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

Naturally occurring radionuclides in
groundwater of north central Wisconsin.
[DNR-054] 1990

Fitzgerald, Charles
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1990

https://digital.library.wisc.edu/1711.dl/COKD64ABWYCNI8I

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.



| & Os & l 

3 

Wi isconsin Groundwater Management 
a . 

Practice Monitoring Project 

a | No. 49 
Water Resources Center 

University of Wisconsin MSN 

1975 Willow Drive 

Madison, Wi 53706 

MEA tar foo nm DTI an si cm fe 

ee, ee al ig ~F 15. me ae 
2 et Ta Atay an Wis = fe 

a ns Lez Se eee RC 

SSS 2 3 a> 

“tim—a31 NZ a = = nas 

NU EL. 
i ‘ | Ba \ (y oe 

dpa Ve ey | Se Be 

: \ ain | 
pee. 

| NAN . oe < \ ’ 

Van terX SRS SRK if 

ees 
GROUNDWATER 
Wisconsin's u ( 
buried treasure 

Wisconsin Department of Natural Resources a { 

Oo



Sahiba 
‘ en + 

Ua Get 1S ti, tL j 
Nae 

i 

Weta ek tate 
: 

pared 
¥ 

iene gen
 tan aie the: hs der 

Ryman 
‘ 4 zt 

a ae 
ei a MN CON ett 

traveiaes 
4 

Ta se aie Waker 
eT 

he A Nae uct
 i ne Sr oh ate 

bain 
ie , Y 

cane aah A HEA TOR a Hii Ren Ranch len Cite ty LE CIRT RR ear ele ane cng 

a RRieathear ta a: ee Be MY a lt i Nea uta 
Tita eV OED PSST ARN 

ela 
‘ 

ain ee ‘a SD 
an Actiepaet ge Cee

 isl adng BPs Hn Wiis Po MORAN 2G 4 Hakeem nee ot ik ea Db (i le 

“4 ROI Pai vet Pee 
CE Nay SERRE ec TRU 

areal es aa HN URN Rau eens th Mensa 
faa ee 

‘a 

Leemenimehe 
Ber amicetnc

 eh bee NAG a ate staee ty Arava ty HSS aC AN MARR carey at Ae oie ea uy 

ais 
nse Pah e font

 vaste yah BAe thi 59) Pail outs bt Wee
 Peabo Mapa igen 

Sp OUR Mage 
| 

it 
ae
 

eee 
Victeeaniys

” seat eee a Ree
 laene 

‘Nike eaters 
SUPA chee

 pee ae ett li ARCnet 
ee aaiarel tet Shoo 

Late ey 5 

ne Meaty ay eA ail aoe 
aN aia Oe 

a aks tinct Sma 
la eee 

He Ne en er ne aain
s ae! Jai pay ae 

5 ic C
e ah iy Vek 

eal GS ey pire ea Rab forsee 
ie hae one A “lt ke ee me sae WAN Veh Sears lk vk dante date Lan anes cts Naber 

[Pram aemareae ys dt eae Te
ese A Lit pa Re UE LE Mp tr ESET 

aaa 
ves a 

‘ag ain
 ty f ete ihe sell 

EAR 
On en Naa ke Le ay Teco 

Beaty ae
d a 

M 

Moe iy eet ane | +) aaah So aa Ie
 Rate a anaes a Cena

. i wus 

AS Tae PAM wpe Sess Oi Tee ee Ba C
t Met es Ai ten My dh eee FM Beh east eon iis Sa a RN

 ana iy es)! 

Seana Deane) MON aa 
Erte 

a Saat Pae
s jh ae CA Dy a ae 

Uninet 

i ear 
Caan Eaten S

e Ppa Waa asa PA a a Mahia Gs Ra 
Direc: 

aj ‘ 

Prat MMP B93 beer OG at ne ae: RPL aa a Sig Pa taiear Piper ue cha ate sant ra Mins 3 

