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HALF M00N LAKE

LAKE PLANNING GRANT REPORT

1.O  INTRODUCTION

Half Moon Lake in Polk County, Wisconsin is located il a part of the State known as the Balsam

Branch of the Apple River Watershed. Because of the importance of the area as a State resource, the

Balsam Branch has recently been designated as a Priority Watershed by the Wisconsil Department of

Natural Resources CIfDNR) . The following Half Moon Lake Planning Grant Project was initiated by

the Half Moon Lake Protection and Rehabilitation District (I{MLPRD) to investigate the current

condition of the lake, ald identifu potential projects for protection of the lake. The Lake Planning Gralt

Program provides funding for lake specific projects tkough the WDNR.

The purpose of this project is to compile all available information about Half Moon Lake; to

inventory the hydrologic properties of the watershed; to analyze and assess the current condition of the

lake water quality; to determine the feasibility of management options within the Harder Creek

watershed; and to prepare a guide for the management of the lake through policy statements, objectives

and management principles. Lake management should be considered as an endless responsibility

requiring planning, knowledge, and flexibility in dealhg with the issues affecting the lake. Much of

the information in this report is technical in Dature, and does not specifically address an existing

problem. It does, however, provide information about the lake and watershed that will help the

HMLPRD make informed decisions about lake management issues.

The goal of the Half Moon Lake planning Grant project is to provide the HMLPRD with the

background information necessary to make decisions about the management of Half Moon Lake, and

to provide guidance on the issues affecting the fuuction and value of the lake. The management plan

portion of the repon is htended to become a part of the long term management of the lake by the

HMLPRD, and subject to periodic modification and updating. If properly maintained, the plan will

provide long term guidance for future managers of the HMLPRD. It is hoped that tlis plal will

promote thoughtful planning and a succession of consistent management philosophies for HaIf Moon

Lake.

Barr Engineeing Company J″″
`199イ
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1.l  H」f Moo11_Lake

H」fiM∞nLよe is lo“
“

d h Polk Coun“ Wiscosh,appЮ粕mttely 3 mies nor価 east ofぬ e

ЮwnofB」sam Lよe.■le watershed∞ ■●b■mg ω Hdf Moon Lよ e is presentdl in Figure l,そ md■e

mogphome=y ofthe lake is shown m Figure 2 and presen"dmTあ le l.There ae two man str“ m
in■ows to the lake,lHader Creek enlに ring the lake on dle north and a sindler s● ean entering」lrough

由e Tamなack Bay area on■ le west side of the lake.Water levels ale con廿 o■ ed by an oudet structure

on the southem shore ofthe lake which dischages to Hader Creek,and ultimately to Balsam Lake.

The lake is cl′ ssiied by the prDNR:s dralllage lake with co=unon abundallces of no■ her:l pike,

w」leye,and largemouth bass. Acα )rding to the WDNR,one or more species of fish m Hdf Moon

Lake have been tested for mercШ γ∝'ncems,`md presen」
y no colsumption advisoワ exists lor tte fish

ul tte lake.

A public park with a swimming beach and public access is located at tIe west end of the lake.

Approximately 197 seasonal and permanent residences are located on the lake. Based on previous

surdies of tle lake, approximately 10 percent of the residences are permanent and the remainder

seasonal. The current uses of the HaIf Moon Lake include fishing, boating, waterskiing, and jet skiing.

_ヽ′

_ヽ′

Ban Enginoering Company J“″al,9イ ′ag′ 2



TABLE 1

HAIf MOON LAKE MORPIIOIOGY1

==:===:=:===:=:=〓 :=:=:=:===:=:=:=:=:=:=:=:=:=:=:=:==:=:=:=:==:=:=:=:=:=:=:==:=〓
:=:=:=:目
===:=:===:==:=:=:===:==:=:==:=:==:==:=:===:=:==:==:=:=:==:====:====:=:==

I:ke Surface Area

Maximum nepth

Mean Depth

Volume

579 acres (234 ha)

60 feet (18 m)

25 feet (7.6 m)

14,750 acre-feet (18.19 bln)

I values reported by Vlisconsin DNR
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．
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―

コ

V
1 3 \4 9 \OO5 \EALFUOON. TAB\IG'E

Page 3



■ ●
b..ヽ
 ・

つ

3

´

υ

・
／

■

よ́
　
′
・

●

〓

|

、
ヽ

．

‘

―

ツ

′

・

【

/
ヽ

０

‐響

′

ｒ

，
，
了

ン

ヽ

●

″

一

う
＾
＾
．
，
　
一

＾
　
一

t

〔≧シヘ

δ

2000

|●

0
■100

Watershed
Boundary

FIGURE l

HALF A′100N LAKE WATERSHED

Rag′ イ

・　
＾̈

ぐ
n ・ :
‐ __

D

′
●―.
r′  リ

”
●
・
¨

・
　

・

４
´
　
　
´
　
・　
，

．
“

ド

・
　

て

0ヽ
|

ヽ

~~。~‐

=‐

一
■

一

６
）

一
　
．

=ti‐
′

|

”
　

　

　

　

　

‐

」
Ｐ
Ｉ
、‐

ゞ

一
．

　

・

・
　

一
・

^=中
q白

‐
′.′ :′

●

●ヽ

∫ |

1・ _

ヽ,~

子14 (´

．―

ン

●

一

ウ

ζ

t
´

ヾ
´

′

ヽ
，

t,

7

“

´

ヽ

, 0

κ 一`一
‐

｀

'`‐
(

-\.a lr.";

")J

さ

―

′
わ

ヽ
ヽ
「

_α

‐ ,

・ヽ

　
．

∪

い

ιa″●
ヘ

0

■

|｀ヽ

/

(

‐
2●

ヽ

…

・
　
‘̈
・
・

/、  ヽ

り 。

・̈
一一ヽ

,

″́ ″

“

o"ιa″●■

´
・
・
・ヽ

ｒ
一

,●‐
"●

. 0

´ ・́

ヽ

，
′

ζ

ヽ
・・/
ノ
‐

●

30

′

●

ヽ

出
ク
引

聖
‥

マ
ー
ー
ー
ー
‘

二
一
　

１

0ヽ●

Ｆ
′

〆

コ

・ ,

|

′

′

．

´ V‐

と

ヽ
ヽ

ノ rイ :
, コ

ｒ
∵

■

１
■
０
・

==■
■ ~_“ _~

__■_■ _二 ■■―

_1‐ I‐‐11'‐_

_7 _
■・ヽ ‐:

′、 '|| ` ‐`ヽ

~―
 |‐

_~ -1_

、 _‐ _―
=‐
L― =



Ｎ

］
∝

⊃
０

一
Ｌ

‥

一
‥

●
一ｏ
Ｏ
Ｌ

、
一

Ｅ

ｏ
〓
ｏ
“
一
●
メ
●
コ

卜
０
一
Ｃ
卜
∽
一〇

２
〇
一
一
く
ト
コ

一０
く
工
ｕ
Ｃ

（一
Ｚ
く

２
〇
一卜
Ｏ
ｕ
卜
０

こ
」

Ш
ヱ
‘
´
Ｚ
０

０

■

」
コ
く
エ

」
０

』
●
０
」
０
エ

´

´

ハ

イψ

ヽ  ヽ

イ

ヽ

ヽ
、1′
′

′ヽ

イ

●
〓

一‘
●

″
警
α0｀

多
ヽ

マ

●
ヽ

0

1

l

Ш
】
く
Ｊ
２
０
０
巨

Ｌ
Ｊ
く
〓

彩

■首●Ⅲ_ヽ
`=|

Rαg`5

ヽ プ

_ヽ′

V



ヽ_´

2.O WATERSHED INVENTORY

A lake's watershed is often the main source of dissolved minerals, nutrients, and suspended

solids to that lake. The amount and composition of material carried into the lake is highly dependent

on the following watershed components: geology, soil composition, laad use and topography, and

vegetative cover. The information gatlered on each during the watershed inventory of Half Moon Lake

is discussed in the following sections.

2.l  Surici」 Geolo

The watershed geology is important for several reasons. Direction and amount of groundwater

flow is influenced by the bedrock geology. Rock weathering will contribute to the concentrations of

dissolved minerals in both groundwater and surface water flow. Stability of the bedrock may affect

erosion rates and suspended solids conceDtrations in streams tributary to the lake.

The Half Moon Lake watershed is located in a geologic setting of glacial drift resting

unconformably on Cambrian age sandstones which overlay Precambrian rock of various compositions.

The glacial drift consists of till and outwash deposits. Till deposits are deposited directly by glaciers

without being reworked by meltwater flowing away from the glacier. Till deposits tend to have various

sizes of sediment intermixed and are unlayered. Outwash deposits are deposited by the meltwater

flowing away from the glacier as it mels and recedes. Outwash deposits tend to be stratified by

sediment size. The glacial drift deposis in the Half Moon Lake watershed area generally consist of
ground moraine tills deposited from the bottom of the glacier as it melted and receded and end moraine

tills deposited at the farthest reach of the glacier before it started melting and receded. The ground

moraine tills are comprised of unstratified clay, silt, sald, gravel and boulders. The end moraine tills

are comprised of unstratified clay, silt, sand, gravel, and boulders and lessor amounts of stratified sand

and gravel. Scattered areas across tle watershed are covered with outwash deposits comprised of

stratified sand and gravel. The glacial deposits range in thickness from approximately 100 to 150 feet

across the watershed.

The uppermost bedrock units found under the glacial drift deposits are the Cambrian sandstones

including the Jordan Sandstone, the St. Lawrence Formation, and tIe Franconia, Galvesville, Eau

Claire, and Mount Simon Sandstones. The Cambrian age rocks rest on Precambrian basaltic lava flows,

sedimentary sandstones and shales, and igneous and metamorphic crystalline rocks.

Barr Engineeing Company J″″
`I,9イ
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2.2   Soils

ヽ_´

The soil composition in the lake's watershed is important, especially in regards to onsite waste

disposal (septic systems). The effective operation of a septic system depends on the efficiency of the

waste treafinent provided by the surrounding soil. The soil should stabilize the sepric system discharge

water so it can be evaporated or used by vegetation; the soil should also adsorb and remove most of the

phosphorus in the discharge water. The type of soil, the slope of the soil, and the proximity of the soil

layer to groundwater will all affect the soil treatuent of septic tank discharge water.

The soils identified across the Half Moon Lake watershed area are of three major types: the

Amery-Santiago-Magnor (covering approximately 75 % of the watershed), the Altigo-Rosholt (covering

approximately 10% of the watershed), and the Rosholt-Cromwell-Menahga (covering approximately

15% of the watershed) (U.S.D.A, 1979).

The Amery-Santiago-Magaor is generally found in the region north and east of Half Moon Lake

and south of Little Pine and Antler Lakes. This soil unit is generally level to very hilly, well drained,

and composed of loamy and silty soils laying on glacial till.

The Antigo-Rosholt soil unit is generally found west of Half Moon Lake ald north of Little Pine

and Antler Lakes. The Antigo-Rosholt soil unit is comprised of nearly level to sloping, well drained

silty and loamy soils that developed on outwash deposits.

The Rosholt-Cromwell-Menahga soil unit is generally found irnmediately north, west, and south

of Half Moon Lake near the shores of the lake. The soil unit is a level to very hilly, well to excessively

drained, loamy and sandy soil unit tiat developed on outwash deposits.

According to the soil survey of Polk County, Wisconsin (U.S.D.A., 1979) the general septic

system performance is moderate to poor in the soil units found in the Half Moon Lake watershed due

to the slope, wemess, and slow percolation of the soil.

2.3 Land Cover

The vegetative cover of a lake's watershed is important for several reasons. Established

vegetation will prevent soil erosion by protecting the soil cover from impact, and by stabilizhg the soil

Ban Engineering Company lune 1994 Page 7



with a root structure. According to ttre Wisconsin DNR, the erosion rate from unprotected disturbed

soils may be a thousand times greater than that ftom soils protected by a mature forest (.WDNR, 1980).

Eroded soils entering a lale may increase the suspended solids concentrations, nutrient concentrations,

and water turbidity, and decrease water clarity; the eroded soils may also negatively affect the fishery

by disorbing spawnhg habitat. Vegetation will also reduce the amount of runoff from the watershed

by moisture uptake though root systems. Vegetative buffer strips near the lake shore may remove

nutrients from the direct watershed runoff.

The original vegetation in the Half Moon Lake watershed consisted of mixed coniferous-

deciduous forests (maple, birch, white pine, red pine), deciduous forests (maple, basswood, oak), and

wetland vegetation (cedar, black spruce, tamarack) (Fintey, 1976). Approximately 25 percent of the

watershed has been converted to agricultural cropland, and over 10 percent has been converted to

pasture or open land, or developed. The fraction of the remaining watershed area altered by land

clearing and logging is not known. Currently the greatest disturbance of vegetative cover in the Half

Moon Lake watershed is due to agriculture and construction projects.

