
728 State Street   |   Madison, Wisconsin 53706   |   library.wisc.edu

West Bend area road salt use study.
[DNR-008] 1990

Sucht, Marianna
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1990

https://digital.library.wisc.edu/1711.dl/WKDQ3KVHXKTTV8N

http://rightsstatements.org/vocab/InC/1.0/

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.



g508 

Wisconsin Groundwater Management 
s . . 7 

: Practice Monitoring Project 

‘a No. 9 

we Fee Wisamn Ma 
ill rive i 

ew 53706, iil 
- 

ent l= 2 a } Vente, aT fe 

| RR on ger ees pst . 

{ERS IZ E mr | ne 
SSS enc Gyr REP roms ey eas 

—_—— = Sal eee i i pee 

Se ES g== 
5 tess 

| 
\ \ \\ ast tn 

: i {¥ 

df i S aN rN = 
i a N NG oe 

ane ae \ | H us 

ern 4) | Alene ee WSN] fh | 
™ \ Salle h | \ 

wu Be ig i 78 
f 

Ti Naa et ey AG 

a OV ihe 

ah 
ea 

buried enue , 

Wisconsin Department of Natural Resources a8 Q f 
Vee =



a Sees i 

he er cs tines) tii ei 
i 

pasate 
Wins pane 

TAs 
4 

ae Cee 
dae 

ery 
Pe zt i eae 

a 

ae 
Mh cies jan 

ene / \ My 1 i as ee mine 
ae 

ipa ei Ate 
ran ( a _ | : 

i an ne 
Fi 

BG ih 

RMLs 
Lae 

a By ae ue 
ft yes 

Phacanens 
vate 

Tag 
Re 

bea 

hear 
4 2 i Ae ‘ Os ae 

ni uf 2 ae 
“ a , : ; | 

Ly alia Nielt 
Rreear 

ict doe vy aia aay eae 
Rae ae Aha is vie a 

| Y 
| 

ae 

ion” 

ae i, Ae 
ae 

i 
: : a 

: “ae 
ay ae TaN VN aed a) Haha whe i} BR ane ‘i Ni AW Bye ah y 

i 3 a ee N wae a4 

' ; A 
ee 

a ’ 
ENT 

iia i Peli 
ae a ne ie 

| aN) ‘i ay Nie Ng ea Meas: Mi He 

y a 
nn 

en 
Esa 

oe 
. Suh be as ch 

es ee 
a ‘ae 

a) 

i ol) 
oa ae ee if oe Ae Hae ay ca she By i iy hi 

‘ 
ren iE 

ie i Hat 
AS Aaa 

ei 
a Heh 

PRD St) nie ene 
Hy ea A mae: bi ee 

i Rae DAT Gs Nena Nea ely al Ene glen ae ie ae ek : ay ue : ‘ \ 

Hy Gite 
etl 

o} ees tits 
aa MAN 

walerte 
ae 

a Teh 
Me digeta 

Bit 
Baits ait hae wt ets yaaa 

Mi 
5 

Be 
Nay 

es 
e santo 

ER ui Bae int! Neti Peds) 
omy 

ny PU 
hn ane an Ahnu! 

ey a AK a 
4 

q 

Re Ny 
ae 

es Wait 
ae tba 

bs eon 
Pt ea aie 

vanes Vashi 
ba Wig 

Ta 
aia 

tea 
eM 

a Mass 
Mi 

een 

fig 
heen 

ee cee 
iets SR 

aly 
cau nae LA 

ig ay 
har aaa 

at His ipa 
Pa 

if 

i 
i : Ma 

ayaa 
De ain 

aaa 
is a si ae HN Ru bles ih eta Wie ae nea ny 

e 
AGS 

Na ice ea htain 
vat eater 

aves tha 
ae bat Dy rahisy ia Ha 

Ek 
ti Pe Pai 

he 
(ig i aise 

fl 

he si 
lie 

ee 
Pea 

hh ve iat nay 
| 4 a f eae ue WENA Le 

nae 
i ny 

: 

| ee 
ti 

Me by Ae 
MeOn 

yD) Te its 
Ree ay cn 

ita 
eu cy Hak ea al Vern 

nay i ig ice 
aI 

Ay 
eae 

i 

; ae 
ey, Tei 

aid 
ey ple 

Lar 
an ite et Tew ieee 

A ea pi ae Ti iy oi ON aad 
Dy, iN nt 

b. : | ae 
is Wy Ma i ans i A i 

ee 
nee 

oi 
nel apereh ts Le 

ona 

Hen 
Hehe 

ly 
ty Make 

a Vs 
Oe 

net A 
ie 

. 
Net Vi es Seah J ave Pan a oe : 7 i ' a 

{Oe 
faa poh 

si eG 
bs sa le 

A ava 
Hae tc) Ai big poate 

UA 
nee} 

i i) 
ik i ei 

he RES 
A A My 

a ye Eph 
i ao anit 

ee 
DTH A poe 

Ate 
Hn May 

| Hii 
By nh 

uae aM 
Hi aa 

Hi 

4 iia 
\ Dee 

rad Hen 
Ua mA ei Pats 

ies i HN 
iy, bye 

uae Aa haat 
sige dle ae, 

ah 
a 

a 
ae eae 

acne 
yt 

BN i mot 
aS AY 

uaa Ey Ae 
aaa 

se HC beast 
ep ey Wt) aie aaah 

baba 
ty et 

i 

Bhat 
ES nite eye 

hinge 
merle) A Tes 

Cone ese) SER ot: ihe Bivens 
chas 

Ve a. 
: | 

‘* ie 
ae 

i nie Me cena 
he! kg ee ia 

a 
| | i PT 

eh uni aes ih aed iy ant hl 
be Riedie) ie Hee ee oy a : 

7 
' : cy is Uh ae Bice an hy Re ANGINA nat ay AG Spee: Aa i ay 

a 
; 7 

a Be ae 7 a Se ys Pree Price WH ae | Ger ine NS Hine] mie Ny Bi Te IF oe 

iy ho eat aa 
mi 

a 
i 

ee on ve , : | q 
| | 

aM RSP suet 
he Ate Stee Seni t Vas marae iE LAY pain Ee Se aa ey Na yes ar a VA 7 a : , 

7 

ie pea na PCr eng el ili Cd 
my le Une : ne 

a “ a / 

ie 
a 

A 
2 tM ats eae 

ist xi ay 
Pde A) Sra 

a aa 
ae Tego ty Ag, aa TuaRe 

Ni} gla 
TARY yen ee 

a i 
A i 

MS fei eb = to i SHE aes an 
hy) iss ¥ eet: A We al hoe 

aed 
le . a) a 

| a 
| j 

ihe Sacer” a Ne 9 iy ¢ es Sata 
ne Ar eas 

A Tay) EM A Le 
q " 

| q 
| 

Ba tel 4 phate 
al ey om Nie vane to Ne 

eh hy ee fe aii 
aa 

vg 
2 nN a 

sty iy At 

: 
. 