‘ea iy roy a ais » iE Ona ea: iia bi
a Py i, i a Oana 4 es 

eR inte ae ha Lah em fee reR EDI tn, LAM een a Niemen: 
age 

nate 
Reg MERCIA TE nl

 aera 
eh ae ine aah aad es ALA as AMAT a re Pea 

SMR 
SN ABE NA 

‘EAS meroeaes 
; ee

 Meine eh eR wit tees au o
a ee i: omic 

ee gy 

eat BRAY 
yee GYR 

ATOR UT rE Re OR Be
 tah i ee 

Pe Nc 
eh 

ERR as
 haa AL Pea tao BS REE NG ie eS AE Ee 

aoe,
 |. | Be 

ve S pare Rape i ae if te
d i SUS Gi eee 

eye a rani Sets 
WNW knc. Rt

s 
ar ee agi eae am: vy aa 4 hele 

a Ney aa a te een 
NC oA Hann Sahl ee ee ey

 ay my: a He 

Oe Hiya 
SL a aan AES eon oun 

Piouearte ners Gat 
RS) NG 

ae eS Tas 

eet 
Ht Bee 

as At Ag Lents ep 
E ARN 

eluates. ass 
ae Re 

Mae es) iy Cle 
maakt 

Mave R ARS we HbEaNat a Reread) 
Is auteeatee 

" ae a 

Bi Fae aaa cet a 
Vel aera ex pre al See Rae eR H aN icv Au cea

 i nae ets i ae” 

Rete ie, f le Aa wo 
AA ash OO Se tick a a te 

Weve 4 Fp aI re aw 
Bia. 

ge yi 

aM ne oy i eg eae 
Nena aNaliss 

eS ape =f bs Roane 
ihe Car iy Pas ae hs eth ve er mi

en 
y Brera 

% Oya ne
 AO ERE a) aR 

Patsy CSI 
hibaay anes ol seat Ae ee Aas Res. Re 

Blt ae Ait ene Ar Le Oe 
a Hen ie Rory RL eng yal | i" a 

tag eet 
ih Rance Aso 

re tenet 
A PE ri Gee rn 

Ree tte sae er ened Baia Baga) 
eal 

ee bi ny a trata 
Aesth etea pl Ener 

ett Na ee 
ae Path ae ities HY ae 

aR a eae cg ea mete jel 
een 

oan Pia, Aeusee ae Bi Vanity 2. ae ea 
Beet 

ae oe 
ae. 

y Oe 
vee eset ONS ae Be

 3 Prarie 
RA Bi Peano u

te Petia teed? ie ABS 
Ra eae ROWE 

Ci aa 

i! TAR 
Tin LNs at BAMA ean tha) EW ater i Wea : thos aii Wei ce emery if? Ly SEEN gL Femea va 

Bo 

ae EVN 
ea ean aintayae Nee Pat Ly Beton ie ta Ate ns aN ae Set Mey ides! ey Mh Otel aU prio) ne ay 

i iis ies eran) 
aes Cou 2 pees ae ee 

se f eh 
eee 

1 PNR Re 
ee EC te iS) 

en OS Bere nw Enea 
Panes Eyaiere ici hier ‘ Ue inm TEe ihe 

PH Seance 
PAK Ent ee SURE) ort ae PUNE te ee ee 

y Pa Smetana 
ley iD Abpecettaol hi. Oa iT ah pea naeaite, ci a Paso ta 

al PR ait te ee teal uy Veer Moony fevaeaat st steht 
Nee; 

oe P
e 

ae a 
ee La

e Mere amar 
ie 

RY ne. : ao ene i as 
ee cs

 a ey Ah irae ea 
| a 

Sateen de ee Renta ne a eae ave rae a Tay cn eed Na
e Ahi es eS Ng His Me ih. 

Ee i 

ala eG te sed vi uy Brun een aan ee He NC AT I Rain Ra Hype eo RAM rRRMM RL 
aril 

Sa iy he ans a Rutt hd Ha ORAL RE Aran CP 
ye 

CATA 
Dees Penni <9 ih 

ae michele Sd Tet i te eRe Rona ce NaC 
i Seay 

sel US 
ke i ea ease 

a aches 
Pence 

Ae ie hai ee ie P
a ea PNA CGA easy aes 

ea is SA eit 
aa ; in Ae ie De RN 

ty ne Se
e 

USES 
Roe ures 

rust 

Ae i 
Maas rie Sea

 he a tale aaa See 
ACN Tareas

 Pore. ek 

aaa 
nea BAe SCA han es kane lan W mnt 

es Ste Me BG Ws | ie 

Bk Penn ae Araneae 
a iu) eg a by ae

 Lae ye Ne Past MAT. A 
Teta Rien: 

