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GROUNDWATER QUALITY AND hope sity of Wisconsin - ASN 
LAUNDROMAT WASTEWATER: 1172 Willow Drive | 
SUMMIT LAKE, WISCONSIN “Bon, WI 53706 

Jack Saltes, M.S. Environmental Engineer 
Wisconsin Department of Natural Resources 

‘ North Central District, Rhinelander, Wisconsin. 

[1487 | 
° ABSTRACT — 

Rural laundromats in northern Wisconsin are, many times, limited to on-site 

land disposal of their laundry wastewater. The potential for contamination of 

groundwater by the application of untreated laundry wastewater has been largely 
unknown. In this investigation, groundwater quality was determined at a laundromat 
site that utilizes a disposal (seepage) pond. Through discharge to this pond for 

almost 25 years, the unintentional result was the establishment of a unique 

wetland system in which natural processes have been effective in assimilating the 

organic fraction of laundry wastewater. Elevated concentrations of inorganic 
parameters in a monitoring well close to the disposal pond confirm the migration 
and potential impacts of inorganic solutes. More distant monitoring wells showed 

no elevated inorganic concentrations based on horizontal groundwater movement. 
Vertical migration of the contaminants was not studied and is unknown. The 

organic fraction of laundry wastewater was biologically degraded indicating some 

level of biological treatment is desirable. In rural settings, constructed 
wetlands may offer a cost-effective disposal option provided on-site disposal is 

the only alternative. Tolerance for elevated groundwater concentrations of 

inorganic solutes is predicated on pertinent groundwater quality standards.



INTRODUCTION 

Rural laundromats in Wisconsin have limited wastewater disposal options. 
Remoteness and wastewater volumes preclude the cost effectiveness of transporting 

it to a sewage treatment system or landspreading it on agricultural lands. 

On-site disposal is usually practiced. 

The Summit Lake Laundromat in Langlade County of northern Wisconsin has been $ 
discharging approximately 40,000-117,000 gallons of untreated laundry wastewater « 

per month since 1963 to a disposal pond behind the facility. The potential for 
contamination of groundwater by the land application of untreated laundry waste- . 
water is largely unknown. A paucity of information exists, both statewide and . 

nationally, on the fate of detergent chemicals in groundwater/subsurface systems. 

Most investigations have studied the biodegradation of detergent chemicals in 

septic tank drainage systems (Larson 1984, Harkin et. al. 1983), associated with 

other compounds (Thurman et. al. 1986), or in natural waters (Larson et. al. 1983, 

Larson and Vashon 1983, Larson and Games 1981, Larson and Payne 1981). 
Laundry detergent chemicals consist largely of anionic, nonionic, and cationic 

surfactants with the anionic sulfonated compounds comprising 65% of all surfactants 
(Llendado and Jamieson 1983). Cationic surfactants are finding increasing use as 

antistatic and fabric softening agents (Lewis and Wee 1982). Detergents also 
contain builders or softeners such as sodium carbonates and aluminosilicates, | 

processing aids (sodium sulfates) and whiteners (boron). 
This study was conducted to determine groundwater quality near a laundromat 

disposal pond. The results are, in part, to help guide a regulatory agency in 

assessing the appropriateness of land treatment for rural laundromats and expected 

impacts on the groundwater resource. 

MATERIALS AND METHODS 

Groundwater quality was investigated through the construction of eight water 

table monitoring wells in the area of the laundromat (Figure 1). All two-inch PVC 
monitoring wells were drilled in 1984 and 1986 by hollow-stem or rotary with 

driven casing methods (STS Consultants 1986) according to guidelines of the 
Wisconsin Department of Natural Resources (Wisconsin DNR 1985). All wells were 

properly developed prior to sampling. . 

Prior to collection of groundwater samples, groundwater elevations were . 

measured to the nearest hundredth-of-a-foot in all wells. Wells were then purged 

of three-five well volumes with a hand PVC bailer. Groundwater samples from each . 
well were collected within 4 hours of purging. Samples were immediately field 

filtered using a Millipore ppefilter (AP2014250) and .45 um Millipore filter 
| (HVLP14250) through Geofilter filtering apparatus. These filters were selected 

because of their applicability for low-level MBAS and COD testing as shown through 

filter blanks (non-detects) and their excellent percent recovery (93 and 110%) of 
standard MBAS solutions. All filters were rinsed with 1000 mls of distilled water 

prior to filtering the actual sample. 
Samples were preserved according to standard preservation techniques for the 

parameters of interest and shipped to the Wisconsin State Laboratory of Hygiene 

for analysis. All analytical methods follow guidelines established under the 

Clean Water Act Regulations (Federal Register 1986).



@ 
S 4 wwe 

. nw b 
+ <z 
z = 

oO 
x x 

a 
QUADRANGLE LOCATION V6 ne = 

. ; —_ wn 
, <z 

1720 + 

‘ NOre: ' 
ob i 

WELL ELEVATIONS DETERMINED BY x 
FIELD SURVEY WITH CONTOUR = a 

* ENHANCEMENT PER U.S.6.S. wo — 

QUADRANGLE MAP (ELCHO). > + 
= 

uw 5S - 

SCALE: "= 300' : = . 
————————— =x 

© 100 200 300 600 
wo = 

. > 
> no 

old 
2iz4 

=i 
1711.01 wig 

> =H 
ea 

g 
. LAUNDROMAT 23 | 

P 
ww 

° e ON SITE i= 
3 BENCH MARK I> 

mw3 Ola SRI EIN yy 
” “ POWER POL Hi 

C. L H. qf @ /@ 1725.64 USGS. — 

mwei2 

& 
vy Xe 

<< . 4 > 

ly 

1720 uw 6 > 
.f SSS S 5 SSS 5S S55 >> =>=>=92>=== & 7 = 

W WwW 

L210 i 
. " 

uw7 ! LANE 2 i Ww 
: : NO. PYC ELEV. _ 

et 
1 1728.07 1725.5 n 

2 1723.46 720.1 S 

2P 1723.37 1721.8 ee = 
3 1719.03 1716.8 uf COTTAGE 

4 1739.52 1737.4 17 
5 1733.91 1731.7 
6 (1721.55 ~=—«1719.6 ————S>=>=~_> ~ 
7 1713.17 1711.2 a eee 

Summit 1603.36) 0 fag 
aol eel 

taoke aoe



Parameters selected for analysis included those associated with laundry 
detergents, namely phosphorous, sodium, sulfates, and chlorides. Boron, associated 

with whiteners, was analyzed only in the 1987 samples. Indicator parameters of 
conductivity, total dissolved solids, BOD, COD, alkalinity, hardness, and pH were 

also analyzed. The most widely used methdd for the determination of anionic 

surfactants in environmental samples, the methylene blue active substance method 

(MBAS), was also employed. 
Wastewater samples were collected across the disposal pond in three locations: ‘ 

influent, cattail area,-and a perched water table monitoring well contiguous with . 
the pond. These locations represented the southern extent of the pond and were 
selected for a cursory assessment of the pond's assimilative capacity. . 

