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Conclusions 

B a e d  on the results of the analysis the following conclusions can be made: 

1. The surface total phosphorus concentration in Big Green Lakt does not significantly 
diffcrenr at various points across the Iake. 

2. Hased on the spring total phosphorus concentration Big Green Lake is eutrophic. 

3. Rig Green Lakc's chlorophyll-a response to total phosphorus is less than what regional 
regression equations would predict. 

4.  The ldce's low chlorophyll response may be the result of fond web effects IDaplmia 
grazing on chlorophy ll-a). 

5. Based on monitored flow, sediment and total phosphorus loading, 1 997 was close to an 
average year for the lake, while 1998 was below average. 

6 .  Silver Creek conzrjbutes the greatest annual total phosphoru~ loading to Big Green Lake 
at appioximately 44% of the total and 50% of the trjbutarq. loading. 

7. The Southwest Inlet is the second greatest source of total phosphorus loading at 13% of 
the total and 15% of the t r i b u t q  input. 

8. The watershed unit area total phosphorus export values for the Sjlvcr Creek n.atershed 
fail into the Iower portion of the range monitored for agricultural land in Wisconsin. 

9. Monitoring data indicate that no significant bypassing of Silver Creek's inflow loading is 
occurring. 



Recommendations 

Rascd on the ab0x.e conclusions it is recclmnlended that: 

1.  .An in-lalce total phosphonls goal be established for Big Green Lake in the kenear fu~ure. 

7 -. Uiatershed modeling he conducted to identify total phosphonls loading source areas ,and 
BMP strategies for load reduction. 

3. The B54I' irnplementnion stralegy be supported by watershed modeling and be sufficient 
to mcet-the in-lake water quality goal. 

4. In-lake and triburarp monitoring be continued 10 document Big Green Lake's wt~ter  
quality response to lnild nlanagement activities. 



Big Green Lake is Iocared in Big Grcen Lake County of east central Wisconsin. The lake has a 

surface area of 7,; 46 acres. mean and maximum depths of I04 and 236 feet, respectively. The 

lake has two principal inflows. Silker Creek from the east and the Southwest Inlet. The total 

tributay drainage area to the lake is approximately 91.2 square miles in s i x  of which 53.5 mi' 

and 16.3 mi2 from Silver Creek and the Southwest Inlet area. respectively. The primary !and use 

in the Silver Creek subwatershed is agricultural while the remaining areas are a mixture of 

agriculture, residential, wetland and forest. Big Green Lake is a significant resource f so~n both a 

local and statewide perspective. Local interest in the management of the lake began in the early 

1990's with planning grant assistance from the Depart-ment of Na-tural Resources (DKR). After a 

number of lake planning gmts the Lake Disnict received a lake protecrion grmt from the DNR 

in 1998 to cotnplete a diagnostic feasibilit~, study. One component of the diagnostic study 

process is the develupment of a water and nuizient budger forthe lake us well as a water quality 

model. The model wiil be used in the goal sehing process to  evaiuate the impac: of watershed 

pollurant load reduction on water quality improvement. 11e modeling effort is suppnr-ted by in- 

Iake rnonltoring data collected by self help volunteers and DNR staff along with tribu-tar) 

monitoring data collected by the I1S t3eological Survey. This report tvill focus on h e  methods, 

resu!ts and discussion pertaining ta the modeling. Any other aspects of the monitoring cr 

diagnostic wwk tvill be discussed onip briefly and limited in context to modeling. 



Analysis Methnds 

The anal!.sl s consisted of TLV-o parts moni taring and modeling. Monitoring was cunducted both 

in-lake and on the ma.jority of the tributaries flowing into the lake. The monitoring dara was then 

used in the calibration of a model and the development of a Iake loading response curve. The 

Ialte loading response cun7e c m  inthcn be used in the watershed load reduction. laktl response 

evaluation process. 

Initially :he lake was divided into three segments and monitoring was conducted at three in-lake 

stations corresponding to those segments as shown in Figure 1. Lahe data was collected during 

thc growing season (.April-October) with .an emphasis on those piumeters most u ~ e $ ~ ~ l  for modcl 

calibration. Monitoring parameters included surface total phosphorus ('I'P). cIiIorophyl1 - a 2nd 

Secchi depth transparency. For the purposes of this study. all modeling lvas eutrophication 

focused. Temperature. dissolved os? gen and limited phosphorus profile data were also coIlected 

~ i (  cach site as well as phyto and zooplankton data. The response cun'e ibr Brg Grcen Lalie was 

developed using thc Miisconsin Lake Model Spreadsheet (WILh,lS) model vcrsion 2.00 (Panus1;a 

et al. 1S)Yh). Copies of the Big Green Lake LVI1,MS ruils for 1997 and 1995 are included in 

