
United States Depnrt~nent of the interior 

June 15, 1 qC3S 

Chairperson 
Eagle Spring Lake Management District 
P.O. Box 196 
Eagle, Wisconsin 531 19 

Dcar Chairperson, 

This letter describes the progress on the evaluation ol the water quallty of Eagle Spring Lake 
according to the data collected from October 1993 lo September 1994 as stated in our 
agreement. Please read the "U.S. Geological Survey take Momtoring Program in Wisconsin", 
sent to your previously, before proceeding with this letter. 

In a brief summary, based on the 1994 data: 

The water quality of Eagle Spring Lake is good and can be classified as a meso-eutrophrc 
lake or one with moderate to many nutnents. 

Although there is annual variability In water quality, based on surface total phosphorus and 
chlorophyll a concent rations and Secchl-disc depths, no trends are apparent. 

Algal growth appears to be dependent upon the amount of available phosphorus rather than 
nitrogen. 

The data enclosed herein are provisional until published. 

Eagle Spring Lake has a surface area of 31 1 acres (0 486 square mlles) and a drainage area 
at the outlet of 33.2 square miles, for a drainage areatlake-size ratio of 68:l. Lakes with 
drainage aredlake-size ratios of greater than 10: 1 tend to develop water-quality problems. 
(Uttorrnark, Paul D., and Mark L. Hutchins, 1978, Inputloutput models as decision criteria for 
lake restoration. University of Wisconsin-Madison, Wisconsin, Water Resources Center 
technical report No. 78-03, 61 pp.). 

One site was sampled in Eagle Spring take. It was located approximately at the deepest spot 
in the lake at a depth of about 8 feet and is shown in figure I. 

The data for this report are found in the following tables and figures: 

Table 1. Lake-depth profiles for Eagle Spring Lake at Eagleville, Wisconsin, 1994 water year 



Table 2. Water clarity and water-quality analyses and their associated Trophic State Indices 
(TSI) for Eagle Spring Lake at Eagleville, Wisconsin, 1 994 water year 

Figure 1. Location of sampling site and staff gage on Eagle Spring Lake near Eagieville, 
Wisconstn 

Figure 2. Lake water-quality data for Eagle Spring Lake at Eagleville, Wisconsin, 1994 water 
year 

Figure 3.  Trophic State Indices for Eagre Spring Lake at Eagleville, Wisconsin 

F~gure 4. Surface lotal phosphorus and chlorophyll a concentrations and Secchi-disc depths for 
Eagle Spring Lake at Eagleville, Wisconsin 

All the water-quality samples collected were analyzed by the Wiscons~n State Laboratory of 
Hygiene at Madison, Wisconsin. The water-quality data are published in our annual 
publications, "Water Resources Data for Wisconsin, 1994" and "Water-Quality and Lake-Stage 
Data for Wisconsin Lakes, Water Year 1994. 

LAKE-STAGE FLUCTUATIONS 

Lake stages were read from a staff gage mounted to the left upstream headwall of the dam at 
the outlet. They were read by the USGS at the time of lake sampling. Lake-stage data are 
listed in figure 2. Lake stages fluctuated 0.20 feet and ranged from 9.36 feet on March 1 to 
9.56 feet on April 7 and August 10. However, the total fluctuation may not have been observed 
since the lake stage was read only five times in the 1994 water year. 

WKE-DEPTH PROFILES 

Profiles of water temperature, dissolved oxygen, pH, and specific conductance at the deep hole 
are listed in table 1 and shown in figure 2. No abnormalities in the data are apparent. The lake 
does not thermally stratify during summer. The levels of pH are within acceptable limits to 
support aquatic life. Because of the high buffering capacity of the lake water, Eagle Spring 
lake is not susceptible to the effects of acid rain. 

SELECTED ANALYSES 

Analyses of selected constituents for April 7 for samples collected at 1.5 and 6fooi  depths are 
listed in figure 2. The water-quality values lor color, chlorophyll a, chlorides, calcium, 
magnesium, pH, alkalinity, totaf nitrogen and total phosphorus are within regional values for this 
area as described by Lillie and Mason in "Limnological Characteristics d Wisconsin Lakes," 
1983, Technical Bulletin No. 138, Department of Natural Resources. 