2.4  Land Use

Water runoff from various land uses will contain disparate amounts of phosphorus, which is

related to the fraction of impervious surface (hard surface or paved), the degree of soil disorbance, and

specific activities (e.g. fertilizer use, animal grazir.g, car and truck traffic) associated wittr a particular

land use. Statistical aaalysis of field data by numerous researchers has resulted in the calculation of

export coelficients - the annual amount of phosphorus predicted to runoff ftom a specific land area,

usually in units of pounds per acre. When minimal field data is available, the land use breakdown for

a watershed and appropriate export coefficients can be used to predict the phosphorus load to the lake

from the watershed.

Land use il the Half Moon Lake watershed was determined using Agricultural Stabilization and

Soil Conservation Service (ASCS) aerial photos for 1992 and, 1986 - 1988, as well as U.S.G.S.

topographic quadrangle maps. The following land use categories were used in the analysis: woodland,

marsh/wetland, open space, row crop, non-row crop, farmyard/feedlot, and pasture. Open space was

defined as non-agricultural fields, while pasture was defined as land areas used for livestock grazing.

ヽ_´
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The land use analysis is presented in Table 2. The watershed is mainly undeveloped, except for

the laleshore. Woodland, wetlald, and open space cover 74 percent of the watershed, while 26 percent

of the watershed is used for agriculture. Figure 3 shows the location of all active farms within the

watershed identified by the Polk County Land Conservation District.

Land use within the H」 f Moon Lake watershed wa,dso estimated in 1980 by■ le■′isconsin

DNR;the Litle Pine and Antler Lake subwatershαis were llot included in their an」 ysis. lhey

estimated the 5,100 acre watershed was approxl肛 lately 62 percent agricultur」 ,and 38 percent foresヽ

なld walands.smce the land use classifcatiOns m th=study were nOt clearly deined,it is diricult t。

compae the DNR l祖d use determination with th"of this study.

2.5 ⊇ya」2■コ≦二11ヒ422型墜理』:Ly

The topography of the watershed will affect the rate of runoff to the lake. Hilly terrain with

steep grades will produce more runoff at higher velocity flow than gently sloping or flat terrain. Low-

lying depressions, such as wetlands and ponds, may store and moderate the runoff flow.

The Half Moon Lake watershed topography is typical of glacially-scoured terrain, with gently

rolling hills, many pot-hole wetlands, and kettle lakes. The maximum elevation within the watershed

is 1300 m.s.l., while the elevation of Half Moon Lake is about 1166 m.s.l. (according to 1983 U.S.G.S.

topographic maps Luck. Wisconsin, and Balsam Lake. Wisconsin).

ヽ_´
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TABLE 2

HALF Mi00N LAKE WATERSHED AREAS AND LAND USE BREAKDOWN

URBAN
TOTAL AREA  WOODS   MARSH   OPENl  ROW CROP   CROP   FARMYARD2  PASTVREl  LAKESHORE

SUBWATERSHED     (ACRES)     (ACRES)   (ACRES)   (ACRES)   (ACRE3)    (ACRES)     (ACRES)     (ACkBS)      (ACRES)

LIttl● Pino

Anuer

Ha“ or C●●k

Tomertck

Dir●ct

TOTAL

544.2

511.9

2470.9

1332.3

845.3

5704.6

1234

192_5

595.2

91.5

518.5

1521.0

104.3

313.1

1206.0

471.2

111.2

2206.2

43.9

0.0

234.2

164.6

47.9

490.7

207.9

6.3

303.7

469.2

104.4

1091.5

59.2

0.0

131.9

116.9

1.7

309.7

0.0

0.0

0.0

0.0

150.0

150.0

5.1

0.0

0.0

9.6

8.6

2■3

0.0

0.0

0.0

.9.3

53.0

62.3

op.n .r.t d.6Ed .. nor-.tdculonl, non-[ol!tt, vctd.t.d ..tr
Pa.lua. d.find.r hnd ulcd for catla Srating.

F.rmy.d d.fimd .t rtticulrunl lmpcrviour/inp.ct.d .r!r includlnS buildin8., drivow.y., b.m., fc.dlott, .tc. All fc.dlot. in H.lf Moon Lrlc Wrtcnhd *,crc cl.lrifid
.. non"critlc.lby 1993 B.l..m Bnnch Pdo.ity wrt.r,hd Projocl, sce Scctioo4.3.2, pryc3l.

”
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3.O  HYDROLOGIC INVENTORY

Nutrients, dissolved minerals, and suspended solids are typically transported to a lake by surface

water runoff, groundwater flow, or direct precipitation. A hydrologic inventory was done on the Half

Moon Lake watershed in order to determine routes and quantity of surface runoff, amount and direction

of groundwater flow, and amount of precipitation. Wetlands, lakes, and ponds in the watershed were

also identified, and water quality data was tabulated. The following sections discuss the various

components of the hydrologic inventory carried out during this study; supplementary information and

reference materials have been provided to the HMLPRD as a separate file for future reference.

3.l DralnaEl)lvldcs

Drailage divides are used to separate the watershed into subwatersheds. While watershed refers

to the entire land area which ultimately drains to a lake, subwatershed refers to a portion of the

watershed which drains to the lal(e by the same route, such as through a creek.

Drainage divid∝ were determined usmgLu塾 二
=isc塑
埜m and旦」s型

=L生
⊆Wis∞ュsln U.S.G.S.

Юpographic quadrangle maps.The H」 f Moon L`よe wa“rshed co“ ists of 6,IЮ  κres(5,7α)¨res

excludmg lake surface tte小 ).Six subwatershed"eas were identi■ ed,and″e shown in Figure 3.The

watersheds of Little Pine Lake and Ander Lake w.ere not mcluded in■ le origind watershed delineation

since nO surface Outle、 from those lakes■ ow to Haf Mioon Lake.However,由 ose areas were included

in me Half Moon Lake watershed delineation complet(xi by the Wisconsin l)INR as plπ t of the Balsan

Brmch PriOri"Watershd Proj∝ t.TO be COnSIStem,thOseな oお h～eb∝n hCluded in the waterSh“

delineation used ill this study.

3.2 Rainfal

The amount of surface runoff to a lake is directly related to the amount of precipitation falling

on tle watershed. Since the amount of precipitation typically varies from year to year, the amount of

surface runoff to lake will vary annually, as well.

Precipitation data was obtained from the Wisconsin State Climatologist's Office for the nearest

precipitation gage station, which is approximately five miles from Half Moon Lake at Luck, Wisconsin.

Barr Engineering Company J“″¢199イ ′ag`II
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The long term annual average for tle station @ased on dara collected fuom 196l - 1990) is 31.12

inches; the total precipitation measured at the Luck station during 1993 was 33.08 inches. Iherefore,

the Lake Planning Grant study was carried out during a period of greater than normal precipitation.

3.3   Wetlands

Wetlands in a watershed affect the water quality and quantity of surface water runoff entering

a lake in several ways. Wetlands provide water storage during snowmelt or periods of high rainfall,

when high runoff flows occur. As runoff is stored in wetland areas, dowrBtream flows are moderated.

Therefore, damage often associated with high stream flows, such as streambank erosion, loss of

vegetation, and elevated suspended solids loads, are reduced. Wetlands may also improve runoffwater

qua.lity by providing water storage. Suspended solids particles are settled out, and phosphorus is

removed by microbial, algal, urd aquatic plant uptake. Wetlands located along the lakeshore provide

critical habitat for fish spawning and waterfowl nesting.

Wetlands in the Half Moon Lake watershed were identified using U.S.G.S. topographic maps,

A.S.C.S. aerial photography, and Wisconsin DNR wetland inventory maps. Approximately 39 percent

of the watershed area is covered by wetlands, most of which are associated with the Harder Creek and

Tamarack Creek subwatersheds. The wetlands directly associated with Harder and Tamarack Creeks

are classified as forested or scrub, with deciduous (eaved) and coniferous (needled) tree cover,

palustrine (marsh-like) soil conditions, and several areas of open water with emergent plant vegeution.

The Harder Creek subwatershed is also dotted with wetlands smaller than 5 acres, with a few areas of

open water with floating vegetation. The Half Moon Lake direct subwatershed also contains several

large wetlands, and numerous small wetlands smaller than 5 acres. Several of the large wetlands in the

direct subwatershed are directly associated with the lake shoreline.

3.4 Drainage Systems

Drainage systems are rivers, creek, and streams which drain ftom the watershed to the lake via

channelized flow. Large portions of the watershed may be drained by a single stre€m; the channelized

flow will accelerate watershed runoff, and resulting flows may be too rapid to allow suspended particles

to settle out before reaching the lake. During periods of high runoff, lake levels may be affected from

stream inflow. Large ponions of the nutrient load to a lake may also enter through drainage systems.

Ban Engineeing Company J“″′199イ Page Ij
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Two drailage systems flow into HaIf Moon Lake via tributary creeks. Harder Creek enters the

lake on the north shore, while Tamarack Creek enters the lake at the northwest end. Harder Creek

drains approximately 2,500 acres; approximately 50 percent of the drainage area is wetland, while 18

percent is agriculoral. Tamarack Q1esf, dleins approximately 1,300 acres, of which 7 percent is

wetland, and 47 percent is agricultural. Harder Creek is the only surface outlet in Half Moon Lake;

it exits the lake on the southwest shore, and ultimately flows to Balsam Lake.

3.5 Groundwater

The amount and direction of groundwater flow to a lake can influence the water quality of a

lake. Groundwater inflow can make up a large portion of water flowing to a lake each year; depending

on the surrounding geology, the groundwater hflow can transport significant amounts of dissolved

minerals to the lake. Groundwater contaminated by septic systems or fertilizprs may traDsport nutrients

to the lake, as well.

Groundwater flow characteristics were not determined as part of this planning grant study.

However, as part of a feasibility study conducted during the late 1970's, the Wisconsin Department of

Natural Resources determined the local groundwater flow pattern around Half Moon Lake through the

installation of monitoring wells (WDNR, 1980). In general, the DNR found that the groundwater was

flowing itrto the lake along the norttr shore, and out of the lake along the east and west shores of the

southern two-thirds of the lake basin. The DNR estimated the groundwater inflow to the lake as 0.4

cubic feet per second (cfO, and the outflow as 3.4 cfs. The average phosphorus concentration in the

monitoring wells was 0.03 mg/L, which is higher than observed phosphorus concentrations in Half

Moon Lake.

3.6   Lakes

Tributary lakes are small lakes and ponds that ultimately drain to a downstream lake; the

tributary lakes are included in the downstream lake's watershed. The tributary lakes and ponds usually

improve the water quality of the watershed runoff before it reaches the mail lake by settling out

suspended solids and particulate phosphorus.

The Wisconsin DNR has determined that the Half Moon Lake watershed contains two small

ributary lakes - Little Pine Lake, and Antler Lake. Litde Pine Lake has a surface area of 6l acres, and

Ban Engiweing Company J“″′199イ Page 14
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a maximum depth of approximately 10 feet. Antler Lake has a surface area of l0l acres, and a

maximum depth of approximatqly 22 f@t. Even though these lakes are included in the Half Moon Lake

watershed, neither has a surface outlet which flows directly to the lake. Therefore, t}le outflow from

these la.kes probably has minimal effect on the water quality of Half Moon Lake.

Several small unnamed ponds also lie within the HaIf Moon Lake watershed. Mostof these are

within wetland areas associated with Harder and Tamarack Creeks.

3.7  Water Ou」 iw Data

In-lake water quality data for Half Moon Lake were not collected as part of this planning grant

study. However, during 1993 the Wisconsin DNR collected lake water samples for laboratory analysis

as part of the Balsam Branch Priority Watershed Project. Samples were collected during April, June,

July, and September. Lake water quality data was also collected during several past studies of the lake,

which are outlined in Table 3. Historical phosphorus and chlorophyll a concentrations were measured

during 1982, 1986, 1987, and l98E; secchi disc transparency data was also collected those years, as well

as during 1977. Phosphorus data generated during the late 1970's by an independent laboratory was

found by the DNR to be in error, and was not used in this study. The 1993 and the historical data are

presented and discussed in subsequent sections.