.4ppendix A. Within WILMS the Canfield- Rachrnann. 1 9S 1 natural lake model {model No. 2) 

was selected for use. All known loading and flow information was inpiit into the modc1, The 

model \\'as then manuaI1y fit to observed conditions using an assumed load from unmo:~itored 

sources. The ur~nlonitored sources were assumed to include internal loading. sl~ore and bank 

erosion, loading horn geese and any loading etror. The lahe's response tun.: was developed by 

plotting stepwise reductions in external loading against model predicted in-lake total p l - ~ ~ s p ~ ~ i l r ~ ~  

values. The loading informatinn used for modeling lvas placed in pie charts. En developing the 

Ioading pie charts. the unmonitorrd load was cornbilled with the estimated bypassing and placed 

in a caiegory labeled "net other". 

In the guai setting process it is also necessary to h o r \  wh;lt the colrespor~dirlg lake water yuaiity 

mill be at various levels of in-lake phcsphorus. 'Fhe regression relationships berween in-lake TP 

and chlorophyll - a \\ere developed specifrc~l l~ for Big Green Lakc. A lake specific regression 

was de~eloped because the reptonal regression equation from Lillie ct al. (1 993) for TP and 

chloroph~ . I1 - :I did not adequatel). describe conditions in Big Green 1-ake. Ha~\.cver. the regional 
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regression for chlorophyll-a and Secchi depth transparency was found to be adequate. 

.4dditional discussion on the use of these equations to predict water clarity is included in the 

Results secrion of this report. 

Tributav load rnon~torlng was conducted 1~ the US Geological Survey. Contix~uous gagc  sites 

ivith autolnatic samplers rwre established for Silver Creek at its inlet to the lake and for IJI r te  

Creek. Grab samples were collected after storm events horn a number of the smaller tributnr~cs 

and used in the load esriination calculntions. Two years ( 1997-1 998) of flow monitoring was 

conducted (cor~zsponding to the lake monitoring). An analysis of historic fio~v, sediment and TP 

loading n as also conducted using data from lC18X-98 in order to provide a basis for comparisc~n 

to long-tenn means. .4n analysis of the outflow and in-lake 'TP col-rcentration data also jnclucled 

an estimate of the input TP load being by-passed. All monitoring u r s  are water years defined 

3s Ocrt~ber through September. 

Results 

At the tilnc of'rhe initial study dzslgtl. three in-lake wakr  quality stations Ivcre established 13 it11 

the !pal of identifying water quality responses in each segment. R r ~ i c ~ v  of the 1997 and 98 data 

indicated no clgnificant differences between the three segments as  show^ in Figure 2. Th~s 

implies that wind 1-nixi11g eliminates any spatial water quality diffcrcnces across the lakc mdcing 

it  appropnare to model the M e  as a single basin. For this reason the three indi~idual  lake ctation 

values were volu~ne weighted and reported as single whole-lake values. Table I summarizes the 

monitored in-laice water quality data for 1997 and 1998. Additional dctaijed ~nfannation can be 

found in Appendix B. 





Table 1. 
Water Column Water Quality Data Summary 

Spring TP Summer TP Chloroph~ll-;l Secchi Depth 
Yea- i (uglll* jug/]) ! 

1997 27 18 5 3.9 

1998 22 9 3 4.5 I 
1997 TSI ---- 5 1 47 40 

1998 TSI j ---- 45 43 35 

* Summer equals April through October 

Table 2 summarizes the results of a comparison af 1 0  years of monitored flows and loading with 

the 1997 and 1998 results. 

Comparison of 1997 - 98 Data wit11 the I 1 Yr. Medials 

(.4nnu:il value / 11 year median) 

Sediment 

(tons i day) (pounds f day) 

The Ialce response curve for Big Green Lake is included as Figure 3. The rrclphic response 

regression equations for total phosphorus Ichlorr~phyll-a and chlorophyll - dSecchi depth are as 

follows and as illustrated in Figures 4 and 5 .  Additional e~aluation of the TP/chlorophyll-a 

predictive relatioilship indicated that Big G l ~ e t l  Lake's chlorophyll - a response to TP ~ v a s  about 

1!2 of \\-hat a regional regression equation w u I d  predict and the regional regression ~ v r i s  

therefore adjusted nccol-ding]!.. 
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The above equarion is modified from Lillie et 31. (199;), where Chl a = 

chl oroply.11-a in ugll and TP = total phosphonls i n  ng/l. 

