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ABSTRACT

Lilily Lake Is located In southeastern Wisconsin. |t has a surface area of 37 ha and In 1977 had
a maximum depth of 1.8 m and a caiculated Infllting rate of 0.5 cm per year. The basin
contalned up to 10.7 m of il1ght-welght, organic sadiments. Recreational activity was severely
restricted due to periodic winter fish kilis and donse growths ot macrophytes throughout the
summer. purlng the cpen water periocds of 1978 and 1979, 683,900 w of sediment were removed
with a 30-cm cutterhead dredge and transported via pipeline to two disposal sites. The dredging
operation deepened the lake to a maximum of 6.6 m and afforded an excellent opportunlty fo
evaluate the Inlake and disposal site offects of the project.

The inlake portion of +he Investigation Included an assessment of water quallity, aguatic
blology, sediments, and hydrology before, .during, and atter completion of dredging. The
ayatuation of sediment dlsposal omphas|zed the impact on the nearby groundwater system and the
value of using hydrosolis +o enhance agricultural crop production. The study began 1n July,

. 1976 and extended through 1981, with some work continulng [nfo +he summer of 1982,

This report was submltted 1n fulflliment of grant number RB04875 to the Wisconsln Department of
Natural Resources under +he sponsorship of the U.S. Environmental Protection Agency .
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SIMMRY

Liliy Lake |s a 37 ha, natural, seepage lake jocated in southeastern Wisconsin. in the early
{970s, 1t was 1.8 m deep and infllling at a rate of 0.5 cm/yr. The bas!n contained up to 0.7 m
af 1ight-welght, organic sediments, with a water content of 90-98¢. During July-October, i978
and May-August, 1979, 683,500 m3 of sediment were remaved with a 30-cm cutterhead dredge, = .
deepening the lake to 6.6 m. Inlake water quallty, aquatic bioiogy, sadiment characteristics;
and hydrology were Investigated before, during, and after completion of the project (1976-82).

Before dredglng began, winter flsh kifls were common and rooted macrophytes grew over the entire
basin, reaching the surface in most areas. The flsh population was dominated by slow growing
blueglils, and natural reproduction of the gamefish was poor. | ¥ oxygen resupply/production
would have been eliminated during the winter, dissolved oxygen concentrations would have
approached zero within 25 days, Water qual ity was satisfactory in the summer, Chiorophyll a
lavals averaged under 5 ug/l., and at least 22 genera of algae were prasent. Chlorophyceae werea
dominant In terms of numbers and blomass. Macrophytes were represented by |2 submergent
species, with a comblned iakewlde welghted average blomass of 685 and 335 g/m2 in (976 and
1977, respectively. These plants strongly influenced inlake dynamlcs and were 2 major problem
In recreational usage of the lake. In 1977 groundwater inflow contributed 17 and 2§ of the
water and phosphorus loading to the lake, respectively.

puring the dredglng activity, lake levels dropped 1.5 m. This produced an | ncreased groundwater
inflow, Including a hatt In the outflow, with flow reversal In all of the previous outflow
areas. As a result Inlake water chemistry showed more similarity to that of the groundwater,
i1justrated by Increases In conductivity and total aikallnity. Because of sediment disturbance,
+here were also Increases In ammonia nifrogen, total phospﬁcrus, and blological oxygen domand (5
day) levels. However, Inlake dlssolved oxygen cancantrations were not affected, and, In
general, water qual ity remained within tolerable limits. The f1sh population did not appear 1o
pe siressed by the prevalling conditions. Initially the algal population Increased, peaking at
33 ug/L of chlorophy! |l a. Changes were also measured for gross primary productivity, numbers of
algal cells, and total blomass; however, the population did not undergo any major change in
diversity or relative composition. Apparent!ly In response to the algal expansion, the

zoop| ankter Bosmina longlirostiris exhibited greatiy Increased numbers during the same perlod.

$ince completion of fhe dredging project, the fake has refilled 1o pre~treatment lavels.
Magnes|um, sodium, potassium, chiorlide, conductivity, and total alkalinity were higher while
total phosphorus was lower as compared to esr|ler concentrations. In 198} sediment oxygen
demand and ammonia nitrogen release rates were similar to 1977. Nevertheless, the iniake water
storage was Increased by 2.3X, and winter dissolved oxygen levels remalned above 7 mg/L at all
depths. The ammonla nitrogen was apparantly being quickly converted to other nitrogen forms (as
In 1977), because only insignificant levels were found In the water column. Soluble reactive
phosphorus rolease !nto the water column was minimal due to the ox!ic conditions, although 1T
would become a slgnificant phosphorus source under anoxla. in 1981 the lake was stitl
polymictic, but thermal gradients up to 8°C were present on occasion. Low dissolved oxygen
levels were found near the bottom during these periods of reduced mixing. Bottom temperatures
reachad 24°C; however, summer maxIma were depressed at all depths due to the increased watar
volume.



By 198| average summer chiorophyl| a levels were again unger 5 ug/i. ‘Aigal diversity and
density were similer fo 1978 (before dredging), but there was a shift in species composition,
represanted by the appearance of six genera of Chrysophyceae. These were co-gominant with the
Chlorophyceae in terms of blomass. The benthic | nvertebrate community was retatively sparse
both before as well as after dredging; however, numbers and diversity were grester in 198i. The
populations of Hyalalla azteca and Pericoma sp. were down, but 0! i gochoetes, Caenls sp., and
severa} genera of chironomids responded to the improved inlake conditions. Many of these are
known to be good fish food organisms. Dredging and drawdown was a major disruption for the
rooted submergent vagetation. In 1980 species diversity was reduced to six, and the lake bottom
was Inhablted primarlly by a macrophytic algae, Chara sp. Thls Is often a ploneer species for
new habltat. By 1982 the Chara sp. was being replaced by rooted macrophytes, and the diverslty
of species had Increased somewhat. The plant community was st11} evoiving, but the existing
characteristics included: 1) growth over 75% of the lake area, 1o a depth of 3.7 m, 2) Top
{.2-1.8 m of the water column weed-free, except in the shaliow, near shore aresa, 3) jakewlde
wolghted average blomass under 100 g/m2, and 4) lower biomass over sand versus muck bottom.

The lower blomass over sand was also frue before dredging but is important because of the
greatly enlarged area of sand bottom post-treatment.

Although dredging removed the phosphorus=rich upper sediments, resulting in a major reduction 1n
most phosphorus forms {especlally sodium hydroxide extractable phosphorus), +he sediments were
st111 the most Important reservoir of phosphorus within +he lake, However, phosphorus fransport
directly into the water column was minimai, based on a combination of measurement and predictive
equation. Groundwaters furnished 46% of the water loading In 1981 but only 9% of the
phosphorus. Saveral models were used with the water and phosphorus joadings before and after
dredging to predict a chlorophylt a levei for the lake. All of the models suggested that low
chioraphy || 5Lconcen+rnf!ons would be present In the lake, correlating well with actual
measurements.,

The |ake sediments were transported via pipeline to two disposal sites. The primary site, a
modi f1ad abandoned gravel pit, was used In 1978 and 1979, eventually receiving about

- 540,000 mn> of sediment. The remainder of the sediments were placed in a low diked area on
agricultural land. This site was used in 1979 only. Changes to the groundwater systems were
monltored with observation wells at both sltes plus private drinking water welis at the gravei
pit, Parameters of interast at both sites included water levels, nltrate plus nltrite nltrogen,
ammonia nitrogen, pH, and conductivity. in addlition, chemical oxygen demand was measured at the
diked area and the following at the gravel plt site: chloride, total organlc nltrogen, total
dissolved phosphorus, total phosphorus, arsenlc, barium, cadmium, copper, lron, iead, mercury,
salenium, silver, zinc, and chromium.

The results were siml lar at each of the disposal sites. The response time for a particular well
was related to soll permeabl 11ty and distance from the diked area of gravel plt basin., The
greatest Impact was ohserved In wells located adjacent to the sites, especial ly where permeable
solls were present, impact duration was short because the |ake sediments quickly Inhibited
continued seepage of water away from the sites. In general, the surrounding groundwater systems
wers not affected significantly as a result of lake sediment disposai. In 1983 the modified
gravel pit was stl11 retalning water; however, the sediments at the diked area were landspread,
drled, and incorporated into the terrestriai solis durlng 1980-81. By {983 the area was growing
cOfNe



Laboratory, greanhouss and field studles, bagurn 'n 1980 and terminated in 1982, were set up to
determine the effects of applications ot sedinent from the lake on agricultural crops. The
laboratory studles Included a survey of segiwants irom |l other Wisconsin |akes, and the
greenhouse study Included three addlitional sediments so that chemical propertlies and plant
responses to this sediment couid be comparaed with chemical propertles and crop responses from
other sediments.

The sediment survey included analyses of the 12 sedlments for pH, total carbon, chemical oxygen
demand, loss on lgnltion, total nltrogen, ammonia nitrogen, total phosphorus, organic
phosphorus, phosphorus extracted with 0.5M sodium blcarbonats, phosphorus equilibrated in 0.01M
calcium chioride, and total zlnc, manganese, copper, cadmium and lead. A study of nltrogen and
phosphorus released ar Immobilized on incubation was also Inciuded, LIlly Lake sediment had the
nhighest pH, total carbon, chemical oxygen demand, loss on ignltion, total nitrogen and nltrogen
release on threa month's Incubation. 1t also showsd the greatest decrease In phosphorus
equilibrating In calcium chloride after incubation. The sediments showed wide ranges [n many of
the factors, particuiariy In those assoclated with pH and organic matter content.

The four sediments used In the greenhouss study were selected to glve wlde ranges in pH (5.1 to
7.7), chemical oxygen demand (3.5 to 28.7 mg/L}, total nlirogen {0.35 o 2.69 mg/L} and
carbon/phosphorus ratio (64-1420). Sedlment concenirations equlvalent fo 0, 10, 30, 90 and
270 mT/ha were established In |.53 dm> pots of Plainfleld sand and Withee siit loam. Corn was
planted and harvested affer eight weeks.

Factors jnvestigated In the greenhouse experiment Included yleld, tlssue concentrations of
nitrogen, phosphorus, potassium, calclium, magneslium, sulfur, iron, manganese, capper, zinc,
boron, and plant upteke of nlirogen, phosphorus and potassium., Statistical analyses showed
highly signlflcant differences assoclated with the soll used for all factors except yleld and
copper concentration. Differences associated wlth sediment source were significant at the 5%
level or greater for all factors except phosphorus, potassium and boron concentrations.

However, only concentrations and uptakes of nitrogen showed differences that were great enough
to be Important from a practical standpoint. The New Richmond Flowage sediment did lncrease the
zlnc concentration In the plant tissue more than the other sediments, but the concentratlion was

not excesslve.

Although there was a slzable, significant varlatlon 1n nitrogen concentration and uptake
assoclated with the different sediments, there was no effect of appiication rate beyond the
first Increment. Application rate did signlficantly affect caiclium, magnesium, sulfur and
manganese concentraticns, but except for manganese the effects were not great. For manganesa,
Increasing rates of high pH Liily Lake sediment decreased manganese concentrations in the plant
while Increasing rates of the acid Lake Tomah sedliment Increased them.

The field studles were set up on a Fox siit toam In 1980. Lilly Lake sedIment addItions
equivalent to 0, 22.4, 44.8 and 89.6 mT/ha of dry sediments were made. There were four

repl lcates In a |latin square design. Sudan grass was planted and was harvested twice. Even
though the site was an old alfalfa fleld, significant yleld and nitrogen uptake rasponses over
the control were obtalned In both harvests. There were no significant dlfferences between
different rates of sediment appilcation.



The fleld experiment of 1981 and 1982 was on a& Hebron silt loam at 2 different slte bacause
sedimant from an adJoining lagoon was spread over the original site. The same axper imental
design was used at the new site which was previcusly In pasture, and corn was grown both years.
No significant differences in yield or In nltrogen or phosphorus cohcentrations or uptakes
occurred in 1981, Graln ylelds could not be obtained in 1982 because of cow damage, but
concentrations of the following olements were determined In ear leaves at silking and in the
corn graln: nltrogen, phosphorus, potassium, calclum, magnesium, sulfur, zinc, iron, copper,
alumlnum, manganess, cobalt, arsenic, cadmlum and {ead. The only signlficant effect assoclated
with sediment addition was an Increase In +he nltrogen concentration In the graln at the highest
sediment rate.

Both the greenhouse and field results suggest that, of the factors measured, the only beneflicial
effect to crops from the appl ication of Lilly Lake sediment would be an Increase In nitrogen
avai labl | 1ty which would probably continue to be effective for a number of years. No harmful
offects of sediment application were apparent.



INTRODUCT ION

Lake aging !s a naturally occurring, continual process whlch eventualty leads ta lake extinction
(Hasler, 1947), Sediment accumulation will ultimately fIi1] In the basin and convert It Info a
dry land environment. Thousands of years would normally be required for completion of this
process; however, it can be greatly accelerated by man's activities.

A wide variety of watershed land use practices can markedly increase the sediment influx to a
|ake. Rapld infl1)ing can, howsver, be caused by autochthonous, as well as allochthonous
materials. in a lake with a smali watershed, sediment [nflux may be minimal, but nutrients can
anter via groundwaters, atmospheric deposition and/or surface runoff. Sufflicient nutrlent
loading can support dense algal populations and/or macrophyte growths, with plant residue
subsequentiy settiing to the lake bottom. As organic materlals accumulate, anaercbic conditions
develop In the sediments and bottom waters. Oue to the slower rate of anaerobic decomposition,
there 1s an accelseration In the sadiment infllling process. Decreasad water depth Is a probiem
In 1+self, and the shallower waters allow rooted vegetation fo invade a greater share of the
jake basin. Also, because of the increased oxygen demand, winter fish kiils occur with more
regularity. Lake use problems are Intens!fled throughout the process, causing severe
alterations and restrictions In recreation. Eventually, the open water areas of the lake wlll
disappear.

Li{ly Lake, Wisconsin was In an advanced stage of the aging process. Maximum depth of water was
1.B m, with up to 10.7 m of underlying organic sediments. Recreational usage was saversly
rastrlcted due o §ntense macrophyte growth over ths entire basin and winter fish kilfls. In an
effort to alleviate these problems a project was implemented In 197879 to deepen the !ake by
hydrauitc dredging. The environmental objectives [ncluded:

I. elimination of both winter and summer fish k!lls;

2. ellminatlon of about 80 percent of the dense macrophyte growih;

3. enhancement of fish habitat; and

4. enhancement of recreatlional usage, such as fishing, swimming, boating, and water skliing.

Implementation of this project presented an excellent opportunity to evaluate the Iniake
conditions befors, during, and after rehabllitation. The physicai effects of dredging are known
and the various equipment, fechnliques and costs have been reviewed (Plerce, 19700, buf |lttle
Information Is aval lsbie concerning bicchemical effects on |ake environments (U.S. EPA, 1973 and
Dunst et al., 1974). Therefore, an evaluation program was Inltiated In 1976 to determine the
impact on water quality, sediment character|stics, hydrology, and blota. Menitoring ancompassed
+wo years followlng completion of dredging activitles, extending into |982.

Rehabi | Itation projects In Wisconsin's Inland Lake Renewal program have utilized various
technlques such as aeration, dredging, drawdown, storm sewer dlversion, alum treatment, aguatic
macrophyte harvesting, Improved anlmal manure handlIng, stream bank erosion controi, and several
upland conservation methods. However, dredgling has been the primary technique. The most
serious technlcal !lmitation for this approach has been the ldent|fication of adequate, low cost
sediment disposal methods. Therefore, there is the need to establish guidelines for sediment
disposal without eavironmental damage, and, Ideally, to document beneflclial uses for the
sediments, The Liily Lake project also furnished a good opportunity to expiore thls aspect of

| ake deepening. Consequently, the evaluatlon program Inciuded the monitoring of groundwater
qual ity and quantity around both disposal sites and the sultabllity of these highlty organic
sadiments for enhancing agricultural production.
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Appl lcetion of lake sediment to agricultural land, where feasible, would have a number of
potential advantages. First, the nutrients, particularly nitrogen and phosphorus, In the
sediment would be recycled and put to good use; socond, the addition of organic marfe” to the
solls should improve soll structure and Increase water Infiltration in fine o med lum-textured
solls and increase water-holding capaclty In sandy soils; +hird, the extra water applled could
act as supplemental Irrigation in periods of avallable-water deflcits.

The amount of sediment suspension +hat could be applled might possibly be limited by the rate
and extent of niirogen mineralization from the sediment but more probably by the abiilty of the
sol| +o sccept the exira water during the pumping period. Nitrogen s mineralized fo ammon fum
and nlirate forms during the decomposition of an organic sadiment, and groundwater contemination
with nifrate in excess of 10 mg nitrogen per ifer could result 1f tha rate of mineralization
greatly exceeded the rate at which nltrogen was taken up by the crop or lost by ‘
denitrification. Therefore, fhe maximum app!lcation rate might possibly be limlted by excess lve
nltrogen aval lability as Is the case with sewage sludge {(Keeney et al., 1975).

I+ 1s unlikely fhat a crop could be grown successtully during the period of application if the
sediment were applied directly from the take. Therefore, the cost of the operation would have
to Include such crop losses. 1f a crop were grown, application rates would have to be
controiled so that anaerobic conditions were not Induced, and the permissible rates would depend
on the permeablilty of the soil and effects of surface deposits on the plants. in any case,
appl ication rates would have to be matched to soll parmeabl | ity so that surface runoff does not
become a problem. Possible effacts of the applled sediment on plugging soll pores and lowering
inflltration rates would have fo be determined to arrive at an acceptable rate of appllcation.