3.8  1993 Flow Mlonitoring

The Harder Creek watershed is the largest contributing area to HaIf Moon Lake, and is the

source of most surface water inflows to the lake. As a part of ttris Lake Planning Grant project, flow

monitorir:g of Harder Creek was conducted between May 7 and October 1, 1993. An automatic flow

meter was installed at the outlet of Harder Creek to the lake. This flow meter measured the rate of

flow into the lake on a fifteen minute basis durhg the monitoring period. Daily total inflows measured

at this site are summarized in Appendix A, and presented in Figure 4. In addition to measuring the

flow rate of Harder Creek, several grab samples were collected to provide an indication of the water

quality of Harder Creek which were analyzed for total phosphorus, total ammonia, organlc nitrogen,

total Kjeldahl nitrogen, niEate + nitrite nitrogen, and total suspended solids.

Flow monitoring data collected during this period indicate that the wetlands, Iakes and other

storage areas within the watershed significantly reduce the volume of water entering the lake. During

_ヽ´
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TABLE 3

SOURCES OF IISTOHiCAL DパTA FOR HA工F M00N LAKE

===================:================目 =========― =:一 =====================:一 =====―

YEAR  SOURCE PU憲 )SE OF STUDY

1977

1982

1986

1987

1988

1993

Povirooocol Rescrrch Asrccsocotr/Wiscoash DNR

Scrco

In*uD.dl Rcaourc, lDc.

Wilc.rlir DNR

Wilcotpin DNR

Wirconria DNR

Fc.sibility sirdy

Not Avar}blc

ll}?otiEo.aic A6rlioa Sady

Eooregion Strdy

Ecorcgion Strdy

Bdsro Btrcb Priority I/.t rshcd
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F:GURE 4

Half Moon Lake - Polk County, Wisconsin
Harder Creek Inflow: May-September 1993
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May, June and July, frequent rai.nstorms produced increases in flow in proportion to the size of the

storm event. The months of August and September were very dry, and little flow was observed in

Harder Creek. It is assumed that the dry weather allowed for the depletion of storage within the

watershed, and runoff was retained in the watershed ratler than discharged to the lake.

Beaver dams upstream of the monitoring station created problems in determining the runoffyield

from the watershed. Periodically duriag the year the beaver dams were removed and the stored water

behind the dams released to the lake. This situation produced increased flows at the monitoring smtion

that were not related to rainfall events. The highest flows to the lake resulted from the removal of the

dams; because of this situation the total volume of water flowing to the lake was higher thar would be

expected from natural conditions.

Based on a watershed area for Harder Creok of 2471 acres, the yield of runoff during this period

was calculated to be 3.4 inches. The U.S.G.S. reports the longterm average yield over the same period

for the Apple River near St. Croix Falls to be 3.82 inches (U.S.G.S. 1991). As previously stated, 1993

was a wet year with annual precipitation approximately 6% above average. The measured inflows to

the lake were approximately 15% lower then would be expected based on long term averages in this

area. The lakes, wetlands, beaver ponds in the watershed are responsible for the reduced inflows-

A summary of water quality samples collected during this project are presented in Table 4.
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TABLE 4

HARDER CREEK WATER QUALITY ANALYSIS

AMMONIA
NITRATE+
NITRrTE

TOTAL
KJELDAHL
NΠR.OGEN

TOTAL
PHOSPHORUS TOTAL SOLIDS

TOTAL
SUSPENDED
SOLIDS

DATE

06ノ 15/93

06ノ30/93

09ノ 13/93

0γ 18ノ94

Spring, 1994

Spring,1994

/L田 /L as

0.050        く0.007

0.052           0.033

0.176             0.117

0.(〕68            0.076

Collccted,loboratory resul撼 ■ot rcЮ eived

COH∝ted,labOrat堕_1甲」l"_mt墨壁菫」

郎

1.1

1.2

1.0

0.6

0.186

0.095

0.122

0.055

156

148

166

lCЮ

9

く2

4

2

や

ヽ

卜
一
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4.O  DATA ANALYSIS

Data collected for this project provides iDsight to the condition of water qual ity in Half Moon

Lake, and the factors influenchg the lake. The reported condition of the lale is compared with historic

data for Half Moon Lake, the water quality of nearby lakes, and estimates of nutrient loadings to the

lake. These comparisons will be used to determine whether water quality problems exist in Half Moon

Lake, and tle possible cause of these problerns.

4.1 Present Troohic Status of Half Moon Lake

The 1993 phosphorus, chlorophyll a, and transparency data are shown in Figure 5. Chlorophyll

a concentration was highest during June and September, and was lowest during August. This is unusual,

since in lakes similar to HaIf Moon the chlorophyll a concentrations are highest in August, due to blue-

green algae blooms. The water transparency was highest during August, coinciding with the low

chlorophyll a concentrations. The total phosphorus in Half Moon Lake remained fairly constant

throughout the monitoring period.

One method of expressing a lake's degtee of eutrophication is by calculating a Trophic State

Index (Carlson, 1977) from measured water quality parameters. A TSI value can be calculated based

on either total phosphorus concentrations, Secchi disc transparencies, or chlorophyll a concentrations.

It describes the relationship between these physical/chemical/biological water quality parameters and the

productivity of the lake. Four trophic stats designations used for lakes are given below with

corresponding approximate TSI value ranges:

Oligotrophic - t20 < TSI < 38) clear, low productivity lakes,

Mesotrophic - t38 < TSI < 501 intermediate productivity lakes,

Eutrophic -- t50 < TSI < 621 high productivity lakes,

Hypereuffophic - 162 < TSI < 801 extremely productive lakes which are highly eutrophic,
disturbed and unstable (i.e., fluctuathg in their water quality on a daily and
seasonal scale, producing gases, and toxic substances, experiencing periodic
anoxia and fish kills, etc.).

The seasonal mean Trophic State Index calculated for Half Moon Lake was 40 for total phosphorus, 43

for transparency, and 51 for chlorophyll a, which corresponds to a trophic classification of oligotrophic-

mesotrophic for total phosphorus, eutrophic-mesotrophic for chlorophyll a, and mesoEophic for water

transparency. Trophic State Indices calculated from historical data are shown in Figure 6.

ー
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F:GURE 5

Half Moon Lake
1993 Water Quality Data
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The indices calculated from these three parameters are generally in close agreement; however

in tlris case the trophic state index for chlorophyll a is significantly higher than for the other two

pzuameters. This discrepancy may be due to the algal species present in the lake, siDce the amount of

chlorophyll a found in algae does tend to vary with species. However, algal speciation was not

determined as part of this study, nor the DNR study. In the initial evaluation of the 1993 lake data by

the DNR for the Balsam Branch Priority WatErshed Project, Half Moon Lake was classified as eutrophic

@ased on the chlorophyll a concentratiorr).

Data were also collected by the DNR at various lake depths. The dissolved oxygen and total

phosphorus data for July, 1993 are shown in Figures 7 and 8. The dissolved orygen concentration was

extremely low below 9 meters; the near-bottom total phosphorus concentration was extremely high

(approximately 0.19 mg/L). The high total phosphorus coDceDtration was probably due to internal

phosphorus release from the lake sedimene. Similar concentrations in hypolimnetic dissolved oxygen

and total phosphorus were also reported in several of ttre other past studies of Half Moon Lake.

The Wisconsin DNR (1980) found that the dissolved orygen concentrations throughout the lake

during winter were sufficient to support the fishery, but that during the summer months, the dissolved

oxygen concentration was extremely low below 5 meters. During 1988, the DNR found the near-bottom

dissolved oxygen was depleted by July; during August of that year, the lake was anoxic (devoid of

orygen) below 9 meters, witl a near-bottom total phosphonrs concentration of 0.35 mg/L. Sediment

phosphorus release occurs from chemical changes in the sediments resulting from oxygen deplerion ia

the bottom of the lake. In addition to changes in the chemistry of the bottom portion of the lake, these

conditions reduce the available habitat for fish and other aquatic organisms.

If the lake remains strongly stratified during the surnmer, the internal phosphorus load would

more likely impact the autumn and spring water quality. Additional field data would be necessary to

completely evaluate the effects of internal phosphorus load oo HaIf Moon Lake. However, cursory

analysis of available data indicates that the effect of internal phosphorus load on the summer water

quality is probably minimal. The current water quality of Half Moon Lake is very good, and compares

well with otler area lakes. This indicates that impacs from ttre watershed are probably minimal.

Barr Engineering Company J“″θI,9イ Page 22



FICURE 7

HalfiMioon Lake
Dissolved(Dxygen AtI)epth
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4.2 ADDarent Trends in Half Moon Lake

There is insufficient historical water quality data available for rend analysis by typical statistical

metlods. No conclusive trends in water quality degradation or improvement could be detected from

visual inspection of the trophic state indices for the available data set (Figure 6). Some annual variation

in water quality was apparent in the data; however this was most likely due to climatic effects, such as

variations in precipitation or temperature, rather than actual changes in water quality.
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4.3 Analysis

4.3.I HydrologicBudget

The hydrologic budget for Half Moon Lake has been estimated for 1993 based on the

information collected for this project. The hydrologic budget provides a method of determining the

sources of water entering the lake on an annual basis. Meteorologic conditions create year to year

variations in the hydrologic budget, but the estimated budget helps identify the most significant sources

of water, and pollutants, to the lake. The following section describes the methods used to estimate the

hydrologic budget for Half Moon Lake.

Hydrologic Budget Equation

The Hydrologic Budget Equation for Half Moon Lake is given as

AS:Qb+P-Q-.-Ev+/.GW

where

AS

a-
P:
4".
Ev

GW:

Change in water volume of Half Moon Lake

Sum of the surface wat€r inflows to Half Moon Lake

Direct precipitation on the lake surface

Surface water outflow from Half Moon Lake

Direct evaporation ftom the lake surface

Net groundwater flows to and ftom the lake

AS The change in water volume stored in Half Moon Lake is determined from the lake surface

elevation. Durhg 1993, the water level in the lake flucnrated approximately 0.5 feet

during the monitoring period. For the annual hydrologic budget it was assumed that the

change in storage was zero for the water year October 1, 1992 to September 30, 1993.

Q - The surface water inflows were determined by two methods, by using the measured inflow

data collected for this project, and by use of long term average runoff yields for the area

measured by the United Sutes Geologic Survey (JSGS). The measured inflows from

Harder Creek were used to compute runoff yields specific to Half Moon Lale during the

ー
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monitoring period. These yields were applied to the entire Harder Creek Watershed to

estimate the inflows from May through October. The inflows to the lake during the

remainder of the year were estimated by applying USGS long term monthly average runoff

yields measured for the Apple River Basin to the Half Moon Lake Watershed.

Direct Precipitation on the lake was determined by applying the daily total precipitation

measured at Luck Wisconsin by the Wisconsin State Climatologists office. Luck is

approximately seven miles northeast of Half Moon Lake.

Q*- Outflow from Half Moon Lake was daermined by calculating the discharge from lake

levels during the monitoring period, and ushg discharges measured by the USGS during

1988 for the remainder of the year. Comparison of 1988 outflows with calculated

discharges from 1993 monitoring records indicate similar total discharges during &e

period.

Ev - Evaporation for Half Moon Lake was determined from the Meyer Evaporation Formula

(lr{eyer, 1947). The Meyer equation uses climatological data to estimate the evaporation

from lake surfaces.

GW - Groundwater flows into Half Moon Lake in certain arqs, and out of the lake in other

areas. The net groundwater flow is calculated as the groundwater inflows minus the

groundwater ourflows. Since this is very difficult to measure, the net groundwater flow

to Half Moon Lake is estimated as the residual of the hydrologic budget equation.

The hydrologic budget for H」 f Mloo■ Lake is presented in・ rable 4.The surface water in■ ows

to the lake a・e prぃ,ented by subwatershed in Table 5. This table indicates that more than 50 pcrcent

of the aШ lua surface water in■ ows∞ H」f Moon Lake enter through Harda Cr∝ k.lbe next most

signiica【lt mnow o the lake is the Talnなack subwatershed.Table 4 mdicates thtt two thids of the

water cntering H」 f Moon Lake is surface water m■ ows iom the waersh(ガ .As stated m S∝tion 3.8,

■le in■ows froln Harder Creek are reduced by wetlands and othcr ponding in the watershed. If■ lese

arett are dtered,changぃ lh血e volume of wacr entermg H」 fiMoon La【 e ald tte resulting wa“ r

qu」 ity of the lake would be expectα l.