7 

ee Bs sori 
i, aR hy yea Pinan a iyi PE etaeuaeags 

ET ea Suerte na at 

UO eee SU aad Nemes) 
th Ren 

ties ay rae ed as oO
 WEG fe at 

a eS 

UNA is ey Re: Mer Ba suicl yi et ae Mie Ly 
BLL ay Ce 

NA chan ie) aan 

DRS ana Ree ii enn ici) ene UWS ier eaee ate Raila se ha Ze ee A aie) mere i 

sf Ke ae boa 
Hind ig vere Di

ss Se: 4 ms bie: ve WN) va Bot Se ea SLA RSS Hite rca rea UAT Peper i la 

UNSEAT B GCE TOS 
ee REA Bacchi sts AS te PONG acu a Fe ea ren Bertier Sirsa ay a re aes MMe evi), ener 

‘a A aaa AY HS Soe tee
 ane A 

ee er 
Bey 

ER a eh Baoan iy 
een aa a 

ae 

a agar a dea 
ati 

peat) Batler) ay oput hy is Rapa RT tina es One i mae 
Keg Cie ay tte Taney ays ane tae 

Ry Gia ae heat eas 
ee 

ei his ee en Be: vier ss" ie 

eC ce aa 
ait Peay 

Ven 
ae denne Se HNN Pian) 

ak 

ES ae Heh 
a aa pa a 

ee “ie 

ee 
: ek 

ee i 

Sh its a, eed 
Paar ta anne os Paes SI awe Te Ri i tania Aa 

ni aig ef fac Pathe 
\ * 

nea aa 
aes BARR eT Wok a a 

aes a 

Ue te 
oa esa nae Sa ect Aa ie inene 

e gs aM 

LNT ae 

; 
iL aim eas

 (pl eae 
AER a 3 Ae es ee 

Ae 
er 

aren Wad mina Bee
 Ne ea na clan Pea 

c) . ‘ 

TRS NS ae 

H ie Hees ecient 
AA 

Lente tt Suess ots PiaRh et Uta 

is 
Ree 

ae ey
 

Ane aie rte 

Mirman | Se OES OU ani De ie alae | meh ae ie i 

a Rett a es 

el SURO ni ee oe 
Mies naa 

et iE nae ae RUS 
bo es aati 

( 

ee 
eh k

e Pee
s 

at ie! ee 

NEN Wedteeatia at aera aa
a 0s ae Nie 

a Davina 

’ 
WU Bess coher al a 

pis 
ES ft sate Boyt. So

a Cee, ee 

ares aa} 

a et Re enivemcee 
hl ae 

sa ae 

ees a
. fe | 

er 
ee 

ae AES e
s 

ip 
Ae 

ea, 
\ 

, ere 
aot 

ea Winrar ty inns f 15) 4 

Sa ae Bat 

/ 
emery Merah iy Cah os ea TU Ce uh cy ey mak (a 

te aie T
ae Te Beet 

: } a Bea enn 4 Ae ae 
i Car ines Bas. 

iG pee 
Ge HEE Se 

; 
mo ee lee A

e 
ee ey: 

} 

ements Monee yin
 Shen a aie 

BEES TN tt Pegs Panton Vee Raa B ey el eee 
ia 

Pe es | Se UI aU Rea SNe aera fas emit) 
eat. \ oxen SMV Lan anes 

ee an RPL Uy
 

ee 

wi oo 
eh pause eae: Reed uinvny cant acuias 

ei 
os 

eae ' 

We: Tee
 as Paitin 

Cae ara a) race 
eee pho

t 

tes ae (yr tae sot
 are nat be em ne eget va lie me POCA Dale ies 

Memes tts. aa Ua aa 
aeee bbe ONY eis tt, meet Per e

sa EN Dna whats a Bt WU spats ag 

an RE atic 
ier a rane enn nat ANAS Reale) an

 i Gece ai og He 

Pees 
rape. ipa eee ae SRM aE ease in Pies Rares 

ik Laat ae 

HULSE tus ye ty ean eG
 ieea Oat a eine PR ah 

Beata Vries Op
es Rena TAME 

ae ai ea Nea rea ap 
aC Roan 

ert Ry acer NE UNG EN e
e N ere. 

) hee ee
e, 

Peet anes: agra aa HG ee
 a Bae i 

Septem 
aol In A ads Pe as: Peta 

Wie Mie 
amen 

eat Rot WA 

ht ee Le Paes dee nN pa aa Pay cp uemr entails reel 
EE ry ee e

R ER RUG Iaey hte 

PASE VStar aa Tie Rave ahha ch ei Scat 
sri geo ONE 

i fel Rane AR 
Gaye et IeaR ey 

eh Hea a rth 

Byers SUT eM eRe OK ae Bai (odes 

Be NM ap Netitila otf 
ate ake ta)



7 Water Resources Certer 
: . —- University of Wise Jasin - MSN 

_1975 Willow Drive - 

| , LMadison, WI 53706. 

