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acre
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HYDROLOGY AND WATER QUALITY OF WHITEWATER AND RICE LAKES
IN SOUTHEASTERN WISCONSIN, 1990-81

By Gerald L. Goddard and Stephen J. Field

ABSTRACT

The hydralogy and water guality of White-
water and Hice Lakes was studied by the 118
Geological Burvey during November 15, 1880
November 14, 1981, in couperation with the
Whitewaler-Rice Lakes Manapement District,
Walworth County, Wis. Whitewater and Rice
Lakes are small, shallow Iakes; surface aress are
697 and 162 acres and mean depths are 8.4 feat
and 3.8 feel, respectively, Although both lakes
have surface outlets, water levels were below the
dam eresis during the study, and no water lefi
the lake through the outlets. The drainage basin
of Whitewster Lake is 16.9 square miles and that
of Rice Lake ix 11.8 sguare miles; but, becanse of
farge amounts of depressisnal areas, only
1.4 square miles and 0.2 sguare mile, respee.
tively, contribute surfage runoff to the lakes,
Whitewater Lake ix an arificial lake oreated in
1847 by the damming of three smalier Iakes. Rice
Lake iz an artificial lake created in 1954 by the
damming of Whitewater Creek, which draing
Whitewnter Lake. Maintaining the lake levels at
the clevations of their dam crests has been diff-
cult since the izkes were created. For most vesrs,
water levels were below the iakes’ dam crests.

Ground water, precipitation, and svapora-
tion are important components in the hydrologic
budgets of the lakes. For Whitewater Lake,
ground water was the dominant source of water,
accounting for &7 percent of the iaflow budget;
precipitation accounted for 26 percent. Ground
water also dominated the sutflow, ascounting for
81 percent of the outflow budget. The remaining
19 percent of the outflow budget was evapora-
tinn. For Rice Lake, pracipitation was the dom-
inant source of water, accounting for 88 percent
of the inflow budgel; ground water accounted far
8 percent. Evaporation dominated the outflow
budget, at 70 percent, whereas ground water
accounted for &0 percent.

The external phosphorus budget for White-
water Lake showed that shoreline drainage was
the largest source of phosphorus fe the lake-
42 percent of the total input of 558 pounds. Other

sources of phosphorus were wseptic sysismms,
1% percent of the total; precipitation, 18 percent;
a spring inlet at base flow, 13 percent; and
ground water, 8 percent. The external phospho-
rus budget for Rice Lake showed that shoraline
drainage alse was the largest source of phospho-
rus te the lake-59 percent of the tetal input of
83 pounds; other sources were precipitation,
48 percent of the total; and ground water, 3 por
cent. Application of Vellenweider's phagphorus
loading model fairly accurately prodisted the
lakes” spring turnover phosphoras concentra-
tions and suggested that the external loading of
phosphorus would resull in mesotrophic to
eutrophic conditions for Whitewnter Lake and
mesotraphic conditions for Rice Lake. hllon and
Rigler's medei further suggested additional phos-
phorus from iniernal recycling was required to
result in the high chiorophylla concentrations
experienced in both systems during suminer,
internal recyeling of phosphorus 1n addition o
external loading sceme i alse cause waters
quality problems in beth lakes. The amount of
phosphorus recyeled from the lake sediments was
estimated from a wsss-balanes approach for
Apnl 1-November 14, 1881 For Whitewater
Liake, the internal load of 582 pounds was
slightlv greater than the anrual exteraal foad of
848 pounds. For Bice Lake, the internal joad of
285 pounds far cxceeded the annust external inad
0f 63 pounds.

INTRODUCTION

Whitewater and Rice Lakes (fig. 1) are
eutrophic? lakes in Walworth County in south-
castern Wisconsin and are used primurily for
recreation-fishing, swimming, and bsating, Both
iakes have intermittent surface-water outlets
Rice Lake is downstream fram Whitewater Lake
and is conmnected to Whitewater Lake by a
300-fi-long intermitient stream.

Whitewater Lake is a keitle moraine lake
created in 1827 by impoundment of the outlet of

Yorms defined in the glossary are shown in bold
type the first time that they are used in the text,
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Figure 1. Locations of Whitewater and Rice Lakes, drainage basing, and dala-collection sites.




three smaller lakes. Legal action later forced
removal of the impounding gates until the county
acquired the dam site and ereated a park in 1946
(Poff and Threinen, 1981; Lundin and others,
about 1972). A dam erest was then built to accom-
modate outflow 12 ft above the original Iake level,
Orn February 13, 1947, the dam was closed. Aftar
11 months, the lake filled 7.2 fit. The next
repotied ebservation was on May 12, 1869, when
the lake level was ¢ 1t below the smibway crest.
Nof until 1973, howaever, did water discharge
from the ontlet of Whitewater Lake Water dis-
sharged Intermittontly from the Ilske during
1973-86. Mo outflow has been cbserved since
1988,

Water-quality monitoring of Whitewater
Lake began in 1986, when the Wisconsin Depars-
mont of Natural Eesources (WDNR!chose it as a
iong-ferm trend lake Total phospherus concen
srations for Whitewater Lake for 1986 ranged
from 40 o 80 ug/l. Lakes in which spring turn-
pver roncentrations are greater than 20 ugf/L are
considered fo be eutrophic {Wiscoensin Depart-
ment of Nataral Hesosurces, 1983, G.C. Gorloff,
University of Wisconsin, written commun., 18843}

Water guality of Whitewsater Lake was poor
as soon as the lake was oreated {Luadin and oth-
ers, 1872% During June-Octeber 1971, plank-
tonic algae dominated over aguatic macro-
phytes in the lake, averaging 54,000 vrganisms
per liter, In 1871, only 1.2 percent (8 acres) of the
lake nrea was oceupied by macrophytes. The
vegetation shifted from an slgae-dominated sys-
tem n the 1970's to a macrophyte-dominated
syatem by 1888 During 1950-68, an average of
6.7 percent of the lake was sprayed to control
macraphytes. A survey of aquatic macrophytes by
the WIDINTR in 1988 found that 8] percent of the
fake wan eolonized by aquatic plaots,

Rice Lake was created in 1954 by construc-
tion of an 8-ft-high dam across Whitewater Creek
below Whitewater Lake. Little other historical
information is avatlable on Bice Lake.

The Whitewater-Rice Lakes Management
Prstrict was soncerned with the lakes' water
quality. o response to this concern, the US. Geo-
logizal Survey (USGH), in cooperation with the
Whitewater-Hice Lakes Management Disiriet,
studied she hydrelogy and water quality of
Whitewater and Rice Lakes from November 15,
198G November 14, 1991,

Purpose and Scope

This report summarizes the resuls of the
data-cellection program at Whitewater and Rice
Lakes and in thetr drainage basins during
November 15, 1990-November 14, 1991, and pro.
vides an evaluation and interpretation of the
dats. The report describes (1) the hydrologic
budgets for Whitewater and Fice Lakes, (2 the
phosphorus budgets for the lakes, (3) the physieal
and chemiest characteristics of the lakew watsr,
{4} the phesphorus loads from loternal recy-
cling, and (8} the traphic status of each lake.
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LAKE CHARACTERISTICS

Whitewater Lake 15 about 2.6 mi long and
0.6 mi wide. The Iake has 3 shoreline length of
10.0 mi, a surface ares of 892 acres, and a maxi-
mun depth of 40 ft. In Whitewater Lake, an
esker-like feature {fig. 1} extends 1.8 mi south
from the north shore to near the center of the
lake. The maximum depth of the north bay, east
of this feature, is 13 fi. Bogs are present near the
center of the bay. The south bay has a maxitnum
depth of 7 ft and contains abundant emergent
aquatic vegetation.

Rice Lake hag o maximum depth of 11 ft near
the center of the lake and s generally oval
shaped. The characteristics of Whitewater and
Rice Lakes and their drainage bazing gre sum-
marized in fable 1.

Water levels of both lakes are condrolled by
dams. The Whitewater Lake dam i5 a1 9.9 11 wide,
broad-crested concrete dam. The Riee Lake daw
15 g concrete drop-injet structare.




Table {. Characteristios of Whitewsier and Rice Lakes, Wisconsin

Characteristic Whitewater Lake Rice Lake
Total surface area of drainage basin (mi®) 10.% 118
Contributing surface area of drainage basin (mi%) 1.4 1B
Sarface area of lake (acres?® B4 4182
Lengih of shoreline (mileg; £10.0 d3.3
Volume (acre-fest) °5,806 dgn3
Mean depth {feet) ‘8.3 5.5
Maximum dopth (feet) 40 911

“See text far explanation

"Planimetered an & map prepared by the University of Wisconsin-Whitewater, Dopartment of Geology,
und provided by the Whitewaler-Rice Lakes Management District,

Chsracleristic for water surface of #9113 feet above sea level

Ao rasteristic for water surface of 84 47 feot shave sea level.

Drainage Basins

Drainage areas of Whitswater and Rice
Lakes are 109 and 11.8 mi®, respectively,
Because of the rough, broken topography and the
many depresmions in this region, the drainage
areay contributing o surface runoff arg only
1.4 mi? for Whitewater Lake and 1.6 mi® for Rice
Lake whon surface water flows from White
water Lake (fig. 2. The contributing drainage
area of Riee Lake is only 0.2 mi® whan there is nu
surface-water outflow from Whitewater Lake.
Both lakes had no surface-water outflow for the
study period,

The unconseliduted depoesits overlving bed-
rock in Walworth County are largely glaeial
sediments of Quaternary age The drainage
basins of Whitewater and Bice Lakes drainage
basing are in a pitted ecubwash plain of strati-
fied deposite consisting of gravel, sand, silt, and
ciay laid down by water from meiting ice of the
Green Bay glacier lobe {Borman, 1878} The
thickness of these unconsolidated glacial deposits
ranges from 100 to 2560 &,

The types of soil textures in the Whitewater
and Rice Lakes drainage basins include clay
loams, graveily sandy loams, and silty clay loams
(Haszel, 1871 in three soil associations: Cosco-
Reiiman. Cosce-Fox, and Miami-McHenry., The
soifs adjacent fo the lakes are in the Cosco-

Rodmun association. Most are well {o excossively
drained soils that have a subseil of clay loam and
gravelly sandy loam. A ghotograph of uncansoli-
dated doposite aleng a resd cut un the seuth.
eastern side of Whitewater Lake is presonted as
firure 3. Soils in the eastern and the western
parts of the Whitewater Lake drainage basin are
in the Coseo-Fox association, These well-drained
soils have a subsoil of ¢lay loam. Soils in 5 smalil
araea of the southern part of the drainage basin
are in the Miami-MeHenry associafion. These
weoll-drained sails have a subsoil of clay loam and
gilty clay lsam,

Aquatic Maerophytes

Aquatic masrophytes have been harvested in
Whitewater and Rice Lakes sinee 1988, In 1882,
the Whitewater-Rice Lakes Management [Dis-
trirt gstimated the wet weight of the macro-
phytes remuoved from the lakes wag 2,750 tons in
1990 and 1,810 tons In 1991, Mast of the remeval
was from Whitewater Lake (William Norns,
Pregident Whitewater-Rice Lakes Mansgement
District, written commun., 1992); only 2.5 per-
cent came from Hice Lake in 1890 snd 0.8 percent
in 199].

