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In 1991 the Amery Lakes District in cooperation with the City of Amery 
applied for grant money to undertake a lakes study of the three lakes lying 
within the Amery Lakes District. ?he grant was approved and we received 
a grant totaling $18,938.52 which is a 75% share of tN3 estimated cost of 
the project . 

?he study included topographical mapping of the Amery Lakes watershed 
which will be used for present projects as well as for planning in future 
development in and around Amery. ?hey will be extremely helpful1 in spotting 
target areas where potential runoff in developing areas could be a problem 
for the Amery lakes. 

We will also be taking water samples in the lakes to compare to the samples 
taken in 1980 and to help us in understanding and spotting problem areas to 
the lakes. (Xlr sampling was testing for Nitrogens and Phosphorus and an explan- 
ation of those readings is contained later in this booklet. 

Aerial photographs were taken of the Amery area and the topographical maps 
have been made. Copies of the map are on display at Amery City Hall. lhey are 
continuing to upgrade the maps, and they should be a useful1 tool for Amery for 
years to come. 

We feel it is important to review the data collected in the 1980 study. 
For that reason the colored pages following this cover letter are reprints 
of the pages from the 1980 sMy. We have omitted the charts and graphs in 
an effort to keep costs of printing down. 



RESULTS OF THE FEASIBILITY STUDY 1980 

Drainage Basin 

The combined area d ra in ing  t o  the Pmery Lakes i s  1,182 acres. Figure 1 

represents the d i r e c t  drainage boundary about each lake. Table 1 1 i s t s  each 

lake and i t s  physical character is t ics .  

TABLE 1. .Physical Character ist ics o f  the  Amery Lakes. 

Pike Lake (Figure 2) 
Watershed Area (Ad) 
Lake Area (A) 
Lake Volume (V) 
Mean Depth (V/A) 
Maximum Depth 
Hydraul i c Residence T i  me 

North Twin Lake ( F i  u re  3)  
Watershed Area Ad) 
Lake Area (A) 

9 
Lake Volume (V) 
Mean Depth (V/A) 
Maximum Depth 
Hydraul i c  Residence Time 

South Twin Lake (Figure 4) 
Watershed Area (Ad)  
Lake Area (A) 
Lake Volume (V) 
Mean Depth (V/A) 
Maximum Depth 
Hydraul ic Residence Time 

764 acres 
159 acres 

2,140 acre-feet 
13.5 f ee t  
33 f ee t  

3 years 

1,061 acres 
135 acres 

\ 1,422 acre-feet 
10.5 f e e t  
27 feet  

1 year  

1,182 acres 
74 acres 

360 acre-fee t 
4.9 feet 
9 feet 
0.25 years 

The hydrau l ic  residence times were estimated from a ser ies  o f  8 instantaneous 

f low measurements made a t  the o u t l e t  o f  North Twin Lake and 12 instantaneous 
1 

f low measurements made a t  the o u t l e t  o f  South Twin Lake. I n  add i t ion  t o  the 

instantaneous surface water flows, the groundwater con t r ibu t ion  was estimated 

from a ser ies o f  observation we1 1 s i n s t a l  l e d  about each lake. The d i r e c t i o n  

o f  groundwater flow i s  i l l u s t r a t e d  i n  Figure 5. 



TABLE 2. To ta l  Pl\osphorus Loading t o  the Amery Lakes. 

RC t LBS/YR KG/Y R P ~ R ~ N T  

PIKE LAKE 
Urban 
Wood1 ands 
Agr icu l  t u r a l  
Atmospheric t o  lake 
Atmospheric t o  1 ake 

v i a  wet l  ands 
Sept ic systems about 
Septic systems from 

t r a i l  e r  park 
Groundwater 

39 
15 
64 
45 

9 
lake  21 

13 
88 - 

TOTAL 294 (1 33.5) 99 

NORTH TWIN LAKE 
Urban 
Wood1 ands 
Atmospheric t o  1 ake 
Atmospheric t o  lake  

v i  a wet l  ands 
P ike Lake 
Apple River 
Groundwater 

TOTAL 541 246 100 

LAKE/SOURCE LBS/Y R KG/Y R PERCENT 

SOU'TH TWIN LAKE 
Urban 65 
Wood1 and 3 
Atmospheric t o  lake 2 1 
Atmospheric t o  lake 1 

v i a  wetlands 
North Twin Lake 7 7 
Septic systems 8 
Groundwater - 12 

TOTAL 187 85.1 99 



Water qual i t y  

The t o t a l  phosphorus loadings t o  each lake from the watershed and t h e i r  

respect ive water qual i t y  character i  s t i c s  w i l l  be considered ind iv idua l l y .  

1. Pike Lake 

Agr icu l tu re  i s  the most s i g n i f i c a n t  land use i n  the Pike Lake watershed, 

con t r ibu t ing  20% o f  the  annual phosphorus budget. Houever, tnuch o f  the 

ag r i cu l t u ra l  r uno f f  i s  from the east s ide o f  Highway 47 and the impact t o  

the  l ake  i s  lessened considerably owing t o  the  existence o f  wetlands. I n  
\ 

general, the  phosphorus loading t o  Pike Lake appears t o  be reasonable amf 

suggests t ha t  the water qual i t y  o f  the lake should be acceptable t o  the 

lake  users. The t rophic  pos i t i on  f o r  Pike Lake i s  i l l u s t r a t e d  i n  

Figure 8. The model used i n  t h i s  i l l u s t r a t i o n  does not, however, account 

f o r  rooted aquatic p lants  and i s  l i m i t e d  t o  re la t ionsh ips  between the f ree 

f l o a t i n g  microscopic p lan ts  (algae), water transparency, and nu t r i en t  

concentrat ions w i t h i n  the open water area o f  t he  lake. The rooted aquatic 

p lan ts  cover approximately 100 acres of the 159 acre l ake  and i n t e r f e r e  

somewhat w i t h  recreat ional  usage. A 1 ake map showing the l oca t i on  o f  the 

major p l a n t  species i s  presented i n  Figure 9. During the summer, the 

p lants  are growing t o  a maximum depth o f  approximately 20 feet .  A species 

l i s t  i s  presented i n  Table 3. 