There is |ittle information avallable in the |iterature on the effects of |ske sediments on sol |
properties and nuirlent uptake by plants. Konrad et at. (1970) analyzed sediments of lakes
Mendota and LaBeile and found the carbon:nltrogen ratlios to be In the range of & 1o 12, and
aval|able forms of nlfrogen quite high and Increasing with deoth. Keensey et al. (1970} found
+he avallable nitrogen to be higher In sediments from eutrophlc than oligotrophic lakss. These
studles suggest that the lake sediments would be a good sustained source of nlfrogen for crops.

The potentlal avaliabliity of phosphorus: In sediments is much less certain than In the case of
nldrogen. Wildung et al. (1974) found that sediments from three lakes In Oregon contained from
about 600 to 1000 mg/L of total phosphorus wlth about half belng inorganic and half organic,
Under the aerobic condlitions at the sol! surface, the lnorganic forms would probably be
relatively unavallable. The carbon:phosphorus ratios of 160 +o 200 reported by Wlldung et al.
(1974) wouid suggest a possibie temporary [mmobllization of phospharus by microorganisms durlng
the decomposition process, and thus possibly a need for applylng additianal fertillzer
phosphorus for good crop growth. The possible deficlency of phosphorus Is not surprising,
consldering the fact that phosphorus Is the elemont most often |imlting aigee growth in natural
waters (Schindler, 1977).

The entire evaluation effort was supported largely through EPA Grant No. REOAB75, with sampling
and Interpretive activities performed by the Wisconsin Depariment of Natursl Resources and the

University of Wisconsin.
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The evaluation praject encompassed three catagorjes of Interest = intake conditions, sediment
dispasal, and usage of the sediments as a sgl| acgitive. Tie major objecTives reflect these
concerns:

1) to determine The degree of environmental dlsturbance caused by dredge operation in the {ake,

2) 1o document the alterations in water quatity, hydralogy, sadiments, and blota resuiting from
the deepened 1ake,

3) +o measure the magnitude and duration of Impact on groundwates levels and quality ﬁear The
sedlment dlsposal sites. Drinklng water qual fty was also monitored In private wells near
the major disposal site,

4) +o compare the etfects of applying sediments from Lilly Lake and |1 other Wiscansin |akes on
sol| propertles and crop responses under |aboratory and greenhouse conditlions, and

5 tfo defermlne'fhe agrlcut+qra| crop responsa to the usage of Lilily Lake sed[ments as 2 soll
additive under fleid condlitliens. .

PROJECT DESCRIPTION

Lilly Lake 1s & natural, seepage lake located In southeastern Wisconsin possessing no surface
inlets or outlets. The lake covers 37 ha and in 1977 had a mean depth of 1.4 m. Max imum water
depth was 1.8 m, with up fo 10.7 m of under |ylAg organic sediments. The water content of the -
sediments ranged from 90 fo 98 percent (Table 3. The iake bottom and water column were most|y
f1lled with dense, rooted macrophytlc grawth. Winter fish kills were common, and recreational
opportunlties were severely restricted. Some fishing, boating, and swimming activities were
possible In |imlted areas, buf the recreational value was considered of poor quaility.

TABLE |: Water Content of the Sediments; September, 1977 {4 locations)

Dapth info Sediments Percent Water
|.5 meters 96,4 - 97.6
3.7 meters 95.7 - 96.9
6.1 meters 90.6 -~ 95.2

Prior to the 1930s {i+tle development had ‘taken place around LL1ily Lake, although 1t provided
some fishing, swimming, boatling, and lce for lce boxes. In the 1930s the north shore and
ad]acent areas were developed, malnly for summer cottages. About that time a modest

dragi Ine~type dredglng project was also completed to remove roughly 1230 m> of material for
creation of a public beach, Spolls were deposited adjacent to ‘the shore, with houses now
locatad on this area. Res!dentlal development continued and at least two dl fferent lake
assoclations snnually cut woeds using thelr own woad cuiters. Removal of the weeds that floated
o shore was taken care of by the |aketfront property owners. in the 1960s a weed harvesting
program was adopted for the antire iake, and two aerators were operated each winter in an
attempt to prevent the ftish kliis. Generally this operation was successful.



Prior to the 1970s, The Wisconsin Conservation Department conducted a fish management program on
the laske including +otal f1sh eradication fol lowad by restocking of desirabie species; howaver,
+he beneficial Impact of thls affart was temporary due fo the existing poor habttat. Then in
1974, the Liily Lake Restoration District was tormed by town resolution atter advisory petitiaons
and public hearings {ndlcated more than 50f of the residents and property owners deslired such &
dlstrict. This lead to the development and implementation of a lake despening project to
permanentiy alter and improve +he habitat and recreational usabll ity of fhe lake.

The project was designed to remove 683,900 m> of sediment, Increasing the maximum depth to

6.6 m. Two disposal sltes were used during the dredgling operation = a modified gravel pit about
3.0 km from the lake (plus a 27 m rise in elevation) and a |5 ha area of farmland approximately
0.5 km from the lake. Six shallow (about 1.2-1.8 m depth) settiing basins were constructed on
roughly 15 ha by scraping topsoli Into low dlkes. Spray irrigation of the sediments was aiso
attenpted, albelt unsuccessful ly, on the formland. A project location map [s given 1n Figure |.

Dredging began on July 17, 1978, with a 30 cm cutterhead, hydraulic suction dredge and cont i nued
untl| October 26 at which time the aquipment was shut down for the winter. In 1978, sadiment
removal was concentrated near +he lake center to attain the desired maximum depth. The material
had been expected fo siough toward the axcavation, resulting in iittle need for dredge
movement. Also, the sediment was primariiy water, and It was expected to pump jike water
without requiring much additional carriage water. These assumptions |ater proved incorrect.

The |1ght-welght nature of the sediments (density of |.02) and their cohesiveness prevented
sloughing. As a result only about 382,400 m> were Taken out in 1978 along with 415,700 m>

of lake water. These were primarliy deposited in the gravel plt site.

The remaining sadiment was removed petween May | and August 28, 1979. Dredging operations
started on the east shore in order fo clean the shoreline reglon while |ake leveis were still
high. The south shore was dredged next. Both of these reglions contalned muck underlain mostly
by sand with a very gradusal siope. Gleaning was then begun on the west side. This was an oasy
area to operate in because +he underiying sand sloped sharply and the desired 3.0m water depth
was achlevable relatively close to shore. The north shore was lett untii last and was difficuit
+o clean due to the lower water level by that time. A pocket of muck about 30 m wide and 90 m
long had to be loft because |t was not possible o get to IT. Both disposal sites were heavlly
utitized tn 1979, The lake's depth contour and depth-volume relationshlp before and after '
dredging are glven in Figure 2 and Tabie 2, respectively.

TABLE 2: Depth - Water Storage Ralationship Before and After Dredglng; Lilty L.ake

Before After
Dapth Area Water Area Water

{m) (ha) Storage (m?) {ha) Storage (md)
0 37 532,300 37 1,216,200
0.6 32 320,500 35 995,800
1.2 29 132,200 33 787,100
1.8 14 0 3 590,000
2.4 30 403,700
3.0 28 228,600
3.6 9 145,700
4.2 6 70,900
4.8 5 40,300
5.4 4 15,400
6.0 i 2,300
6.6 | 0
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The gravel plt was origlnally an axcavaTion [nTo the hiliside, resuiting in a steep incline on
throe sides and a flat exit area on she fourth side. The eartn fiil dams were constructed in
the late spring of 1978 using existing soli from tne gravel pit area. A schematic of the area
is shown In Figure 3, Basin | (the .pper sne) was estabilshec with a copacity of 370,000 e
while Basin i1 was glven 145,000 w3, Basin | was bullt with a depth of almost 9 m. Basin [
has a maximum depth of about 7 m. The water jeval difference between Basin | and 11 was 5 m and
the drop from Basin |1 to the Fox River was approximately {i m. The groundwater gradients from
the basin's water level down to the river were much steeper than the usual regional groundwater
gradient. Approximately 540,000 m? of jake sediment was daposited in the gravel plt area,

with Basin | filied before usage of Basin I,

The secondary dlsposal site consisted of six Individual cells constructed using topsoi| and
mineral subsoll located onsite. A schematic [s shown In Figure 4 and the cell characteristics
are gliven In Table 3. Cell 3 had the |argest volume at 52, 340 m3, while cell 5 was the

smal lest at 10,490 m>. The deepest basin was call 5 at 1.52 m followed by cells 1, 3, and 4
at 1.22 m and celis 2 and 6 at 0.91 m, Approximately 140,000 m? of lake sediment was
deposited In the diked area. A rotational procedure was used, with sediment pumped [nto each
cell untll 1T was filled to capacity. The discharge was then directed Into the next coll.
After the sediment had sattied, the overiying water was dralned, ftherebdy allowing the ceils to
he at least partially reused through several rotations. Later, after campletion of the lake
dredging activity, the sediments at This site were dried and Incorporated into +he topsoli. The
flelds wers put back into agriculturat production, growing a corn ¢rop, in 1981.

TABLE 3: Basic Characteristics of the Diked Area

CELLS
{ 2 3 4 5 6 TOTAL

Area

ha 2.95 .34 4,29 1.27 0.69 1.46 12.0

ac 7.3 3.3 10.6 3.2 1.7 3.6 29.7
Top Elevation

m 30.8 32.0 32.6 33.2 32,0 32,3 (-

ft i¢1.6 105.0 i07.0 109.0 105.0 106.0 -
Max. Water Level
Eievation

m 30.5 31.7 32.3 32.9 3.7 32.0 -

f+ 100.0 104.,0 106.0 108.0 i04.0 105.0 -
Depth

m 1.22 0.9l 1.22 1.22 1.52 0.91 -

t+ 4.0 3.0 4.0 40 5.0 3.0 -
Vo lume

m> 35,990 12,190 52,340 15,800 10,490 13,290 140,100

Ac-t+ 29.2 9.9 42,4 2.8 8.5 10.8 113.6

-l -
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SITE DESCRIPTION

Topography {see Flgure 1)

Lilly Lake is located In the Town of Wheatland, Kenosha County, Wisconsin. I+ occupies &
kettie~|1ka depression In a topographically high area between the dralnage basins of Paimer
Creek, to the north and west, and Bassett Creek, to the south and east of the lake, Both of the
streams flow northeasterly Into the Fox River. The lake |s at an ejevation of 230.4 m above
mean sea level, Hills to the north and southwest of the fake rise from 21.3 to 30.5 m above the
lake. The flcodplains of Palmer and Bassett creeks are at approximately an elevation of 228.6 m
mean sea level. The terraln 1s gently rolling and Irregular.

The gravel plt area was located In the NW 1/4 of the SE |/4, Section I8, Township of Salem (TiN,
R20E), Kenosha County, Wisconsin. It was constructed 3 km southeast ot Lilly Lake. Local
topographical rellef In the area was i7 m on a ridge above the Fox River.

The diked area was locsted on parts of the Olson and Topczewskl farms. It was constructed on
IS5 ha of land, 0.5 km southeast of Lllly Lake. Local fopographical rellef in the area was 3.6m
on an outwash bench above Bassetft Creek.

Geology

Lilly Lake iles on the Niagera upland of the eastern ridge and lowland province of Wisconsin.
The area |s underlain by dolomific llImestone and was covered by the Lake Michigan iobe of the
Wisconsin glacial stags, which 1s primarily responsible for the surface deposits (Aiden, 19i8).
The leke tles In an areas of pifted outwash near one of the terminal moraines, Prio~ to
dredglng, sand predominated along 65% of the shorellne, gravel and rubble covered 6%, and soff
sadiments covered 29%. Sand and grave! usually dominated along wave-washed shores, but finer
sediments appeared beyond a depth of about 0.5 m, The entire lake center was composed of mucky
sediments. In 1977 a sediment core was taken and analyzed by Battelle Lsboratories (Richland,
Washington) for 210 lead content. The results Indicated that the surface sediments (upper | m
noter) were belng deposited at a rate of 0.3 em/yr. :

Bedrock under the gravel pit slte ts a Sllurian age dolomite. Prior to gravel removal,
approximately 50 m of unconsoi ldated glacial deposits made up the aquifers and parent material
for the topsol!l at the slte. Some 14 m of gravel were removed between {955 and 197l. Both
jce-contact and outwash deposits in the northwest one half and southeast one half of the sitse,
respectively, have been ldentified by Hutchinson (1970). Both deposits are characterized as
having high permeabllity. lce-contact deposits are composed of coarse gravel, boulders, sand
and some sllts which are falr to well sorted and may contain large masses of low permeabil ity
material., Outwash, sometimes covered by alluvium, is well sorted sands and fine gravel in
nea-ly horlzontal beds. The fogs of sIx soll borings taken in the gravei plt prior to dam
buliding show a sand and gravel layer over sil|t and clay with sand and gravel agaln under the

clay.

Bedrock Is approximately 34 m under the unconsolidated glaclal deposits which make up the
aquifers and parent materlal for the topsoll at the diked area. Both outwash and Ice-contact
depos!ts have also been [dentified 1n the area by Hutchlason (1970). The boring logs of the six
observation wells are shown In a fence diagram in Flgure 5.

- 14 =
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———— Groundwater fiow direction
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“—x— Unimown boundary locgtion
Detwesn il fypes

FIGURE 5. Fence Diagram of the Well Logs Around the Diked Area
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The Lilly Lake watershed is prosently 155 ha In slze. The drainage pattern is somowhat
jrregular, showling [nfluences of recent erosional actIvity. The soils In the area are Miami
loam, Miaml fine sandy loam, Rodman gravelly loom, peat, Fox siit loam, Fox loam, Miaml siit
{oam and Clyde s! i+ loam.

The topsoll was removed over the grave! plt aresa, but the undlsturbed solis near the gravel pif
glve some useful Information. Miami loam |s the primary soll type +o the north and upiand of
the pit. T is 8 well drained soll which formed from a siit mantle over loamy glaclal tili.
The soll types which are south and east and generally downhli} of the Miaml jocam are the
Casco-Miaml |cams, Fox siit loams and Fox loams. These solis formed on an outwash sand and
gravel. They are well drained soils. ‘Other soll types In the adjacent areas, Include Hebron
sandy loam, Navan slit loam and saylesville silt | oam.

Hebron loam Is the primary soll type In the diked area. It Is 2 loamy, well drained soil which
developed from outwash material under lain by laminated |acustrine s|i+s and clays on the flat
sections of old jake beds. Other +ypos In the diked area are Matherton loam, Fox ioam, and
Navan silf loam.

A comprehensive description of the d1strlbution and characteristics of these sol| types can be
found in USDA, SCS (1970,

Preciplfa+lon/Groundwafer

Rainfall amounts were estimated for the project area using the average of four nearby U.S.

Weather Statlons: Burl i ngton, Unlon Grove, and Lake Geneva, Wlsconsin; and Antioch, {ilinols

(Table 4). During the flve year period 1977 through 1981, 1978 had the highest annual
precipitation (106.53 cm), Based on these stations, 1977 and 1981 had precipitation below the
| ong~term average te.g. 85.55 cm, i952-81), However, onsite monitoring at Lilly Lake in 198l
Indicated precipltation of about 86.5 com, suggesting that {G77 was the oniy beiow normal year.

Lilly Lake has no permanent surface Inlets or outlets, although historical dralnage patferns
have been dramatical ly di{ferant. The regional movement of groundwater is northeast toward the
Fox River, roughly paral leling +he surface dralnage. Test we!ls have indlcated that local
groundwater dl scharge from Lilly Lake fraveis to the southeast toward Basseft Creek, with
groundwater entering the iake from the south, west and north,

Groundwater flow patterns near the gravel p!t run from the west and south, a groundwater
recharge zone, To +he oast, & groundwater discharge zone (Hutchlnson, 1970). The rate of water
table drop across the grave! pit ared is estimated To be about | m per 260 m. Groundwater flow
patterns near +he dlked area also run from the south and west to the north and east (Hutchlnson,
1970). Soli permeabl i1ty tests were done on four wells using & siug test method (Bouwer,

|578). Hydraullc conductlvities of 0.16 x 1074, 0.65 x 1075, 0.22 x 1074 and 0.13 x

10'5 cm/sec were determined for we!lls D2 through Ds, respectively. Woll D4 was the most
permeabie while well D5 was the least permeablie of the four wells tested. The soll boring data
and field observations during sampling indicated that wells Dl and D6 had targer permeabliities

than well D4,
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TABLE 4: Average Precipltation for the General Liliy Lake Froject Ares, 1977-198{%*

YEAR MEAN
MONTH 1977 1978 19879 1580 1981 {1952-1981)
January 1.96 4.58 7.4% 3,02 0.28 3.86
February 1.37 0.84 2.69 2.44 5.14 3.07
March 10.77 2.06 9.68 .95 175 6.07
Aprit 5.18 8.99 14,93 10.29 12,17 9.17
May 5.16 1.72 4,22 5.05 1.0 71.67
June 11.48 i5.16 1.7} 12.19 9.80 16.72
July 9.45 22,68 4.88 16.15 8.56 10.80
August 12.42 19.00 25,30 I5.3% 14.53 3.96
September 8.10 10,72 0,20 14.73 9.75 8.15
October 6.63 4.04 4.60 3.99 5.33 5.92
November 6.12 5,33 7.31 3.12 4.50 5.44
Docember  5.74 541 465 B3 2.8 472
YEAR 84.38 106.53 97.66 96.60%* 8].07** 85.55

*Average precipltation In centimeters calculated from Burlington, Lake Geneva, and Union Grove,
Wisconsin and Antloch, [llinois.