The WDNR surveyed aguatic macrophytes in
Whitewater Lake in 1888, Ninely-one percant of
the lake wag eolonized with aguatic planis. The
nondiverse plant commuonity ig dowminated by a




Base moditied from US Oaological Suivey
1:24,000; Delavan 1971, Whilewater 1971 ‘

EXPLANATION
- Contributing arsa for Whitawater and Rice Lakes

- Noncontributing area for Whitewater Lake

Noncontributing area for Rice Lake

—--  Drainage-basin boundary

0 1 2 MILES
| - : . !
0 1 2 KILOMETERS

Figure 2. Contributing and noncontributing drainage areas of Whitewater and Rice Lakes.




Figure 3. Photograph showing unconsalidated deposits along a road cul on the sontheastern side of

Whitowater Lake,

submerged  spocies,  curasian owatermilfoil
(Myriophyiium spicatin). From 77 to 96 pereent
of the plots sampled contained curasian water-
milfoil {Bob Wakeman, Wisconsin Department of
Natural Resources, written ecommun., 1891
Although the aguatic macrophyvies of Rice Laks
have not been studied, field observations in 1991
suggest that less than 20 percent of the lake way
colonized with aguetic plants.

METHODS OF DATA COLLECTION
AND ANALYSIS

Measurement of Precipitation
and Evaporation

Precipitation was measured af four siles
when femperatures were above freszing (g 14
Pwe of the gages, eguipped with &dn <Hameter
collectors, confinucusly recorded provipitation
S-minute intervals. The remaining two gagos-
aonrecording, woedgo-dyvpe colleclors-were read
by lscal oheervers. Procipiistion records from the
Natonal Weather Service stationg a2t Whitews.

ter and Lake Geneva, about § mi northwest and
18 mi1 southeast, respectively, of the study area
were used when these gages were not operating
(U.8. Department of Cemmerce, 1980, 1591,
Samnles of combined atmospheric wet and dry
fallout were colleeted from » hulk-nrecipitation
collector located at the site «f the precipitation
gage on the west-central side of Whitewater Laks
(g, 13 These somples were analyzed by the U8
Ceological Survey central laboratary according to
standard analytical methods deseribed by Fish-
man and Friedman (188531

Evaporaiion from both lakes war estimatod
by gze of a Class A evaporation pan located on the
want-contral mide of Whitewaler Lake (fig. 11 4
loeal ohserver recorded pan readings daily from
mid-April through October 1981 An annual pan
eppfficient of 477 was ussd to convert pan.
evaperation readings io estimaled lake surfsce
svaporation (L8, Department of Commerce,
1882} Beeause gvaporation-pan dats were not
avaiiable for Naovember and December 1980 and
parts of March, April, and November 1881, vvap-
araiion data werce estimated by prorating daily



average evaporation rates for periods in the fall
from the last pan measurement until laks freeze-
up and in spring from ice-out time until the first
pan measurement. Evaporation in Janoary and
Febirnary, when the lakes were ice-covered, was
assumed to be zero,

Measurement of Lake Stage

The water level of Whitewater Lake was
recorded at 15-minute intervals al a gage near
the dam (g, 1) The datum ot 0.00 fr gogo height
of the gage is 88098 {t above sea level The
water level of Riee Lake was measured from &
staff gape on the dam which was read ance per
day; the datum at .00 & gage height of the gage
iw R7R.12 #t abuve sez lovel. The lake level of
Whitewater Lake during the stady period was
about ® {t lugher than Rice Lake.

Measurement of Streamflow

Water inflow is and outflow from Whitewater
and Rice Lakes were measured at three locations
(fig. 1), Whitewater Lake inlet at the south end of
tho lake is the enly major inflow source to the
lake. Monthly discharge measurements at this
site were used to estimate a base-flow hydro-
graph for November 15, 1990-November 14,
1991, No outflow from Whitewater Lake or Rice
l.ake was observed during the study period.
Flow-integrated samples for total phospherus
were gollerted manually at Whitewater Lake
inlet by use of the equal-width-increment
{EWI)} method described hy Guy and Norman
CRGT.

Surface runcff was estimaled by use of a com-
puterized  sliding-interval hydrograph-separa-
Hian lochnigue (RA, Siots, 118 Geological Sur-
vey, writfen commun., 1988} The hydregraph-
separabion technique was apphed to the dis-
charge record from the USG5 gaging station on
the Mukwonago Biver at Mulkwonage, Wis
(OB5442000, for the peried November 15, 1880-
November 14, 1991, This gaging station ig ahout
211 i northeast of Whitewater Lake in a drain-
sge basin whosze geologic selting 18 similar to that
of Whitewater and Rice Lakes,

Swale and rivulet discharge to Whitewater
Lake and Hice Lake were meniiered for concen-
trations of total phesphorus (fig. 1) in shoreline
storm and snowmelt runoff. Bix sites tributary to

Whitswater Lake, identified as Whitewaber Lake
Tributaries 1 through 6, were monitored. One
stie, Rice Lake Trindary 1. was monitored in the
Hire Lske drsinage basin. Mulistage point
samplers deseribad by Guy and Nerman (1970)
were instalied at each of these sites. Conerniras
tion anaiyses of tral phosphorus were done by
the U8 Geological Burvey contral laboratery
according  tw standsrd  snabviieal  methods
described by Fishman and Friodman (1885

Estimation of Ground-Water-Flow
Directions and Hates

Twelve smaibdismeter woelly justalled alony
the shoreling of Whitewater Lake and four
smal-dismeter wells installed along the shores
Hne of Rice Lake (8. 4) were vsed to detormine
the direchion of and to estimate the rale of local
eround-water flow. Ground-water levels in the
weils wore measured monthly . Water samplies for
determination of asrihophosphaic conventration
wers collected from wells using a peristaltic
pump to estimate the phosphorus load to each
iake from ground water.

yeound-water inflow and outflow were csti-
mated by use of the Darcy squation,

Q= KIA, (1)

where € i discharge (LYT),
K is hvdraulic conductivity (LT,
¥ 1s hydraulic gradient (1/L), and
A s the area through which the flow is
passing (L4}

Sevaral simplifying assumptions and technigues
were necesgary beeause the scope of the study did
not allow for a ngoreus or detadisd analysis
Ground-water exchange with each lake was
asgumed to be at steady state; that iz, the rate
and direction of flew through the lske botiom at
any location does ast change with time This
assumption was made because the hydraulie gra-
dient was known for many dates and did not vary
significantly. An average hydrauhie gradient was
used for the entire study pericd. Ground-water
flow was estimated by 5 method used by Rose
{1583} in a similar study of a2 northwestern Wis.
eonsin lake.

All the wells were installed within 24 # of the
shoreline. Rose typioally ingtalied wells uffshore
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inn the lankebed, AL Whitewater and Rice Lakesg,
wolls ware installed near the shore so that water
levels could be measured throughsut the yvear.
The wells were assumed to he ofizhore to shmplify
the groumnd-water-flow  caleulations.  Average
dopthe of the wells were 2.8 11 Tor Whitewnder
Lake and 9.1 #8 for Riee lake The average
hydravlic gradient was dolermined at each of the
weils Average hydroule gradionts for White-
water Lake and Hice Lake for inflow areas
ranged from G407 W 910 AA4L and for ontflow
dregs, from -(0.01 Lo -0.29 i/t

Lake Sampling

Physical and chemical sampling of White-
water and Riee Lakes was dene once each month
in April, October, November, and twice each
month in May through September. Three sites on
Whitewater Lake were sampled (fig, 1) the
Narth Bay site in the northeast part of the lake,
which has a depth of 13 1, the Heurt Praire site
near the center of the lake which has a depih of
40 ft, and the Bouth Pay site ab the south end of
the lake which has s depth of 7.0 11, One sile was
sampied or Rice Lake noar the centor of the lake
at a depth of 11§t (fg 1)

Depth  profiles of  waler temperature,
specific conductance, pH, and dissoleed
axygen wers dobormined ot all sites by usn of a
Hydrolal Survever II meter”. The meter was
calibrated to known standards before lnke mons-
foring. The dissslved-oxygen funelion of the
meter was ealibrated by use of the air-calibration
mothed and was checked on the lake by the
Winklor meihed, Deptheprofile readings were
made at 3-ff intervals at the Heurt Praivie site on
Whitewater Lake and at 0 indervals at the
nther three sites,

Diacrete water samples were collected 1.5 it
below the lake surface and 1.5 it above the lake
hottom using a peristaltic pump and pelyethyl
ene tubing. Twe additional samples were collect-
ed at varying depths on the basis of thermal
stratification-one near the bottom of the epi.
limmion and the other at about the middle of the
hypelimnion. Samples collected for dissolved
constituents ware {ilered in the field by vse of an

%tise of trads names in this report 1w for
ideniification purpeses only and dses not constilite
endorsement by the U8 Goslogen] Survey,

in-line filtering unit eguipped with a 0.45um
filter. Samplos for determinabion of chilarophyli
concentration wore eollested from tha top 1.5 b of
the loke at cach site by use of 5 Hemmerer
sampler and fiteved through o 5. 0-um filter

Water samples coliscted from Whitewaler
and Hice Lakes were analyzed by the Wisconsn
Siate Laboratury of Hyglene for tofal phoespho
rus, dissolved srthophasphoras, and  chlore.
phyii-a concentration.

HYDROLOGY

Precipitation and Evaporation

Precipitation at the four rain gages around
Whitewater Lake (table 2} averaged 8288 in.
from November 15, 19%0-November 14, 19970,
Precipitation at the Naticnal Weather Bervice
Station at Whitewater was 32.91 . {for the same
pericd (U8 BDepartmsnt of Commerce, 1980,
165611 The long-term, average annusl precipita
tion at this statiop s 3171 in. 0.5, Department
of Commeree, 19811 Evaporation from ihe
gurigees of Whilewaler and Rize Labkes was
ealculated as 2285 in. Monihly evaporabion
fotals are listed in table 2.

