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1.0 Conclusions 

Diagnostic Water Quality Study 

1 • Water qua I I ty data IndIcate that Sy I van Lakes are eutrophIc. 
ConcentratIons of nutrIents and chI orophy I I .a are hIgh In both 
lakes. 

2. Upper Sylvan Lake macrophytes significantly Influence water 
qual lty. The macrophytes provide a route for transmission of 
nutrients from the sediments to the water column. Lower Sylvan 
Lake also has macrophyte problems, however phytoplankton popula
tions are higher than In Upper Sylvan Lake and thus affect water 
quality. 

3. The volumes and mean depths of unconsolidated sediments In Sylvan 
Lakes are listed below: 

Upper Sylvan Lake 

Volume, cubic yards 
Mean depth, feet 

10,436 
1.62 

Lower Sylvan Lake 

44,068 
1.97 

4. Phosphorus loads to Upper and Lower Sylvan Lakes are similar and 
are approximately 0.59-0.72 kilogram/hectare/year. A 65% reduc
tion In phosphorus load will be necessary to reduce loads below 
critical levels. 

5. DredgIng of sedIments can be expected to sIgn If I cant I y Improve 
water quarlty. 

Lake Restoration feasibility Study 

1. Construction of a detention basin for removal of watershed 
nutr I ant and sedIment Inputs can sIgnIfIcant I y Improve water 
quality In Upper Sylvan Lake. If a detention basin, as shown In Figure 6, Is constructed and sediments are dredged from Upper 
Sylvan Lake, water quality conditions are expected to change from 
eutrohplc to mesotrophlc conditions. The preliminary cost esti
mate for this detention basin Is $13,000. 

2. Construction of a detention basin In the west arm of Lower Sylvan 
Lake, as shown In Figure 7, can reduce nutrient loads to Lower 
Sylvan Lake, but cannot change the trophic status of the lake. 
The preliminary cost estimate for this detention basin Is 
$28,500. 
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3. Future urban development wll I negatively affe~t water quality In 
Sylvan Lakes. The effects of development can be controlled through the use of detention. basins or Infiltration basins that 
optimize phosphorus removal. A detailed set of guidelines to be 
followed to optimize phosphorus sedimentation in detention basins 
will be provided during the Step 4 Engineering Design. 

4. A dilution and aeration system can provide significant reductions 
J n the average tota I phosphorus concentratIon In Sy I van Lakes. 
Excess Iron In groundwater dilution water can precipitate In-lake 
phosphorus under aerobic conditions. The aeration system ensures 
that the phosphorus Iron complex does not diffuse back Into the 
water column. This system Is an Innovative lake restoration 
alternative, and would cost approximately $6,800 for Upper Sylvan 
Lake and $22,000 for both lakes. 

5. The preliminary cost estimates for mechanical and hydraulic 
dr.edgfng of nutrient rich sediments from Sylvan Lakes Is given 
below: 

Hydraulic dredging, land 
application to farmlands 

Mechanical dredging, truck to 
landfill and use as cover material 

2.0 Recommendations 

$200,000 

$280,000 

1 • ReductIons In watershed phosphorus I oads w I II be necessary to 
restore water quality In Sylvan Lakes. The dilution and aeration 
system, an Innovative lake restoration system, Is recommended for 
Upper Sylvan Lake. Should the system perform as expected, the 
system should be Installed In Lower Sylvan Lakes. 

2. Future urban deve I opment non-poInt source po II utI on shou I d be 
controlled with detention basins and Infiltration basins. These 
basins should be designed to optimize settl lng and phosphorus 
removal. 

3. Macrophyte dens I ties reductions w I II be necessary to reduce 
translocatlons of sediment nutr!fnts to the water column. Hy
draulic dredging and sediment application to farmland Is recom
mended to reduce macrophyte prob I ems, reduce sed lment accumu I a
t Ions, Improve water quality, and Improve aesthetic conditions In 
Sylvan Lakes. 

2 
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3.0 Watershed Inventory and Population Analysis 

3.1 land Use 

ExIstIng I and use In the Sy I van lakes watersheds was determIned by 
evaluation of USGS topographical maps, 1980 aerial photographs, and 
the Burlington Township Storm Drainage Study <Alaimo Engineers, 
1980). Watershed boundaries were determined by an Investigation of 
the sources listed above In addition to field verification of certain 
storm drainage patterns by the Burlington Township Engineer (personal 
communication, B. Wojtkowlak, 1983). Existing and future land use 
data for Upper and lower Sylvan lakes are presented In Tables 1 and 
2, respectively. land use maps for existing and projected future 
conditions are presented In Figures 1 and 2, respectively. Density 
criteria for urban areas are listed below: 

High density urban: 

Medium density urban: 

low density urban: 

Existing commercial areas and apartment 
complexes 
more than 1 house/acre up to 4 
houses/acre 
1 house/acre or less 

The percent of urban development In the Upper Sylvan lake watershed 
Is 67%, while 44% of the lower Sylvan lake watershed Is urbanized. 
The hI story of Sy I van lakes extends back to the I ate 1800's. 
Agricultural activities dominated the area until World War I. Urban 
deve I opment occurred around Upper Sy I van lake after Wor I d War I I • 
More recent development occurred In the western portion of the lower 
Sylvan lake watershed during the late 1950's. 

The Township Master Plan calls for 90-94% urban development In the 
Sy I van lakes watershed. Most of the pI an ned deve I opment w I II be 
medium density .residential. 

3.2 Population 

ExIstIng I and use In the Sy I van lakes watersheds was determIned by 
eva I uat I on of 1980 Census data and USGS topograph I ca I maps. The 
future population was estimated by assuming that the population per 
dwelling unit was 2.91 and that housing density would conform to the 
Township Master Plan. 

Existing and future population estimates are given below: 

Watershed 

Upper Sylvan lake 
lower Sylvan lake 

Total 

Existing Population 

207 
.12.22. 

1432 

3 

Future Population 

370 
AOOO 

4370 
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Table 1 

Lower Sylvan Lake Land Use 

Current Future 
Acres 1 Acres i 

Hfgh Density Urban 30 6.6 30.0 6.6 

Medium Density Urban 71 15.5 330.1 72.2 

Low Density Urban 101.8 22.3 54.0 11.8 

Pasture 34.8 7.6 

Orchard 10.4 2.3 

Cropland 51.0 11 • 1 

Forest .12.8..J2 34.6 42.9 ~ 

Total 457 .1 OO!I 457 100% 

4 
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Table 2 

Upper Sylvan Lake Land Use 

Current Future 
Acres 1 Acres 1 

High Density Urban 4.6 8.3 4.6 8.3 

Medium Density Urban 19.8 35.7 31.9 57.5 

Low Density Urban 12.9 23.2 15.6 28.1 

Pasture 6.5 11.7 

Orchard 

Cropland 

Forest .lLl 21.1 6.1 

Total 55.5 100% 55.5 100% 

5 
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Figure 1. Existing Land Use in the Sylvan Lakes Watershed 
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Figure 2. Projected Future Land Use in the Sylvan Lakes Watershed 
According to the Master Plan 
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4.0 Sylvan Lakes Analysts 

4.1 General Characteristics 

The physical characteristics of Sylvan lakes are presented below: 

Surface Area, acres 
Volume, cubic feet 
Mean Depth, feet 
Maximum Depth, feet 
Mean Hydraulic Residence 

Time, days 
Volume of unconsolidated 

sediment, cubic yards 
Mean Depth of unconsolidated 

sediments, feet 

Upper Sylvan Lake Lower Sylvan Lake 

4.0 
1.23 X 106 

7.06 
14.7 

74 

10,436 

1.62 

13.9 
3.94 X 106 

6.51 
14. 1 

27 

44,068 

1.97 

Further deta II s regarding the sediment data may be found In 
Section 4.4. A map of the Jakes with locations of Jake monitoring 
stations Is presented In Figure 3. Upper and lower Sylvan lakes are 
interconnected wIth a cuI vert. Upper Sy I van lake genera I I y f I ows 
Into lower Sy I van lake, however, occasIon a I hIgh water I eve Is In 
lower Sy I van lake w I II cause a flow rever sa 1. lower Sy I van lake Is 
dendritic with three arms extending from the deepest portion of the 
Jake. 

4.2 Lake Water Quality 

A I I sting of data co I I ected by NJDEP during 1982 is presented In 
Table 3. Samples were collected from three stations in lower Sylvan 
lake six times and from one station In Upper Sylvan lake five times. 
Samples were analyzed for the following parameters: 

Total Phosphorus 
Dissolved Ortho-phosphate 
Ammonia 
Nitrate 
Total KJeldahl Nitrogen 
Total Suspended Solids 

Dissolved Oxygen (0.5 m and bottom) 
Temperature (0.5 m and bottom) 
Secchi Disk Depth 
Ch I orophy I I .a 
pH 
Atka I In lty 

Herb i c t des app I I cations were dIscontInued for the duratIon of the 
monitoring period to ensure a natural biological response to nutrient 
Inputs. 

Tot a I phosphorus concentratl ons in Upper Sy I van lake were 
consistently low (0.037 mg/1 TP asP) during the summer period, while 
total phosphorus concentrations In lower Sylvan lake were higher 
(0.065 mg/1) with a maximum concentration of 0.101 mg/1 observed 
during the summer. Both Jakes had similar total phosphorus 
concentrations of approximately 0.06 mg/1 In October. 

8 
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Table 3 ., 
Sylvan Lakes Water Quality Data 

X LOWER 
SYLVAN 

Secchl Sat. Surface Botto• Surface Bottom pH Alka- t:J:J Date TP PD4 NHl NOl TKN TN TSS c:hl a Tl N/P04 Depth D.O. D.O. D.O. Te•p. Te111p. II n I ty ::Q ( 198:5) •g/1 •g/1 •g/1 •g/1 •g/1 •g/1 •g/1 ug/1 .. •g/1 •g/1 •gil c c •g/1 ~ -------Sta. I z 
'" 0.0:59 0.010 0.05 0,87 0.55 1.42 6.0 92.0 1.7 11.8 12.7 8.0 7.4 m 6/10 0.0:59 0.026 O.ll 0.28 0.99 1.27 2.0 :56.8 15.8 1.5 8.7 12.0 1.0 22.0 17.0 8.7 ll.O 

)> 7/01 0.082 0.020 0.16 O.lO 1.19 1.49 .5.0 25.2 2:5.0 0.9 8.6 8.:5 5.8 2l.O 19.0 6.8 8/05 0.101 0.016 O.ll 0.05 1.0:5 1.08 12.0 68.4 11.:5 0.9 8.1 12.5 0.5 26.0 22.0 9.0 (/) 
9/15 0.082 0.010 0.14 O.lO 1.68 1.98 4.0 177.4 u.o 0.5 8.7 6.7 0.7 22.:5 22.0 7.1 (/) 
10/07 0.068 0.010 0.14 O.lO o.n 1.0:5 41.:5 44.0 1.2 9.1 9.1 6.7 20.0 19.0 7.:5 :58.0 0 

() -Sta. 2 
)> l/l 0.059 0.010 0.05 0.87 0.55 1.42 l.O 92.0 1.8 11.8 11.6 7.5 7.6 -1 6/10 0.0:59 0.026 0.09 O.lO 0.76 1.06 1.0 57.9 15.0 1.2 8.8 11.6 2.5 21.5 19.0 8.4 n.o m 7/01 0.082 O.Oil 0.15 0.:55 0.79 1.14 9.0 17.:5 :58.5 0.9 8.6 9.1 0.8 2:5.0 22.0 7.0 (/) 8/05 0.059 0.010 0.09 0.07 0.94 1.01 II .0 51.5 16.0 0.8 8.1 12.4 1.2 26.0 24.0 8.4 .... 9/15 0.082 0,091 0.07 0.05 2.1:5 2.18 6.0 79.9 