Naturally Occurring Radionuclides 

In Groundwater of North Central Wisconsin 

By Charles Fitzgerald. 

2 if Fs ,



| ABSTRACT 

In 1985, the Water Supply Program of the Wisconsin Department of Natural 

Resources (WDNR), North Central District began a study of naturally 

occurring radioactive constituents of groundwaters in north central 

~ Wisconsin. The purpose of the study was to determine if groundwater in 

the area contained radioactive properties which would be of a health " 

concern to persons utilizing the groundwater for water supplies. 

Since 1985, a total of 468 water samples were analyzed for various : 

| radioactive properties. The water supplies included 48 municipal water 

supplies, 6 other than municipal public water supplies, 45 school water 

. supplies, and 153 private water supplies. 

The analysis performed on the water supply samples included 187 analyses 

: for gross alpha activity, 368 for radon, 124 analyses for gross beta 

activity, 35 samples analyzed for uranium and 55 for radium. Each | 

sample was not analyzed for all radioactive parameters due to the 

peculiarities of the funding for each phase of the project. 

Funding for this study came from various sources available to the Bureau 

of Water Supply and from the WDNR Bureau of Water Resources Management, 

utilizing grants from the Wisconsin Groundwater Management Fund. 

Assessment of radon in water was a prime concern for this study, both as 

| a characterization of the aquifer and to evaluate the health aspects of 

breathing radon gas volatilizing from water. The US EPA has projected a ° 

maximum contaminant level (MCL) for radon of between 200 and 2,000 pcei/l 

(picocuries per liter). The WDNR attempted, by this study to assess the 

regulatory impact to public water supplies in the District. 

The conclusions of the study indicate naturally occurring radioactive 

constituents are present in many of the groundwaters of north central 

Wisconsin at levels which exceed maximum contaminant levels specified or 

| proposed by the Federal Safe Drinking Water Act (SDWA) and at levels 

| which may be of a significant concern to suppliers and consumers of these



| groundwaters. Gross alpha particle activity ranged from below detection 

(<1 pCi/1) to a high of 356 picocurries per liter (pCi/l). Uranium 

levels were detected as high as 197 pCi/1l, with gross beta activity 

detected as high as 160 pCi/l. Radon, a specific radioactive 

constituent of concern was found from below detection to as high as 

391,394 pCi/l. Radium values ranged from below detection to a high of | 

, 58.0 pci/1l. . 

. ‘Three aquifers in the area were sampled, with the Precambrian 

crystalline bedrock aquifer showing elevated levels of naturally _ 

occurring radioactive properties in a significant percentage of the 

water supplies. The Cambrian sandstone aquifer and the Pleistocene 

deposits showed little tendency for elevated radioactive constituents 

with the exception of radon in water supplies drawing water from 

Pleistocene deposits directly in contact with the Precambrian 

: crystalline bedrock. Persons utilizing the crystalline Precambrian | 

bedrock as a source of groundwater for water supplies should have the 

water analyzed for gross alpha and radon content to assure the safety of 

the water. | . 

| I. INTRODUCTION 

The North Central District (NCD) of the WDNR consists of ten counties in 

northern and central Wisconsin (Figure 1). Water supplies, both public 

- and private utilize groundwater as the sole source of their water. As 

| part of the monitoring program required under the provisions of the , 

Federal Safe Drinking Water Act (SDWA) and Chapters 160 and 162, 

Wisconsin Statutes, the Water Supply Program of the WDNR regularly 

. assesses the gross alpha radioactive properties of public water supplies 

in the North Central District. Initial monitoring in the NCD indicated | 

| levels of radium in a few small public water supplies exceeded the 

combined radium maximum contaminant level (MCL) specified by the SDWA of 

. 5 pCi/l (picocuries per liter) but also indicated elevated gross alpha 

radiation levels not due to radium activity. Review of the well 

construction of the public water supplies indicated the problem water |



supplies utilized the Precambrian crystalline bedrock aquifer as their 

water supply source. 

