 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession. Diemer 

0 - 13 cm = soupy moderate yellowish brown clayey 
mud with leaf fragments and other organic 
matter. Probably thickly laminated turbidites. 

I3 - 29 cm = massive to soupy moderate yellowish 
b r o w  sediment rich, organic poor 
clayey mud. Probably thickly laminated 
turbidites. More consolidated than unit 1 .  

29 - 44 cm = laminated light brown sediment rich layers 
alternating with olive gray organic rich 
laminae, all mud. 4 cm thick silty sand at base of 
unit. Vuggy. 



depth 
belou p. 2: 40 - 80 cm 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Airport #2 
CORE NUMBER: 23445 p.2 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

44 - 55 cm = laminated dark to moderate yellowish brown 
muds alternating with dusky yellowish 
brown organic rich layers. Colors darken 
upsection. Probably turbidites. 

5 5  - 70 cm = massive to mottled, dark yellowish broun 
clayey mud. Vu,ogy and bioturbated. 

70 - 76 cm = massive to mottled, v~gg!~, bioturbated 
olive gray clayey mud. 

76 - 85 cm = dusky yellowish brown sandy clay. 
Saprolite. 



depth 
below p. l : O - 4 0 c m  P O W  NAME: Au-port #2 
top of grain 

CORE NUMBER: 23 180 
core size DATE SAMPLED: 19 May 1994 
(cm) uni t  facies color (phi) DATE DESCRIBED: 

DESCRIBED BY: Presession, Diemer 

0 - 6 cm = soupy, moderate brown cla 

6 - 11 cm = light olive gray, finely laminated, soupy 
clayey mud. Laminations of organic rich 
and sediment rich layers. Leaf matter. 

11 - 28 cm = thickly bedded (2-8 cm) moderate yeliow.ish 
brown silty mud layers alternating n*irh 
thin (2-4 mm) organic rich layers. Vugg~ ' .  

28 - 36 cm = moderately bedded (1-3 cm) light brown 
massive silty muds alternating u-ith thm 
(1-4 mrn) organic rich layers. Vuggy 

36 - 35 cm = moderately bedded moderate yellowish 
brown silty muds alternating with organinc 
rich layers. The organic rich layers are 
lighter than those in unit 4. V u g g .  



depth 
below 
top of 
core 

grain 
size 

(cm) unit facies color (phi) 

POND NAME: Airport #2 
CORE NUMBER: 23 180 
DATE SAMPLED: 19 May 1993 
DATE DESCRIBED: 
DESCRlBED BY: Presession, Diemer 

45 - 55 cm = finely laminated, rnm scale clayey mud 
composed of darker organic rich layers and 
lighter sediment rich layers. Moderater 
brown; bioturbated. 

55 - 67 cm = m p y ,  bioturbated, mottled, moderate 
brown clayey mud. 

67 - 78 cm = dusky yellowish brown, massive, sandy 
mud with wood fragments. Saprolite. 



depth 
below 
top of grain 
core size 
(cm) unit facies color (phi) 

POND NAME: Airport #2 
CORE NUMBER: 23 16 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 
0 - 2 cm = very soupy, organic rich moderate 

olive brown clayey mud. 

2 - 8 cm = soupy organic rich olive gray mud; 
slightly gritty, remnants of laminations. 

8 - 13 cm = thinly laminated (3-5 rnm) light olive 
brown and olive gray clayey mud. 
Distal turbidites? 

13 - 27 cm = thickly bedded, parallel laminated light 
olive brown layers (4-8 cm) alternating 
with olive gray organic rich layers (5mrn'). 
Thick turbidites resulting from rapid 
deposition? 

27 - 40 cm = thickly bedded, parallel laminated 
moderate brown layers (1-3 cm) aiternatins 
with olive gray organic rich layers 
(1 -5 mm). Turbidites. 



depth 
below p. 2: 40 - 80 cm 
top of 
core 
(cm) uni t  facies 

grain 
size 

color (phi) 

POND NAME: w o r t  #2 
CORE NUMBER: 2 136 p.2 
DATE SAMPLED: 19 May 1993 
DATE DESCRIBED: 
DESCFUBED BY: Presession, Diemer 

40 - 50 cm = thinly laminated olive gray and moderate 
brown muds. 

50 - 62 cm = mottled olive gray muds. Bioturbated. 



depth 
below 
top of 
core 

grain 
size - - -  

(cm) unit fac ie~  color (phi) 

POND NAME: Airport #2 
CORE NUMBER: 23270 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 3 cm = soupy clayey moderate yellowish 
brown mud. 

3 - 10 cm = soupy clayey moderate yellowish 
brown mud. Slightly more consolidated 
than top layer. 

10 - 25 cm = alternating organic rich layers (1-5 rnrn) a 
and sediment rich layers ( 3 6  cm) of clayel.- 
mud. Moderate yellowish bro~vn sedimenr 
and dark yellowish broun organic layers 
Vuggy. 
Possibly turbidites. 

25 - 38 cm = moderate yellowish broum clayey muds 
(.2-4 cm) alternating with dark yellowish 
broun layers (1-5 mrn thick). Vuggy. 
Thickly bedded turbidites where thin la!-ers arc 
suspension fallout. 



depth 
below p. 2: 40 - 80 cm 
top of grain 
core size 
(cm) unit facies color (phi) 

POND NAME: w o r t  #2 
CORE NUMBER: 23270 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

38 - 44 cm = massive, dark yellowish 
brown, clayey mud. 

44 - 47 cm = moderate yel loksh brown muds (.2 - 1 cm) 
alternating with dark yellowish brown 
organic rich laminae (1 -3 mrn). Leaf 
layer present at contact. 

47 - 58 cm = mottled clayey mud, wggy, dark yello\vish 
brown. 

58 - 87 crn = sandy mud with wood frasments and 
Omems are isolared pebbles. Wood fra, 

present. 
Saprolite. 



depth 
below p.3: 80 - 120 cm 
top of 
core 
(cm) u i i t  facics 

grain 
size 

color (phi) 

POND NAME: A q o r t  #Z 
POND NUMBER: 23340 
DATE SAMPLED: 1 9 May 1 994 
DATE DESCRIBED: 
DESCRIBED BY: Presessior,, Diemer 

80 - 99 cm = grayish olive bioturbated, mottled clay; 
some V U ~ S .  

Background pond sedimentation? 

99 - 105 cm = grayish olive to medium gray sandy 
clay. Saprolite. 





depth 
below 
top of 
core 
(cm) 

40 - 

45 - 

50 - 

55 - 

60 - 

65 - 

70 - 

75 - 

80 - 

grain 
size 

unit facies color (phi) 

POND NAME: w o r t  #2 
CORE NUMBER: 23340 
DATE SAMPLED: 19 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

light brown clayey mud layers 1.5 - 3 cm 
thick interbedded with olive gray organic rich 
1-3 mm thick laminae. Vuggy. Possible 
distal turbidites. 

moderate yellowish brown clayey mud 
.5 - 1 cm thick. faint organic rich laminas 
1-2 mm thick. Vuggy. 

56 - 63 cm = dark yellowish brown clayey mud, 
2 - 3 cm thick layers interbedded with 
faint olive gray, 2-5 rnm thick laminae. 
some vugs. 

64 - 70 cm = moderate yellowish brown 
clayey mud, possibly laminated. 

70 - 7 1.5 cm= moderate yellow brown clayey mud 
with faint rnm scale laminae. 

7 1.5 - 78 cm= dusky yellowish brown clayey mud; 
organic content increases upward; fades 
to dark yellowish brown clayey mud; 
slightly bioturbated. 

78 - 79.5 cm= moderate yellow brown clayey mud 
1-3 mm thick with olive gray mm laminae. 

79.5 - 80 cm= grayish olive fine to medium sand. Turbidire. 



Pond: Hospital 

Bathymetric map 
7 
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meters 
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depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) Mt facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 11 11 
DATE SAMPLED: January 1994 
DATE DESCRIBED: 14 January 1994 
DESCRIBED BY: Blake/Diemer 
0 - 1 millimeter = oxidized, light-brown mud, 
former organic layer? 
1 mrn - 8 cm = mottled mud; 
massive, silty clay mud with mottles of greenish 
black, dark yellowish brown, dark greenish gray, 
oxidized light brown on margin; organic-rich 
layer. 