1 ·' 
0.4 8.5 14.8 O.l 22.7 22.0 9.2 10/07 0.049 0.010 0.19 0.17 0.96 1.1l :51.5 :56.0 1.1 8.9 10.0 O,l 20.9 20.0 7.5 41.0 -z Sta. ' () l/l 0.020 0.010 0.05 0.85 0.:50 1.15 7.0 90.0 1.6 II .8 11.6 8.5 7.5 6/10 0.029 0.010 0.08 0.:54 0.49 0.8:5 8.0 42.0 1.8 8.7 II. 0 6.8 22.0 15.0 8.5 :52.0 

0 7/01 0.049 0.042 0.16 0.2:5 0.67 0.90 2.0 16.9 9.:5 O.B 8.:5 8.7 8.5 24.5 19.0 6.9 8/05 0.049 0.010 0.09 0.05 0.85 0.90 II. 0 59.4 14.0 0.9 8. I 12.0 0,5 26.0 20.0 9.1 9/15 0.082 0.059 0.07 0.05 2.16 2.21 4.0 122.:5 2.0 0.4 8.7 12.8 1.0 22.4 t7 .o 9.5 10/07 0.068 0.010 0.14 O. II 1.10 1.21 19.7 25.0 1.1 9.1 9.5 :5.8 20.0 7.7 4:5.0 
Means: 0.060 0.022 0.110 O.ll 0.99 1.:50 6.01 57.54 n.95 I. 07 9.1:5 10.91 2.69 20.:55 19.79 7.98 :56.67 
UPPER 
SYLVAN 
6/10 0.029 0.010 0.05 0.05 0.56 0.61 l.O 19.2 10.0 I. 5 8.7 10.2 O.l 22.0 15.0 7.8 4:5.0 7/01 0.049 0.010 0.14 0.05 0.49 0.54 II .0 12.9 19.0 l.l 8.4 8.0 O.l 24.0 20.0 7.2 8/05 0.0:59 0.010 0.1 0.05 0.55 0.60 8.0 25.0 15.0 1.2 8.0 9.1 0.4 27.0 20.0 7.8 9/15 0.029 0.010 0.07 0.05 0.25 0.:50 7.0 40.1 12.0 1.5 8.6 6.4 0.5 2:5.0 20.0 7.2 10/07 0.058 0.049 0.16 0.05 0.47 0.52 l.l 4.:5 2.4 8.9 7.0 0.2 21.0 19.0 7.2 5:5.0 

Means: 0.041 0.018 0.104 0.050 0.464 0.51 7.25 20.05 12.1 1.6 8.5 8.1 O.l 2:5.4 18.8 7.4 48.0 

Legend 

TP = Total Phosphorus as p TKN = Total Kjeldahl Nitrogen 
P04 = Orthophosphate Phosphorus as p chl a = Ch 1 orophy 11 a 
NHJ = Ammonia Nitrogen TIN = NH 3 plus N03 
No 3 = Nitrite plus Nitrate Nitrogen D.O. = Dissolved Oxygen 
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Ortho-phosphate concentrations were undetectable !n Upper Sylvan Lake 
until turnover~ while ortho-phosphate concentrations were more 
variable In lower Sy~an Lake. The ortho-phosphate concentration In 
Lower Sylvan Lake ~arled from 0.091 mg/1 P04-P to less than 
detectable levels. 

Moderate I eve Is of ammon I a around 0. 1 mg/ I were measured In both 
I akes. Undetectab I e I eve Is of nItrate were found In Upper Sy I van 
Lake; In contrast~ Lower Sylvan Lake nitrate levels were high 
(0.86 mg/1) In April with a gradual decrease to undetectable levels 
In August and subsequent Increase In October. Organic nitrogen 
concentrations Increased In Lower Sylvan Lake from 0.42 mg/1 In March 
to 1.90 mg/1 In September. Concentrations of organic nitrogen In 
Upper Sylvan Lake did not Increase throughout the summer period but 
remained consistently low~ around 0.37 mg/1. 

Chlorophyll~ concentrations and Secchl disk depths In the lakes are 
listed below: 

Average chlorophyll~ Cug/1) 
Maximum chlorophyll~ Cug/1) 
Spring Secchl disk depth <m> 
Summer Secchl disk depth Cm) 

Upper Sylvan 
lake 

20.0 
40.1 

1.5 
1.5 

Lower Sylvan 
lake 

57.5 
177.4 

1.5 
0.41 

These data suggest that Upper Sy I van Lake Is domInated by 
macrophytes~ and that both phytoplankton and macrophytes 
significantly Impact nutrient dynamics In Lower Sylvan Lake. The 
variations. In ortho-phosphate In Lower Sylvan Lake are explained by 
growth and death cycles In phytoplankton populations. The 
undetectab I e summer ortho-phosphate and I ower organIc nItrogen 
concentrations In Upper Sylvan Lake occur because dissolved nutrients 
have been Incorporated Into macrophyte bIomass. OrganIc n t trogen 
va I ues In Lower Sy I van Lake are hIgher due to the fact that 
phytoplankton Cwhlch contain organic nitrogen) are suspended In the 
water column. · 

Transparency~ as measured by Secchl disk~ gradually decreases In 
Lower Sylvan Lake as chlorophyll ~ concentrations Increase~ whl le 
Upper Sylvan Lake has a rather constant level of transparency. Upper 
Sylvan Lake transparency levels are high because macrophytes utilize 
most available nutrients which prevents excessive levels of c~loro
phyll production. 

Phytoplankton growth depends on a variety of nutrients Including 
phosphorus~ nitrogen~ carbon~ Iron~ manganese~ and certain trace 
minerals. Acordlng to the law of the minimum~ biological growth Is 
I I m I ted by the substance that Is present In mIn I ma I quantIty wIth 

11 
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respect to the needs of the organ r sm. NItrogen and phosphorus are 
usua I I y the e I aments r n I east reI at r ve supp I y r rl most natura I water 
systems. Depending on the species, algae require approximately 7 to 
12 mg of nitrogen per 1 mg of phosphorus. Phytoplankton growth fs 
phosphorus I f m f ted when the rat f o of f norgan f c n f trogen to ortho
phosphate f s greater than 12.0. Phytop I ankton growth f s n r trogen 
lfmfted when the ratfo fs less than 7.0. 

Rat los of nftrogen to phosphorus fndfcate phosphorus I fmftatfon In 
both lakes throughout most of the summer. Thfs ratfo decreased 
gradually durfng the summer untf I fn September the ratio fn Lower 
Sylvan Lake fndfcated nftrogen lfmftatlon. The N:P ratio fn the mafn 
body of Lower Sylvan Lake, Statfon 2, was 1.3 fn September. In Lower 
Sylvan Lake, a gradual decrease throughout the summer fn nftrate 
concentratl on, concurrent w fth an r ncr ease r n the chI orophy I I 
concentratfon, also fndfcates that phytoplankton growth eventually 
becomes nitrogen lfmlted by September. Thus, In Lower Sylvan Lake, 
I ate. summer phytop I ankton popu I atfons were I lmfted by both n ltrogen 
and phosphorus. The lowest N: P rat lo r n Upper Sy Ivan Lake was 
measured In October. Thfs ratio was depressed due to an fncrease of 
ortho-phosphate. The ortho-phosphate r ncrease was probab I y due to 
macrophyte decay. 

D I sso I ved oxygen concentrat r ons are consIstent I y be I ow 1 • 0 mg/ I r n 
the deeper areas of each lake durfng the summer perfod. The 
monftorfng station In the East Arm of Lower Sylvan Lake Is 
approxImate I y 5 feet deep and accordIngly takes I onger to deve I op 
anoxfa fn bottom waters. Nefther lake develops strong thermal 
gradients; although the absence of complete dissolved oxygen profiles 
prevents a substantIve cone I us I on regardIng the effects of therma I 
stratfflcatfon on oxygen transport to the lake bottom. In Upper 
Sylvan Lake, dissolved oxygen concentrations at the lake bottom do 
not Increase In October; this Is probably due to a hfgh oxygen demand 
resultfng from macrophyte decay. 

Trophic State 

Selected parameters have been used to define the trophic state of a 
lake. There are three levels of trophic state. Ollgltrophlc lakes 
are water bodies with low concentrations of nutrients and algae, with 
dissolved oxygen present throughout the water column, and high tran
sparency levels. Species dfverslty of algae, macrophytes, zooplank
ton, and fIsh Is genera I I y hIgh wIth I ow abso I ute numbers of any 
gIven specIes. EutrophIc I akes have hIgh I eve Is of nutrIents and 
algae, and dissolved oxygen Is depleted In bottom waters. Tran
sparency Is low due to excessive growths of algae. Algae populations 
are often comprised of high densities of one or two species. Zoo
plankton populations decrease In anoxic bottom waters and fish 
popu I at Ions become dom r nated by specIes such as bu I I head and carp, 

12 
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which have the ability to withstand large swlngs .. ln dissolved oxygen 
I eve Is. Mesotroph I c I akes are I akes that exhIbIt characterIstIcs 
Intermediate between ollgltrophy and eutrophy. 

Table 4 presents a comparison of Sylvan Lakes data to trophic state 
criteria. According to these criteria, both lakes are classified as 
eutrophIc. Upper Sy I van Lake Secch I depth Is not an approprIate 
measure of trophic status because of high densities of macrophytes. 

4.3 Macrophytes 

4.3.1 Macrophyte Survey 

A macrophyte survey was conducted In I ate May 1983. Our I ng thIs 
survey, alI macrophytes present In the two lakes were Identified and 7 area I coverage was determIned. A. secon(f> I I m I ted survey was conducted 
by F. X. Browne Associates, Inc. 4-ft-August, 1~2-;-· During the I lmlted 1 
survey, macrophytes· In Upper Sy I van Lake-were IdentIfIed, however, 
areal coverage for each species was not determined. Macrophytes 
covered the entire surface area of Upper Sylvan Lake In August, 1982. 
Species diversity was high with the following macrophytes Identified: 

Open water submergents 

Potamogeton crlspus 
Potamogeton conferyoldes or ~ Pectlnatus 
Cabomba 
Myr lophy II urn 
Anacharls 

Shoreline emergents 

Nupbar 
Saglttarta 
Nympbaea 

Shoreline submergents 

Callltrlche 
Ludwlgla palustrls var. americana 
Polygonum 

The 1983 macrophyte was conducted In I ate May prIor to herbIcIde 
application In early June. Potamogeton crlspus CPondweed) dominated 
the macrophyte population In Upper Sylvan Lake except for the shallow 
areas where Sag I ttar I a (Arrowhead), Nuphar (Spatterdock), Nymphaea 
(Water I I I les), Polygonum (Smartweed), and Callltrlcbe CStarwart) 

13 
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Table 4 

Eutrophic Crtterta 

Eutrophic Upper Lower Parameter Criteria* Sylvan Sylvan 
Total Phosphorus Greater than 

Cmg/1 as P) 0.020-0.030 0.041 0.060 (growing season average) 

Ch lorophy II .a Cug/ I) Greater than 
(Summer) 5-10 24.3 64.2 

Secchl Depth (meters) Less than 
(Summer) 1.5-2.0 1.38 0.90 

Hypollmnetlc Oxygen Depleted Depleted Depleted 

Source: Clean Lakes Program Guidance Manual, 1980 
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dominated. All of the macrophytes found In August 1982 were present 
In very I ow numbers In the I ake In May 1983. ·1 t Is expected that 
species diversity would continue to Increase throughout the summer In 
the absense of herbicide treatment. The areal coverage of 
Potamogeton crlspus In May 1983 was restricted to depths less than 
six feet~ except for the swimming beach where macrophyte density was 
low. The macrophyte population In Lower Sylvan Lake In May 1983 was 
a mIxed communIty of Myr I ophy I I urn ( M I I fo I I ) and Potamogeton cr I spus 
(Pondweed). As with Upper Sylvan Lake~ areal coverage was limited to 
depths less than six feet. 