To compute the nit(ogen-phosphorus ratio, only the sample collected from the 1 -5-foot sampling 
depth for April was used. This depth was used because algae grow in the upper part of the 
lake rather than at the bouom. The ratio of total nitrogen to phosphorus was calculated as 
156: 1 and suggests the lake is phosphorus-limited and is consislent with previous data. This 
means algal growth appears to be dependent on the amount of available phosphorus rather 
than nitrogen. 



APRIL, JUNE, JULY AN0 AUGUST WATER QUALITY 

The data for total phosphorus, chlorophyll a, and Secchi-depth readings are listed In table 2 and 
on figure 2. 

Total dxsphorus: Total phosphorus concentrations sampled at a 1.5-foot depth range from 
0.009 mglL in April to 0.01 9 mglL in July. All values fall within the reg~onal values previously 
referenced 

Chloro~hyll a: Chlorophyll a concentrations, which ~ndicate algal bromass, ranged fram 4.34 
pglL in June to 10.2 pglL in July. These data are w~thin the regional values, 

Secchi disc: Secchi-disc depths, which indicate water clar~ty, ranged from 3.6 feet in July to 5.6 
feet in April. These data are within the regional values. 

TROPHIC STATUS 

Lillie and Mason (1983) classified Wisconsin lakes using a random data set (summer, July and 
August) according to total phosphorus and chlorophyll a concentrations, and Secchl-disc depth. 
This evaluation is shown below: 

Water 
quality 
index 

Approximate Approximale Approxi mate 
total phosphorus chlorophyll a water clarity 

equivalent equivalent equivalent 
I mglL) (PdL) (Secchi-disc 

depth in ft) 

Excellent <0.001 
Very good .001--010 
Good .010-,030 
Fair ,030-,050 
Poor ,050-.I50 
Very poor >.I50 

Using the above criteria to evaluate the mean summer (July-August) 1994 data shown in 
table 2 for Eagle Spring Lake, surface total phosphorus and chlorophyll a concentrations 
indicate good water quality, while Secchi-disc depths indicate poor water quality. 

Using the data from "Limno!ogical Characteristics of Wisconsin Lakes," 1983, by Lillie and 
Mason, a comparison of the 1994 mean summer data (July and August) for total phosphorus, 
chlorophyll a, and Secchi depths for Eagle Spring Lake to olher lakes in southeast Wisconsin 
are shown below: 



Percentage of distribution 
of lakes in southeast 

Wisconsin within these 
Parameter concentrations 

Total phosphorus 
(mg/L) 

<.010 
Eagle Spring Lake values ---- .010-,020 

.020-,030 
,030-,050 
,050-. 100 
100-.I 50 
>.I50 

Chlorophyll a 
(W-1 

0- 5 
Eagle Spring Lake values 5-10 

10-1 5 
15-30 
330 

Secchi depth 
(in feet) 

Best condition 7 

I 2 1 

i 15 

I 2 1 
2 1 

3 
Worst condition I 2  

Best condition 22 

I 31 
14 
12 

Worst condition 22 

>I 9.7 Best condition I 
9.8-1 9.7 9 
6.6- 9.8 26 

Eagle Spring Lake values - 3.3- 6.6 I 31 
<3.3 Worst condition 33 

Comparing other lakes in southeast Wisconsin to the 1994 data for Eagle Spring Lake, the 
above data show, during the period 1966 to 1979,72 percent had higher total phosphorous 
concentrations, 48 percent had higher chlorophyll a concentrations, and 33 percent had less 
water clarity. 

A second approach to assessing the "health" or trophic status of a lake is to use Carlson's 
Trophic State lndex (TSI). A graphic illustration of the Trophic State lndex for Eagle Spring 
Lake is shown on figure 3. The data from 1994 show Eagle Spring Lake to be meso-eutrophic 
or one with moderate to many nutrients. The TSt values for Secchi depth generally plot 
considerably higher than those for chlorophyll a. This suggests that turbidity caused by fish, 
motorboats, winds, etc., may be the reason for the higher TSf. Therefore, chlorophyll a and 
total phosphorus concentrations may better represent the lake's water quality than Secchi 
depth. 



Surface total phosphorus and chlorophyll 3 concentrations and Secchi-disc depths for Eagle 
Spring Lake since 1991 are shown in figure 4. Although the data show annual variability, no 
trends are apparent. 

The data that has been collected for Eagle Spring Lake from 1 991 -1 994 is extremely important 
for understanding the lake's water quality and managing the lake. To continue with the 
monitoring as in the past will help to build on this very valuable data base. 

If you have any questions regarding this evaluation, please contact me at 6081276-3842. 