#¥pracipltation was monltored at a site on the south side of Lilly Lake durlng April-October,
[980 and 1981. These measurements [ndlcated that about 92.7 and 86,5 cm fell In the first and

secand year, respectively.
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METHODS

inlake Conditions

sampl ing began for some parameters in Juiy 1976; however, a comprehensive effort was not
Inl+1ated untii the spring of 1977. As monltoring objectives were achleved, sampling for that
particular parameter was discontinued with all sampiing torminated In 1982, Unless indicated
otherwise, inlake sampliing was performed at |-2 m depth intervals every -4 weeks throughout the

yeor at a central locatlon.

plssolved oxygen (D.0.) and temperature measurements were taken by the Winkler method and with
an slectronic thermlstor thermometer, respectively. Sampling was conducted throughout the
project period at the central location, with additional sites used during some winters.

The toliowlng chemical parameters wers monitored in the lake throughout the year: biologlcal
oxygen demand (B.0.D.; 5 day), furbidity, soluble reactive phosphorus {SRP}, total dissolved '
phosphorus (TDP), total phosphorus (TP), nitrite/nl trate aitrogen {NOo/NOx~N) , ammon| a
nltrogen (NHa-N), organic nitfrogen (TON), conductivity (Sp. C), pH, and total alkatinity
(TA). Additional paramefers measured on a quarterly basis were calclum (Ca), magnesium (Mg},
sodium {Na), potasstum (K), chioride (cly, and sul fate (SOg). B.0.D. sampies were i ncubated
tor 5 days at 20°C without [nocuiation; all other chemlcal analyses were performed by the
Wisconsin State Laboratory of Hygiene (SLOH) using approved procedures (Y.S. EPA, 1979).

Algal population characteristlcs were determined 1n terms of chiorophyl | &, water clarity,
species composition and enumeration, bjovoiume, and productivity. sampl ing was |imited to the
period of optimal growth, May through October. Water clarity was noted using a 20 cm diameter
white Secchi disk. Chlorophy | jlsamples were kept in a cool, dark container and processed the
followlng day. Productivity was determined by the light and dark bottle, D.0. method, with
suspension from npoon to 6 P.M. The results were converted Into mg ¢/m3/day as per Megard
(1972), Inlake D.O. levels were aiso measured at the start and end of the suspension period In
order to assess the impact of the algae on the net change observed In the water column. Whole
water samples were removed from the O=1 m depth and preserved with acidic Lugol's sofution untll
the +ime of analysis for specles cpmposlflon, enumeration, and biovolume. Biovelume was
determined by approximating the geomeiric forms of indlvidual plankters and applylng the
astimated volume Yo coll counts. Specles composition was estimated using the Utermohl technique
(Lund et al., |1958) with an Inverted phase contrast microscope. A minlmum of 100 cells of the
most dominant organism were counted. Phytoplankton organlsms were ldentlitled to the iowest
prac*lcai t+axonomlc division. Taexonomic keys used Inciuded Hustedt (1930}, Huber-Pestalozzl -
(1938), Skuja (1548}, snith (1950}, Prescott (1962), Patrick and Relmer (1966 and 1975}, and

weber (19713,

Zoop}ankton sampling consisted of a single, vertical tow from the 2 m depth (1.8 m prior fo
dredging). A #20 mesh cone net was used during May through October and t[fted at a rate of
0.3 m/sec. The samples were preserved in 5¢ formalin until specles identification and

“snumeration, One percent of the total sampie was counted using a Sedgwlck=Rafter cell and

compound mlcroscops. Taxonomic keys Included Bracks (1957), Deevy and Deavy (1971), Brandlova
5&:31: {1972), Yeatman {1959}, Torke {1976), and Smith and Fernando (1978).
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Benthlc Invertebrates were col lected with an Eckman dredge In April. Zignt sanoles (0.25 me
each) were taken each year, four near shors over sand bottom in water 0-0.5 = ieep and four
ot fshore over organlc sediments In water 1.5-3 m deep. The Inverteprartes war2 separated from
the sediments with a #90 mesh sleve and preserved I[n 5% formalin untll anslysis. Hi | senhoff
(1975) and Pennak (1953) were used for taxcnomic {dentifications.

Flsh analyses were |[mited to determlination of specles cemposition and age~-growth for the
primary species. This effort was simplifled by the severe winter fish kllis In 1976-77 and
1977-78. Immediately after ice—out dead fish were identlfied, enumerated, and meoasured to
develop a length-frequency relationship. Scale samples were collected from the primary species
and the age—growth relationship was established by the methodology of Lagler {1961}, Specles
ident|fications were made according to Hubbs and Lagler {1958).

Aquatic macrophytes were sampled biweskly, May through September. Ten 0.1 m? whole plant
blomass samples were removed from each area of Interest, Prior to dradging there were

|0 areas - four at the 0 to 0.9 m depth, four at the 0.5 to 1.5 m depth, and two at maximum
depth., Affer dredging addltional sampl Ing was conducted at the 3 m depth. Aftter removai, the
samples were placed in plastic bags, brought back o the laboratory, ccoled overnight, and
processed fThe next day. The samples were separated according to Individual specles using the
t+axonomic ciassifications of Fassett (1960) and Voss (1972). Drylng was accaompl shed atf 105°
¢. Phosphorus tissue content was determined monthly for the major species. Analysas were
conducted by the Unlversity of Wisconsin Soll and Plant Analysis Laboratory as per procedures
described In Jacksan (1998} .

€] ghteen observation wells were establlshed around the lake (Flgure 6). Water lovels were
monitored monthly using a Johnson wel| !ight attached to a steel tape cal lbrated 1n 0.3 cm
intervals {an alternative was to use water level indlcator paste on the tape). Water leveis
wera also noted on The same days at a staff gauge installed In the lake.

‘Every | to 3 months water samples were taken from the wells located near the |akeshore. Thls
was done with a tygon tube or plastic garden hose attached to a "Guzzler™ pump. Each well was
pumped to remove +he equivaient of about three volumes of water, o untli the woll went dry
whichever occurred first. As soon as the weil refllled, a sample was collected \n a plastlc
bottle pre-rinsed with groundwater. Chemical analyses were conducted at SLOH.

Nine seepage meters were emplaced abou¥ equidistant around the shorel ine in water depths of 0.1
+o 0.5 m. These were constructed and installed as per Lee (1977). The seepage mefers were
|ocated at a particular slte for the entire study, and water was allowed to pass in or out of
the meter between samplings. Monltoring was undertaken at | +o 4 week intervals during the open
water perlod, Plastic bags containing 0 o 800 mi of water, and having a total capaclty of
about 1500 ml, were affixed to each seepage meter. After 4 to 6 hours, the plastic bags were
removed and the change In water volume noted.

A record of precipitation at the project site was obtalned primarily by averaging the records

. from four nearby U.S. ci imatologlcal Stations; however, measurements were +aken by an onsite
cooperator for part of the study pericd. Due t+o watershed characteristics, storm evants rarety
produced channel 1zed flow Into the lake; therefora, runoff sampiing was {imlted to perlodic

col lections with analyses at SLOH for nitrogen (N) and phosphorus (P) forms.
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FIGURE 6. Location of Groundwater Monitoring Wells - Lilly Lake
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{n 1978 a Barton Differential Pressure Recorder was placed on the dredge plpeline to measurse the
amount of water and sediment leaving the lake. The Bartan recorded nead losses over a 3 m
section of the plpeline. Head losses were then convertag to tlow using +he Manning and
Hazen-Wi11lems equations and frictlon coefficlonts suppiled oY the plpeline manufacturer (iTT
Barton, Monterey Park, Callfornia). Once the voilume lsaving the lake through the pipal lne was
known, a relationship was estab|Ished between the volume and the number of hours of dredge
operation.

Four opaque sediment oxygen demand (SOD) chambers were used Yo determine the N and P release
rates. These chambers were sim!jar to those used by Sonzogni et al. (1977). in (977 they were
Instal led at mid-iake in July and sampled 2-4 times per month through October. Only two
chambers were used in {980 and 1981, and these were placed at the 3 m depth. Each chamber
coverad 0.96 w2 of take bottom and contalned 0,44 mo of water. The chamber Top was 46 cm
above the sedlment surface. The chambers were sampled with a 500 ml stainiess steai syringe,
with collectlons from 10 and 43 cm below the top of the chamber. Analyses were routinely

per formed for p and N forms by SLOH. Manganase (Mn), irom (Fe), pH, D.0., and pacteria levels
were also noted periodically.

A plston corer was used to determine P and N profites In the sediments and Interstitial waters.
A | m core was collected in June, 1978 and every 2 to 4 weeks during May through September in
1980 and 1981, Analyses were conducted for the foilowing depth intervals: 0 = 7.6 cm,

7.6 - 15,2 em, 15.2 - 22.9 cm, 22.9 - 30.5 cm, 60 - 70 om, and 90 - 100 cm. In coltecting the
interstitial waters, sediment contact with alr was minimlzed by using a 50 mi syringe to remove
the saedlments from +he deslred depth within the piston corer and transferring them directly Into
a cenir|fuge tube. in 1978 the Interstitial waters were extracted by centrifuge and filtered at
lakeside. in later years the tubes were covered, kept in a cool, dark container, and
{ransported to the iaboratory for processing further. SLOH examined the samples fof NH4-N,
NOZ/NO:;-N, and SRP and/or TOP. A portable meter was used to measure pH in the field.

in additlon, sediment samples were taken from the plston corer, placed directly Into plastic
bags, and dried on 23 om diameter watch glasses at 60°C In the |aboratory. Bulk chemical
analyses were conducted by the University of Wisconsln Soll and Piant Analysls L aboratory as per
Jackson {1958}, This was alsa performed on sediment samples t+aken from the 1.9 m, 3,.0m, 4,6 n,
6.} m, 7.6 m, and 8.5 m depths In February, 1977. Phosphorus mobliity was also measured In a
separate sodiment subsample using the sodium hydroxide (NsOH~P) and hydrochioric acid (HCI-P)
extraction procedures as described in Peterson and Corey (1966). The extractions were per formed
at the University of wisconsin Solls Department {aboratory, with analyses of the resultant wafer
conducted by SLOH. '

Lake water depth mapping was parformed before and after dredging using a |aser-oparated EDM.
Measurements were faken at about 75 sites distributed throughout the lake basin. Hydrographic
maps were prepared from this Information by axper lenced personnel In the gureay of Englneering,
Wisconsin Department of Naturai Resources.

sediment Disposal

El ght observation wells were Instalied In the spring of 1978 to supplement the one existing well
at the gravel pit (Figure 7). Six of the wells were piezometric nests of two wells each

(sltes G1-G3) with one screen instalied 3.4 to 4.8 m deepe’ +han the other {(Table %), At the
diked area, sIx observation wells were Instailed in iate Apridl, 1979 to measure the lmpact of
sediment disposal at that site (see Flgure 4). {n both cases the wells were establ Ished by
using a fruck-mounted arllt rlg. Galvanized steel pipe with a dlameter of 3.2 cm was used. The
wall screens were 0.9 m drive polnts. well fops projected above the land surface from 0.3 to
1.2 m, Each well was backfilied with driil cuttings, and 2 pentonite seal was placed at the
land surface. The weil plpes were capped with 2 threaded cap which had a hole in the side to

allow for air exchange.
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TABLE 5: Locatlion and Depth of Groundwater Observation Wells - Gravel Pit*

Approximate DIstance ' Depth of
wWell Number From Basin Meters Well (Meters)
Gl 1 el 9.0
GIA I 91 3.8
G2 N 47 7.3
G2A 11 47 _ 10,7
G3 il 64 9.0
G3A I . 64 13.7
5 | . 46 15.6
G6 i 343 8.0
G7 ! 76 26.8

#a 0.91 m well polnt screen was used for wells Gi-G5. Wel| G7 was an exlisting well; the length
of Its screen s unknown.

The foliowing procedure was used when sampling observation welis. Flrst, the water level was
measured by lowering @ Johnson well light attached to a steel tape cal Ibrated in 0.3 cm
Intervals (an aiternative method was to use water jevel| indicator paste on the tape). Then, the
well was pumped to remove the equivatent of about three volumes of water, or untll the well weat
dry depending on which occurred first. This was done with a fygon tube or plastic garden hose
attached 1o & nGuzzier" pump. As sSOON as the well refliled, a water sample was collected In &
acld washed, MILLQ (d1stilted) water rinsed bottle provided by SLOH. The piastic bottle was
rinsed with 50~100 ml al lquot of groundwater before 2 water sampie was retained for analysis.
Analyses generally done In the fleld were pH and Sp. C. Al{ other chemlca! enalyses were done
in the laboratory by SLOH.

In addition to the observation wells, water samples were coltected from nine houses located near
the gravel pit (Flgure g). Thelr distances from the gravel plt and depths ranged from 76 to
350 m and t5 to 91 m, respactively (Table 6). The water from these wells was sampled from o
faucet as near as possible to the groundwater source. in some wells this was af outslde

faucet. The faucet was allowed to run for five to ten minutes prior to taking +he sample.

in the summer of 1978, six samples were collected from the sadiments deposited In the gravel pif

site. The sampies {Inciuding pore waters) were analyzed for percent solids, N forms, and pH
according to the procedures and methods described in the {nlake Condition section.

ganeficlal Uses

The study included three major components: (i) a survey of several chemlcal propertles for 12
sadiments from |&kes +hroughout Wisconsinj (2) a greenhouse study comparing the effects of
d1tterent rates of four |ake sediments on ylield and chemical composition of corn plants; and
(3) fleid studies to determine the effects of dlfferent rates of sediment from LIily Lake In
Kenosha Counfy on yield and chemical composition of corn.
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TABLE 6: Location and Depth of Private Home wells - Gravel| Flt

Approximate Distance Depth of
Wel | Number from Basin ! (Meters) well (Moters)
l 168 Shallow (depth unknown)
2 189 15
3 244 26
4 189 gl
5 189 50
6 360 15
7 i68 . Deop (depth unknown)
8 94 (depth unknown)
9 76 A7

A.

Sediment Survey

samples for the sediment survey were collected by personnel from the Wisconsin Dapartment of
Natural Resources; these ssamples were stored In a frozen condltion. The lake names and
thelr corresponding counties are: Comus, Walworth Co.; Half-doon, Bayfield Co.; Leota, Rock
Co.; Lilly, Kenosha Co.; Lilys Marathon Co.; New Rl chmond, St. Crolx Co.j North Ash, Poik
Co.; Pigeon, Waupaca Co.; Pine, Forest Co.; Rlb, Taylor Co.; Tomah, Monroe Co.; and Wilson,
Waushara Co. These sediment .samples were {ater thawed and alr-dried. They were then ground
and passed through a 0,64 cm screen. Subsamp!es taken from each |ake sediment were ground,
passed through a 2 mm screen and stored for chemical analyses. All sediments were analyzed
for pH, totai carbon {C), chemical oxygen demand (COD}, loss on jgnition, total N, MNHg-N,
NO3-N, 1P, organic P, P extracted with 0.5M sodjum bicarbonate (NaHCO3), P oqul | lbrated

in 0.01M calelum chiorlde (CaCla), and total zinc (Zn}, Mn, coppetr (Cu), cadmium (Cdl, and
jead (Pb). The sediments were also incubated for a total of 6.5 months at approximate fleld
moisture capacity and room temperature to determine changes in mineral N and CaCly— and
Na!-lCO;-exfrac‘i'able P.

Sediment pH was determined on a 7.5:10 sediment to solution ratio in a 0.0IM CaCly
extract., Welight loss on lgnition was determined by the percent wel ght change of oven-dried
sedIments when heated for two hours at 900°C. COD was datermined as outlined by Water
Standard Methods (Am. Publlc Heaith AssoC., |975), except that a | g sed!ment sample plus
20 ml of water was used In place of the 20 ml water sample. Total C was aestimated by the
walkley-Biack wet combustion method. Schutte (1980) outlines the procedure whjch uses one
volume IN potassium chromate (KCrOp) with Two volumes sulfurlc acid (HpS04) mixed

‘with sediment sampie. Excess Cra07* is determined by titration with a standard

tarric sulfate {Fa$04) solution, Total P In sediments was extracted by a

nltric=perchloric digestion method, Organic P In sediments was estimated by subtracting the
inorganic P from the total P (Mehta ef al., 1954) . Concentration of P was determined by the
method outl ined by Murphy and Riley (19623, Total N was determined by the seml-micro
KJaldahl method, and NO3~N + NHg-N and avajlabte plant nutrients were determined by

methods outlined by Liegel ot al. (1980). Trace elements in sediments as weli as In plent
t1ssue were determined using induct |vel y=Coupled Plasma (ICP) emission spectroscopy
following 2 nitric-perchioric actd digestion.
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The Incubation study began on July 23, 1980. Seventy grams of sach lake sediment was mixed
with sillca sand to a total moist velume of 500 em> (this was egulvatent o the high rate
In the gresnhouse study, 270 mT/ha). The sediment mixtures were then leacrad with 0.0iM
CaCl, and flitered under suction through a Buchner funnel with No, 42 Whetman tiiter paper
unti| the leachate stopped flowing. Sediment mixtures were then transterred to plastlc bags
and sealed wlth rubberbands. The mol sture content was maintained at this jevel throughout
the study, and the temperature was that of the laboratory, ranging from 18-25°C.

Sadiment mixtures were sampied at the start and on October 26, 1960, Janusry 28, 198| and
May 8, 1981. Samples were analyzed for soil solution P by oquiilbrating with 0.01M CaClz
(Kamprath and Watson, 1980). Surface P was determined by a 0.5M NaHCOsx extraction (Olsen
et al., 1954}, Concenirations of P were dotermined by the method of Murphy and Rlley
(1962). The pH of sediment mixtures was determined by equiiibrating 4.7 cm® of sample
with 10 ml of 0.0IM CaCliz. The analysls of NO3-N + NH4-N in sediment mixtures was
performed by methods out!ined by Liegel fﬂlfﬂ: (1980).