4.3.2 Biomass of Macrophytes 

I n order to est I mate the s I gn If I cance of macrophytes on the I ake 
nutrient budget, the literature was surveyed to obtain representative 
values for: 

1) macrophyte biomass, 
2) -translocation of phosphorus from sediment to water column, and 
3) translocation of nitrogen from sediment to water column. 

A range of biomass values were obtained. The range Is listed below: 

Biomass 
(g/m2) 

dry weight 

88 
700-1147 

(harvested) 
49-200 

Phosphorus 
(ug/g) 

dry weight 

3073 

3620 
I 

Nitrogen 
(ug/g) 

dry weight Reference 

Carignan and Kalff, 1982 

Nichols, 1974 
Landers, 1982 

The biomass reported by Nichols (1974) Is the annual biomass removed 
from a lake by a weed harvester. It has been reported that the net 
reI ease of nItrogen and phosphorus from Myr I ophy I I urn tIssue to the 
water column during dleback and decomposition was 47% and 73%, 
respectively (Landers, 1982). This net release Is an autochthonous 
Input (I.e. the nutrient Input comes from the sediment, not from 
watershed Inputs). 

The source of nutrients for macrophyte growth In a given lake depends 
upon the relative amounts of nutrients available from the sediments 
aAd tributary Inputs. Macrophyte growths from a lake with low 
tributary loadings and rich sediments will obtain a majority of 
nutrIents from the sed Jments. There Is I nsuff fcf ent f nformat Jon 
available to determine the sources of nutrients used by macrophytes. 
In add It Jon, macrophyte bIomass per un ft surface area must be 
estimated. This will vary from year to year and from lake to lake. 
AccordIng I y, a range of autochthonous Inputs w I I I be presented for 
both Upper and Lower Sylvan Lake. It has been assumed that biomass 
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will range from 49-200 gfm2 dry weight and that phosphorus and 
nitrogen plant content will be 3620 and 16,983 ;'ug/g, respectively. 
Th~ range of autochthonous Inputs will be: 

Nitrogen - 25-50% of plant nitrogen content 
Phosphorus - 50-75% of plant phosphorus content 

Based upon these assumptions the load of nutrients translocated from 
the sed fments through the pI ant tIssue to the water co I umn Is 
presented In Table 5. 

Phosphorus 

Nitrogen 

Table 5 

Nutrient Translocated from Sediments 
Through Plant Tissue to the Water Column 

Up~er Sylvan Lake 

1.1- 8.6 kg/yr 

3.2 - 25.9 kg/yr 

Lower Sylvan Lake 

3.7 - 29.8 kg/yr 

11.0- 89.9 kg/yr 

These autochthonous Inputs of nutr I ents are compared to watershed 
nutrIent Inputs In Sect I on 5. 0. The Input of nutr I ants to Sy I van 
lakes as a result of macrophytes Is a significant Input to the Jakes. 

4.4 Sadl.nt Data ~-,\ '= ,. \, ' -:., ;'\ ~ '1 /'' 

4.4.1 Bathymetry 

The Sylvan lakes were surveyed In the spring of 1983. Elevations 
were determined for the surface of the bottom sediments and for the 
base of unconsolidated sediments at 64 different locations In the two 
lakes. These data were used to calculate the volume of each Jake and 
the volume of sediments In each lake. Bathymetric maps are presented 
In Figure 4. Bathymetric data are listed In Table 6. 

Sylvan lakes were constructed sometime prior to 1882 <Alaimo 
Engineers, 1980). The estimated sediment accumulation rates for the 
lakes are approximately: 

Upper Sylvan lake = 2818 ft3/yr 
= 0.19 lnches/yr 

lower Sylvan lake= 11,898 ft3/yr 
= 0.24 inches/yr 
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Table 6 

Bathymetric Data for Sylvan lakes 

Upper Sylvan lake Lower Sylvan lake 

Area, acres 4.0 13.9 

Volume, cub1c feet 1.23 x 106 3.94 x to6 

Mean Depth, feet 7.06 6.51 

Volume of Unconsolidated 
Sediment, cubic yards 10,436 44,068 

Mean Depth of Unconsoll-
dated Sediment, feet 1.62 1.97 
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4.4.2 Trace Metals In Sediments 

EIght sed lment samp I es were co II ected from Upper and Lower Sy I van 
Lakes. These samples were mixed to form two composites and analyzed 
for trace metals. Measured sediment concentrations were compared to 
criteria used by NJDEP for utilization and disposal of sludge (NJDEP, 
1981 ) • Resu Its of these ana I yses are presented J n Tab I e 7. The 
sedIment concentrations for arsen r c are s r m r I ar to the NJDEP f I ag 
limit, however concentrations of all other metals were significantly 
less than the flag limits. 

4.4.3 Pesticides and Herbicides 

Pesticides were measured In Sylvan Lakes sediments. Detectable 
concentrations were found only for DDT and Its degradation products, 
as shown In Table 7. DDT was detectable In concentrations greater 
than levels reported where biomagnlflcatlon has been found to occur 
In the aquatic food chain (Hickey, Keith, and Coon, 1966). Upper 
Sylvan Lake levels of DDT and Its degradation products are higher 
than NJDEP s I udge f I ag I lm its. These parameters w r II be g·r ven 
special attention when evaluating dredged material disposal options. 
Other pesticides were analyzed and not detected as listed below: 

Aldrin 
Chlordane 
Dieldrin 
Endrln 
Heptachlor 

Heptachlor Epoxlde 
Lindane 
Methoxychlor 
Mlrex 
Toxaphene 

PCB' s were a I so ana I yzed and not found to be present. Detectab I e 
levels of HCB, a fungicide used In farming, were found In Sylvan 
Lakes. 

4.4.4 Physical Characteristics of Sediments 

Sediment sample were collected from six locations In the two lakes 
and tested for percent solids, percent organics and grain size 
distribution. Results of this testing are shown In Table 8. These 
tests Indicate that the sediments are loamy sJ Its with a very high 
organIc content. The sma II amount of sand sIze mater I a I Is 
predomInant I y organ r c. Due to the sma II average grain s r ze, these 
sediments will settle and compact very slowly. A typical grain size 
distribution Is shown In Figure 5. 
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Table 7 

Sylvan lakes Sediment Characteristics 

Sediment QQo~eo±ra±lgo 'mglkg de~ ~algb±l 
NJDEP 

Upper Sylvan lower Sylvan Sludge Flag 
Parameter Lake Lake Limits 

% volatl le 17.05 17.11 
" Arsenic 9.64 11.66 10 

Cadmrum 2.83 2.42 16 
Chromium 42.42 34.50 890 
Copper 53.02 46.16 850 
Cyanide 1 .21 2.05 6 
Iron 59~770 32~918 
Lead 271.1 256 500 
Mercury 0.13 0.11 5 
Nickel 41.0 44.8 82 
Nitrogen~ Total KJeldahl 7~760 6~919 
Phosphorus~ Total 5~049 3~259 
Potassium 1 ~657 1 ~329 
Sulfur 47~599 35~436 
Zinc 747 471 1~740 

""'DDT 0.470 0.0410 0.25 
p.p.-DDE 0.422 0.121 0.25 
p.p.-TDE 0.265 0.187 0.25 
HCB 16.9 0.322 

Aldrin~ Chlordane, Dieldrin~ Endrln~ Heptachlor~ Hept. Epox, Lindane~ 
Methoxychlor~ Mlrex~ PCB's and Toxaphene were below detection limits. 
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Table 8 

Sediment Analysis Summary 

S Org. s Sand s Silt S Clay 

Upper Sylvan Lake 

Upper End 22 0 87 13 
Lower End 17 0 87 13 
Average 19.5 0 87 13 

Lower Sylvan Lake 

Upper End - East Arm 21 4 90 6 
Lower End - East Arm 20 0 78 22 
Inlet from Upper 15 40 55 5 

Sylvan· Lake 
West Arm 22 0 83 17 
Average 19.5 11 76.5 12.5 

?1 
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5.0 Pollutant Budgets 

5. 1 Watershed Po II utant Loads 

Watershed I oad I ngs for tot a I phosphorus, tot a I nItrogen, and tot a I 
suspended solids were estimated using the Unit Areal Loading metho
do I ogy wh r ch uses the I and use patterns wIthIn each watershed and 
pollutant export coefficients obtained from literature sources. This 
approach has been described In the Clean Lakes Program Guidance 
Manual. 

Land use and watershed boundaries for each watershed were determined 
from recent aerial photographs, U.S.G.S. topographical maps, the 
Burl Jngton Township Storm Drainage Study, and f Jeld verlflcatton. 
Land use data and watershed maps were presented Jn Section 3.0. 

Pollutant export coefficients have been developed for rivers and 
streams draining from a broad range of land uses, sol I types, and 
topographical relief. Ranges of export coefficients have been com
pi Jed In a number of pub I Jcattons, Jnctudtng the EPA Clean Lakes 
Program Gu J dance Man ua I C 1 980), and Browne and GrIzzard C 1979 > • 
Based upon these literature reviews, two levels of export 
coefficients were used to develop pol Jutant budgets for the Sylvan 
Lakes watershe~s. An export coeff Jclent for e was 
se J acted for Input into the I ake mode Is. port coeff I c tents r 
various land uses in Sylvan Lakes are presen e n 

Pol I utant I oad I ngs for Sy I van Lakes In kg/yr and kg/ha/yr are 
presented below: 

Phosphorus Nitrogen Suspended Solids 
kg/yr kg/ha/yr kg/yr kg/ha/yr kg/yr kg/ha/yr 

Upper Sylvan Lake 16.1 0.72 
Lower Sylvan Lake 122.8 0.59 

94.2 
902.0 

4.19 26,763 1191 
3.93 174,377 840 

Nutrient loadings per unit drainage area In the two watersheds are 
sImI I ar. Suspended so I Ids I oad J ngs are I arger in the Upper Sy I van 
Lake watershed. 

5.2 Pollutant Budgets for Sylvan lakes 

Po II utant budgets for the Sy I van Lakes have been deve I oped for 
suspended solids and phosphorus. 

Suspended Solids 

A suspended solids budget was developed to compare historical sedi
ment accumulations to estimated watershed suspended sol Ids loads. 
Through th J s ana I ys Is, the accuracy of sedIment accumu I at Ions and 
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Table 9 

Relationship Between Land Use and Unit Areal Loading 
from Nonpolnt Sources 

Uoi± ac~al Laadlng5 'kgLbaLycl 
Urban 
High Medium 

Faces± Pa5±U[e Ccapland Densl±y Den51±¥ 

Tot a I · Phosphorus 
Low 0.01 0.2 .03 0.25 0.25 
High 1 .o 1 • 1 5 .. 2 5.0 5.0 
Value Used 0.16 0.43 1.~ 1.6 1.13 

ql;). ,'' j( 
(. . I' . , 

Total Nitrogen , r :!t--- • 7 
Low 1.0 2 1 2 2 
High 10.0 10 40 20 20 
Value Used 2.5 5 10 10 5 

Total Suspended 
Sol Ids 

Low 40 10 300 200 200 
High 400 1000 4000 5000 5000 
Value Used 56 400 1600 4000 2000 

Sources: Clean Lakes Program Guidance Manual, 1980. 
Browne and Grizzard, 1979. 
Northern VIrginia Planning District~ at., 1978. 
Reckhow ~at., 1980. 
Rast and Lee, 1980. 

24 

Low 
Den5l±¥ 

0.25 
5.0 
0.41 

2 
20 
2 

200 
5000 
200 



F. X. BROWNE ASSOCIATES. INC. 

watershed suspended so I Ids I oads may be assessed. The resu Its of thIs ana I ys Is are presented In Tab I e 10. The est I mated trIbutary 
sediment loads are Jess than measured sediment accumulations. This 
Is expected due to the fact that water·shed sediment de I Ivery Is 
reI ated to I and d f sturbance wIthIn the watershed. HIgher sedIment 
delivery rates probably occurred during periods of Intense 
agr I cuI tura I actIvIty prIor to Wor I d War I and urban deve I opment following World War II, (Alaimo Engineers, 1980). 