P
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TABLE 5

HA工F M00N LA団
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TABLE 6

HALF M100N LAKEヽ VATERSHED

RUNOFF(BY SUBヽ VATERSHED)

(3●
‐助

MONTH

RUNOFF
YIELD

“

n)

Ll■・
「
LE PINE

544.2

(a0

ANTLER LAKE
511.9

(aC)

HARDER CREEK
2470.9

(aC)

HARDER
CREEK TOTAL
3527

(aC)

TAMARACK
:332.3

(aC)

DIRECT
845.3

(aC)

TOTAL
5704.6

(aC)

Octobcr

Novambcr

Deccmbcr

Jeourry

Fcbrurry

Mrrch

April

M"y

Junc

Iuly

Augu8t

Septcmbcr

TOTAL

67.1

84.4

70.6

78.9

69.5

193.3

118.4

95.1

461.4

65.9

4.1

4.2

1313

45.3%

95.7

120.4

100.8

112.6

99.2

275,9

168.9

95.1

461.4

65.9

4.1

4.2

1604

55.4%

36.2

45.5

38.1

42.5

37.5

104.2

63.8

93.4

115.5

66.2

94.2

54.3

791

27.3%

22.9

28.9

24.2

27.0

2■ 8

66.1

40.5

59.2

73.3

42.0

59.8

34.5

502

17.3%

154.8

194.8

163.0

182.2

160.4

446.3

273.2

247.7

650.2

174.0

158.1

93.0

2898

100.0%

0.33

0.41

0.34

0.38

0.34

0.94

0.57

0.84

1.04

0.60

0.85

0.49

7.13

14.8

18.6

15.6

17.4

15.3

42.6

26.1

13.9

17.5

14.6

16.3

14.4

40.0

24.5

150

5.2%

141

4.9%

や

¨
、
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“
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4.3.2 Nutrient Budget

The 1993 phosphorus budget calculated for Half Moon Lake is listed il Table 7. The phosphorus

budgets calculated by the Wisconsin DNR for 1980 (as part of feasibitity study) and for 1993 (as part

of Baisam Branch Priority Watershed Project) are also included in tle table for comparison.

The watershed loading was calculated by Barr Engineerhg in two different ways - from field data

collected for the project and from land use / export coefficients. The first method utilized the 1993

surface water runoff volume (calculated as part of the hydrologic budget for this study) and the meaa

in-stream phosphorus concentration measured in Harder Creek during 1993. It was assumed that ail

runoff from the watershed had phosphorus concentrations similar to those in the creek. The second

method utilized ttre land use analysis and the following export coefficients: forest - 0.206 kg/ha/yr

@eckhow et. a1., 1980); mixed agriculture - 0.91 kg/ha/yr @eckhow et. a1., 1980); open space - 0.12

kg/ha,/yr Salker, 1985). Phosphorus removal due to upstream wetland retention was not included in

the calculation.

The atmospheric phosphorus deposition rate used was 0.56 kglhalyear (0.5 lb/acrelyear) based

on a range of reponed values from 0.1 to 1.0 kg/ha/year (Ietra Tech, 1982). The phosphorus

contribution from groundwater inflow used in rhe budget was estimated by the Wisconsin DNR (1980)

ftom monitoring well data. The phosphorus contribution from septic systerrr was estimated according

to Reckhow et. al. (1980), was based on a soil retention coefFrcient of 0.8 and an estimated nutrient load

from the household to the septic system of 1.0 kg/capita-year (Reckhow et. al., 1980). Of the

approximately 197 septic systems and outhouses in the direct watershed, it was assumed that 10 percent

were associated with year-round residences, that 90 percent were associated with seasonal residences,

and that the average occupancy was 3 persons per dwelling.

The groundwater monitoring done by the Wisconsin DNR in 1980 showed that the net

groundwater flow was into the lake on the north shore, and out of the lake around the remainder of the

shoreline. The WDNR has based their septic system loading on only that portion of the watershed were

the net inflow was towards the lake. The phosphorus loading {rom septic systems estimated by Barr

Engineering includes the entfue dtect watershed, since the direction of groundwater flow can vary

period ically throughout the year.

ヽ
―
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TABLE 7

HALF M00N LAKE PHOSPHORUS BUDGET

BARR ENCINEERINC COMPANY 1993

BASED ON
FIELD DATA

●g″r)

BASED ON
EXpORT COEFF.

αg′y→

WDNR

(198o

WDNR

(1993)

SOURCE CONTRIBUT10N

Vlaterohcd Lording
Hardcr Creck
Trmerack Creek
Direct W.tershed
Total

Atmospheric Loldiog

Groundwat#

S.ptic Systems

TOTAL

265

131

83

47gl

1314

27

416

(39.1%)

(19.3%)

(12.2%)

oO.6%)

(19.3%)

(4.0%)

(6.0%)

3'to
278
lll

$g2

1314

27

4,6

958

(38.6%)

(29.0%)

(11.6%)

(79.2%)

(13.7%)

(2.8%)

(4.3%)

●g

587

(78.4%)

(12.3%)

(4.6%)

(4.8%)

4101

82

21

6

σ8,9%)

(15.0%)

(5.0%)

(1・ 1%)

460

72

27

28

678 545

Calculrted ftom surfacc wster runoff volumc rnd mern 1993 ia-rbeam phosphoru8 concentration.

Cslcul&icd from lsnd use snd c4rort coemcicnts.

Includes upsherm phorphorur rctcntion of 157,4 kg.

Crlculatcd &om loading ratc of 0.56 kg/hr./yr (Ieer Teah, 1982).

Dctermircd by WDNR, 1980,

Cslcuhtcd rccording to Rcckhow ct. rl., 1980.
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As can be seen from Table 6, surface water runoff ftom the watershed transports the majority

(approximately 7l - 79 percent) of the phosphorus to the lake. The amount of phosphorus transported

ftom the watershed is a function of ttre land use activities, the number of wetlands and ponds, and the

soils and geology upstream of the lake. Typically, the phosphorus load from the watershed estimated

from field data and the load estimated from export coefficients are in fairly close agreement; however,

in this case there is a discrepancy between the two estimates. The estimate based on export coefficients

is probably too large, since it does not account for the retention and removal of phosphorus in the

upstream wetlands.

Part of the watershed phosphorus load in agricultural areas may be due to animal feedlots.

Runoff from animal feedlots can be extremely high in phosphorus, depending on the number of animals

and the size of tle feedlot. Three operational farms are located in the Half Moon Lake watershed; one

of these is located in the direct watershed (Figure 3). Each of the feedlots in the Half Moon Lake

watershed were inspected and classified as part of the Balsam Branch Priority Watershed Project.

In each case, the impact of the existing feedlots were classified as non-critical; therefore, the

potential contributioDs ftom feedlots were not specifically included in the 1993 phosphorus budget. The

actual methodology for evaluating these farms was not made available for this report by the Polk County

Land Conservation District. We believe this classification is not based on the present, or potential,

impact of these farms to Half Moon Lale, but rather based on their importance to the goals and

objectives of the Balsam Branch Project in general. However, the farm located south of the lake, in

the direct watershed, has undergone changes over the past few years. This farm currently includes only

a few head of young steer; several yea$ ago, it included a dairy herd of approximately 150 - 200 head

of cattle. At that time, the feedlot probably had a greater impact on the phosphorus load to the lake,

and future changes at this site should be monitored closely.

The contributions from the atmosphere, groundwater, and septic systems are also included in the

phosphorus budget. Atmospheric phosphorus is usually transported via dust particles, and is deposited

to the lake either during rail or snow events, or as dry precipitation. Since atmospheric trarBport can

occur over large distances, it is difficult to control the phosphorus load from armospheric deposition.

The phosphorus contribution to Half Moon Lake from groutrdwater and septic systerns was estimated

to be a fairly insignificant part of the budget.

ヽ■´
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The contribution estimated for the septic systems may be quite differeDt than tle actual conditions,

since each septic system situated around the lake was not inspected during this study. Septic systems

become less effective with age, and older septic systems may not have been built to modern

standards. It is unlilely that phosphorus from faulty septic systems will ever have a significant impact

on the lake, especially when compared to the watershed load. However, faulty septic systems can

impact the lakeshore property owners in another way, through the contamination of drinking water by

microbes, parasites, and other disease-carrying organisms.

The internal phosphorus load (ftom sediment-release of phosphorus) was not included in the

nutrient budget. Chemistry data from lake monitoring has shown that phosphorus is released from the

Half Moon Lake sediments during the summer months. However, the lake remains strongly stratified

throughout the summer, so the internal phosphorus load remains sequestered in the hypolimnion Qake

bottom water) during the summer, and is not available for algal growth. The internal phosphorus load

may cause increased algal growth in the fall, after ttre lake mixes, but this was not observed during this

study.

4.3.3 Mass B」 ance Models

Mass balance modeling is a method of estimating the impact of the watershed on the water quality

of the lake. Several empirical relationships between phosphorus loading, the total mass of phosphorus

entering a lake kom the watershed, and resulting water quaiity have been developed in recent years.

The purpose of &e mass balance modeling used for this study is to estimate the current impact of tle
watershed on the lake, and to predict estimated improvements to the lake from feasible management

alternatives, if appropriate.

Numerous models have been developed which use lake morphometry, lake outflow, and

pbosphorus load to predict inJake phosphorus concentration, chlorophyll a concentration, and secchi

disc transparency. The phosphorus load estimated during this study was applied to several of these

models, using the Wisconsin DNR program "Trophic". The results are listed in Table 7. In each case,

the predicted in-lake concentration is higher than what was actually observed in Half Moon Lake. There

are several reasons for this discrepancy.

The watershed phosphorus load estimation may be higher than actual, since each Harder Creek

grab sample was collected by volunteers coincidently with the removal of an upstream beaver dam. The

Ban Engineering Company J“″′199イ Page 32



TABLE 8

HA■F Mi00N LAKE MASS BALANCE MOD:日 S
ヽ_′

PREDICTED SPRコ Gヾ
PHOSPHORUS

PREDICTED SUMMER
CHLOROPHYLL●
しg′L)

PREDICrED SUMMER
SECCH【

TRANSPARENCY
α ¨ )ヽMODEL

Dillou rnd Riglcr (1974)

Votlcrwcidcr (197f)

Clrfeld .Dd B.chltrsa (1979)

Rcolioe GL d. (1980)

1993 Field Mcesureoco

31

27

39

23

15

11

8

15

7

8.41

1.7

1.9

1.5

2.1

3.01

V
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resultitrg high flows may have entrained phosphorus and suspended solids. Portions of the nutrient

budget calculated from statistical coeffrcients, such as septic system and atmospheric loads, are only

estimates, and may differ from the actual loads.

The measured Secchi transparencies for Half Moon Lake were compared to the reported

transparencies for several other lakes in Polk County. Figure 9 is a Box and Whisker plot which shows

the range of recorded Secchi readings together with the average and median value for each lake. The

Box covers the middle 50 percent of the readings, and the whiskers indicate the readings above and

below the box range. As can be seen from Figure 9, the transparency of Half Moon Lake is higher than

most of its neighboring lakes, with the exception of Deer Lake. The average Secchi transparency of

Half Moon, Balsam and Deer are similar, but Balsam Lake transparencies are much more variable than

the others. This comparison is based on a limited data set obtained form the WDNR computerized

bulletin board, and the data has not been verified.

4.4  Da● Andvsis Conclusion,

Based on the data analysis conducted for this project, the following conclusions have been made:

HaIf Moon Lake currently ha. good water quality, and no tr€nds alp s'rggested b! historic.l
water quality data for the lake. This conclusion is contrary to pr€vious reports.

a

a

a

Compared to other lakes in the area, Ealf Moon Lake has very similar wat4r quality
conditions. This indicates that the impact of the watershed on the lake is probably mininul,
and the condition of the lake may be diflicttlt to improve.

In-lake watcr quatity data iDdicate tIBt interral loading to the lake from bottom sediments
may be significant. Ihis condition may creatt other problens besides water quality
impairment such as habitat reductions for fish and other aquatic orgedsms.

Based on the hydrologic and nufient budgets preparcd for the lalce, and mass balance
a16{gling of irrlake watcr quality, the lake appears to be in better condition than would be

expected from the watershed landuse. We believe the existing wetland areas upstream of
the lake are rtsponsible for aisting good wat€r quality of the lake.

Managernent dforts of the HMLPRD shonld be directed to protection of the prcsent

condition of the lake through watershed planning and management.
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5.O  POLICIES AND IMIPLEMENTAl10N RECOMMiENDATIONS

This section describes the policies of the Half Moon Lake Protection and Rehabilitation District
and recommendations to satisfo those policies. The purpose of this section is to provide guidelines for
dealing with issues related to management of the lake, and to provide consisteDcy in the application of
these guidelines among present and future board members of the HMLPRD. The following sections
are subject to periodic review and modification, and should reflect the opinion of the majority of the
Half Moon Lake community.

It is recommended that the Half Moon Lake Protection and Rehabilitation District form a policy
committee to be responsible for the maintenance and further development of the positions of the
HMLPRD. As existing policies are modified, or new policies added, the policy committee would
amend this section to reflect the changes.