Greenhouse Study

The two solls used In the greerhouse experiment were Withee siif loam (Aeric Glossaqualf)
and Plalnfleld sand {Typle Udlpsamment) . Solls were spread, dried and steved through a
0.64 cm screen.

Four alr-dried sediments wei'e used In the greenhouse experiment. The sediments were
selected to give a range In organic matter, pH, N content and C/P ratio. Sediments from
Lilly Lake in Kenosha County and Lily Lake in Marathon County were ground and passed through
a 0.64 cm screen. -Sediments from New Richmond and Tomah lakes (St. Croix and Monroe
counties, respectively) contalned less organic maiter and could be passed through 2 2 mm
screen, These sediments were mixed with sach of the two soils atf four rates equivalent to
10, 30, 90 and 270 mT of sediment per ha, o 7.5, 22.%, 67.5, and 202.5 g per j.5 dm>.

The sediment-soll mixtures were spl 1T into four repiicates and placed Into four separate
pots each having a final volume of .5 dm?. Each pot recelved 50 mg K/dw as potassium
chioride (KCi). The pots with Plainfleld sand recelved 1.2 g caiclum carbonate (CaC03)
per dm® to ralse the pH of the soil. in addltlon to the above, the tertilized controis
recelved 50 mg N/dm> as ammonium nltrate (NHgNO3) and 25 mg sul fur (S} per dm? as

calcium sulfate (CaSOg). The unfertilized control recaived 30 mg K/dm3 as KCI.

The fleld molsture capaclty of the sediment soil mixtures was determined by pourling an
amount of water Into a soii-sedlment column that was not enough to wet all of the soil. The
percent molsture in the wetted portion of the sof| after 24 hours was taken as +he fleid
capaclty of that sed!ment~goll mixture.

All pats were watered to #leld moisture capacity and incubated for 17 days before planting.
The pots were sown fo corn (Zea mays, variety Blaney '606') at eight seeds per pot. Two
wooks after planting, the pots were thinned to four plants per pot.

Two weeks after emergence, chlorotle +issue, Indicating N deticiencles, was first cbhserved
on the unfertiilzed control In the Plainfield sand. Nitrogen detlclencles were aiso noted
on plants [n the second rate of L111ly Lake-Kenosha (WIthee sil+) and L1ly Lake-Marathon
tourth rate (Plalnfield sand). Phosphorus deflclencles were observed with all sediments but
were most pronounced among the high rates of Liily {oke-Kenosha and L1ly t ake-Marathon
sediments.
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After elght weeks of growth, the plants were harvested 2.54 cm above the soll surface,
rinsed with distl|led water, dried at 60°C and ground In 2 stainlaess stea! Wiley ml i for
snalysls. Sofl samples were taken from each pot the day following the harvest, air-dried,
ground and sleved through a 2 mm screen for analysis.

Soll organic matter, NOs-N + NHg4-N, pH and essentlal plant nutrients in both sol! and

plant tissue were then determined by methods out!ined by Liegel et ai. (1980}, Plant Tissue
harvested from the high sediment rates and controls were also anal yzed for trace olements on
+he ICP following 2 ni4rlc acidperchloric acld digestlon. Gresnhouse soils were analyzed
for P by the 0.0IM CaCl3 and 0.5M NaHCO3 extraction methods previously mentioned in the
incubation study.

C. Fleld Study

The fleid study was set up on June 18, 1980 on the Topczewsk] farm near Lllly Leke. The
soll was a Fox sllt loam (Typlc Hapiudalf). Target rates of 0, 22.4, 44,8 and 89.6 mT/ha
were applled to four replicates of each treatment. The design was a latin square. Plot
size was 3. 7mx 6m with border areas between plots. Lake sediment was obtalned from a
lagoon adjacent to the piot with a bucket mounted on The rear of a tractor. The sediment
contained in flve jeveled buckets was welghed o determine the average amount of sediment
per bucket. The sediment was then appiied by volume {number of buckets) rather +han by
welght. The 89.6 nT/ha rate required 10 buckets per plot. Sediment In each bucket applied
was sampled with a soll sampling tube To determine average molsture content, loss on
1gnition and chemical analysls of the sediment applied to each pilot. For determining the
amounts to be applied, the sediment was assumed to have |8% dry matter, which was the amount
measured in sampias taken a fow days before from the same |agoon.

Prior to sludge app!lication, the alfalfs growing on the plots was removed and the land was
worked twice with a chisel plow. After sadiment spp!ication, the land was worked
Immediately with the chisel plow and. later 11 was dlsked, plowed and dlsked agaln prior tfo
pianting. Suydan grass, var. Sudax, was then planted.

Two crops of Sudan grass were harvested in 1980 (July 31 and September 3). Dry matrer
ylelds were determined and samples were dried, ground and subsampied for analysls. Analyses
for both macronutrient and frace olements were made, Including N, P, Zn, Mn, Ca, Cd, arsenic
(As}, and Pb (Llegel et al., 1380) .

In +he spring of 1981, the fleld piots were reestabllshed on the Russell Olson farm (Hebron

sl loam, Typic Hapludatf) with the same oxperimental design. Prior to planting, soil

samples were taken from all plots &nd analyzed for pH, organic matter, P, K, Ce and Mg
(Liego! et al., 1980}, Corn was then planted that spring., Ear leaf samples were taken
along with ylelds and subsamples of grain and stover at harvest. Eiemental analyses were
performed for N and P on plant tissue.

The followling year corn was grown again, and plant nuirient concentrations were determined
on oar leaf and corn graln samples. Analyticatl testing inciuded N, P, K, Ca, Mg, S. Zn,
boron (B), Fe, Cu, aluminum (Al}, Mn, cobatt (Co), As, Cd and Pb, with trace elemant
analyses |imlted to the ear leaf tissue only (Liegel| et al., 19801 .

Statistical analyses of greenhouse data were performed using the Statistical Analysis

Service (SAS) computer system (Heiwig and Councli, 1979). Statistical tests of field data
ware performed by using the MINITAB statistical computing system.
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INLAKE EFFECTS OF DREDGING

The monitoring program included measursment of a wide array of physlcal, chemical, and
blological parameters. The !nformation provided a simple description of the condltions prior
to, durlng, and after dredgling; and some inslght into inlake nutrient dynamlcs and cause and
affect relationships. The findlings were separated [nto report sections oentitied sediments,
hydrology, iniake water quality, and aquatic biota. i

Sadiments

The sediments were characterized by rate of deposition, water content, chemistry, oxygen demand,
rate of nutrient release, and quallty of the Interstitial waters. Prior +o dredging, lead 210
dating proceduras were uti1ized to determine the recent deposition rate of 0.5 cm per year. The
sad Iments were I 1 ght=wol ght {density of 1.02) and highly organlc (62 percent). The water
content was about 97 percent near the sediment-water Interface but decreased with depth (age) of
the sediments. In mid-lake the sediment depth was 10,7 m. Rooted aquatic plant debris was
prominent in the upper sediments, becoming progress|vely smaiter In particle size with increased
depth Into the sediments. Infiiling of the jake has, therafore, occurred primarily through
autochonous processas., General sediment chemlstry 1s shown In Table 7.

Dissolved oxygen depletion rates Inslde the SOD chambers wers measured at §.0 to 1.3 mg/L/day in
1977 and 1980, The rafes were calculated using Inftlal concentratlions versus levels still
present on the followlng sampling date. in 98], the starting concentration was only 4.1 mg/L,
resulting in fotal depletion by the next sampling. In 1977 and 1980, Initial concentrations
were 8 to 10 mg/L, and subsequent sampling showed the presence of about 1.0 mg/L. Based on
these measurements the sediments were consuming 458 to 596 mg of oxygen from the water column
per @ of lake bottom per day.

UsIng Tabie 2, and assuming an fce thickness of 0.6 m and starfTing concentration of 10 mg/ i,
+his rate would have produced anoxic conditions within 17-22 days in the pre-deepened Lilly
Lake. During one perlod in the wlnter of 1977-78 the whole lake oxygen depletion rate was
measured at 0.4 mg/L/day (In the absence of oxygen production) which would be equivalent 1o
anoxla within 25 days. The difference between these two methodologles 1s slight and can be
attributed to the colder water temperatures in winter.

Actual inlake depletion rates could not be determined due to the miid winters fol towing the
deepening project. However, water volume was increased by a factor of 2.3, and glven simllar
oxygen demand from the sediments, about 58 days would now be required {without oxygen resupply)
before anoxic conditions would develop within the loke. Winter fish kills are therefore
unlikely in future years.
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Ammonia-N concenirations Inslde the chambers were monltored §n 1977, 1934, ard 1981, As shown
in Flgure 9, the concentrations progressively increased throughouT =ne eriocd of measurement In
each year, Tha average rolease rate was 29.3 mg/mzlday In 1977 {(swe Tabie 8. Release rates
wara much lower In the summer foltowing project completion but Increased o near pre-project
rates agaln In 1981, The reasaon for the depressed rate in 1980 s unclear; the interstitial
water concentrations for NHg-N remalned about the same, as indicated by the pre-dredging
measurement In 978 versus {980 and 1981 information {sea Table 9. In any case +he rate of
release was much higher In every year as compared to predictions based on Fick's first law of

dlffusion:
F==-D (C/D 6

shere D = diffusion coefficient of 3 X 1076 cm?/sec
{{mboden and Lerman, 1978).
C = observed concentration di fference of -3 ug;/c:tn:'J
Z = distance of 3.8 cm
6 = porosity of 0.99

"

2.34 X 1070 ug/em?/sec
or 2.0 mgfmzfday.

1l

and therefore F

Consequently, the sediments are an important contributor of Miy-N To the overlyling lake waters
where 1t is presumably belng quickly converted into NOz-N.

TABLE 8: Ammonia—-N Release Rates from the Sediment

(mg/mzfday)
500 Chamber 1977 1980 1981
#l ) 1 22.6 9.8 _ 26.8
#2 32.3 19,3 22.9
3 25.3 - -
#4 36.9 - -
Aver age 29.3 12.6 24.9

TABLE 9: Interstitflal water Concentratlons of Ammonia-N
in L1ty Lake Sediments*

Depth Interval (cm) 1978 1980 1981
0-7.6 : 2.1 3.8 + 0.8 2.1 +0.8
7.6-15.2 AT 6.3+ 1.6 4.5 + 1.2
15.2-22.9 6.7 8.2 * 1.2 6.9 + 1.0
22,9-30.3 7.0 10.9 + 1.8 9.7+ 1.2
60-70 12.0 18.2 ¥ 4.5 19.1 % 3.7

*|n mg/L, and with standard deviation where available
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The sediments also —o 72i19d 2 conslderable resscvair of P. The tog 7.5 :m ne:d about 1,060 kg
of P In 1978, Al-fouwm e S-rin upaer sadimants sore removed by arsigiag iTable 10}, roughly
560 kg wers stil: present in The TOB 7.5 cm as measurea in 1580 and 138!, Naun and HCI
extraction procedures iadicated that 53¢ of the 2 was in a reiativeiy availapls state in 1976 In
contrast to 34-38% ia fna Two latter years. This was due primariiy to the NaGH-P fraction which
concentrated In the ucper layers (Table 11). The NaOH-? fraction was in general much higher In
the upper layers prior +o dredging. These sediments were later removed, and NaCH-P lavels were
low at all depths In i980 and 1981. There was, nowever, slight lIngication of a trend toward
increased concentrations in the upper |ayer by 1981,

TABLE 10: Sediment Phosphorus Content*

Depth Interval (cm) 1978 1980 1981
0-7.6 1240 628 + 22 667 + 22
7.6-15.2 1090 - 610 + 14 597 + 12
15.2-22.9 960 573 + 73 583 + 35
22.9-30.5 B40** - -

*|n ug/g, with standard devlation where available
#*{ass than

TABLE |1t Concentration of NaOH and HCI
Extractable Phosphorus In the Lake Sod Iments*

NaOH-P Fraction

Depth Interval {(cm) 1978 1980 198t
0-7.6 390 i3+ 21 +3
7.6-15.2 284 i3+3 i5+3
15.2-22.9 208 12 +3 133
22.9-30.5 126 13 +2 13
60-70 28 14 +3 13

HC1-P Fractlon

Depth Interval (cm) 1918 1980 1981
0=7.6 270 199 + 18 230 + 19
7.6-15.2 |38 186 + 20 195 + 10
15.2-22.9 153 169 + 33 195 + 27
22.9-30.3 95 i76 + 24 174
60-70 - 167 + 23 |79

*in ug/g, with standard deviation where avallable
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The HCI=P content also tended to be higher near e sediment-water intsrface In 1978, with a
reduction In 1980 followed by an Incresse The next year, But the dlfferences between depths and
particularly between years were jess pronounced, and sediment removal had a much smaller Impact

on thls constituent.

_Two forms of P were monitored In the Interstitlal waters - SRP and TDP. The results are shown
tn Table 12, For each parameter In each year the concentration Increased with depth, The
concentrations at sach depth [nterval remalned similar from 1980 to 1981, but there were reduced
love!s from pre— to post-dredging, at least for TOP, Using Fick's equation, the rate of release
for SRP was estimated to be 6.7 X 10~4mg/m2/day where:

|0'6cm2/sec (Stumm and Leckle, 1971}
-3 % 1073 ug/cm3

3.8 cm

0.99

4 % W 4§

B NO O

Even 1f this predicted rate is lower than the actual rate by a factor of 10 as was shown for
NHa-N, the P loadlng to the lake from the sediments would still be less than | kg per year.

TABLE 12: |Interstitial Water Concentrations of SRP
and TDP Tn L1lly Lake Sediments®

Soluble React}ve Phosphorus

Depth Interval (cm) . 1978 " 1980 1981
0-7.6 - P axs
7.6-15.2 - grx 4
15.2-22.9 - .16 +20 oLz
22,9-30.5 - 3+9 14 + 23

9+5

60-70 - 19+ 14

Tota! Dlssolved Phosphorus

Depth Interval (cm) 1978 1980 1981
0-7.6 105 74+2 . 6+ |
7.6-15.2 128 7+2 743
15,2-22.9 118 i7 + 12 16 + 2|
22.9-30.5 198 16 + 7 19 + 22
60=-70 202 19 + 7 15 + 5

*n ug/L, with standard dev/ation where avallable
*# ggs than
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However, under apoxic conditlons inside tre 500 namcers tne rats of releasa was mich hi gher,
Presumably, this provides some Insignt in*o what sou:d happen in rra nypollmnion [f oxygen
tevels become depleted during summer strarificarion, The average ralease rate was

0.33 mg/mZ/day In 1977 (Table 13). The measurad ~ate was similar in 1381, but for some
unknown reason was lower In {981 (0.09 mg!mzxday:. At these rates the sediments would
represent a major P source to the |ake waters.

TABLE 13: SRP Release Rates from the Sediment

(mg/mzlday)
500 Chamber 1977 . 1980 {981
# 0.23 0.14 0.44
#2 0.24 0.03 0.32
#3 0.49 - . -
£4 Q.37 - -
Aver age 0.33 0.09 0.38

Figure 10 il justrates the concenirations [nside the chambers during 1977, 1980, and 1981, and
Indlcates an Important difference in the P release before versus atter dredging. In 1977 the P
conceniratlons peaked and then stabl!ized/deciined siightly {+he reiease rates in Table 13 apply
from startup to peak values only)., The concenirations remained below 20 ug/L throughout the
summer. In contrast the vaiues continued to increase through the entlre summer |n 98I and had
reached 60-80 ug/L by the end of sampling In mid-September, :

Monltoring for Fe, Mn, bacteria, and pH was also performed within the chambers. The results are
shown In Figures (i=t4, In general, Fe and ¥n tended to Increase while pH decreased during the
perlad of Isolatlon. In 1981 bacterlal counts increased from initial leveis. Presumably thls
occurred each year but Is not wel I~demonstrated because ear |y samples were not taken In 1977 of
1980.

Hydrology

The hydreloglec system for the lake Includes inpufs from direct precipltation, groundwater, and
storm runoff while the outputs involve groundwater and evaporatlon. There are no streams
entering or leaving during normal conditions. The iake Is compietely {andlocked, although as
discussed eartler this may not have always been the sifuation. During 1978 and 1979 there was
an addltionai ocuttlow, the dradge plpeline.

Prlor 4o dredging the lake tevels osclltated about 0.6 m, with a normal slevation of 230.4 m
(see Figurs 135), Howaver, betweon mid-luly and November, 1978 the dredge removed 798, 100

of sediment-1ake water mixture. As a resuit the lake level dropped 1.5 m. puring the cessation
of dredging activity I again rose 1.2 m. Less materlal was removed from the | ake between May
and September, 1979 and the level only fell 1.1 m. After dredging, the lake leve! continued a
graduail l[ncrease througn 1980, Stablilzatlon at normal elevations was reached In 1981.
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Seapage meters pleced equ

perimeter {Including reversa
was negligible from late July,
pre-dredgl ng values (Table 13).

idistant around the
show the impact of drawdown on +he groundwater flow pattern.
Inflow was noted along approxlmafaly one=half of the shorel ine;
+o decline the groundwater systom responded with i nereased
| ot previous outflow reglons,
1978 Yo spring, 980, whi

shore reglons vere utilized to
Before dredging, groundwater
however, when lake |eve!s began
tiow into the lake around the entire
see Table 14}, Consequently outflow
le inflow was roughly 10X higher than

|ake In the near

TABLE 14:

g
g

Seapage

\DOJ--JO\U‘-&*UN—

Maan Seepage Magn [tudes Before and Durlng Dredging®

(m1/m/hr) .
Bafore Durling .