j 
: ‘ i . a ue i iN RATES Vea Ga 

Aria Ch hlGs A Melty Neh 
Ay pen 

eal ey ee vend ne ou 
i 

| i i: ‘ i i a Pr a Aan Aa Bea a bales, Lg) (ie all Beis: 
i 

f : ; : 
i a bie anya aes Ma oe ra i Tats eo na Rie! 5 Je ia 

j oe 
ae 

yea eae be 
mie nite A Con 

ae u) Bae 
& e Re ait ie 

i : : EA : 
i 

i Le Nerves se Pasi oN) Cale MERI Vo. ae BS 

i 
: 

i. 
) mi yi aa 

fares oh Hee) 
ania aks HONG a pL ae MNS At Ateape Bice 4 BIA 

i 

j 
Ao 

ate 
is Rakh LON 

a ana ee ae 
Syn 

MPRA 
eG 

in ne eer A 
ae BN 

nN: yew 
a 

i a : Pet 
i et aaa 

, at 4 alae teu 
hie 

ae ; te) se Mees 

i i i a 
a, Siannh Hi i vga Sat ne ite ee nae haa AM uy Hae) fk Aue) oe) a Bett Nee 

ae uae te Gear a sae pt 
Hh pe ia Cava 

AMA Heung 
BS ei at | let Wits: et 

Maley 
ay aa ii a ’ . i 

! 

ie ee Hee 
i i at eh Meee 

eas : Hay a HOE, neh ae Sata We at 
a 

A, hs i 
| ; 

(ae 
i Ra 

ik ea A ats ate AA bt ied 
AMR 

ah a ta 
a) anh 

Ah ile 
aie ee 

hh 
a aoe 

hs eee 
a py 

NN tie 
er ay 

| : 
: | ie ba ue ie Gian ae A hate na a He ce fx ae ql if ne 

Bid 
bee aan 

ee 
eevee 

ene 

es 
rat vee 

ues 
aie 

ee 
| 

ae 
ht 

ae 
i ang 

pie CoN aN SH de ven Ae sh Si aa Se 
aay aN 

a 
Le 

i Dt Pe 
i 

ai Re 
en peat te 

Up carey 
Mae isi 

HEA AER EAN Wines NRE 
aE Ny eat 

Fal 
Hea 

Fda 
Ces 

i. 
o 

Ba 
eRe 

Plate aba ae Luis Heh 
yreahials 

ea use 
ch Eri 

eR 
rea isd 

rae BiH bali sh Gf ihe 
LY Oar 

A By 
i, : 

; ; 

: : a 
me e Cen Se 

i 
a hi ene a ay ne 

en i ty ee 
ee ve bE ei i Aad ey m yt 

seed 
Maar Han fi Salt 

uel 
i 

he ear: dai APs 4 a 
i 

i 7 ; a ae Sra as eee ey es waa, i ae ie 

| ee aa bib eahe Ae 
aa 

Hh de 
beet 

Ae ost ) SUA 
aM 

vn a ine rales th 9 at wo .y 

. : 
ie : i. 

ee ey Oy havea anh hn 
et Nias Se So Ma 

ge) | 

bh ag its 
alt Fa 

ot 
ana 

Ari ha ih see ay 
Nay edge 

Garren, 
fi hes 

SiR 
3 i atres 

ae 
- 

, 

ane 
ie an Ni. Viens 

me Ce 
ia aes Beh ie isa) A oti A 

Fa fabs 
aa 

pt 
eee a 5A 

ale ET: a i A 

Ane es ea 
Meu 

id Ba en en daly 
ae NE bt HAAN neater Eun 

eet Pa ae Te 
: 

j a 

ee 
Meta 

Aral 
Natya ie ‘haa eile atae ee 

tae ba ce 1 Y a t 
{ 

ee een 
Ay wa bs ak ita Sa 

ay ea 
fe sue mat pag shed Gy haat nA 

ese 
a Pins 

i i 
: : 

ea 
seat Be dane 

ae 
hey 

pea ae 
aaa 

eae 
aul peat: 

tile pkg ee 
is maa 

| oy 

Py ah Bon 
aa eat aaa 

SEAS 
pa eae 

re 
eit, Gio 

vi Oe a 
UND pi 

ee 
a A 

eke 
H hie 

Hee 
s 

Eye te hte 

cit 
Aah 

une th ts uy 
ene 

Sven 
aed A ne 

Pi 

‘ Hao Hi ie Fi Bi Rta 
ie 

ENT at 
cei! 

es) 
at 

Site Rea ik Aaa 
eas 

a os 
an Ve cht }) 

Hi at 
Ces ae 

ie tn 
: fe 

; 
i Melee 

! fis led ey: pee 

ie i a o | a 

‘ { : | | Pi Sa eneit e Wi ae i y 

a Eat A 
i a 

ashe 
| 

: 
sate 

ma 
BO 

MN 
Ria ae we i) ve 

iH ate i; ‘: 

Me 
Hn 

nat 
ey 

Hs 
, 

rar 
{ 

Ne ar Pa vGa hae Rae 
ia 

qi 
va i) Peet 

ae 
4 ‘ 

i 
aA 

iva ane i 5 
vp 

Niwa 

ea) anne 
ae a, ide he pe 

ra) oat 
ene 

y Aa ; oe 
: 

‘ 
ea diy Cee 

ae 
j 

’ 
Poi 

a TaN 
Shea a) 

f Dea breart a a 
a hs Be 

per 
‘ 

' " a . ie ie ie. ie eh oe 
; : 4 : an a i CG ne re 4 

Sine i Her 
Pint 

ae 
ie 

Fone 
Ha 

Bi 
if 

if 
{Ee 

Pe 
Ve 

i eee: 
hig 

ee 
Vi 

ie af 
iF 

ik 
a 

Nissi 

Wie 
a 

sree vel 
ia NaN 

aes 
‘ (ie 

a 
i 

AUN 
Rae abies 

j ; 
: 

eat 
Beate 

auth 
; ee anges 

a 
el 

| 

ar cay here 
Aa 

eA 
Ase mh Dvit 

PAE 
HN 

ete) 
ir 

wie ay 
een! Senha 

ca ha PAN 
2. 

i ea 
Bea 

say 
ce 

: a 
4 

Rane 
ree 

NM 
A 

i 

eM rasor 
His 

aes iL 
ra 

+ ge Ba fan bala 
by ty 

PtAy 
ae 

mi ites 
rs is 

Nat ie 
api 

wie i 

» 

a wh 
; 

ji 

mY a 
hi 

ft ela 
Ve pany 

cee 
Aa 

Saag 
MR 

nh 

nea 
eH ol ae 

sciarepe 
| Ween 

ae 

a 
ne 

2 

He 
hs She 

mi fie 
: 

t i nie pa 
Mets nfl vat 

a Ghent 

iy 
ae 

amet 
* 

fe 
' 

: 4 ae 
ney ne. va i 

iy Ana Aa aa a Petal 
Phe 

Ween 
eaieiias Tenia: ee ae Chita 

via “ ; 7 a 
: { : ' 