These p lan ts  a lso cont r ibute  phosphorus loading t o  the lake through an 

i n te rna l  r ecyc l i ng  process. A c e r t a i n  amount o f  phosphorus taken from the 

lake  sediments by the rooted aquatic p lan ts  during t h e i r  seasonal growth 

can be recyc led hack i n t o  the lake  upon death of  the plants. Figure 10 

i l l u s t r a t e s  the  seasonal pat terns o f  whole lake  weighted average t o t a l  

phosphorus f o r  Pike Lake and a lso  the  weighted average f o r  j u s t  the  

surface t o  7.5 f oo t  depth. The increases i n  the phosphorus concentrat ion 

i n  the lake dur ing May, June and Ju l y  are  a r e s u l t  o f  a combination o f  

events: (1 ) ~ h e l  l ake  thermally s t r a t i f i e d  beginning i n  May and t he  bottom 
/ 

waters became anoxic, wi thout  oxygen, (Figure 11 ). As a r e s u l t  o f  anoxic 

condi t ions i n  the bottom waters, phosphorus was released from the  

sediments and t h i s  resu l ted  i n  an increase i n  the t o t a l  amount o f  

phosphorus i n  the lake; (2)  There were several major r a i n  events dur ing 

the  month o f  June t ha t  may have resu l ted  i n  phosphorus i n f l u x  from the 

watershed v i a  surface runof f  (F i  gure l o ) ,  and (3)  Between t he  two dates of 

the macrophyte surveys, June 30 and August 14, there was a decrease i n  

ce r t a i n  p l an t  species, e.g. Potamogeton pectinatus, and e l  i m i  mation o f  

others, e.g. Potamogeton r ichardsoni i .  A po r t i on  o f  the phosphorus w i t h i n  

the dead p l a n t  t issue was probably recycled t o  the lake. 

The a l ga l  growth pat terns i n  Pike Lake f o r  the sumner o f  1980 a re  

i l l u s t r a t e d  i n  Figure 12. The dominant algae dur ing the months of  Ju ly ,  

August, September and October were isn the blue-green c l ass i f i ca t i on .  I n  

general , the b l  ue-green a1 gae create more o f  a nuisance problem because 

they have gas vacuoles t h a t  a l low the a lga l  c e l l s  t o  be posi t ioned 

anywhere i n  the water column. During periods o f  low water transparency, 

these a1 gae can phys io log ica l l y  ad just  t h e i r  gas vacuoles t o  f l o a t  near 

the surface, thereby creat ing a scum-like appearance. 



During the sumner months when b l  ue-green a1 gae were dominant, t h e i r  t o t a l  

biomass (weight) i n  the lake  was no t  over ly  large. Algae biomass i s  

measured by determining the amount o f  p l an t  pigment ch lorophy l l .  I f  the  

amount o f  ch lorophy l l  present i s 10-20 m i l l  igrams per  cubic meter o f  water 

3 (mg/m ) o r  greater, a green co lo r  i s  u s ~ ~ a l l y  evident. The on ly  t ime 

t h a t  the a lga l  biomass became a concern was dur ing the months o f  l a t e  

September and October when the genus O s c i l l a t o r i a  became dominant. The 

phys io log ica l  requirements o f  Osci l  l a t o r i a  are general ly  associated w i t h  

coo ler  water tempqratures and i t s  dominance i n  the surface water dur ing 

the fa1 1 months i s  comnon. 

2. North Twin Lake 

The l a rges t  s ing le  external  source o f  phosphorus loading t o  North Twin 

Lake i s  urban runof f ,  con t r i bu t i ng  73% o f  the annual phosphorus budget 

(Table 2). Th is  assumes t h a t  the Apple River i s  not allowed t o  be 

d ive r ted  i n t o  North Twin Lake except f o r  shor t  periods. The percent 

con t r i bu t i on  from the r i v e r  would be increased i f  the d ive rs ion  were t o  be 

o f  any durat ion. For example, i f  the  d ivers ion were allowed t o  proceed a t  

a modest f low o f  2 cubic f ee t  per second ( c f s )  f o r  3 months dur ing the  

sumner, i t s  percent con t r i bu t i on  would change from 1% t o  8%. If the 

d ivers ion would be a t  2 c f s  f o r  8 months, the con t r ibu t ion  would change t o  

20% o f  the t o t a l  budget. 

The t roph ic  pos i t i on  f o r  North Twin Lake suggests that ,  r e l a t i v e  t o  o ther  

lakes, the annual phosphorus loading r a t e  should create some problems w i t h  



nuisance algae growth (Figure 13). This was confirmed by the algae and 

ch lorophy l l  data from the f e a s i b i l i t y  study (Figure 14). During l a t e  Ju l y  

through Septenber there wasdan a bundance o f  b l  ue-green a1 gae. The amount 

o f  ch lorophy l l  present i n  the lake  dur ing t h a t  t ime per iod ranged from 

19 mg/m3 i n  Ju ly  t o  a high of  45 mg/m3 i n  l a t e  August. The two 

dominant b l  ue-green a1 gae were Anabaena and Lyngbya, and both can c rea te  

nuisance condit ions. The type o f  a1 gae (b l  ue-green) and the ch l  orophyl 1 

concentrat ions o f  greater than 10-20 rng/mJ conf i rm t ha t  North Twin Lake 

i s  experiencing signs o f  excess f e r t i l i t y .  

The attached aquatic p lants  were growing t o  a depth o f  20 f ee t  i n  North 

Twin Lake and the p lants  were growing over 125 o f  the 135 surface acres. 

A map showing the l oca t i on  o f  the major p lan t  species i s  presented i n  

Figure 15 and a species l i s t  i s  given i n  Table 4. There has been some 

aquatic weed cont ro l  using chemicals, e.g. endothal; however, the area 

t reated has always been less  than one (1 )  acre since 1976. 
The aquatic p lan ts  were surveyed on two occasions dur ing the f e a s i b i l i t y  

study, June 26 and August 11 , 1980. Between the two sampling periods, 

there was a considerable d i e - o f f  o f  one pa r t i cu l a r  species, Potamogeton 

r ichardsoni  i . The resu l t an t  recyc l ing  o f  nu t r i en t s  from the dead p l a n t  

t i ssue  may have been u t i l i z e d  by the  algae and other aquat ic p lants.  The 

seasonal pa t te rn  o f  whole lake  weighted average concentrat ion o f  t o t a l  

phosphorus f o r  North Twin Lake i s  presented i n  Figure 16. There was a 

33-pound increase o f  t o t a l  phosphorus i n  the lake  between June 23 and l a t e  

Ju l y  28, 1980. Some o f  the t o t a l  phosphorus f ncrease may have been as a 

resu l  t o f  p l a n t  decay, wh i le  urban runo f f  dur ing several storm events 

would a l so  have been a cont r ibutor .  I n  addi t ion,  sediment phosphorus 

would be released under the anoxic condi t ions present near the lake  bottom 

(Figure 11). 