-7 +87

+748 +929

+247 +821
+8 +26
~63 +146
-8 +33

=122 +458
=21 +107

742 +1597

#the seepoge meters were used until
exposing the samp) Ing sites.

the water level deciine reached about 0.5 m, thereby

TABLE 153

Inflows (X 105L) 1977

Precipitation 312

surface Runoff 6

Groundwater 65
TOTAL 383

Outflows (X 105L),

Groundwater 192

Evaporation 258
TOTAL 450

Change tn lake

storage (X 1050 67

Annual Water Budget; L11iy Lake,
1977-B1*

1978 1979 1980 {98l
394 361 343 320

7 7 6 6

- 630 734 3014 276
10314 1102 650 602
140 344

258 258

398 602

+252 0

*dredge In operation during
wells were used for the groundwater

1978 and 1979; measurements taken from the system of monitoring

calculations.
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Table 15 also |1lusirates how deepening the lake and ramoval of the low permeabillty organic
sadiments has aitered the groundwater system. In 1977 the groundwater Inflow was only about
one-third of the outflow volume, And groundwaTers contributed (7% of the inflow from ail
sources. However, in 1981 the Inflow was neartiy equal to the outfiow and supplled about 46% of
the water to the lake. Groundwater Inflow and outtiow both I ncreased post— versus pre~dredgingy
by 425 and 179%, respectively. This Is a result of the dredging project and (s axpected to be 2
permanent changs as: discussed more fully in Beauheim (1980).

Although groundwater has now bacome & major component of the water infiow to the lake, it still
supplies a relatively small share of the P Input (Table 16). It now turnishes 9% versus 2% In
{977 but s over-shadowed by each of the other sources. Monitoring of the groundwater
observation wells on the Infiow side of the lake revealed an average concentration of 6 ug/L of
P |n the water. This value was used with the Inflow estimates in Table 15 to yieid the
groundwater quantities tor Table |6,

TABLE 16: Annual Phosphorus Loading to Lilly Lake

Source (kg) J_Q_Tl _‘9.‘19. _LQ_QL
Surface Runoff . 8.5 8.3 8.3
Groundwater 0.4 1.8 1.7
Precipitaticon 4.7 5.1 4.8
Dry Fallout _4.0 3.8 3.9

TOTAL 17.4 19.0 : 18,7

Phosphorus valuses for direct precipitation (I3 ug/L) and dry fal lout (108 g/ha/yr) were obtalned
from recent studles at a nearby location (Andren and Stolzenburg, 1878). The values for storm
runoff were determined by in-the-fiald observations during storms and col lections of runoff
sanples for analyses at the SLOH. ~Runoff was typical ly iimited to an area of about 9228 m,

The quantlty of water discharge from the areaz was ostablished from the record of direct
precipitation adjusted downward as per the expectad runoff coaftlclent for that type of land
surface. There were two subareas with coefticlents of 0,8 and 0.5 for 7,078 and 2,150 mz,
respectively. Phosphorus analyses of the water indlcated an average'concenfraflon of 1.39 mg/L
wlth a range of 0.13-4.76 mg/L. This procedure generated an estimate of 8.3 kg/yr for storm
runoff, which Is in close agreement with the value (e.g., 7.3 kg/yr) resuiting froi muitiplying
the area In urban and forest +imes the appropriate publIshed P loss coefflicients for +hose land

use practices (Uttormark ef al., 1974) .
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The water and P 1ocadings wers next used witn varlous predictive modeis (see Tabie 17 plus
Sakamoto, 1966) To estimate the [nlake water qual Ity In ferms of chlorophyll a concentration.
All of the models predicted low chiorophyi! a fevals both vefore as well as atter loke
despening. However, the Vollenwelder (1976} mogal 1n particuiar Is sensitive to the changed
hydraulics resul+ing from lake deepening. This mode! Indicated that chiorophyi! 8 levels wouid
be cut In half by lake deepening. improved water qual ity was anticipated even without an
Increase in groundwater Intlow. In actuallty the chiorophytt & concentrations have not been
reduced by 50%, although the lovels were low and near the prediction for 1981.

TABLE 17: Inlake Chiorophyll & Levels = Actual Versus Predicted

871 1580 1981

Lake Slze (ha) 37 34.1 36,4
Lake Volume (m>) 532,300 896,800 1,149,200
Phosphorus Loading (kg) i7.4 19.0 18,7
Water Loading (m>/sec) 0.012 0.021 0.019
Regressed Phosphorus .

Retention Coefflclent 0.89 0.82 ‘ 0.84
Predlcted Chiorophyll a by:

D1 1lon and Rigler, 1974 0.7 0.8 0.8

Vol lenweider, 1973 0.6 0.7 0.6

Vollenwelder, 1676 6.0 3.1 3.0

Bachmann and Canfleld, 6.3 3.7 3.6

1979

Reckhow et al., 1980 . 0.5 0.5 0.5
Actual Chlorophyll 8 (ug/L) 3.5 5.9 5,0%
Ad justed Phosphorus '

Retentlon Coefficient 0.70 0.28 0.4 - 0.5
Predicted Chlorophyl! 2 by: : '

pltion and Rigler, 1974 3.3 . 5.8 3.9 - 5.1

{ug/L)
Hydraul lc Residence .

Time (yrs) ‘ .4 1.4 1.9
*1gss than

The Dilion and Rigler (1974) model is not sensitive +o the changed hydraullcs; however, 1T is
affected by the P retention coofticlent, The Vollenwelider (1976) mode|, In contrast, is not
atfocted by the coefficlent. Because the DIllon and Rigler mode! has proven useful Ir other
{ake studies In Wisconsin's lake managoment program, this mode! was used with the retentlon
coefficient ad]usted as necessary to yleld chlorophy tH ipredicﬂons |dantical to the
concentrations actuaslly found in the laka. The resultant coafficlents wereo 0.7, 0.28, and
0.4-0.5 for 1977, 1980, and 1981, respectively. Mantpuiation of the coefflclent is not
sppropriate under the assumptlons inherent +o this model; however, +he calculations Ttlustrate
the difference between expected (regressed) and necessary (adjusted} P retention coefficients
for a preclse estimation of chiorophyl! a levels found in this macrophyte dominated |ake.
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Inlake Water Qual ity

As Indicated in the methods saction a wide diversity and quantity of cieml =i Information was
col lected on this project. Most of the analyses wore conducted at the sLGH. and all of these
rasults were flled on the U.S. EPA STORET system. Therefore, the rsadsr nas povential access to
each Individual valus and only the most pertinent +abutations are presented herein.

Baslc water quality at spring\pverfurn 1s glven in Table 18, in general the lake can be
categorized as hardwater with moderate fertitity. The concentrations for sach parameter are
within the range expacted for a {ake In southeastern Wisconsin (Li111e and Mason, 1983).

Al though the vaiues are, therafore, maormal® 1977 through 1981, dredging did have & noticeable
Impact on water quality. After dredging activities were completed, concentrations were
Increased for +he following parameters: Mg, Na, K, sp. C, Cl, and TA. Values were also hlgher
at spring overturn for S04, NOp/NOs=N, and NHg-N, put These apparent increases were not
observed durlng other sampling periods. Total phosphorus was the only const!tuent that was
reduced in 1980 and 198 versus the pre-dredging yoars.

TABLE 18: Inlake Water Chemisiry Durlng Spring overturn®*

Pre~Dradging Post-Dredging
JE T 980 1981
Calclum 25 32 56 31
Magnesium 14 5 23 23
Sodium (Rl 4 8 8
potassium 0.5%* 1.0 2.1 1.9
Conductivity 245 260 560 350
Sul fate - 9 16 15
‘Chlorlde 8 7 15 18
pH 7.8 8.5 8.2 8.4
Alkal inity 102 128 82 150
Turbldity 4.} 0.8 1.7 0.7
Nl4r1te/N]irate-N 0.02%* Q.Q2%* 0.19 0.05
Ammon| a=N 0.04** 0.02%* 0.81 0.1}
organic N 0.61 1.0 bl 0.9
SRP 9 4** . 4** . ’ 4*{
TOP - - 6 4
TP 25 20 6 9. .

#units In mg/L except: 1) sRp, TOP, and TP In ug/L; 2) pH N standard units; 3 conductivity In-
umho/cm at 20°C; and 4) turbidity In Formazin units.

*¥* gss than
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A,

Temperature .

Prior to dredging, the lake mixed continuously to §ts |.8 m depth throughout the summer.
Temperature changed rapidly In rasponse to ¢l Imatlc condltions. Maximum water temperature
reached 30°C 1n mid-lake.

Since dredging, the greater storage appears +o have dampened the summer temperature maxima;
the highest post-dredgling temperature has beea 27°C (chbserved In both 1980 and 1981). The
Iake Is stiii polymictic, aithough mixing is not continuous (Figure {6}, In 1980 slight
temperature gradients were occaslonally present but mixing occurred through most of the
sumer. in 1981, the gradients were more persistent and of greater magn itude, up o 8°C.
There was, howsver, no ovidence of a stable thermocline, and the bottom temperature still
reached 24°C (versus 27°C in 1980).

Dissolved Oxygen

Before dredging there was a history of low winter D.O. levels, resulting In signlficant fish
kills. This was due o the small| water storage capaclty of the lake (e.g. shal low water)
and the high content of organic matter in the sediments. A major die~otf was noted during
the winter of 1977-78. Since completion of the dredging project, D.O. concentrations have
not dropped below 7 mg/L at any depth during the winter (Figure 17).

Although this was & major dredging operatlion on a relatively smali lake, D.C. values were
not lowered during the summer. The disturbance of highly organic sediments tn a reduced
state might have been expected to siress the lake's oxygen content. However, oxygen
reduction was not observed In elther 1978 or 1979. Apparently, the processes of axygen
input to the lake waters (e.g. atmospheric and photosynthetic) superseded the ef fect ot
dredging. In this case a 30 cm dlameter cutterhead dredge was used by an exper lenced
operator, ’

In 1980 the !ake waters were generally mixing from top to bottom and the D.0. levels were
also simitar throughout the water column. In contrast, as a result of the reduced degree of
mixing In 198] the bottom D.C. dropped to 0.6 mg/L on ane occasion. Although this existed
for a short period only and oxygen was resuppl ied by the following sampiing date, The
measurement indicates that depletion will occur If the lrke becomes dimictlc.

pH and Alkallnlty

Lilly Lake Ts & hardwater caicarecus Jake that 1s fairly well-buffered. The pH generally
tends to be hlgher In the summer and lower In winter (Figure IB). The surface water values
ranged from 7.5 to 8.9 during the perlod of record. These leveis are satlsfactory and pose
no problem for aquatlc t1fe In the lake. During summes, pH values wiil now drop near +the
bottom as oxygen becomes depleted; however, due to the natural buffering capacity of the
jake, pH values are not anticlpated below approximately 7.0.

in contrast to the pH, TA concentrations tend to be highest In winter and lower in summer
{Flgure 19). During the summer, photosynthetic activity causes utlflzation of carbon
dioxide, resulting In the precipitation ot calcium carbonate and a drop In TA. In the
winter, carbon dioxide 1s still produced through sediment decomposition; however, thera s

| i++le photosynthetic activity, and the lce cover prevents exchange with the atmosphere.

The Increase In carbon r._l_'foxld'e in +he water causes dlssolution of calclium carbonate from the
bottom muds and an increase in TA. The equation Is:

CaC0y + COz + Ha0 25 ca*? + HCo5!
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A camparison. of TA values before and after dredglng shows much higher concentrations during
the winters of 1977-78 and 1978-79. This ls presumably due to the iow water volume to
sediment ratio before completion of the {ake deepening project. Any calcium cerbonate
released from the sediment In recent and future winters will be diluted by the now increased
water volume within the lake. An oxamination of summer concentrations also shows 2
difference pre- versus post-dradging. The levels are now higher, probably aue to the
Increased groundwater inflow. The groundwater has a higher TA than the lake water, and,
because low permeabillty sediments were removed by dredging, thera has been 2 significant
Increase In the rate of Inflow.

D. Nltrogen

Organic N concentrations were about | to 2 mg/L through the entlire 1977-81 study period.
The ievels tended to be silghtly incrsased durlng the first dredging season {1978); however,
the slgnificance was minimal. There were major changes In the N content of the lake water
during dredging, but thls was due to NHg-N (Figure 200,

in the first year of dredgling, NHa-N |evels Increased from near 2ero to atmost 6 mg/L

(NOp /NO3-N concenirations were below 0.1 mg/L). The disfurbed sadiments were the

primary source of this N form because pra-dredg!ng Investigations had shown:

1) Interstitlal sediment NHg-N concentrations up to at least 19 mg/L, and 2} NHg-N

ralease rates from the sediment of 22-37 mg per m? of iake bottom per day. The high
lavels persisted through the first winter and then gradually decl Ined, returning to
pre~dredging jevels about one year after completion of the project. |t appears that NHg-N
conceniratlons wil} now remain low except when D.0, levels approach zero.

Desplte the high NHy =N concentrations in 1978-79, t1sh survival was not threatened, The
short duration lethal level of unlonlzed NHg=N s 0.2-2,0 mg/L for a variety of tish
species (U.S. EPA, 1976). Using the pH and temperature measurements, the highest unionized
ammonla fevel was calculated to be 0.13 mg/L in May, {979 (calcuiation procedure described
In Thurston et al., 1974). This was well beiow the toxic level, The existing fish
population did not appear to be stressed at any time during the dredging activities.

Phosphorus

L1 11y Lake was low in SRP prior To dredging (Figure 21). Summer values were 4 yg/L or iess
{+he anaiytical procedure had a detection Iimit of 4 ug/L). Later measurements revealed

1 {++le change elther durlng or after the dredging project. The only rise occurred during
the winter of 1978-79.

Pre-dredging measurements of TOP showed concentrations up to at least 200 ug/L In the
sediment interstitial waters. Most of this was presumably in +he tnorganic form (0.g.
sRP). Initially this would have been released into +he water column durlng dredging as was
noted for NHg-N. However, much of this disappeared quickly due to +he oxidlzing
condltions present In the water column. Also, during the summer, bloioglcal uptake would
have been rapld. The Increase to 12 ug/L In February, 1979 was apparently due +o the lack
of bioioglcal uptake at +hat time of year,

- 49 -
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In contrast o SRP, there was an initlal [ncrease in
This reflects the release of dissolved phosphorus via

fransformation into the particulate form.
orus compounds, and p

phytoplankton tissue, Inorganic phosph

sadiments.
second dredglng season.

As similarly noted for NHg—N,
with the exception ot one sampiing

T® during the tirst yoar of dredging.
sediment disturbance and I+s rapld

The P In the water coiumn existed as

hosphorus sorbed on any suspendad

high retease ot P did not occur during the

date prior to the inltlation of

dredging in 1979, TP gradually declined aftor 1978, and levels fell below pre-dredglng
concentrations within one year of project completion.

" The Impact of dredging on Inlake water

eariler,

However, there were some addition

Ammonia=N, Sp. C, TA,

bafore or after dredging.
the average July/September value was statistically similar to 1977.

using increased groundwater [nfiow {Sp. C and TA} and
The iatter Impact would be considered a negative,

(Figure 217,
results Indicate that dredging was ca

+he deepened lake had Increased concentrations of Sp. C and TA while TP
al changes observed during the dredging activity I1tself.
and BOD (5 day) values were higher In 1978 and/or 1979 than either

quality Is summarized In Table 19, As dlscussed

decreased.

Although TP concantrations showed an Increase In 1978

sediment disturbance (BOD and NHs-N).

albelt temporary effect.

Navertheless,

sufficlently great to degrade the water quality
for aquatlc 11fe (U.S. EPA, 1976).

These

+hls direct conseguence of dredging activity was not

below criteria {(or standards) astabl Ished

NI ir | te/

NI trate-N
Ammon | a=N
Organic N
SFP
TOP
™
Conductivity
pH
Alkalinity
Turbidity
BOD(S day)

TABLE 19:

1977

0.02%*

0.03 + 0.01
1.53 % 0.25

4**
19 + 5
36 + 9
247 + I3

8.3 +0.4

107 + 8
1.2 + 0.5
1.7 +0.2

1978

0.03 + 0.0

l.11 + 0.33
1,82 + 0,15
4**
10+ 1
40+ 7
317 + 22
8.0 + 0.3
142 ¥ 7
3.0 + 0.8
3.6 + 0.6

1979

0.05 + 0.0

1,44 + 0,32
1.38 + 0,10
4!*
9+2
28 + 4
433 + 23
8.1 ¥ 0,2
196 + 12
4.1+ 0.7
2.0 + 0.4

Intake Conditions During July/September, 1977-B1*

1980 1981

0.05 + 0.04 0.0i

0.05 + 0,03 0.02 ¥ 0.0
1,17+ 0.13 1,09 + 0,09
A% 4%%
741 5+ |
18+ 2 14 + 2
337+ 16 327 + 7
8.6 + 0.1 8.6 + 0.2
135 + 6 132 + 3
2.6 + 1.7 2.0 + 2.9
1.5 + 0.1 1.2

%4 +o || analyses were conducted for each parameter each year
1) phosphorus forms are In ug/L, 2) pH is in Standard units,

and 4) conductivity Is in umho/cm at 20°C.