Bee 
ae 

i 

aa NR 
ne hc 

Roa aS TO ; Duelist 
AN thay TES 

aa 
? Array) 

rae 

Sie 
arn 

KR 

es 

eit 
al Nila ek (A DAY carat 

cy 
leet 

cee 
iB een 

1H Ht 
7ab 

komt 
AVE 

Py. 

i 

vied ya Males 
Ai ae kN cea 

War ohar 
Heel au Reais 

ei 
Bvt 

ug To Hi Nati 
ay yh end 

HAW ee 
a 

ae 
na iy (eS ae Bean SN ete 

Meee adil 3 oe 7 a ae ne ae 
| | i : 

igh Fea 

Ba) Nhs 
vy 

3, 
eae nee 

Roar 
Meet a Py 

el it 
A weal 

A ‘i aa 
ai Os 

Nirah 

eae ai Pag 
I 

a 
ae 

ines Hit, I ue ini i) Pie ape 
it Sirs ve 

EBS ee Ley 
hae 

yan 
i wih ve he 

nt? ia 
4 TU 

TH ‘teh 

i 
ne Oa 

peta 
Ue oie ' Plans 

one 
ani 

Sai 
Lea ah mats 

Bie ks} 

aa! 
ce Pca ee en iat Hatta 

Cua ps He 
2 a 

i 

fi (cg it aoe i iis A cea Act si ie a 
ee o vat ‘ es if oT 

Syn ata Hr he va ie ieee a a a enh Rye 
uy anette 

fad a ese ra Hea r nbs an 
“ 

a 
Ge ae 

es vote 
Hal oe 

Cena 
ge Ne 

: eee 
ee nes aes Oa Wee Dwight 

Be 
Nel 

ty 5 oie 
zi oe weds Beane 

wy Pa we He es 

| oe Sai any ae ee 

a eRe sg 
eB Bau: Ma 

Me we 

ee a ee ee a - ae 
Paves eth ie Maile cant a i ‘ia Oh Oo pare 

Liter Oe 
ie 

hh on Bie 

SSE tt: rg 
Stat 

Pen mas 
eel 

cee oy at hey 
a 

asim



West Bend Area Road Salt Use Study 

Water Resources Center 

_« University of Wisconsin - MSN 

1975 Willow Drive | 

Madison, WI 53706, oa | 

Prepared for the 
Department of Natural Resources 

by Marianna Sucht | 
Environmental Specialist 

October 23, 1990 . 

Southeast District 
Milwaukee, Wisconsin



| West Bend Area Road Salt Use Study 

- | October 23, 1990 

" INTRODUCTION 

Chlorides in groundwater are of concern to private well owners. 

There is no health-related drinking water standard for chloride. 

However, chlorides present in concentrations above 250 milligrams 

per liter (250 mg/l) impart a salty taste to drinking water and 

make it undesirable for consumption. 

| A study was undertaken at three sites in southeastern Wisconsin | 

to determine the effect of road salt application on the 

concentration of chloride in groundwater. Additional parameters , 

were analyzed to determine whether concentrations of other | 

groundwater constituents might correlate to the chloride 

concentration. Several different geological settings were 

selected to ascertain the movement of road salt through each. 

; BACKGROUND | 

The three study sites are located within 30 miles of Milwaukee. | 

| One site is in Pewaukee, in Waukesha County, and the other two 

are in Germantown and West Bend, in Washington County. (Fig. 1)
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- The study began at the Pewaukee and Germantown sites in the fall 

. of 1985. The West Bend site became available in the fall of 

1986, before the Highway 45 freeway bypass was completed and 

opened to traffic. : 

Because there was little change in the chloride concentrations at 

the Pewaukee and Germantown sites, but significant increases 

could be traced at West Bend, sampling was suspended at the other | 

sites but continued at West Bend. 

| Five years of annual well sampling were completed at the West 

Bend site, and three calendar quarters of seasonal sampling at 

| Pewaukee and Germantown. Four to five wells were sampled at each 

site. Three downgradient wells and one to two up gradient wells 

were selected at each site. Sampling began in August, 1986, and 

was conducted through May, 1990. | 

MATERIALS AND METHODS | 

. Study Sites | 7 | 

. Site selection was based on types of geological formations, depth 

to water table, and proximity to high-density traffic roads with 

. a high rate of salt application. Areas of high water table, with 

shallow- to moderate-depth wells, were chosen because they are
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historically more responsive to local activities. 

. Wells 

Well selection was based on availability of well construction 

” reports, accessibility for surveying and measuring water levels, 

and the well owner's cooperation and permission. Existing, 

privately owned wells were used in Pewaukee and Germantown. In 

West Bend, two private wells, a municipally owned test well, and 

a driven point installed on private property by Department of 

Natural Resources personnel, were used. 

Field Methods 

| Tops of well casings were surveyed by tying into a local 

benchmark and leveling for elevation. Surveyors tripod level and 

rod were used. Surface elevation maps were drawn on copies of 

air photographs. (Fig. 2,3,4) 

Well water levels were measured with an electric probe or 

mechanical plopper every time the wells were sampled. Readings | 

were consistently taken at the surveyor's chalk mark inside the 

° well casing. A water table map was made from the initial water 

. level readings to determine groundwater flow direction. | 

(Fig. 5,6,7) | 

| Prior to sampling for inorganic chemical parameters, all wells in 

the study were sampled for potability (presence of coliform
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bacteria). This was done for two reasons: 1) determine whether 

- well is safe before introducing water level measuring device, and 

. 2) eliminate external source of chlorides which could enter 

groundwater through a structurally unsound well. 

Water samples were collected from untreated, cold water taps or 

from a pitcher-type pump threaded onto the top of a driven point. 

Samples were sent through the mail to the State Laboratory of 

Hygiene, Madison, Wisconsin. | 

On occasion, a softened water sample was collected in error’ 

(Wells PSG3 and PSG5 in Germantown; Well PSP4 in Pewaukee). The 

high sodium value and corresponding low calcium and magnesium 

values were indicators of soft water. Chloride levels were 

consistent when checked in hard and soft water from the same well 

(PSG3, PSG5, and PSP4). Therefore, chloride values were 

interpreted from soft water results and used as data in this 

report. (Table 1,2) | 

an DATA 

- Parameters 

Background analyses were made for 13 parameters: 

. Total Alkalinity (Caco3) Lab pH 
— Calcium Sodium 

Chloride Sulfate 
Total Hardness Total Residue 
Iron Conductivity (25 C) 
Magnesium Cyanide 
Manganese |
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The 13 parameters were requested for background analyses to 

° determine whether there were influences between chloride and 

. other groundwater constituents, both seasonally and annually. 

Chloride, sodium and conductivity values were compared for 

| . seasonal and annual fluctuations at each site. (Table 1,2,3) 

Sodium and chloride were coupled because they constitute road 

salt, and conductivity is an indicator of salinity in water. 

If conductivity is not in line with chloride ina sample, other 

constituents (different salts) are adding to the conductivity of 

the groundwater and additional parameters such as calcium and: 

potassium should be analyzed. | 

A charge-balance equation was figured for nine of the 13 

parameters for each sample. Ion and cation charges balanced, 

which indicated that no other parameters were missed in the 

investigation. 