Lake Stage

Lake stages for Whitewster and Hice Lakeg
from Noevember 15, 189 November 14, 1981 are
shown in figure 5. The maximum lake stage for
Whitewater Lake of 1039 {1 was recorded on
April 18, 1891 and the minirmun lake stage of
8.80 & was recorded on SBeptember 30, 1891 The
maximum laks stase for Rice Lake of 4.84 & was
recorded on Apnl 15, 16, and 306, 1991, The mini-
mum lake stage of 384 A was recorded on
Beptember 30, 1991, The loke stages did not
reach the spillway crest elevations in either luke.
Riee Lake wtage closely follows ithe stage of
Whitewater Lake, and outflow from Rice Lake
may have occurred in the same vears as was
chserved in previous years for Whitewater Lake.
Daily lake-stage data are published in the U5,
Goological  Survey annual data  publication
{Holmstrom and others, 19923

Lake stages below the dam crest of White-
water Lake seem (o be eorrelated with ground-
water Jevels. I most lakes durmg periocés of high
ground-water levels, ground-water discharge to




Table Z. Precipitation and evaporation-pan data for Whitewater and Eice Lakoes, November 15, 1990

Novembaor 14, 1891

{RG, rain gage-locations on figure 1; NWE, National Weather SBervicel

Precipitation {inches)

Period RG1  RG2  RG3  RG4 W}gg‘fw“gf“ Eiﬂ”éiﬁfn
{inches)

November 15-30, 1990 110 1,19 1.27 1,19 1.19 50,60
December “2.47 047 %247 °% 47 247 b 28
Jatiuary 1991 21 21 8y.21 A1.21 41,21 1.21 B¢
Fabruary *17 217 717 517 A% 59
March 33,76 39 76 376 3,76 3.78 b 14
April 408 418 3.56 385 3.54 %2 64
May b2 18 2.47 2.25 2.61 2.48 4.04
June 1.85 1.80 1.75 1.85 197 815
Juty 2 59 3.20 3.16 271 4.54 577
Augpust 1.85 1.92 1.99 2.04 2.34 319
Septemiber 1.45 3.34 bg 11 363 3.74 2.93
Oietober 6.30 7.20 6.48 7.76 4.94 1.44
November 1-14, 1981 b 79 79 279 b g7 76 P 49

Totals 5208 43.48 31.98 35,08 32.91 2867
Pan coefficient x 077
Fraporation 2285

“Daily procipifaiion record from National Westher Service station ot Whitewater, Wi,

bhatimuted.

“Uinily precipitation record from Nationsl Weather Servics station at Lake Geneva, Wis.

the lakes increases (James Erohelski, 115
Geotogical Survey, eral commun., 1892} Annual
average ground-water levels in WEK-31, a well in
Niagars Delomite of Silurian age, are given in
figurs 6. WK-31 is in Waukesha County, 28 miles
northeast of Whitewater Lake. The wall record
began in 1948, 1 vear after Whitewater Lake
began te fill. Comments about the lake flling
before 1872 are given in a report of the Beology
Committee on Whitewater Lake (Lundin and
others, 1972}, Notes on the iliustration from 1977
to 1988 are from Willlam Norrs, President,

Whitewater Lake Association, {oral commun.,
19637,

From the data in Sgure 6, one can conclode
that lake ievels in Whitewater Lake (and proba.
biy Rice Lake! depend, in part, ou ground-water
ievels. The first vear that water fiowed over the
spillway was 1973-the venr of the highest
ground-water level singe the dam wag closed in
1947, The intermittent filiimg of the lake during
1973-86 was partly due to the rise and fall of
ground-water levels thronghout this period. After
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1988, ground-waior lovels declined, In 1880 and
1851, ground-water levels rose again.

Stveamflow and Runoff

Sireamflow in Whitewater Lake inlet
consists mainly of flow fram several springs at
the souik end of the lske, The drainage area of
this bhasin is 080 mi%. Monthly discharge
measurements made near the mouth of the inlet
ranged from 1.2 ta 1.8 ft%s and averaged 1.5 fit¥s
{Helmstron and otherz, 18921 Streamflow was
greafest in spring and early summer and
declined  through the summer. Sireamtlow
meressed shightly during the fall in response ta
inercased  precipitation  in Octeber.  Annual
bhaseflow runodf for the inlet during November 15,
1980-November 14, 1981, was estimated to bo
1,050 acre-ft.

Storm runoff from the 1.4 mi® of drainage
area contributing to Whitewater Lake (does not
include Whitewater inlet baseflow) wag esti-
mated to be 1.80 in. or 141 acre-ft during
November 15, 1990-Novermber 14, 1991, Runoff
from the 0.2 mi® of drainage area contributing to
Rice Lake was estimated to be 1.94 in. or 22
acre-ft. Runoff was greatest during winter and
spring in respense to snowmelt or rain on frozen
ground.

Ground-Water Flow

Groand-water levels were higher than the
surfaces of Whitewater and Rice Lakss at wells
WL-5A, WL-6, WL-7, and BL-3, an indication of
ground-water flow to the lakes at these lovations
ffig. 4. Ground-water levels were lower than the
lakes surfaces at all other wells, which indicates
ground-waier flow away from the lakes at these
lacations.

Met ground-water flow s the difference
hetween ground-water inflow and ground-water
cutflow. Hydrologic data for February 1931 were
uvsed to estimate rnet ground-water flow #or
Whitewater and Rice Lakes beesuse surface
water elements that affect the hydrologic budget
were neghigible or zero, During February 1891,
evaporabion {E) was neghgible and was assumed
o be zero. The changes in lake storage {A8) and
precipitation {F) also were low, Surface-water
inflow (Q1) tu Whitewater Lake was measored at
Whitewater Lake inlet and surface-water sutflow

H30d was zere. Surfacc-water inflow ({1} o and
putflow (o) from Fice Lake wore zers. Tharefore,
ihe hydrologic budget for Whitewater Lake can
e debned as

Gi-Go=a3-P-Qi {Za}

and the hydrologic budget for Rice Lake zan be
defined as

Gi-GowmAS- P,

(&b

where Gi - Go iz the net ground-water flow.
Measurements of AS, P, (1, and Qo were assamed
to be errvorless, and ihe average of Gl minus Go,
calcudated as the residual, was <236 it for
Whitewater Lake and -0.13 ft%s for Rice Lake.

Hydrologic Budgets

The annual hydrologic budget for White-
water and Rice Lakez can be determined as
follows:

Change in storage = inflow « outflow,
The budget ¢an be rewritten as

Change in storage - inflow + outflow = 0.
The terme considered are

Change in storage = AS,
Inflow = P« Qi + Gi, and
Outflow = E + @, + Go,

AR s change Un vohume of stored

wgter,

¥ 18 volusmwe of grecipitation falling
directly on the lnke,

W s surface-water inflow,

Qe 18 surface-water outflow,

E 1s volume of water svaporation
from the lake,

Gt g groundewater inflow, and
s ground-water outflow,

whaore

Surfare-water outfiow from Whitewater Lake
during the study period was zere. Therefore, the
hivdrolagic budget for Whilewster Lake i
writien as

AS P Qi-Gi+EsGo=0. (3w

Surface-water inflow and suiflow for Hice Lake

during the study period also were zerg, so the
hydralogic budget for Rice Lake is written ag
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AR-P-GI+E+G, =0, (b}

The bydrsioge budgets (table 3} were caleu-
lated for Novemboer 15, 1990-November 14, 1801,
on the basis of the data collected at the sites
previously described. Each term in the hydroiogie
budget was measured or estimated.

Errors in measurement and interpretation
affect  eneh ferm  in the hydrologic-budget
cguation. Az an ald in evaluating these errors,
the hydrelagic budget can be written as

ra AR (P e Qe Giie Qo+ B+ Goi, 143

whera 1 15 a net residual term.

The net residuals were 4 and 21 percent of
the total inflow to Whitewater Lake and Rice
Lake, respectively. Errors in individual compo-
nents casn be greater than or less than these
percentages; thoe net residual term I8 simply #
reflection of the overall infogrity of the hydrolugic
budget.

Ground water dominates inflow and sutflow
of the Aydrolagic budget for Whitewater Lake for
November 15, 1890-November 14, 1921, Ground-
water inflosw accounts for 57 pereent of the total
inflow  volume, and ground-water outflow
accounts for &1 pereent of the total outflow

vaolume. Precipitation accounts for 88 percent of

the total inflow wolume of the hydrologie budget
for Rice Lake in the same peniad, and evaporation
acepunts for 70 porcent of the fotal outflow
volume.

Hydraulic Residence Time

Knowledge of the hydrauhic residence time is

necessary for determining the response time of

the lake to changes in nudrient loadings. The
smatler the Iake velume and {or] the greater the
atream infiow, the shorter the hydraulic
regidence time. The mean hydraulic residence
time (1.8, Eavirenmental Protection Agency,
1888} w ealoniated as

Mrean hydrauliv residence fime =

iake volume, aere-foed \
mean outfiow, In acre-feet/vear

The calculated hydraulic residence time for
Whitewater Lake for November 15, 1990-
November 14, 1981, 1.02 vears, is hased on

ground-water outfiow of 5,720 acre-f& The calen-
lated hydrauclic residence time for Rice Lake for
the same period, 707 vears, is based an an
ontflow of 132 acre-ft.

WATER QUALITY

The water quality of Whitewater and Rice
Lakes depends primarily oo the inputs of phos.
phorus from external and internal sources and
ithe response within the waler column o thess
inputs.

Phosphorus Budget

Phosphorus is the nutrient generally recog-
nized as the cause of most macrophyte and algal
problems in lakes; thervefore, it is important to
guantife inpots of phosphorus ta and sutputs of
phosphoras from the lake,

inpuis

Whitewater Lake receives external inputs of
sotal phesphorus from its inlet, overland runaoff,
precipitation, and ground watey, and Bice Lake
receives external inputs of total phosphorus from
overland runoff, precipitation, ground water, and
from Whitewater Lake when its stage exceeds
the zpiilway crest, Daring November 15, 1980-
Novembor 14, 1991, the tetal-phospherus loads
to Whitewater and Bice Lakes were 558 b and 83
i, reapeetively. Total-phospheros budgets are
given in table 4.

Total-phozsphorus lsads of base flow at White-
waier Lake inlet were caleulated from estimated
duily discharges of base flow and concentrations
of the discrete samples vollected, The total-
phosphorus load in base flow for this period was
70 th; yield was 140 /mi?. Stormerunoff loads
for the inlet are inchided in the loads from shore-
line drainage.

Samples of runaff for fotsbphosphoros
eoncentrations were collected at %ix sites around
Whitewater Lake and ab one site an Rice Lake
{fig. 1) Concentrations from the seven siteg
ranged from 0.20 to 1 00 mg/L. The mean concen-
tration was 0.61 mg/L. Leads weore estimated by
using the mean total-phosphorus concentration
and daily runoff from the Mukwonago River at
Mukwonago, adjusted for drainage area, for each
lake,

iz




Table 8. Annual hydrologic budgets for Whitewater and Rice Lakes, November 14, 1990-
November 14, 199)

Budget itent F}{‘}W V{zhzzz{ze ‘Perc’enz; of tofal
{acre-foel} inflow or outflow
Whitewater Lake ‘
infiow:
Precipitation 1,858 28
inlet 21,050 15
Near-lake dramage 141 2
Ground water 4,010 57
Total inflow 7051 160
Outflow:
Evaparation 1,430 i9
Whitewater Lake sutlet ] g
Ground water : 5,720 51
Total outflow 7,050 1060
Change in lake storage -276
Budget residual +277
Fice Lake
Inflow:
Precipitation 439 8%
Inlet bo o
Neoar-lake drainsge a2 4
Ground water as 8
Total inflow 499 e
Outtiow:
Eeaporation 308 T
Rice Lake cutlet a &
{iround water 132 30 «
Total sutflow 440 156 p
Change in lake storage -45
Podget residoal +104

“Whitowater Lake inlet base Sow,
PRive Lake inlet (Whitewsater Lake ouilet).
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Table 4. Total-phosphorus budgets for Whitewater and Rice Lakes, November 15, 1989-

November 14, 1991

Total-phosphorus Percent, of total

Budget item ('pi{:ﬁﬁis) inputs or outputs
Whitewater Lake
Inputs:
Prescipitation 101 18
Inlet gl 13
Shoreline drainage 237 42
Groond water 44 8
Septic svetems 18 i9
Total inputs GB8 166
Rice Lake
Inputs:
Pregipiiation 24 35
Inlet o9 o
Fhoreline drainage 37 59
Grround water P 3
Septic systems O 0
Total inputs 83 100

“Whitewater Lake infet base fiow.
YRige Luke inlet (Whitewater Lake ontletl.