3. South Twin Lake 

- 
South Twin Lake i s  much shallower than Pike and North Twin lakes, w i t h  a 

maximum depth o f  9 feet. As a r e s u l t  o f  being shallow, the lake w i l l  on ly  

occasional l y  thermal l y  s t r a t i f y  (Figure 11 ) . When the 1 ake s t r a t i f i e s ,  

the dissolved oxygen i n  the bottom waters i s  r a p i d l y  depleted u n t i l  the 

lake mixes again as a r e s u l t  o f  a strong wind and/or cooler  weather f ron ts  

t h a t  move through the area. 

I 
The l a rges t  sources o f  phosphorus t o  South Twin Lake are urban r u n o f f  and 

the i n f l u x  from North Twin Lake (Table 2, p.7). The t o t a l  phosphorus 

1 oading r a t e  suggests an acceptable water qua1 i ty (Figure 17 1. A p l o t  of  

the  t o t a l  phosphorus weighted average concentrat ions ill ustra tes t h a t  
3 1 eve1 s are general ly  sa t i s fac to ry  (e.g. 10-30 mg/m 1 ,  a1 though 

3 
except ional ly  h igh  values were present on occasion (e.9. 71 mg/m ; see 

Figure 18). The model used i n  t h i s  i l l u s t r a t i o n  does not, however, 

account f o r  rooted aquatic p lan ts  and i s  l i m i t e d  t o  re la t ionsh ips between 

the f r ee  f l o a t i n g  microscopic p lants  (a1 gae) , water transparency and 

nutr ients.  

A graphical presentat ion of  the a1 gal biomass (ch lorophy l l  ) and seasonal 

succession of the  various a lga l  genera i s  presented i n  Figure 19. The 

3 ch lorophy l l  concentrat ions were above 20 mg/m on 5 occasions, June, 

August (2), and September (2). These ch lorophy l l  l e ve l s  are i n d i c a t i v e  o f  

waters i n  the eutrophic category ( nu t r i en t  r i c h )  and show tha t  the actual  

water qua1 i t y  i s  no t  as sa t i s fac to ry  t o  the lake users as suggested i n  

Figure 18. 



MANAGEMENT ALTERNATIVES 

The three lakes -- Pike, North Twin and South Twin -- a re  p a r t i a l l y  w i t h i n  the  

urban s e t t i n g  o f  Amery. There are several environmental fac tors  t h a t  

d i f f e r e n t i a t e  these l akes, such as mean depth, thermal s t r a t i f i c a t i o n ,  

n u t r i e n t  l oading. Each 1 ake was reviewed separately and the  f o l l  owing 

management a l t e r n a t i v e s  are  suggested f o r  Lake D i s t r i c t  considerat ion. 

Pike Lake 

Urban development has encroached upon the south shore o f  P ike  Lake. Dur ing 

t h e  present study, however, t h e  urban c o n t r i b u t i o n  t o  t h e  phosphorus load ing  

was est imated a t  only 13 percent o f  the  t o t a l  annual l oad ing  t o  t h e  lake. 

Because of the  p o t e n t i a l  increase i n  phosphorlls and sediment c o n t r i b u t i o n s  

t h a t  cou ld  occur from f u t u r e  urban development about t h e  lake, the  l a k e  

d i s t r i c t  should the p rac t i ces  i n  appendix A. 

I n  most cases, a combination o f  1 i m i  ted  grading, 1 i m i t e d  t ime o f  exposure and 

a jud ic ious  se lec t ion  o f  e ros ion c o n t r o l  p rac t i ces  and sediment t rapp ing 

f a c i l i t i e s  w i l l  prove t o  be the most p r a c t i c a l  method o f  con t ro l1  i n g  eros ion 

and the associated product ion and t ranspor t  o f  sediment. 

B. D i v e r t  new urban drainage towards e x i s t i n g  wetlands w i t h i n  the  watershed. 

Wetlands can p lay  an important  r o l e  i n  amel io ra t ing  s tomwater  r u n o f f  from 

a v a r i e t y  o f  developments and drainage areas. There are f o u r  apparent 

mechanisms a t  work i n  a wetland. These are: (1 ) physical  entrapment, 

( 2 )  mic rob ia l  u t i l i z a t i o n ,  (3 )  p l a n t  uptake, and ( 4 )  adsorption. Physical 



entrapment i s  a r e a l i t y ;  94 percent o f  the t o t a l  suspended so l i ds  

discharged t o  the wetlands were re ta ined dur ing a de ta i l ed  study o f  

wetlands i n  Wayzata, Minnesota. Each o f  the other 3 mechanisms have a1 so 

been shown t o  be important by research a c t i v i t i e s  elsewhere. 

C.  Require o f  any new development e i t h e r  connection t o  c i t y  sewers o r  

proper ly i n s t a l  l e d  p r i va te  waste disposal systems t ha t  have a minimum 

drainage f i e l d  setback from the lake o f  100 feet. S o i l s  can sorb , 

phosphates read i l y  . However, the  -proper drainage and distance from the  
I I 

lake i s  important. Figure 21 was determined from a ser ies  of  s tud ies 

about sept ic  system dra in  f i e l d s  i n  Wisconsin and i l l u s t r a t e s  how the  

s o i l  s sorb phosphates. The f a r t he r  from the source, the  l ess  phosphate 

\ was i n  the  groundwater. Groundwater concentrat ions o f  phosphorus are 

already r e l a t i v e l y  e levated about Pike Lake and any fu r ther  impacts upon 

the  n u t r i e n t  concentrat ions should be avoided. 

A t  the present, Pike Lake does not  appear t o  be plagued w i t h  a lga l  problems, 

f i s h  w i n t e r k i l l s ,  o r  a poor f ishery .  The only apparent problem i s  an 

overabundance o f  attached aquatic vegetat ion i n  the western pa r t  of the lake. 

Much of  the  western basin i s  completely dominated by attached p lants  and 

dur ing the sumer  months, very 1 i t t l e  open water i s  present. 

However, the western basin o f f e r s  a very diverse hab i t a t  fo r  w i ld1  i fe ,  f ishery 

and aesthetics, and although some r e s t r i c t i o n  o f  movement within. the  area i s  

evident, t he  lack  o f  any urban development about the basin precludes immediate 

pressures f o r  c rea t ion  o f  more open water. I n  addi t ion,  channels now e x i s t  

between Pike and North Twin lakes and from the eastern t o  the western basins 
b 

o f  Pike Lake. 