Drinking Water Standards 

The aesthetic drinking water standard for chloride, per Chapter 

. NR109, Wisconsin Administrative Code, is 250 mg/l. Water with 

; this concentration or higher of chloride can have a salty taste. 

. The preventive action limit (PAL) for chloride in public drinking 

water supplies, per Chapter NR140, is 125 mg/l. | 

Sodium does not have a drinking water standard, however the
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American Heart Association recommends a level less than 22 mg/l 

- in water for patients on sodium-restricted diets (Field, 1974). 

; Excessive sodium can affect persons with high blood pressure, and a 

heart and kidney disease (Saleem, 1977). 

Results 

Chloride | 

PEWAUKEE - Chloride levels were high (120 to 250 mg/l) in one up- 

gradient well, PSP1, and in all three down-gradient wells, PSP3, 

PSP4 and PSP5. Well PSP4 had a chloride level of 250 mg/l, which 

is at the aesthetic drinking water standard. A slight seasonal | 

increase in chloride levels was apparent in two down-gradient 

| wells, PSP3 and PSP5. Levels decreased slightly in one down- 

gradient well, PSP4, and fluctuated slightly in the up-gradient | 

wells, PSP1 and PSP2. (Table 4) 

Background inorganic chemistry results from 1951 are available 

for well PSP1. The chloride level was 5 mg/l in November, 1951, 

and 130 mg/l in February, 1986. Chlorides increased 125 mg/l in _ 

35. years. (Table 12,13) 

; GERMANTOWN - Chloride levels were moderate, from 12 to 78 mg/l, 

- and increased slightly in all five wells during the summer. 

Wells PSG1 and PSGS5 appeared to be downgradient from the main 

. road. (Table 5) 

&
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WEST BEND - Chloride levels were low to moderate, from 4.1 to 31 

- mg/l. Chloride levels increased significantly in one down- 

; gradient well, TSW2, from 1986 through 1990. Annual levels were 2 

. relatively steady in wells PSW1 and PSW3, but decreased slightly 

” in the up-gradient well, TSW4. (Table 6) : 

Conductivity 

PEWAUKEE - Levels were between 890 and 1200 micromhos in up- 

gradient wells, and 1000 to 1600 micromhos in the down-gradient 

wells. All wells exhibited a slight increase in conductivity 

levels. (Table 7) 

GERMANTOWN - Levels were between 830 to 1400 micromhos. All 

wells exhibited a slight increase in conductivity levels. 

(Table 8) 

WEST BEND - Conductivity readings were not considered. Values 

were obtained in the field from a conductivity meter. Samples at 

| other sites were measured for conductivity by the State Lab. 

Because field values were not in line with lab values, for water 

. samples with similar chloride levels, conductivity values at West 

; Bend are deleted from the data. Future conductivity readings 

- will be made by the state lab for all water samples.
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. Sodium 

. PEWAUKEE - Levels ranged from 24 to 70 mg/l. The down-gradient 

_ wells had a slight increase in sodium. The up-gradient wells had 

. decreases in sodium. Well PSP1 had a sodium level of zero in 

" 1951. In 1986, the level was 70 mg/l. (Table 9) 

GERMANTOWN - Levels ranged from 4.8 to 37 mg/l, and increased in 

well PSG1 and remained steady in wells PSG2 and PSG4. (Table 10) 

WEST BEND - Levels ranged from 2 to 7 mg/l. Sodium increased in 

one down-gradient well, TSW2, fluctuated in the other two down- - 

gradient wells, PSW1 and PSW3, and decreased in the background 

: well, TSW4. (Table 11) 

| Combined Parameters 

PEWAUKEE - Two down-gradient wells, PSP3 and PSP5, had slight 

increases in chlorides, conductivity, and sodium. One up- 

gradient well, PSP1 showed a slight decrease in sodium and 

chloride. The other up-gradient well, PSP2, had a slight 

decrease in chloride but a large decrease in sodium. (Table 14) | 

. GERMANTOWN - Well PSG1 had a moderate increase in chloride and 

| sodium which correlated more closely than the increase in 

conductivity. (Table 15)
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WEST BEND - One down-gradient well, TSW2, had a significant 

° increase in chloride and sodium. The up-gradient well, TSW4, had 

_- a decrease in these parameters. (Table 16) 

" Cyanide 

Cyanide was tested for because it is a break-down product of a 

road salt additive, ferrocyanide, which prevents caking (Field, 

1974). Cyanide was not detected in any of the samples. 

DISCUSSION 

Road Salting Practices : 

During the winter of 1983-1984, 11,000 tons of sodium were 

applied to roads in Waukesha County, and 5,000 tons in Washington 

| County. From 27 to 50 percent of salt applied to roads can 

infiltrate soil (Jones, 1981; Huling, 1972). Jones suggests that 

‘more than a year is needed to remove most of the salt applied to 

a watershed. And over years, there is an accumulation of salt in 

the ecosystem of the watershed. 

. Road Salt Alternatives 

The literature has a variety of alternatives to or moderations of 

current road salt application practices. Moyland, 1980, mentions 

| abrasives such as sand, stone dust and kitty litter, although 

these cannot melt ice. Blackburn, 1979, describes release agents
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on pavement surface to lessen the bond between ice and road 

" surface.’ He also discusses induced currents, microwave and other 

; electromagnetic radiation, mechanical percussion, ultrasound, and 

others. 

Some alternatives have safetey and environmental drawbacks. 

Municipalities are aware of the potential environmental damage 

resulting from road salt and public works departments support 

: careful and prudent use of road salt. The state of New Hampshire 

has, up to 1965, replaced more than 200 roadside private wells 

| contaminated by road salts, some concentrations in excess of 

3,500 mg/l. (Field, 1974). | 

Chloride Interference 

When selecting the salt study sites, other sources of chlorides 

| were considered. Examples of chloride sources, other than road 

salt, are water softener backwash discharges, private septic 

systems effluent, wastewater treatment plant effluent, sludge | 

drying beds, landfill leachate, and animal waste storage or land 

spreading locations. 

. In West Bend, there are two potential outside sources of 

chlorides. One is septic systems. However, these are down- 

gradient from the study wells. 

The other is the City of West Bend Schuster Drive landfill. It |
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is located one mile southwest of the salt study site. Direction | 

° of groundwater flow from the landfill location is east-northeast 

. (Warzyn, 1989). Some private wells east of the landfill had 

| volatile organic chemical detects greater than NR140 drinking 

: water standards. These wells are one-half mile southwest of the 

| study site. The study wells might eventually be within the 

groundwater plume from the landfill. 

| PEWAUKEE (Waukesha County) - The study site, a rural subdivision, 

is 20 miles west of Milwaukee. Legal Description: SW 1/4, 

Section 19, T7N, R19E. Interstate Highway 94, constructed more 

than 25 years ago, bisects the study site. Topography is hilly, 

with a downslope north, toward Pewaukee Lake. Homes have their 

own wells, but have municipal sewer. (Fig. 8) | 

GERMANTOWN (Washington County) - The site is 17 miles northwest | 

of Milwaukee. Legal Description: NE 1/4, Section 22, TON, R20E. 