Sincerely, 

Stephen J. Field 
Biologist 

Enclosures 

cc: Bob Wakeman, DNR, Milwaukee 



Tab1.e 1. L~ike-del ,ch  p r c ) l  i l e s  f o r  E a g l e  5llr-i 71' L , ~ k e  ;+ t E a g l e v i  l l  e , 
W i s c o n s i n ,  199; water  y e a r  

425103080261500 - EAGLE SPRING LAKE A T  EAGLEVILLE, UI 

UATER-QUALITY DATA 

Pi( 
SFE- UATER 
C I F I C  UHULE 

SAM- TEMPER- CON- FIELD OXYGEN, 
PL 1 N t  A l U R E  DUCT- (STAND- D IS - 

DATE DEPTH WATER ANCE ARD SOLVED 
(FEET)  (PEG Cl (US/CM) UNITS) (MG/L )  

(00003) (0OO:O 1 (00095) (00400) (00300) 

MAR 1994 
01.. . 
01.. . 
01 ... 
01 
Dl... 
01  ... 

APR 
07.. . 
07.. . 
07.. . 
07.. . 
07.. . 
07.. . 
07.. . 

JUN 
20 ... 
20.. . 
20.. . 
20 ... 
20.. . 
20.. . 
20.. . 
20.. . 

JUL 
18.. . 
18... 
18.. . 
18 ... 
18.. . 
18.. . 
18.. . 
18.. . 
18.. . 
18.. . 

AUG 
10.. . 
10.. . 
10.. . 
10..  . 
10 ... 
10 ... 
10.. . 
10.. . 
10.. . 
10.. . 



Table 2.--Water clarity and water-quality analyses and their associated Trophic State Indices (TSt) for Eagle Spring Lake, 
1994 water year 

[ - indicates not applicable; -- indicates no data available] 

Date 

04107194 

0 6120194 

Secchi Disk Sampling 
Depth 
(feet) 
1.5 
4 

1.5 

Depth 
(meters) 

1.7 

1.2 

0711 8 /94  

0811 0194 

7.5 
1.5 
7.5 
1.5 
7.5 

Depth 
( feet)  
5.6  

3.9 

1.1 

1.4 

T.S.I. 

5 2  

57 

Total Phosphorus 

- - 
. 

- - 
.- 

- - 
- - 

- - 
- - , . . .  . ...-. - 

- - 

Conc. 
(mg/L) 
0.009 
0.009 
0.01 2 
0.030 
0.01 9 
0.021 
0.01 7 
0.01 8 

3.6 

4.6 -- 

Dissolved Ortho- 
phosphate Phosphorus 

Conc. (mglL) 
.. ~ 0 . 0 0 2  

-- , ~ 0 . 0 0 2  
- - 

-. ." ,- Chlorophyll .- . .. a 

5 9 

5 5 

Conc. 
(pgIL) 

9 
9 

1 2  
3 0 
1 9  
2 1 
1 7  
1 8  

Conc. 
(pqlL) 
6.37 

T.S.1 

4 5 

4 7  

T.S.I. 

4 9  

5 2 

5 2 . 

, 4.34- 
- -".- 

-- 5 1  
-- 

5 0 .- 

4 6 

10.2 

-- ", 

9.74 
. 



EXPLANATION 

Lake water- qual i ty  sampling site 

S t a f f  gage 

~ i g u r e  1. ~ocation of sampling site and s t a f f  gage on ~ a g l e  s p r i n g  Lake near 
Eagleville, Wisconsin 



425103068261500 EAGLE SPRING tAKE AT FAGLEVILLE. W I  

LDCATIMI.  --Lnt 42'51'1)3" Long 88':bn:5", in  SE 1 / 4  HH 1,'h sec.36, T. 5 N . ,  R. 17 E . ,  Uaukesha County, Hydrologic 
Unit 07120006, at Eacleville. 

PERIOn OF RECORD. - - A p r :  1 1 9 9 1  to cu r r en t  year  

M m .  --LaXe sampled laear s r u t h ~ b s t  end of IPcke at a l a k e  depth of ahos~t 8 it Lake irp-rnvrr-d during March 
snrnl-~l ins .  Wator-quclity s r a l y a ~ h  by Wlacunsin State Laborator7 of Hygiene. 