The present cond i t i on  o f  Pike Lake suggests t ha t  lake management e f f o r t s  

should be d i rec ted  towards p ro tec t ing  the e x i s t i n g  resource. Local u n i t s  o f  

government are a mechanism ava i lab le  t o  es tab l i sh  and enforce zoning 

requirements t h a t  w i l l  p ro tec t  the water q u a l i t y  o f  Pike Lake i n t o  the 

future. Construct ion ordinances, waste disposal requirements, and d ive rs ion  

o f  any po ten t ia l  sources o f  sediment and nu t r i en t s  away from the lake  o r  

through a b i o f i l  t r a t i o n  system (wetland) should be the primary concern o f  the  

lake d i s t r i c t .  

\ 

\ 
I 

North Twin Lake - Watershed 

The source o f  e x i s t i n g  and po ten t i a l  water q u a l i t y  problems f o r  North Twin 

Lake can be summed up i n  two words, turban runoff.  y e  lake i s  surrounded on 

3 sides by res i den t i a l  and some l i g h t  comnercial development. The western end 

i s  general ly  undeveloped and i s  i n  communication w i t h  a substant ia l  wetland 

area. Approximately 75 percent o.f the t o t a l  phosphorus budget t o  the lake  i s  

from the urban se t t ing .  Any attempt t o  improve the water q u a l i t y  invo lves the 

treatment of  the urban runof f .  

There are several p rac t i ces  ava i lab le  f o r  t r ea t i ng  the urban runo f f  t o  North 

Twin Lake. 

1. Use o f  wetlands as sediment t raps and f i l t e r s .  The e x i s t i n g  channel 

between the Apple River and North Twin Lake could be developed i n t o  a 

wet1 and and sedimentation basin. A semi-wetland a1 ready e x i s t s  along the 

present channel. A sediment basin would have t o  be constructed and the • 

channel enlarged t o  accommodate urban stormwater from the northeast 



po r t i on  o f  the watershed (see Figure 22) .  A d ivers ion d i t c h  under 

Highway 47 woul d be sized t o  hand1 e the increased f low t o  the 1 ake through 

the e x i s t i n g  wetland on the northeast corner o f  North Twin, o r  the 

stormwater could pre ferab ly  be pumped t o  the Apple River Flowage. The 

small ex i s t i ng  wetland should be modif ied t o  spread the  incoming water 

over the s o i l s  ra ther  than fo l low ing  the present channel. 

c 

Advantages - urban runo f f  has the highest y i e l d  o f  nu t r i en t s  and sediments 

o f  the various land-use categories. The use o f  wetlands and sedimentation 

t raps can be benef ic ia l  i n  reducing the nu t r ien thed iment  load ing t o  North 

Twin Lake. S im i la r  pract ices e l  sewhere, usfng wetlands t o  cont ro l  urban 

runof f ,  reduced phosphorus by 70-80 percent and suspended so l i ds  by 90 

percent. The decreased phosphorus inpu t  i n t o  North Tw-in Lake, as a r e s u l t  

o f  wetland u t i l i z a t i o n ,  would have a bene f i c ia l  e f f e c t  upon the n u t r i e n t  

status o f  the lake. The possib le reduction i n  phosphorus loading i s  

presented i n  Figure 23. 

Disadvantages - The development o f  a wetland and sedimentation pond i n  the 

c i t y  park would decrease the  usable area f o r  pub1 i c  enjoyment. There f s a 

possi b i  1 i ty of stagnant water remaining i n the wet1 ands and pond f o r  

extended periods o f  time. Trash c o l l e c t i o n  would be necessary 

pe r i od i ca l l y  t o  c lean debr is  from the o u t l e t  st ructure.  The po ten t ia l  f o r  

greater mosquito production w i l l  e x i s t ,  a1 though stagnant water i s a1 ready 

present i n the  channel . 



> 

2. Diversion o f  remaining urban r u n o f f  t o  the o u t l e t  channel from South Twin 

Lake. It may be possib le t o  d i v e r t  a po r t i on  o f  the remaining urban 

runoff t o  the o u t l e t  o f  South Twin Lake. A poss ib le  d ive rs ion  could 

encompass the area shown i n  Figure 22. The d i r e c t  e f f e c t  o f  t h i s  p rac t i ce  

on the phosphorus loading t o  North Twin Lake i s  i l l u s t r a t e d  i n  Figure 26. 

3.  Combination o f  (1 ) and (2 ) .  Th is  would o f f e r  the most complete management 

program f o r  North Twin Lake. The combined e f f e c t  on the  phosphorus 

load ing r a t e  t o  i ~ o r t h  Twin i s presented i n  Figure 23. 

Other lake  d i s t r i c t s  have d ive r ted  urban stomwater r uno f f  away from t h e i r  

lakes. For example, the Waupaca In land Lake Rehab i l i t a t ion  D i s t r i c t  (C i t y  o f  

Waupaca) d ive r ted  storm drainage away from two lakes, M i r r o r  and Shadow 

lakes. The watershed area involved was 94 acres and the cos t  o f  the d ive rs ion  

p ro j ec t  was approximately $400,000. 

A1 so, the Eau C la i r e  In land Lake Rehab i l i t a t ion  D i s t r i c t  d i ve r ted  the major 

storm sewer dra in ing t o  Hal f Moon Lake. The watershed area d ive r ted  was 1,200 

acres and the cos t  of the d ivers ion was approximately $230,000. 

A p ro j ec t  using wetland treatment of  urban runo f f  i n  Waseca, Minnesota, has 

improved the water qua1 i ty o f  Clear Lake considerably. The ma jo r i t y  o f  urban 

storm drainage from the City o f  Waseca has been d iver ted t o  a 50-acre wetland 

f o r  "treatment: before being pumped t o  Clear Lake. The t o t a l  cost  o f  the 

p ro j ec t  was approximately $700,000. 



Another area o f  l oca l  concern has been the high water l e v e l  o f  North Twin 

Lake. 'There have been per iod ic  problems associated w i t h  debr is t ha t  

accumulates a t  the o u t l e t  channel and causes some darning e f fec t .  The c u l v e r t  

between North Twin and South Twin lakes appears t o  have sh i f ted  through the  

years and the lower edge o f  the cu l ve r t  on the North Twin Lake s ide may now be 

higher than previously, thereby causing some increase i n  water l e v e l  e leva t ion  

f o r  North Twin Lake. This problem i s  no t  one t h a t  d i r e c t l y  a f f e c t s  water 

qua1 i t y  and therefore i s  not  e l i g i b l e  f o r  s ta te  cost-sharing, however, the 

problem does a f fec t  l oca l  r i pa r i ans  and should be resolved w i t h i n  the  

d i s t r i c t .  