8 - 1 1 cm = laminated green mud with 
pale olive layers .5-1 cm thick interbedded 
with olive gray layers 1 mrn thick. 

11 - 20 cm = massive mud. 

Massive, grayish olive green clayey silt mud. 
From 16 - 20 cm. the sample came from the 
core catcher. 

20 - 21 cm = massive dusky blue green silt! 
mud interpreted as saprolite. 
2 1 - 22 cm = dark yellowish orange and moderate 
yellowish brown silty mud. Saprolite. 



depth 
below p. 1 : 0 - 4 0 c m  
top of grain 
core size 
(cm) uin t  facies color (phi) 

POND NAME: Hospital Pond 
POM> NUMBER: 1 12 1 
DATE SAMPLED: January 1994 
DATE DESCRIBED: 19 January 1994 
DESCRIBEDBY: BlakelAsander 
0 - 1 cm = light olive gray soupy organic- 
rich mud. 

1 - 6 cm = green laminated mud, grayish olive 
with lOYR 514 laminae. 

6 - 15 cm = brown laminated mud. 

Olive gray laminations in a brown laminated 
unit. Laminae are curved slightly upward and 
are bent on the sides. 

15 - 20 cm = green laminated mud. 

Silty mud with clay laminae. Grayish olive green 
laminated with dusky yellow green layers. Laminae 
are curve slightly upwards. 

20 - 3 1 cm = black and green mottled mud. 

Massive black. organic-rich clayey mud with 
abundant grayish olive green mottles. 

32 - 36 cm = sandy mud. 

Massive grayish olive sandy mud from core 
catcher. Saprolite. 

36 - 44 cm = sandy mud. 

Sandy clay mud (coarser than unit 6), dusky 
yellow green, massive, with clumps of light 
bluish gray and dusky blue green material. Saprolite 



depth 
below 
top of grain 
core size 
(cm) uni t  facies color (phi) 

POND NAME: Hos ital Pond 
CORENUMBER: 115P 
DATE SAMPLED: September 1993 
DATE DESCRIBED: September 1993 
DESCRIBEDBY: I & ~ e r  

0 - 5 cm = massive, soupy, black, organic-rich 
silty clay mud. 

1 5 - 25 cm = laminated, brown, silty mud with 
I alternating light and dark brown layers millimeters 

to centimeters thick. Dark brown layers have 
mean grain size of 8.55 phi. Light brown 
layers have a mean grain size of 8.73 phi. 

25 - 33 cm = green, laminated mud. 

33 - 44 cm = black. organic-rich mud composed of 
silty clay. 



depth 
be lo^ p. 2: 40 - 80 cm 
top of 
core 

(cml umt facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 1 15 1 D. 2 
DATE SAMPLED: ~ e ~ t e m b e r  1993 
DATE DESCRIBED: ~ebtember  1993 
DESCRIBED BY: Diemer 

33 - 44 cm = mud. 

44 - 49 cm = green, laminated mud composed 
of silty clay. 

49 - 57 cm = sandy mud composed of decomposed 
rock material, red color. Saprolite. 



depth 
below p. l : O - 4 0 c m  
top of 
core 

grain 
site 

(cm) ui-rit facies colbr (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 1161 
DATE SAMPLED: 06-24-94 
DATE DESCRIBED: 06-27-94 
DESCRIBED BY: Schulz 
0 - 7.5 cm = mud. 

Soupy, silty clay, bioturbated, organic-rich 
modecate olive brown, contact with unit 2 is 
gradational 

7.5 - 25 cm = laminated brown mud. 

Clayey mud with alternating layers of dark 
yellowish brown and moderate olive brouln 
and grayish olive mud where the brown colors 
dominate. 

25 - 45 cm = green and brown laminated mud. 

Greenish and brownish laminated mud u.here the 
laminations are thicker than in unit 2. Colors 
observed include grayish olive (25-26 cm), 
moderate olive brown (26-34 cm), dusky 
yellow green (34-38.5 cm), grayish olive green 
clayey silt (38.5-44.5 cm), and dusky yellow 
green (44.5-45 cm). Contacts at top and base are 
sharp. 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 1161 
DATE SAMPLED: 24 June 1994 
DATE DESCRIBED: 26 June 1994 
DESCRIBED BY: Schulz 
25 - 45 cm (cont.) = green and brown laminated 

mud. 

45 - 57.5 cm = black, organic-rich mud. 

Very organic rich layer with worm burrows 
in it. Also found a plant stem. Black in color 
and massive. Non-cohesive mud. 

57.5 - 68 cm = clay, with very few sand p i n s  
(but coarse to very coarse,): o l i ~ e  gray. 

62.5 - 68 cm = clay small laminations ; grayish 
olive green. 

Sharp contact betkveen units 4 and 5. 



depth 
below p. 1 : O - 4 0 c m  
top of grain 
core size 
(cm) uirit facies color (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 2111 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

soupy, organic-rich mud. 

brown, heavily bioturbated, clayey 
mud; red worm present. 

greenish black laminated clayey mud 
with mm-scale light brown laminations: 
slightly bioturbated. 

brown, laminated, clayey mud. Laminations 
from 2- 10 mm thick. 

thinly laminated. greenish black. s m d ~  rxud 

15 - 26 cm = massive, greenish black. c1aj.e~. mud; hea\.il! 
bioturbated. Gradual d o u n n x d  transition 
sandy clay. 

26 - 3 1 cm = greenish black sandy cia!,. S ~ p l i ~ c  



depth 
below p. 1 : 0 - 4 0 c m  
top of 
core 
(cm) umt facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 2112 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

soupy organic-rich black mud. 

light brown, oxidized, rusty-red, clayey 
mud; heavily bioturbated. 

greenish black to brown, laminated mud 
with 1-3 mm thick laminae. 

light and dark brown laminated clayey 
mud. 

greenish gray clayey mud interbedded 
with greenish black clayey mud layers. 

massive and mottled, heavily bioturbated. 
dark olive green clayey mud. Grades 
downward into sandy mud near bottom 
of unit. 

22 - 30 cm = sandy mud. Saprolite. 



depth 
below 
top of 
core 
(cm) uirit facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 2113 
DATESAMPLED: 11May1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 3 cm = soupy, organic-rich mud. 

3 - 6 cm = dark olive, massive, clayey mud; 
heavily bioturbated. 

6 - 10 cm = oxidized, light brown, thinly laminated 
mud; laminae are 1 - 3 mrn; bioturbated. 

10 - 12 cm = thinly laminated brown laminae grading 
downinto grayish green mud. 

12 - 19 cm = black green cla>.e>. mud grading do11.n 
into grayish green sandy mud. Bioturbated 

1 9 - 2 9 c m =  sandy mud. Saprolite. 



depth 
below 
top of 
core 
(cm) aitit facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 1 14 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
D E S C ~ E D  BY: Presession, Diemer 
0 - 5 cm = soupy, organic-rich mud. 

5 - 18 cm = massive, mottled, heavily bioturbated, 
grayish black clayey mud grading down 
into sandy mud. 

18 - 2 1 cm = dark, greenish gray, coarse sand grains 
in clay matrix. Saprolite. 



depth 
below 
top of 
core 

grain 
size 

(cm) uin't facies color (phi) 

POND NAME: Hospital Pond 
CORENUMBER: 2121 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRlBED BY: Presession, Diemer 

0 - 4 cm = soupy, greenish black, clayey mud. 

4 - 1 1 cm = green and brown laminated clayey mud: 
laminae are 3-5 mm thick. 

I 1  - 28 cm = laminated dark and light bro~vn clayey 
mud: laminations are 3-10 mrn thck; 
at 24 cm there is a greenish black clayey 
mud layer 1 cm thick. 

28 - 31 cm = clayey mud comprising 5 mrn of oliife 
green mud at base overlain by 3.5 cm of 
dark grayish green mud overlain by 1.5 cm 
light olive green mud, overlain by 5 mm 
grayish green mud. 

31 - 45 cm = massive, bioturbated, black to greenish black 
clayey mud. 



depth 
below p. 2: 40 - 80 cm 
top of 
core 
(cm) u i i t  facics 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2121 p.2 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
D E S C ~ E D  BY: Presession, Diemer 

45 - 54 cm = dark olive green and black mottled 
clayey mud; heavily bioturbated. 

base of core; no saprolite preserir at base. 



depth 
below p. 1 : O - 4 0 c m  POND NAME: Hospital Pond 
top of grain 

CORE NUMBER: 2122 
core size DATE SAMPLED: 1 1 May 1994 
(cm) ~r facics color (phi) DATE DESCRIBED: 

DESCRIBED BY: Presession, Diemer 

0 - 2 cm = soupy, greenish brown, clayey mud. 