Table 10 

Comparison of Tributary Sediment loads to 
Measured Sediment Accumulation Rates 

Tributary Sediment 
Load 

Measured Sediment 
Accumulation 

Phosphorus 

Upper Sylvan lake 
lncbes/yr 

0.065 

0.19 

lower Sylvan lake 
lnches/yr 

0.123 

0.24 

Phosphorus budgets have been dave I oped for Sy I van lakes based upon 
watershed phosphorus export coefficients and measured concentrations 
of I n-1 ake phosphorus. ThIs ana I ys Is concentrates on phosphorus 
rather than nitrogen because phosphorus was usually the limiting 
nutrient In Sylvan Lakes and because controls for watershed delivery 
of phosphorus are more feasible than for nitrogen. Futhermore, 
blue-green algae are capable of fixing atmospheric nitrogen. There
fore, control of phosphorus Is most effective for lake restoration. A variety of empirical phosphorus models were tested for Sylvan Lakes 
Including Walker (1977>, Reckhow's general model (1979), and 
Reckhow's oxic model (1979), Dillon (1975), and Vollenweider (1975). 
Walker's model was selected because Sylvan Lakes morphological 
characteristics fit within all the limitations of the Walker model, 
and the predIcted phosphorus concentratIon Is sImI I ar to measured 
values. 

The steady state In-lake phosphorus concentration Is predicted by the 
following formula: 

where ••• 

_ LT [ ] 
p- z 1 + .824" 454 

P = steady state phosphorus concentration, mg/1 
T = detention time, yr-1 
Z = mean depth, m 
L = annual areal phosphorus loading, g/m2-yr 
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The steady state phosphorus concentration was assumed to be the con
centration measured at fall turnover. The outflow phosphorus load 
from Upper Sy I van Lake was consIdered as an Input to Lower Sy I van 
Lake. Utilizing this model, predicted In-lake phosphorus concentra
tions are listed below: 

Upper Sylvan Lake Lower Sylvan Lake 

Phosphorus Load {kg/yr> 16.1 122.8 
Areal Phosphorus Load 

(g/m2-yr) 0.99 2.18 
Predicted Phosphorus 

Concentration Cmg/J) 0.067 0.064 
Measured Concentration 0.058 0.060 

Lakes with extensive weed growths are not modelled well since weeds 
restrict mixing and Interact directly with Jake sediments. To 
addres_s the problem of sediment Interaction with weeds, autochthonous 
Inputs have been compared to watershed phosphorus loads. Table 11 
presents this comparison. 

Table 11 

Comparison of Sediment Phosphorus loads Translocated 
Through Macrophytes to Tributary Phosphorus loads 

Sediment Load 
Tributary Load 
Sediment Load as a Percent 
of Tributary Load 

Upper Sylvan Lake 
(kg/yrl 

2.1 - 8.6 
16.1 

13 - 53% 

Lower Sylvan Lake 
(kg/yrl 

7.3- 29.8 
122.8 

6 - 24% 

Tab I e 11 c I ear I y demonstrates that macrophytes can sIgnIficant I y 
increase the phosphorus content of Sylvan Lakes during certain times 
of the year, such as during the fall when macrophyte annual dieback 
occurs. 

5.3 Acceptable Phosphorus loading 

Acceptable loading rates can be determined by Vollenweider's critical 
loading model, which Is listed below: 

where ••• 

Lc ~ Pcz ( 1 + 1) 
T 

Lc = critical phosphorus Load Cg/m2-yr) 
Pc =critical phosphorus concentration Cug/1) = 20 ug/1 
Z = mean depth (meters) 
T =hydraulic detention time Cyr) 

26 



F. X. BROWNE ASSOCIATES, INC. 

Critical phosphorus loads for Upper and Lower Sylvan Lakes are 0.154 
and 0.345 g/m2-yr, respectively. To achieve these loading rates, 
watershed phosphorus loads w l II have to be reduced by 65% Jn each 
watershed. 
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6.0 Watershed Management and Lake Restoration Alternatives 

The uses of Sylvan Lakes have been severely Impaired due to excessive 
siltation and an over-abundance of aquatic vegetation. The objective 
of the Sylvan lakes Restoration Project Is to restore the following 
recreational uses of the lakes: boating, fishing, swimming, and gen
eral aesthetics. 

Measures for watershed management are needed for Sylvan lakes because 
current nutrIent I oad I ng rates are e I evated resu It I ng In eutrophIc 
condItIons In the I akes. ExIstIng prob I ems wIth dense macrophyte 
growths and sediment accumulations cannot be resolved with watershed 
management practIces and w I II requIre I ake restor at I on procedures. 
Watershed management and Jake restoration measures that will effec
tively reduce water quality problems In Sylvan lakes are discussed In 
thIs sect I on. Pre I I m I nary cost est I mates have been prepared tor 
teas lb I e a Jternatlves. Measures that are most cost effective and 
env I ronmenta II y effect lve are consIdered In a comparatIve cost 
analys.ls In Section 9.0. The costs for selected alternatives wl II be 
subjected to detailed cost evaluations during the Step 4 Engineering 
Design. 

6.1 Watershed Management Alternatives 

6.1.1 Agricultural Best Management Practices 

As shown In Table 1, Section 3.0, agricultural land uses comprise a 
small percentage (12%> of the total watershed area for the two Jakes. 
Furthermore, the townshIp Master PI an IndIcates that agr I cuI tura I 
I and uses are expected to change to medIum densIty res I dent I a I. 
Therefore, agricultural best management practices will not be a major 
part of the Sylvan lakes Restoration Project. However, current agri
cultural activities should utilize good soli erosion control and fer
t I I I zer management practIces. As the so I Is In the areas of agr l
eu I tura I activIty are sandy so I Is, so I I eros I on contro I technIques 
are relatively effective. Accumulations of sandy sediments were 
noted a I ong the north shore of the west arm of lower Sy I van lake. 
Agricultural activities In this area should employ more effective 
soli erosion control practices. One possible method for controlling 
so I I eros I on Is to I nsta I I gab I on baskets In the area of actIve 
runoff. The gablon baskets would act as a temporary dike and 
sediment filter. Shallow groundwater flows from agricultural lands 
are substantial In sandy soils and the low cation exchange capacity 
for sandy soils can result In Increased nutrient concentrations In 
groundwater following fertilizer applications. Therefore, fertilizer 
applications should be keyed to crop needs, and applications should 
be scheduled for periods of low rainfall. 
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6.1.2 Urban Best Management Practices 

Urban best management practices CBMPs) are used to offset the detrf
menta I water qua If ty Impacts that occur durIng and after urban 
development. Street sweeping has been used In existing urban areas 
to remove pollutants associated wfth sediment particles that acumu-
1 ate In ImpervIous areas. I nf II trat I on bas Ins have been used In 
areas wfth hfgh soli Infiltration of rainwater. Infiltration basins 
promote groundwater recharge and thus prevent poI I utants assocIated 
wfth urban runoff from entering receiving waters. Inti ltratton 
basins are often referred to as retention basins and volume controls, 
however, the function of all these BMPs Is the same. Detention 
basins, traditionally used for flood control (water quantity), can 
also be used for water quality control. Minor modifications can be 
made during the design phase that can optimize pollutant trap 
efficiency. The baste concept Is to pond urban runoff for a specif
Ied period of tfme to permit settling of pollutants associated wfth 
part I~ u I ate matter. I f detent I on tIme Is I ong enough, poI I utant 
removal can be accomplished by biological processes. Wetlands have 
been used for this purpose. The Burlington Township land Development 
Ordinance, 19:12-8, currently requires detention basins for all major 
developments. Storage In the basins should be for a twenty-five year 
storm, w Jth the outflow .from the bas In limited to a ten year un
deve I oped storm. The dIscuss I on that to II ows Is Intended as add I
tfonal guidance for urban development In the Sylvan lakes watershed 
so that pI an ned future deve I opment does not resu It In sIgnIfIcant 
Increases In urban non-point source pollution. 

Street sweeping Is not a viable alternative for reducing urban runoff 
pollution due to the high cost and limited effectiveness. Data col
lected from recent U.S. EPA Nationwide Urban Runoff Program studies 
Indicate that vacuum street sweeping phosphorus removal efflcfencles 
of 0-20% CPitt and Shawley, 1981). 

I nfl I trat Ion bas Ins are a vI ab I e BMP for both exIstIng and future 
urban development. These basins are most appropriate for areas with 
Infiltration rates greater than 2 Inches/hour. A five foot deep In
filtration area of 0.1 to 0.2% as a percentage of the contributing 
catchment area can provide from 50 to 90% reductions In total phos
phorus loads from urban areas (personal communication, E.D. Driscoll 
& Associates, 1983). The sultabll tty of an lnffltratfon basin was 
evaluated for the Rosewood East subdivision In the lower Sylvan lake 
watershed (longwood Drive, Cypress Road). Conditions needed for an 
effective Jnffltratton basin are: 

1 ) FIve feet of aerated permeab I e so I I above the norma I 
groundwater elevation, and 

2) A contiguous area of land that Is 0.1-0.2% of the con
tributing catchment area. 
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In the Town Estates subdivision, the water table Is only one to two 
feet below the gound surface, and a contiguous are·a of land, approxi
mately 0.25 acres, Is not aval fable. Residents In the area also 
reported that stormwater runoff dIscharges under pressure out of 
manholes during periods of Intense rainfall. For these reasons, an 
Infiltration basin Is not feasible for the Rosewood East subdivision. 
I nf II trat I on bas Ins are, however, suI tab I e for areas of future 
development with high soli Infiltration rates. 

Detention basins with a permanent pool can provide from 40 to 60% 
reductions In total phosphorus loads from urban areas. These effi
ciencies can be attained when basin area Is from 0.3 to 0.5% of the 
contributing catchment area. Detention time for frequent storms 
should be In the range of 24 to 48 hours. 

A fIe I d survey was conducted to IdentIfy potent I a I areas for 
detention basins to reduce the existing high nutrient loads to Sylvan 
Lakes. The primary criteria In determining potential areas were high 
exIstIng densItIes of urban deve I opment, documented hIgh nutrIent 
Inputs, and adequate surface area for the contributing catchment 
area. 

Three sites were Identified In the Sylvan Lakes watershed. The site 
Identified In Upper Sylvan Lake was the wetland area around the main 
tributary Input (see Figure 6). Wet weather total ortho-phosphorus 
concentratl ons for thIs Input were hIgher than concentratl ons 
measured In any other tributary or drain during a storm water quality 
survey conducted by the Bur I I ngton County Hea Jth Department In 
1978-1979 (unpubl lshed data, Burl lngton County Health Department). 
Approximately one acre of low lying marshland Is about 10 feet below 
the elevation of nearby houses on Wall Avenue and 17th Street, thus 
Impoundment of water In this area would not create flooding problems 
for existing residences. A three foot berm with a one foot freeboard 
would provide approximately 14 hours detention for a 1.0 Inch runoff 
event. A phosphorus I oad remova I rate of 50% Is expected. The 
projected cost for a 100 foot long earthen berm with 3:1 side slopes 
and a 50 foot grouted rlprap outlet Is $13,000. 

The second and third potential detention ponds for reducing existing 
high nutrient Inputs are In the east and west arms of Lower Sylvan 
Lake (see Figure 7). The west arm Is a good location for a detention 
basin because of the high density of development In the Rosewood East 
subdivision. As well, data from the storm water quality survey con
ducted by the Burlington County Health Department Indicated that the 
runoff from the Rosewood East storm draIn contaIns hIgh phosphorus 
concentrations. In fact, the only Input to Sylvan Lakes that exceed
ed the average phosphorus concentration for the Rosewood East drain 
was the main tributary Input to Upper Sylvan Lake. Siting this 
detention pond was complicated by the relative Jack of topographical 
relief In the land surrounding the upper west arm. As Illustrated In 
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Figure 6. Proposed Detention Basin, Upper Sylvan Lake 
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Figure]. Proposed Detention Basin, West Arm, Lower Sylvan Lake 
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Figure 7, the detention basin would occupy a portion of Lower Sylvan 
Lake. In addition, excavation of about 2000 cubic yards of low lying 
land (0.22 acres> would occupy the area of the west arm of Lower 
Sy Ivan Lake that l·s current I y covered with emergent macrophytes 
<Spatterdock). The construction of this detention basin would not 
prevent access to any riparian residents who currently have lake 
access. The construction schedule for this detention basin Is listed 
below: 

1 > Remove a I I exIst I ng s I Its and organ I c mater I a I to an 
average water depth of 4 feet during the Sylvan Lakes 
dredging operation <to be discussed In Section 7.0>. 