The above equation is from Lillie et al. (1993) for central region drainage lakes, 

where: SD = Secchi depth (m) and Chl a = chlorophy11-a in ug/l. 

The mil area loading by ti-ibutan. fvr  1 99 7 and 1998 is sho~m in Figures 6 and Figure 7. 

respectively. The unit area export and water yield for I997 and the table in Appendix C 

summarizes the 1998 ~ a l u e s .  The total loading by tributary is shown in Figures 8 and 9 for 1997 

and 98, respectively. A s  mentioned earlier, the "net other" categon represents the sum oi'lhe 

unmonirored loading sources and the estimated bypassing. The estimated 'TP load by-passing for 

1997 and 1998 were 6 and XO%, rcspecrively when a11 load sources are considered. 

The WILMS model u~ltputs for 1997 and 1998 are included in .Appendix -4. .A surnn1iu.y of the 

J$?LMS output is included in rable 5 below. 

Table 5 

Summap  of WLMS Model Output 
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Discussion 

Review uf'table i indicates that Big Green Lake falls into the mesotrophic range based on  

chlorophyll - a and Secchi depth transparency and the eutrophic range based on TY. Lakes in this 

riulge x e  considered lo have elevated productivity relatlve ro natural levels. Onc seal in 

managing a eutrophic lake with a predominantly agricultural watershed such as Big Green Lake 

should be I oad reduction where feasible and a strong emphasis on protection. 'fhough the  

cl-horophyll-a concentration is not excessivel~' high. lakes in the eutrophic range are subject to 

growing season algal blooms the frequency of which is related to TP loading and water column 

c~ncentrarion. When applying the regional regression eqr~ations for TP and chlorophyll-a it soon 

became apparent that Big Green Lake's algal response (as measured by chlorophyIl_a) .)\?;as lower 

than the regional regressions would predict. For example the 1997 mean TP of 27 ug/l, when 

input into a state wide regression equation yields a p~cdicted chlorophyll-a of I lug!l or 

apprnximately twice of the ~hsen*sd .  This trend is consistent in the 'I'SI values as well. 

Condi~jons such as these have the advantage in that the lake exhibits good (actuall? bettcr than 

expected) water clarity. One disad~~antage fi.0111 a m o d e h g  perspective is that the ability to 

predict chlorophl; 11-a and waler clarity is difficult. The greatest implication from a management 

perspective is to implement measures, which will maintain this conditioll jn a s:nble state. One 

possible reason for depressed chlo~~ophyil-a concentrations in Big Green Lake is the zb~rndrlnce 

of microscopic zooplankton (animals) called Daphnja. These s111all zoopIankton can I r e q  

effectively graze on algal cells resulting in n reduction in algal biomass. -4 strategy therefore 

becomes one of managing the fishery to providing conditions that favor Daphnia abundance. 

.4s s ~ m i t r i z e d  in table 2, 1997 is close to an average year lor flow and TP loading and xvas used 

for rnodeIing and comparison. In reviewing the 1'P loading pie charts, Silver Creelc contributes 

the greatest annual tributary loading to the lake ranging between 50 and 5j0/'0 followed b y  the 

Southwest Inlet area ranging hetween 15 and 17%. 'fhe unit area TP Ioads for a11 tributaries 

range from 0.28 to 0.68 Lb.l.4c.iYr. The state wide range in TP txport values for agricultural 

land are from b. 17 to 1.6 Lb./Ac./Yr. nihilz forested areas range from 0.04 to 0.1 5 Lb./Ac.:J-r. 

(Panuska and Lillie, 1Q95). In the case of S i l ~ e r  Creek . unit area export values range from 0.22, 

LS./Ac./k'r. in 1997 to  0.38 Lh. .qc./Yr, in 1998. Clearly these values fall on the lower end of the 



range for agricultural TP export. the principal land use in the Silver Creek watershed. These 

resuIts should h70T be rnterpreted to mean that additional improvements can't or shouldn't he 

made. A better interpretnti~n is that unless otherwjse proven, the loading source m a  is very 

diffuse a ~ d  the entire watrrshcd should be considered in formulating BMP strategies. Of the 

individual tributw areas, White Creek has the highest unit area export at 0.68 and 0.3 5 

Lb.,'Ac./Yr, in 1 997 m d  1998, respectix~t.1 v making it an area of interest for watershed 

management activities. These values compare to 0.64 Lb.l.\c.lYr. moilitoi-ed prior to wa~ershed 

RhlP implementation conducted in the late 1980's. Based on these data it would appear that the 

historicaily high unit area Ioading from White Creek has not been reduced. The results of the 

watershed modeling will be of significar,t importance in determining nrrershed load reductions 

and the targeting of Bh~lPs. 