South Twin Lake 

The basic problems associated w i t h  South Twin Lake are shallowness (maximum 

depth o f  9 f t )  and extensive growth o f  attached aquat ic p lants.  The l a rges t  

s ingu lar  source o f  phosphorus t o  South Twin Lake i s  the i n f l ow  from North Twin 

Lake. Improvement o f  water q u a l i t y  i n  North Twin Lake may reduce the  load ing 

t o  South Twin Lake; however, because o f  the morphological factors 

(shallowness) there would be 1 i ttl e v i s i b l e  improvement from the present 

condit ion. 

D i rec t  approaches t o  a l l e v i a t i n g  the r e s t r i c t i o n s  on recreat iona l  usage are, 

however, avai lab1 e. Weed harvest ing and use o f  aquat ic herbic ides are  the 

most p rac t i ca l  options. Each method o f f e r s  economical and l o g i c a l  r e l i e f  t o  

the  problem o f  weed cant ro l  i n  South Twin Lake. Weed harvest ing would be the 

recommended technique because o f  n u t r i e n t  and organic t issue removal 

benef i ts .  State cost  sharing may be ava l lab le  i n  the future.  



Other techniques, such as water l eve l  drawdown, may no t  be p rac t i ca l .  

Drawdown would dewater the associated wetlands and may cause slumping of  

organic mater ia l  towards the 1 ake basin. Dredging cou ld  be used t o  deepen the 

1 ake basin, thereby changing the basi n morphometry and possib ly reduci ng weed 

growth. However, because o f  the c lose prox imi ty  o f  two r e l a t i v e l y  deep lakes 

(Pike and North Twin), such a p ro j ec t  would no t  be recommended by the 

Department. 

South Twin Lake has e perienced f i s h  w i n t e r k i l l  s. The most recent 1 7 

documentation of w i n t e r k i l l s  were the winters o f  1956, 1975 and 1979. 'The 

most p rac t i ca l  so l u t i on  t o  t h i s  problem would invo lve  the  i n s t a l l a t i o n  o f  an 

aerat ion system t o  p ro tec t  the f i shery  resource. An aerat ion system would 

invo lve  a blower un i t ,  p l a s t i c  tubing and weights and a bu i l d i ng  t o  house the 

blower. More de ta i l ed  plans can be prepared i f  the lake d i s t r i c t  wishes t o  

proceed w i t h  t h i s  a1 ternat ive.  The approximate i n s t a l  l a t i o n  cos t  would be 

$12,000 and the system i s  cost-sharable w i t h  s ta te  funds. The operational 

cos t  should be approximately $1 00/month. 



Groundwater F l  ow 
Di rect ion  

SOUTH TWI Qt 

FIGURE 5 

GROUNDWATER FLOW DIRECTION FOR THE AMERY LAKES 



?he following charts are a summary of the lake study done in 1980 as a 
beginning project of the Amery Lakes District. We do not have Nitrogen 

values for that stu=ty. 

P i l e  Lake 19$ Study - Phosphorus 

June 55 u g / L  

July 45 u g / k  

sept. 43 u g / L  

North M n  1980 Study- Phosphorus 
June 15 u g / L  

July 25 u g / L  

Sept. 27 ug/L 

Sauth Twin 1 Study- Phosphorus 

70 u g / L  

20 %/L 



On May 1, 1991 the Amery Lakes Board addressed the Amery City Council 

with the following issues: 

1) On May 5 ,  1989 the drainage basin (Creek) i n  North Park was closed 

for  a two year study period. It was noted a t  tha t  time tha t  during the 

years 1.987-88 the creek i n  North Park was running Apple River water t o  North 

Twin Lake with the gate a l l  the way open. Draught conditions of 1988 caused 

l o m r  water level everywhere and the South Creek leaving South M n  Lake dried 

up a t  times. We agreed tha t  during times of drought the south creek may not 

have much water flow, but improving the lakes was our goal and the 1980 study 

said closing the North Park Creek would help improve the water qual i ty i n  

North Twin and South M n  Lakes. 

It appears tha t  the lake c l a r i t y  is  improving s l ight ly ,  and the south 

creek has continued t o  flow without the north creek flowing Apple River water. 

It is our recommendation t o  the council tha t  the North Park creek be permanently 

closed and no longer divert  Apple River water t o  North M n  Lake. 'Ihis study 

period has shown tha t  the underground water flow w i l l  maintain the lakes just 

l ike the 1980 study showed. 

2) In an e f fo r t  t o  help eliminate some of the urban runoff problems we 

would like t o  see the c i t y  make an ef for t  t o  divert  storm sewers away from 

the lakes instead of t o  them. Urban runoff i s  the major problem facing our 

lakes. It i s  much easier  and l e s s  expensive t o  keep them clean than t o  

pollute them and then t r y  t o  clean them up. Because of t h i s  we applied f o r  

a grant t o  do topographic mapping of the Amery area. (Note: In 1.992 a major 

storm sewer project was done i n  North Amery which dzverts the runoff t o  the Apple 

River below the Amery dam instead of t o  North Twin Lake.) We hope t h a t  further 

projects may do the same. - ;---A A A A A A ke. A A A n ~ , ~ . ~ * d c k k e & + n *  

In t h i s  report we are including the secchi disc readings f o r  North Twin 

and Pike Lakes, ra infa l l  data for  the past ten years, and chemical analysis 

summaries of t h i s  grants testing. 

'Ihe water samples were taken by volunteers of the Amery Lakes Dis t r i c t  

i n  several locations i n  each of the lakes. Both surface and bottom samples 

were taken as  well as  runoff areas t o  each of the lakes. 'Ihe tes t ing  was done 

by the State  Lab of Hygiene. 'Ihe secchi disk readings are  done by Tom Butcher, 

a member of the Lakes Dis t r ic t  and are registered with the DNR. 'Ihe annual 

ra infa l l  reports are from the Amery weather s tat ion.  