2) If hydrau I I c dredgIng Is requIred for the I akes, 
consider removing the sol I contained In the low lying 
area with a swamp dozer. 

3> Install sheet piling as shown In Figure 7. The specif
Ications of the basin <to be finalized during design> 
are listed below: 

Volume = 120,000 cubic feet at normal pool 
240,000 cubic feet at maximum pool 

Surface Area = 0.15 acres 
Overflow Rate = 0.5 ft/hour for 0.5" runoff 
Projected Phosphorus Removal Efficiency = 40% 

The sheet pI I i ng wou I d be desIgned so that the peak f I ow from a 1 00 
year rainfall could pass through the basin with a two foot rise In 
the detention basin elevation. This change In elevation In the 
detention basin would not Increase upstream flooding. The projected 
cost for this detention basin Is $28,500. 

The detention basin for the east arm of Lower Sylvan Lake would be 
quite similar to the detention basin proposed for the west arm. The 
outlet structure would be constructed with sheet pi ling, the basin 
would have a surface area of 0.30 acres and a volume of 65,000 cubic 
feet at normal pool, and the projected phosphorus removal efficiency 
Is 50%. The projected cost for this basin Is $15,000. 

Future developments In the Sylvan Lakes watershed should Incorporate 
the most up-to-date design techniques for detention basins. The pond 
should be designed to prevent short circuiting, prevent scour, and 
obtain a surface overt low rate of 90 gpd/ft'"2 for 0. 5 Inches of 
runoff. The outlet should be designed so that frequent storms, gen
erally with runoff of Jess 0.5 Inches, have a detention time from 24 
to 48 hours. Specific guidelines that the Burlington Township 
Eng I neer can use for deve I opment revIew w II I be dave I oped I n the 
Step 4 Design Study. 
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6.2 lake Restoration Alternatives 

The major objectives of any lake restoration technique will be to 
reduce the densItIes of macrophytes, reduce sedIment reI eases of 
nutrients to the overlying water column, Improve fishing, and to 
Increase the aesthetic appearance of the lakes. 

A I I st of potent I a I I ake restoratIon methods Is presented In 
Table 12. 

A number of lake restoration methods are not presented In Table 12, 
as the methods are not app I I cab I e for Sy I van Lakes. For examp I e, 
selective discharge Is not a feasible alternative because no method 
exists for selectively discharging nutrient rich water from the 
bottom of the lakes. Each of the potential lake restoration methods 
Is discussed In detail In the following sections. 

Table 12 

lake Restoration Methods Suitable for Sylvan lakes 

Sediment sealing 
Herbicide Application 
Aquatic Weed Harvesting 
Aeration/Circulation 
Dilution/Flushing 
Dredging 

~.2.1 Sediment Sealing 

Physically covering lake sediments has been used to control the 
release of nutrients from sediments and the growth of macrophytes. A 
varIety of mater I a Is have been used as sedIment sea I ants, rangIng 
from sand, clay and fly ash to synthetic sealants and burlap. The 
success and cost of sediment sealing varies with the type of material 
used as a sealant. Synthetic sealants are generally the most 
expensive while sand, clay and burlap are less expensive. Clay~ sand 
and fly ash have the disadvantage of decreasing the depth of a lake. 
These I Byers are often dIsrupted by a bu II d-up of gases l!lnd both 
macrophytes and nutrients are able to break through the seal. 

These problems are reduced by a sediment sealant such as Aquascreen. 
Aquascreen, a polyvinyl coated fiberglass, el lmlnates weeds by 
physically compressing existing plants and by fl lterlng out the 
sun I lght necessary for their growth. Because of Its design, gases 
produced natura II y In the bottom muds shou I d be ab I e to escape. 
Although expensive, Aquascreen has the advantage of lasting for up to 
five years If sediment loads to a lake are low. 
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Burlap has also been used successfully as a sediment sealant and 
reduces macrophytlc growth (Jones, G.B. and Cook~, G.D., 1983). The 
cost of mater I a Is Is a tract I on of that of Aquascreen but bur I ap 
decays rapidly, even when treated with a rot retardant, and must be 
replaced yearly. 

Of the Sy Ivan Lakes, the greatest benet It can be expected from 
covering the sediments of Upper Sylvan Lake where macrophyte growth 
Is the most dense and the lake area Is small. Even In Upper Sylvan 
Lake, however, the cost of materials for covering the bottom of Upper 
Sylvan Lake with Aquascreen Is expensive at approximately $42,000, 
and Is not recommended. The cost of seal lng the sediments with 
burlap Is only $6000 but labor costs and the Inconvenience are 
greater because the burlap would have to be replaced yearly. 

S I nee the use of sedIment sea I ants Is on I y a temporary measure to 
Improve the use of the Sylvan Lakes It Is not recommended at this 
time. Sealing does not remove the organic slit layer from the lake 
bottOm and does not reduce nutrient and sediment loads to the lakes. 
If the I akes are dredged and nutrIent I oads reduced, the use of a 
material such as Aquascreen may be valuable In limited trouble spots 
In Upper Sylvan Lake and should be reevaluated at that time. 

ChemIca I sea I I ng has been accomp I I shed by app I y I ng I arge doses of 
alum to the lake bottom. The alum chemically binds sediment phos
phorus even durIng anaerob I c condItIons, thus chemIca I sea I I ng can 
dramatIcally reduce phosphorus reI eases from I ake sedIments. A I um 
treatments of thIs nature wou I d cost approxImate I y S 102,000. The 
maIn prob I em wIth a I um treatments Is that wh II e the a I um treatment 
reduces sediment releases of phosphorus, macrophyte growths Increase 
due to I ncr eased water transparency resu I tl ng from reduced a I gae 
growths (Cooke and Kennedy, 1981 >. Therefore, alum treatments to 
bind sediment phosphorus Is not recommended for Sylvan Lakes. 

6.2.2 Herbicide Application 

Macrophytes can generally be controlled with herbicides If the proper 
chemical Is selected and correctly appl led. This lake restoration 
technique has been used In Sylvan Lakes. Depending on the type of 
chemical, herbicides are effective either Immediately or through 
systemic action. Herbicide treatment Is often used around the shores 
of lakes; however, In some cases entire lakes have been treated. 

AccordIng to Conyers and Cooke ( 1982), herbIcIdes have many draw
backs, Including: 

1. Dead vegetation Is not removed from lake. 

2. Plants release nutrients upon death and decomposition. 
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3. Dissolved oxygen concentrations are depleted due to 
microbial decomposition (this may lnduce'the release of 
nutrients from the sediments>. 

4. Algal blooms often occur due to Increased nutrient 
levels. 

5. Herbicides can be toxic to non-target species. 

6. Some plant species may be tolerant to the herbicide. 

7. Some herb lc I des are suspected to be mutagen lc and 
carcinogenic. 

8. The waiting period (10 days or more In some cases) foi
l owIng app I I cat I on of many herb I c I des Interferes wIth 
recreational lake uses. 

9. Unsightly conditions are often created. 

Herbicide treatment provides only temporary relief from chronic 
aquatic weed problems. In many Instances, application Is required at 
least twice per year (US EPA, 1973). 

Although chemical control of aquatic weeds has been extensively used, 
there Is reI at I ve I y I Itt I e document at I on regard I ng env I ronmenta I 
Impacts. Although refuted by chemical manufacturers, there are still 
questions regardIng the toxIcIty of certaIn herbicIdes on fish and 
other food chain organisms. For example, copper sulfate has been 
shown to be toxIc to fIsh under certaIn cIrcumstances (Bart I ey, 
1976). Unlike compounds containing heavy metals, most of the organic 
chemicals do not appear to accumulate In lake systems. 

The specific dosage rate for a particular lake must be chosen 
carefully. Professional expertise with experimental In-situ testing 
in a I Jmlted area Is needed to arrive at the dosage rate which wl I I 
control the target species without producing undesirable side 
effects. Some herbicides are more effective at controlling certain 
plant species. Herbicide treatment Is a cosmetic treatment method to 
reduce the negative effects of lake eutrophication. Herbicides 
cannot reduce the long-term effects of eutrophication, and therefore 
are not considered an effective long-term lake restoration strategy 
for Sylvan Lakes. 

6.2.3 Aquatic Weed Harvesting 

Aquatic weed harvesting Is used to physically remove nuisance vegeta
tIon and Incorporated nutrIents and organIc matter from the I ake 
ecosystem. A variety of machinery Is available for aquatic weed 
harvestIng. Those types whIch cut the macrophytes and ImmedIate I y 
remove them by means of a conveyor are generally considered the most 
eft I c I ent. 
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The harvesting of macrophytes strictly for the removal of nutrients 
fs not a common lake restoration approach. Wfien possible, plants 
absorb nutrients fn excess of thefr needs (f.e., "luxury" uptake>. 
Burton ~ ~., (1979) reported that as much as 0.05 to 0.4 g/m /yr of 
phosphorus cou I d be removed from a fake by mechan f ca f harvest f ng. 
However, fn order to have a net effect, the removal rate must exceed 
the annual phosphorus accumulation rate. Even ff thfs were possible, 
ft would most lfkefy take years to deplete the supply of phosphorus 
whfch fs stored fn the upper layers of the sediment. 

More often weed harvest f ng f s used p r f mar f I y to restore the 
recreational uses of a lake. However, the technique presents a 
ma f ntenance prob I em sf nee the equ f pment se I dom removes the ent f re 
plant. Most lakes usually require two to three cuttings per year In 
order to mafntaln the weeds at a non-nuisance level (Nichols, 1974). 
The frequency of cutting, however, may be reduced after several years 
of harvesting. 

The ·potential environmental Impacts of weed harvesting Include: 

1) Ecological Impacts on benthic and aquatic organisms, 

2) Change In the dominant plant species, 

·,_ 3) D I sso I ved oxygen dep I et I on due to pI ant decomposItIon, 

4) Nutrient release to the water column from decaying 
plant matter, and from ruptured plant stems. 

Due to a combination of factors, a significant Increase In the levels 
of algae may occur after harvesting <Nichols, 1974). 

In sunvnary, harvesting can significantly reduce the densftfes of 
certain aquatic plants, however, other plants may ffll the gap fn the 
ecological nfche. As well, harvesting will not elfmfnate nutrients 
releases from lake sediments and wl II not address the aesthetic 
prob I ems assocIated wIth s I I tat I on. Therefore, weed harvest f ng has 
not been consIdered as a I ong-term restor at I on strategy for Sy I van 
Lakes. 

6.2.4 Aeration/Circulation 

Aeration/circulation Is a technique to mfx the bottom and surface 
waters of a lake and Increase the dissolved oxygen concentration at 
the bottom of the lake. Aeration units are generally designed to 
circulate the entfre lake volume once every two to four weeks, 
depending on the hypolfmnetlc oxygen depletion rate. Aeration/ 
cfrculatfon Is most commonly accomplfshed by pumping afr through 
diffusers on the lake bottom. The rfsfng air bubbles draw water up 
w f th them, m f x the water co I umn and f ncrease the d f sso I ved oxygen 
concentration. 