Data was analyzed using appropriate statistical procedures (Unwin and Miner - 

1985) and guidelines contained in Wisconsin Administrative Code Chapter NR 140 - 

Groundwater Quality. , | 

RESULTS AND DISCUSSION 

The disposal pond at the Summit Lake laundromat is an active biological 
system (Barnum and Cascone 1986). Through discharge to a lowland behind the 

laundromat, the unintentional result was the establishment of a unique wetland 

system in which natural processes have been effective in assimilating the biodegrad- 

able fraction of laundry wastewater (Figure 2). The pond is microbiologically 
active, both aerobically and anaerobically. Sulfur bacteria utilize sulfates in 

anaerobic areas of the pond with a reduction to hydrogen sulfide (personal communica- 

tion, Proctor and Gamble). The association of purple bacteria mats in the pond 

and evolution of hydrogen sulfide gas are evidence of such activity. Alkyl 

sulfides and carbonyl sulfides may also be released from a natural reducing 

environment (Keeney 1983). Surfactants (MBAS) and other organics (BOD, COD) are 
readily degraded under aerobic conditions across the pond while less available and 

more mobile inorganics are not as readily assimilated (Figure 2). Most microbial 
activity centers around organic compounds as the energy source (Keeney 1983). 

Underlying soils of the site consist of Pence sandy loam and Antigo silt 
loam, well-drained soils underlain by sand and gravel (Soil Conservation Service, 

1982). Monitoring well installation by the Wisconsin DNR and actual pond borings 

by Proctor and Gamble in 1986 revealed a 6-8 inch clay lense underlying the pond 
site in a suspected narrow north to south configuration. Perched water is found . 
at the site above the clay lense approximately 15 feet deep from the surface. . 

Groundwater in the aquifer is unconfined, and the water table is approximately 

40-50 feet below the ground surface. Groundwater in the study area generally . 

flows south but is greatly influenced by Summit Lake, as inferred from the water , 

table map prepared from measurements of water levels on August 12 and October 31, 

1986 (Figure 3). Water levels at these times were typical of levels seen during 

the study period. The water table fluctuates 8-12 inches because of seasonal 

variations in recharge from precipitation. | 
Seepage velocities were estimated using Darcy's Law, assuming a porosity of 

.20 and a hydraulic conductivity of 10 ° cm/sec. for glacial till (Fetter 1980). 
Seepage velocities of 41.4 ft./yr. and 8.8 ft./yr. were estimated for the two 
components of flow shown in Figure 3. With the available monitoring wells, no 

east-west component of flow could be ascertained. Flow from the underground 
depression, as shown by the closed groundwater contours, is thus unknown.
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Soil borings in the pond by Proctor and Gamble found the subsurface soils 
exhibit a high degree of microbial activity under aerobic conditions (Federle and 

Pastwa 1987). Soil MBAS concentrations decreased by a factor of 100 in the upper 

ten feet. Less is known of the subsurface activity under anaerobic conditions. 

The biological activity in and below the pond with the biodegradation of organic 

compounds and the mobility of nonassimilated inorganic solutes (Fig. 2) is reflected 

in the monitoring wells (Appendix A). 
. The groundwater transport of solutes probably occurs with advection and 

° dispersion with a resultant dilution of the solutes. There were no significant 

changes seen in water quality in the monitoring wells or private wells, with the 

- exception of monitoring Well No. 3. Monitoring Well No. 3 was the only well 

" showing elevated alkalinity, conductivity, sodium, and chlorides, while MBAS, 

BOD., COD, and sulfates were low. Monitoring Well 3 is located fifty feet southwest 
of fhe pond (Figure 1) through sand and gravel. Monitoring Well No. 2 is located 
fifty feet south of the pond but penetrates a clay lense. This well, although 

close to the pond, showed no significant differences from background groundwater 

quality. Local groundwater may be protected by the clay lense at this point. The 

clay lense may impede any downward migration of readily transported solutes. 

Wastewater in the pond may be moving laterally off the clay lense to the southwest 

and west, thus offering an explanation for the elevated solute concentrations in 

Well No. 3.



Based upon Wisconsin's Groundwater legislation, groundwater preventative 

action limits (PALs) were determined from Wisconsin Administrative Code, Chapter 

NR 140 Table 1, or calculating them based upon the mean background water quality 

(MWs 1, 4, 5) plus three standard deviations, or the mean background water quality 
plus the increase of that parameter listed in Table 3 of the code, whichever was 
greater (Table 1). Preventative action limits were exceeded only in Well No. 3 

for alkalinity, conductance, and total dissolved solids. Statistically significant 

differences (P=.05) were observed in monitoring Well No. 3 and the background : 
monitoring wells for alkalinity, total dissolved solids, conductivity, sodium, and " 

chloride (Table 2) using the Mann-Whitney Test, a nonparametric statistical method 

(Unwin and Miner 1985). There were no elevated concentrations of solutes above : 

preventative action limits in the other monitoring wells. There were also no ° 

increases in solute concentrations above enforcement standards in the monitoring 

wells. 

Table 1. Preventative Action Limits and Groundwater Standards. NR 140 - Groundwater 
Quality. Summit Lake (Borne's) Laundromat, Summit Lake, Wisconsin. 

P.A.L. 