Information provided by the Wisconsin Geological and Natural History 

Survey and the United States Department of Energy’s National Uranium 

Resources Evaluation Program indicated the potential for : 

concentrations of naturally occurring radioactive constituents to be - 

present in groundwaters associated with the Precambrian crystalline 

bedrock of north central Wisconsin. / 

In the North Central District, three types of aquifers serve as the 

source of the water supplies, both public and private. The major 

aquifer is the Pleistocene glacial deposits® which overlay Precambrian 
crystalline bedrock. These Pleistocene deposits are shallow in depth 
(<100 meters) and consist of fine grain sands and glacial tills. These 

deposits are the aquifer of choice, where available in sufficient 

Saturated depth, due to the quantity and quality of the groundwater. 

The second major aquifer is the precambrian crystalline bedrock. This 

aquifer generally exhibits very low yields, and the water quality is 

often less than desirable due to iron, iron bacteria, and manganese 

concentration. The crystalline bedrock aquifer is the only aquifer 

available to many of the residents of north central Wisconsin. Large 

areas of Lincoln, Marathon, Portage, and Wood Counties depend upon the 

| crystalline bedrock for their water supplies. The third aquifer in 
| north central Wisconsin is the Cambrian sandstone formations of southern 

| Wood, and Juneau, and Adams Counties. - 

Large municipal public water supplies in the North Central District are 
| primarily located in Pleistocene deposits close to major surface waters 

such as the Wisconsin River. The location of these wells is often 

governed by the well yields available to serve large populations. Small 

public and most private water supplies in the District utilize the only | 

aquifer available which, in many cases, is the Precambrian crystalline 

bedrock. A significant percentage of the population of the North 

Central District relies upon low capacity water supply wells constructed 

into the crystalline bedrock aquifer.



Due to the low yields of the crystalline bedrock aquifer, common 

construction of smaller water supply wells open to the bedrock consists 

of a 40-foot casing with a lower unlined drillhole. The lower 

drillhole is commonly hundreds of feet in depth. The lower drillhole 

serves primarily as a reservoir for the owner to allow for sufficient | 

. recovery of groundwater between use of the well pump. Blasting and - 

hydrofracturing are common techniques used to increase the yields of 

wells constructed in the crystalline bedrock. These two techniques are 

used to increase the fractures in the crystalline bedrock to intercept 7 

other existing water bearing fractures. 

II. HEALTH ASPECTS | 

Four naturally occurring radioactive isotopes are of concern - 

radium 226, 228, uranium, and radon 222. All four of these isotopes are 

of concern due to their potential for causing cancer and other health 

problems in persons using water supplies containing these elements. 

Radium has long been recognized as a potential human carcinogen. The 

existing federal and state MCL for Radium 226 and Radium 228 is 5 pCi/l. 

| Radium is similar in behavior to calcium and like calcium residues in 

the bones when ingested. Human health data indicates a correlation 

between ingested radium and bone cancer. | 

Uranium has potentially carcinogenic properties. as vell as chemotoxic 

. effects to the kidney. The Environmental Protection Agency is reported 

to propose shortly an MCL for uranium of between 10 and 40 pCi/1 based 

. | upon studies which have indicated potential health effects in humans 

consuming elevated levels of uraniun. | 

Radon-222 is a radioactive gas (a decay product of Radium 226) which has | 

ee | been linked to an increased risk of lung cancer. High concentrations of 

radon in water may result in elevated levels of radon gas in the indoor 

| atmosphere of a building being served by the water supply due to 

volatilization of radon from the water during showers, clothes washing,



etc. In general, a ratio of 10,000 pCi/l of radon in a water supply may 

result in an increase of 1 pCi/l of radon in air in the interior | 

atmosphere of a building”. 

The Wisconsin Division of Health has specified a maximum radon in water 

health advisory level of 40,000 pCi/1%. A level of 40,000 pCi/1 of | 

radon in water would result in an increase of 4 pCi/l in the indoor air * 

of an average home. The US EPA has established a level of 4 pCi/1 in 

the home air as a level at which action should be taken to reduce the a 

radon in air concentrations. - 

The US EPA is reported to shortly propose a drinking water MCL for radon 

of between 200 to 2,000 pCi/1l, with an expected level being discussed of 

500 pCi/1™. The discussed MCL levels would result in an increase of 

between .02 and .2 pCi/l in the indoor air of an average home. 

Other naturally occurring radioactive elements of concern such as 

Thorium and Lead 210 are not covered in this report. 

III. STUDY DESIGN 

In 1985, a concern was raised by WDNR North Central District Water 

Supply staff regarding the potential for naturally occurring radioactive © 

contaminants to be present in the water supplies of the District. 