2 - 3.5 cm = greenish brown, massive, bioturbated mud. 

3.5 - 10 cm = greenish brown, thinly laminated (1-4 rnm), 
slightly bioturbated clayey mud. 

10 - 23 cm = Iight bronvn to greenish bro\vn, thinly 
laminated ( 1-4 mrn) clayey mud. 

23 - 28 cm = dark gray to light oli\.e, massi\.s 
clayey mud. 

28 - 36 cm = black with brown mottles, bioturbated 
clayey mud. 

36 - 43 cm = massive, greenish gray clalVey mud. 



depth 
below p. 2: 40 - 80 cm POND NAME: Hospital Pond 
top of 
core 
(cm) u j i t  facies 

grain 
CORE NUMBER: 2122 p.2 

size DATE SAMPLED: 1 1 May 1994 
color (phi) DATE DESCRIBED: 

DESCRIBED BY: Presession, Diemer 

36 - 44 cm = massive, greenish gray clayey mud. 

44 - 48 cm = massive, grayish brown, clayey sand. 
Saprolite. 



depth 
below p. l : O - 4 0 ~ m  
top of grain 
core size 
(cm) uhit  facies color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 123 
DATE SAMPLED: 1 1 May 1994 
DATE DBCRJBED: 
DESCRIBED BY: Presession, Diemer 

0 - 6 cm = greenish black soupy clayey mud. 

6 - 14 cm = greenish black, thinly laminated (1-3 rnm). 
disrupted mud. Very disturbed and 
bioturbated at the top. 

14 - 33 crn = laminated dark yellowish orange claye~. 
muds and dark yellowish brown sand). 
muds. Finer laminae are 1 -4 mm thick 
and coarser layers are up to 10 mm thick. 
Some sandy layers record higher energ!. 
events; cross-laminae are present suzgesting 
turbidity currents. 

33 - 36 cm = laminated dark gray clayey mud 
grading down into mottled, bioturbated 
medium gray mud. 

36 - 45 cm = mottled olive gray clayey mud with 
medium gray mottles due to bioturbation. 



depth 
below p. 2: 40 - 80 cm POND NAME: Hos~ital Pond 
top of 
core 
(cm) uixit facies 

grain 
CORE NUMBER: 2 12j p.2 

size DATE SAMPLED: 1 1 May 1994 . 
color (phi) DATE DESCRIBED: 

DESCRIBED BY: Presession, Diemer 

36 - 45 cm = mottled olive gray clay with medium 
gray mottles due to bioturbation. 

45 - 50 cm = light olive gray, sandy clay. Saprolite. 



depth 
below 
top of 
core 

grain 
size 

(cm) uin't facies color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 124 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 15 cm = greenish black soupy clayey mud. 

15 - 27 cm = ereenish black mottled clayey m ~ d :  
boturbated at the top and some fine 
laminations at the base. 

27 - 53 cm = laminated light b r o w  ro moderare t\rou.ri 
clayey mud with three sandy silt I:.>*e:s 
5-8 rnrn in  thickness. 



depth 
below p. 2: 40 - 80 cm 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 124 p.2 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

5 2  - 57 cm = oli1.e gray to light olive gray claye). 
mud. Laminations are thickly spaced. 

57 - 70 cm = massive, mottled, grayish olive green 
with olive gray mottles. Heavil!. 
bioturbated. 

70 - 78 cm = light olive gray, veq  fine sandy clay. 
Saprolite. 



depth 
belou p. 1: 0 - 4 0 c m  
top of 
core 
(cm) ui%t facies 

grain 
size 

color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 13 1 
DATESAMPLED: 11May1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 2 cm = soupy, greenish black, organic-rich 
mud. 

3 - 12.5 cm = light olive brown to dark yellowish brown 
clayey mud; slightly bioturbated. 

12.5 - 14 cm = brownish gray clayey mud with 1-5 mm 
laminae. Laminae slightly u . a y  

1 1  - 22 cm = medium dark gray to grajvish brown 
mottled clayey mud grading down to 
coarse silty mud: heavily bioturbated. 

22 - 25.5 cm = grayish brown sandy mud u-ith ufood 
fragments. Saprolite. 



depth 
below 
top of 
core 
(cm) 

grain 
size 

u i i t  facies color (phi) 

POND NAME: Hospital Pond 
CORE NUMBER: 2 132 
DATE SAMPLED: 1 1 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 7 cm = soupy organic rich greenish-black mud. 

7 - 25.5 cm = moderate brown to light brown finely 
laminated (2-4 rnm) clayey mud to 
silty mud. Probably turbidites. 

25.5-27.5 cm = yellow green to grayish green. finely 
laminated mud. 

27.5 - 36 cm = grayish brown to dark yello\vish br0u.n 
silty to clayey mud; heavily bioturbated 
and mottled. 

36 - 41 cm = grayish brown sandy mud. Saprolite. 



depth 
below 
lop of 

I 

core 
grain 
size 

(cm) uitjt facics color (phi) 

P O h D  NAME: Hospital Pond 
CORE NUMBER: 2 133 
DATE SAMPLED: 1 1 May 1993 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 9 cm = soupy, grayish black, clayey mud. 

9 - 18 cm = oli\.e gray and dusky yellow finely 
laminated (1-3 rnrn) clayey and silty 
mud. 

18 - 29 cm = dark gray to grayish black mottled. 
bioturbated clayey mud. 

29 - 37 cm = iighr olive pi\* sandy c I + ~ .  Sarrclir?. 



Pond: Statesville B 

Bathymetric map 

lsopach Map 

Core # 221 6 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POhD NAME: Statesville B 
CORE NUMBER: 22 16 
DATE SAMPLED: 15 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 2 cm = soupy, dark yellowish brown mud. 

2 - 15 cm = massive to mottled dark brown to grayish 
brown clayey mud. 

15 - 18 cm = massive dark pellou~ish brouvn organic 
rich clayey mud. 

18 - 2 1 cm = massive, moderate brown clayey mud. 

2 1 - 29 cm = dark yellowish brown and oli\fe gray 
clayey mud. 

29 - 3 1 cm = black, plant fragment rich material. 

3 1 - 33 cm = slightly bioturbated and mottled, laminated 
moderate yellowish brown to olive g a l v .  

33 - 41 cm = dark yellowish brown massive clayey 
mud with w g s  and some plant materia!. 



depth 
below p. 2: 40 - 80 cm 
top of grain 
core s i te  
(cm) unit facics color (phi) 

POND NAME: Statesville B 
CORE NUMBER: 22 16 p.2 
DATESAMPLED: 15May1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

4 1 - 62 cm = finely laminated (rnrn-scale) alternating 
layers of moderate brown and dark yellowish 
brown. some mottling due to bioturbation. 
Probably distal turbidites. Vuggy. 

62 - 79 cm = alternating yellowish brown and dark 
yellowish brown very fine sand to silt in 
layers mrn to cm thick. 
Possibly coarse-grained turbidites. 

base of core. 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: S tatesville B 
CORE NUMBER: 2223 
DATE SAMPLED: 15 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 10 cm = dark yellowish brown, soupy, silty 
mud. 

10 - 16 cm = massive, moderate brouVn, silty mud. 

16 - 24 cm = vuggy, mottled to massive. moderate 
brown, clayey mud. 

24 - 26 cm = finely laminated. moderate brown. clayey 
mud. 

26 - 30 cm = light olive gray, massive, clayey mud. 

30 - 32 cm = black leaf-rich layer. Good marker bed. 

32 - 35 cm = laminated, olive gray and moderate brown. 
vuggy clayey mud; mm-scale laminae and dun 
organic-rich layers (leaf fragments). 

45 - 49 cm = massive and v u g ~ y ,  olive gray, clayey 
mud. 



depth 
below p. 2: 40 - 80 cm 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Statesville B 
CORE NUMBER: 2223 
DATE SAMPLED: 1 5 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

48 - 59 cm = dark yellowish brown, layered clayey 
mud. Probably a turbidite in origin. 

59 - 73 cm = dark yellowish brown and thin layers 
of moderate brown interbedded in a 
clayey mud. Probably a turbidite sequence. 