Highway 145, or Fond du Lac Avenue, is a major street in the 

| Village of Germantown. Topography is nearly flat, with a slight 

upgrade to the north. Homes have their own wells, but have 

_ municipal sewer. (Fig. 9) 

WEST BEND (Washington County) - A recently constructed freeway 

| extension is in the study site, 31 miles north of Milwaukee. 

Legal Description: SW 1/4, SE 1/4, Section 3, T11N, R19E.
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Located just outside of the City of West Bend, these rural homes 

‘ have their.own wells and septic systems. Topography is hilly. 

; (Fig. 10) 

" Well Site Geology and Hydrogeology 

Road runoff moves through non-native soils, usually compacted 

fill material, before infiltrating through native soils and 

geologic formations (Hofstra, 1984). Construction fill material 

adjacent to raodbeds is more like a non-stratified till with low 

permeability of 0.2 to 0.8 inches per hour (USGS Atlas HA-432, 

1973). 

PEWAUKEE - Unsorted ground moraine deposits of clay, silt, sand, | 

gravel and boulders. Permeability is 0.8 to 2.5 inches per hour. | | 

(USGS Atlas HA-360, 1969). From available well logs, glacial , 

drift is 32 to 83 feet thick, overlying the Niagara dolomite | 

bedrock. All study wells terminate in the limestone. Static 

, water levels range from 7 to 64 feet. | 

GERMANTOWN - Unstratified ground moraine is primarily a clayey, 

oo silty till. Permeability is 0.2 to 0.8 inches per hour. (USGS 

; Atlas HA-432, 1973). Three to 46 feet of clay overlies the 

- Niagara limestone bedrock in study wells, and the bedrock 

outcrops locally. Static water levels range from 0.5 . 

| (occasionally flows) to 26 feet.
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WEST BEND - End moraine deposits of permeable stratified 

. sediments and till. Permeability varies from 0.8 to 5 inches per 

; hour. (USGS Atlas HA-432, 1973). The sand and gravel aquifer 

. varies from 60 to 138 feet thick above the Niagara limestone. 

: There are driven point and drilled wells in the glacial drift, 

and a limestone well at the study site. Static water levels 

range from 5 to 41 feet. 

Interpretation of Results | 
Sodium and chloride concentrations did not correlate. The sodium 

ion is held up in the soil and taken up by vegetation, whereas | 

the chloride ion can move readily through soils (Jones, 1981; 7 

Murray, 1976; Saleem, 1977). | . 

High chloride levels in Pewaukee appear due to heavy salt loading 

along the freeway and on the hilly roads for the past 25 years. 

Chloride and sodium levels are moderate in Germantown, but both 

increased slightly and steadily during the summer. Chloride and 

sodium ions can travel easily through the few feet of clay 

overlying the bedrock. Background chloride levels are low in 

: West Bend, probably due to the presence of only one rural road in 

. the area prior to the freeway extension in 1986. | 

Chloride levels and conductivity readings at Pewaukee and 

| Germantown did relate, indicating chlorides from road salt are 

the major contributor to salts in the groundwater. Results from
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the charge balance equations indicated no other paramters were 

. missed in the analyses. 

Other parameters, such as alkalinity, hardness, and sulfate, had 

" levels that appeared to be consistent background levels. 

CONCLUSION 

1. Road salt application appears to affect chloride 

concentrations in groundwater. Evidence for this is the 

| significant increase in chloride concentration over time in 

well TSW2 in West Bend and well PSP1 in Pewaukee. 

Chlorides from road salt appear to have negatively impacted 

well PSP3 in Pewaukee. Chloride levels are at the secondary 

inorganic chemical (aesthetic) standard of 250 mg/l, per 

Chapter NR 109 of the Wisconsin Administrative Code. 

| Chloride levels at wells PSP1 and PSP4 are at and above the 

Preventive Action Limit, PAL, of 125 mg/l, per Chapter NR 

. 140. There has been an unacceptable impact on groundwater 

; at this site. 

Chloride levels increased significantly in well TSW2 in West 

Bend. The benefit of this site is that there is background 

data available for groundwater quality prior to freeway
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construction and road salting. Although chloride levels are | 

° below PAL and aesthetic drinking water standards at this 

. | site, and there is no adverse impact to groundwater at this 

time, indications from the data are that chlorides will 

" continue to increase over time. 

Judging from the increase in chlorides over 35 years at the 

Pewaukee site, it could take about 25 years for the | 

chlorides to reach PAL concentrations at the West Bend site. | 

2. No pattern of similar concentrations was observed among 

other groundwater constituents and chloride. There was 

insufficient data available to say whether there might be - 

relationships over time. | | 

3. The sand and gravel sediments at the West Bend site appears 

to be the most permeable of the three geologic settings. 

The most significant and steady increase in chloride 

concentration over time was observed in one well at this 

site. 

. 4. Permeability at the sites ranges from 0.2 to 5 inches per 

hour (USGS Atlases HA-360, 1969; HA-432, 1973). Taking 

average depths of the drift at each site, and average 

| permeabilities, travel time of infiltrated road runoff would 

take from 17 to 26 days to reach the bedrock. Considering
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that frost leaves the ground in mid-April, May and June 

- appear good times to sample for chlorides. 

" RECOMMENDATIONS 

1. Continue to sample annually at West Bend for chlorides, 

sodium, conductivity, for at least five more years. 

2. Sample every five years for all 13 background parameters at 

all three sites. | 

3. Collect a background volatile organic water sample at West 

' Bend and repeat every 5 years. 

4. Investigate existing and potential additional chloride 

sources when selecting a road salt study site. 

5. Consider that roadside construction fill could have 

different permeability than native soils. 

; 6. Inform private well owners about chlorides in groundwater 

and suggest collection of an initial chloride sample, then 

repeat sampling every three to five years to establish a 

. history.
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7. State of Wisconsin should continue to investigate, develop 

. and implement alternative methods of clearing roads of snow | 

; and ice which maintain public safety and environmental 

| protection. 