The total-phozphorus load from shareline
drainage for Whitewater Lake was estimated to
be 237 ih, which is eguivalent fo a yield of
186 Ibimi®, The total-phospherus Joad from
shoreling drainage for Hice Lake for the same
paviod was 87 1b; yield was 178 ib/miZ. The eouree
of most of the total-phosphorus load to each lnke
was shorgline drainape.

A volume-weighted mean concentration of
total phosphorus for presipitation (8492 mg/L}
reported in Field and Duerk’s (19883 study of the
Delavan Lake basin was used to estimate the
concentration of total phosphorus. Tetai-phes-
phorus loading to Whitewater and Rice Lakes
from precipitation was 101 and 24 b, respec.

tively, for November 15, 1980-November 14,
1881

Water lovels in wells W8, Wi -8a, WL-8h,
and WL-7 o Whitewster Lake and well Ri-Zon
Rice Lake (fig. B) indieste ground-water flow o
the Inkeg gt these locstions, These walls ware
sampled o defermine ihe concenirstions of
dissolved orthophosphate i ground water enter-
ing the lakes; cancenirations were «<0.002, 4.002,
0.008, 0.004, and 0017 mgl., respectively. An
averape concentration of 4.004 my/l. was used for
Whitewater Lake and 6.017 mg/l, was used for
Rice Lake. The phosphorus loads to Whitewater
and Rice Lakes were 44 and 2 Ih, respectively, for
November 15, 1990-November 14, 1991,
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Septic systems, if warking properly, retnove
phosphorus by adserption to seil in the drain-
field. The removal capaeity increasses with
decreasing size of soil partieles, but all seils have
a fixed adsorptive capacity that ceuld eventualiy
bacome exhausted ( Fetter and vthers, 19771

Soil types, pattern of seazenal usape, and
distance $0 grsund-water lovels affecl septic-
system officiencey in phoesphorug removal, Genor-
ally, phosphorus-remaoval capacity increases with
decreasing pl, increasing clay sontent, decreas.
ing sand content, increasing amounis of active
apii sluminum and iren, and inweasing depth of
waber table (Garn and Parutt, 189770

Estimates af water use by ownors of prvate
septic systems ranged from 42 Lo 75 gald
{Siegrist and others, 1976 Probst, 1875, and U5,
Department of Health, 1887} Concentrations of
phosphorus in septictank efffuent have been
reported 16 range from 7.7 to 18 mgfl. {Barshied
and El-Baroeud:, 1874; Ots and others, 19733
Field and Graczyk (1996) found a phosphorus
roncentration of 19 mgfl in untreated sswage
from 5 malfunctioning mounicipal sewage-troat-
ment plant.

Phosphorus loads tu the lake fram septic
systems were estimated on the basis of the
following assumptions and data

1. Phosphorus from properly-working septic
zystems can only drain to the lake if there is
a ground-water gradient to the lake.
Malfunctioning septic  systems flowing
directly into the lake or over the ground
surface were not accounted for in this study.
In Rice l.ake there were ne homes where
graund water showed a positive gradient o
the lake; in Whitewater Lake there were
only 93 dwellings. Therefore, only White
water Lake had phosphorus contributions
from septic systems.

2. Altheugh ne census data are available from
Whitewater Lake, the USGE reported
2.5 persens per household in s study of
Powers Lake in scutheastern Wisconsin (8.4,
Field, 1983). This value was used for White
waisr Lake. Approximately 83 percent of
the rexidents of Whitewater Lake are sea-
sonal residents for 6 months (Bill Norrs,
Whitewater-Riee Lakes Management Dis.
trict, oral commun., 1882)

i5

Water use was agsumed to be 53 gal/d per
capita, basad on the average use reported by
Siegrist and others (1976], Probst (1975),
and 1.8 Department of Health (1967) A
concentration of 16 mg/l. was assumed for
phosphorus in the septic effluent; this use
and roncentration gave an estimated per
capita vield of 2.8 |bfyr (pounds per vear) of
shosphorus. Vellenweider {1863) reported
per wapita phesphorus inputs from septic
systems ranging from 0.52 ivr to 3.9 ibdyr
and a moan of L8 ibyr

fn gtudiss of dwellings near lakes in south-
castern Wisconsin, the Southeastern Wis-
consin Heglonal  Planning  Commission
extimated that 15 to 30 percent of the phos-
phorus lead %o a sepiic fank reaches the lake
{Dave Kendzorsk:, Southeastern Wisconsin
Hegional Planming Cemmission, oral com-
musn., 1388} The gansl deposiis surround-
ng Whitewater Lake are pitted oustwash
{Borman, 18767 These deposils contain sand
and gravel that are generally well drained
{See photograph in fig. 3.1 On the basiz of the
gincial deposit and soil types, these solis are
arzumed (0 have a minimum retention factor
of TG percent; therefore, 30 percent of the
phosphorus from septic tanks reaches the
ke,

The dwellings are divided inte two catego-
ries: those within 200 {t of and those greater
than 200 &t from the shoreline. There are
949 dwellings in the area where ground-water
gradients are positive to the lake (fig. 31
73 are within 200 ft of the shoreline, and
26 are more than 200 ft. For the residents
within 200 1t of the lake, 47 of 73 dwellings
are assumed to be seasenal, the dwellings
are ovcupied from May through October,;
26 dwellings are ecenpied year veund. For
computational purpeses, the seasonal dwell
ings amount to 23 dwellings (47 dwallings
for 0.3 vear) The sum of the seasonal (23
and the year-round (28) dwellings s
47 dweliings. By caloulations similar to the
preceding one, dwellings more than 200 #
fram the lake total 16

On the bams of the preceding assumptions,
the data are applied to the following formula
for those residences within 200 & of the
shorelineg: Phosphoros  loads from  septic

-y
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tanks = {number of persons per house = 2.5}
X (number of permanent and seasonal
homes = 48 X {pounds of phosphoras per
person per year = 263 X {sepiic-tank phos-
phorus = 30 percent). The result of the
preceding caleulation is that 96 1b of phos-
phorus 13 carried from septic systems to the
fake.

The phosphorus loadings for the 16 perma-
nent and seasonal homes more than 200 f from
the lake were reduced becausge of the long flow
paths from the septic syastem to the lake Gn the
hasia of this change and the previously described
assamptions, these data are applied to the previ
aus formula for residences more than 200§t from
the shoreline: Phasphorss lsads from soptie
tanks = {number of persons per house = 2.5 X
{number of permanent and seasonnl homes = 18)
¥ {pounds of phosphorag per person per year =
2.6y X {septic-tank phosphorus = 10 percent Imin.
imum}). The resulf of the preceding caloulation is
that 10 pounds of phosphorus s earried from
septic systems o the Inke Thus, the load of shos-
phorus carried to the lake from septic systems is
6 i

Cutputs

No phozphorus left either lake during the
sfudy poriod via the outlets becaase there was na
outflow from the lakes; phosphorus in ihe
ground-water outflow was not meagured but a
conservative estimate is 200 to 400 b per year
from Whitewater Lake. The estimate is based on
the ground-water outflow (5,000 acre-ft) X the
average inlake concentration (30 ug/L) X 1 minus
the soil refention factor (0.3},

A ennsiderable amount of phosphoras was
removed {meostly from Whitewater Lake} by the
macrophyte-harvesting program. In 1991, the
estimates of phosphorus remeved from White-
water Lake was 1,671 1b and from Rice Lake was
14 I of phosphorus. In 1980, the estimates of
phosphorus removed were 2,500 1b from White-
water Lake and 80 Ib from Rice Lake (William
Nuorris, President, Whitewater-Rice Lakes Man-
sgement  DHeirict, wrillen commaun., 31982
Norris used 15 percent to represent weed dry
weight a8 8 percentage of wel weight and the
phogphurus content of macrophyte dry weigh? as
(3,33 percent, Norris’ percentage of dry weight, as
a percentage of wet weight, is high when

compared e a stady in wesbcentral Minassota,
Peterson and others (1974 found the dry weight
of wet macrophytes to be 7.1 percent. Norrig
phosphorus cantent of macrophyte dry weight,
0.31 percent, is in agreement with the Minnesota
study where Peterson found the phosphorus con-
tent to be 0.30 percent.

Physical and Chemical
Characteristics of the Water Column

During the study, water in Whitewater and
Rice Lakes was sampled only from spring to fall
turnover. The resulting water-quality data,
including profiles of waler femperature, dis
solved sxygen, pH, and specifie conductance, are
published in the U.S Geslogical Survey’s annual
data publication (Holmstrom and sthers, 18913,
Analyses of spring-turnover water samples from
Whitewater Lake {when the laks way well mixad)
indicate that the water has an average hardness
of 183 mg/l. (as calcium carbonate). The nitrogen
to pheosphorus ratie, 4011, indicates that phoespho-
rus iz the Hmiting nuirient, a nitrogen o
phunphorus valio greater than 13:1 indieates
phosphorus imitation {Lillie and Mason, 1983, p.
B35 An analysis of water during spring-turnover
wai pot done for Riee Lake.

Water Temperature

Whitewater Lake iz thermally stratified
throughout the summer, In July, the epilimnion
extends to a depth of about 12 ft, the metalim-
nion exigts from 12 f& to about 25 ft, and the
hypolimnion existg from 25 ft to the fake bottom.
The thermocline beging to develop in early
summer, reaches its maximum gradient in late
gummer, and deepensg in the fall as water cools
and wind action causes erosion of the thermo-
etine. Hize Lake, in contrast, is generally not
stratified beeause of its shallow depth. Weak
stratifiontion dovoloped in August, bui a true
thermochine did not form.