GRANT WATER ANALYSIS SUMMER 1991-92 

Sample Taken 6/27/91 
North Twin: 

Total Nitrogen .4 mg/l to .6 mg/l 

Total Phosphorus Maximum of 20 ug/l 

Tot Nit to Phos 20:l to 30:l 

South Twin: 
Total Nitrogen 

Total Phosphorus 

Tot Nit to Phos 

Pike Lake: 
Total Nitrogen 

Total Phosphorus 

Tot Nit to Phos 

Sample Taken 7/15/91 

North Twin: 
Total Nitrogen 

Total Phosphorus 
Tot Nit to Phos 

South Twin: 
Total Nitrogen 

Total Phosphorus 

Tot Nit to Phos 

Pike Lake: 
Total Nitrogen 

Total Phosphorus 

Tot Nit to Phos 

.5 mg/l to .78 mg/l 

Maximum of 30 ug/l 

25:l to 30:l 

.2 mg/l to .81 mg/l 

Maximum of 20 ug/l 
20:l to 40:l 

.4 mg/l to .6 mg/l 
Maximum of 20 ug/l 

20:l to 30:l 

.5 mg/l to .80 mg/l 

Maximum of 30 ug/l 

16:l to 26:l 

.2 mg/l to .84 mg/l 

Maximum of 20 ug/l 

10:l to 40:l 



GRANT WATER ANALYSIS SUMMER 1991-92 

Sample Taken 8/29/91 
North Twin: 

Total Nitrogen 1.0 mg/l to 1.4 mg/l 
Total Phosphorus Maximum of 96 ug/l 
Tot Nit to Phos 14:l to 20:l 

South Twin: 
Total Nitrogen 1.0 mg/l to 1.75 mg/l 
Total Phosphorus Maximum of 181 ug/l 
Tot Nit to Phos 25:l to 70:l 

Pike Lake: 
Total Nitrogen .506 mg/l to 1.45 mg/l 
Total Phosphorus Maximum of 48 ug/l 
Tot Nit to Phos 17:l to 30:l 

Sample Taken 6/22/92 

North Twin: 
Total Nitrogen . 4  mg/l to .9 mg/l * 
Total Phosphorus ~aximum of 40 ug/l 
Tot Nit to Phos 10:l to 30:l 

South Twin: 
Total Nitrogen .5 mg/l to .71 mg/l 

Total Phosphorus Maximum of 52 ug/l 
Tot Nit to Phos 12:l to 27:l 

Pike Lake: 
Total Nitrogen .4 mg/l to .52 mg/l 
Total Phosphorus Maximum of 20 ug/l 
Tot Nit to Phos 18:l to 25:l 

* A sample taken on the West end near the houses on Baker Terrace 

had a t o t a l  Nitrogen of 1.422 m g / l  , Phos of 130 ug/l  and a 

r a t i o  of N i t  t o  Phos of 11:l. This one reading f o r  an unknown 

reason was much higher than a l l  the others taken with t h i s  sampling. 



SECCHI DISK READINGS 
NORTH TWIN LAKE 

Series 1 

AMERY LAKES DISTRICT These are  the  t e s t s  taken the closest  t o  the end of each month. 
Other samples are  taken during the course of each month and registered 
with the DNR Self Help Lake Monitoring Program. 

.*The creek flowing water from the Apple Kiver t o  North Twin was closed 
on May 5, 1989. 



SECCHI DISK READINGS 
PIKE LAKE 

10 - 

8 - 

6 - 

E 4 -  

2 - 

O-r 
6/8 

AMERY LAKES DISTRICT These are  the  t e s t s  taken the c loses t  t o  the end of each month. 
Other samples a re  taken during the course of each month and 
registered with the DNR Self Help Lake Monitoring Program. 



YEARLY RAINFALL IN AMERY 
INCHES OF ANNUAL RAIN 

1982 1983 1984 1985 1980 1987 1988 1989 1990 1991 1992 

Series 1 

AMERY WEATHER STATION 10 Year Average: 32.01 inches 

1992 reading through 8-1 8-92 



?he following pages are excerpts from the booklet, Interpreting Lake 

Water Quality Data: A Citizens Guide, which is published by the College 
- 

Of Natural resources at the University of Wisconsin- Stevens Point. 

It may be helpful1 in understanding the data charts from our st*. 
.----: - - -- - - . - 

turbidity (suspended materials such as algae 
and silt). The algae population is usually the 
largest and most variable component. Water 
clarity gives an indication of the overall water 
quality in a lake, especially the amount of 
algae present. Figure 3 shows the inverse 
relationship between Secchi disc depth (a 
measure of clarity) and chlorophyll a (a mea- 
sure of algae) for different lake types. 
Secchi disc readings are taken using an 8 
inch diameter weighted disc painted black 
and white. The disc is lowered over the 
downwind, shaded side of the boat until it just 

Lake Water Levels 

Fluctuations in lake levels occur naturally in 
response to precipitation which varies widely 
from season to season and year to year. 
While some lakes with stream inflows respond 
almost immediately to precipitation, other 
lakes (seepage lakes) do not reflect changes 
in precipitation until months later. As an ex- 
ample, heavy fall rains often result in gradual- 
ly rising lake levels during the following winter 
as the rain enters the lake as groundwater. 

Lake level fluctuations can have significant 
effects on lake water quality and usability. 
Low water levels may lead to stressful condi- 
tions for fish and an increase in the amount 
of nuisance aquatic plants. High water levels 
may result in increased nutrients from runoff 
and newly flooded lakeshore soils. Older 
septic systems installed near the lake may not 
function properly with high groundwater levels. 
Water level fluctuations can also result in 
shoreline erosion. Records of lake water 
elevations can, therefore, be very useful in un- 
derstanding changes that may occur in lakes. 

Water Clarity 

Water clarity has two main components: true 
color (materials dissolved in the water) and 

Secchi 
Depth 
0 

Very poor 3 
Poor 5 
Fair 7 
Good 10 
Very good 20 
Excellent 32 

I 
Figure 3. Water quality index based on Secchi 
disc depth. 

disappears from sight, then raised until it is 
just visible. The average of those two depths 
is recorded. These readings should be taken 
on calm, sunny days between 10 a.m. and 2 
p.m.; as cloud cover, waves, and the angle of 
the sun can affect the Secchi disc reading. 

Secchi disc values will vary throughout the 
summer months as algal populations increase 
and decrease. Measurement at several sites 
may be useful in some lakes, dependirrg on 
how uniform the water quality is. Year to year 
changes result from weather and nutrient 
loading. Weekly or biweekly Secchi records 
(April-November) over a number of years pro- 
vide an excellent and inexpensive way to 
document long-term changes in water quality. 

The Wisconsin Department of Natural Re- 
sources has initiated a 'Self-Help Monitoriqg 
Program8 for lakes. Local volunteers take 
Secchi disc readings and the Department 



provides computer data storage and annual 
reports. For further information, contact a dis- 
trict DNR office or write to DNR Lake Manage- 
ment Program, WRMI2, PO Box 7921, Madi- 
son WI 53707. 