73 - 75 cm = dark yellow brown and yellowish brown 
banded clayey mud and medium sand. 





depth 
below p. l : O - 4 0 c m  
top of grain 
core size 
(cm) unit  facies color (phi) 

POND NAME: S tatesville B 
CORE NUMBER: 2239 
DATE SAMPLED: 15 May 1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 2 cm = soupy olive gray mud with sand grains. 

2 - 9 cm = very coarse sand to silt, olive gray, 
strucutreless. Distributary stream channel 
deposit from delta prograding into pond. 

9 - 12 cm = clayey mud with fine sand particles. 

12 - 13 cm = black, leaf litter layer, good marker bed. 

13 - 23 cm = finely laminated olive gray to moderate 
brown, wggy  clayey mud. Thin organic rich 
bands mark laminae. Some bioturbation. 

23 - 29 cm = olive g a y  laminated clayey mud. Organics 
mark laminae. 

29 - 42 cm = flat laminated, light olive gray, clayey 
mud. 



depth 
below p. 2: 40 - 80 cm 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Statesvile B 
CORENUMBER: 2239 
DATESAMPLED: 15May1994 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

42 - 5 1 cm = dark yellowish brown, mottled 
clayey mud grading down to a fine 
sand. 



Pond: Waverly Lake 

Bathymetric map 

lsopach map 

meters 

Feet 2.0 1 



depth 
below p. l :O-40cm 
top of 
core 

grain 
size 

(cm) uim facies color (phi) 

POND NAME: Waverly Lake, Tr.2, # I  
CORENUMBER: 11921 
DATE SAMPLED: June 1994 
DATE DESCRIBED: June 1994 
DESCRIBED BY: London 
0 - 32 cm = organic, bioturbated mud 

up to sandy mud (fine sand) at 30 cm, 
also mottled between 23 - 32 cm. 
colors: moderate olive brown grayish olive. 

23 -32 cm = leaf and root material 

32 - 48 cm = medium to very coarse sand with 
organic roots, grass; grayish olive 
and light olive gray. 

33 - 34 cm = small organic layer. 



depth 
below p. 2: 40 - 80 cm POND NAME: Waverly Lake, Tr.2, #1 
top of grain CORE NUMBER: 1 192 1 
core size DATE SAMPLED: June 1994 
(cm) uip't facies color (phi) DATE DESCRIBED: June 1994 

DESCRIBED BY: London 



deprh 
below p. l : O - 4 0 c m  
top of 
core 

grain 
site 

(cm) uirit facies color (phi) 

POlW NAME: Waverly Lake, Tr. 1, # 1 
CORENUMBER: 11911 
DATE SAMPLED: June 1994 
DATE DESCRIBED: 06-24-94 
DESCRIBED BY: Schulz 
0 - 13 cm = organic-rich silt, bioturbated, 

mottled, grayish olive. 

13 - 28.5 cm = silt, probably originally 
laminated; moderate yellowish 
brown alternating with 
grayish olive. 

28.5 - 46 cm = mottled and bioturbated mud: 
between light olive gray and 
grayish olive. 



depth 
below 
top of 
core 
(cm) uirit facies 

grain 
size 

color (phi) 

POND NAME: Waverly Lake, Tr. 1, # 1 
CORE NUMBER: 1 19 1 1 
DATE SAMPLED: June 1994 
DATE DESCRIBED: 06-24-93 
DESCRIBED BY: Schulz 

46 - 49 cm = clay with plant remains throughout 
the layer; between light olive gray 
and grayish olive. 



depth 
below p. l :O-40cm 

core 
(cm) uhit facies 

grain 
size 

color (phi) 

POND NAME: Waverly Lake, Tr.3, core 1 
CORE NUMBER: 1 193 1 
DATE SAMPLED: June 1994 
DATE DESCRIBED: 06-24-94 
DESCRTBED BY: Schulz 
0 - 18.5 cm = bioturbated, mottled mud; 

plant remains (leafs, stems); 
worm found on top; 
light olive gray. 

4.5 - 13 cm = grayish olive 4.5 - 13 cm 

18.5 - 37 cm = originally greenish laminated mud 
wood fragment found at 33 cm: 
light olive gray alternating u~ith 
grayish olive. 

37 - 57 cm = organic-rich mud with many 1 e a w  
at 38 cm; grayish olive. 



depth 
below p. 2: 40 - 80 cm 
top of grain 
core size 
(cm) u i n t  facies color (phi) 

POND NAME: Waverly Lake, Tr.3, core 1 
CORE NUMBER: 1 193 1 
DATE SAMPLED: June 1994 
DATE DESCRIBED: 06-24-94 
DESCRIBED BY: Schulz 

46 - 49 cm = very organic-rich, many leaf remains. 

49 - 57 cm = olive gray. 

57 - 6 1 cm = organic-rich mud, probably originall!. 
laminated. olive gray. 

61 - 63.5 cm = sandy silt (fine sand), only few grains. 

63.5 - 65 cm = sandy mud (medium sand): clayey texrure: 
grayish olive 

65 - 75 cm = coarse sand; stem found; pale oli1.e. 

Note: core length before removal was 60 cm. 



depth 
below p. 1: 0 - 4 0 c m  
top of 
core 
(cm) uhit facies 

grain 
size 

color (phi) 

POND NAME: Waverly Lake 
CORE NUMBER: 1 194 1 
DATE SAMPLED: 
DATE DESCRIBED: 6-27-94 
DESCRIBED BY: London 
0 - 7 cm = very disturbed, but appears laminated 0-2 cm; 
dark yellowish brown ; silty mud. 

2 - 5 cm = olive gray. 
5 cm = leaf material. 
6 - 7 cm = dark yellowish brown. 

7 - 11 cm = olive gray; organic rich (seed pod found); 
silty mud; very disturbed. 

11 - 48 cm = clay rich mud; dark yellowish br0v.m: slighr 
drilling disturbance from 11 to 39 cm. 

17 cm = wood fragment. 

22 crn = wood fragment. 

39 cm = wood frasment. 



depth 
below p. 2: 40 - 80 cm POND NAME: Waverly Lake 
top of grain CORE NUMBER: 1 194 1 
core site DATE SAMPLED: 
(cm) urn[ facies color (phi) DATE DESCRIBED: 6-27-94 

DESCRIBED BY: London 

39-52 cm = medium drilling disturbance. 

48 cm = root material; color change. Saprolite. 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) uhit facies 

grain 
size 

color (phi) 

POND NAME: Waverly Lake 
CORENUMBER: 11942 
DATE SAMPLED: 
DATE DESCRIBED: 6-27-94 
DESCRIBED BY: Schulz 

0 - 6 cm = silty mud; soupy; organic rich; 
light olive gray; bioturbated. 

6 - 15 cm = silty mud; bioturbated; plant remains 
(stems, roots); grayish olive; moderate drilling disturbance. 

15 - 25 cm = silty mud; mottled; color is between moderxe 
yellow brown and dark yellowish brown; slight drilling 
disturbance. 

25 - 37 cm = silty mud; organic rich; grayish o111.e; 
leaf found and other plant remains; very disturbed. 