Dizsatved Oxygen

In Whitewater Lake, dizsolved-oxygen con-
sentrationy are 8t most times and depths,
adequate to support aguatic arganisms. As the
thermaocline develops in late May, however, the
epilimuion  reduces  the surfuce supply of
disselved axygen to the hypolimonpion. The hypo-
limnion thus becomes  isolated from  the
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atmesphere, As the algal populations that arve
proguced by the nuteient-rich surfnce waters die,
fail to the bottem of the Inke and decompnse slong
with that previcusly  deposited, the oxygen
demand from these decuying srganisms doplofog
the dissulved-ogygen cuncopiration of the water,
Oxygen deplotion begins at the lake botfom, then
prograsses upward but stays conlined to the
hypelimnion. Depletion ean progress antil all the
axygen in the hypolimnion is consumed {anoxial.
Anoxta in the hypelimnisn was chscrved from
May 22 {6 Spptemmber 25, 18891 The anoxie zone
regched a wmaximurn thickness on August 27
when depths greater than 10 0T were devoud of
oxygen: thal zone represented abeot 38 porcent
af the Inke-bottem aren.

In Rice Lake. disselved-oxvgen concentra-
Hions are alse generally adequate to support
myualis srganisms, Decause the lake does not
thermaily  stralify, anmsxiz seldom  ocgurs;
howover. anoxia at the Iake bottom was cbeerved
onJune 19 and August 14 and 24, 18891

Anoxin ig contmon in cutroephie Inkes and, in
varying dogress, 1n all the thermally stratified
eutrophic lakes in Wisconsin Anoxia can ¢guse
the release phospharusg from the boiiom sodi-
moents i concenteation of phesphorus in the
sediments 1 bhigh.

Disselvedynxygen concentrations in a 24-hour
pariod (g, 7} wore measured on July 24-85, 1891,
at three sibes an Whitewster Lake and ab the
deep hole of Riee Lake. The purpose of the men.
suremants was w delermine the efferts of
macraphyte and {or) algal respiration on the dig.
solved-oxygen concentration of Whitcwater and
fice Lake. For the Whiicwater Lake sites, the
Heart Prairie site s the deepest site at a depsh of
about 24 i and no muscrophyics ars presant
Some macrophytes are present at the next deep-
est site, the North Bay site, which 1z 11 £t deep,
Macrophytes are dense at the shallowesi site, the
South Bay sibe, which Iz about § & deep. At Rics
Lake, no magrophytes are present at the deep-
hote sampling site, which is about 2 ft deep.

In Whitewater Lake, nighitime respiration of
macraphytes and (o) algae did nel adversely
affect the dissclved-axvgen concendration. The
lurgest diurpal change in disssived oxygen

aspeurrsd at the 1548 depth in Boumth Bay-the
arcs of the lake sampled where the population of
macrophytes was deasest, The maxdimum dissel-
ved-oxygen wmeentration of 319 mg/h was
measured at 1710 hsurs sn July 24 The mini.
mum dissolved-oxypen concentration, 8.2 mefL,
was measured al G500 hours on July 25,

In Rice Lake, nighttime respiration of maors.
phytes and ford algac did adversely affect the
dissolved-sxygen  concentration at the Iake
hottom. Maximum disselved-oxygen concentra-
tion at the 1.5 depth was 132 mg/l st 1300
hours on July 24; the minimum concentration
was 5.7 'l 5t 6340 on July 25, At night, how.
over, oxygen was depleted at the luke bottom
cven though temperature pradients were smail
This condifion can canse phosphorus releass
from the sedimonts.

FPhosphorus

Historienl phogphorus data from Whitewater
Lake arc shown in figurc 8. No historical data ars
available for Rige Luke; sl data are from the
WINE (Robert Wakeman, Wisconsin Dupart-
moent af Xatural Resources, Milwankes, Wis |
written ecommmun., 199 The data, although
sparse in early vears, indicate g deeline in phos.
phorus  concentratlons. Thiz decline in phos-
phorug conventration should be viewed with
caution, however, because of possible arsemte
interference. From 1850 {o 1965, Whitewster
Lake was treated with 35,900 1b ¥ sodium
arsemite to contrel macrophytos. Sodiom arseniie
has been knews o cause anomalously high
results in determination of phesphorus (Downes,
1978}, Hawever, aven il the data before 1986 are
eonsidered to be suspect, the data for 1886-91
indicate 4 decline in phosphorus concentraliong.
This decline is understandable because when the
inke was created in 1947 the inundated lands
were likely 1o be high in phosphorus bound up
with the terrestial vegetation. A decline m
phosphorus concentrations should cause a shift
from algel populations te macrophyte poputa-
tions beeause of inereased hght penetrabion Thiy
happened according to historical acecount {Landin
and sthers, 19725 Also Whitewsater and Rice
Lakes likely lost some phospherus when water
tiowed through the lake outiet during 1973-86.
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mean total-phosphorus concentrations, in pg/l,
at 1.5-ft depth in Whitewater and Rice Lakes for
1981 are shown in the table that follows:

Phosphoras eoncentrationg in Whitewater
and Rice Lakes determined during 1991 were
lowest tn spring and highest in summer. Monthly

Sits

Apr. May  June July Aug. Sept, Gct, MNov.,  Average
Whitewater Lake
Heuth Bay 23 34 A6 43 86 BH 43 23 48
North Bay 14 24 i85 g1 48 88 34 23 33
Heart Praivis 25 ] 20 31 47 38 34 29 41
Fice Lake 22 pist 38 129 123 124 44 38 48

Hice Lake has a higher average monthly
concentration of total phosphorus, 68 ug/l., than
anv site on Whitewater Lake In Whitewater
Lake, the South Bay site has the highest average
monthly conrentration, 46 pg/L. South Bay is the
aren of the lake where macrophyte population is
densest. The North Bay and Hearl Prourie sitos
bave average monthly concendrations of 31 ug/L.
Hurfase soncentrations of feial phosphorus in
Whitowater Lake ranged from 14 ugfl.on April 3,
1991, in North Bay to 119 ug/L: on Sepiember 25,
19931, in South Hay, Surface concentrationsg of

total phosphoros in Rice Lake ranged from
22 ug/L on April 3, 1991, to 131 g/l on Septem-
ber 11, 1921,

Phosphoerus is released from the sediments in
the ares of the Iake thal undergoes axygen deple
tion. Most of the phesphores reloased is in the
dissolved form. Total phosphoerus (TP and
dissolved orihephosphale phesphoras {DOP)
esneentrations, in ugfl. 1.5 8 above the Whitewa-
ter Lake sediments at the deep-hole site at Heart
Prairie for 1991 are shown in the table that fol-
lows:

ApL. May June July Aug. Depk. Qct.  Now
3 g9 22 4 18 9 25 14 27 11 25 24 20
TP 25 68 256 380 460 480 440 53¢ B8O 650 666G 6% 34
ELE} 3¢ i 25 218 306 276 408 3860 410 380 4850 L0 19 7
Chiorophylia was apparent. At Whitewater Lake in 18981,

Chiorophyil g, the primary photosynthetic
pigment of all oxygen-evolviag, photosynthetic
organisms, 18 & eompenent of gl algae [Wetzel,
1983, p. 343) and is often used an indicator of
algal biomass. Historical data of chisrophyil-g
concentrations are available for Whitewater
Lake (fig. 8), but none were available for Ricc
Lake. Data before 1986 are sparse and na trend

ehlorophyll-c concentration ranged from 2 ug/l
on June 4 and 18 at the North Bay site, t0 82 ug/L
o August 27, at the Heart Prairie site. At Rice
Lake in 1891, chlorophyli-n concentration ranged
from 3 ug/L on November 20 to 147 up/L on July
9, Monthly average chlorophyli-o concentrations,
in pg/l, at Whitewater and Rice Lakes for 1991
are shown in the table that follows:

Site Apr. May June July Aug. Bept. ek, Nov.  Average
Whitewsater Lake
South Hay 8 i3 8 18 34 28 g Y i5
North Bay & 8 2 o 8 24 16 7 18
Heart Prairic 6 g 4 31 58 28 i6 B 20
Rice Lake £ 8 i9 138 80 87 8 3 41
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Rice Lake had the highest, average monthly
concentration of chlorophyll a, 41 ug/L. The aver-
age monthly concentration of chlorophyll & from
the Whitewater Lake sites were: 16 ng/L at South
Bay; 18 ug/L at Nerth Bay; und 20 4@/l at Heart
Prairia,

Water Clarity

The depths ab which phofosynihetic activity
oceurs depends largely on light penetration,
whieh 1% influenced by water clarity. Seechi-dise
measurements provide a measurement of water
ciarity, Factors thal reduce water clarity are

water color, turbidity, and concentrations and
types of algae and zooplankton. Algal concen-
irations were the dominant factor affecting water
clarity in Whitewster and Rice Lakes; therefore,
Secchi-dise depths correlate with the algal
populations mintmum, Minimum  Seschi-dise
depths penerailly oseur during summer when
algal pepulstions are largest and maximum
depths generslly ocour during spring, fall, und
winter when algal populations are smallest
Average monthly Secchi-dise depths, in feet, at
Whitewater and Rice Lakes for 1991 are shown
i the table that follows:

Site Apr. May  June July Aug. Sept. Oct.  Nov.  Average
Whitewater Lake
South Bay 3.9 3.3 49 2.1 2.0 8.1 4.6 39 3.5
MNorth Bay 50 8.1 45 58 2.5 4.8 £.45 5.8 3.3
Heart Prairie 4.3 6.2 8.7 3.8 1.6 38 44 78 8.2
Rice Lake 54 8.4 48 18 1.8 1.6 4.8 &5 4.2

The Seuth Bay site had the lewest average
clarity, 3.5 ft, of all samypled sites, This resulf,
however, may not be gompletely repreosentative
beeause the dense population of macrophytes
shaded and partly ohscored the Secchi disc.
Clarities at the North Bay and the Heart Prairie
gites were similar; monthly average readings of
5.3 ft and 5.2 fi, Monthiy average clarity at Rice
Lake waz 4.2 ft.

Historieal water-clarity data (fig. 8) were
avatlable for Whitewater Lake but net for Rice
Lake. Similar o that found for historieal
phospherus data, waler clarity has alse improved
as well. However, the coollocling of historical
water-clarity data only began in 1873; collecting
of the phosphoras data began in 1960

Evaluation of Lake Condition

The water quality of Whitewater and Rice
Lakes in 1981 was evaluated using three meth-

oeds: Litlie and Mason’s water-qualily evaluation
(19833, Carlson’s Trophic-State Index (TSD
14777, and the Vollenweirder model {19688;. Lillie
and Masen's water-quality evahuation and Carle
son’s TSI can be used to evaluate the in-lake
water quality, and Vollenweider's model can be
used to evaluate the phosphorus loading to 2
inke.

Lilie and Mason's Classification

Lakes can be classified acoording o a ¢lasste
fication for Wisconsin lakes by Lillie and Masen
£1988), To classify Wisconsin lakes, Lillie and
Muason used a random dats set consisting of
total-phosphorus and chiorophgil«e concentea-
tions and Secchi-disc depths collected during
summer (July-August). Their classification is
shown in the table that follows:

Water-quality Approximate

Approximate Approximatea

index total phosphorus eguivalent  chiorophylig equivalent  water slarity equivalent
{micrograms per lter} {micrograms per hiter]  {Seechi-dise depth, in feeh)

Excellent «i 1 =197

Very good 1-10 i-5 88187

{oed 1430 5-10 £.8.88

Fair 30-50 1-15 4566

Poor 58-130 15-30 3349

Very poar =150 30 <33
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Lillie and Mason’s ¢riteria werce used to eval-
uate the mean summer {July-August) 1991 data
from all sites on Whitewater Lake. Mean concen-
tration of total phosphorus was 48 pg/L; at the
upper end of the fair ranking. Mean concentra-
tion of chlorophyll @ was 35 pg/L; just into the
very puoor ranking. The mean water clarity was
3.3 ft; at the upper end of the poor ranking. On
the basis of the average of these rankings, water
quality of Whitewater Lake is poor.