Monitoring of various public water supplies had indicated the potential 

| for this contamination to exist in water supply wells utilizing the 

Precambrian crystalline bedrock aquifer as a source of water. . 

| Concern over the safety of the groundwaters of the Precambrian aquifer , 

was increased due to the State of Wisconsin Well Compensation Program, 

which provides funds to private homeowners to replace contaminated water 

supply wells. In many cases, the State of Wisconsin was providing funds 

to construct new, deeper wells into the Precambrian aquifer due to 

| | contamination in the shallow Pleistocene aquifer. Concern was expressed 

| that the State of Wisconsin was subsidizing the exchange of one man-made 

" contaminant for other naturally occurring contaminants which may be more 

oe hazardous.



Starting in 1986, funds were obtained from various sources, primarily 

the Wisconsin Groundwater Management Fund, to sample and analyze water 

: supplies in the District for naturally occurring radioactive isotopes. 

The water supplies to be analyzed were recently constructed drilled 

wells, primarily private water supplies, for which adequate construction 

data existed and public water supplies serving schools, mobile home . 

parks, and municipalities. 

The sampling locations were chosen to provide coverage of the entire _ 

District and provide information on each type of aquifer in each area of 

the District (see Figure 2-13). 

All samples were obtained by WDNR NCD Water Supply staff. Samples were 

obtained from sample locations as close to the well as possible, and 

prior to any pressure tanks and/or water treatment devices. The 

sampling procedure involved locating the sampling point prior to 

pressure tanks and water treatment devices and running the water supply 

| to provide for fresh groundwater from the aquifer (5-15 minutes) prior | 

to obtaining the sample. Samples to be analyzed for gross alpha and | 

beta radiation were collected in 750 ml polyethylene bottles obtained | 

| from the Wisconsin State Laboratory of Hygiene (SLOH) and shipped to the 

SLOH the same day. Samples for the analysis of radon gas were obtained 

in two 40 ml glass septum top vials obtained from the SLOH and shipped 

to the SLOH the same day. 

If the analysis of the gross alpha particle activity indicated further 

analysis was warranted (e.g. >15 pCi/1), samples for the analysis of 

uranium and radium were obtained by WDNR staff in one-gallon 

polyethylene containers, preserved with nitric acid and shipped to the 

SLOH as soon as practical but no later than one week from the time of 

: sampling. Gross alpha particle activity was used as an indicator of the 

| need for further analysis radium and uraniun. 

| All analyses were performed by the Radiation Protection Laboratory of 

the Wisconsin State Laboratory of Hygiene.



IV. RESULTS | | 

: A. General 

The results of all radioactivity analyses (NCD Radioactivity Study 

and SDWA compliance samples) performed on water samples obtained 

: from the North Central District from 1985 to 1989 are presented in . 

Table 1 and Figures 3-13. These results indicate a dramatic 

difference in levels of naturally occurring radioactive elements 

in the groundwaters of the different aquifers of the District and _ 

| in the specific area of each aquifer. 

The data presented in Table 1 is separated by county, township _ 

name, and by water source. The wells indicated as being a water 

source of sandstone or crystalline bedrock are wells constructed 

| with a steel well casing grouted into the surface of the bedrock, 

| with open boreholes extending to various depths into the bedrock. 

The sandstone refers to the Cambrian sandstone aquifer while the 

crystalline notation refers to the Precambriam crystalline bedrock 

aquifer. The water supplies indicated as obtaining their water 

from unconsolidated (Pleistocene aquifer) formations are 

constructed with well casings to varying depths. 

| B. Cambrian Sandstone Aquifer | 

The Cambrian sandstone aquifer is utilized only in a limited area 

in the southern portion of the North Central District (Adams, 

Juneau, Wood, and Marathon Counties) and exhibited little tendency 

to contain groundwaters with elevated levels of naturally ; 

| | occurring radioactive elements. 

Analysis for gross alpha particle activity was performed on 

| 20 samples obtained from water supplies receiving their water from 

: the Cambrian sandstone. The gross alpha particle activity ranged 

from below detection (<3.0 pCi/l1) to a high of 10.1 pCi/l, with a 

standard deviation of 3.16 pCi/l and an arithmetic mean of | 

1.4 pci/l. (Note in all calculations, values less than the 

detection limit were assigned a value of 0 (zero)).