37 - 43 cm = sandy silt (medium sand): organic lqrer: 
root system very easy to see. wood frasment; olive gra).; 
very disturbed. 



depth 
below p. 2: 40 - 80 cm POND NAME: Waver1 y Lake 
top of grain CORE NUMBER: 1 1942 
core size DATE SAMPLED: 
(cm) ui i t  facies color (phi) DATE DESCRIBED: 6-27-94 

DESCRIBED BY: Schul z 

43 - 94 cn; = color change at 64 cm; sandy clay with 
small roots; dark yellowish brown; light olive gray 
at 64 cm, (5Y 611). Saprolite. ' 



Pond: Webber Farm 

Bathymetric map 

Core U 11231 

Additzonal Core Locatzons 
for Lithofaczes Analysis 

lsopach map 



depth 
below 
top of grain 
core size 
(cm) uiot facies color (phi) 

POND NAME: Weber Farm Pond 
CORE NUMBER: 1 122 1 
DATE SAMPLED: May 1994 
DATE DESCRIBED: 05-23-94 
DESCRIBED BY: Asander, Schulz 

0 - 20.5 cm = soupy mud, possibly organic 
color: dark greenish gray 

sandy silt with tiny plant 
remains at depth of 26 - 27 cm: 
in between dark greenish gray 
and grayish olive green. 

medium sandy silt with stem found 
at 29 cm depth; dusky yellow green. 

medium sand; moderate yellowish b 
Top of saprolite. 

brown, green and orange mottled 
medium sandy silt with mica flakes; 
in between greenish gray and dark 
greenish gray. 



depth 
below p. 2: 40 - 80 cm POND NAME: Weber Farm Pond 

grain CORE NUMBER: 1 122 1 
size DATE SAMPLED: Mav 1994 

top of 
core 
(cm) uirit facies color (phi) DATE DESCRIBED: 05-53-94 

DESCRIBED BY:  sander. Schulz 

43 - 45 cm = clayey, medium sandy loam; 
greenish gray. ' 



depth 
below p. 1: 0 - 4 0 c m  POND NAME: Weber Farm Pond, core #3 
top of grain CORENUMBER: 11231 
core size DATESAMPLED: May 1993 
(cm) uint facies color (phi) DATE DESCFUBED: 05-25-94 

DESCRIBED BY: Schulz 

soupy, organic-rich mud; g r a~~ i sh  olive 
green; mean phi: = 8.20. 

mottled, slightly consolidated, 
organic-rich mud; water-rich, but 
not as soupy as layer #1, perhaps 
biotdrbated; dark greenish gray and 
greenish black and gayish olive green. 

more compacted, organic-rich silt~r 
mud with few sand grains; dark greenish 
p i ) . .  
mean phi:= 8.40. 

organic-rich. sand!, mud in between 
light olive grq '  and oli1.e g rq t .  
Saprolite. 



depth 
below p. 1 : 0 - 4 0 c m  
top of 
core 

grain 
size 

(cm) ukit facies color (phi) 

POND NAME: Weber Farm Pond. Tr.4, #6 
CORE NUMBER: 1 1246 
DATE SAMPLED: 06-20-94 
DATE DESCRIBED: 06-22-94 
DESCRIBED BY: Schulz 

0 - 6.5 cm = soupy, organic-rich silt; 
mottled and bioturbated; 
dark greenish gray. 

6.5 - 27.5 cm = bioturbated, organic-rich silt with 
one separate dark layer between 
26 to 27.5 cm, which is lamina- 
ted and also organic-rich. 

6.5-14 cm gray.olive green 
14-16 cm olive gray 
16-26 cm gray .olive green 
26-27.5 cm greenish black 

27.5 - 40 cm = mottled silt; mottles may also be 
interpreted as very disturbed laminations! ! ! 

34 - 40 cm more clayey texture 

34 cm grayish olive green 
34-38 cm dark greenish pray 
38-40 cm grayish olive 



depth 
below p. 2: 40 - 80 cm POND NAME: Weber Farm Pond, Tr.4, #6 
top of 
core 
(cm) uirit facies 

grain 
CORE NUMBER: 11246 

size DATE SAMPLED: 06-20-94 
color (phi) DATE DESCRIBED: 06-22-94 

DESCRIBED BY: Schulz 

40 - 49.5 cm = 40-44.5 cm silt 
44.5-49.5 cm sandy silt (from 
very fine to medium sand on the 
bottom); plant remains 

at 43 cm dusky yellow green 
at 45 cm grayish green 

Before removal. core was 4 1 cm long! ! ! 



depth 
below 
top of 
core 
(cm) uin't facies 

grain 
size 

color (phi) 

. POhD NAME: Weber pond (TR4-7) 
CORE NUMBER: 1 1247 
DATE SAMPLED: 
DATE DESCRDBED: 
DESCRIBED BY: London 

0 - 9 cm = moderate olive brown; mottled with 
greenish black. 

0 - 8 cm = bioturbated; silty mud; organic-rich. 

8 - 25 cm = silty mud with coarse to fine sand particles. 

9 - 20 cm = grayish olive mottled with greenish black: 
organic; leaf fragment found at 13 cm: bioturbated. 

20 - 36 cm = grayish olive. 

25 - 36 cm = silty mud with medium sand particles: 
bioturbated: grayish olive. 

36 - 60 cm = grayish olive. 

36 - 63 cm = organic with root material throughout: uood fragmenr 
at 38 cm. 
37 - 63 cm = silty sand made up of coarse to \en,  coarse sand. 
26-63 cm = saprolite. 



depth 
below p. 2: 40 - 80 cm 
top of grain 
core size 
(cm) uh i t  facies color (phi) 

POND NAME: Weber pond p.2 (TR4-7) 
CORE NUMBER: 1 1247 
DATE SAMPLED: 
DATE DESCRIBED: 
DESCRIBED BY: London 

46 cm = wood fragment 

54 cm = wood fragment 

61 - 63 cm = greenish gray; organic fragment. 



depth 
below p. 1 : O - 4 0 c m  POND NAME: Weber pond 
top of 
core 
(cm) ui-fit facies 

grain 
CORE NUMBER: 1 1248 ' 

size DATE SAMPLED: 
color (phi) DATE DESCRIBED: 6-20-94 

DESCRIBED BY: Schulz 

0 - 17 cm = silty mud, soupy, organic-rich; bio- 
turbated, mottled; red worm found at 2 cm; 
grayish olive green; dark greenish gray. 

17 - 23 cm = sandy mud (very fine sand) 17- 1 S cm. 

19 - 24 cm = sandy mud (medium sand R-ith feu. coarser 
grains); grayish olive green. 

24 - 25 cm = sand (silty): small roots; medium sand: 
grayish olive. Saprolite. 



core 
(cm) 

0 - 

5 - 

10 - 

15 - 

20 - 

25 - 

30 - 

35 - 

40 - 

depr h 
belou p. 1: 0 - 40  cnl 
top of grain 

size 
u i i t  facies color (phi) 

POND NAME: Weber Farm Pond. Tr.5, # 1 
CORE NUMBER: 1 125 1 
DATE SAMPLED: 06-20-94 
DATE DESCRIBED: 06-2 1-94 
DESCRIBED BY: Schulz 

0 - 5.5 cm = soupy, organic-rich silty mud; 
bioturbated; dark greenish gray. 

5.5 - 11 cm = still soupy silt with a remarkable 
lighter layer at an angle; grayish olive. 

1 1  - 27 cm = mottled. organic-rich silty mud: 
bioturbated; dark greenish gray and 
grayish o1ii.e green. 

27 - 32 cm = mottled, organic-rich mud: bioturbmd: 
vein or stem remain at 28 cm depth: 
olive gray. 

32 - 40 cm = organic-rich medium silty sand 
many plant remains (stems, veins) 
and wood fragments found. 
Color: 32 - 39 cm = olive gray 51'4/1. 

39 - 40 cm = olive gray 5Y3/2. 
Layer gets gradually darker in down- 
ward direction. 

Saprolite. 



depth 
below P. 2: 40 - 80 cm 
top of 
core 
(c") Uirit facies 

grain 
size 

color (phi) 

POND NAME: Weber Farm Pond, Tr.5, #1 
CORE NUMBER: 1 125 1 
DATE SAMPED: 06-20-94 
DATE DESCRIBED: 06-2 1-94 
DESCRIBED BY: Schulz 
40 - 45 cm = sandy clay (fine sand); 

light olive gray 

45 - 52.5 cm = clay or weathered saprolite with 
wood fragments at 50 cm depth; 
dark yellowish brown. 

Note: layer #6 + 7 have been very disturbed. 



depth 
below p. 1 : 0 - 4 0 c m  
top of 
core 
(cm) uint facies 

grain 
size 

color (phi) 

POND NAME: Weber Farm Pond, Tr.5, #5 
CORE NUMBER: 1 1255 
DATE SAMPLED: 06-20-94 
DATE DESCRIBED: 06-23-94 
DESCRIBED BY: London 
0 - 3 cm = silty sand (coarse sand); 

color: greenish black. 

3 - 7 cm = 3 - 5 cm silty sand (coarse sand) 
5 - 6 c m  silt 
6 - 7 cm silty sand (fine sand) 
4 - 7 cm " pond sedimentation " 
color: 3 - 5 cm dusky yellow green 

5 - 7 cm grayish olive green. 
7 - 1 1 cm = silty sand (coarse sand) 

" construction work of pond " 
color: grayish olive green. 

11 - 13 cm = silt. " old vegetation layer " 
color: greenish black. 