Chloride 125 

MBAS 25 
Sulfate 125 

. Total Dissolved Solids 250 

Alkalinity 136 

Hardness 134 
Sodium | 13 

Conductivity 290 

Table 2. Groundwater Quality (Mean and Standard Error) in Background and Affected 

Monitoring Wells, 1984-1986, 

Background ° 

MW 1, 4, 5 MW 3 

Alkalinity (mg/1 as CaCO.) 36 (5.2 ) 157 ( 3.2 ) 
n= 12 n= 8 

Conductivity (umhos/cm) 90 (11.2 ) 447 (11.9 ) 
n= 11 n= 7 

Sodium (mg/1) 2.75 (€ .33) 7.88 ( .44) 
n= 12 n= 8 

Chlorides (mg/1) 7/2 ( .06) 38.13 ( .52) 

n= 12 n= 8 

Total Dissolved Solids (mg/1) 66 ( 5.9 ) 272 ( 6.2 ) 

n= 11 n= 7



Groundwater quality impacts witnessed during this study were minimal based on 

horizontal groundwater movement. Elevated concentrations of inorganic parameters 
in a monitoring well close to the disposal pond, however, confirm the migration 
and potential impacts of inorganic solutes. Vertical migration of solutes was not 

studied and is unknown. While organic constituents of laundry detergents are 

degraded in the pond and subsurface environment, inorganic solutes are not and are 
thus capable of being transported. Tolerance for elevated groundwater concentrations 

. of inorganic solutes is predicated on pertinent groundwater quality standards and 

° considerations for public health. 
The biologically mediated degradation of the organic fraction of laundry waste- 

. water supports the need for some level of biological wastewater treatment for laundry 

° wastewater. In a rural setting, constructed wetlands, provided suitable soils exist, 

may be a promising, cost-effective disposal alternative. While wetlands technology 

does not lend itself to conventional design and naturally occurring parameters are 

not easily controlled, artificial wetlands may still be a practical and realistic 

approach to laundry wastewater disposal at remote laundromat locations when transporta- 

tion of laundry wastewater to a POTW or a landspreading site are cost-prohibitive. 

Constructed wetlands have demonstrated the ability to treat effluent (U.S. EPA 1984, 

U.S. EPA 1983). These systems can be constructed with low energy requirements 

(little pumping required) and minimal operation and maintenance needs. Emergent 

hydrophytic vegetation become easily established in alkaline environments. The 

primary function of a constructed wetland treatment system would be for organic and 

nutrient removal. Further research on constructed wetland systems and the treatment 

of laundry wastewater is needed. This would be a good research candidate for U.S. 

EPA sponsored Innovative and Alternative Technology Projects. 
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SUMMIT LAKE LAUNDROMAT, SUMMIT LAKE, WISCONSIN



* 

w 

rmnor neg R97 > SS Ge ne . ‘ ye ib Seas ee PIER PIN “Troms hil, WATS fest ies 4 

eS PIM TL i Lesh LAWN OoR i meh oh bk i +3 abt bet \ Fri OS ; 

wens omen oxen wees sm et tes sc cc ci is es tm sr en a Ne Ss SR SE Seca oe 

SNP OLR. V/ TL “Py oS cet Bt” ALINT Y COND Pos a res 

f wag is omen 475 8 4 £278 Pm Rags 
Mth] 4 tS YG Lilés “eat Ned Meal we tS 

. . 

fog ptes “NE 420° ae “y pes “Pog y gs 

« i" i Sood : "oan? be SS ee ol i * woa® Li a OF Ned es! it i fo 

‘{ mf. £9 ore ae ry —“s FI 
fe i+} i on oS + wi CS ad O ae at 

. 
sy eo ieee) J. =, 4 eS ef wr e's 

« ft be stow con oe ) 7 t Need oud 4 wo we AL wena? 08 Le C3 

Bet yor ony ‘UF mr =F ~ “~~ OT 
MS LtSye 4 Aby ae fa woe LS fe OG 

Ps f°. rr t252 5 f ae 
Mule bi 1.40 106 4. OS 4. ao | 

4.177 ° 42 4.x = my mh eyey 
Py é db Coad aod 1 4 a hd in 0 C2 

see) COFES CO05D CONGR OnctD COTTE CUSED OES ERUED GOEGT COCED SERIF TUDEY CTERE GEDES TEED Matus SOND SOM] SUC GODT CHUED SUSY “Ranh HONDS SOETS CUSED ONDEE CUBED eTOCD CIE UD ceNES SEERD SERED cORED OwEDD eREED slDY ewSeD aceD metD ama eneud coumD Srey 

" nm wr oe 4 ~e f L. e .” wn ns 

FOND media op &44 we ah 178 

: “a 1 = AT om 4% — i oy ns 
CATTAIL ete be ut 4. o sud wed te iw ot is . 

wna Te 8 ~ Za Acc, CS 4. om 
MiW— Fe te, C37 3 4G 7& ut 

ae 4 ret Te (7 ETL TS 
i nt Mies “aks jee ind det 

rf} 173 ey gts Oy APA eas os oy 
3 t ‘3 “y ne 3 “net "sae? f a +00! aad “20 a8 ae Se Le 

Rett, Poet 7 gy FE mer gs rr a ae fy Ly 
Piedad Mato at as Pow aloe tet Sadia Badal Ae 4? 

Regh.i 4 {7 rey A wl 274 Syed 3 
ties & Men tan! tee ae eet OF Set tt tet 8” a. 

Bayh tPA i oes uw aos, 7 pool ny 4 

tie a. eat te he on be te lee ne! a 

ebb PNP feos d mm athe, Sy sy 4 
wb Ege tet ot be Sad ou RD er ws - 

heats, Byes oT PEPE, yD i" oe pb beg Cl Seon FF he TS us Neer Nene” Nee ae ye cele ie ee 

te epee ony etsy “ast weg 74 2.4 4 275 

i , } Ls , Lo? uu Lue we sad «4 ae ne tr tee ae Le Loe 

ret bE 3 ety eth ot “ps 4 eae eT foo OTE 
PC LSE awe “Bigg BE A Se Ft me TR ob We keel | woof 

ppp rt 4 int ge Shee et on 4 4 octhet sys 

eau db bmig ie whe teal OE Pa ay Re ak de otlee te eee 

. Sot i ro ae Terre Cate’ 3g te me “4 gt 
Seth st ee tT ee ' z Ao . fi fe y+ 74 ! fe hee. 