**|ass than

; units are !n mg/L axcapt:
3) turbidlty is In Formazin units,
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81 otic monitoring Inciuded ‘phytop | ankton, zoop| ankton, benthos, macrophytes, ang fish, although
emphasls was placed on the two vegetatlve groups. :

Prior to dredging, summer chiorophyil Ellevels were low In the lske. In 1976 and 1977, the
concentration ranged from 0 to 8 ug/L, with July/September averages of 2.5 and 3.3 ug/L,
respactively {(Table 20). During May/June 1978, the levels were 2 t+o 7 ug/L with a mean of
4.6 ug/L. However, atter dredging began, phytop|ankton denslities Increased greatly. The
chlorophylljlconcen+ra+!on Jjumped to 33 ug/L on July 17, 1978 and averaged (8.5 ug/L through
September (Figure 2.

TABLE 20: inlake Chlorophyli a Levels (ug/L}

Average Range
Time Period - Concentration in Concentration
July/September, 1976 2.5 0 -7
July/September, 1977 3.3 2-8
May/ June, 1978 4.6 2-7
July/September, 1978 18.5 10 - 33
July/September, 1979 9.5 6% - 13
July/September, 1980 5.9 5% - 8
July/September, 198l 5% 5% on 1 dates

#|gss than

in 1979 dredging contlnued, but the average chlorophyi! a feli to 9.5 ug/L (rang® of about 6 fo

I3 ug/; July/September) . The concentrations continued to decline in 1980 and 1581 In response

to the lowered P levels. The July/September averaga chlorophy |} a was 5.9 and under 5.0 ug/L In
|980 and 1981, respectively (1aboratory procedures usad in 1981 had a detection linlt of '

5.0 ug/L). Moasurements of gross primary productlvity {ndicate a simllar trend, aithough algal

productivity did not continue to docline In 1981 versus 1980 (Table 21).

TABLE 2|: Gross Primary Productlvity of Phytopiankton in Lilly Lake
(mg C/m>/day)

Time Perlod Average Yalue
July/Septenber, 1976 ' 185
July/September, 1977 140
May/June, 1978 . 260
July/September, 1978 ‘ §,005
July/September, 1979 395
July/September, 1980 225
July/September, |98l . 270
- B3 =
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Twenty—two genera of phytoplankfon were known to ba present in the lake during May/ June, 1978
(Table 22). The numbers and blomass rangea from 2,600-29,i00 celis ml and

420,000~2,850,000 w/ml, respectively. Chlorophyceae (green algae! were predominant,
compr1sing over 708 of the atgal community. Affer dredglng began In 1978, the numbers and
biomass eventually peaked at [11,400 celis/mi and 16,250,000 us/mi, respectively; however,
diversity and relative composition exhibited little change.

TABLE 22: Phytoplankton Genera Present; May/June, 1978 Versus |960

Phy topi ankton 1978 1980
Chlorophyta
_Chlorophyceae
Carteria’sp. X -
Cerasterias sp. X -
Ch | amydomonas sp. X X
Chloreila sp. X -

Cosmarlum sp.
Crucigenia sp.
El akatothrix sp.
Gloeocystis sp.
Kirchneriella sp.
Lagerhelmia sp.
Qocystls sp.
Padiastirum sp.
P{anktosphaeria sp.
Scenedesmus sp.
Selenastrum sp.
Sphaerocystls sp.
Tetraedron sp.
Chrysophyta

Bac! | | ar[ophyceae
Czc|o+elia sp.
Navicula sp.
Nitzschia sp.
aned‘a Sp.

Chrysophycoae
Chrysococcus sp. -
Dincbryon sp. -
Erkenia sp. -
Keghzrfon <p. -
Monosiga sp. -

Ochromonas sp. -
Pyrrhophyta
Cryptophycaaze
Chroomonas sp. X
Cryptomonas sp. X X
Cyanophyta
Myxophyceae
Anabaena sp. X -
Chroococcus sp. -

Coelo§ghaerlum sp. X

X XX §Fomx

SO PN 1 XK

> 1
b A S |

o XX >
> Mo M X XK XK >x 1 XX

>
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Phytoplankton were again examined in detall in May/June, 1980, At that tlme densitles were
9,000-60,200 cells/ml for numbers and 610,000~3,080,000 us/ml for biomass, and 24 genera were
found in the samples, Therefore, overall diversity and density were very similar to
pre-treatment conditlons In 1978. There was, however, some shift in relative abundance between
aigal groups. As shown In Table 22, slx genera ot Chrysophyceae appeared in the community In
1980 and, although numerically inferior to the green aigae, they contributed & nearly equal
biomass.

The zooplankton community was evaluated 1977 through 1979. Sixteen specles were found in 1977
as compared to 21 In 1978 and {7 In 1979, These Included two species not previously collecthed
Tn Wisconsin, Mesocyclops teuckart! and Daphnia laevis (Mace, 1979). Table 23 provides a
comparison of population levels for July/September betwsen the three years, Much year to year
fluctuation occurred, making evaluation difficult, The only conclusions that can be made with
some confldence are: |} a major dredglng cperation In a smali shallow lake did not stress the
zoop!ankton community, and 2) dredging Initlally caused a rapld population growth for Bosmina
longlrostris (see Flgure 23}, This was presumably a result of the Increased algal densitles as
discussed earller,

TABLE 23: Zooplankton Present in Li1lty Lake; July/September, 1977-79
{number/| [ter}

Zoopl ankton 1877 1978 1979
Cladocera
Sidides:
D1aphanosoma |euchtenbergianum i I 26
Daphnidae:
Ceriodaphnia sp. 20 N 2]
Daphnta spp. (4) pres, pres. pres.
Bosminidae:
Bosmina longirosiris ‘ 56 274 81
Macrothricldae:
Macrothrix latlcornis - 9 pres.
Chydoridae:
Acroperus harpase pres. pres. pres.
Pleuroxus dentlculatus - pres.- . pres.
Chydorus sphaer|cus 2 i2 5
Eurycercus |amellatus pres. pros. pres.
Copepode
Cyclopidae:
Macrocyclops albidus pres. pres. pres.
Tropocyelops prasinus 5 9 pres.
Mesocyclops spp. (2) pres. pres. pres.
Eucyclops spp. (2) - 4 pres.
O} aptomidae:
Sk istodiaptomus oregonensls 2 pres. 10
Copepod 1ds io 23 22
Napl i 57 27 22
Ostracoda pres. - 7

- B -
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Benthic Invertebrates wers col lected during spring overturn for *hree years = before dredging
began In April, 1977 and 1978, and after dredging was completed and tne [ake refliled In Aprll
1981, As shown in Table 24, both specles dlversity and numerlcal acundance Increased in the
deepened lake. Major shifts In abundance Inciuded, in particular, Hyalelia azteca, Per | coma
sp., Casnis sp., Ollgochaata, and chironomlds.

The popula}lon changes can be related to elther surface sediment removal directly and/or
improved winter D.O. levels as an Indlrect benefit of deepening (H!isenhoff, 1975; McCafferty,
1982; and Pennak, 1953). Hyalel la azteca Is a bottom deposit feeder, and 1ts decline is
probably due fo removal of the more readily digestible surficlal piant material, On the other
hand, Perlcoma sp. I8 tolerant of low D.0. conditions, and 1ts dlsappearance was related to the
|mproved'wa+er quality. The pronounced |ncreases in Caenis sp. and chlironomids were also most

| ikely due to this factor. Thelr greafer abundance should benefit the fish population as they
are consldered good food organisms. The increase In Oligochaetes |s apparently due o the same
factors, but these organisms were not speclated and in general less Is known about their habitat
requirements.

originally, planned fishery Investigations Included establlshment of a species Iist and
calculation of growth rates prior to, during, and following dredging. Changes In growth could
then be retated to habitat alterations, However, severe flsh kills in the winfers of 1976-77
and 1977-78 resulted In a major population decline and prompted plan cancellation, The
foliowlng fish population statlstics are, therefore, presented to describa pre- dredgling
conditlions only.

A specles |list was generated from observations in March, 1877 of dead $ish along the shoreline.
This survey was conducted immediately after lce—out and included the coliection of scale sampies
from +he primary flish specles for age—-growth analyses. Eleven specles were ldentlfied, and
these were characteristic of & shallow, weedy, warmwater lake (Table 25), Panfish, especially
biueglils, domlnated the population. Only two gamefish specles were present, with | ar gemouth
bass belng the most abundant. Young flsh were nof found for elther of the gameflsh spacies,
Indicating poor natural reproduction. A comparison of growth rates with expectations shows that
the growth of bluegills was very poor, suggesting an overabundance due to the dense rooted
vegatation (Table 26).

Dredging has resulted in greater depth, Increased abundance of flsh food organisms, improved
winter D.,0. leveis, higher TA and Sp. C concentrations, and In general better water quality and
habltat. Predictive methodologles indicate that this wiii lead fo the establ ishment of an
Improved flshery In the lake; however, verification will not be possible for soveral additicnal
years, unti| the re-astabllization of the fish community. :

Because of the shallow depth and high water transparency, macrophyte growth qovered the entire
| ake bottom prior to dredging. Most of the lake surface was also Invaded by earty fo
mld-summer. A diverslty of plant species was present, but the community was heavily dominated
by Potamogeion Robbinsii. This growth was, however, completely disrupted during the dredging
activities.

- 5§ =




TABLE 24: Benthlc Invertebrates Present In Lilly Lake
(Individuats/m?)

April 1977 April 1978 Aprii 198|

| nvertebrate Sand  Muck Sand  Muck Sand  WMuckK

Mol lusca
Gyrauius sp.
Hellsoma sp.
Physa sp.
SEEaerium sp.

0l Igochaeta

Amphlpoda
Hyalella azteca - 20

< oCOOo0Q
o o0oQoo

o0
o QO
th oCco-—
o Qoo —

21

Hirudinea o]

Hydrachnidae
Colecptera
Rhantus sp.

[= T = N I

o O o M

(=T = B

o N o O

i Ephemeroptera

¢ Caenls sp.

- Odonata

? Gomph | dae
Trichoptera

b Agraylea sp.

ﬁ Ugce¥ls p.

: Nectopsyche sp. |
Diptera

Psychodldae

B! Perlcoma sp.

¥y Tigurridae

- Tipula sp.

f&, ChacborTdae

P Chaocborus albatus

: Chacborus punciipennls

24

ONO o8] (=]
NOo O o (]
[=faX e o <
CaC O
oo O M
OO P o

22

[= B -

oCC N O
o —

oW o
oo O O
oo o O
MO O (=2

Chircnomidae
Dicroptendipes sp.
ElnTeiala SP.
Harnlschla sp.
MTIcroch lronomus Sp.

Farachironomus sp.
Paralauterbornieita sp.

PEFaTan¥Tarsus sp.
5] zge um Sp.
rocliadlus sp.

Rﬁeo?an¥?arsus 5P

empel {Inelia sp.

’ S?Ic%ocﬁlronomus Sp.
Tanyrarsus sp.
Chironomus sp.
Clino?anxgus 5p.

abesmyia SP.

CEncﬁageIo?la SP.

ypTotendipes sp.
ryptochironomus sp.

Fsactrocladius sp.
Ceratopagonidae
Probezzia sp.
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TABLE 25:

Seecles

Lepomls macrochlrus
Ml cropterus salimoldes
Chaencbryttus gulosus

Pomoxis nigromaculatus

ictalurus natalls
Esox luclus

Parca flavescens
Morone |nterrupta
Lepomis cyanellus
Ambioplltes rupesiTis
Catostomus commersonni |

Flsh Specles Present; March, 1577

Common Name

Bluegtl]
Largemouth bass
Warmouth

Black crapple
Yallow bulihead
Nor-tharn pike
Yallow perch
Yeliow bass
Green sunfish
Rock bass
White sucker

TABLE 26: Age-Growth Analyses for the Primary Fish Species*

Age Blueglil Black Crapple Largemouth Bass
il 8.9 (i16.0)

iy t1.2 (18.5) §7.5 (23.6} 33.8 (29.7)

¥ 13.0 (19.8) 24,4 (25.7) 37.8 (32.5)
¥i 14,7 (21.8}) 28,7 (25.7) 38.6 (37.8)
Vit 16,5 (24.4) 32.5 (32.0} 41,7 (4.1
Vilt ‘ 43.4 (42.7)
IX 46.2 (46.7)

X 49.0 (49.3)

*Lgngfh in centimeters. Sampled March 1977, Expectation based on Druckenmil!ler (1972} in
parantheses.

In 1980, the first year after termination of dredging, the lske was quickly relnvaded by
vegatation. A mixture of specles was present; however, Chara sp. was by far the dominant
plant. This macrophyfic'algae Is often a ploneer specles In new aquatic habltat. Growth
“occurred in about 25§ of the lake, primarily around the shoreline out to a depth of roughiy 3 m
(Figure 24). Th!s was In agreement with expactations based on the following relationship
between water transparency and maximum depth of weed growth:

X = 0,83+ 1.,22Y
where X = depth of growth In meters

and Y = water transparency in meters
{Dunst, 1982}
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FIGURE 24. Extent of Macrophyte Growth in Lilly lLake, 1980-82
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in 1981, the transparsncy wa2s 2.7 =, predicting a maximam depth of grawth oOF 3,5 m. The actual
depth was about 3.7 m 2nd. tnere fore, growth covered about 758 of the iake bottom. Chara sp.
was stlil sbundant, but Mur{ spayilum Spp. wWas near |y co-dominant. Growth was within 0 fo 0.6 m
of the iake surface over the antlra area of habitation. The vegetation was also examl ned
periodically in 1982. At +hat time, the arsa of growth was simitar to 1981, but the macrophytes
remalned §.2-1.8 m below fhe |ake surface except near the shorel ine.

The macrophyte communlfy was composed primarily of submergent species throughout the 1976-82
period of study. No fioating leaf species were ocbserved in the iske. Some emergent specles,
such as Sag!?‘l’arla sp. and Sclrpus sp. were present, especlaliy after dredging, but the number
of plants and thelr blomass was negiigible. In contrast, there were at least 12 submergent
specles in 1876 and 1977, with a combined | akawlde welghted average bicmass of up to B40 g/m2
{dry weight basls) on one sampiing date in 1976 (Table 27). During dredging In 1978 and 1979
the entire lake bottom was atfected, causing a fotal disruption of the macrophyte communlty. As
a result cniy six specles were found In the lake In 1980, A new species of pondweed =
Potamogeton follosus = was present, but atl of the pre-dredging pondweeds along with Megalodonfa
Back || were absent. In |1981-82, species diversity Increased somewhat; however, It remal ned
below 1976-77 levels. P. tol losus was no |onger present, and ﬂ_._Beckll and Potamogeion

amp| 1follus had st1li not relnvaded the lake.

TABLE 27: Submergent Plant Species Present in Lilly Lake Before and After Dredging

Before After
Specles 1976 1977 1980 1981 1982
Potamogeton Robbinsl | X X - X X
P. amEIIfoIIus X X - - -
P. prasiongus X X . - X X
P. ttiinoensls X X - X X
P. pectinatus A X - X -
P. zosteriformis X X - X -
P. fol iosus - - X X -
Magaiodonta Beckil X X - - -
Myriophy!ium spp. X X ) 4 X X
{splicatum & axalbescens)

Elodea canadensis X X X X X
Heteranthera dubla X X X - X
Chara sp. : X X X X X
Najas flexilis X x X X X

TOTAL 12 12 -6 10 8

_ Blomass was also much lower after completion of the dredging project. The jakewlide weighted
average blomass was 685 and 335 g/m2 in 1976 and 1977, respectively. However, this dropped to
about 100 g/m2 In 1980 and 1981. As 8 result, macrophytes now are less dominant in
influenclng inlake dynamics. This is indicated by the noon to 6 P.M. D.O. measurements. In
1977 the Inlake concentrations increased by an average of i.6 mg/L during this period, only
0.1 mg/L of which could be attributed fo phytoplankton. [n 1981 the average Inlske Increase was
0.2 mg/L, a value comparable to the change noted In the {1ght bottle (e.g. aigal productivity as
measured by D.0. q9n+9n+ in suspended {ight and dark bottles}.
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Rooted macrophytes were impacted by several changes brought about by *he dredglng project.
These Include the water quallty and sediment chemistry as discussed aarijer. In additlani

1} 25% of the lake Is now deeper than the maximum depth of growth possibie due to prevaillng
water clarlty,

2) almost all of the near shore region has been converted: from muck to sand bottom, and

3) Chara sp., although a macrophyte, is an alga and not a rooted plant. This speclas provided
much of the total blomass In 1980-81 but contalns a high inorganic content versus +he
typlcal rooted specles; therefore, the 100 g/m2 Is somewhat mlsleading when compared to
the blomass estimates for 1976-77. Also, this |s considered a ploneer speclies and Is
expected to gradually diminish in Importance In future years.

The shift In macrophyte specles dominance ts |liustrated for muck and sand bottom in Figures 25
and 26, respectively. The change from Potamogeton Robbinsli In {977 to Chara sp. In 1980 and
then Mzrioghxllum spp. in 198} is very pronounced over muck nottom which still occurs over
roughly 75% of the lake bottom. Chara sp. remains dominant in the sand areas, but Myrloghgllum
spp. was becoming more Important by 1981. The blomass of macrophytes over muck versus sand
bottom (with and without Chara sp.) 1s shown In Table 28. WIthout the presence of Chara sp.,
the |akewlde welghted average of 100 g/m2 would be much lower. Also, muck bottom Is clearly
able +o suppert higher blomass of rooted macrophytes than sandy areas.