8. Advise the legislature of the possibility of future law 

suits against local governments from private well owners for 

chloride contamination of drinking water. Consider 

preparing a relief fund to assist homeowners to drill new 

wells or connect to city water where available.
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PSP3 2/11/86 ~ PSP 5715786. j PSPS _ 8/13/86 
. WATER TEMP CENT 11 — ---—____.. me 

T ALK CACOs MG/L 342 T ALK CACOS MG/L 337 |] T ALE CACOS = MG/L. 330 CALCIUM CA-TOT MG/L — 100 CALCIUM CA-TOT MG/L 92 CALCIUM CA-TOT MG/L 92 CHLORIDE CL MG/L 130 CHLORIDE CL Ma/L 140 CHLORIDE CL MG/L 150 TOT HARD CACOS MG/L 440 TOT HARD CACOS MG/L 410 TOT HARD CACcO3 MG/L 420 IRON | FE MG/L O.14 IRON FE MB/L <0. 1 IRON FE MG/L LO. MGNSIUM MG,TOT MG/L 47 MGNSIUM MG,TOT MG/L. 44 MGNSIUM MG,TOT MG/L 46 
MANGNESE MN UG/L <40 MANGNESE MN UB/L <40 MANGNESE MN UG/L £40 LAB FH Su - 7.4 LAB PH SU 8.2 LAB PH SU 747 
SODIUM NA,TOT MG/L 67 SODIUM NA,TOT MG/L &7 SODIUM NA,TOT MG/L _ IR 
SULFATE SO4-TOT MG/L 37 SULFATE SO04-TOT MG/L 37 SULFATE SO4-TOTF--MG/L 36 | RESIDUE TOTAL MG/L 658 RESIDUE TOTAL MG/L 684 RESIDUE TOTAL MG/L 712 
CNDUCTVY AT 25C MICROMHO 1000 CNDUCTVY AT 25C MICROMHO 1100 CNDUCTVY AT 25C  MICROMHO 1200 
CYANIDE CN MG/L £0.01 CYANIDE CN MG/L <0.01 || CYANIDE CN MG/L. 0.01 

PSP4 | 2/11/86 Papa $/15/86 PSPs 8/13/86 
WATER ‘TEMP CENT sa ne ne ee ee TALK  CACOS MG/L 8 T ALK CACOS ~ N@/iL 3a6 || Fae ACOS GJ zeae CALCIUM CA-TOT MG/L - --- 1 CALCIUM CA-TOT MG/L 120 nat CUM cacroT Mey So 
CHLORIDE CL MG/L , 250 CHLORIDE CL MG/L. 240 CHLORIDE CL MG/L 240 
TOT HARD CACOS MG/L <6 TOT HARD CACOS MG/L. 5680 TOT HARD caACcOoz MG/L 710 ° IRON FE MG/L <O.1 IRON FE MG/L . 0.3 IRON FE MG/L. a.2 . MGNSIUM MG,TOT MG/L <1 MGNSIUM M8,TOT MG/L 47 MGNSIUM MG,TOT MG/L a2 MANGNESE MN UG/L <40 MANGNESE MN US/L. <40 MANGNESE MN. UG/L £40 LAB PH SU 7.3 LAB PH Su 8.0 LAB PH SU 7.5 . Wie), SODIUM NA,TOT MG/L 34 SODIUM NA,TOT MG/L 5% 
SULFATE SO4-TOT MG/L 38 SULFATE S04-TOT MG/L 38 SULFATE SO4-TOT MG/L 55 ° RESIDUE TOTAL MG/L 940 RESIDUE TOTAL MG/L 982 RESIDUE TOTAL MG/L 1150 | ; CNDUCTVY AT 25C MICROMHO 1500 CNDUCTVY AT 25C MICROMHO 1500 CNDUCTVY AT 25C MICROMHO 14600 
CYANIDE CN MG/L <0.01 CYANIDE CN MG/L. <0.01 CYANIDE CN MG/L CO, 1 

PSPS | 2/11/86 PSPS ~  -§415/86 PSPS ~ “T3768 
WATER TEMP CENT ~ LO . _ ee ee ee en 
T ALK CAcOs MG/L 348 T ALK cacos MG/L. 348 T ALK CACOS MG/L 340 CALCIUM CA=TOT MG/L 110 CALCIUM CA-TOT MG/L 96 CALCIUM CA-TOT MG/L . 100 CHLORIDE CL. MG/L ' 120 CHLORIDE CL MG/L 130 CHLORIDE CL MG/L 130 TOT HARD CACO3 MG/L 530 TOT HARD CACOS MB/L. 490 TOT HARD CACO3 MG/L 520 | 
IRON FE MG/L 1.9 IRON FE MG/L. 1.4 IRON FE MG/L 1.9 MGNSIUM MG,TOT MG/L 63: MGNSIUM MG,TOT MG/L &0 MGNSIUM MG,TOT MG/L 65 
MANGNESE MN UG/L. 100: -MANGNESE MN UB/L. 90 MANGNESE MN UG/L » 110 LAB PH SU 7.8: LAB PH su -@.2. I] LAB PH SU _ 728 SODIUM NA,TOT MG/L 34 SODIUM NA,TOT MG/L 37; |] SODIUM NA,TOT MG/L 37 
SULFATE SO4-TOT MG/L 72; -SULFATE 804-TOT MG/L 78| |] SULFATE SO4-TOT MG/L (76 
RESIDUE TOTAL MG/L 718; RESIDUE TOTAL MA/L 794' || RESIDUE TOTAL MG/L 796 : 
CNDUCTVY AT 28C MICROMHO: 1100; CNDUCTVY AT 25C MICROMHO 1100 CNDUCTVY AT 25C MICROMHO 1200 
CYANIDE CN MG/L £0.01) CYANIDE CN MB/L <0.01' CYANIDE CN MG/L £9.01 

< . :



| ae TABLE 2 

Laer? 

mo GERMANTOWN SITE 

 -~pset 2/12/86: PS6i 5/16/86 7erSCti‘“‘“ai‘( !!”~”~C TO 

aaa aeeeeaeeintnenann een nse nt 

WATER TEMP —s- CENT | 10 ts 
T ALK cAcOs MG/L. 304 T ALK cAcos MG/L. 308 FALE CACOS = MG7L—~—<CS*é«‘C LN 

. CALCIUM CA-TOT MG/L / 110 CALCIUM CA-TOT MG/L 92 CALCIUM CA=TOT MG/L 998 
CHLORIDE CL MG/L 47 CHLORIDE CL MG/L 4i CHLORIDE CL MG/L 73 
TOT HARD CACOS MG/L : 480 TOT HARD CACOS3 MG/L 430 TOT HARD. CACOz MG/L ; 830 

IRON FE MG/L <0.1 TRON FE MG/L £0.14 IRON FE MG/L | <O.1 

. MGNSIUM MG,TOT MG/L St MGNSTUM MG,TOT MG/L ' 48 MGNSIUM MG,TOT MG/L ' 79 
- MANGNESE MN UG/L <40 MANGNESE MN UG/L £40 MANGNESE MN UG/L i <40 

LAB PH su 7.4 LAB PH Su 8.2 LAB PH SU _ 7.7 

SODIUM NA,TOT. MG/L ai SODIUM NA,TOT MG/L 17 SODIUM NA,TOT MG/L : 37 

SULFATE SO4-TOT MG/L 120 SULFATE SO4-TOT MG/L 120 SULFATE SO4-TOT MG/L :  O& 

. RESIDUE TOTAL MG/L 634 RESIDUE TOTAL MG/L | $96 RESIDUE TOTAL ° MG/L i 7O2 

CNDUCTVY AT 25C MICROMHO 940 CNDUCTVY AT Z5C: MICROMHO 900 CNDUCTVY AT 25C MICROMHO: 1100 

CYANIDE CN MG/L £0.01 CYANIDE CN MG/L eO.O1 CYANIDE CN MG/L co. 