° awa Ud Leow eat ale anu PPED Wie ad ‘h fhe 37 

a 

s



SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 1964-86 

10 

: 9 

8 = n=8 

U 

Sy . 

g 6 

= x 
a 5 * 
a 

a 4 
n=2 

[7 

g VW 
< z n=2 n=5 

yo = OG > [n=2 GY Y ns2 

5 L\ 

MW4 MWS wwt Mw2 MWS MW6 MW7 

MONITORING WELLS 

SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 1984-46 

50 ee) 

49 n=8 

CLs % 

2 A fy 
Q IY A LA 
= 30 Of : = fey . 

3 GY 
© of al Oh 
o 20 DA fa 
9 Le a 

* Vi 
Vige 

10 ae 
Loe 

au “y n=2_n=2 
n=2 n=2 n=e n=5 fy : Of, 5 , 

MWS MWS wwt Mw2 MWS MW6 Mw7 

MONITORING WELLS



SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 

200 
190 
180 
170 : 
160 _n=8 

150 
140 

: > 130 

. o 120 
2 110 

. e 100 
a 90 

$ eu n=2 
< 70 ZG n=2 

60 UY} (7 
50 

n= 
#055 n=5 
30 n=8 V 
24 / / n=2 
10 a. 7 x ZY Yo Big Vv 
Bue 4 Z 1) “ 

Mw MWS MW MWw2 MWS MWS MW7 

MONITORING WELLS 

SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 

500 

n=7 
PKs 

YO AA 

= Bg fig 400 YY en | 

« = Aff 

eS / Lf 

3 3 / Cf 
_ = oe r ofp 

2 fy 
& oes 

5 mo ‘Oe 
5 n=2 tae n=2 
a FF Cp NA Cro 
8 “ ve Vis Oy 4) 

v7 OL gf LAP 

wo fat 8 WN 
ee n=7 OF hs 7 a A fp a 

ON EF MAAC, Lo 7 Yl ee 
5 LAMLLA Le OLA NLLA 

Mw4 MWS Mw MWw2 MWS MW6 MW7 

MONITORING WELLS



SUMMIT LAKE .LAUNDROMAT 
GROUNDWATER MONITORING DATA 1984-86 

0.2 
0.19 
0.18 

“07 
0.16 
0.18 
O14 

> O13 b 

S O12 . 
2  o.11 
a 0.1 x 

a 0.09 . 
@ 0.08 
Z 0.07 

0.06 
0.05 

0.04" pe 
0.03 VA. 
o02 n=2 n=5 n=2 

dey ZZ : vy Lanse A LCA LALA VLLA 902 
Mw4 MWS Mw Mw2 MWS MW6 MW7 

MONITORING WELLS



SUMMIT LAKE LAUNDROMAT — 
GROUNDWATER MONITORING DATA 1984-86 

0.2 4- 
0.19 
0.18 
0.17 
0.16 
0.15 

Zon 
: o ‘ Q ass 

~ 912 
wo 
2 0.11 

: $ . z Q.1 

2 9.09 
g 0.08 
= 0.07 
g Z 0.06 

0.05 
0.04 

0.03 
0.02 a 
no n=2 Ww, n=8 

1 wee PPA ans ne2___ne? ; 
MWw4 MWS Mwt Mw MWS MW6 MW7 

MONITORING WELLS 

SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 1984-36 

50 

40 | 

S | - g 30 
: > 

| 

is 5 
=] 

4 20 
9 
4 

10 n= = n=8 = 

Lt pf PS. n=8 p= LO LD nF 

Vi\ WEA EE Vi) LEN WEA oo 
if, 4 i VAL 4 Wy 

Ld A iy CA) LAs 5 Cf ie Of 

MWw4 MWS Mw1 MW2 MWS MWe MW7 

MONITORING WELLS



SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 1984-86 

10 

9 : 

8 

7 z 
5 - 

C 6 
2 5 

a 8 . 
° 
o 

@ 4 
q 

3 

2 : 

n=8 

| LS 

. n=2 n=2 ti /| n=5 n=8 n=2 n=2 

Mw4 MWS Mwt MWw2 MWS MWw6 MW7 

MONITORING WELLS 

SUMMIT LAKE LAUNDROMAT 
GROUNDWATER MONITORING DATA 1984-86 

10 

9 

: 7 

= S 
* 6 * 

$ 
5 5 
8 
Q 4 a3 Z C Ws 

0 

. Gy 
GF 2 of Mg 

: fy n=5 n=8 
Cy 

0 n=2 n=2 n=2 n=2 

MW4 MWS MW Mw2 MWS MW6 MW7 

MONITORING WELLS



APPENDIX B 

MONITORING WELL SAMPLES



‘et 

fo 
= 
C 

- we meee eMtL © . - ~_ - : - -~ ve os 

(: MBAS F és SoA cop BOD CLENTY =. HRDNS TDS CL conD ol 
: ~ Sua rc SS SUS sR RRBR BUSSES MAU SHRM RU SR ANAS BS SRS RGSS URSA NSS RR RUA SR RSS RSS SSS Saas SR ae ae So 2 Sa Raa Is Sea Seal 

co eg 8A in Bt OR rr Bm BB RB EQ en Fedor a 

3 04/30/85 0.083 0.02 3 4.7 3 4 24 28 &2 O.F 59 ’.9 

C. ; 08/08/35 O,O2 = 6.7 7 4 24 29 64 oO.9 a 7. ‘ 

poe POSE FL BS ne OG ee OO re Be BB ee eB BB BF SH OF - 9.4 - 

. 01/15/84 04 0.02 2 6.9 & <3 26 29 Sé O.5 &4 7.1 c 

C* 04/15/88 0.05 €,02 2 6.9 £5 <3 2% 30 52 0.5 63 5.9 , 

Typ OB AEB ABS 9B OB BB rr nn BB mm 2 FB BRB te 

c te 10/22/84 <.04 0.02 2 4.9 7 <z 24 25 sa a.3 b9 4.8 ¢ 

( fia . . “ 
ve 

[ce __ a i ee ee _. ec ene me ee ee ee ee nee ee 
te metres erent er ee — — ee eee —— oe . 

jo 
¢ 

. 
. 

ae « 
fone ee AVE an O04 OR OB BL SB + 0. BO = 4,00 OO 26.25 28.68 - -- 56500 FR 7.14 6.89 te 

( i. STD DEV 0.04 0.01 O.52 o.25 | 3.78 1.85 4.20 3.27 &.11 2 4.06 0.23 c 

Ci Pa . ; q 

2a 
° .- 

2 ye : fe . . . ; ' 

1@* . | po : | 4 
i 17. ee 

a ee | le sm enn ete - a i +e. ee ae 

e723 i 
3 a 

7e - . ‘ 

C: ( 
{234 : i. 