The policies and related recommendations involve the following topics:

V

5.r

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Half Moon Late Protection and Restoration District

Lake Water Quality

Exotic Species in the Lake and watershed

Wetland Protection

Lake Access

Lake Use and Public Safety

Fisheries Management

Septic Systems

Appendix A includes the agencies and contacts currently responsible for each of the managemeDt
of each listed topic. This information will provide the HMLPRD with a starthg point for changing
current policies, or dealing with specific problems related to Half Moon Lake or the surrounding
watershed.

ヽ_´
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Policy &alenot:

fhe Eolf Moon Lakc Prutedion od Rehabilitfiion Distrid vill continuc working
towards total ,rlotogement of Ealf Moon Loks @d the swmwding wotenheil for the
purpose of maintaining the Ngh qualtly ofthc lake, and thz long term enjoymcnt ofthe
tesoufce.

The present condition of Half Moon Lake is due to the current landuse in tire watershed, and the
nature of undeveloped areas above the lake. The HMLPRD will use its influence and authority o
prevent undesirable changes around the lake, and within the watershed to prevent the degradation of the
quality of the lake.

Table 9 lists all available prograrDs providing funding for improvement of current conditions of
the lake, or protection of the lake from funrre changes through lake and watershed management
activities. As projects are identified by the HMLPRD for implementation, these sources can be
contacted for potential funding, and suppon.
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Table 9

SUM.M:ARY OF FEDERAL/STATE LAKE AND LAND MANAGEMENT PROGRA卜 lS

PR00RAM AVAILABLE FUNDIN0 DESCRIPriON CONTACT

Ilkc Menrgcmcnl Phnning Omnl ProBram

trkc Mln.g.mcnt Protcction O nt ProSrlm

,

Mrximum Strt6 Shrr. i! $10,000
25 Pcrc.nt lrcrl Sh!r€ Rcquir.-d

Provider tundr for conducting lakc ind wlterth.d
.tudir! with thc ultimitc goil of Iik. prolcclion or
r.h.bili1!tion.

D.n Ryin
DNR Nodiwcrl Di.trict
Bor 309

Spoon.r, wl 54801

11t5) $5-4o7r

Mnximum stit6 Shirc ir $100,000
50 Pcrc.nt t-ocrl Shirc Requir.d

Providcr fundr to crrry out 16t€ plotcction lhroulhi

1 thc purrhirG ofrrropcrty which miy
conlribrrlc to lhc prolcction of tlrc lakc,

2 th. r.sto.rtion of r wclhnd which will
prcvGnt d!8rrdrtion of th. lit..

3 thc d.v.lopmcrt of loc.l r.Suhlion! which
will prov.Dl d.8ridllion of lhc lrkc.

D`n Ryan

DNR No“hwe6t DI“ rict
Box 309

SPooner,Wi 54801

(715)635‐ 4073

R.cr.ational Bollin8 F cilitid Program 50 P.rccnt
CoGt Shrr6

Provida tundr for dovclolmcnt of rccrcilional
boltin8 f.ciliti.. ind includc! th. ecquiritiofl of crpitrl
Gquipm.nt ncc.lrlry (o cul .nd removc nuir.nc6
.qu.tic plrnl..

PhilヽV11:aco

DNR Northwe,t Di`tHct

Box 309

Spooner,W1 54801

o15)635‐4159

Wirconlin Fundi Privlla Scwr8. System

R.phc.m.nt !nd R.hrbilihtion Orlnt ProS m

corl shir.; M.ximum o nl i. $7,000 Provider Brrnt! for rcplaccmcnt of fiilinE scplic

.y.t.m. for r.!id€nc.. occupi.d.l 1..!t 5l pcrc.nt
timc. Priority ir 8iv.n lo ty.lcmt dirch.rsing lewlsc
to rurfrcE wltcr .nd Eroundwitcr.

C3te Cinlge_OWen

01LIIR
P.0.Box 7969

Madilon,W1 53707

(608)266‐ 7319

For€it Stcw.rdrhip Inc.ntivc ProSrem 25 Pcrc.nt t crl Shrr.
Mrximum Orint i. t10,000

Providcr tundr to owncrr of l0 contiguour ecrer of
lind for .nh.nc.m.ntof wildlifc hrbitttr, .oil rnd
wilcr prol.ction, rnd rcfor.rtr(ion cfIorlr,

Phil Stromberg oI Dan Bo“ eン

DNR Bure■ u oF Fore=try
p.0.Box 51

Web81er, νVi 54893

(7:5)866‐ 820:

o15)349‐2158

”
ヽ
い
、
い
“

49ヽ49ヽ005ヽ LNDMGMT.TABヽ YMH



／
１
ヽ

Table 9 - Contirrued

SU卜曇dARY OF FEDERAL/STATE LAKE AND LAND MANAGEMEM PROGRAMS

PR00RAM AVAILABLE FUNDiNC DESCRIP,10N CONrACT

Walcr B.nk Pm8r!m

Agriculturrl Conrcrv!tion Pro8rrm (AcP)

`

Van`ble Tcn ycrr l.r16 lo protcct w.tlindi rnd idjrc.nt upl!nd
|IⅢI

Polk USDA
ASric'rlturrl Slibilizilion
& Conrcrvrtion S.rvic6 (ASCS)

C.nt.r Buildiog
P.O. Bor 306

Brh.m br., wl 54t10
cr l5) 485-3138

V`nabic Colt .hrro progr.m for prol.ction of.8ricullur.l
llndr lnd wlt.rr, Cort !h.ro ntrctic.r includc
s.dimcnt rcl.ntion !tn clur€!, ltrc.m prot.ction,
.nimrl w!rt6 control.

Poll UsDA
AEric0kuml Slobilir-rtion
& Conicrvltion Scrvicc (ASCS)

C.ntcr Buildi"g
P.O. Bor 306
B.l66m kL., WI 54E I0
ctls) 4t5-3r3r

Wclhnd. Rcr.rv. Progrim Val■ b:o Tcn y.!r l.r!6 lo p..!.rvc wclhod!; cort lhlring i!
iv6ihbl. for wclhnd rc.torition.

Polt USDA
Agricullur.l Slabilir.lion

& Con..rvrtion Scrvicc (ASCS)

C.nt€( Buildin8
P.O. Bor 306
Erllrm L!t., WI 54810
(715) 4E5-313r

Sm.ll Wrtcrlh.d Progr.m Vo■■ble Colt 6hrring ind tcchnicrl hclp for firh rnd wildlifc
hibitrt improv.mcnt.nd wclhnd conrcrv.tion.

Polk USDA
ASricuhorrl Sl!bilizrtion

& Coni.rvrtion S.rvic. (ASCS)
Ccnlcr Building
P.O. Box 306
Brllim hkc, Wl 54810
(7t5) 485-1138
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Table 9 - Contirrued

SUMMARY OF FEDER´ dノSTATE LAKE AND LAND MANAGEMENT PROGRAMS

PROCRAM

Phc!lrntr Forcvcr

AVA:LABLE FUNDlNO DESCR17r:ON CONTACT

V8● 3b10 Providcr coit lhrr.8rrnr. for ..bbli.hm.nt of
v.gctltion rnd filt.r .tripr for wildlif6 ncrling hrbitrt

Duene Rilcy
Pheo!!nta For.vcr
Indianhc-rd Chrptcr
216 L!k. Strc€t
Amcry, WI 54001

(715) 268-8908

P■

"nere Fof Wildiine

W.rhnd AcqL'i!ition

`

100 Plrc.nt Provid* ttnding for rcrtomtion of dr.ined o.
modifi .d w.thndt .nd gr..rlind.,

Miko rohn.on
DNR-Norlhw.rt Diitrict
Bor 517

B.l3im t k., WI 5,lEI0
or5) 415-3136

、7anab13 U.s. Fiih rnd Wildtifc Srrvic. occ..ionrlly purch..cr
h;8h qurlity wcthnd..nd trociatcd nplandr,
Wctlend. r16 m!nrg.d for wrt.rfowl productiofl,

Sr€vo Dclchrnry
u.s. F.w.s.
St. Croix W.tl.nd M.ni8.rn.nt Dirlrict
I46 W.i( S.cond Strcct

Ncrr Richmond, WI 54017
(t t5) 246-7784

W.tlind Er.cm!nt V●Habl● Parp.turl aracmcnt to prolccl rnd conrcrva privrtaly
owncd w.thnd! for wildlife h.bihl.

Sl.v! D.l.hrn(y
u.s. F.w.s.
St. Croix W.lhnd M.niScmcnt Dirtrict
146 W..l Second Str..t
Ncw Richmond, wl 54017
(1 t5, 246-'t7E4

St.vo Dclchrnty
u.s. F.w.s_
St. Croix W.tllnd Minrg.m.nt Dilt.ict
146 W..t S.cond Str.ct
New Richmond, wI 54017

Qt5) 216-1184

Upbnd Etlem.nt ′ヽ●riable lrng{.rm .r!.mcnl lo prolcct rnd coniervc privit.ly
owncd wcthnd. .nd rr.oci.t.d uphndr to providc
buf|r rip lnd nertinS r(t, fo. w.t.rfowl.
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Degradation of the lake's water quality can be minimized if steps are taken now to limit the
impact of existing and future development. The following recommendations are given to help achieve
the District's goal of nondegradation for Half Moon Lake:

l. Lake Water Quality Monitoring
2. Watershed Best Management Practices
3. Public Education Programs

5.2.1 Recommendation: Continue and Exoand a Rezular and Consistent Program of La.ke Water
Q坐襲堕並曇華

An ongoing water quality monioring program is recommended to help understand the interacting
physical, chemical, and biological processes that control lake water quality. Such a program will
indicate if a water quality problem is developing in Half Moon Lake and will help the HMLPRD to
determine if the goal of nondegradation is being met.

The monitoring progriun should include yearly sampling of in{ake water quality pariuneters
beginning at spring overturn, and five additional times during the summer. The sampling should
provide the information necessary to establish a baseline to which future lake conditions can be
compared, and to identiry water quality problems as they develop. The parameters included in the in-
lake monitoring program should be nutrients, temperature, dissolved oxygen, specific conductance, pH,
phytoplankton (algae), zooplankton, macrophytls (aquatic weeds), and Secchi disc water transparency.

In addition to the in{ake sampling, lake inflow rates and water quality sampling should be
continued similar to sampling complaed for this report. This hformation will enable an estimate of the
amount of nutrienB entering the lake from the watershed and identi& changes in the inflow
concentrations as the watershed becomes developed. All information collected during monitoring should
be incorporated into an annual report for future use and comparison and should also be included in the
Wisconsin Lakes database.
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■lese stand″ds should be adopted br shorelmd ar“ s ad■roughout the watersh“ .lbe
bllowing are r∝ ommended Best Managemem Practi∝ s oMPs)おr the H」f Moon Lake W江 ∝shed.
Thσeなe many otter BMPs which"e not discussed here b■ which may serve Ю improve s∞ nnwater
runoff qudi″ .Wben feぉ ible,th“e add五 ond BMPs should」 so be used o protectthe qudiり of Hdf
Moon Lake.

a. Wetland Treatment

Wetland treatment involves passing runoff through a natural or constructed wetland to
remove or Eeat pollutants. The Half Moon Lake Watershed contains numerous wetlands
that could serve this purpose.
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Wetlatrd treatrnent is very effective in removilg sediment and pollutants from stormwater
runoff (such as trace metals, nutrients, hydrocarbons, orygendemanding substances, and
bacteria). During the growing season, wetlands can also be effective for removing
dissolved nutrients as well as those adsorbed to sediment (MPCA, 1989).

The effectiveness of wetland treatment in removing pollutants depends on the physical
characteristics of the system, such as the ratio of wetland siz€ to watershed size, runoff
residence time in the wetland, a.nd water budget. In general, as the wetland to watershed
ratio increases, the average runoff residence time increases, and the effectiveness of the
wetland for pollutant removal also increases. The effectiveness of wetlands for removing
nutrients also depends heavily on the season. During the summer, when biological activity
is maximized, nutrient uptake is the greatest (Nichols, 1983; Brown, 1985).

Although wetlands are effective for removing pollutants, certain drawbacks limit their use
as a best management practice. For example, environmental damage may be done to
natural wetlands, and a large land area is required for constructed wetlands.