As previously discussed, the jake monitoring program was designed to allow an esritnate to he 

made of thc frncrion of Silver Creelis load that is bypassed directly to the outlet. 'She goal of this 

effort Ivas to determine to what ex-tent inflows f ron~ Silver Creek are curret~tly short-circuiting 

directly to the outlet. The calculated values of (1 and 8% indicate that the bypassing of Silver 

Creek's inflows dors  nor occur to a great extent at Big Green Lahe. -4s previously discussed, the 

bypassing estimate was detennincd using the difference between in-lake and outflow 

concentrations. It is therefore not pussib1e to accurately determine bow much of the calculated 

bypassing 1s Tilvzr Creek inflow and how much is Irom near-shore land areits adjacent 10 thc 

outlet. However, in the case of Rig k e e n  L,&e, i t  is most likely that the load being bypassed is 

from the area immedinteiy ndjacent to the outlet approach channel. Based on this dara it would 

therefore appear that significant bypassing of Silver Creek's inflow i s  not occurrlnp. 

Any rnanagernent plan for Big Green Lakc should include a strong lake protection element. As 

watcrdled development occurs. measures must be in place to reduce 3 future increase in loading 

and prevent further degada~ion.  Big Green Lakc is a high quality resource and pollution 

prevcntion will pay divjdcnds in the long term. 
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- - - - - - - - - - - - - - - - - - - - - + + - A - - - - - - - - - - -------- ---- ----------------------- 
Big Green Lake - 1997-98 Water Column Data 
----------- ---- -------------------- 
Wt. Frac. SW MID NE 

0.427 0.44 0,133 
--+------------ ----+ --------------- 
A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - - - - 
Total Phosphorus (ugll) 

Date SW MID NE 
07 -May -97 27 27 30 
09- JuI-97 17 18 15 

1 1 -Aug-97 I I 9 12 
01 -0ct-97 9 1 1  9 
03 -Mar- 98 8 8 8 
19-Apr-98 22 22 22 
24- Jun-98 8 10 16 
28- JuI-98 9 8 10 

24-Aug-98 8 10 6 
30 - Sep -98 11 10 1 1  

1997 GS Mean 18.33 18.00 19.L;O 
1998 GS Mean 8.33 9.33 i 0.67 
1997 STD GSM 3.00 4.50 1 50 
1998 STD GSM 0.47 0.94 4.1 1 
1 997 CV GSM 0 16 0.25 0,08 
1 998 CV GSM 0 06 0.10 0.39 

Ann. Mean 97 16.9 16.3 16.5 
Ann. Mean 98 11.0 1 1 3  12.2 
--4A-------------L----------------- ---------- ---- -------------- ------- 
Chlorophyll a (ug/l) 
----------------------------------- --LA------------------------------- 

Date SW MID NE 
07-May-97 6.63 7.64 9.48 

09- Jul-97 2.86 3.10 5.41 
1 1 - A u ~ - 9 7  3,59 3.15 3.09 
01 -0ct-97 3.59 3.83 3.95 
05-Mar-98 3.00 3.00 4.00 
19-Apr-98 1.61 1 e9 1.97 
24 - Jun -98 2.39 4.66 3 73 
28- Jut-98 3,23 3.40 2 93 

24-Aug-98 2.3 2.18 2.43 
30 - Sep -98 3.1 3.55 3.63 

1997 Mean 4.17 5.48 4.43 
1998 Mean 2.61 3.7 1 3.12 
1997 STD 1.45 2.45 1.88 
1998 STD 0.57 0.92 0.73 
1997 CV C.35 0.45 0.42 
1998 CV 0.22 0.29 0.24 

- - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - ----- ------- --------------- 
1 997 Growing Season Means 
------ -------- ------ ----- 

---+4 -------- ----- ------ 
Mean CV 

TP = 18 0.16 

Chl a = 4.8 0.41 

SD = 2.3 0.39 
- - - - - - - - - .- - - - - - - -- - - - - - - - - - - - - - - - -------- +.--------------- --------- 
1997 Spring OT TP 27 ugtl 
1 998 Spring OT TP 22 ugll 
- - - - - - -- - . - - - - - - - - - - - - - - - - - - - - - - - - ------------- ----- 
1997 Annual Mean TP 16.2 ugll 
1938 Annual Mean TP 15.7 ugll 