The Lillie and Masen criteria were also used
to evaluate the data from Rice Lake. Mean sum-
mer concentration for total phosphorus in Rice
Lake was 120 pg/L, for chlorophyll ¢ was
108 ng/l., and for water clarity was 1.2 ft. The
mean phosphorus is in the upper end of the poor
ranking, whereas chlorophyll @ and water clarity
are well into the very poor classification. On the
basis of the average of these rankings, water
gquality of Rice Lake is very poor.

Carlson’s Trophie-State Index

The in-lake trophic condition can be evalu-
ated by use of Carlson’s TSI (Carlson, 1977). The
TSI is computed from total-phosphorus and
chlorephyll-c concentrations and Secchi-disc
depths for lake ice-free periods. The TSI equation
for Secchi-disc depth was developed by Carlson
(1977), whereas those for chlorophyll @ and total
phosphorus were developed by the WDNR
(Renald Martin, Wisconsin Department of Natu-

ral Resources, oral commun., 1985). Carlson's
TSI ranges from O for “unproductive” lakes to 100
for “very productive” lakes. Carlson, however, did
not label ranges of his index in terms of tradi-
tional trophic-state terminology. The WDNR has
adopted three TSI classifications of Wisconsin
lakes: (1) TSI’s of less than 40 define oligotrophy;
(2) TST’s from 40 to 50 define mesotrophy; and (3)
TSI's greater than 50 define eutrophy (Wisconsin
Department of Natural Resources, 1983). G.C.
Gerloft (University of Wisconsin, written com-
mun., 1984) also uses these ranges. These ranges
are used herein to be consistent with trophic-
state evaluations of Wisconsin lakes done by the
WDNR.

The three preceding classifications encom-
pass a wide range of water quality. The water of
oligotrophic lakes is clear, algal populations
are low, and the decpest lavers of the lake are
likely to contain oxygen throughout the year. The
water of mesotrophic lakes has a moderate
supply of nutrients, moderate algal blooms, and
limited oxygen depletions. Water in eutrophic
lakes is nutrient-rich, and water-quality prob-
lems such as dense algal blooms and oxygen
depletion 1in parts of the lakes during various
seasons are common. Fish kills often result at
times if oxygen is severely depleted.

The following equations were used to calcu-
late the TSI values for Whitewater and Rice
Lakes:

TSI (Secchi)
TSI {chiorophyll a)

=60 - 33.2 x (log Secchi-disc depth, in meters)

= 33.60 + 17.64 x (log chlorophyll-a concentration, in micrograms per liter)

40.5

TSI (total phosphorus) =60 - 33.2 x log (

Total-phosphoi'_ﬁé-goncentration, in micrograims per liter

Three trophic levels and the different boundaries in the table that follows:

Trophic level Trophic state

Total phosphorus

Chlorophyll-a

index concentration Secchi-disc depth concentration
{micrograms per liter) (meters) {micrograms per liter)
Eutrophic
50 20 2.0 8.5
Mesotrophic
40 10 4.0 2.3
Oligotrophic
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The caleniated TSFs for ail sites on While-
water and Rice Lakes (fig. 4 exhibit simiisr
patterns. TSPs at all sites in April and May range
from mesctraphic to semewhal oubtrophis. By
July the zites are well inte the eutraphic range;
by November, the Jakes’ trophic status returns to
messirophic,

VolHenwelder's Model

Several models are avaiiabie for determining
the ¢xternal phosphorus loads to lukes. Most of
the models, however, are dosigned for drainage
lakes {or lakes where water drains through
sutlets), Althoogh Whitewater and Rice Lakes
have outlets, no water drained from them
1991. Insiead, both lakes functioned as seepage
lakes ar no-ontlet lakes. Therefure, the most snit-
able model applicable for Whitewater and Hice
{.akes iz Vollenweider's early 19688 modsei hased
on the total-phospherus to mean-depth relation
{Vollenweidar, 1888). This model van be used 1o
prodict critieal amounts of external totab
phnspharus lsading to lakes. The external total-
phosphorus loading t¢ Whitewater and Rice
Lakes for 1990-81, based on the Vollonweider
madel, is shows in fgare 10,

Vollenweider {1968) classifies the rate at
whichk the receiving water would become
eutrophic (nutrient rich} ar remain sutrophic as
“dangerous.” This “dangereus” line regrozents a
20 ug/l. phospherus coneentration i spring.
Vollenweider classifies the rate at which the
roceiving water would become mesotrophic as
“permissiblie ” This “parmissible” line ropresents
a 10 g/l phokphorus encentration in sprisg.

For Whitewater Lake, on the basis of the
mear lake depth of 8.3 ft (2.5 m}, a total phospho-
rug input of 538 pounds (2.533 x 10° @), and a lake
surface ares of 3.014 x 10 ££% (2,800 x 10% m?) the
calculated phosphorus leading rate of 0.185 ¢ 107
(/A7 0,080 g/m?) is on the “dangerous” Line and
would be predicted to result in a mesctrophic to
sufranhic condition. The total-phosgherus con-
gentration m spring for Whitewaler Lake,
21 ug/l., agreos with the clsssification on the dan-
gerous line of the Vollenwaider model.

On the bagis of the mean lake depth of 5.8 ft
(178 m), a total-phesphorus input of 83 pounds
£2531 x 10° g3, and a lake surface ares of 7.057 x
10% 1, (6.556 x 10° m*), the caleulated phosphorus
loading rate for Rice Lake, 0.893 x 107 Ibit?

(0.044 gim?'}, iz between the “dangerous” hne
and- the “parmissible” line and would prebably
result in mesotrophic conditions. The spring con-
ceniration of total phosphoras for Rice Lake in
spring was 22 ug/l.

Dillon and Rigler's Moded

Dillen snd Rigler (1874} developad a model ta
predict summer chlsrophyli-o  concentrations
framm spring total-phospharus (TP} concentra-
tions. They used dats collected from southern
Ontario lakes combined with daia reported in the
Hterature fram other North American lakes fo
develop an eguation that can be used to prodict
the average summer chiorophylla concentra.
tions from a single spring turnever total
phasptiorus concentratizn, The enustion is

logyn (ehl e} = 1.45 logy, (TP - 1,14,

Applying the above eguation to spring total
phesphoras concentration for both Whitewater
and Rice Lakes results in chlorephyll-z cencen-
trativns of 6.0 and 6.4 pg/l., respectively. These
concentrations are considerably lower than those
shserved during July and August. At Whitewater
Lake, the mean chilorophyilze concentration mea.
sured was 35 ug/l,; at Rice Lake, the mesn
concentration measured was 108 ug/L. To
achieve concentrations of this magnitude, accord-
ing to the formula, would require spring turnover
total-phosphorus concenfrations of 71 g/l in
Whitewater Lake and 154 pgfl. in Rice Lake,
These datas therefore suggest that considerable
phesphoras must be recveled from the sediments
of the inkes during summer to reach high chloro-
phyil concentraiions.

Internal Recycling of Phosphorus

The exchange of phosphorus between sedi-
ments and the overbving water can be & major
component of the phosphorus cyele in natural
water. Phosphorus released from the sediments
has been documented to contribute s much as 81
percent of tetal-phosphorus inpud (external and
internslyto a lake (Bengtssan, 1978), Phosphorus
can ke released from the sediments in several
ways: hypelimnetic anoxia, macraphytes, ben-
thic invertebrates, figh, motorhoats, and wave
action.

Phosphorus releaged from anoxic hypolimnia
in lakes iz well decumented. Nurnberg and
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Peters (1984) found that, for 23 stratified lakes in
this condition, the internal supply of phosphoerus
contributed an average of 89 percent to the total-
phosphorus load. Data from publications of
UBGS (Haolmstrom and others, 198681 show
that the concentration of phosphorus near the
Inke sodiments for Iokes in this eondition can be
as high as 1,000 pe/l.

Phosphorus released from macrophyte-shoot
turnover has been documented in a small lake
{Lake Wingra) at Madison, Wis., abopt 50 mi
novthwesi of Whitewater Lake (Bmith and
Adams, 1986).  Mvriophvlium spicatum, eur-
asian watermilforl, the dominant species in Lake
Wingra {and in Whitewater Lake) is an impor-
tant vector in the mavement of phosphorus from
the sediments to the water column. The rate of
phospherus release from heslthy shoots was
ingignificant, whereas meost of the phesphorus
release was frem Myriophyfium decay. In Lake
Wingra, the loss of phosphorus from stands of
Mwriophyllum was estimated $e be 0288 x
107 1612 (1.3 gim?). This represented 47 percent

of the annual external phosphorys input to the
laka,

Physteal disruption of the bottom sediments
by benthiv invertebrates, mutorbosts, and wave
aetion can cause phosphorus concentrations in
ihe water column to increase, The effects of phys-
ical disruption of the sediments by benthic
inveriebrates  on  phosphorus  exchange are
unctear but are most bkely small in comparison
to overriding chemical-microhial processes (Wet-
zel, 1983, p. 26R) Motorbosts in shallow hyper-
sutraphic sysiems have been found fo resuspand
the bottem sediments, which results in an
increase of phosphorus concentestions in the
water column {Wright and Wagnoer, 1991). Winds
can also cause resuspension of the lake sedi-
ments and phosphorus in shallow hypereutrophic
systems {Rvding and Forsbherg, 1980,

internal recycling and sedimentation of phos-
phorus o Whitewster and Rice Lakes was
calculated by use of 2 masg-balance phosphorus
budget described in the following equation:
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Net internal recycling/sedimentation =
change of total-phosphorus (TP} mass in lake
+ outflow TF mass - inflow TP mass.

A positive value for net internal recycling/
sedimentation indicates internal recycling domi-
nates, whoereas a negative value indicates
serimentation dominates. Internal recyeling of
phosphorus was sloulated only for April 1-
November 14, 1881, This eguaiion ignores
ground-waier outflow and harvesting of macre
phytes and sk, Thus, the internal recycling/
sedimentation component is the minimum that
SUPHTE.

Internal recyeling of tofnl phosphorus was
sslimated fo be at least 582 b for Whitewsater
Lake and 293 1b for Rive Lake (tables 5 and 6
These amaunts represent at lsast 51 percent af
the combaned internal and  exteraal tofal
shaspharus input of 1,140 1h for Whitewater
L.ake and 82 percent of the combined internal and
external total-phospherus input of 358 1b for Rive
fake, The internal reeycling of phosphorus is
prababiy greater than that shown beesuse some
phosphorus  feft the lakes in ground-water
outflow,

Far Whitewater Lake, the amount of phos-
pherus lost from the water column was at least
882 1h, For Rive Lake, the amount of phosphorus
lost was at least 308 1b. It should be recalled that
the waight of phespherus removed through
maerophyies harvesting ig large compared to
other parés of the phosphorus budget.