The HMLPRD policy is to protect and preserve the wetlands in the HaIf Moon Lake
Watershed. The HMLPRD requests that Milltown Township, Polk County, and the State
of Wisconsin use their respective jurisdictional authorities to protect aod preserve wetlands
in the Half Moon Lake shoreland area and in the entire watershed. This policy is
discussed further in Section 5.4 of this PIan.

b. FertilizerManagement

The Half Moon Lake Protection and Rehabilitation District believes that the application
of fertilizer on lakeshore property is unnecessary, and should not be recommended.
However without regulation to this effect, individual property owners will have the
generally responsibility for this decision. The following guidelines are presented for the
management of fenilizer application to minimize the impact of this activity on tle lake
when necessary.

Fertilizer management involves control of the rate, timing, and method of fenilizer
application in developed areas so that plant nutrient needs are met while also minimizing
the chance of surface water pollution. This practice is directed at control of phosphorus
and other nutrient runoff from landscaped areas.

Significant nutrient loads can result from over-application or inappropriate application of
lawn fertilizer in developed areas. Restricting the amount of fenilizer applied to the
quantity needed for plant growth will minimize the potential for surface water and
groundwater coDtamination. Although it is difficult to quantify the benefis, proper
fenilizer management will reduce the likelihood of tlis material entering the lake.

The Half Moon Lake Protection and Rehabilitation District requests that the Milltown
Township and Polk County adopt more specific ordinances regarding the use of fenilizer
in residential areas than given in the State rules.

A public education program recommended in Section 5.2.4 can also help reduce tle impact
of urban landscaping practices on the water quality of Half Moon Lake through voluntary
cooperation of residents in the watershed.
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c Erosion and Sediment Control

Erosion in drainageways, and ftom land disturbed by construction activity, is a potential
source of pollutants to Half Moon Lake. Some erosion does occur naturally, but as
development occurs, drainageway erosion may increase due to the higher rates of runoff.
Land disturbed by construction activity usually does not have vegetation to protect it from
the forces of erosion, and therefore sediment and nutrients leave the site, enter
drainageways, and may ultimately enter Half Moon Lake.

Specifically, the HMLPRD encourages Polk County, ald Mi]Itown Township to implement
the following requirements for erosion and sediment control wittrin tle Half Moon Lake
Watershed:

a Drainageway erosion tlat causes net degradation of the watercourse or destruction
of properties adjacent to the watercourse shall be stabilized. Streambank
stabilization and streambed control measures that are site-specific shall be used to
control erosion.

Slopes susceptible to severe erosion ftom runoff shall be maintained in a natural
state or stabilized to minimize erosion potential. Slopes subject to moderate erosion
shall be maaaged to minimize erosion.

Land use adjacent to watercourses shall be regulated to allow for the reasonably
expected natural behavior of streams.

Altering the natural course and meandering of streams is discouraged, except when
foreseeable erosion threatens to damage structures, utilities, or natural amenities,
or threatens to impair the drainage system.

Effective energy dissipation devices shall be constructed at point discharges of
stormwater into open channels, Iakes, ponds, and detention basins to prevent bank,
channel, and shoreline erosion.

The drainage systems and erosion control features for new developments shall be
constructed and made operational as quickiy as possible during the initial phases of
construction.

Erosion control plans are required for all land development and construction work
disturbing one or more acres of vegetation. These plans shall include at least the
following information:

copy of preliminary plat to scale l' = 100" or 1' = 50"
existing and proposed contours at 2-foot intervals
existing vegetation
property boundaries and lot lines
drainage areas, direction of flow, and overflow pathways that act as secondary
conveyors during runoff events
soil types and boundaries
elevations of lot corners, wetlands, storm sewer inlets and outlets, and the
lowest and first floor elevations of proposed structures
the grade of strees and parking lots
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proposed erosion and sediment control features
site restoration and timing during construction (soil should be exposed for as
little time as feasible; where topsoil is removed, restoration shall include at
least 4 inches of soil of a nutrient quality at least equal to that in-place prior to
development
critical erosion areas
limits of clearhg and grading
locations of utilities

a Enforcement of the erosion and sediment mntrol plan shall include inspections of
construction sites as follows:

pre-coDstruction site impection to verify conditions oD the plan
inspection during or immediately following the initial installation of sediment
controls
inspection following severe rainstorms to check for damaged controls
inspection prior to seeding deadlines, particularly in the fall
final inspection of nearly-complete projects to ensure that any temporary
measures have been removed and that the site has been restored

a Permis required for construction activity through tlre National Pollutant Discharge
Elimination System (NPDES) program must be obtained and enforced where
applicable throughout the HaIf Moon Lake watershed.

d.  Agriculturd Use Standads

Use of fenilizer, pesticides, or animal wastes within the watershed must be done in such
a way as to minimize impact on the lake by proper application.

Non-point source runoff from agriculoral lands outside Half Moon Lake's watershed is
not regulated by any government agency, but the Polk County Soil and Water
Conservation District works with farmers to implement best management practices in an
effort to reduce erosion and resulting water pollution. This panicipation in the non-point
source pollution control programs is voluntary. The HMLPRD should monitor future
changes in legislation related to agricultural activity and water quality, particularly the
NPDES program.

The HMLPRD also encourages farmers in t}re Half Moon Lake Watershed to adopt
agricultural best management practices, and to work with the Polk County Land
Conservation District to reduce the impact of agricultural activities on Half Moon Lake
and other downsteam rqsources.
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5.2.3 Recommendation: Public Information and Fiucation Program

A public information ard education program should be implemented by the HMLPRD to teach
residents in the Half Moon Lake Watershed how to protect and improve the quality of the lake. The
HMLPRD education program should hclude distribution of fliers to all residents in the watershed and
placement of advertisements in the local newspaper. Information could also be disseminated through
organizations such as local schools, Girl Scouts and Boy Scouts, and other local service clubs.

Voluntary participation ofwatershed residents in a 'good housekeeping' program can help reduce
the amount of phosphorus entering the lake. Table 10 liss suggestions that should be included in a
public education campaign geared to homeowners in the Half Moon Lake Watershed. These suggestions
were gathered from several sources including: the Bassett Creek Water Management Commission;
Colbert, 1991; and "Protecting Water Quality in Urban Areas: Best Management Practices for
Minnesota' (MPCA, 1989).

The Wisconsin Deparment of Naturd Resources together with the University of Wisconsi-n-
Extensiou (@8-262-3346) publishes similar educational information through the Wisconsin Non-point
Source Water Pollution Abatement Program. Each regulatory agency responsible for implementing or
enforcing BMP's in the watershed may have specific sources for the design of these practices. Many
other sources of information exist for BMP's including the United States Envirorunental Protection
Agency, and the United States DeparmeDt of Agriculture Soil Conservation Service.
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Table 10

Pubhc Educatiom Progra]ml
Suggested″Good Housek∝ p通g″ Practic∝

a

l. Erosion Control at Corstruction Sites

On new construction sites, homeowners should take steps to establish
turfgrass as soon as conditions permit. On steeply sloping banks, sod should
always be secured tluough proper staking; where seed is used, siltation fences
should be irutalled to prevent erosion of soil and/or siltation into streets and
storm drains. For further information on seeding or sodding methods, contact
the Polk County Soil and Water Conservation District.

2.Fcnilレ江ion

On existing lawns, soil testing is the first step toward efficient lawn
ciue. Soil testing kits are available through the University of
Minaesota's Soil Testing Laboraory at (612) 625-3101. Test results
may indicate that phosphorus or other nutrients are already in adequate
supply in your soil. If this is tle case, fertilization rates can be cut back
while still maintaining a green and healthy lawn.

When purchasing a low-phosphorus fertrliz,er, carefully review the
analysis on the outside of tle fertilizer bag. Three large numbers will
usually appear indicating the percentages of nitrogen Qrf, phosphorus

@), and potassium (K). Select a fertilizer with a phosphorus content of
less than 3 percent-

When fertilizing your lawn, avoid sprays or drift of the pellets onto
hard-surface areas, such as driveways, sidewalks, and roads. In
addition, any fenilizer spilled on hard surfaces should be promptly
cleaned up. This will lessen fte cbance of rain or lawn irrigation
washing the fe*ilizru directly into the stormwater drainage system.

Never apply fenilizer to frozen ground.

Water your lawn after fertilizilg, but not so heavily as to allow water
to run off into road drainage systems or lakes.

Be careful not to deposit fertilizer in the water when applying fertrliznr
near the lake or drainage system.

Wlen using pesticides, consider spot-spraying problem areas rather than
full lawn treatrnents. Chemical runoff can be further reduced by
spraying just once a year in the fall, when pesticides are most effective.
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Table 10 Contulued

Pubuc Educadon Prolram
Su田|∝ted″Good Housekeepig″ Pracuc∝
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a

b

C

d

e

3.MowmL笙生Mulching

Grass kept at a height of 2 to 2% hches can withsund heat stress better
than close+lipped $ass. This higher mowing height encourages deeper
rooting and there is less need for frequent watering and fertilization. In
addition, grass kept at a greater height tends to shade broadleaved
weeds, giving your lawn a competitive edge over dandelions and other
weeds.

Whenever possible, avoid using a grass catcher when mowing your
lawn. Research has shown that leaving clippings on your lawn is equal
to approximately one fertilizer application per year. As the clippings
decompose, they release valuable sources of nutrients to the lawn.

When mowing, direct tle discharge chute of your mower toward the
interior of your lawn. This will avoid depositing the clippings directly
onto the street where they can be washed into the storm drains. As
grass clippings (organic material) decompose in a water body, they
release high levels of phosphorus and nitrogen, which further
encourages plant and algae growth.

Whenever leaves or grass clippings are collected from a lawn, they
should never be deposited in or adjacent to nearby water bodies.
Rather, compost piles should be established and maint2ined far enough
from the water's edge to avoid leaching into the lake or drainage
system.

Use compost instead of fertilizer for enriching home gardens. Not only
is compost environmentally more sound, it also provides a long{asting
source of organic nutrients for vegetables aDd flowers.

Wlerever possible, homeowners should leave an 8- to 10-foot wide
unmaintained buffer around the edges of the lake and ponds in the
watershed. This area of taller grass and plant growtl may intercept and
absorb a large portion of nutrient runoff before it reaches the water.

In low-traffic areas of your lawn (where neighboring properties will not
be affected), consider the establishment of non-maintained prairie
grasses, wildflowers, or mulch beds. Creation of'natural arqs' in tle
home landscape encourages songbirds and wildlife while reducing the
amount of lawn requiring fertilization.

g
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Table 10 Continued

Pub五c Educatlon Profram
Suggested″G∞d Housek∝pig″ Pradc∝

a.

4.Waste Man螢廻ユ塑 t

Residents should be cautious in their disposal of household chemicals
and waste. Motor oil should never be drained directly onto the street.
$imil6ly, liquid chemicals, such as pesticides, paine, or solvents,
should never be dumped onto the lawn or into street gutters, Rather,
they should be disposed of in accordance with produce label
instructions. Phosphorus-free detergents should also be used when
washing vehicles on driveways or in the street.

Property owners, with septic systems near lakes or ponds, are urged to
take the following precautioDs:

Have the system checked every two years and pumped when necessary
Use non-phosphate detergents
Employ water conservation techdques
Minimize gsg of garbage disPosals
Keep solvents, plastics, paper diapers, etc. out of the system

In developed areas, citizens should clean up after their pets. Ani.mal
feces are a significant factor in water pollution as they contribute a high
nutrient level and a high coliform count to the water.

b
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5.3 Exotic Plant and Animal Sn 優,ln the Lake and Watershed

PolicX Statement:

The EMLPRD will wo* to prevent the ttroduction of deleterious exotic pl.ant and
animal specics into flaIJ Moon Lakc.

The introduction of plant and animal species that are not native to the region car cause
extensive damage to the lake. For some of these species, there may not be a natural enemy to control
their population.

The aquatic weed Eurasian Watermilfoil (lfiynopkyllum spicafion) has become a major water
quality concern for Wisconsin lakes. Eurasian Watermilfoil has no natural enemies or controls.
Consequently, it has become a noxious weed and is present in many lakes. It has spread rapidly
because of its ability to regenerate from small fragments. Dense growttrs of milfoil pose a hazard
to navigation and are an aesthetic nuisance along beaches. Therefore, its presence in other Wisconsin
and Minnesota lakes is a threat to Half Moon Lake, which could become infested by plant fragments
carried on boats ald boat trailers. Other exotic species of concern to Half Moon Lake include zebra
mussels, purple loosestrife, and others.

It is the HMLPRD goal to prevent the introduction of exotic species into the lake. Because
Eurasian Watermilfoil is of current concern, the management recommendations are aimed to meet
this goal as it pertains to Eurasian Watermilfoil.