+--------------- ----- - - A - - A - - - . - - - - - - - -- - - - - - - - - - - - - - - - 
1997 mean Chlorophyll a 4,8 uglt 
1998 mean Chlorophyll a 2.9 ugll 
- - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - -------- ----- 
1 997 mean Secchi 3.9 m 
1 998 mean Secchi 4.5 rn 
- - - - - - + - .- - - - - - - - - - - - - - - - - - - - - - - - ----- -----------+ ----- 
Secchi {m) 
------- - - - - - - - - - .- - - A - - - - - - - - - - - - - - - - - - - - 

Date SW MID NE 
07-May-97 4 3 3.3 3,O 
29-May-97 4.30 3 30 3.96 
04- Jun-97 1.62 
09-Jun-97 1.31 
12-Jun-97 1.25 
19-Jun-97 1 .I9 
26-Jun-97 1.83 
01 - JuI-97 1.92 
07- JuI -97 3.99 
09- JuI - 97 4.50 5.00 3.75 
13- JuI-97 4.57 
24- Jul-97 

G7 - A u ~ - 9 7  2.90 
1 1  - A q - 9 7  2.50 2.50 2.50 
26 - A u ~ - 9 7  4.57 
11 -Sep-97 5.79 
01 -0ct-97 6,OO 4.90 4 90 
05 - Mar-98 5.79 5.79 5.79 
19-Apr-98 5.20 4.20 4.80 
24-Jun-98 5.64 5.90 4.00 
28- Jut-98 2,74 3.35 2.89 

24-Aug-98 3.5 3.1 3.1 

1997 Mean 4.32 3 80 3,07 
1998 Mean 4.57 4 47 4.12 
1997 STD 1 .;I 1.06 1.46 
1998 STD 1.23 1 .I8 1.08 
1997 CV 0.30 0.28 0.48 
1998 CV 0.27 0.26 0.26 



1997 Budget Data for Big Green Lake 

- - - - - - - - - -, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
L-------LL-------------------A------------ 

Annual TP Loading 
--------------L------L---+---+---+ALkL--- 

Export 
Subarea Name Area(Acj Load (Lb) tblAc/Yr) 

SW Shore 2995 1555 0.52 
SW Inlet 1 0458 2886 0.28 
MD Shore 2893 1502 0.52 
Silver Creek 34240 9447 0.28 
White Creek 1952 1 334 0.68 
Hill Creek 4282 1182 0.28 
NE Shore 1562 81 1 0.52 
Estimated by-passing --- - 1 325 --- 

. 

Total Net Loading 58380.8 17392 0.30 
Lake Outlet 65920.0 41 40 --  

Annual Water Loading 
----------------------------------------A- 

Water 
Subarea Name Area (Ac) Flow (AF) Yield (In) 

Inflow 
SW Shore 2995 2343 9.39 
SW Inlet 1 0458 81 81 9.39 
MD Shore 2893 2263 9.39 
Silver Creek h 34240 23668 8.29 
White Creek 1952 2009 1 2.35 
Hill Creek 4282 3349 9.39 
NE Shore 1562 1 222 9.39 

Totals 58380.8 43035 8.85 
Lake Outflow 58380.8 47047 9.67 
Precip. - Evaporation 0.82 
- - - - - - - - - -, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 



1 998 Budget Data for Big Green Lake 

----------- - ---- +--------- -------------- - A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Annual TP Loading 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - 

Export 
Subarea Name Area(Ac) Load (Lb) Lb/Ac/Yr) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - + - - ---------------- ---------------*- ------- 
SW Shore 2995 692 0.23 
SW Inlet 1 0458 2320 0.22 
MD Shore 2893 668 0.23 
Silver Creek 34240 7591 0.22 
White Creek 1952 684 0.35 
Hill Creek 4282 950 0.22 
NE Shore 1562 361 0.23 
Estimated by -passing --- - 1 238 --- 

Total Net Loading 58380.8 13266 0.23 
Lake Outlet 65920.0 3870 - - 

--- ----------------------------------- +- ----------------------- ----------------- 
Annual Water Loading 
---------------------- ------------------ -------------------------------------- -- 

Water 
Subarea Name Area (Acj Flow (AF) Yield (In) 
------- ------------- -------------------- ------------------------- --------------- 
Inflow 
SW Shore 2995 2636 10.56 
SW hlet  1 0458 9202 10.56 
MD Shore 2893 2545 1 0.56 
Silver Creek 34240 20770 7.28 
White Creek 1952 2494 15.33 
Hill Creek 4282 3767 10.56 
NE Shore 1562 1 374 1 0.56 

Totals 58380.8 42788 8.79 
Lake Outflow 58380.8 40503 8.33 
Precip. - Evaporation -0.47 
----- ------------ ----------------------- 
A - - - - - - - - - - - - - - - - - - - - - - + - - + - - - - - - - - - - - - - 