Internal recveling of phosphorus during sum-
mer seems to be the driving foree in increasing
phosphorus concentratinng in Whitewnfer and
Rice Lakes. The indake phosphorus mass and the
eumulntive externsl fotal-phosphorus inputs for
Whitewater and Rice Lakes for April 1-November
14, 1581, are shown in figure 11 AL Whitewaler
Lake, by late July, in-lske phesphorus mass had
excesded the sxternsl nputs by a factor of maore
than 3, and at Bice Lake, the indake phosphorus
mass had sxoesded the external inpuis by a
factor of more than 13

SUMMARY

A gomprehensive hydrologic and water-
quality study of Whitewsater and Rice Lakes in
southeastern Wisconsin during November 15,
1990-November 14, 1991, showed that internal

recyeling of phosphorus from the lake sediments
during summer caused tmost of the obsorved
water-guality problems, The internal reeycling of
phosphorus was estimated for April L-November
14, 1991, by use of 8 mass-balance approach. For
Whitewater Lake, the internai load of 582
peunds waz slghtly greater than the annual
external laad of 558 pounds. For Rice Lake, the
internal lsad of 285 pounds far exceeded the
annual exiernal lsad of 83 pounds. Vollen-
weiders model {1388) which uses exicrsal-
phosphorus leadiog and meurn lake depth 1o vlas
sify takes, fairly accurately predicied the lakey’
spring turnover concentrabion and showed that
the external-phosphorus losds for Whitewster
Lake would enuse messirophic fo subropbic
conditions, whereas the Josds for Rige Lake
weuld cavse mesptrophic conditions, THion and
Rigler's mode! further sugrested sdditional phos-
phorus frem mmicraal recyeling was required to
result in the hgh chlorophyile concontratinns
experienced in both systems during summer.
Both lnkes sre well into the sutrophie clas«ifica-
tion hy summer, owing to the additienal hiternal
reeyeling of phosphorus from the lake sediments.

Beeause of the large amount of phosphorus
recycled from the sediments during swomer, the
water quality rapidly deteriorated as summer
progressed. In the upper 1.5 ft of Whitewater
Lake, mean phasphorus  concentrations ine
ereazed from 21 pgfl in spring to 48 ug/ll in July
and August, and mean chlorophyile concontra-
tisn increased fram 7 g/l fo 35 L., and mean
water clarity decressed from 4 8 £ o 3.0 4 In the
upper 1.5 i of Kice Lake, mean phosphorus con-
ceptrations increased from 22 wg/L in spring to
122 pg/l in July and August, and mean chiores
payll-e concontration incressed from € pgfl wo
108 pgfl, and mean waler carity decreased from
afEin 125 R

Although ne phosphoras is lost from either
Iake fhrough the lake outlels, more phosphorus is
removed through a recently started macrophyie-
contrsl program in Whitewatsr Lake than from
the combined external and internad phasphorus
mputs. In 1881 macrophyte harvesting was ssti-
mated to have removed 1670 pounds of phos-
phorus from Whitewater Lake and 14 pounds
from Rice Lake. In 1990, macrophyte harvesting
removed 2,500 pounds of phosphorus from White-
water Lake and 80 pounds from Rice Lake.




Table & bBummary of total phosphorus (TP} input, suiput, and changes in the water column, Whitewater Lake, April I-RNovember 14, 1881
TP, total phosphorus. All data are i pounds.]

{#}
Minimum Internal

External TF input . ) .
reeyeling or sedimentation

{43 {43 {83
Ground- 11} {23 ‘Ii‘i’* s {_??ﬁﬁ.ﬁgéi ’1‘35“ nternal . '
Parind Baseflow  Hunofl  Precipilation ;Z:j; Beptic Total imi}i;izi ay} t;;;::zj ﬁi{: Q;f;:i reayeling Sedimentation
04431 A5 &
140591 8.5 2.1 .16 $.40 43 380 0403 348 13 & 4 i
#4-BA4G1 94 480 13.740 430 BE B3.40 509 471 123 & 4 &
BAG-AA20T 3.4 oG 2+ B 1640 B2 BN {H3f22 421 - 4 & 65
Br23-6/4/91 3.8 i1 3.30 LEd 5.2 21.00 {80 63 110 4 B4 &
6/5-6/10/81 48 4.8 4. 28 1.80 8.4 21.40 0619 536 i a 3 i6
ﬁ BF2(-T 4.2 @2 i 2440 B0 28010 708 617 51 {3 61 1]
TLO-THBIS 2.3 8.4 290 1.90 64 2290 75an 910 283 0 30 6
T26-8/14/91 2.6 7.1 700 2.40 8.0 27.10 0%/14 G5 28 0 1 2
B/13-8/27/91 1.5 2.0 30 1.6 0.2 10.680G OR2T 4954 149 ¢ 8 6
BE8-911/91 1.3 1.7 2,10 1.5{} 6.0 12.90 /11 6BY 265 ( 0 2TH
9/ 129735/ 1.0 14.4 8.30 1.70 5.8 31.00 09720 8226 1168 0 105 o
DI26-10724/81 3.5 189 0.30 3.50 118 47.50 10434 412 313 0 0 361
LO/E5- 11714791 38 385 14 .80 2.5 8.4 67 40 11714 4:20) 433 ¢ 0 159
385 B G B2 a2

Sum of internal recycling (Net gaing) = B2
Sum of sedimentation (Neb losses) = BEZ
Net deposition Sedimentabtion « Internal recycling) » 38

Mintmun Internal recyeling or sedinsentation (8! = change in TP mass in Iake (4] + outflow TE mass (5} - inflow TP muss (1}




Table 8. Summary of total phoesphorus (TP} input, autput, and changes in the water column, Rice Lake, April 1-November 14, 1991
FEP, iotal phosphorus. All dais are in pounds ]

{s¥
Minvimum internal

External TPinput y . o
recyeling or sedimentation

{3 (4} £
Ground- {1} iZ} TP mass Change TP Taternal
Parmd Runoff  Preeipitation water Total Date in water in TH sutled ° E"z?,z“’ Sedimeniation
inflow {month/day} solumn mass mags  ooredE
34701 584 {
434430491 83 4600 8020 832 054403 ’ 8.5 8.5 4 4.2 1.4
41409701 7.4 3.440 21 1125 OR/ 833 4.8 i ] 8.5
SAG-H/2801 4 588 75 117 05422 Bid 151 {1 .8 K4
BrA3-B4M 1.1 T4 05 182 8404 87.3 -i14.1 i KE 184
H/0-81991 3 BiB 487 1.70 Y19 3411 738 g 721 A3
% 620 TG L 3 Riteid 128 1.88 87/69 2E8.1 1174 i 158 A
TEA-TEBI8) 1.4 L7048 Loz 318 (7425 JIRG g ] 678 R
TG40 1.1 1.540 29 2.7 O8/14 2764 385 i ki 813
#15-8/27/91 .3 b4 D75 A3 GRI27 2¥1 7 R i 6.4 A}
S28-9/ 119 A 4T (T 76 {571} 938 164G { ity Kt
912951 2.8 2.010 081 4.3% OU25 27242 -21.3 i R 5.7
WAG-A0/24/97 3.0 21860 178 535 124 115 ¥ -156.5 i Rt 818
125 11/14/91 6.0 3600 126 272 114 EVRH -E3R { Rt K% 5.
44.0 #4.0 {i 285 305

Sum of internal recycling (Net gains) = 295

Eum of sedimentation (Net losses) = 305

MNet deposition (Sedimentation - Internal recyeling! = 10.0

Mirimum internal recyeling or sedimentation (6] == ¢hange in TP mass in lake (4} + outflow TP mass (5} - inflow TP masgs (1)
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Analysis of historical data of Whitewater
Lake indicates possibly a slight {mprovement 1n
lake-water gquality since 1980 Cenceniration aof
phosphorug data show a weak trend in declining
eoncenirations. The lske has shifted frem an
aignl dominated system shortly after crsation in
1947 1o ons now duminated by macrophyies.

Acrording to the hydrologic budget for White-
waler Lake for November 15, 1880 November 14,
1991, 57 percent of the inflow budget was from
ground water, 28 percent was from pracipifation,
15 percent was from a spring-inlet base flow, and
2 pereent was from neaslake drainage. Ground
water acoounted far 81 poresnt of the outflow and
14 pervent was from evaporation

The hydrologic budget for the study of Biee
Lake showed that precipitation was the prineipsl
somren of water to the lake at 88 percent of the
inflow budget, The remainder of the inflaw was
ground water, 8 pereent, and nesr-lake drainage,
4 percent. Bvaporation accounted for 66 percent
of the outflew, and ground water accounted for
34 percent.

Lake fovels since Whitewater Lake was
created in 1947 and Rice Lake wag created in
1954 have been difficult to maintain at spillway
elevations. Much of this difficulty 18 due to the
large amount of ground water lost from both
lakes through coarse, glacial soils consisting of
sand, gravel, cobble, and boulders.

Lake levels at spillway elevations are corre-
lated with high ground-water lovels. The level of
Whitewater Lake did not nise to its spilbway untid
1973, Water flowed intermittently from the
eutlet during 1973-1986. Lake levels af spillway
slevations eorrelaio with the high ground.water
levels of @ nearby weil.

To help protect the water quality of Whitewn.
ter and Hice Lakes, it is sugpested the bllowing
tems be dovumented:

1. Lake stage, to determine if the iake sedi
ments are ssaling paturally and less of
water and phospharus from both lakes.

2. The weight and the number of truckioads of
macrophytes removed annually from each
iake, to detormine the effect of macrophyte-
vhoesphorus removal on waler quality of the
lakes.

3. The water quality of butk lakes, to determine
water-guality frends.
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GLOSSARY

Acre-foci-Volume of water reguired fo cover
1 mere to a depth of 1 fost, and equsl Lo
43,560 #¥_ (Dion and others, 1976).

Alga, aelgae, algei-A group of simple primitive
plants that live in wet or damp places, and
generally are microscepic in size, containing
chigrophyll and lacking roots, stems, and
leaver, {Britton and others, 19751,

Algal Bloom-A high concentration of a parbie-
ular alpal spociex, ameunting to 172 million
to 1 million colls per hiter of water oy more.
(Brition and others, 1975).