5.3.1 Recommendation: Public Information and Education Proeram

A program should be implemented by the HMLPRD to inform and educate the public about
Eurasian Watermilfoil. The following should be included in the program:

a. Signs should posted at all access areas instmcting boaters to clean boats and trailers of
all weeds before entering the lake and upon leaving the lake to prevent the spread of
Eurasian Watermilfoil and other exotic species of concern.

Informational brochures should be distributed to the public

Feature articles about exotic plants and animals should be published in a local paper.

5.3.2 Recommendation: Boat Inspection

Fragments of Eurasian Watermilfoil are transported from lake to lake on boats and trailers.
New plants grow from these small pieces and it can quickly infest lakes, although milfoil has a hard
time getting established in lakes with a heaithy population of native plants.

The HMLPRD can help prevent the introduction of Eurasian Watermilfoil into Half Moon
Lake by inspecting watercraft entering and exiting the lake via the public access. Inspectors should
ensure all aquatic plants are removed from trailers, boats, motors/propellers, and anchors of craft
launching into or leaving Half Moon Lake. Special care should be taken to see that aquatic plants
are removed from the wet wells of trailered boats, the board boxes of sailboas, and the interiors of
car-top boats and canoes. Inspectors should concenEate their activities on weekends (especially
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holidays) when lake use is greatest. They should also attempt to educate boaters about the dangers
of Eurasian Watermilfoil during their inspections.

It is recommended that volunteen from the HMLPRD or other lake associations perform the
irspections under the direction of the Polk County Sheriff s Departuent.

5.3.3 Recommendation: Early Identification by Inspection and Observation

If the presence of Eurasian Watermilfoil in a lake is detected early, it may be possible m
eradicate it chemically. It is important, therefore, that the HMLPRD be vigilant in identi$ing milfoil
infestations. An aquatic plant survey should be conductEd on a regular basis by a professional
limnologist traioed to recognize Eurasian Watermilfoil. This annual survey could be part of the
District's water quality moniorirg progran. Additionally, the HMLPRD should educate its members
to identify Eurasian Watermilfoil and encourage them to repoft the presence of this or any other
suspicious-looking aquatic weeds m the HMLPRD and the WDNR.

▼
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5.4 Wetland IIot∝ :饉on

Policy Statement:

Th4 EMLPRD will dopt pmced.ures od sttppotl prcgmms, ordinances, and
regulatiot s thal proted and preseme thz weilands within thc EoIf Moon Lake
Watenhed.

Wetlands are recognized as an important pan of the Datural resources of the HaIf Moon Lake
area. They perform natural functions like flood storage and water quality eDhancsment t}lat ma.ke
them invaluable (Sather and Snith, 1984).

The functional values of wetlands are the basis for establishing a policy of wetland protection.
Preserving the natural functions of wetlands protece the public health, safety, and general welfare
of the community. These functional values are usually referenced in the 'StatemeDt of Purpose'
section of zoning ordinances and iaclude the following:

Provide habitat lor ish and wildlife

Store water during times of flood and slowly release it to downstream areas, thereby
lowering flood peaks

Reduce flood flows and the velocity of flood waters, thereby reducing erosion and
allowing flood waters to release more sediment

Protect water bodies from sediments, nutrients, and other natural and man-made
pollutants

Provide open space for recreational and visual enjoyment

Provide educational oppornrnities for nature observation and scientific study

Provide areas for groundwater recharge

Protect shorelines from erosive wave action

The wetland functioD that is most beneficial to Half Moon Lake is the protection of water
quality ftom sediment, uutriens, and other natural aid man-made pollutants. The reduction of flood
flows and flood velocities is also beneficial to the lake by reducing erosion along drainageways that
lead to the lake. The other wetland functions listed would benefit residents and lake visitors by
increasing recreation opportunities, and enhancing wildlife in the Half Moon Lake Watershed.

The HMLPRD should, at a minimum, work together with Milltown Township, Polk County,
and WDNR to help manage wetlands for water quality protection and flood mntrol since these
functions dkectly benefit the lake. The following recommendations are given to help protect wetlands
in the Half Moon Lake Watershed.
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5.4.l R∝,ommendttio n: PreDare and Maintain a Co Wetland Inventorv with eH」f Moon
Lよe Watershed

The Half Moon Lake Protection and Rehabilitation District should prepare an inventory of
wetlands within the Half Moon Lake Watershed. The inventory will identi! werlands in rhe
watershed and wetlar:ds that have already been drained. There iue programs available for the
restoration of drained wetlands. As part of the invenory, each wetland should be classified and
delineated accurately on a map, and its elevation should be determined. An elevation provides a
definable reference of the wetland boundary.

5.4.2 Recommendation: Preoare Wetland Protection and Manaeement Ordinances

Neither Milltown Township nor Polk County has a policy for protecting wetlands. The
HMLPRD requests that tle Township and County adopt wetland ordinances for the protection and
management of the wetlands within their communities a.nd especially for those wetlands identified in
the Half Moon Lake Watershed

5.4.3 Recommendation: Review and Resoond to All Public Notices on tle Coms Permittins Process

The HMLPRD should request to be added to tle distribution list to receive public notices on
any proposed activity that may impact wetlands in the Half Moon Lake Watershed and require a

Section 404 permit from fte U.S. Army Corps of Engineers. This notice informs public agencies
and private parties of the proposed activity and soliciB comments and information necessary to
evaluate the probable impact on the public interest.

Section 404 of the Clean Water Act requires the Corps to regulate, in accordance with
guidelines developed by the Environrnental Prot€ction Agency, the discharge of dredged or fill
material into waters of the United States, including wetlands. Activities affecting wetlands for which
Section 404 permits may be required include but are not limited to:

Placement of fill material
Ditching activities when the excavated material is sidecast
Levee and dike construction
Land clearing involviag relocation of soil material
Land leveling
Most road construction
Dam construction

5.4.4 Recommendation: Notifo Owners and Intervene in Cases of Non-Permit Wetland Filling

The HMLPRD should encourage the residents of the Half Moon Lake Watershed to notiry the
HMLPRD of any suspected wetland fllling within the watershed. If there is evidence of unpermitted
filling, the HMLPRD should then notify the WDNR and the Enforcemert Section of the U.S. Army
Corps of Engineers, which regulates wetlands under Seclion ,l{N.
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5.4.5 Recommendation: Create and M a Public Ilformation Prosram

The HMLPRD requests that the Township.and Polk County to notify persons proposing or
carrying out filling or other development activity in protected waters that their activity may require
permit from the Wisconsin Departnent of Natural Resources. The Township and County should also
be encouraged to maintain a copy of the National Wetland Inventory (NWt) map and notify persons
proposing or carrying out filling or other development activity in areas identified as wetlands on the
NWI map that their activity may require a Section 404 permit from the Corps of Engineers.

Local officials and residens in the watershed should be informed of available prograrns that
may give technical or financial assistance for protecting, enhancing, or restoring wetlands in the Half
Moon Lake Watershed-

5.4.6 Recommendation: Encourasins Owners to Restore Drained Wetlalds

Some wetlands il the agricultural areas around HaIf Moon Lake may have been drained to
provide additional farmland, although none were identified as a part of this study. These wetiands
can be restored through programs administered by the U.S. Fish and Wildlife Service and the Polk
County Soil and Water Conservation District. The Fish and Wildlife Service restores wetlands on
private land with funds ftom the Private Lands Challenge Grant Prograrn, which marches donations
from private individuals and conservation programs. The Polk County SWCD also restores wetlands
in cooperation with Ducks Unlimited.

The HMLPRD should identify drained wetlands within the Half Moon Lake Watershed and
encourage the private landowners, the Fish and Wildlife Service, and the Polk County SWCD to
implement wetland restoration projects.
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5.5 Lake Access

Policy Stdemenl:

The frMLPRD will work togetlur with other public agencies and lakcshore ownen to
provide Jor a balotce between the publb bencfit derived Jrom use of Ealf Moon Lakz
ottd protedion of the lalu atd lakt usen.

Half Moon Lake is a major public resource and adequate access is needed for the public to use
the lake. However, public access must also be controlled to protect the water quality of the lake, the
public safety for boaters and swimmers, and the righs of lakeshore owners. Access can be controlled
by the limiting car-trailer parking at public access poins atrd by limiting shoreland development as
it impacts riparian lake access.

5.5.1 Recommendation: Access Availability and Conrol of Lake Access Imorovements

Because of the lake's popularity, lake accesses should be provided in accordance with WDNR
guidelines while minimizing the disturbance to residences near the lake access areas. The HMLPRD
encourages Polk County and the Milltown Township to have their shoreland ordinances require
adequate parking, sanitary facilities, buffer zones betweeD access points and neighboring residences,
and provisions for maintenance of the lake accesses.

_ヽ/
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5.6 Lake Use and Public Safety

Policy Statement:

The EMLPRD wiA p.omote lake user satisfaaion while mahtaiahg thc level and type
o;f lako uses tlut assure public safety.

5.6.1 Recommendation: Coordinate and Lead Discussions wittr Aporopriate Aeencies to Create
Solutions When Public Safetv Issues Arise

The Half Moon Lake Protection and Rehabilitation District recognizes that as the area around
Half Moon Lake develops (and the lake attracts more boaters), lhere will be increased recreational
lake use with public safety becoming of greater concern. When problems are identified, the
HMLPRD should work with the Milltown Township, Polk County, and the WDNR to identify
solutions to those problems. Law enforcement should be provided by the Polk County Sheriff's
Deparment.
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Fishing is a popular use of the Half Moon lake. The HMLPRD should encourage the
protection and enhancement of the fish habitat within the lake. The following are recommendations
to promote this policy.
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When and if fisheries issues are identified, the HMLPRD should work with Millown
Township, Polk County, the WDNR, and/or other appropriate private orgrniTations or governmental
agencies to implement the HMLPRD's fisheries policy.
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5.8 Septic Systems

. Policy Stotenet:

Thc EMLPRD prornotes thc proper cowtrudion, maintensnce atd opemtion of
individwl septic syslenlr located adjacenl to flolf Moon l-ake .

The septic systems of property owners adjacent o Half Moon Lake should be up to current
codes for septic systems, and maintained on a regular basis to minimize the impact of these systems
on Half Moon Lake. The HMLPRD should work with the Polk County Department of Health to
identify substandard and problem systems, and work with individual propeny owners to upgrade these
systems.

5.8.1 Recommendation: Conduct a survey of existine systems to identify substatrdard systems

5.8.2 Recommendation: Reouire substandard system uperades as a reouirement ofproperry ftansfer

The HMLPRD should work with Polk County to enact regulations requirhg property owners
to certi8/ and up$ade septic systems as a part of the sale of lakeshore property.

5.8.2 Recommendation: Sanitary District exoansion or creation

If the opportunity for Half Moon Lake to be included in an existilg, or proposed, sanitary
district, the HMLPRD should suppon the amexing of Half Moon Lake into the district.

‐

Ban Engineering Company lunc 1994 Page 57



6.O MANAGEMENT ALTERNAIIVES AND STRATECIES FOR HARDER CREEK

The Harder Creek watershed is the largest subwatershed contributing to Half Moon Lake. The

HMLPRD has identified the Harder Creek area as a primary concern for water quality management

efforts. The following section outlines the possible alternatives for management of the watershed,

and a recommendation of options to be pursued by the HMLPRD. The Harder Creek watershed is

minimally developed, and few problems were discovered as a part of the work on this project.

Because of this, the emphasis of the feasibility assessment for the Harder Creek area is directed

toward the protection of the area from future development. The recommendations of this section are

intended to provide guide for the HMLPRD to follow to help protect the currently good water quality

of Half Moon Lake.

6.1 MalagementAlternatives

The alternatives presented in the following section have been presented in order of the cost of
implementation expected to be incurred by the HMLPRD. All possible options have been identified,

and recommendations have beetr selected as a result of discussions with the HMLPRD.

Low or No Cost Option

6.1.1  基生』」興
`⊥

」VL量撃ェ!璽二」lrou― 堅ュ
=【

」」aュ」_Conservatlon DlstrL■

Agricultural development of the watershed is a potential thrst to the water

quality of Half Moon Lake. Two possible situations exist: frrst, land currently

not in production could be developed for either crops or livestock, and secondly

lands in CRP or other programs could be returned to production.

The Polk County Land Conservation District is involved in agricultural activities

in the watershed, and in the Balsam Branch Project. Goals and concerns about

agricultural activities should be discussed with the Land Conservation District,

and long term communications should b€ established to track proposed changes,

and o form alliances with the Land Conservation District in funrre agricultural

issues. The Land Conservation District will be imponant in terms of problem

resolution in working with the agricultural community.