14 - 24 cm = mud with very fine sand and 
mottled appearance (14 - 20 cm) and 
root fragment (1 7 cm) 
" former soil horizon " = saprolite 
color: 14- 16 cm dark yellow.oran2e 

16- 17 cm grayish blue green 
18-24 cm dusky yellow green. 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

grain 
size 

uhit  facies color (phi) 

POND NAME: Weber Farm Pond, Tr.5, #4 
CORE NUMBER: 1 1254 
DATE SAMPLED: 06-20-94 
DATE DESCRIBED: 06-22-94 
DESCRIBED BY: Schulz 
0 - 15 cm = soupy, organic-rich, bioturbated silt 

including plant remains; 
leaf found at 3 - 4 cm; 
color: 0-1 1 cm = grayish olive green 

1 1 - 15 cm = greenish black 

15 - 21 cm = organic-rich, bioturbated silt with 
small roots throushout; 
color: light olive gray. 

2 1 - 22 cm = silty sand (medium sandj with wood 
and plant remains; 
color: light olive gray. 

21 - 28 cm = mottled clay representing a root 
system: 
color: dark yellowish brown. 

28 - 38 cm = clay representing plant remains; 
color: dark yellowish broum. 



depth 
below 
top of 
core 
(cm) 

0 - 
t i i t  facies 

grain 
size 

color (phi) 

POND NAME: Weber Farm Pond, Tr.5, #3 
CORE NUMBER: 1 1253 
DATE SAMPLED: 06-20-94 
DATE DESCRIBED: 06-2 1-94 
DESCRIBED BY: Schulz 
0 - 12 cm = mottled, organic-rich silt, 

soupy and bioturbated, 
part of leaf found at 5 cm depth, 
red worm found at 4.5 cm depth, 
color: moderate olive brown. 

12 - 17 cm = still soup)., bioturbated and organic- 
rich sandy silt (very fine sand), 
darker than layer # 1, 
color: oli~ve gray. 

17 - 23 cm = sandy silt (medium sand). 
color: light olive gray. 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) uio'l facies 

grain 
size 

color (phi) 

POND NAME: Weber Farm Pond, Tr.5, #2 
CORE NUMBER: 1 1252 
DATE SAMPED: 06-20-94 
DATE DESCRIBED: 06-2 1-94 
DESCRIBED BY: London 
0 - 23 cm = soupy and very disturbed organic silt. 

probably bioturbated; 
red worm found at 11 cm depth: 
15 - 22 cm = organic-rich mud. 
color: 0 - 1 1 cm = mod. olive brown 

1 1 - 18 cm = olive gray mixed 
grayish olive 

20-23 cm = grayish olive 

23 - 27 cm = organic, silty sand (mostly siit ivith 
fine sand); grayish oli\.e. 





APPENDIX 6 

CHEMICAL DATA: WATER, SEDIMENT AND ADSORPTION/DESORPTION RESULTS. 



Table 1 Retention Pond Water Quality 

Hosp i t a l  2211 2 / 9 3  
Paul Smith ' s  2210 1 194  

Hornet 's  Nest 1 8 / 2 / 9 4  

Statesville A 
IBM #2  1 2 / 3 / 9 3  

2 4 / 5 / 9 3  
North S ~ d e  B a p t ~ s t  9 / 4 / 9 4  
C h u r c h  
Webber  Pond 1 1 6 / 4 / 9 3  
Zeb Edwards Pond 1 2 0 / 4 / 9 4  

,Davis  Lake 
Small Davis Lake 1 / 6 / 9 4  
Reedv Creek Park 9 / 6 / 9 4  

- -- 

Moodv Lake 1 3 1 1 5 / 9 3  
Pawtuckett  Golf I 

S e c c h i  I T S S  ( ~ u r f a c e l ~ n  
D e p t h  ( m g / L )  S C p S  ( p g  L - 1 )  

@ 2S°C 

2.45 1 .7  4 5 
0 .59  19.2 4 4  

11.2 9 6  3 0 

T R P  F R P  TN N H q+ 

( p g  L - l )  ( p g  L - l )  ( p g  L - ~ )  



Table 2. Pond Temperature and Specific conductance* Profiles 

*First value in parentheses represents water temperature in degrees celsius; the secon value in parentheses is specific conductance adjusted to 25 
". 

F o n d  

Hospital 
Paul Smith's 
Airport #I  
IRM #I 
tlornel's Nest 
f'a r k 
Statesville #I 
Starcsville #2 
Statesville #3 
IBM #2 
Airport #2 
North Side Baptist 
C h u r c h  
Webber Farm 
Zeb Edwards 
Davis Lake 

-Small Davis Lake 
Reedy Creek Park 
Moody Lake 
Pawtuckell Golf 
Course  
Albemarle Rd. 
Waverly I,ake 

D a t e  
S a m p l e d  
2211 2 /93  
2210 1 194 
2310 1 194 
6 / 2 / 9 4  
1 8 / 2 / 9 4  

1 2 / 3 / 9 4  
24 /5 /94  
9 / 4 / 9 4  

16 /4 /94  
2014194 

1 / 6 / 9 4  
9 / 6 / 9 4  
31 /5 /94  

14 /6 /94  
15 /6 /94  

0  (m) 

6.0, 133 
4.2, 63 
5.5, 45 
6.8, 44 
1 1.0, 96 

11.0, 106 
14.5, 575 
12.0, 47 
11.0, 34 
18.0, 142 
16.2, 61 

24.0, 85 
21.0,97 
27.8, 123 
28.0, 96 
24.9, 55 
28.5,75 
26.8.226 

31.9, 146 
31.0, 108 

0.5 (m) 

24.0, 86 

27.0, 124 
26.4, 97 
23.9, 56 
26.0,78 
26.4.236 

29.9, 146 
29.5, 103 

1.0 ( m )  

6.7, 126 
4.3, 63 
5.0, 45 
5.0, 47 
8.8. 91 

8.3, 107 

-- - 

9.0, 48 
7.5, 35 
13.5, 160 
16.0, 63 

23, 87 
17.5, 96 
26.9, 124 
25.2, 100 
23.1, 61 
23.0,78 
2 6 1 , 2 3 9  

29.0, 147 
28.5, 102 

1.5 ( m )  

4.8, 50 

~~p 

8.0, 55 
7.0, 40 

18.5, 88 

26.5, 123 
24.0, 103 
22.1, 69 
21.0, 125 
25.6.244 

27.5, 148 
26.5, 102 

2.0 (m) 

6.0, 130 
4.8, 62 
4.8, 46 

7.7, 94 

6.0, 174 

l l ,  266 
14.6, 69 

16.5, 90 
14.5. 85 
24.2, 144 
22.6, 106 

25.0.252 

25.0, 200 
25.0, 125 

2.5 ( m )  

5.3, 135 

4.7, 46 

14.0. 81 

14.0, 1 1 1  

20.2, 1 1  1 

24.1 ,253 

21.0, 356 
20.5, 206 

5.5 (m) 

11.0.310 

3.0 (111) 

7.0. 99 

5.5. 223 

13.5, 122 

17.8, 126 

21.4, 227 

17.9, 555 
20.0. 276 

3.5 (in) 

------ 

13.0, 128 

15.3, 166 

19.0.211 

17.0, 602 

4.5 (m) 

12.8, 169 

13.6.215 

4.0 ( m )  

12.8, 129 

14.9, 196 

16.2,208 

5.0 ( m )  

- 

12.1,249 



Table 3 Long Core Bottom Sediment Chemistry 



Table 4. Short Core Bottom Sediment Chemistry 

P o n d  

Hospital 
Statesville B 

D a t e  

2 4 / 6 / 9 4  
2 4 / 6 / 9 4  

Zn 
(mg k g - 1 )  
44 .8  
30.6  

, Airport # 2  
Webbcr Farm 

46 .3  
22.8  

2 4 / 6 / 9 4  
2 4 / 6 / 9 4  

NHq+ 
(mg k e - l )  
12.60 
5 .00 
15.7 

Waver lv  L a k e  
35.0  
15.40 

~ 0 3 -  
(me k e e l )  
0 .96  

2 4 / 6 / 9 4  125.5 
1.02 1 120.0 ( 2 9 3 . 0  
~ 0 . 5 0  132.0  1 129.0 

0 .66  ( 2 0 . 8 0  
1.02 128.0  

1 10.0 
163.0 

T K N  
(mg k g - 1 )  
89.0  

TP 
(mg  k g - l )  - 
248.0  



Table 5 Pond Sediment Chemical  Loads 

P o n d  

, Hospital 

D a t e  
S a m p l e d  

2 2 / 1 2 / 9 3  
12 

Z n  
( k g )  
151 

I Paul Smith's 

NHq+ 
( k e )  
15 

~ 0 3 '  
( kc) 
2 

2 2 / 0 1 / 9 4  125  289 
Airoort # I  
IBM #I 
Hornet's Nest 
P a r k  
Statesville C 