. 33 
s 4 . 

en nnn ances coe canmaenamem ann mean maa mamas wien seems ommaras me = nee cues aeee = ame cans ee Gee 9 os am 

Co 

( 

Cc.” , ( 

( . 

Oo”! 
Newer temo te same cee mmen cene ee cece see ree ce np pn mh en a mmm ec a RR ne ee nae emer cnet nee em mene emt ene emma as cena ee cone ee eer emmeeu eb mae oe omen eee eee ee ce eee mes Dl ne wee 1: . . . . cel we eee f 

\ , , 

6 
a 2s 

° Ss ’ q - vof.¢



» . *s e ao. a ¢ . ; 

en. ib ee ke eee nee os 8 eB Oo. OR ao Meat. ew 1a ME 4 . we, eel OE Sow . s ee %e te 4 Was - eS Tm me a Soe * We ~ -. mat eee POTS Swhe hm .. Be.) wes _ on . " at eae . . ee . -- Aa * ( 

{ - 

| INS 
wn EA OIRO ODT BOD: ALENTY>~ --HRDNS----- TDS-- > Ck COND - opH oo oe 

C ~ , SoS Sree So ST See Sad SS SS SSS a Ses SES SS SSS oes TES es SA SS OS SS SR SS et Se Ss ee SS Se SS oe iS SSG SS SS Se SE is SS 8 AS cee as Sas ae we ca eso ow ee SSS SS 8 Soe Se SE OS SS SS SS eS ee Sos Se SS See Soe SS SS SS ay SB SS SS SS SS SS a Sa eh eh os SS TS Se ee Se SSR SS 

; 12/20/64 | 
. 

yrosttott ae qb ys 307935 ink nee ee ts re ~_- we nee: - woe _ eee ew ~- moe ee cw ee =e wi ews : wee meee wie ae oe ne cee mee mee ee em mee an : ~ - - . . - - - 

Cc. 08/08/85 c 
a 10/17/85 £2.04 2.02 o 8.5 <5 <3 38 So 94 3.1 150 &.4 _ 

EE SB ET BE BB i Be BB Ba PO i mr BT ee 
( o 04/16/86 2.04 2.2Q2 3 8.5 aS a3 24 27 34 1.35 735 &.7 C 

a 08/13/84 O.04 £.02 2 7.9 <5 £3 22 25 45 0.4 70 b.4 : 
on tee eee -j oy 22/866---— . -< . o4--- een <,O2 wre es ee 2 = mee Fe 7 ee eee meee < 5- Comme i es Lo orn 24 we ere re —25. me a. me ween sees 60 ene twee eee j . i wee Ff i wee ee 6 . & . . fe me , _ ” 

. \ : / : , / . 0-- 
€ a : . . on 

gic; . : . ae 4 
rates et en nae seman nate —somemmates satraterententint satenntiaaamainsstsieenRetete tuenensRenrsnatassegansisstetnasinetne neat eeRanms cet cara Pu Oe = - snc ET TS I eR Se it «ER na Oe. I OY I ee MO ns NS TK TI oo TS ne SR Salty ER ERLININN oO a. NS A im Se ES ee oe SP ERR men Rn nm ne RS OD Sumer nee os + aie ne 

pict . 
i. 

qo A 

¢ . AG 0.02 0.900 3.00 8.15 1.40 0.00 32.40 33.40 64.80 1.54 90.80 6.79 - Cc 

fo a = SED DEY 8-8 OBR OR Bt B02 00-142 79 1B BO AB SS FO BBS OE ee ee 

Ce 
c 

! 

( C 

Co | . ( 

( , 

A . i 

tad 
. 

7 
\



mn 

. . c 

a RES x 
1 BS en HA SE OOD. He BOD EME ------ HBDNG.. -- —-TDS ----- CL. - ------ COND. ----- BPH e-em ee 
' * WSS StS DS SS eer Ss eet te See as a et a Ss SS Ses eg Seg ca SS SS Sh as tS SEs as NS Ses SoS ae es SS SoS SG ak a SS SS SS SS ia SSS os SSS SS ES Re SS as BS Se SST SS ak SS aS Se Ss Se Se SS SOR SSS SESS RS SSS Se a Sa SS ESS 2 Se : 

C | . 12/20/84 e.a4 4.02 A 3.7 7 £3 i438 198 36 7.4 ( 
ae 04,430,935 -8.0¢ © 0.62 3. g.2 2 “3 1S2 194 .282 34 410 ek 
a 0B/08/BS <.02 9 8.8 ag Lz 148 227 298 39 430 7.7 

ie 10/17/85 04 0.02 3 9.4 £g 43 1S4 2Ol 252 40 450 7.4 € 
[t)——o1siss96—--.0.0e.__0.02..—.- ee Qn DA SB AES 2000. TAL ASO 7B ee eee 

ee Od/15/34 2.04 2,02 7 2.& £g “3 142 200 246 =a 450 7.5 : 
C a 08/13/85 o.04 O.02 7 a.8 <5 az 154 220 276 38 490 7.5 C 
Clonee bO/22l8S 2.0 KOH. 02. . 6 8.23 ASB 2... <3 114 200, 2S. . 39 doo | 7.1 — : 

oo C "ya . 7 - 

vy __ ee oe a ee 
PS - 

( a . A, 
poe . 