Cdor of lake water is related to the type and 
amount of dissolved organic chemicals. It is 
measured and reported as standard color 
units on filtered samples. Its main signifi- 
cance is aesthetics; it may also reduce light 
penetration which affects weed and algal 
growth. Many lakes have naturally occurring 
color compounds from decomposition of plant 
material in the watershed. Brown-colored 
water results from drainage of bogs into the 
lake. The color compounds are largely humic 
and tannic acids from plant decomposition. 
As algae decompose, they may also impart a 
greenish color to the water. 

Color will affect the Secchi disc reading. 
Table 2 lists color values associated with vary- 
ing degrees of water color. 

Table 2 Water color. (Adapted from Lillie and 
Mason, 1983) 

0-40 units Low 

40-100 units Moderate 

greater than 100 units High 

Turb id i  is another measure of water clarii, 
but is due to particulate matter rather than 
dissolved organic compounds. It affects light 
penetration due to scattering of light and 
therefore also affects the depth at which 
plants can grow. It obviously also affects the 
aesthetic quality of water. High turbidities are 
often found in lakes receiving runoff from silt 
or clay soils. Values will vary widely due to 
seasonal runoff events. Turbidity is also 
caused by suspended plants and animals. 
Many small organisms will have a greater 
effect on turbidity than a few larger ones. 
The turbidity caused by algae is the most 
common cause for low Secchi disc readings. 

Trophic State 

Lakes can be divided into three categories 
based on trophic state: oligotrophic, mesotro- 
phic, and eutrophic. These categories are a 
general indicator of nutrient levels and ob- 
served water clarity in a lake. Oligotrophic 
lakes are generally clear, cold, and free of 
weeds or large blooms of algae. Although 
beautiful to look at, they are low in nutrients 
and don't support large fish populations. 
However, they often have an efficient food 
chain with a very desirable fishery of large 
game' fish. Eutrophic lakes are high in nutri- 
ents and therefore support a large biomass. 
They are likely to be either weedy or experi- 
ence algae blooms, and sometimes both. 
They often support large fish populations, but 
are also susceptible to oxygen depletion. 
Small, shallow lakes are especially vulnerable 
to 'winterkill' which can reduce the number 
and types of fish. Rough fish are often com- 
mon in eutrophic lakes. Mesotrophic lakes 
are in an intermediate stage between oligo- 
trophic and eutrophic. Their hypolimnions 
often are devoid of oxygen in late summer 
months, limiting cold water fish and resulting 
in phosphorus cycling from sediments. 

A natural aging process occurs in all lakes, 
causing them to progress from oligotrophic to 
eutrophic over time, and to eventually fill in 
(Figure 4). However, people can greatly ac- 
celerate this process of eutrophication by al- 
lowing nutrients from agriculture, lawn ferti- 
lization, streets, septic systems, and urban 
storm drainage to enter lakes. In areas that 
are nutrient poor, the aging process may lead 
instead to dystrophic lakes, bog lakes that are 
highly colored, acid, and lower in productivity 
than eutrophic lakes. 

Various methods have been used by re- 
searchers to calculate the trophic state of 
lakes. 'The three water quality characteristics 
often used to classify the trophic state are: 
total phosphorus concentration (an indicator 
of the nutrients available for algae growth); 
chlorophyll a concentration (a measure of the 
amount of algae present); and Secchi disc 
readings (an indicator of water clarity). The 
trophic states associated with these three 



I Oligotrophii Mesotrophic Eutrophic I 
Clear water, low Increased production Very productive 

productivity Organic matter May experience 
Very desirable fishery accumulation oxygen depletion 
Few rough fish -~ Occasional algal bloom Rough fish common 

Good fishery 

I 1 
Figure 4. Lake aging process. 

measures are shown in Table 3. Clearly, low 
levels of phosphorus are associated with low 
levels of algae (chlorophyll a), which are asso- 
ciated with high Secchi disc readings. 

Natural lakes which do not stratify are subject 
to nutrient inputs from sediment during sum- 
mer months. Impoundments differ from other 
lake types, as their summer weed and algae 
growth is often related to the quality of water 
flowing into the impoundment during summer 
months. 

Table 3. Trophic classification of Wisconsin 
lakes based on chlorophyll a, water clarity 
measurements, and total phosphorus values. 
(Adapted from Lillie and Mason, 1983) 

Total Chlorophyll Secchi 
Trophi phosphorus a Disc 
class usn msn fi 

Oligotrophic 30 2 12 
100 5 8 

Mesotrophic 180 8 6 
270 10 6 

Eutrophic 300 11 5 
500 15 4 

NUTRIENTS AND 
CHEMICAL 
PROPERTIES 
Phosphorus 

Phosphorus reactions in lakes can be com- 
plex. Phosphorus is known to be the most 
important nutrient limiting the amount of algae 
and weed growth in over 80% of Wisconsin 
lakes. Addition of phosphorus to these lakes 
will result in additional production of algae. 
Phosphorus originates from a variety of 
sources, many of which are related to cultural 
(human) activities. Major sources are human 
and animal wastes, soil erosion, runoff from 
farmland or lawns, and detergents. 

Phosphorus analysis often includes both solu- 
ble reactive phosphorus and total phosphor- 
us. 'The soluble reactive phosphorus is dis- 
solved in the water and thus is readily avail- 
able for plant growth. Its concentration, how- 
ever, varies widely in most lakes over short 
periods of time, as plants take up and release 
this nutrient. Total phosphorus has, therefore, 
been found to be a better indicator of the 



lake's nutrient status. Total phosphorus in- 
cludes the plant and animal fragments sus- 
pended in lake water. 
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Figure 5, Total phosphorus concentrations for 
Wisconsin natural lakes and impoundments. 
(Adapted from Lillie and Mason, 1983) 

areas of Wisconsin, where limestone is 
dissolved in the water, marl (calcium 
phosphate) precipitates on the bottom. This 
marl formation helps to control phosphorus 
concentrations and therefore algae growth. 
The sediment phosphorus in marl lakes will 
still be available for aquatic weeds with roots 
in the marl bottom. 'These lakes often have 
clear water, but may be weedy. 

Iron can also precipitate phosphorus and 
store it in the lake sediments--but only if oxy- 
gen is present. When lakes lose oxygen in 
winter or when the deep water (hypolimnion) 
loses oxygen in summer, the iron and phos- 
phorus become soluble again. The iron and 
phosphorus are then both released into the 
overlying water and may be cycled into sur- 
face water by strong summer winds or by 
spring and fall turnover. For this reason, al- 
gae blooms may continue in lakes for many 
years after all possible sources of phosphorus 
input are controlled. Figure 6 shows this 
increase in total phosphorus for stratified 
water bodies following fall turnover. Shallow 
and wind-swept lakes that stay mixed do not 
experience a summer anaerobic layer (oxygen 

Ideally, soluble reactive phosphorus concen- 
trations should be 10 
ugll or less at spring 
turnover to prevent 
summer algal blooms. 
A concentration of 10 
micrograms per liter is 
equal to 10 parts per 
billion (ppb) or 0.01 
milligrams per liter 
(mgll). A concentration 
of total phosphorus be- 
low 20 ugll for lakes 
and 30 ugll for im- 
poundments should be 
maintained to prevent 
nuisance algal blooms 
(Figure 5). 