P862 " 2/12/86 “PS62 | 5/16/86 pear 713/88 

ne 
WATER TEMP CENT 11 ee ce 

T ALK CACO3 MG/L. 324 T ALK CaACcOoS MG/L 327 T ALK CACOS | MG/L i 320 

CALCIUM CA-TOT MG/L 98: I| CALCIUM CA-TOT MG/L 100 CALCIUM CA-TOT MG/L | 95 

CHLORIDE CL MG/L. : 49; [| CHLORIDE CL MG/L 52 CHLORIDE CL MG/L . 54 

TOT HARD CACOS MG/L 430: |] TOT HARD CACOS MG/L 440 TOT HARD CACOS § MG/L «430 

IRON FE MG/L. <O.1: [| IRON FE MG/L <O.1 IRON FE ” MG/L  <€0.1 
MGNSIUM MG,TOT MG/L 44 || MGNSIUM MG,TOT MG/L 4& MGNSIUM MG,TOT ~-MG/L - 46 

MANGNESE MN UG/L <40 MANGNESE MN UG/L £40 MANGNESE MN UGB/L _ £40 
LAB PH SU 7G. LAB FH su 8.1 LAB PH SU . 7.3 

SODIUM NA,TOT MG/L 12. || SODIUM NA,TOT MG/L 13 SODIUM NA,TOT MG/L : 14 

SULFATE SO4-TOT MG/L 60° |} SULFATE S04-TOT MG/L 63 SULFATE SO4-TOT MG/L 58 

RESIDUE TOTAL MG/L : S36 |] RESIDUE TOTAL MG/L 548 RESIDUE TOTAL MG/L 626 

CNDUCTVY AT 250 MICROMHO 9830 [| CNDUCTVY AT 25C MICROMHO 840 CNDUCTVY AT 25C MICROMHG: 910 

CYANIDE CN MG/L £0.01 CYANIDE CN MG/L ord CYANIDE CN MG/L £0.01 

7 | "9712708 PBBS ~~ §716786 Pees "9/13/86. 

eee ASAE ET . 

WATER . TEMP CENT 3 10° ee 

T ALK cacos MG/L 313 T ALK CACO3 MG/L 324 T ALK CACOS MG/L (324 
CALCIUM CA-TOT MG/L 99 CALCIUM CA-TOT MG/L 9.9 CALCIUM CA-TOT MG/L i ry 

CHLORIDE CL MG/L 49 CHLORIDE CL MG/L 50 CHLORIDE CL MG/L Gt 
TOT HARD CACOS MG/L - 440 «|| TOT HARD CACO3 MG/L ss TOT HARD CAaCOS - MG/L é& 
IRON FE MG/L. 0.1 IRON FE MG/L <O.1 IRON FE — MG/L , 00! 

MGNSIUM MG,TOT MG/L 47 MGNSIUM MG,TOT MG/L g MGNSIUM MG,TOT MG/L boo ct 

MANGNESE MN UG/L £40 MANGNESE MN UG/L £40 MANGNESE MN UG/L Lay 

LAB PH su 7.5 LAB PH su 8.1 LAB PH SU 7.9 

SODIUM NA,TOT MG/L 12 ff ey 

SULFATE SO4-TOT MG/L _ 72 SULFATE SO4-TOT MG/L 77 SULFATE SO4-TOT MG/L 79 
RESIDUE TOTAL MG/L ' §48 RESIDUE TOTAL MG/L 546 RESIDUE TOTAL MG/L 599g 
CNDUCTVY AT 28C MICROMHO 9831 CNDUCTVY AT 25C MICROMHO 9840 CNDUCTVY AT 25C MICROMHO 1000 
CYANIDE CN MG/L £0.01 CYAantpe CN MG/I_ “OLO CYANTPE CM MG/L fey oony 

PSB4 2/12/86 Pse4 3716/06 psoas” 67 13706 

oe eee eenlanenmepnamntien nee ne ge TIT Rg a eee 

T ALK Cacos MG/L 318 T ALK CACO3 MG/L 327 FT ALK Cacos3 MG/L “312 

CALCIUM CA-TOT MG/L 96 CALCIUM CA-TOT MG/L 95 CALCIUM CA-TOT MG/L 92 
CHLORIDE CL MG/L 46 CHLORIDE CL MG/L $7 CHLORIDE CL MG/L. g§3 
TOT HARD EACOS MG/L _ 440 TOT HARD CACOs MG/L 440 TOT HARD CACOS MQ@/L 420 

. IRON FE MG/L 2’ <Ow 1 IRON FE MG/L £O.1 IRON FE MG/L <0. 1 

MGNSIUM MG,TOT MG/L . 49 MGNSIUM MG,TOT MG/L .- 48 MGNSIUM MG,TOT MG/L 47 

° MANGNESE MN UG/L <40 MANGNESE MN UG/L £40 MANGNESE MN UG/L 240 

LAB PH su 7.4 LAB FH su 8.2 LAB PH SU 7.7 

| SODIUM NA,TOT MG/L i2 SODIUM NA,TOT MG/L 15 SODIUM NA,TOT MG/L 13 

* SULFATE SO4-TOT MG/L 58 SULFATE SO4-TOT MG/L 64 SULFATE SO4-TOT MG/L 59 

. RESIDUE TOTAL MG/L 536 RESIDUE TOTAL MG/L 530 RESIDUE TOTAL . MG/L 598 

CNDUCTVY AT 25C MICROMHO 840 ENDUCTVY AT 25C MICROMHO 912 CNDUCTVY AT 28C MICROMHO: 900 

CYANIDE CN MG/L £0.01 CYAHINE CN MG/L “AO, O4 | CYANIDE CN MG/L LOL 

pses 2/12/86 PS6S $/16/86 PS6S 8/13/86 

WATER TEMP ss CENT 190 Po eee 

T ALK cAcOosS MG/L ' 262 T ALK CAcO> MG/L 259 FALE EAcOs” MG/L ~«262 

CALCIUM CA-TOT MG/L 200 CALCIUM CA-TOT MG/L 180 CALCIUM CA-TOT MG/L : i 

CHLORIDE CL -.. MB/L . 12 CHLORIDE CL MG/L 13 CHLORIDE CL MG/L 15 

TOT HARD CACOS MG/L - 730 TOT HARD CACOS MG/L 650 TOT HARD CACOS MG/L , <6 

. IRON FE MG/L. 9.4 TRON FE MG/L 0.3 1RON FE - MG/L $+ O.1 

MGNSIUM MG,TOT MG/L © + 54: HT, MGNSIUM MG,TOT = MG/L - 49:7) MGNSIUM MG,TOT MG/L , ed 

MANGNESE MN. UG/L ' £40: |]: MANGNESE MN UG/L «40: MANGNESE MN B/E , cao 

LAB PH Su | 7.4 |] Lap PH SU , 8-1 | Las PH SU . 7.5 
SOD S |] soptum = NA,TOT MG/L | 4.8} ree rer aay eof 

SULFATE SO4-TOT MG/L 420. SULFATE S04-TOT MG/L | 410! SULFATE SO4-TOT MG/L 280 

RESIDUE TOTAL MG/L 956. RESIDUE TOTAL MG/L. 924 RESIDUE TOTAL MG/L f 984 

CNDUCTVY AT 28C MICROMHO | 1200; CNDUCTVY AT 25C MICROMHO; 1200: CNDUCTVY AT 25C MICROMHO! 1400. 