¢ . AVG 0.01 0o.al 7.88 8.9 0.68 0.00 157.25 204.75 272.00 38.13 447.14 7.50 _€ 
oO STD PEW OR Od RO A BAZ OO. B94 9G 1b BZ a 4G AZ 2 
‘a! a 

é a eee eee ee eee ee ee - . 

Cc. : 7 ¢ 

en ce eee ne cee cae ee meee eee ce ne eee eee eee ee cee eine ee te ce 
{~~ 

\ o3° 

a, ¢ 

c : C 

l . 

o 

~ 

oe ( 
Ss. 

\ 
; | ( 

B - « 

, ’ % ‘ « 4 ¢ 2



4 8 é 4 ® a a a s 

Le rh 

eee ec ne ee ee me a eee ence 
( s# t 

( 

C 

1°: | 
st . 

ETE eres eee eee eee ere eis eeieremrnenneneee come meee ot Sen a ae eee ee ee me es oa me etme ee a eemmrenente Te mene om ee ree ee OLE ee ne SOS NEEeNe ene s SnemnERRE EE ee ee em ere stem em mee ae me er ee ce ew me semen - 

ey! MEAS F Ne £04 cop BUD ALENT Y HRDNS ToS CL COND pH 

( | sess ee me seat mes ea see ae Se ses en se 2 cence 2s SB eS ts tm ccm tis tn as es te en meg sae wae as SSS SS RS SS ST Rs SS a a ESS IS RMS RS RSs aes ( 

0 * 22/30/84 3 - : a st 

Ce 04/30/85 : C 

y 08/08/85 
; 

= t+ost+7-+95-—_-—_----- OOO nc came co wee ememmeeensns canst pte te smmummene rumen eee | wees ss nee wane pa vomenmne wie ceapetee ene came cue ee ee menmmaga eae nema are eae em ome nee ae ee nae cece ome ees ae RRS etn et mer meee me me me ee mmemnmne Me tm  a cec ee Lo eee ee | 

1 7. fq t 
: 

' | 01/15/05 

Cu 04/14/86 | C 
pe eee 08/13/86... - ---4 04. - 8 .0R- = - 92 2.2.88 2. 8G - 38 we cee eee BB. ~~ OWS .-- -. 97. 7.0 . 

, Cine 10/22/85 ¢€.04 £.02 2 9.5 <5 <3 383 43 68 0.54 {oo &.7 on 

te, 7 sy 
fe nn ie i ee cn ce ne i ee NO ee ee FT 

js! 
2a 

A 

PO nn rn rnin ee ee ee en ee nee eee Ge nee ee 
ae an q . 

i! STD DEV 
Cc: 6 

wu 

;C , @ 

Ee 
a a t oH e 

ee ne ee cea ee ne nee nim ee vee meen ep ee ecm tant cone coon fe eement me ee ccee emma ee ee emeeeteeneeime es eeem ete comme eee ete cee ce etna meme ne ene ee ee . ne ee. 

(° C 
3 

a a ne ae ee ne teen pe mean peer mee aes eens ate nn em mm ce a eee ce ee nee 

( 

| C re 

(. ' i 

fe y 

a . 

‘ ‘ ° . L 

\ . (



' Se aa aaa ae mae eee eam Dna a aac Ean aaa aes eaacaeaaeaaaaaaaacasasacaaaaaaaaaacaaaasaaaaaaaasasasasaaacaaaaaaasammaaaaaammamssccasasasaassaiaaaasaaial EE. te SR eS mer + EP canemmaea emeime Gaiam: an ooo emer =~ \ 

{ 

too ANS x 
MBS WA... GOdI. COD LFTFCUCBOD.UALEENTYO = _._HRDNS. = TDS. LL COND LU}. UpH OL Le le ee et 

‘ “1 SUS TS RE ES SEl SE SS SSS SS SG RR SS eS SoS SS SS SS SS SS es Si SS Sn ine SS Sas 5S Soe ean oa oes QS Sb Tot ee SSS TSS SSS SS eS SS ed eS Te ee Ss SS SS SR SS SSS HS See SS Sk SS SS SS SS SS BS SS LS SS Eh SE NS SS OR ee SS SS Se Ss Se hs SS SS SS SS S338 ac23 (ose 

cu 12/20/64 
ot 4S TO/BS oo . : . 
_ 08/08,/385 

C- 10/17/85 
| 

jot OLS /G6 ee ce ce ce eee en eee a eee ee pe ec i ne eee concen eee ce cme ene ne we Leo ee 

110: 04/14/85 | 
(°° 08/13/85 O.04 “.02 3 9.3 £5 cz 72 83 98 O.9 160 7.5 

yore 10/22/85 <.04 O.02 | 3 a1  g5- cS. 74 — Os—i‘“‘i‘i LS 1.0 — 169 | 72% - — FOLEY BS OA OMe 8 cone b ww. KS | 
‘ ° . 

. C ‘ta a , “y 

3 .? 

p> _ _-. a . ——_ ee . Be ee ee ee ee 
fg ‘ 

toe . 

(. ; 

Cc AVG | - 

jt. CSTD UDEV nn 

= 7 
2a 

| gre ee . oe. . . 

Ce ! si . | . 
: je cn som eee ome nes me ee ee ee me a ee eee : 

= \**! ! 