TABLE 28: Macrophyte Biomass in Lilly Lake - Sand Versus Muck Bottom”

with Lhara Without Chara
Over Over

Depth {m): 0-0.5 0.5=1.5 1.5-2.5 2.5 0-0.5 0.5-1.% 1.5-2.5 2.5
1976

Muck 790 ags 659 - 790 898 659 -

Sand 38 71 - - 38 71 - -
{977

Muck 345 432 335 - 345 432 335 -

Sand 76 i25 - - 76 125 - -
| 980 )

Muck - 283 - 9 - a2 - 2

Sand 194 485 - - 10 49 - -
1981

Muck - 309 292 94 - 210 190 75

Sand 49 | 237 224 - 9 50 i8 -

*units In g/m2 on a dry welght basls.
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e P content of whole plant tissue samples was also examlned during 1977-81. There were

a +%mrences between species and between years but no Indication that changes were related to the
-exnging project (Table 29). In general the content ranged from 0.1 to 0.2§ for the rooted
ssnazles. Chara sp. was slightly lower due to It+s high inorganic composition. The quantity of P
>awr+ained in macrophyte tissue as compared to other sources/pools Is shown in Tabie 30.
"nasphorus In macrophytes was much lower in [980-81 versus 1977; however, it wes stlll greater
“*ham either the annual loading from external sources or the amount contalned In the water

ool umn.  Sediments were by far the largest reservolr of P throughout 1977-81, but the NaGH-P
“t~action was reduced greatly by dredging. '

'TABLE 29: Macrophyte Tlssue Phosphbrus {summer average percenﬂ*

8T 4

Potamogaton Robbinsi| 0.08
= amp | 1foilus ' 0.13
P, praelongus o.i8
P, Iifilincensls 0.15
Me galondonta Beckil 0.14
Myriophytium spicatum 0.4t

1978
Potamogeton Robbinsli 0.07
P. smplifollus 0.6
P. preelongus . 0.28
Maga|ondonta Beckli { 0.16
Eiodea canadensls G.20

1930
Chara sp. 0.07 {0.81)
Najas fiexilis 0.18 (1.65)
Myriophy | lum splcatum 0.01 (2,12)
Elodes canadensis 0.16 {1.97}

198/
Chara sp. 0.08 (0.%4)
Najas flexl!is ‘ 0.20 (1,90}
Myriophy ! lum spicatum _ 0.10 {1.27)
Elodea canadensls 0.13 (1.85)
Potamogeton praelongus 0.17 (1.67)
P. Robbinsil 0.12 (2.12)

#*
Percent nltrogen is In parentheses.
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TABLE 30: Phosphorus Sources/Pools In Lifly Lake, I977-8I*

1977 lgso 1981

External Loading (TP) 17.4 19.0 18.7
Water Column (TP) 12.3 "i8.8 9.1
Macrophyte Tissue (TP} 119.9 24.8 32.6
interstitial Waters: o

as SRP ' - 0.2%% Q.2

as TDP 6.4 0.4 0.4
Total Sediment Phosphorus (TP) . |,981 990 1,074

NaOH-P Fraction (573) 2 (31}

HCI-P Fraction ‘ © (347 (308) {361)

*untts In kilograms. The 1977 Interstitial and sediment values are based on the sampling
conducted in June, (978, The vaiues for total sediment phosphorus represent the quantity

contalned In the fop 7.6 centimeters.

#*{ggg than

-{MPACT OF SEDIMENT DISPOSAL

Lilly Lake sediment was deposited in the gravel plt area during 1978 and 1979 whlie the dlked
area was used in 1979 only. The anv!ironmental effects of deposition an the groundwater system
were ovaluated at both sites In terms of well water levels, NHy-N, N03/N02—N, pH, and

Sp. C. In addltion, COD was monifored at the diked area and the follow!ng at the gravel plit:

¢i, TON, TDP, TP, As, Ba, Cd, Cu, Fe, Pb, Mg, Se, Ag, Zn, and Cr.

Modifled Gravel Pit

A. Groundwater Levels

Groundwater levels were monltorad from June 13, 1978 through September 29, 1981 {well G6 was
destroyed September, 1980). Precipltation during 1977 was 1.2 cm below the 30 year average
of B85.6 cm. This was followsed by February through May, 1978 which had below average monthiy
pracipitation values. Therefore, the water levels should have been lower to start with and
i ncreased In 1978-80, because these years had annual preclpitation amounts above average;
1978 had a rate of 106,53 cm/yr which was 21 cm ahove average. ‘

The effect of sedlment and water disposal on groundwater levels showed up in all the
observation weiis in both years, 1978 and 1979. Weli G5 showed the 1 argest impact, which
oceurred In 1978, |1 was the closest well to Basin |, 46 m, and I+ had the highest water
level rise at approximately 6 m (Figure 27). Well G7 was the next closest well, 76 m, and
1+ had a water level rise of 2.4 m. Groundwater levels Increased In wells Gl - G3
approximately 2 m in 1978, They were about 150 m from Basin | and 50 - 90 m from Basin |1,
Part of this Increase was due fo natural recharge trom precipitation and the rest from
artiflclal recharge from the sediment disposal.

.
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FIGURE 27. Groundwater Levels for the Monitoring Wells G5 and G7
Gravel Pit, 1?78—82
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During 1978, .sediment plus water was put in Basin |. There was a standing pipe that drained
relatively clear surface water from Basin | +o Basin 1. This is Important because of the
abltity of LI1ly Lake's sedlment to prevent large amounts of groundwater recharge by
preventing teakage from the botfom or lower sides of Basin |. Most of the iake water
recharge to groundwater probably occurred near the water's surface at points away from the
sediment discharge pipe whera the water was relatively clear of sediment particies. This Is
corroborated by the extremely siow rates at which levels In the pits declined, l.l m in
Basin | during the winter of 1978-79 (Table 31) compared to the more rapld 5 m drop in well
65 (Figure 27}. Thls was also shown by the lack of dralning over the longer term when there
was only a | m drop in level in Basin | from August, 1979 through August, i98l.

TABLE 3i: Seleocted Basin Water Level Data for the Gravel Pit Disposal Area

Basin | Basin ||
Depth Below ' Depth Below
Date Orain Plpe Top Horl zontal Tube Notes

10/16/78 Qver Drain Plpe Top At Top of Tube

0.15 meters from

Bike Top
10/26/78 - - Dredging Stopped
10/30/78 0.1 meters . -
11/13/78 0.3-0.5 moters -
11/27/78 0.6-0.8 meters : 0.6 meters
12/29/78 Same Same
3/20/79 .2 meters -
5/1/19 - - o= Dredgihg Started
5/2/79 0.5 meters -
5/9/79 Over Draln Top -
8/29/79 - - Dredging Finished
8/3/81 0.84 meters (2.5 meters Below

(Wetiand) Basin Il Berm Top)

(Shal low Pond)

a.

Ver+ical Component of Groundwater Flow

Wells G}, GIA, G2, GZA, G3 and G3A wore nests of walls. Both wells at each site were
located within a meter of each other. The screen for the shallow well was near the water
table surface, and the deeper well's screen was 3.4 to 4.8 m below that of the shaliow
woll. These xells were used to Indlcate the vertlical direction of groundwater flow.
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Flgure 28 shows groundwater level data for well G!, GIA, 52, ang 52A. Generally the flow at
these sites was downward during the major parts of the study geriad. On the other hand, at
woli G3 the flow was more horlzontal and silghtiv upwarg {Figure 13). Thls {nterpretat!ion
of well site 63 is conslstent with ifs location between Basir il and the Intermittent stream
and Fox Rlver to the south and east, respectively.

An inferpretation of the data Indicates that during and after sediment disposal, groundwater
had a tendency to flow from well G2 to G| and G3. Also, the vertical flow was down in Gi
and G2 and horlzontal to siightly upward In G3.

C. Amwmonia Nitrogen
Although NHg=N was found at elevated levels In the lake sediments (Table 32),
concentrations remained low in the observation wells. The one exception to thls occurred on
October 2, 1978 when [0 mg/L was noted In well Gl. For this same date well GIA, the deeper
well, had a concentration of (.4 mg/L. Ammonia=N in the home well samples were all below
0.7 mg/L . The range of concenirations found in the home wells is illustrated by weils |
and 2 In Flgure 30.
TABLE 32: Average Composltion of the Sediment and Pore Waters
for LIl1y Lake as Found in Basln |
Sediments Pore Water
Parameters Moan Mean Range
Sollds (%) 3.4 - -
TKN (mg/L) 1018.2 11.0 3.319.5
NH =N (mg/L) - 9.5 2,1-18.0
NO3/NOs~N (mg/L) - 0.1% -
Lab pH {Standard units) 6.8 - -

*less than

Ammonla 1s absorbed to clay part
under aercblc conditions.
lake sediments, nitrificatlon to NOy
of the N Info the groundwater system.

leles under anaercblc conditions or Is oxldized to NO3—N

S0, even though NHy~N was the dominant inorganic N form In the

D. Nitrate Plus Nltrite Nitrogen

~N was general |y necessary for significant transport

‘Nitrate plus nifrite-N was of concern due to the drinking water standard of 10 mg/L for
NO4=N {U.S. Publlic Health Service, -1962). During the study period, 231 well samples and

three gravel plt basin sampies were anaiy
sampies was 0.94 mg/L, with a maximum of

Fmlit of 0.02 mg/lL..

zed,

The average concentration for the wol |

8.10 mg/L and a minlmum of less than the detectable
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Flgure 31 exhiblts the range In concentrations found In the home wells. Only one home
well, #2, showed a signlflcant change In concentration that may have besn relzted to the
dlisposal activity. Thls well was relatively shallow, 15,2 m doeep. Therefore, NO,/NOs-N
concentrations In the groundwater used for drinking water in homes around the gravei plt
disposal area did not exceed the |10 mg/L standard.

The we!ls were sampled for a varie+§ of Indlcator parameters such as Sp, C, Cl, and others
as described earller. None of these demonstrated changes thaet could be related to the

Groundwator levels were monltored from May 2, 1979 through October 25, 1981 (well DI was
destroyed In May, 1980). The spring snowmelt In 1979 and the unusually wet late summer
conditlons of 1978 caused elevated groundwater levels prior to sediment disposal. During
thls perlod water |evels were declining as wouid be expected after the spring snowmelt

Disposal of lake sediment to the diked area began May 2| and continued untii July 24, 1979,
Cloar water was aiso pumped from the other sediment disposal site to the diked area from
June |1 through August 29, 1979. The effect of sediment and water disposal on groundwater
level first showed up In the sampling on June 4, 1979. Thls rise was due primarity to
seepage of water out of the diked area. Only |.6 cm of rainfali fell durling the elght day
period prior fo June 4, 1979 (Table 33). Well D6 was one of the first to respond because I+
was close to the cells and its screen was In sand or sand and gravel with good permeabl | Tty
(Flgure 32). Wei! D3 was the slowest to respond. Its well polnt was located in a loamy
grave! soll and the siow response was due to greater distance from the disposal fleld and

Groundwater levels in June, 1979 were higher than at any other time during the study
period. Durlng the latter half of June and July the water levels deciined, Indlicating a
reduced rate of recharge. This was during the period of sediment dIisposal when the cells
were full of sediment/water. Therefore, the sol! pores must have been plugged with iow
permeabiiity lake sediments which slgnificantiy slowed the rate of water recharge to the

Increased water levels were observed occaslonally later during the study perlod.. These
were, however, related to ralnfall or snowmelt recharge events. For instance, the elevated
loevels in ilate August, 1979 were In response to a ralnfall accumulation of 25.3 cm which was

E. Other Parameters
sediment disposal activity.
Low Dlkes on nglcutfural Land
A. Groundwater Levels
recharge.
lower permeability.
groundwater tabie from the celis.
16,3 cm above the monthly mean of 9.0 cm.
B. Ammonla Nitrogen

Ammonia-N concentrations ranged from 0.0l fo 0.70 mg/t, with a mean of 0.14 mg/L for all of
the wall water samples faken during the study period. Prior to sediment disposal, NHa~N
ranged from 0.06 to 0.49 mg/L, with a mean of 0.20 mg/L. Durlng and after sediment
disposal, concentrations ranged from 0.0} to 0.70 mg/L, with a mean ot 0.13 mg/L (Table 34).
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FIGURE 31. Nitrate Plus Nitrite Nitrogen in Home Wells 1 and 2, 1978-82
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TABLE 33: Dally Rainfall Data During initlal Fi1iing of the Diked Area, 1979

Well
Sampling
Month Day Dates Burl ington
May 19 .58
20 .09
2] X
22
23
24
25
26
27
28
29
30 .43
33 .10
June |
2
3
4 X
5 I
6
7
8 .94
9 .97
10 .04
11 X .03
2
13

Centimeters of Rainfall

Weather Station:

Lake Gensva Unlon Grove Antloch Mean
.08 A3 03 A5
.03
.38 40
03 .94 .29
- L38 t.37 .94 .79
.05 ‘ L05
T* T
| .60 o4
A3 .43 33 .33
.03 T
4.41 .04
.32 |1.60 97
.58 4,09 1.42
.56 .89 .58
.03 .43 13
.18 .05
T T

#T stands for trace of precipitation.
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TABLE 34: Average Groundwater Quallity In the Dlked Area Wails Before and
After Sediment Dlsposal

Before During and After
Number Number
of of
Parameter Samples Mean Range Samples Mean Range
Nitrate Plus o 0768 0.0} - 2.7 80 1.38 0.0l - 9.6
Nitrite=N :
{mg/L)
Ammonta=N B | 0.20 Q.06 - 0.49 90 0.13 0.0 - 0.70
{mg/L)
Chemical 9 38 13 - 85 6l 35 5.0 - 150
Oxygen Demand '
(mg/L)
. ph 13 7.53 7.1 - 8.4 68 7.28 6.6 = 9.7
(5tandard
units)
Conductivity 1t 1006 516 - 3240 S 65| 302~131i0
{umho/cm at
20°C)

Ce.

Changes In conceniration observed during the study perlod are 1{lustrated In Flgure 33. The
one peak which may have been related to sedlment dlsposal occurred at well D6. The peak at
well D4 In 198} was probably related to ammonis fertllization on 2 nearby fleld.

Nltrate Plus Nitrite Nitrogen

Nifrate plus nitrite-N sampleos were taken on +hree dates prior to sediment dlsposal in the
diked area. The highest concentration In the weils prior to sediment disposal was 2.7 mg/L
in well D2, During and after disposal, wells D2 and D6 had peak vaiues of 8.6 and 9.6 mg/L,
respectively (Figure 14)., No other well had concentrations above 3 mg/L at any time.
Overal| there was an average concentration Increase from 0.68 to 1.38 mg/L (Tabie 34).

Because of the !Imlted pre=disposal sampling period of 19 days In May of 1979, It Is

dlfticult to assess how much of this was due to sed!mant disposal versus natural seasonal

fluctuations under an agriculfural flsld; however, the results from water samples coilected
at well D3 should represent typical groundwater quallty. Thls well was located upgradlent
In clay soils of poor permeabl | ity. Nitrate plus nitrite-N concentrations remained low
throughout the study perlod, at least suggesting that the Increase cbserved In other wells
was due to sediment disposal. In any case +he 10 mg/L standard for NO3-N in drinking

water was not even exceeded In well 06, a downgradlent well located In permesble soils
Immediately adjacent Yo the diked area.
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D. Chemical Oxygen Demand

Chemical oxygen demand rangad from 5 to 150 mg/L, with a mean of 36 mg/L. Well D3 had the
highest average at 48.2 mg/L (excluding well DI which had only fwo samples); however, the
wetiand solls and setting of this well were contributing factors. The hlghest COD

(150 mg/L) occurred at well D6 on June 26, 1979 and was probably related to sediment
dlsposal (Figure 35).

e pH

The pH ranged from 6.6 to 9.7, with 2 mean of 7.3. The most basic well was Di with a mean
of 8.0. The most acldic wall was D4 with a mean of 7.0. The most acidic months were July
through September. At well D3 when the pH was between 7.5 and 8.2, the total inorganic N
was high; andw.when the pH ranged from.8.2-9.7, the Inorganic N concentratlons were low.

F. Conductivlty

Conductlvity nanged from 302 to' 3,240 umhos/cm for ati the wells (Table 34), The hlghest
mean at an Indlvidual site, well D6, was 992 umhos/cm. - A maxmum value of 3,240 occurraed in
the first sample from well 06; however, [+ may have been contaminated due to the well

Instal lation process (Flgure 36}. Well D4 had the next highest mean of 839, and weli D2 had
the lowest mean of 516 umhos/cm.

BENEF {CIAL USES OF DREDGED LAKE SEDIMENT

Sediment Survey

Analytical data from the sediment survey are summarized in Table 35. of the 12 sedlments, Liily
Lake-Kenosha |s highest 1n pH, total C, 00D, loss on lgnition, total N-and N release on three
months Incubation. |1 showed the greatest decrease in P-aqul | Tbrated in.0.0IM CaCly, and was
intermedlate in the other categories. Thus, i+ would appear that this sediment: should be a
reasonably good source of N, a poor source of P, and should tend to ralse the soil pH if applied
to acld soiis. ' :

The }2 sedlments showed wide ranges in most of the factors studled. The pH vaiues ranged from
5.1 (Tomah} to 7.7 (LIily Lake-Kenosha), and the COD, which reflects the organic matter content,
ranged from 3.5 (Lecta) to 31.9 (L11ly Lake-Kenosha). Other ‘factors of particular interest from
the soll fertillty standpoint are the rather narrow range in C/N ratios (8.9 in Pigeon to 13.3
intbtlly Lake-Marathon}, the very wide range in C/P ratlos (49 In Lecta To {420 1n Llly
Lake-Marathon), the range In N immobl1ized (43 ug/g in Rib) to N mineralized {14.5 ug/g In Liily
Lake-Kenosha) In the Incubation experiment, and the decrease (4.4 ug/g In Rib) To increase

(1.0 ug/g In New Richmond) of NaHCOs-extractable P on Incubation.