: Due to the relatively low values reported for the gross alpha 

activity, only 5 of 20 samples of water from the Cambrian 

sandstone were analyzed for radium content, with the high comb ined 

| total radium (Radium 226 plus Radium 228) reported at 5.6 pCi/1l 

and 2 of the 5 samples being analyzed at below the detection limit | 

. of 1.0 pCi/1l. None of the samples obtained from the Cambrian - 

sandstone aquifer were analyzed for uranium content. 

| Ten water samples obtained from the Cambrian sandstone were 

| analyzed for gross beta particle activity with all but 2 being 

analyzed at less than detection (4.3 to 4.5 pci/l), one value of 

4.6 pCi/l and the high value of 6.5 pCi/1. 

Radon activity was measured in 15 water samples obtained from the 

' Cambrian sandstone aquifer, with values being reported from below : 

the detection level (see note) to a high of 767 pCi/l. The 

arithmetic mean of the radon activity in the 15 Cambrian sandstone 

water samples was 289.8 pCi/l, with a sample standard deviation of 

7 244.2 pCi/l. 

Note: Radon detection levels -. the detection level for radon in 

water ranged from a low of <65 pCi/l to a high of <520 pCi/1 (see 

| | Table 1). For all calculations, values being reported as less 

| than detection were assigned a value of zero. | , 

C. Unconsolidated Pleistocene Aquifer | 

. The unconsolidated Pleistocene aquifer exists over most of the 

| | North Central District. Its thickness ranges from a depth of less 

than 1 meter to 100 meters. This unconsolidated aquifer consists 

primarily of glacial drift, outwash or till materials and is the 

aquifer of choice, where available, with water yields usually 

adequate to serve a variety of purposes. . 

: Twenty-four water supplies utilizing the Pleistocene aquifer were 

| - analyzed for gross alpha activity. Of these, only 7 exhibited 

" activities greater than the detection limit (<3.0 pCi/1), with the



highest value being reported at 12.7 pCi/l. No water supplies in 

| a the Pleistocene aquifer were analyzed for radium or uranium 

} activity. | . 

Gross beta activity was determined in 18 water supplies, with 

11 values being reported at less than the detection level (<2.9 - 

4.9 pCi/l) and a high value of 39.6 pCi/1. | “ 

One hundred ninety-six water supplies obtaining their water from : 

the Pleistocene aquifer were analyzed for radon activity. The ; 

arithmetic mean of the results was 944.9 pCi/l with a population 

standard deviation of 2,652 pCi/l. The highest value for radon 

activity was 30,678 pCi/l in the unconsolidated Pleistocene 

aquifer. Water supplies exhibiting the elevated radon activity 

| (e.g., >1,000 pCi/l) were wells obtaining the groundwater directly 

| adjacent to the interface between the unconsolidated Pleistocene | 

aquifer and the underlying Precambrian crystalline bedrock 

aquifer. | 

D. Crystalline Precambrian Aquifer 

The crystalline Precambrian aquifer is the only aquifer available 

to large portions of the population of Marathon, Portage, and Wood 

Counties. The lack of sufficient depth of the unconsolidated 

| : Pleistocene deposits in these areas results in a common well 

construction consisting of 40 feet of casing sealed into the | | 

bedrock and an open borehole in the bedrock, sometimes hundreds of : 

feet in depth. . } 

| The crystalline Precambrian bedrock exhibited the widest range and 

maximum values for all parameters analyzed. The naturally | 

occurring radioactive properties of the Precambrian crystalline | 

bedrock are not consistent within each area. Individual wells on 

| the same property can exhibit dramatically different values . 
| | . depending upon depth, yield, and water use”. a



| Gross alpha activity was measured in 143 water supplies obtaining 

the water from the Precambrian crystalline bedrock. Values ranged _ 

from below detection (<3.0 pCi/l) to a high of 356 pCi/l, with an , 

arithmetic mean of 15.7 pCi/l and a population standard deviation 

of 51.1 pCi/l1. | 

Radium content was measured in 34 water supplies. The values . 

ranged from below detection (<1.0 pCi/l) for each radium | 

(Radium 226 and Radium 228) to a high of 58 pCi/l for combined 

radium. The arithmetic mean for the combined radium activity for 

the water supplies coming from the Precambrian bedrock was 

, 6.3 pCi/l, with a standard deviation of 14.1 pCi/l. 

. Uranium activity was measured in 35 Precambrian water supplies 

. with the range from below detection (<1.0 pCi/l) to a high of 197 

pCi/l, with an arithmetic mean of 40.7 pCi/l and a standard 

| deviation of 51.2 pCi/1. a | 

Gross beta activity for the 96 samples obtained from the 

Precambrian crystalline aquifer ranged from below the detection 

levels (3.0 - 4.6 pCi/1) to a high of 160 pCi/l. The arithmetic 

mean for the gross beta activity was 10.8 pCi/l with a standard 

deviation of 26.8 pCi/1. 