\ 
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If properly designed, aeration/circulation can Increase dissolved 
oxygen concentrations at the lake bottom and c:Jestroy any thermal 
stratI f I cat I on. In certaIn I akes aeratIon has been benet I cIa I and 
has resu I ted In reduced phosphorus and a I gae I eve Is and Increased 
transparency. These Improvements have been attributed to reduced / 
_p_!le>sphorus release from the sediments. __ .. r . I, 

I 

In other lakes the opposite reaction has been observed. The main 
prob I em reported In unsuccessfu I aeration experiments has been 
reduced algal settl lng due to Increased circulation (Gul I lver and 
Stefan, 1982). Mixing may also bring phosphorus-rich water from the 
lower portion of a lake Into the photic zone where It Is available 
for algal growth. Artificial circulation also causes the sumner 
temperatures at the sediment water Interface to be higher than during 
normal summer conditions. The Increase In temperature often 
I ncr eases sedIment phosphorus reI eases, part I cuI ary where the 
sediments contain large amounts of organic material. 

Under current conditions In the Sylvan Lakes, the primary benefit of 
aeratIon w I II be an Increase In the aerobIc zone In the lake and 
expansion of zooplankton and fish habitats. Even under aerobic con
ditions at the sediment-water Interface, anaerobic conditions will 
still exist In the deeper lake bottom sediments and the sediments are 
I Ike I y to reI ease phosphorus to the over I y I ng water. A I though the 
Sylvan Lake sediments contain sufficient levels of Iron to bind phos
phorus and prevent the release of soluble phosphorus, sulfur levels 
are also hIgh. As a resu It, reduced I ron dIffusIng upward through 
the sediments Is likely to bind with sulfur rather than phosphorus 
(Stauffer, 1981>. Under these conditions J.e., aeration and 
Increased circulation with continued nutrient release from the sedi
ments, water quality conditions will not Improve. 

Dredging the organic sediments from both lakes will be necessary to 
reduce nutrient release and translocation of nutrients from the sedi
ments to the water column. Given two scenarios, 1 > aeration or 
2) dredging and aeration, the benefits from aeration are expected to 
be the same: I ncr eased zooplankton and fIsh habItat. NutrIent 
releases will be better controlled by dredging rather than aeration 
because of the chemistry of the lake bottom sediments, therefore 
aeration Is not recorrunended unless the lakes are dredged. 

Aeration can be used In conjunction with dilution (see next section) 
to offset the Impacts of continual high watershed nutrient loadings. 
A cost was developed for aeration of both Upper and Lower Sylvan 
Lakes. The capital cost Is $7000 and the electricity cost for a six 
month period Is $600. 
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6.2.5 Dilution/flushing 

Dilution/flushing Is a lake restoration technique that Is based upon 
f I ush I ng the nutrIent enrIched water of a I ake wIth nutrIent poor 
water. The result of flushing Is overall lower nutrient concentra
tions In the lake. This technique has been most effective In lakes 
that have a narrow configuration (Lomax and Orsborn, 1971>, such as 
the east and west arm of Lower Sylvan Lake. This technique Is most 
effective when the dl lutlon water has a low concentration of phos
phorus and a high concentration of Iron. The Iron from the dilution 
water can combine with dissolved phosphorus In the lake water and a 
ferric hydroxide phosphate precipitate develops. The dilution water 
In effect "strIps" the I ake water of phosphorus, whIch resu Its In 
decreased algae levels. For Iron to remove phosphorus from lake 
water, however, the water must be aerobic, as Iron does not precipi
tate phosphorus under anaerobic conditions. In most cases, ground
water has been the source of dl lutlon water. Many groundwater 
aquifers have a high Iron content, thus If a steady supply of ground
water with a high Iron content can be located, dilution can Improve 
receiving lake water quality. 

In summary, dl lutlon/flushlng works by dl luting the ambient lake 
nutrIents and phosphorus precIpItatIon by chemIca II y bIndIng wIth 
I ron. A sIgnIfIcant number of sprIngs wIth hIgh I ron content were 
observed during field surveys. The springs are probably the source 
for the name of the communIty of SprIngs I de whIch surrounds Upper 
Sylvan Lake. Accordingly, the feaslbl I lty of dl lutlon was 
Investigated for Sylvan Lakes. The first ofjectlve In the evaluation 
of dilution was to find a source of high quality groundwater. 
Samples ~ere collected from two shalow wells and a subsurface 
draInage pIpe. These samp I es were ana I yzed and the resu Its, 
presented In Table 13, Indicate that shallow groundwater contains 
relatively low concentrations of phosphorus and hfgher concentrations 
of Iron. A separate set of samples collected from each station were 
aerated for five minutes to determine If aeration enhances phosphorus 
precipitation by Iron. After aeration, the samples were allowed to 
sIt for one hour, and then the water was ana I yzed for tot a I 
phosphorus. This simple test Indicates that shallow groundwater 
supplies, If aerated, will provide a suitable source of dilution 
water for Sylvan Lakes. Deep groundwater water quality data from the 
United States Geological Survey (personal communication, Tom Fuslllo, 
USGS, 1983) were evaluated to determine water quality and data from 
wells In the vicinity of Burl lngton Township. These data Indicate 
that deep groundwater supp II es have unIform I y I ow phosphorus 
concentrations C less than 0.01 mg/1) and high Iron concentrations 
(greater than 4.0 mg/1). 

The second obJective In the evaluation of dilution was to develop a 
cost effective supply of groundwater. Costs were developed for two 
sources of groundwater: shallow groundwater (about 25 feet deep>, 
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Table 13 

Shallow Groundwater Data, Sylvan Lakes 

Sample 2 .3. .! 

Loca:tlon Crestwood Ave. Wa II Ave. Cypress Rd. 

Well Depth 15 feet 15 feet underdrain 

Total Phosphorus, mg/1 <0.01 0.04 0.04 

Iron, mg/1 0.08 0.12 2.1 

Alkalinity, mg/1 26.0 106.0 40.0 

pH 5.03 7.53. 7.06 

Total Phosphorus, gm/1, 
after 5 minutes aeration, 
1 hour quiescence <0.01 <0.01 <0.01 
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and deep groundwater ( 100 to 200 feet deep>. Deep groundwater 
supplies are more dependable, however, pumping cd$ts are higher. The 
prob I em wIth sha I I ow groundwater we I Is Is that spec I a I permIssIon 
would be required from Burlington County, and the pumping rates may 
cause drawdown of shallow groundwater supplies. 

The preliminary engineering design for the dilution system was based 
on the following assumptions: 

1) Deep groundwater supplies will be an easler water ~. 
source to develop than shallow groundwater, 

2) The Iron concentration In the groundwater source will 
be at least 2.0 mg/1, and 

3) The dilution system will be used In conjunction with an 
aeration system (see Section 6.2.4) to ensure that the 
phosphorus conplexlng capability of Iron Is maintained. 

The dilution system, If Implemented, will consist of one deep 4 Inch 
well with steel casing for Upper Sylvan Lake and six deep wells for 
Lower Sylvan Lake. The estimated cost of an Installed well with 
assocleted equipment Is $30Q_Q_. The cost for Installation Is $22,000 
for both Upper and Lower Sy I van Lakes. The annua I energy cost per 
we I I I s $600. 

In summary, dilution/flushing In conjunction with aeration has the 
potential for dramatically reducing the ln~lake phosphorus 
concentrations In Sylvan Lakes. If this program Is Installed after 
the Jakes are dredged, both elgae and macrophytes growths should be 
reduced substantially. Because reletlvely little design Information 
exists for a Jake restoration system such as the proposed system, a 
d I I utI on end aeratIon system Is recommended for Upper Sy I van ~ake 
following dredging. If the system performs as expected, then the 
system shou I d be constructed for Lower Sy I van Lake. The cost for 0 
Installation of the dl lutlon and aeration system Is $6800 with an / 

I 

ennual operation end melntenance cost of $1600. 

6.2.1 Dredging 
c L~CJ / ( . ~_(t3 Lt;(; 

GtU 
---···· The physical removal of lake sediments can be used to echleve one or {I;,·=- :::,.;L;u 

more objectives, Including macrophyte removal, lake deepening, and / c 
nutrient removal (Peterson, 1981 >. The most obvious advantage of 
dredging Is the Immediate removal of virtually ell plants from the 
I ake bottom. Therefore, a I I of the nutrIent compounds and organIc 
matter which comprise the existing vegetetlve biomass are permanently 
removed from the Jeke system. Proper elimination of the mecrophytes 
would Include the remover of all plent parts suches seeds and roots 
which could case a recurrence of nuisance growths. 
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The actua I deepenIng of a I ake can have several benet Its. FIrst, 
dredging to depths below the photic zone limits 'the amount of light 
available for macrophyte growth. 

Simply Increasing the water depth can cause changes In the types of 
macrophytes that grow which result In reduced problems for lake 
users. Moreover, the removal of soft organic sediment to .. a hard sand 
or c I ay bottom often resu Its In reduced pI ant growth rates and 
densities <Nichols, 1974). Dredging has been successfully performed 
to reduce macrophyte problems In a number of small lakes, Including 
SteInmetz Pond (Snow n .aJ.., 1980) and SunshIne and Krause SprIng 
Ponds (Carline and Brynlldson, 1977). 

The objective of dredging for macrophyte control should not be 
cons I de red synonymous wIth macrophyte eradIcatIon. Any macrophyte 
dredging plan must account for the preservation of fish spawning and 
nursery areas, water fowl feeding areas, and other wildlife habitats. 

The ·second sIgnIfIcant benet It of dredgIng Is the enhancement of 
recreational activities. Also, a larger lake volume generally allows 
greater I eve Is of fIsh product I on (Car II ne and Bryn II dson, 1977). 
These benefits are not obtained from a program solely aimed at con
trolling macrophytes. 

The thIrd major objectIve of most dredgIng programs Is to remove 
nutrients from the lake system. For most lakes, large quantities of 
nutrients have accumulated In the sediments. These nutrients serve 
as fert I I I zer to rooted aquatIc p I ants. The nutrIents can a I so be 
returned to the water column where they are available to support the 
growth of f loatlng plants and phytoplankton. The release of these 
nutrIents to the water co I umn occurs vI a two separate mechan Isms. 
FIrst, dIrect reI ease from the sed I ments to the water co I umn can 
occur under certain chemical conditions <Snow and DIGiano, 1976). 
Although phosphorus release rates are generally higher under anoxic 
(zero oxygen) conditions, Lee n .aJ.. (1976) demonstrated that sub
stantial quantities of phosphorus can also be released under oxic 
<oxygenated) conditions. Since they are not tightly bound Into sedi
ment deposIts, most nItrogen compounds are more subject to dIrect 
recycle Into the water column. 

The second mechanism which causes the transfer of nutrients from sed
Iments Is vfa rooted vascular plants. Some researchers (Schults and 
Malueg, 1971; Twilley n ll.L., 1917; Carignan and Kalff, 1980) have 
documented that various species of freshwater aquatic plants extract 
nutrients from the sediment during their life cycles and translocate 
them to the surrounding water (I.e., act like nutrient "pumps">. 
Others Clle, 1979; Welch n At., 1979; Barko and Smart, 1980) have 
contended that the major quantities of nutrients released from macro
phytes occur durIng the per I ods of pI ant senescence and decay. In 
either case, the presence of macrophytes Increases the transport of 
settled nutrients back Into the water column. 
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Therefore, for many Jakes It Is desirable to remove both macrophytes 
and nutrient-laden sediments by dredging to a nutrient-poor sediment 
layer. 

There are two categorIes of dredgIng methods: ( 1 > I n-1 ake sedIment 
removal and (2) drawdown and excavation. The first category Includes 
methods which do not necessitate a complete drawdown of the lake, 
such as drag I I ne and hydrau I I c dredgIng. The second category 
Involves the actual drainage of a lake and sediment removal by the 
use of specialized earthmoving equipment. Most types of dredging are 
reI at I ve I y expensIve when compared to other methods of I ake 
restoration. However, the costs of dredging are often offset by the 
long-term benefits. 