WATm-QUALITY D A T A ,  W C H  01  TO AUGUST :O, 1 9 P u  
( M i l l i g r a m s  n o r  1 i t  *r unlers otherwi3a i n d i c a ~ w d )  

M a r .  01 ------------ -- 
Depth of s a m ~ L s  (ft) 1 0  5.0 
1 nke qt-uge ( f t )  9 . ? *  
S p e c i f i c  conductance IuS/crn) 5 6 5  623 
pH (uxits) 7.6 7 . 6  
W a t e r  t e m p o c ~ t u r s  ( 'C1 1 . 0  3 . 5  
Color (Pt-Co. s c a l e )  .-- - - - 
Turbidity (NTU) --- --- 
Secch 1-depth (ms tersl 
Dissolved oxygen 1 0 6  ? 7  
Bardness, as :at03 . - - - --  
C a l r i q ~ m ,  r l~nn . , l . ~ed  ( C a l  --- 
Magnssiun, dl3soLveri i M g )  - - - - .  
Sodium, d~ssolvsd (R g )  .-- - - - 
Potassium, dissolved ( K )  .-- --- 
AlkaLlnity, as rlaC03 --. - -- 
SulTate, dissolved ( 3 0 4 )  . - - - -. 
Chloride, dissolved :Cl) - - -  - - - 
Fluoride, dissolved : F )  . -- --- 
Silica, dissolved (5102) -- -  
Sol i d s  dikaolvud, a. laO'C - - -  
Nitrogen. NO2 t N 0 3 ,  diss. ! a s  Nl - - -  - - - 
Hitrogen ,  amnon~a. d:ssolvrd (4s N: - - -  - - - 
Nitrogen,  emn + o r $  tota! ( a s t l ;  - - -  --- 
N i t r o g e n ,  t o t a l  ( a s  N I  - - - - - -  
Phosphorus, t o t a l  (as P )  ,-- - - - 
Phosphorus, o ~ t h o .  d:ssolvec ( a s  P )  + - -  --- 
I ron,  dissolved (Fs) pg/L - - -  --- 
Mangnnese . di~solved (&I) ug/L - - - - - - 
Chlorophy l l n ,  phytoplank~nr {r&;Ll - - -  

Apr. 0 7  
---.---- + - - - - -  

1 5  L . 0  
Y.56 

442 142 
9 0  6 . 9  
0 0 i . 5  

~n 1 c 
1 . 3  1.2 

1 7  

June 20 
- - + - - - - - - - - - - + 

1.5 7 . 5  
9. 52 

4 6 5  467 
7 . 9  8.0 

2 9 . 5  2 9 . 5  
> -- 
. - -  ---  

1.2 
7 . 8  8 . 6  --- - - L  

+ -- ---  
7 - -  -. 

. -- - - -  
- - -  ---  
- - -  
- - -  - - -  
- - -  - - -  
- A -  ---  
- - -  - - -  
--- - - -  
- - -  - --  
- - A  - - -  
- - -  - -- 

0.012 0 0 3 0  - -- - - -  
--- - - -  
- - -  --. 

4.3 - - -  

J u l y  18 
- - - - - - - + - - - - - - 

I S  7 5 
P . 5 3  

419 417 
0 . 2  8 3 

2 7 . 5  2 5 5  
--- - - - 
- - - -. - 

1 1  
1 0 . 5  10.1 
--- - - -  
- - - -.- 
.-- - -. 
---  - - -  
- - - - - - 
- - - - -. 
--- - -> 

- - - - - -  
- - - 
- - - - - >  

- - -  - - - 
- - -  - - > 

- "  - - -, 
-- -  --, 

---  - - - 
0.019 0.121 --- -- - 
--- - - -  
- - - - - -  

10 - - -  

DISSOLVED OXYGEN ( 0 . 0  ), IN MILLIGRAMS PER LITER 

WATER TEMPERATURE (W T. ) ,  IN DEGREES CELSIUS 

SPECIFIC CONDIJCTANCE (S.C.) ,  

pH, IN STANDAYD UNITS 

€ G O 1 0  
0 

I IME I L;R AT 25 DEGREES CELSllJS 

F i g u r e  2. Lake w a t e r - q u a l i t y  d a t a  for  Eagle S p r i n g  1,=1ke I L  Eagleviilc, K i s c o ~ % s i n  
1994 w : l t e r  year 





CALENDAR Y E P  R 

Figure 4.-- Surface total phosphorus and chlorophyll a concentrations, and 
Secchi depths for Eagle Spr~ng  Lake at Eagleville, Wisconsrn. 