BMP's and management - Each active farm in the Half Moon Lake Watershed

should be evaluated for impacts specific to Half Moon Lake. Best management

practices @MP's) should be identified and implemented for all areas associated

with livestock and crop production on each farm. Particuld areas of concern in
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these areas include the management of animal wastes, tillage practices, drain tile
systems, CRP land especially in highly erodible soil areas (HEL).

This work will include the negotiation of participation with each landowner,
procurement of funding, cost effectiveness analysis of each proposed BMP,
design and implementation of each option, monitoring of complialce, and

maintenance of all BMP's.

Regulation, lrcal, State, NPDES - Agricultural activities have been historically

exempt from water quality legislation, but this is changing. As legislation is

changed to hclude these areas, the HMLPRD should work with the regulatory

agencies to ensure compliance witiin the watershed

6.t.2

No apparent point source problems were obsewed in the Harder Creek

Watershed. Since most of this work was completed from aerial photographs and

otler records, site inspection of the watershed may provide additional insight on

site specific problems that have not been identified in this report. As problems

are identified, the appropriate authority would be contacted to approach the land

owner. Potential problems that may be observed include:

Septic Systerns

Ag Practices and management

Illicit dumping

6.1.3      1Education of Watershed iResidents

Many potential water quality problems result from a lack of understanding by

resideDts within the watrrshed. Day to day activities that result from long term

habits may create unintentional impacts that can be simply corrected by providing

educational hformation to the residents of the watershed. Several methods of
raising the water quality awareness of the public are available, which include:

Regular newsletter

Radio messages

Informational signs at areas of concern

Public meetings and social functions
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6.1.4 Orsadzation of Watershed Development Steerine Committee

Often adversarial relationships develop between lakeshore owners and residents

of associated watershed over issues of responsibility for lake and stream water

quality. A possible solution for preventing this type of problem is to organize

a steering committee to involve tle watershed residents in the issues of the

HMLPRD, and the la.keshore owners in the development of the watershed. This

comminee will facilitate the exchange of conceros between all residents interested

in the lake and watershed, and will provide a vehicle to resolve conflicts.

Moderate to High Cost Options

6.1.5 Buffer Strip Easements

Buffer strips iue iueas of natural, or managed, vegetation between improved

areas of the watershed and tle streams entering the lake. Buffer strips provide

minimal treatment of stormwater runoff prior to entering streans or lakes, and

are especially important in areas where livestock have access to the stream. The

process of obtaining buffer strip easements/agreemeoB would include negotiation

of agreement, delineation of buffer strip boundaries, determination of
compensatioD, and enforcement of buffer strip agreements.

6. I .6 Water Ouaiitv Structures

CoDstruction of water quality structures at roadways along Harder Creek may

provide treafinent to stormwater entering Half Moon Lake. These structures

would increase the pondhg within the watershed, and prevent floatiag debris

from reaching the lake. If installed, each structure would require periodic

maintenance for proper operation, and the higher water levels in watershed may

require modifications to each roadway crossing. The construction of these

stmctures may be infeasible due to WDNR regulations on navigation and fishery

issues. This would effectively create sedimentation basins at each structure.

The process of constmcting these structures would include obtaining permis,

survey and design of each structure, and the construction and maintenance of
each site.

ヽ´
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6.r.7
6.1.8

Re lation f Activl W ,s
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The Half Moon Lake Protection and Rehabilitation District may pursue the

development and adoption of local regulation of development and commercial

activity within the watershed. The primary difficulty with this option is related

to ttre number of individuals, organizations, and regulatory bodies involved in the

adoption of these rules. The process would include ttre identification of activities

of concem and the associated regulatory agency, and lobbying for the adoption

the desired goal tkough laws, ordinances, permitting of specific activities, and

Iong term planning for the watershed. The activities of concern may included

agriculture, livestock production, logging, and other industrial activities.

High Cost Options

6. 1.9 Land Purchase

The portion of Harder Creek closest to Half Moon Lake covers a very large area

of heavily wooded undeveloped wetlands. This area may be responsible for tbe

presently good water quality of the lake, and if preserved, may continue to
protect the lake from non-point pollution for years. A high cost option for the

long term management of water quality would involve the purchase of
approximately 500 to 1000 acres ofland along Harder Creek, and the subsequent

donation of this area to the WDNR as a perpetual natural area for wildlife
management, and water quality protection. This would involve the negotiation

of the land purchase, the negotiation of the donation to the WDNR, and a long

term management plan for ttris area.

6.1.10   S● bilヱ江ion of Hader Creek Streain Bank

Stream bank erosion increases the amount of sediTeDt, atrd nutrienB, that are

discharged from a stream. No specific areas of erosion were observed as a part

of this work, but a closer field survey of Harder Creek through the watershed

may produce areas of substantiai impact. The HMLPRD may consider looking

for these particular areas, and implementing erosion control metlods where

appropriate. This work would include the negotiation of rights to address these

problems, and the design of remedial actions appropriate for each site, and the

actual implementation of improvemens.

ヽ´
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6.1.11 Treatment of Inflows

Two methods of affecting water quality in streams are presontly being used, the

prevention of non-point pollution from entering the stream through watershed

management efforts, and the removal of pollutans from stream water through

chemical, physical, or biological treatment of all, or part, of the inflows. This

option would involve the design of a sophisticated treatment facility, and the long

term operation and maintenance ofthe facility. Although technically feasible, the

coDstruction and operation of a treaErent plant may be financially unattractive at

this time.
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7.0 0THER HALF M00N LAKE ALTERNATIVES

The purpose ofthis project was to coDcentrate on the management options available for Harder

Creek. However, there are options that should be coosidered for the entire watershed, and within
Ha.lf Moon Lake specifically. The final recommendation of this repon is to pursue the second and

final WDNR Lake Planning Grant for the Half Moon Lake. Suggested topics for the next project

include:

SOpll≦とTa』丞LSl=ユ笙ゝ La旦」_△1盤菫1笙lyQl_11■1`ユy

The HMLPRI)could conduct a survey of the septic systems around H」 f Moon Lake to

detennine the c‐ ond■ion of the e対sting systems,and to better estimate the impact of these

systems On the lake.The neasible」 temaives for septic sys“ .s could be includ∝ I with this

study including a cost beneit an」 ysis of upgrading ali noll● ollfonning systelns,annexing of

H」f Moon Lake b a Sani●■ Disdct,and my other pote“ i」 」

“

matives.

1重笙 K翌1攣12」ユェコ
=y_笙
」主Ma里駆型 Qェ翌1型1

The HMLPRD could begin a reguliu macroph)rte survey program. This program would

identi! the existing types and abundances of aquatic plants in the lake, and determine changes

in populatiors, locations, and species throughout the lake.

Long Term Lake Monitoring Program

The HMLPRD could begin a regular long term il-lake sampling program for Half Moon Lake.

This samplhg program would provide information of changes or trends in the water quality

of the lale over time. The long term sampling program could be completed together with the

present WDNR sampling, or covering years not included in the WDNR program.

Shoreline Stabilization Studv and lnlplementation

Shoreline erosion has beeo a recent problem for some Half Moon Lake residents. The

HMLPRD could undertake a study of the problem areas, and design remedial actions for the

protection of sensitive iue:ls around the lake.

Lake Level eratins Plan

The proper water level of Half Moon Lake has been questioned during the current study.

Water levels were especially high during this period, and shoreline erosion was observed. The

Barr Engineering Company J″″′199イ Rag``3



HMLPRD could conduct a study of the current outlet structure from the 1n1s, impacs of high

water conditions, and prepare a long term water level management plan for the lake.

Implementation of Planninq Grant Proiect Recommendations

The HMLPRD could implement oDe or more of the recommendations of this report through

the Planning Grant progran, or assist in the implemeotation of recommendations of the Balsarn

Branch Priority Watershed project.

V
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H△Lニュ墾塾塑ェニ塾墨ェコ憂くコ匹xコmQN=Lェ塑≧塁塁旦塾墨里璽ェ△ェK≧止⊇壼亜コmcI

General Information of Lake Associations in Wisconsin
UW-Extension Lakes Management Program
(7ts) 346-2t16

WATER OUALI「Y

General info, planning gant information, data analysis,
Wisconsin DNR - Northwest District Office
Dan Ryan: Clls) 635-2101

Aqu=ic Pesicide Applicadon Permits
Wisco:sin DNR― Northw¨ t Distri∝ (XE∝
Frank Koshere:(715)6354072

Non-Aquatic Pesticide Applications:
Regulations; Enforcement; Complaints of Pqsticide Misuse.

Department of Agriculture, Trade and Consumer Protection
Karen Fenster: (@$ 2e95U)
Enforcement: (ffiB) 2ffi-2295

Land Use Management, Neutral Technical Assistance
Polk County Land Conservation Office
Jeff Timmons: Qls) 485-3725

2

3

4

5 B」Sam BranCh PriOri,WaterShed PrOjed
Jeff Tllilmons:o15)485-3725

EXC)TIC SPECIES IN LAKES

1.Eurasian Wa“rM]お」

GDnerd Qu∝tiOS:
Wis∞1lsin DNR
Northwest Distri∝ Omce
Frank Koshere:(71つ 6354072

2. lnspection/Enforcement

General Questions:
Wisconsin DNR
Northwest District Offi cE
Frank Koshere: (715) 6354072

V
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WETLAND PROTECT10N

Generd lnfom“ ion Review of Wedand Maps, Assistance with Wedand BoundaV
D∝ermmttiol、
POlk Counヽ 7 Zodng

o15)485‐ 3161

Applicatiou forms, review of wetland maps, wetland boundary determinations, general
hformation

Wisconsil DNR - Northwest District Ofnce
Qts) 822-3s90

Federal Regulations/Permitting
U.S. Army C-orps of Eogineers
(612) 220437s

To Report Unpermitted Filling of Wetlands
U.S. Army Corps of Engineers - Compliance Section
(612) 29O431s

Protection:Manttement of Agriculturd We■ mds
Polk County ASCS Omce

(715)485-3138

L基≦111壼二坐匹≧」コuEL』【ls」EE]=

Wisconsin Boating Regulations
Boating Safety, Education, Enforcement

Wisconsin DNR - Northwest District office
Ban Halverson: Q 15) 6354112

LDCal BO江 ing OrdinalCeS

Multown Town Cha士
Bm∝ Chri“imson:(715)825-3596
Wisconsin DNR― Northw∝t Dism∝ Omce
BなtH」verson:σ15)6354112

2

3

4

5

し

2

3. To Repon Bo江ing Violaiol、

ａ

　

　

ｈ

）

Polk County Bo江 Pa"o1/Polk County SherifF Omcん

(715)485‐ 3151
Wis∞nsin DNR Tゎ Lhe
l-8(Ю―
.TIPtDNR

‐
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FISHERIES MANAGEMENT

General information, regulations, stocking, general fisheries management
Wisconsin DNR - Northwest District Office
Rick Corclius: Q 15) 537-5046

LAKE LEVEL MANAGEMENT

Regulttions,Permits for Lake Outlet Al“m■ iol、
Wisco:sin DNR― Northwest Distrid()籠ce
Ed Slal】usb:(71つ 822-3590

Maintenance of()udet Structure

Lake Level Co::"ol

Milltowll Towil Chair

Bnice Christiansont(715)825-3596

SEPTIC SYSTEM MANAGEMENT

Permis, general information, complaias on failing systems
Polk County Zoning Offrce
Gary Spanel: (715) 485-3161

State Regulttions,Generd lnform.江 ion

Department of lndustry,Labor,&Human Relttions
Dave Russell:(608)2α5-3815

SHORELINE DEVELOPMENT

Pcrmits br shoreline riprapphg,inst」 lation dPiers,etc.bdow the ordh肛y high water mなk
Wiscolsin DNR― No■hwest District()fnce
Ed Slam郎撼:(715)822-3590

General information, permis for filling, grading, lagooning, dredging, and excavating wittrin
1,000 feet of ordinary high water mark of lake shore; removal of shore cover; shoreland
wetlands

Polk County Zoning
Gary Spanel: (715) 485-3161

UPLA:ND_DEVELOPMENT

General Information, building permits, lot requirements, land use districts.
Polk County Zoning Office
Gary Spanel: (715) 485-3161

2

2

2

Construction Site Erosion Control, Inspectioo of Building Sites, Department of Industry,
Labor, and Human Relations.

Robin Zentner: (608) 267-5113

2
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Forest management, logging conceflts,
Polk County Forestry Depsrtuent
Mike Gringer: (71, 485-3136

Manage,ment, irupection of erodible farmland
Soil Conservcion Service
Don Meyer: (/1, 485-3340

MACROPIIYTE MANAGEMENT

General Information, permiting
Wisconsin DNR - Northwest District Office
Frank Koshere: Qlf) 635-{o72
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