The dredgIng of a I ake can have sIgn If I cant env I ronmenta I Impacts. 
Both types of dredgIng cause destruct I on of the benthIc commun I ty 
(Including fish food organisms). If the entire lake basin Is 
dredged, two to three years may be requIred to re-estab I Ish the 
benthic fauna. However, If portions of the bottom are left un
dredged, the restoration may be almost Immediate or within one to two 
years (Peterson, 1981 ). In any case, according to Peterson, the 
effect on the benthic community appears to be of relatively short 
duration compared to the longer term benefits derived from sediment 
removal. 

Problems with In-lake dredging often occur due to the resuspenslon of 
sediments and nutrients during the dredging operation. These 
phenomena can resu It In detr I menta I Impacts such as a I gae b I ooms, 
Increased turbidity levels, dissolved oxygen depletion, and the 
resuspensl.on of toxic materials. However, the continued Improvement 
of hydraulic dredging equipment and methods have helped to minimize 
these adverse Impacts. 

Of course, the complete drainage of a Jake would have a severe Impact 
on the aquatic ecosystem. During the period of Jake lowering, cer
tain organisms such as amphibians and reptiles could seek refuge In 
other portions of the tributary system. However, In most Instances 
It Is desirable to manually transport as many organisms as possible, 
particularly fish, to a suitable location. The lake would, there
fore, have to be stocked after refilling. 

As exp I a I ned by Stefan and Hanson ( 1980), It Is not des I rab I e to 
dredge a sha I low I ake to the poInt where It becomes therma II y 
stratified during the summer. Such stratification could cause 
depleted oxygen conditions and the subsequent Increased recycling of 
nutrients to the hypolimnion where they could be released to the 
entire Jake during periods of turnover. 
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One problem which sometimes occurs after a dredging project Is a 
change In the phytoplankton characteristics (I.e~ algal composition 
and density) for a given lake (Lee, 1973). This change should not be 
harmful In most Instances since the overall nutrient concentrations 
In the lake should theoretically be lower after dredging. 

Another major concern which must be addressed for all dredging pro
Jects Is the size and location of the spol Is disposal area. With 
regard to size, a hydraulic dredging project usually requires a 
larger disposal site due to the quantities of water which are pumped 
along with the sediments. Hence, large settl lng basins or large 
areas of vacant or agricultural land with high Infiltration rates are 
normally required. Also, chemical treatment of the effluent from 
these basins Is sometimes necessary to ensure that a sufficient por
tion of the nutrients and suspended sol Ids precipitate out of the 
water. Sed lments wh lch have already been dewatered In the I ake 
bottom prior to removal do not necessitate as much disposal area. 

BesIdes the quantity of sediments, qual lty Is also an Important 
factor. Sediments which contain high concentrations of heavy metals 
or toxic organic compounds could contaminate surface water and 
groundwater resources at the disposal site. Mitigative measures, 
such as a clay liner, would be required In such an Instance. Based 
on the sediment tests presented In Section 4, this Is not a concern 
for Sylvan Lakes. 

In summary, dredging Is effective In reducing macrophyte growths, 
sedIment reI eases of phosphorus to the over I y I ng water, and hypo
llmnetlc oxygen depletion. Dredging will Increase the overall depth 
of the water, Improve the aesthetic appeal of the Jakes, and Increase 
water transparency. The next section wl II present an analysis of 
sediment dlsposal methods and sites. 
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7.0 Sediment Disposal Methods and Sites 

7.1 Disposal Sites 

Existing topographical land use maps, and aerial photographs were 
reviewed to Identify suitable sites for disposal and/or dewatering of 
dredged sediments from Sylvan Lakes. The prlmarly objective was to 
find a large, preferable contiguous, site within one mile of the 
lakes. Field surveys and consultation with Burlington Township per
sonnel provided additional site-specific Information regarding poten
tial sites. Based upon this work, six areas were Identified as 
potential disposal sites. These sites are shown In Figure 8 and are 
described In detail In Table 14. 

Site 1, the Cox Farm, Is currently not used for crop production and 
has excel lent drainage. The Galestown sandy soils have an lnflltra
t I on rate of 2-6 Inches per hour wIth a c I ay substratum that has 
s I ower I nf r I trat ron rates., genera II y I ess than 1. 0 r nch per hour. 
Sediments will dewater quickly., and the clay substratum will reduce 
the possibility of groundwater contamination. This site can be used 
for hydraulically dredged spoils. Surface water contamination 
problems and soil erosion can be prevented by placement of low pro
file berms. 

Site 2, the Heal Farm., Is currently used for crop production., and the 
owner has expressed Interest In us r ng the I ake sedIments as a so I I 
conditioner. The planned capacity available at this site Is Jess 
than Site 1 so that the operation would not Interfere with crop pro
duction activities. This site Is similar to Site 1 In that soils are 
Galestown sands with a clay substratum. Berms would also be used 
with this site to prevent surface water runoff and soil erosion 
problems. 

Site 3, as shown In F lgure 9., can be used to contain hydrau I lea lly 
dredged lake sediments. A ten foot high berm would be used to con
tain the sediments.· A drop outlet structure would deliver runoff to 
a secondary treatment area that wou I d provIde addItIon a I sett I I ng 
enhanced by polymer addition. The main problem with this site Is 
that the floodway channel for Sylvan Lakes would have to be rerouted 
around the containment site. Trees currently found In the area would 
a I so have to be removed, and fencIng mIght be requIred to prevent 
harm to young children playing In the area. 

Site 4., a bermed containment area below Upper Sylvan Lake., could also 
be used for disposal of lake sediments. This site., however, requires 
a great· amount of berm construction for a small disposal volume. 
This site., accordingly, has not been seriously considered as a 
disposal area for lake sediments. 
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.. 

Table 14 

Potent I a I D I sposa I SItes for Sy I van Lakes SedIment 

Area Average Spo I Is Volume .s..I.:ta (acres) Depth (feet> (cubic yards) 
1. Cox Farm 35 1.0 54,500 
2. Heal Farm 34 0.5 27,225 
3. Lower Sylvan 

Lake Dam 7.5 7.2 86,860 
4. Upper Sylvan 

Lake Dam 2.9 4.1 18,944 
5. Township Compost 

Area 8.25 1.0 13,333 
6. Rosewood Ditch 6.5 0.5 5,240 
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Site 5, the Burlington Township compost area, could be used to 
dewater lake sediment. Additional berm construction would be 
required, however, the site could be easily set up for sediment 
dewaterIng as fencIng has a I ready been constructed and the I ake Is 
currently owned by the Township. The Township has a definite need 
for this site for Its current uses, therefore Site 5 should not be 
serIous I y consIdered .. as a dewaterIng sIte un I ess as a I ast resort. 

Site 6 Is a natural ditch behind the Rosewood East subdivision. A short berm with underdralnage for the natural dltch.would be the only 
work necessary to conta l n so II ds. The area, however, has extens l ve 
forest cover wh l ch wou I d have to be removed. Due to the prob I ems 
as soc l ated w l th forest cover, and the sma I I d I sposa I vo I ume ava li
able, Site 6 should not be seriously considered as a sediment disposal site. 

Meehan l ca I I y dredged sedIments can be pI aced at a II of the s l tes 
listed above. Site 3, the bermed containment area below Lower Sylvan 
Lake; could be reduced In size to handle the more compact spoil 
material that results from mechanical dredging. In addition, treated mechanically dredged sediments can be used as soli cover by nearby 
landfill operations. The increased cost In trucking can often be 
offset by a payment by the landfill operator for the material. The 
demand for sol I cover, however, Is variable, and thus, the cost 
effectiveness of utilizing dewatered sediments as iandfll I soil cover 
cannot be confidently determined until the time of dredging. 

7.2 Mechanical Dredging 

The basic operation for mechanically dredging 54,500 cubic yards of 
sediments from Sylvan Lakes consists of the following tasks: 

- Dewater lakes with siphons. 
Dewater Upper Sylvan Lake in 2 days 
Oewater Lower Sylvan Lake In 4 days 

_,. .,._, 

I f a contaInment area l s used, construct berm be I ow 
Lower Sylvan Lake. General specifications: 

Volume: 62,000 cubic yards 
Berm length • 380 feet 
Maximum height • 17 feet 
Width - top of berm • 10 feet 
Berm side slopes = 2:1 
Thickness of clay core = 5 feet 
Surface area of disposal site: 3.9 acres 

- Excavate trenches through lakes to provide a low flow 
channel and dewatering. 
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- Let Upper Sylvan Lake dewater for one month to consoli
date sediments. 

- Construct temporary stream crossings to cross trench. 

- Remove sediments with special wide-track swamp dozers. 
Projected time for both lakes: 62 days. 

- Load sediments with a loader onto trucks. There wl II 
be at least five truckloads per hour. 

If a containment area Is used, place fine grained sedi
ments In a pI I e. Lay down coarse sed I ments f I rst. 
Compact sediments with a vibratory roller (minimum two 
passes). 

- Close disposal site and apply grass seed. 

If the sediments are used for soli cover at a landfill, the containment area construct I on w I ·11 not be needed. Costs were deve I oped for mechanical ·dredging and disposal at a containment area and at a landfill. 

Cost for mechanical dredging and containment area: $294,000 
C$5.40 per cubic yard). 

Cost for mechanical dredging and truck to Burlington City Landf I II (higher cost assumes no payment for sediments, 
lower cost assumes $2/C.Y. for sediments): $215,000-
$280~000 C$3.94 to $5.14 per cubic yard). 

There are a number of advantages to dredging the lake sediments using mechan I ca I means. Most Important I y, the sedIments can be east I y dewatered and can be put to beneficial uses. If no beneficial use Is found, less disposal area Is needed. The other main advantage of mechan I ca I dredging over hydrau I I c dredging Is that a bu II dozer Is not bothered by rocks, logs, or stumps, whereas a hydraul lc dredge must shutdown when a rock clogs the Intake line. The main disadvantage Is that truck traffic around the lakes will be substantial, at I east fIve truck I oads per hour w I I I be de I I vered 8 hours per day, 5 days per week. This may damage roads, and any possible spilling from the trucks will Increase dust levels In the area and may potentially cause odor prob I ems. In addItIon, the I akes w I I I be dry for one summer and will prevent recreational uses of the lakes and generally cause a short-term aesthetic problem. 

7.3 Hydraulic Dredging 

The bas I c opera+ I on of a hydrau II c dredgIng program Is reI at I ve I y simple and Is described below: 
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- Construct berm for the containment area below Lower 
Sylvan Lake or at the farm(s). If farmland Is used, 
two foot berms wou I d be constructed to prevent so II 
eros I on. If the conta r nment area r s used, the berm. 
would meet the specifications presented In Figure 9 in 
Section 7.1. 

- Unload dredge from delivery truck with a.crane. 

- Layout disposal area pipeline (pipeline generally comes 
In 20 foot lengths) and Install booster pump. 

- Set up cable network for maintaining proper directional 
alignment during dredging. 

- Commence dredging Upper Sylvan Lake. Then proceed to 
the west arm of Lower Sylvan Lake, and finally finish 
the remainder of Lower Sylvan Lake. 