Anoxic-Devold of oxygen. (Britton and others,
1975}

Bedrock-A gencral term for the rock, usually
solid, that underlies seil or other uncon-
seitdated, superficial materigl, (Bales and

Jackson, 188G)

Benthiv inunriebroie-An  animal without 2z
backbone, Hying on gr nenr the hatiom of an
aguatic envirenment. (Buhn and others,
1583

Biomass-The amount of lving matter present
in @ wnil arca or volume, at any given time.
{IMan and others, 1876)

Chiorophwil o-Ohlerophyell & 1» a green phots-
synthatic pigment presont in plant cells,
mcluding algae The concentration of chloro-
phyll & in water is u commonly accepted
indieator of algal bismass, {Dion and others,
1976},

Color-Color is one contrel of light transmission
through water. High color vahues in many
takes result from the decompositinn of
vegetabion, which gives the waler s brown,
tea-like color. Oslor is deotermined by a
comparison of the waber with standardized
colarad.giass disez and 15 reported in
platinume-cobait {Pt-Ca) units. {Dion and
others, 1976).

Digeharpe-In its simplest concept dscharge
means outflow: therefore, the use of this
term 1z not restricted as to course or
incation, and it can be applied te describe
the volume of the flow of water from a pipe
or from a drainage bagin. If the discharge
segurs in some course or channel, it is
correct to speak of the discharge of a canal or
of 4 river, It is also correct to speak of the
discharge of & canal or stream into a lake, a
strea, or 4% ocean.

The dats in the reports of the Geologieal
Burvey an surface water ropresent the tolal
fluids measured. Thus, the terms discharyge,
streamflow, and runoff represent water with
the selids dissclved in it and the sediment
mixed with it. Of these ferms, discharge is
the most comprehensive, The discharge of
drainage basins is distinguished as follows:
Yield~Total water ronout or srop; includes
runsdl plus underflow,

Bunoff.That part of water
appears in streams.

yvield that

Sereamfivn-The actual flow in streams,
whether or not subjeet to regulstion, ar
underflow.
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Each of these terms can be reported in fotal
volumes {such s acre-foetl or time rates
{ngeh as cubic feet por sccond or acrefect
par vearl. The differentistion  between
runeiy ag a volume and streamfliow s a3 rate
ie nut secepted. (Langbein and Iser, 19860;.

Nolomite-A  carbonate  sedimentary reck  of
whizgh more than 50 porcent by weight ar by
areal percentages under the microscope
congists of the mineral dolomiie, or a variety
af {imestone or marble rich in magnesinm
earbonate. Doelomite occurs in crystalline
and noncrystalline forms, iy clearly asso-
ciated and often interbedded with Hme.
gtone, and usually represents o pust depo-
sitional  replacement of limestone. Pare
dolomite (unless finely pulverized) will
effervesce very slowly in cold hydrochloric
acid. (Bates and Jackson, 1980),

Drainoge area-The drainage area of a stream at
a specified lacation s that area, measured in
a horizontal plane, which is enclosed by a
drainage divide, (Langbein and Iseri, 1060}

Prainage bosin—-A part of the surface of the
carth that is ccoupied by a drainage systam,
which consisty of & sorfave stream or g hody
of impeunded surface water or a body of
impounded surfaze water togeiber with all
tributary surface streams and bodies of
impounded surface water. (Langbsin and
[zeri, 15640).

Epilimnion, epifimnefic-"The upper, relatively
warm, circuiating zone of water in 2
thermally siratified lake. (THon and sthers,
1978

Eutraphication, eutropfue—The natural process
of eorichment and aging of a bady of waler
that may be accelerasted by the activitiss of
man. Perizins bo water badies tn which
prisnary production iz high because of »
farge supply of availahle neirients. {Bhon
and vthers, 1978}

Evaporation pan-An open tank used to condain
water for measuring the amount of evapo
ration. The U.B. Weather Buresu cdasg A
pan is 4 foet in digmeter, 10 inches deep, set
upon a timber grillage se that the lop rim In
about 14 inches from the ground. The waler
level in the pan during the course of
shaervation s maintained betwesn 2 and 3
inches below the rim. {Langbein and Iseri,
1964

Egual-width-increment (EWE method-A cross-
sectional water sample obtained by the EW]
method requires a sample volume gro-
portianal to the amount of flow at each of
several equally spaced verticals in the cross
section. This egual spacing betwesno the
verticals (EWI) aerpsg the stream and
sampling at an sgual transit rate at al}
verticals wields o gross sample volume pro-
portional 1o the total streamflow, (Edwards
and Glyason, 1988

Hordness-Water hardness is defined as the sum
of the polyvalent ¢ations expressed as the
squivalent quantity of calcium carbonate
{(CaCOy. As a general rule, hard-water
lnkes are more productive of plants and
animals than soft-water lakes, but there are
many exceptinons. (Dion and others, 19786).

Hydrograph-A  graph  showing stage, flow,
velocity, or other characteristics of water
with respect to time, A stream hvdrograph
commonly shows rate of flow; a ground-
water hydrograph, water level or head.
{Bates and Jackson, 19807,

Hydrolagic budger-&n accounting of the inflow
to, sutflow from, and sterage in & hydrologic
unit such as a drainage basin, aquifer, sail
zone, iske, or ressrvoir; the relationship
between evaporation, precipitation, runcff,
and the change in water storage. {Bates ang
Jacksan, 19803,

Hydrology-The  seience  encompassing  the
behavior of water as # oopars in the atmeo.
aphere, an the surface of the ground, and
underground, (Langbein and Igeni, 1950

Hypalimnion, hypolimnetic-The lower, roln-
tively eald, noencircalating water zone in a2
thermally stratifiod Inke. {Dion and others,
19765

Irternai  recyeling-The provess by which
phaspharos s roeveled from the lake-bottom
sediments  under  anpereble  or  aerobic
conditions by chemiosl exchange, turbu-
ience, and the actions of aguatic srganisms.

Lond-The amount, by weight or volume, of 2
substance transported by 4 stream past z
specific point during a specified longth of
time. {Kuhn and others, 1883

Mocruophyie-A megascopic plant, especislly n

an eguatic envirenment. ({Gare and sthers,
197723,
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Moximum depth-The difference, in feet of
alevation, between the hotiem and the sur-
face of the lake. {T¥Hon and others, 18761

Mear depth-The mean depth, in feet, for a
specified lske stage, is obigined by dividing
the volume of the lake by s arca. THon and
atherg, 1976).

Megotrophic-intermediate stage in lake clasai-
fication  between the oligotrophic  and
euirephic stages, in which primary produc-
fion oceurs ab o greater rate than in oligo-
trophie Izkes, but at z lesser rate thon in
eutrophic lakes. This is duc (o a mederste
supply of nutrients. (See also Evtrophic and
Olgotrophie.) (THon and others, 1976),

Metalimnion-The horizontal layor of ¢ ther
mally stratified iske in which the tem-
perature deercases rapidly with depth. The
metalimnpion lies botween the epilimmnion
and the Aypolimnion, and includes the ther-

mocline. (Bates and Jackson, 1880

Moraine-A mound, ridge, or other distinet
seeumulation  of  unsorted, unsiratified
glacial drift, predominantly till, deposited
chiefly by direct action of giacler lce, in &
variety of topographie landforms that ave
independent of control by the aurface on
whirh the drft Hes {Bates and Jarkson,
1980},

Nutrient-Any  chemiesl  slewment,  ion,  or
compound that is required by an srganisn
tor the continuation of growth, regroduction,
and other life processes. ({Hon and others,
1976},

Ofsgotrophic~-Perlaining to waters n which
primary production is low as a consequence
of a small supply of available nuirienis,
{Britton and others, 1875).

pH-pH is the negative logarithm of the effective
hydregen-ion concentration, expressed as a
namber from O to 14, A pH of ¥ is neudral, a
pH of less than 7 in acidie, and a pHl of
greater than 7 1s basic {IHon nnd others,
19761,

Firted vrtwosh ploca-i plain anderiain by
pitted outwash, Ouiwash with pits or
kettles, produced by the partial or complote
burisl of glacial fec by ovutwash and the
subseguent thaw of the ice and collapse of
the surficial materials. (Hates and Jacksan,
1980}

Plankion—The individual
bacterium 1n the
{Cole, 1979,

fuatornary-The second period of the Cenogzoio
era, following the Tertiary: also, the corre.
gsponding system of rocks, It began 2 to
3 million years age and ewlends 1o the
present. 1E consists of two grossiy unegual
epochs: the Pleistescens, up to about &,400
vears ago, and the Helovene since that time,
The Quaternary was originally designated
an era rather than a perisd, with the epochs
sonsidered to be periods, and it is still
sumotimes used as such in the geulogic
titerature. The Quaternary may alio be
incorporated into the Nesgene, when the
Nengene is depignated as a peried of the
Tertiary cra. {Rates and Jackson, 1988401

plant, animal, or
plankien community.

Sediment—Fragmental material, both mineral
and organie, that 13 in suspension or ig being
trunsporteq by the water mars or hag been
depusited on the buttom of the aguatic
environment. (Dion and others, 1976).

Siligrian-A period of the Paleozaie, thought to
bave covered the span of time bebweon 440
and 400 milion  years age, also, the
sorresponding system of rocks, The Silurian
follows the Ordoviclan and precedes the
Devonian: in the older lterafure, 1T was
sometimes considered to nelude the Ordo.
vician { Bates and Jackson, 19803

Speries—The basic or final uni for the class:-
fication of erganiams. (Disn and oihers,
1974,

Speetfic conducience-Spentfic conductance is a
measure of the water's ability fo conduct an
clectric current and is used as an approx-
sration of the dissolved-solide conzeniration
in the water. It 18 measursd in units of
micrasicmens  (formerly  micromhos) per
centimoder at 257 Celsius, {Dion and others,
1978}

Strcamflow-The discharge thut occcurs in a
natural channel. Although the term dis-
ehgrge can be spplisd o the flow of o canal,
the word streamflow uniquely describes the
discharge in 2 surface stream course. The
erm “streamflow” i more gencral than
runefl, as streamiflow may be applied to
discharge whether or not i is affocted by
diversion oy regulation. {Langbein and {zeri,
16607,
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Thermd

Surfuce runoff-That part of the runoff that

travels over the ground surface io the
nearest stroazm without passing beneath the
surfase, {Bates and Jackson, 1980)

Surfnee water-Water on the surfhce of the

enrth. (Langbein and lseri, 19601

stratefication (of a  lakerVertical
temperature strafdfication that shows the
following: the upper layer of the lake, known
as  the opilimnion, in whith  water
temperature i¢ virtually uniform; a stratum
negt helow, known as the thermecline, in
which there ig & marked drop in temper-
abure por anit of depth; and the lowermaest
region of stradum, know as the hypelimailon,
i which the temperature from s upper
lmit to the bottorm is nearly uniform.
{Langbein and Izeri, 1560

Thermocline-The plane in a thermally stratified

lake located at the depth where temperature
decreases most rapidly with depth. (Bates
and Jdackson, 18830)

Trophic—(Of ar pertaining to nutrition. {(Gary and

gthers, 1872

Water guelity-That phase of hydrology that

deale with the kinds and amaunts of matter
disselved and suspended in natural water,
the physical charsclerisbivs of the water,
and the ecological relationships between
auuatic organismsz and thelr spvironment.
(e and othors, 18781

Zonplankton, zeoptankionie-The animal part of
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the plankion. (Don and others, 1878,