Except for Mn, trace element contents showed falrly smali ranges. Arsenic valuas In the
sadiments could not be obtalned because of Al Interference on the ICP, Cadmium values wera Just
above the 2 ug/g level established as the allowabie !imit for unrestricted appl Ication of sewage
sludges (U.S. EPA, 1979}, However, there [s & serlous question as to whether such a low |imit
can be Justifled on the basls of toxlcologlcal data (Chaney, 1983}.
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TABLE 35: Ranges for Chemical Factors Detarmined on |2 Wisconsin Lake Sadiments
Compared With Values Obtained cn the Sediment from
Liliy Lake in Kenosha County

Lilly Lake
Range Kanasha*

Variable _Low _ High : | 1
pH _ N 1.7 7.7 7.2
Total C, § 5.5 34.2 32.4 ‘ 34.2
con, % 3.5 . 3.9 28.7 31.9
gn. loss, ¥ 12 66 66 66
Total N, % : 0.35 2.69 2.69 2.69
NH4-N, ug/g 8 671 - 38 70
NO-N, ug/g 9 64 17 37
Total P, ug/g 366 1520 62] 635
Organic P, ug/g 176 1080 355 338
Total CAN 8.9 . 13,3 10.7 1.9
Total C/P _ a9 1420 808 o44
Zn, ug’g 30 00 a8 -
Mn, ug/g : 103 967 123 -
Cu, ug/g 22 58 31 -
Cd, ug/g 2.1 5.9 2.4 -
Pb, ug/q ©3 60 25 -
GaGI P, ug/m} 0.005 0.044 . 0.016 --
NaHOOs—P, ug/g o 2.1 14.6 3.3 -
K release, ug/g*™* -43 14.5 14.5 -
CaCl P release, ug/mi* ~0.0.12 0.025 -0.012 .-
NaHCOS-P release, ug/g** ~-4,4 b0 =3.1 -—

#Sample | was taken from the lagoon adjacent fo the field site. |+ was used for the greenhouse
and field studles. Sample |} was taken from a frozen sample of sediment collected from Basin |

at the gravel plt site.

#% Released during three months Incubation after leaching with 0.0IM CaClg.
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Greanhouse Study.

On the basis of the sadlment survey results {and also the avallabllity of sufficient sediment),

three sediments in addition to that from Liily Lake~Kenosha were selected fo glve wide ranges In.

pH, organic mattfer, total N and C/P ratios. These sediments were Lilly i ake-Kenosha (LLK) with
high pH, organic matter, total N and C/P ratlo; LIly Lake-Marathon (LLM) with [ntermediate pH,
high organic matter, moderately high total N and very high /P ratlo} New Richmond {NR) with
neutral pH, low organic matter, low total N and low C/P ratio; and Tomsh (T) with low pH, low
organic matter, low total N and low C/P ratlo. These sedimbnts were applied to a Plainfleld
sand and a Withee siit loam.

Statistical analyses of the effects ot soll, sedlment source and sediment rate are glven In
Table 36. Dlffererices due to soll factors related to yleld or concentration in tlssue were all
signiflicant at +he 1% level except for yletd and Cu concenfration. As can be seen from

Table 37, these di¥ferences due to soll, though signiflcant, were not |arge except for B and K
concentrations which d1ffered by an average factor of abouf two.

Difterences in yield and element concentfrations and uptakes assocliated with sediment scurce were
signlficant at the | or 5% levels for ail factors excopt B, P and K concentrations (Tabie 36).
For purpases of itlustration, the vaiues for the controls and for the averages of all treatments
for a glven sediment appiied to the Plalnfleld sand are given In Table 38. The data for the
sand are glven here because the low buffering capablilty shouid allow the greatest impact of
sediment characteristics.

The two highly organic solls, LLK and LLM, showed the greatest N uptake. The high C/P ratlos of
these soils did not seem to have a depressing effect on P uptake. Only N and K concentrations
showed conslistent Increases over the control when compared with all sediments on both solls.

The Zn In the NR sediment appeared to be more avallable to the corn than that In the other
sediments even though +otal concenirations were equivalent. Other differences among sediments,
while significant statistically, were not of much consequence practicaily.

Although sediment source had a significant affect on most of the alement concentrations, the
effect of the rate at which the sadiment was applied was significant at 5% or better only for
Ca, Mg, § and Mn. Calcium concentration increased with rate for all sediments except Tomah.

For Mg, addition of all rates of 2l sadlments depressed the concentration below That of the
fertllized control on the sand. This did not happen on the siit lcam. Increasing rates of the
LLK sediment generally resultad In Increasing Mg concentrations. The lower Mg cancentration
assoclated with sediment addi+lon on the sand [s probably assoclated with uptake antagonism from
Increased K avaliabllity.

As with Mg, S caoncentration ‘ended to drop from the control to the jowest sediment rate and then
rise with Increasing additlons. This was least apparent with the LLK sediment.

Concenirations of Mn in the corn +issue were markediy depressed by Increasing rates of tha high
pH LLK sediment and |ncreased with rate in +he highly acldic T sediment. There was & tendency
for higher Mn concentrations at the higher rates of the other two sedlments, particularly on the
sand.

Lack of an effact of sediment rate on concentration of the other eiomonts Is somewhat
surprising, particularly for N where there [s a marked effect of sediment source on N
concentration in t1ssue.

SN,




TABLE 36: F Values Showing Slgniflcance of the Effects of Saitl,
Sediment Source and Sediment Rate on YVarlables Determined
in the Greenhouse Study

Sediment Sadiment
Yariable o Soll Source Rate
Yield 0.65 2.68%% 1.39
N conc. 37,79%% 79.58%+% 0.39
P conc. 89,944 #* o 2.52% 0.33
K conc. 1528.96%** 2.24* 0.47
Ca conc. 206.58%%* 6, 71w 20, | 4%w
Mg conc. 476,92%+* 27.52%e% g, z2%e
§ conc. 43,7408 9,27 ** [2.80%%*
Fe conc. 64,3204 3,03% 0.94
#n conc. 139, [2%%* 52, 38% %+ B.05%**
Cu conc. . 0.8l 25,4 4% 2.24%
Zn conc. II.?B*** 5, 7gRe 1.56
8 conc. 99|, 27%* ' . 0.8l 0.53
N uptake 2| .B3%we 28,2|*** g 0.39
P uptake 13,554 : 3.15%* 0.65
K u;ﬁake 675.99% %+ §0.90%* 117

#Slgnlficant at the 108 level.
#*5lgniflcant at the 5% level.
#w#signlficant at the 15 ievel.
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TABLE 37: Effect of Soll on Average Vatues of Varlables Deatermined

in the Greenhouse Study

Plainfiald Withee
Variable Sand 511t Loam
Yield, g/pot 2.50 3,04
N, 5 2.94 3.27
N-uptake, mg/pot 85 99
P, % 0.144 0.124
P uptake, mg/pot 4,2 ‘ 3.8
K, $ 2.3 4.4
Ca, % 0.87 0.69
Mg, § 0.63 0.44
5, % ' 0.183 0.167
Zn, ug/g .46 38
B, ug/g |15 30
Fe, ug/g - .59 52
Mﬁ, ug/g ' 82 63
Cu, ug/g 10.7 . 9.6

St g}!flcance*

ns

L 2

*ng = not signiflcant.
#u¥g] gnlficant at the 14 lovel.
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TABLE 383 Effect of

Yariable

Yield, g/pot
N, $
N up?aké, mg/pot
P, %
P uptake, mg/pot
K, %
K uptake, mg/pot
Cn, %
Mg,
s, %
Zn, ug/g
B, ug/g
Fe, ug/g
Cu, ug/g.

dadiment Source on Average Yalues of Variables Determined

In the Greenhouse Study

Control LLK
2.5 3.2
2,8 3.1

714 : 97

. 0.15 0.14
3.9 4.5
i.6 (2.4

40 75
0.89 0.89
0.73 6.65
0.19 0.18

39 46
12 16

62 64
10 9

LiM

2.8
4.)
13
0.14
3.9
2.7
74
0.92
0.62
0.19
39
16
56

»

3.1
2.2

‘66

0.14

4.3

2.4
73

0.85

0.58
017
61
15
57

T Sligniticance
2.9 falal
2.6 **
77 -
0.15 *
4.3 **
2.7 *
80 *
0.78 el
0.56 A
0.19 falall
44 il
15 ns
58 i
%

s+ fact of sediment source slgnificant at the 105 level.
##gffact of sediment source slgniflcant at the 5% level.
##4cftact of sediment source signiflcant at the % tevel.
ns = not slgnlficant at the 108 level.

Field Study

The original field study was sited on an old alfa
untll June, Sudan grass was planted Instead of corn.
the plant tissue from the two harvests taken in 1980 are given in Tabie 39.

1fa field. Because plots were not established
The ylelds and elemental composition of




TABLE 39: Effect of Sediment Rate on Yieid, N and P Uptake, and Concentration of Various
Elements In Sudan Grass Tlssue from the 1980 Fleld Study*

1st harvest (mT/ha) Ind harvest (mT/ma)
Varlable 0 22.4 44.8 89.6 0 22.4 4.8  89.6
Yleld, mi/ha 2.40a © 3.2 5.960b  2.96ab  2.3la  2.96b  2.9%ab 3.0%
N, % 3.31 3.24 2,99 3,23 2.48  2.84 2.56  2.94
N uptake, kyg/ha - 19a 105b ' 87ab 96ab 57a 84ab 15ab 91b
P, % 0.33 0.31 0.31 0.3l 0.35  0.37 0.36  0.35
P uptake, kg/ha 7.8 10.3 9.3 8.9 8.0 11.0 10.5  10.8
Zn, ug/g 48 53 54 56 42 42 43 42
Mn, ug/g 47 45 42 38 62 56 60 59
Cu, ug/g 6 i8 16 17 16 8 16 17
cd, ug/g 0.28 - 0.25 0.16 0.22 0.28  0.25 0.16  0.22
As, ug/g** '
Pb, ug/g*™*

#yajues fol lowed by the same letter In a given row for the same harvest are not significantly

different at the 5% levael., |If a row contains no letter, the di fferences are not slgnlf!canf;

#4851ow detection.

Even though the plofs were establlshed on an old aifalfa fleld, there was a significant Increase
In both yieid and N uptake with the first sediment rate in the first harvest and from the third
sediment rate In the second. Yieid but not N uptake was increased signiflcantly by the first
sediment rate. These were the only significant effects of sediment addition.

Bacause the whole plot area was covered with sediment from a nearby sediment lagoon In the fail
of 1980, the treatments were reastablished on a different slte that had been In pasture for many
‘years. Corn was planted in |98l and the values for N and P In ear leaf, stover and grain and
for yleld and N and P uptake of stover and grain are given in Tabie 40. Mo signiflcant effects
of sediment applilcation were noted.
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In 1982, corn was planted ag
been taken and irempled a large
not be obtalned.

analysls, however.
Table 41.

Samples of graln were

The results of the analyses of
s the final fleid frlal, as many elaments were run
| programs. avallable on the 1CP.

Bacause this wa
was possible with the analytica

aln, but cows broke through the fence affer ¥
portion of the plot area to the point Tha
taken from standing stalks withln the
the sar leaf and graln samp

he oar |eaft samples had
+ grain ylelds could

plots for chemlcal

les are gliven In

on the tissue as

TABLE 41: Effect of sadiment Rate on the Co
Ear Leaves at Sllking and In Gra

Element

N, $*
P, §

K, %
Ca, ¥
Mg, %
s, &
Zn, ppm
8, ppm
Fe, ppm
Cu, ppm
Al, ppm
Mn, ppm
Co, ppm
As, ppm
Cd, ppm
Pb, ppm

£ar Leaf (mT/ha)

Grain (mT/ha)

ncentrations of 16 Ejemants in Samples of Corn
in from the 1982 Fleid Study

0 22.4 44.8 89.6 0 22.4 44.8  89.6
2,56 3.12 2.71 2.60 |.36a 1.42ab  1.50ab 1.68b
0.30 0.29 0.31 0.30 0.30  0.29 0.20  0.33
1.6 1.5 5 1.6 0.39  0.40 0.39  0.46
0.69 0.67 0.72 0.64 0.0l 0.0 0.0 0.0l
0.5 0.55 0.57 0.50 0.12  0.12 0.12  0.13
0.29 0.28 0.30 0.28 0.12  0.12 0.13 - 0.4
25 25 34 26 23 23 23 26
6.0 3.9 6.2 4.2 4.0 1.9 43 2.7
88 86 89 87 9 i9 3 22
12 ' (3 12 2.6 2.8 2.5 2.9
49 47 49 49 13 9 7 10
43 41 47 38 6.5 5.9 . . 6.4 7.5
5.5 5.1 5.9 5.3 5.2 4.8 6.2 4.6
0.6 0.5 0.9 1.1 — - .- --
0.34 0.37 0.37 0.39 -- - - -
1.6 1.5 2.0 (.8 - —- -- --

*or N In corn graln, va

lovel.

|ues not followed by fhe s
None of the other analyses show signiflcan

ame lotter differ significantly at fhe 5%
+ dlfferencas with sadiment rate.

statistical anatysis s
graln at the hlghesfrsedlmenf addition.
Thls appeared to be the only
les on corn af this sife.

samples.

two yaars of fleld stud

This |ncr

howed that there was 2 slgnlflcant lncreasa in N co
aase was not apparent In fhe ear
lcation found In

significant effect of sediment appi

-9l -

ncentration in the corn
jeaf



CONCLUS IONS

The L1lly Lake project represented a major dredging cperation on a small iake. Water quality
degradation resulted from disturbance of the flocculent, organic sediments! howaver, water
chem|stry remained within tolerabie |imitfs. in this case, the sadiments did not contain any
particularly problematic pollutants. High NHa-N concentrations In the sediment interstitial
waters wers the most serjous concern.

During dredging, density increased for algme and a specles of zooplankton. Casual cbservatlons
of the fish population revealed no adverse impact. Aithough not specifically monitored I[n the
summers of dredge activity, physical disruption of the entire lake basin wouid presumably have
caused near decimation of the benthic Invertebrates and rooted macrophytes., The benthos were
reexamined about 1.5 years after project completion. At that +ime both numbers and diversity
were greater than In the pre-treated lake. Macrophytes were Investigated the summer fol lowing
dredge removal. Diverslity was down about 50%, with most of the Inhabltable lake bottom invaded
by Chara sp., a plonser species. By 1982 this plant was belng out-competed by a mixture of
rocted macrophytes, and diversity was Impraving. .

The study was fterminated about 2.5 years after take deepening. Dissolved oxygen levals had not
dropped below 7 mg/L at any depth during the three infervening winters, whereas fish kiils had
bean a common occurrence previousiy. General water chemlstry was good and reflected the
onhanced groundwater Infiow. Chlorophytl a levels averaged under 5 ug/L. Rooted macrophytes
cccupled 75% of the {ake basin but were not growing to the lake surface except near shore.

Plant biomass:was reduced signlficantly, &nd, although the situation was stiil evoliving, biomass
was expected to remain down because of the converslon of muck to sand bottom. Project duration
{imlted the abllity Yo assess the impact on the fish popuiatlion; however, the varlious measures
of habltat sultablilty indicate that an Improved flshery wiili develop In the future.

An Initial effect of sediment disposal in the modifled gravel pit was an elevated groundwater
+able. The largest increase In groundwater level occurred in the wells closest To the dlsposai
basins. However, the elevated water levels generally declined soon after the dlsposal activity
stopped in {978 and 979. Water and sediment levels in +he basins did not show such large
declines. Thls was probably due to the sediment's abllity o seal the bottom and sides of each
basin and restrict the outward seepage of water. Therefore, most water seepage occurred near
+he water surface In the basins as they fliled.

In terms of groundwater quaiity, NH4-N and NOz-N may have entered the groundwater during

1978 and 1979, However, the impacts were relatively minor and localized In the Immediate
-viclnlty of the gravel pit area. The general conclusion was that no signiflcant adverse of fect
on groundwater quantity or qual Ity occurred as a result of sediment disposal info the gravel pit.

Similar effects were observed, and conclusions reached at the diked dlsposai area. An elevated
groundwater fabie showed up in the wells situated in the most permeable soll first and in the
least permeabie soil later. However, the water levels again decllined soon afterward due Yo the
sediment's abllity to seal the bottom and sides of the dlked area and restrict the outwerd
secpage of water. In terms of groundwater quailty, NOz/NOo-N concentrations rose to

9.6 mg/L In the most permesble weli (D6). Also, In two cases, the NH,-N concentraticns
Increased a short +ime after the NOx/NOy-N. in one well the change may have been related to
sediment dispesal; howaver, the other well probably respanded to ammonla fertitization of a
nearby farm fleld.



The sediment from'LIlly Lake In Kenosha County, Wisconsin {s higher in pH, Total c, ©OoD, less o
igmition, yotal N and N release on three months' incubatlon then the 1i other lake sediments
included In the study. !1Ts potential for inereasing P avaliablilty In sol|s appears 1o be very
low compared wlth most of the other sediments. Laboratory data suggest that some P

immob [ 1izatlion might actually rosult from appilcation of this sadiment, buf fleld data do ot

show any effect on P availabliity.

From & pracf!cal standpalnt, the only beneflclal effect found was an increase In N avallabil ¥y
following sediment application. This occurred In both greenhouse and fieid trizals. No other
beneficlal of detr imental affect showed up in the field trials. Tests for changes in physical
properties of fhaLsoll assoclated with sedIment app!ications were not made.

From the data obtained In this study, 1t would appear that there are No harmful effects from
applications up +o and probably exceeding 89.6 mT/ha (40 T/A) on 2 dry=-wei ght base. Small but
significant [ncreases In avallable N should result from these additions through mineral 1zation
of organic N, and the increases should persist over a number of years.
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