The hydraulic dredge production rate can range from 50 to 120 cubic 
yards per hour. In open water areas, a production rate of 120 per 
cubic yard/hour Is possible. In areas with heavy emergent macrophyte 
growths, logs, or large rocks, the dredge Intake I lne can become 
clogged. At this point, the cutterhead must be raised to remove the 
obstruction. During the process of removing the obstruction, the 
pump cont l nues to pump water through the pIpe I I ne to the d I sposa I 
area. Excessive clogging can thereby reduce the production rate of a 
hydrau I lc dredge. The uncertaInty regardIng the number of 
obstructIons that w I I I be encountered durIng a hydrau I I c dredgIng 
operation makes It difficult to predict the duration of a dredging 
program for Sylvan Lakes, however, It Is estimated that the dredging 
process would take 85 days, based upon an assumed production rate of 
72 per cubic yard/hour. The volume of a given mass of lake sediments 
Increases after hydrau I lc dredging due to the mixing of water and 
sedIments. Th r s r s referred to as a "bu I k r ng factor". The bu I k r ng 
factor used to design a containment area varies, generally In the 
range of 1.0 to 2.25. If a dredging program takes place over a long 
period of time, the sediments that have been placed In a containment 
area have amp I e t r me to compact. In th r s case, the bu I k I ng factor 
selected would be on the low end of the range listed above. Also, If 
the disposal area used for the sediments has an optimal dewatering 
system, such as underdralnage,·or soils with high permeability, the 
selected bulking factor would also be on the low end of the range 
listed above. Organic content In sediments and small grain size 
genera I I y causes more bu I k r ng. As two d r fferent types of sed r ment 
d r sposa I technIques are being cons ldered as d r sposa I a lternatlves 
(land application to farmland and a bermed containment area), two 
d r fferent bu I k r ng factors have been assumed. The bu I k r ng factors 
used for the disposal techniques are given below: 
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Disposal Technique 

1) Land application to farmland 
2) Bermed containment area 

Bulking Factor 
'• 

1.3 
1.6 

Costs were developed for hydrau I I c dredg lng utI I I zIng these two 
cJisposal techniques and are given In Table 15. 1 ' 

Table 15 

Costs for Hydraulic Dredging 

Dredging Technique 

1) Hydraulic dredging, 
bermed containment area 
(volume = 86,900 cubic yards) 

2) Hydraulic dredging, Cox Farm 

3) Hydraulic dredging, Cox Farm 
and Heal Farm 

$235,000 

. $182,000 

$200,000 

One advantage to hydrau I I c dredgIng Is that the operatIon Is reI a
tlvely simple. No trucks are· needed, therefore, soli erosion and 
dust problems around the lakes due to truck traffic Is nonexistent. 
Also, the lakes can be used for recreational purposes during the 
dredlng operation. 

The uncertainty regarding the number of obstructions that will result 
In temporary shutdowns Is a major disadvantage to hydraulic dredging. 
The other disadvantage to hydraul lc dredging Is that the sediment 
volume Increases In slza due to an Increase In the void ratio. 
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8.0 Alternatives Comparison 

8.1 Environmental Impact Assessment 

The major objective of the Sylvan Lakes Restoration Project Is the Improvement of water quality In Upper and Lower Sylvan Lakes. There
fore, the long-term environmental Impact to the lakes will be positive. However, with any project that Involves earth movement and construction, some negative environmental Impacts wl I I occur. In thIs section, the pos ltlve env lronmenta I Impacts resu It I ng from the feasible restoration measures I lsted above will be presented, then the negative environmental Impacts will follow. 

8.1.1 Positive Environmental Impacts 

Dredging. Dredging the nutrient-rich sediments from Sylvan Lakes 
will reduce the rate of diffusion of phosphorus from sediments to the water column, pIus dredging wl I I reduce aval labia nutrients for macrophyte growth. DredgIng w I I I a I so remove the root systems and seeds of macrophytes. Contro I I I ng nutrIent reI eases and macrophyte growths w I I I have a number of c I ose I y as soc I a ted benet Its, name I y reduced a I gae growths and decreased oxygen consumptIon rates from 
decay of macrophytes and settling algae. Also, dredging will Improve habItat for fIsh spawnIng and macro Invertebrate and aquatIc Insect colonization. Increased diversity of the aquatic Insect community Is 
expected, which In turn will Improve fishing. As long as the sediments remain In Sylvan Lakes, restoration efforts will not completely 
address existing water quality problems. 

Detention Basins. The phosphorus loads to Sylvan Lakes wl II be 
reduced as shown In Table 16 and the concentration of phosphorus In Upper Sylvan Lake will be reduced from 0.041 mg/1 to 0.03 mg/1 under current development conditions. The phosphorus concentration will be reduced from 0.06 to 0.039 mg/1 under current conditions. The 
detention basins will change the trophic state of Upper Sylvan Lake from a current eutrophic condition to a mesotrophlc condition. The detention basins In Lower Sylvan Lake will significantly reduce phosphorus I oads to Lower Sy I van Lake but wIll not sIgnIfIcant I y change the trophIc state of the I ower I aka. ChI orophy II .a I eve Is w I I I decrease, and oxygen consumptIon rates In the hypo II mn I on w I I I 
be reduced, Improving conditions for fish. In addition, the detention basins will reduce the suspended solids loads to the lakes 
and will extend the life of the lakes after dredging. 

A lower sediment accumulation rate will reduce macrophyte growths by 
keeping the nutrient rich sediments out of the lake. Reducing 
sediment accumulations will extend the life of the lake. 

PI Iutton and Aeration. The main benefit to dl luting Sylvan Lakes 
with groundwater will be reduced concentrations of phosphorus In lake water. Aeration will assure that Iron from groundwater Inputs will 
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Table 16 

Effect of Detention Basins on Phosphorus loads 
and Phosphorus Concentrations In Sylvan lakes 

Upper Sylvan lake 

- Present land Use 

- Projected Future Land Use 

Lower Sylvan Lake 

- Present Land Use 

- Projected Future Land Use 

Percent Reduction 
In Phosphorus Load 

54 

44 

44 

37 

34 

Predicted In-lake 
Phosphorus, mg/1 

0.03 

0.036 

0.039 

0.046 
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contInue to bInd phosphorus. ReducIng the concentratIon of phos
phorus In the lakes will reduce algae concentrattons, Increase water 
transparency, decrease the amount of sett II ng part I cuI ate organIc 
matter, reduce sediment oxygen demands, and Improve habitat for fish 
and aquatic Insects. The dilution has been designed to provide a 4:1 
mass-to-mass ratio of Incoming Iron from groundwater to Incoming 
phosphorus from the watershed. Jar tests described In Section 6.2.5 
Indicate that a 4:1 Iron to phosphorus ratio should be sufficient to 
reduce the phosphorus concentration In lake water down to less than 
0.01 mg/1, which Is Indicative of oligotrophic water qual lty 
condItIons. However, due to I ncomp I ete mIxIng, sma I I areas of 
anaerobic hypol lmnetlc waters, and rapid changes In tributary flow 
Inputs, complete removal of phosphorus may not occur. It Is expected 
that the In-Jake phosphorus concentration should remain around 
0.02 mg/1, which Is stl II two to three times lower than current 
concentrations. Dilution and aeration, In combination with dredging, 
has the greatest potentllll for Improving water quality In Sylvan 

·lakes. 

8.1.2 Negative Environmental Impacts 

Dredging. Dredging will cause a short-term decrease In macrolnver
tebrate populations In Sylvan lakes, however, recolonization should 
occur rapidly and population diversity and density should be greater 
after dredging than before dredging. Increased turbidity levels are 
often observed l n outf I ow waters downstream from dredgIng projects. 
With proper design, this problem can be effectively controlled. 

Mechanical dredging causes greater disruptions to the lakes and sur
rounding· area than hydraulic dredging. With mechanical dredging, at 
I east f l ve truck trIps per hour are ant I c I pated. Over a per I od of 

.three months, lake residents and people using the Jake for 
recreational purposes will be affected by elevated noise levels and 
dust conditions. Mechanical dredging will also necessitate 
dewaterIng of the I akes, wh l ch w II I prevent use of the I akes for 
recreatIon a I purposes and wIll requIre fIsh remova I • The prImary 
negative environmental Impact for hydraulic dredging will be the 
possible groundwater contamination from the sediment/water slurry. 
Chemical analysis of the sediments has Indicated, however, that 
groundwater contamination from Sylvan lakes sediments will not be a 
substantllll problem. 

Detention Basins. The primary negative environmental Impacts will 
resu It from construct l on act I v l t l es necessary for detent l on bas In 
construct l on. So II eros l on contro I procedures w II I be emp I oyed to 
minimize negative Impacts. Detention basins should be constructed to 
assure that no Increases In flooding result from the Impoundment of 
water. 
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Dilution and aeration. Groundwater pumping for dilution water may 
deplete groundwater supplies. This potential negative environmental Impact will be further evaluated during the design phase of this 
project. The aeratIon rate shou I d be pI an ned to assure that the 
mixing rate does not exceed the settling rate for tributary Inputs of 
sedlments. 

8.2 Analysis of Costs 

The cost for each feasible lake restoration and watershed management 
alternative was presented along wlth the description of the alterna
tlves Jn Sections 6.0 and 7.0. In this section, a cost comparison Is 
presented. Construction and operation and maintenance costs for the 
most feas I b I e a I ternat lves are presented In Tab I e 17. Meehan I ca I 
dredgIng wIth w r de-track swamp dozers r s more expensIve than 
hydraulic dredging. High watershed nutrient Inputs necessitate other 
I ake restor at ron or watershed management technIques and costs for 
these a I tern at I ves are a I so presented In Tab I e 17. AeratIon and 
dlluflon have a lower constructlon cost than detentlon baslns, how
ever, higher operation and malntenance costs are associated wlth 
aeratlon and dilution. To resolve these differences, a present worth 
analysis was conducted to determine the most cost effectlve technique 
to reduce the effect of high nutrlent watershed Jnputs. The present worth of a project represents the amount of capltal that would have 
to be r nvested now to cover a r I the costs of a project over a 
speclfled plannlng perlod. In thls analysls, a 9% Jnterest rate and 
a 20 year plannlng perlod was assumed. The present worth comparlson 
Js presented Jn Table 18. This analysls Jndlcates that dllutlon and 
aeratlon Is sllghtly less expensive over a 20 year plannlng perlod, prlmarl ly due to lower constructJon costs. The costs of the two 
a I tern at I ves are w r th r n 20% of each other, and therefore, the cost 
dlfference Js not considered to be substantlal. The selectlon 
between these two alternatives for reduclng the Impacts of excessive 
nutrlent Jnputs should be made based upon other considerations, such 
as environmental benefit and ease of Jmplementatlon. 

8.3 The Selected Alternatives 
• Dredglng of 54,500 cublc yards of sediments from Sylvan Lakes Is 

recommended to restore acceptable water quality conditions. Hydraul
Ic dredging Is the recommended method for removal of sediments from Sylvan Lakes, and lake sedlments should be applied to farmland. The 
Cox Farm, and possibly the Heal Farm (Identified In Flgure 8 In 
Sectlon 7.0) are suitable areas for the lake sediments. 

AddItIon a I measures are needed to negate the effects of exIstIng 
e I evated watershed Inputs of nutr rents. The most env I ronmenta I I y 
effectlve procedure Js dilution and aeration. Dllutlon and aeratlon 
Is less costly than constructlon of two reglonal detentlon baslns, 
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Table 17 

Analysis of Costs for lake Restoration Alternatives 
for Sylvan lakes 

Annual 
Lake Restoration and/or Construction Operation and Watershed Management Alternative Cost Maintenance Cost 

Mechanical Dredging using wide-
track swamp dozers1 use as 
landfll I soli cover. $2801000 

Hydraulic Dredging~ Application 
to Cox and Heal Farms $2001000 

Hydraulic Dredging and 
Detention Basins $256,500 $4000/year 

Hydraul lc Dredglng1 Aeration 
and Dilution for Both Lakes $222,000 $5800/year 

Hydraul lc Dredglng1 Aeration 
and Dilution for Upper Sylvan Lake $2061800 $1600/year 
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Table 18 

Present Wbrth Analysis- Aeration and Dilution 
Versus Detention Basins for Sylvan lakes 

Assumptions: planning perfod = 20 years 
Interest rate = 9% 

Lake Restoration 
Alternative Present Worth 

Aeration and Dilution 
for Both Lakes $75,000 

Detention Basins $93,000 
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however, the proposed dilution and aeration system, as described In 
Section 6.0, Is an Innovative 1·ake restoration system. Accordingly, 
It Is recommended that the system be Installed for Upper Sylvan Lake, 
at a construction cost of $6800, and tested for one year to verify 
the projected benefits. Should the system operate as expected, the 
system should be Installed for Lower Sylvan Lake. 
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