CYANIDE CN MG/L <0.01. CYANIDE CN MG/L <O.01 CYANIDE CN MG/L £O.01



TABLE 3 

WEST BEND SITE 

. Pswi @/14/86 

T ALK CACO3 MG/L 334 
CALCIUM CA-TOT MG/L 93 

- CHLORIDE CL MG/L 11 
TOT HARD CACOS MG/L 400 
IRON FE MG/L 9.6 
MGNSIUM MG,TOT MG/L 42 

. MANGNESE MN UG/L 50 
LAB PH SU 7.9 . 
SODIUM NA,TOT MG/L 7 
SULFATE SO4-TOT MG/L © 19 
RESIDUE TOTAL MG/L 490 
CNDUCTVY AT 25C MICROMHO 660 
CYANIDE CN MG/L £0.01 

. . - ere ES 

T8W2 9/12/86 

T ALK CACOS MG/L 310 | 
CALCIUM CA-TOT MG/L 80 
CHLORIDE CL MG/L 5.2 
IRON FE MG/L 0.2 
MGNSIUM MG,TOT MG/L 41 
MANGNESE MN UG/L <40 
LAB PH SU 8.2 
SODIUM NA,TOT MG/L 2 
SULFATE SO4-TOT MG/L - 23 
RESIDUE TOTAL MB/L 430 
CNDUCTVY AT 25C MICROMHO 650 
CYANIDE CN MG/L £0.01 

PSWS 8/14/86 - 

T ALK CcaAco3 MG/L ~=—=S«-298 
CALCIUM CA-TOT MG/L 71 | 
CHLORIDE CL MG/L 4.1 
TOT HARD CACOS MG/L 320 
IRON FE MG/L 1.6 
MGNSIUM MG,TOT MG/L 36 . 
MANGNESE MN UG/L So 
LAB PH su 7.8 
SODIUM NA,TOT MG/L 3 
SULFATE SO4-TOT MG/L 32 
RESIDUE TOTAL MG/L 374 
CNDUCTVY AT 25C MICROMHO 570 
CYANIDE CN MG/L. £0.0! 

TSw4 : 8/14/86 

T ALK cCacoz MG/L 42 
CALCIUM CA-TOT MG/L 16 
CHLGRIDE CL MG/L 20 
TOT HARD CACOS MG@/L 69 

. TRON FE MG/L 4.4 . 
. | MGNSIUM MG,TOT MG/L 7 

MANGNESE MN. UG/L 100 e 
LAB PH su 10.1 
SODIUM NA,TOT MG/L 8 

. SULFATE SO4-TOT MG/L 14 . 
. RESIDUE TOTAL MG/L 788 ‘ 

CNDUCTVY AT 25C MICROMHO 1640 
CYANIDE CN MG/L 0.10
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ROAD SALT STUDY — WEST BEND SITE © 
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; ROAD SALT STUDY — PEWAUKEE SITE . 
- 400 . [Na] BY WELL FOR 2/86, 5/86, 8/86 
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ROAD SALT STUDY — WEST BEND SITE 
SODIUM CONCENTRATION 
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, TABLE 12 

ROAD SALT STUDY — PEWAUKEE SITE , 
1951 / 1986 WATER QUALITY BATA FOR PSP1 : 

| 500 
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TABLE 13 

PEWAUKEE SITE 

Well PSP1 

. Parameter November, February, 

(mg/1) | 1951 1986 

Total — 
Alkalinity (CaCco3) 300 365 

Calcium 56 110 

Chloride 5 130 

Total Hardness (CaC03) 340 480 

Iron 0.24 less than 0.1 

| Magnesium : 49 50 

pH (standard units) 7.3 7.8 

Sodium 0 70 

Sulfate 29 39 

Total Dissolved Solids 366 -- 

Total Residue -- 694 |



| . TABLE |4 

_ PEWAUKEE SITE 

_. Well # | Parameter ist @ 2nd Q 3rd Q 4tha 
Owner Name (mg/l) 2/11/86 3/13/86 8/13/86 n/a 

PSP 1 Chloride 130 140 130 

Pettersen Sodium 70 57 68 

Conductivity 1100 1100 1200 
Cumhos) 

PSP2 Chloride pe = 94 36 

Wilde Sodium 62 24 24 
Conductivity 910 890 940 

PSPS Chloride 130 140 iso 
Wi edmeyer Sodium &7 6&7 73 

Conductivity 1000 1100 1200 

PSP4 Chloride 220% 240 240 

Kaulbach Sodium 360% 4 36 

Conductivity 1500# 1500 1400 

PSPS Chloride 120 130 130 

Jer abek Sodium 34 37 37 
Conductivity 1100 ~§1100 1200 | 

PSP = Private Well - Salt Study — Pewaukee 
a + = Soft water sample | 

a



| . TABLE /5 

GERMANTOWN SITE 

. Well # ss Parameter ist Q 2ndQ 3rd Q  4tha 
Owner Name (mg/l) 2/12/86 35/16/86 8/13/86 n/a 

PSG1i Chloride 47 41 78 
Wilegus Sodium 21 17 37 

Conductivity 960 900 1100 

. Cumhos ) 

PSG2 Chloride 49 32 34 
Carriage Hills Sodium 12 13 14 
Apartments Conductivity 830 840 910 

PSG3 | Chloride 49 SO# bis 
Guzzanato Sodium 12 180% 2o0e 
(Otto) Conductivity 831 860* 1000# | 

PSG4 Chloride 4& 57 £453 
Gronemeyer Sodium a 12 1S 13 

: Conductivity 840 912 900 

PSGS Chloride 12 13 iS* 
Germantown Sodium 2 4.8 300% 
Mutual Ins. Conductivity 1200 1200 1400+* 

‘PSG = Private Well - Salt Study ~- Germantown 

« + = Soft water sample



TABLE /6 

WEST BEND SITE 

Parameter . 

- * Well # (mg/1) 8/86 5/87 4/88 5/89 7/89 45/90 

(upgradient) 

| TsW4 Ss Chloride 20 18 17 -- -- — 
Sodium 8 5 5 -- -- -— 

(upgradient) 

TSW6 Chloride -- -- -- -- 20 -- 
Sodium | -- -- -- -- 7 -- 

(downgradient) . 

PSW1 Chloride 11 9.2 10 11 11 12 

Sodium 7 2 2 2 3 3 

(downgradient) 

TSW2 Chloride 5.2 7.2. 10 19 | 23 31 

| | Sodium | 2 2 2 2 3 4 | 

(downgradient) 

PSW3 Chloride 4.1 4: 3.8 4.7 4.2 6.2 

Sodium 3 2 3 3 3 2 

PSW = Private Well - Salt Study - West Bend 
TSW = Test Well - Salt Study - West Bend 

é | .
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