2 14 

Organic  N 
( k g )  
578 

T P  
( k g )  
8 34 

Statesville B 
Statesviile A 
IBM #2 

2 3 / 0 1 / 9 4  ( 26 0 1 ( I  7 1 
6 / 2 / 9 4  
1 8 / 2 / 9 4  

2 2 
9 0  

35 
108 

5 8 

I 
2 2 

2 9 

( 3 5  
19 

1 2 / 3 / 9 4  1 3  

152 

9 
2 
1 

247 
833  

709 
222 
9 5 

I 

I 
I 
0 .3  

5 7 
13 

5 3 

I I 
2 

5 

Airport #2 
North Side Baptist 
C h u r c h  
Webber Farm 

4 24 

35 1 
176 
37 

Zeb Edwards ( 2 0 / 4 / 9 4  ( 13 
Davis Lake I 1 2  

9 ( 0 . 3  1130 ( 5 1 7  
0.1 10.03 ( 4 . 1  I l l  

0 .  I 
2 4 / 5 / 9 4  
9 / 4 / 9 4  

1 6 / 4 / 9 4  

1040 
578 

1026 

19 ( 5 2  
130 
215 

72  

2386 
1739 

3 15 1 

Small Davis Lake 1 1 / 6 / 9 4  ( 197 8 4 
73  1 
5 6 

Moodv Lake 
Pawtuckett Golf 
Course  
Albemarle R d  
Waverlv L a k e  1 1 5 / 6 / 9 4  ( 192 

3 1 / 5 / 9 4  

1 4 / 6 / 9 3  

1 1 1090 ( 2 4 5 0  
1065 
143 

45 

2 2 
4 

I6 1 2  
107 I !  

4999 
50 1 

186 

33222 
1734 

7 34 
4 8 5 1 1467 



Tab le  6 Average Annual Sediment  Chemica l  ~ c c u r n u l a t i o n s ~  for the 20 Pond Survey 

1 .  Sediment  accumulations are expressed as  per unit area of terrestrial drainage for each pond 
i .e .  Tota l  Accumulation (kg)/Terrestrial Drainage Area (ha)/pond age (yr j  

1 
1.6 ( 3 . 3  
0.1 10.1 
0.1 10.4 
0.04 10.1 I 

P a r k  1 I 1 
Statesville C ( 0.3 10.1 10.004 
Statesville B (0 .02  lO.005 10.006 
Statesville A 10.03 10.007 1 0.00 l 

Course I I 
Albemsrle R d .  ( O  I 10.05 

IBM #2 10.007 0.003 [0.0002 

Waverlv Lake 1 0  02  10.0 l 0.0003 10.05 0. I 

I 
0.006 ( 0.6 

Airport #2 
North Side Baptist 
C h u r c h  

1 4  

0.08 
0.06 

1.5 
0.4 

W e b b ~  Farm - 
Zeb Edwards 
Davis Lake 

0.6 
0.1 

0.03 
0.003 

0.007 
0.0006 

0.2 

Small Davis Lake 0.5 ( 0.2 10.003 12.8 ( 6.2 

0.2 (0 .1  1 0.004 11.5 ( 6.0 
0.002 1 0.0002 1 0.00004 10.006 10.02 

Moodv Lake 
Pawtuckett Golf 

6.6 2.1 0.1 0.0 1 

1.4 
1.7 

0.2 
0.5 

0.0009 
0.001 

0.04 
0.1 

0.03 
0.05 





APPENDIX 7 

CORE LOGS AND CROSS-SECTIONS FOR PARK ROAD PARK POND 



Park Road Park Pond 

Bathymetric Map 

0 100 ft. ' 
e N 



top of 
core 
(em) uiD1 facies 

below p. l : O - 4 0 c m  
grain 
s ize  

POND NAME: Park Road Park 
CORE NUMBER- DATESAMPLE,j: Core4Shallow 

color (phi) DATE DESCRIBED: 3-3-95 
DESCRIBED BY: London 

0-2.5 cm = silty mud, olive green, organic rich (leaves): 
very soupy ; bioturbated (no structures). 

2.5-4.5 cm = medium to coarse sand; organic material 
found; beginning of saprolite; olive gray; very disturbed 

4.5-9 cm = saprolite; very coarse sand; organics 



depth 
below p. 1: 0 - 4 0 c m  POND NAME: Park Road Park 
top of 
core 
(cm) uhit facies 

grain 
c i 7 ~  

CORE NUMBER: deep core 
DATE SAMPLED: 

COG- (phi) DATE DESCRIBED: 3-3-95 

0 - 7 cm = found organics (roots, leaves, etc.); silty 
mud; soupy; dark olive gray. 

7 - 20 cm = mottled organic material; silty mud; bioturbated 
dark olive gray; moderate disturbance. 

20 - 32 cm = very organic-rich containing a layer that was 
probably about 3-4 cm thick. Layer is mainly leaves with 
very little else. Silty mud: very dark graJ1: very disturbed. 

32 - 34 cm = silty mud grading down into a sandy mud. Moderatel). 
disturbed. 

31 - 37 cm = a sandy mud probably beginning of saprolite medium 
very dark pay ;  moderate disturbance. 



depth 
below p. 1 :O-40cm POND NAME: Park Road Park 
top of grain CORE NUMBER: A1 
core size DATE SAMPLED: 12 May 1 995 
(cm) unit facies 'color (phi) DATE DESCRIBED: 

1 
DESCRIBED BY: London 

0 - 11 cm = black, organic rich, bioturbated, silty 
mud. 

1 1 - 27 cm = faintly laminated (mrn scale) dark oli\-e 
gray to black, organic rich silty mud. 
Bioturbation occurs 'local1 y. 
Distal turbidites? 

27 - 3 1 cm = mottled dark gray clayey mud. 

31 - 37 cm = dark yellowish brown sandy mud. 
Saprolite. 



depth 
below p. l : O - 4 0 c m  
top of 
core 
(cm) unit facics 

grain 
size 

color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: A2 
DATESAMPLED: 12May1995 
DATE DESCRIBED: 
DESCRIBEDBY: Cox 

0 - 12 cm = soupy, dark olive brown, organic-rich 
silty mud; bioturbated. 

12 - 25 cm = massive, very dark grayish brown, 
organic-rich (roots, leaves. twigs) silr 
mud. 

25 - 32 cm = very dark brown, massiite, silty mu3 



depth 
below p. 1:O-40cm POND NAME: Park Road Park 
top of grain CORE NUMBER: A3 
core size DATE SAMPLED: 12 May 1995 
(cm) unit facies color (phi) DATE DESCRIBED: 

DESCRIBED BY: Diemer 

0 - 20 cm = soupy, bioturbated. mottled, olive 
gray mud with a very fine sand layer 
at 1 I cm. 

20 - 23 cm = very fine to fine sand layer with abundant 
twigs and leaf fragments. Possibly a 
distal turbidite. 

23 - 29 cm = laminated olive gray muds. Possible 
turbidites. 

29 - 30 cm = horizontally laminated sandy layer. 



depth 
below p. l :O-40cm 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: A4 
DATE SAMPLED: 12 May 1995 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 
0 - 1 cm = soupy silty sand. 

1 - 7 cm = silty sand with abundant leaf fragments 
and pine cones. 

7 - 27 cm = fine to medium feldspathic sublitharenite 
in horizontally laminated, cm scale layers 
alternating with 1 - 5 mm thick clay drapes 
and leaf horizons. Some granules are 
present. 
Turbidites formed on deltaic deposit. 



depth 
below p. 1 : 0 - 4 0 c m  
top of 
core 
(em) unit facies 

grain 
size 

color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: AS 
DATE SAMPLED: 17 August 1995 
DATE DESCRIBED: 
DESCRIBED BY: Diemer 

0 - 5 cm = soupy mud with abundant leaves. Probably 
a suspension fallout deposit. Leaves were pushed 
down during coring. 