. <q cul - y 

+ . 

rae Ae a i net A CS Ms Re a nme en a ne ae ee ee Ny a I A A le oe ee | cs a OR ee ee i i oe ~~. . en eee . - . -— 

( 

jee meee seeecene voces meee ee ere neers aenn en ate sepa oan | macnn meee nate meee ten caren meen ee nee em ne eme cee meeenmen ns ce smeerecnne amen eames eens Gemeente cece en ne wee ee kee ee wane ee pee ee ee ee ee ce ee wee ee vases 

. . ad 

(> 

be 
. 2 _ mee ww mm me en eee ee te me ne me ee ase - we ame _ tee oe + none to - sn mee so ” a -: ae me - . ~~ . . . . - - 

te. 

| 

t aa 

37 

\ 

. 
J 

a 
« 4 

» 7@ . e et © e



a a 46 @ * 

» . 
8 

we oa 

_ COLAC LAL CL LA ee A SA SN AERIS ON 4 rat rn onh sath WANEinSncRnRERNSSD ERNAOASE C 

{ \. KPIS 

BIS BR HR mm S04 -- == QD--—-—— HOD----- ALENTY--- -- HRPNS ---—- FDS- -. -Ch-- --- COND- ---- - pH -- we . — 
t i pad TS. RS Ba Se ea a Ss Se AS ne SS SR SS SSS STs ares Se Sh Ss SS Se SS Se oS LS a Ss a a TS Ee Sak See et ew cal cms cue seas ook Sas caus ooh wae con cae oe S3SES SS SSS SS Sos SSS SS See os oe ee SS Se ek ee ee re Se eS ee ns 258 SSS es nS as Sew Som oe wae ee ate Gee See Cas Oa Lew Ie ne ae OD ae 

cis oe penn ven. 
a ‘ T2762. 6-44 / 

ie ee DAL TO/BS a oo . . : 

. 08/08/85 
. 

| 

C° 10/17/85 . C 
fm EEE nn nn ene ne cee nee ene a cine iene ee ne re ner cen Hane nee panne emg omen na ne ee ee ee ce 

ty 04/16/88 ; 
C O8/135/86 o.04 £,02 4 8.3 £5 a3 62 78 102 4.9 160 7.0 C 

. ieee -LOSBE/BS ©. 80d w-. SOB. 4 8.8 © . 2.450202. £5 2... SB... 7B. AIO! UL A, 140... 7.6 
i 

C t Pad) 
a 

. | . . . a) 

tS, , : ‘ o 

- Ira as — —— — TT 
.| 

: uw 
oe 

( t ;: 
6 

tos . 

C - AVG ¢ 
“ po STD nn a EE cae te ee 

or | . 

C: J 

¢ 

2 zat . . ras 
: @-- ‘ 

‘ @ 

ne wee meee ce eet ee en ee ee nn en en ee he ne ee cee Me 5 et Ae RO ee ee ee came Te cm ers ene oR me eee we oe ee ce eee ee oo. e ce ee eee 

:- , ¢ 

jx a an a nc em ne ee am tee ee me ce net ee cee ie en te nem teen en ne eee cee ee ee mee 
[oe 

4 - 

_S : 

B5 
J 

to 

, . woe . . “ 

iy ( 
‘S727



Pe Ll we ES ot 1 10 ee Fw ete. a 4 MB WH 5 7 nm - wh ” ~ s oar. wT hee a le see 4 as é@ tee - oe . . . . . . tm eae - . em. . . C 

22 c 

7 xP & 

7 MIBAG WU LB NA SOA LU COD... BOD. -. ALKNGY.. ULHRDNS  ..... TOS —.. 0h . COND . pl... Dem . 

7 Soa Set Se Sg mS SSS Ss ce es SS SS sc es ES 2S ls oS 0 Se ek SS Ss nes a a a os nad as a Sod SS SS SRS RTE SUS SRS SS I ee mass 
C' 35 AIA i 

‘ 1 me 20/64 . ‘ 

- "by a. ~ a 
‘. wee. OV S0/8S oo coves meee cee ee eee eee ee nme eee ate ceeeeeuma sus eunmeles ee eee ee ce wae . . . . on, ; 

° : 08/08/85 | 
i ©: 10/17/35 “¢€ 

;0- “ ‘ ee OP LL GBS ns ce tc ee cree ence ee ae ee ee ee eee ene eee nee amen s qempengan | cg seen de cmpe ee ene eee ceccemece wee a (eee Lo eee 
atu! - ‘ . 

ns! . ~ 4 ae - . . C' 08/13/86 2.04 £.02 2 5.0 <5 <3 14 20 48 4.9 éC) &.5 ( - od 
WOU 10/22/85 __ . kw OF. 22 LOR BS. KS AS 1... «1B... 23. ... ...54 ..2..32.3 ~ we OF... ©7249. . ae ee ee 
\**; . ‘ y 

: Qin 

-. C4 re 

Se Seen etree nn NR PSR TSI EER A RR A ON LE TTT Oe A RIC a - SNR Em ae Sen tte EPR A Se -—ERR A ERI AE cin eS | ee onto 4 = + MM mE me ne ge me mi ne oe we tn eminem nape ‘ 

°°. wt 
( a7} ; rn ‘ 

tO ee ee ee ee ete ee ve eee te oe ee eee ee ee oo. 4 

C- AVG ¢€ 
i STD DE a cn cee cn ee nee epee ene ee 
te oy 1 

c® “6 
v6 .- 

2 Bp TL: OEE | NTT TS A ST A Rt ACC RS mh See ER i ih I | SU ms mt +e me mh ne mE etic oe: wef ee OO a SR. mS -, 

ech ne er te re ee teen eee came nee cmon ne nego ene een eee | cee em ee ewe meee teen . eee ee wee ee . ee oe 

QO 

Trt rrr ete nmin seperti so tenses ee camnan eee mentee sce ae atm ee OO a. — | 

( 

. a” 

so ( 
97° ’ 
Oc ce eee ne eee teen gee ene ee ene tee ee ete ene pe a a _ 

, 
~ “ 

, 3° ° , 8 vo



. . e'? a * 
~ ws 

. | . 

. 

Maw ee sows -_ me me _—- | . - see wee . ae eee . + 
c 

*POND* 
a — a 2 MBBS ——-——E —— A. ~~ 8D4. owe . COD. 2.2. BOD. ALENTY.  HRDNG _... TDS =... Ch ._. .COND pH 

3: Plo eye we - ss aae sus gussnucnacsdtdanaiisasadssun 
a anise aaa aae aan anu NEE eTESRS SES ANR NS SeT sae SSSR ame me - eee 

C7 be OOO 2-50 150 70 610 190 B34 78 = vaeees 

ee Oye 207 BS Lawes 7B.0Q0 | ue 746... - oe . 7o — £40 430 249 Or) 48 574 1? 92C 6.1 , ( 

Cc: ° S es 6 OO 3. OU 110 43 1200 600 249 111 548 z4 bt) me rs 

wae . wide t. ane SF a rp) oC Lo 

- e 

2 bast 778s 80 240 120 SLO 220 492 108 994 27 12¢ ee 
———————-Y 1415/84 110.00. 9.94 Boo. 2 dL GO. =OQ 339 Aic << 2Q 9.3 a C 

[tj 04/15/85 23.00 O. 74 39 4& Ae ee 19. nn eee Me OB. 