Phosphorus is not 
highly soluble in water 
and forms insoluble 
precipitates with cal- 
cium, iron, and alumi- Figure 6. Seasonal total phosphorus averages for six lake types by season. 
num. In hard water (Lillie and Mason, 1983) 
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depletion) over the sediment; they have 
highest total phosphorus levels in summer 
following spring and early summer runoff. 

The amount of iron in a lake that might react 
with phosphorus varies widely in Wisconsin. 
Southern lakes are often low in iron due to a 
higher pH and more sulfur, both of which limit 
iron solubility. This in turn affects whether 
phosphorus cycled into lakes during fall turn- 
over will be reprecipitated or stay in solution 
during the winter. 

In other words, lakes with low iron and insuf- 
ficient calcium (limestone) to cause marl for- 
mations are the most likely oneao  retain 
phosphorus in solution once it is released 
from sediments or brought in from external 
sources. These lakes are the most vulnerable 
to naturally-occurring phosphorus or to phos- 
phorus loading from human activities and 
often respond with increased frequency and 
extent of algae problems. 

Figure 6 also shows that impoundments have 
the highest phosphorus levels; drainage lakes 
have intermediate levels, and seepage lakes 

have the lowest. Even with internal cycling of 
phosphorus, the deeper stratified lakes still 
tend to have lower phosphorus levels than 
their mixed counterparts. 

Control of internal phosphorus has been at- 
tempted in some deep lakes by using alum 
(aluminum sulfate) to precipitate phosphorus. 
Sewage treatment plants with tertiary treat- 
ment use the same process to remove phos- 
phorus. This aluminum phosphate precipitate, 
unlike iron phosphate, is not redissolved when 
oxygen is again depleted. 

Nitrogen 

Nitrogen is the second most important nutri- 
ent, after phosphorus, causing weed and al- 
gae problems in Wisconsin lakes. Sources of 
nitrogen to a lake vary widely. Nitrogen com- 
pounds often exceed 0.5 mgll in precipitation; 
thus, rainfall may be the major source for 
seepage lakes and some drainage lakes. 
However, concentrations of nitrogen in lake 
water usually correspond to local land use. 
Nitrogen may enter the lake from surface run- 
off or groundwater sources, including fertilizer 

I 

Figure 7. Sources and cycling of nitrogen in lake. 

9 



and animal wastes on agricultural lands, 
human waste from sewage treatment plants or 
septic systems, and lawn fertilizers used on 
lakeshore property. 

The algae growth in about 10 percent of Wis- 
consin's lakes is limited by nitrogen rather 
than by phosphorus. Nitrogen is believed to 
limit growth if the ratio of total nitrogen to 
total phosphorus is less than 10:l. Values 
between 10:l and 153 are considered transi- 
tional, while lakes with values greater than 
151 are considered phosphorus limited. 

Low levels of nitrogen will not guarantee limit- 
ed algae growth the way low levels of phos- 
phorus will. Nuisance blue-green algal 
blooms are often associated with lakes that 
have low nitrogen to phosphorus (N:P) ratios. 
These algae are able to use atmospheric ni- 
trogen gas (N2) dissolved in lake waters as a 
nitrogen source; other types of algae and 
plants depend on the inorganic nitrate and 
ammonium forms of nitrogen. r 
Nitrogen occurs in lakes in several 
forms. Analysis usually includes nitrate 
(NO,) plus nitrite (NO;), ammonium 
(NH4 ), and organic plus ammonium 
(Kjeldahl nitrogen). Total nitrogen is 
calculated by adding nitrate and nitrite 
to Kjeldahl nitrogen. Organic nitrogen 
is often referred to as biomass nitro- 
gen. 

Nitrogen does not occur naturally in 
soil minerals, but is a major component 
of all organic (plant and animal) matter. 
Decomposition of organic matter re- 
leases ammonia, which is converted to 
nitrate if oxygen is present. This 
conversion occurs more rapidly at high- 
er water temperatures. All inorganic 
forms of nitrogen (NO j, NO;, and 
NH,') are available to aquatic plants 
and algae. If these inorganic forms of 
nitrogen exceed 0.3 mg/l in spring, 
there is sufficient nitrogen to support 
summer algal blooms. 

Figure 7 shows the various ways that 
nitrogen enters and cycles within a 

lake. Nitrogen clearly undergoes a number of 
changes in a lake, including sediment release. 
Nitrogen recycled back into overlying water at 
spring and fall turnover will increase the levels 
of ammonia in samples taken during turnover, 
similar to what occurs with phosphorus. Ni- 
trogen can also be lost from the lake by deni- 
trification as shown in Figure 7. This only 
occurs if oxygen is depleted, allowing nitrate 
to be converted back to nitrogen gas. 



Since the beginning of the Amery Lakes District we have tried to 

carry out those projects that are economically possible. The original 

study made some recomendations that have been carried out. 

1) The water flow from the Apple River has been stopped eliminating 

one source of nutrient loading to the lakes. 

2) South Twin Lake had an aeration system installed in 1989. The 

oxygen levels have been sustained high enough to avoid the usual fish kill 

that occured during the winter. 

3) A storm sewer project in 1992 has diverted some of the urban runoff 

to the river below the Amery dam. 

4 )  An ordinance is being implemented banning phosphate loaded fertilizers 

and controlling application of fertilizers along the lakeshore. 

5)  Docks have been installed at the public landings. 

The topographical maps that have been made as a part of this study will 

help for years to come in avoiding possible runoff problems to the lakes as 

development continues around the Amery area. The set of water samples gives 

us a basis to compare to as other water sampling is done over the next few 

years. 

The quality of our lakes are still good and it is much less expensive 

to work to keep them clean than to clean them up after we have damaged them. 

The Lakes District is continuing to work with the DNR to increase the 
fish stocking that is done in the lakes. Hopefully through these efforts we 

can help restore the fishery nearer a level that it once was. 

This study was made possible by the DNR Lakes Management Program. We 

appreciate their help and financial assistance in this matter. 