5 - 17 cm = massive fine sand with a bit of mud 
matrix and fine plant fragments. Quartz 
rich and moderately sorted. Traction or 
turbidity current deposit on delta? 

17 - 26 cm = olive and yellow brown. sandy mud 
with roots. Saprolite. 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color @hi) 

POND NAME: Park Road Park 
CORE NUMBER: A6 
DATE SAMPLED: 17 August 1995 
DATE DESCRIBED: 
DESCRIBEDBY: Diemer 

0 - 6 cm = soupy dark olive gray clayey mud. 

6 - 25 cm = olive gray fine to medium sand; mainly 
massive but probably horizontally laminated 
Medium sand at base. Base is scoured. 

25 - 42 cm = massive to faintl). laminated silty mud 
with sand grains and plant fragments. 
Fine sand in mrn-cm scale layers near top. 
All part of a coarsening up sequence in a 
sublacustrine fan or delta. 



core 
(cm) 

0 - 

5 - 

10 - 

I5 - 

20 - 

- 

- 

- 

- 

depth 
below p. 1: 0 - 4 0 c m  
top of 

grain 
size 

unit  facies color (phi) 

POND NAME: Park Road Park 
CORENUMBER: A8 
DATESAMPLED: 17August1995 
DATE DESCRIBED: 
DESCRIBED  BY^ Diemer 

0 - 4 cm = dark grayish brown silty mud with 
leaf fragments. Abrupt contact with 
underlying sand. Low flow drape. 

4 - 14 cm = yellowish brown, moderately sorted, 
clean coarse sand. Quartz rich, some 
feldspar and rock fragments. 
Fluvial sand. 

14 - 22 cm = dark grayish brou~n sand!, mud \r.iih 
leaf fragments. 



depth 
below p. k O - 4 0 c m  
top of 
core 

grain 
size 

(cm) unit facics color (phi) 

POND NAME: Park Road Park 
CORENUMBER: B1 
DATE SAMPLED: 1 5 May 1995 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 24 cm = massive silty mud with a few layers 
of compacted leaves. Bioturbated, 
soupy, olive black color. 

23 - 28 cm = massive silty mud, slightly consolidated. 

28 - 3 1 cm = very fine sandy layer with abundant 
leaves. Very dark gray color. 

3 1 - 38 cm = dark olive gray and red oxidized patches 
in a clayey sand; bioturbated with worm. 
Saprolite. 



depth 
below p. l : O - 4 0 c m  
top of 
core 

grain 
size 

(cm) unit facies color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: B2 
DATE SAMPLED: 15 May 1995 
DATE DESCRIBED: 
DESCRIBED BY: Presession. Diemer 

0 - 2.5 cm = soupy. organic-rich mud. 

2.5 - 10 cm = massive, olive gray, silty mud with 
some leaf fragments and twigs. 

15 - 25 cm = rnm scale laminations in silty mud. 
Compacted leaf layer. Distal turbidites? 

25 - 33 cm = sandy mud. Saprolite. 



depth 
below p. 1: 0 - 4 0 c m  POND NAME: Park Road Park 
top of 
core 
(cm) unit facies 

grain CORE NUMBER: C 1 
size DATESAMPLED: 15May1995 

color (phi) DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 4 cm = massive black, silty mud with hair like 
roots and other organics. 

4 - 7 cm = very dark grayish brown silty mud 
coarsening down into sandy mud. 
Beginning of saprolite? 

7 - 12.5 cm = Saprolite 



depth 
below p. 1 : O - 4 0 c m  POND NAME: Park Road Park 
top of grain 

CORE NUMBER: C2 
core size DATESAMPLED: 15May1995 
(cm) unit facies color (phi) DATE DESCRIBED: 

DESCRIBED BY: Presession, Diemer 

0 - 15 cm = water-rich, soupy, slightly bioturbated silty 
mud. 

15 - 24 cm = olive gray to very dark gra!. mottled 
silty mud. 

24 - 29 cm = silty clay with moderate amounts of 
leaves and twigs in compacted layers 
millimeters thick. 

29 - 38 cm = very organic rich, black mud with 
leaves and roots. 

38 - 56 cm = finely laminated (mrn-scale) silty mud 
with alternating leaf fragment rich 
horizons. Some bioturbation but 
not enough to disrupt the laminae. 



depth 
below p. 2: 40 - 80 cm 
top of grain 
core size 
(cm) unit  facies color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: C2 
DATE SAMPLED: 15 May 1995 
DATE DESCRIBED: 
DESCFUBED BY: Presession, Diemer 

38 - 56 cm = continued 

56 - 65 cm = sandy clay. Saprolite. 



depth 
below p. 1: 0-40cm 
top of 
core 

grain 
size 

color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: C3 
DATE SAMPLED: 15 May 1995 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

0 - 20 cm = soupy, very dark gray to black, slightly 
bioturbated, silty mud. 

20 - 48 cm = olive gray to dark gray laminated d h  
to clayey mud; very organic rich. 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POND NAME: Park Road Park 
CORE NUMBER: C3 
DATE SAMPLED: 15 May 1995 
DATE DESCRIBED: 
DESCRIBED BY: Presession, Diemer 

20 - 48 cm = continued 

45 - 56 cm = mottled,clayey mud. 

56 - 62 cm = Saprolite 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

POlW NAME: Park Road Park 
CORE NUMBER: Dl  
DATE SAMPLED: 1 0 August 1 995 
DATE DESCRIBED: 
DESCRIBED BY: Diemer 

0 - 9 cm = dark olive pray, soupy, organic-rich 
mud. 

9 - 13 cm = slightly soupy, organic rich mud. 
Probably bioturbated. suspension fallout. 

1.7 - 24 cm = mottled. very dark gray and dark oli\,e gra!.. 
bioturbated, semi-consolidated clayey mud. 

2 1  - 30 cm = red. sandy mud. Saproli~e. 



depth 
below 
top of 
core 
(cm) unit facies 

grain 
size 

color (phi) 

P O h ?  NAME: Park Road Park 
CORE NUMBER: D2 
DATE SAMPLED: 10 August 1995 
DATE DESCRIBED: 
DESCRIBEDBY: Diemer 

0 - 3 cm = dark olive gray, soupy, organic rich 
clayey mud. 

3 - 19 cm = mottled very dark gray and dark olive 
gray, semi-consolidated clayey mud. 
Semi-consolidated and becomes softer 
toward the top. Organic rich clayey mud 
fall out that is then bioturbated and deneatered. 

19 - 25 cm = rnm scale green and black laminations 
of olive gray and black muds. Possibly 
rhythmic storm deposits interspersed with 
organic fallout. Not bioturbated. 

25 - 30 cm = red oxidized sandy mud. S3prolire. 



-ad!d puels 
pue puod j o  lred lsadaap reau uayei aJo3 

a o s  JO asvq le p a m s q o  iou a lqo~dvs  

-paldtus!p uaaq aAeq ieqi suoye-1 
p ~ u o z u o q  j o  I U ~  .pnw L a h p  palepgosuos 

palaow qsqq  pue u a a ~ 8  'Lm(eJa aAgo = u13 pp - OE 



depth 
below p. l : O - 4 0 c m  POND NAME: Park Road Park 
top of grain 

CORE NUMBER: D4 
core s ~ z e  DATE SAMPLED: 10 A u p t  1995 
(cm) unit  facies color (phi) DATE DESCRIBED: 

DESCRIBED BY: Diemer 

0 - 16 cm = dark olive gray, soupy, disrupted 
clayey mud. 

16 - 22  cm = abundant matted plant fragments in a 
mud matrix: black. 

'7 - 25 cm = laminated, rnrn scale, olive gray and -- 
dark olive gray silty mud. 

25 - 36 cm = dark olive gray to olive gray. massi\.? 
silty mud. 

sandy mud, possibly saprolite. 



top of 
core 
(cm) unit  facies 

depth 
below p. L O - 4 0 c m  POND NAME: Park Road Park 

grain 
CORE NUMBER: D5 

size DATE SAMPLED: 10 August 1995 
color (phi) DATE DESCRIBED: 

DESCRIBED BY: Diemer 

soupy, black, clayey mud. 

silty mud with indistinct mm scale color 
banding at top and bottom of unit, othem3se 
massive. 

orange and olive gray sandy mud usith 
a few pebbles. Saprolite. 