C iv 08/13/86 BI. 00 0.74 280 49 760 seo son 7 es iS en 7-3 ee 
re 0 <6) S02 = 98 17 120 9.8 °C 

a i. | ~~ Poe seer neem ste mteinenenmnnnes creates ate ft ome mane eet mee ane ene em ene . 

cr 7 - | os | ai 

jr a 
oy 

( ram 
7 

¢ 3 AVG 70 71 4 iz 178 . 
” oa , mens cess ses st ote -— 2 os - ae - 

<3, e s ~f é e 43 90. aS 617. 14 2931 86 3190 43 87 Be SC o . “ 

est ‘DEV __ 28.28. ___ 7.06 : « 5 . =n7 oo e a ” e 7 i 443. wO 21 e 7 1 435. oa 3. & 1 -+ . 

C A190. ALT 1. 302,97 168.11 96,20. 26.52 272,53 2.27 0.098 c 

' oA 

; | 

: rp ee ee me ee mee ame ee wee teen mmm ete ee eee we we mee ee pee ce were meme pewennemne metus mama eevee enmene ot eo eetuee eee ems s oe : . 6 
-@: 

| 
~~ me —~ tne me se te - oe . oe . 

“ (2 

BE ins 
in nn 

® 

‘ e ” 

ee ee Oe LTT Ot | wear mee em erie Ces mee oman eee ce ee ee eres ee ee ee a : -! 

~ 7 = . == er ee ae ed = er ee a ween a . oe soe ee a . - - t= ~ oo toe we . oo eee seme | ° 

C- 
cee ae . 

= on ce ee ee ene eee ee ee en cee a ee ieee eens ne ee ne ee eee mmm ee en eee ° 
O pee ee ee Cee . ~- 

> eta -se " - . os oF ” nee -_- c 

. Le fe ee ee em ee ee ma en ee mg ee a mee me a ee ee eee oe ee me nome renee nema ome enue ime em ee me ee me ee 

jut. 
renee ee emo anh me RL em ST OF ete MERE SG te we . eo ee meee me cae wes te ee mee ee ee em ee - - eee C | 

OO | eee ee . - . 

. ‘ 

" 

0 . vo 
o 

‘ c 

( ° . 

‘of 
cetera merng een ei = neg me aie emitiiemermm em me me ge ee ome emma cee teem ome remem came te we ee eee we ee te - ence eee ae 

C



{ , Ee alata et I te OD tee A - aS A AE a ates oA ee Ned 21. oe eee - oe em ee - ‘ vee MO. an ees : oot ee - oe ht - oh fot. - a . . . . 

= -- 

eM PX - So BAS. BR MA S04 COD. BOD OL ALENTY.. HRDNS. TDS. CL COND WH. 
4 so Sem Tee es es cae me as ss rst ae ee ts TS eS ese Set es a Se Se to cas os ee sm 2 ne ra 2s ct sg ss SSS SS TE 2 St Se I Se eS SR Ree a a SSeS 

C7 12/20/84 ( 
: - ee 94/2 OS crete en ee ae ne em ee wees we ne ee ee er meee oe . fe ee Le . a . . cece ne . 

08/08/65 
Cc 10/17/85 0.05 0.02 58 Sei 74 3 184 170 492 100 480 &.3 C 

2) 11S 78h 2 G.04 0.08. SB OE BB BLL Ad 98 eda s.20 | 
i 04/16/36 0.04 £.02 Sa 1.4 b0 <4 174 110 392 bé S50 2.8 - 

cn 08/13/84 0.07 0.02 SS £1.06 77 10 192 150 522 Loc B20 6.4 C 
G8 10/22/8600 6.04 OR SB BP 9D 7A 1200 | BOO... 62 et 
.S * 
2 I 

ae : . 

ci ‘ 

oe ¢ 
Map ————_—_—O Ree = Gn tal ee ns ne NR RE NE SP GND 5 re EES © on mt SD SEE RE Oe ED SS I Gp SERED te A Oy Re come ne - ene em na ee re to _ we me we ee “ soe . ~~ mee . 

‘ 

i 6 

a i 

oe 2 AVG O04 0.02 | 6B. 2O  . 2.46) 68.80. 4.490 186.50 _1460,20_ 986.9890 95.50 _ 6998.00 5.30 . | 
STD DEV 0.0% 0.01 3.27 1.92 7.19 4.83 8.53 31.78 68.80 19.51 112.79 0.28 

Ce 
c 

\ . ? 

C. 

Cc - ; . 
( 

to - , , 

t ( 

( i 

| - . 
.* 5% eye 3 «



d ' . 

c 

| APPENDIX C 

PRIVATE WELL SAMPLES 

s



6907224177) 

NAINA | 
b89072241771a 

Water Quality of Private Wells. Summit Lake, WI 

South Cottages North 
Corner Ranger 

Stemmeler Hunter Jones Reed Cafe Station 
4/23/85 8/ 8/85 8/ 8/85 8/ 8/85 4/30/85 8/ 8/85 

pH (s.u.) 7.5 7.4 7.1 7.9 7.0 8.0 . 
Alkalinity (mg/1) 82 90 66 110 56 126 s 
Hardness (mg/1) 86 168 60 107 58 137 
Conductivity (umhos/cm) 210 160 220 120 250 " 
Total Dissolved Solids (mg/1) 114 134 108 136 96 150 ° 
Sodium (mg/1) 3 , 3 3 4 3 7 
Chloride (mg/1) 5.2 6.1 2.1 1.7 1.3 7 
Sulfates (mg/1) 5.4 5.6 7.3 1.2 7.7 2.0 
Phosphate (mg/1) 06 02 02 -16 .03 30 
BOD. (mg/1) 3 3 3 3 3 3 
COD~ (mg /1) 5 5 5 5 5 5 
MBAS (mg/1) , 04 04 04 004 04 04
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