Radon activity in the Precambrian aquifer was the largest set of 

| data obtained during the course of this study; 157 water supplies 

" utilizing the crystalline bedrock were analyzed for radon. 

Detection limits varied from less than 56 pCi/1l to 198 pCi/l. The 

: range of radon values went from below detection (3 samples) to a 

° high of 391,394 pCi/l, with an arithmetic mean of 15,910.9 pCi/l | 

and a standard deviation of 46,260 pCi/1.



| V. DISCUSSION | 

The Federal Safe Drinking Water Act (SDWA) has regulated the saxizum 

contaminant level (MCL) of a contaminant in a public water supply at 

various risk levels. The existing SDWA and NR 109 (Safe Drinking Water 

Act and Wisconsin Administrative Code) requirements have established an 

MCLs for gross alpha activity at 15 pCi/l and combined radium activity - 

at 5 pCi/l. The State of Wisconsin DNR has primacy to enforce the SDWA 

in Wisconsin. | 7 

At the present time, the SDWA does not specify an MCL for uranium; | 

| however, the discussed future MCL is 40 pCi/l for the radioactive 

| isotope activity. The level is based upon a risk due to the 

carcinogenic properties of uranium and also potential chemotoxic effects 

of the element to the kidneys. 

| Radon analysis was a prime concern of this study (Figures 3-13), both as 

an indication of the aquifer characteristics and as a result of the 

health aspects associated with breathing radon gas. The SDWA has 

proposed an MCL for radon in public water supplies between 200 and 

2,000 pCi/l, with a level of 500 pCi/l reportedly being projected. The 

proposed MCL is based upon the risk associated with breathing radon gas 

which volatilizes from the water and enters the atmosphere of the 

building. 

Assuming a level of 10,000 pCi/l of radon in the water supply will an 

result in an increase of 1 pCi/l in the indoor atmosphere of an average . 

. home, the proposed MCL should be established at a level of 200 pCi/1 or 

less if the level is to be regulated at a risk level equivalent to many ° 

other contaminants regulated by the SDWA. Of special concern is the 

laboratory detection limit for radon which, in cases, exceeds the lower 

recommended MCL of 200 pCi/l. Because of the relatively slow rate of 

volatilization of radon into the air, radon and its breakdown products, : 

polonium-218 and lead-210, may also be an ingestion hazard. 

The State of Wisconsin Department of Health and Social Services has . 

established an advisory level for radon in water at 40,000 pCi/l, which |



corresponds to a level at which the indoor atmosphere of a home may 

reach an action level of 4.0 pCi/1. 

While the SDWA is enforceable for public water supplies, by association 

the federal MCLs also act as recommended health advisory levels for 

private water supplies. If the SDWA specifies an MCL of 500 pCi/1, the 

. impact to the consumers of all water supplies in north central Wisconsin ° 

will be significant. 

| A particular concern for future research is the possibility of pressure - 

. tanks, water heaters, and water treatment devices (e.g., water softeners 

: and, particularly, carbon filters) concentrating radioactive isotopes to 

a degree which poses a potential health risk to persons living with 

these devices™. These water treatment devices are very common in the 

study area due to the poor water quality, e.g., iron, manganese, and 

- sulfur commonly associated with the aquifers in the North Central 

| District. 

VI. CONCLUSIONS | - | 

Two of the three aquifers studied in the North Central District indicate 

little potential for containing naturally occurring radioactive 

constituents which would be of a health concern to the consumers of 

groundwaters from these aquifers. The Cambrian sandstone aquifer 

exhibited little potential for containing natural radioactive 

_ properties. The Cambrian aquifer showed little potential for containing 

. | gross alpha or beta emitting radioactive constituents which would be of 

a health concern and only 4 samples exhibiting a radon activity greater | 

° than 500 pCi/1l. | 

The Pleistocene aquifer showed little potential for containing radon at 

levels which would exceed the State of Wisconsin Advisory Level of 

40,000 pCi/1; however, if the US EPA established an MCL at 500 pCi/1, : 

28.5 percent of the wells sampled in this group would exceed the MCL. 

_ —— These Pleistocene water supplies were located throughout the District | | 

with the exception of Adams County. °



The crystalline Precambrian bedrock aquifer exhibited a strong tendency 

~ for containing groundwaters with significant levels of naturally 

_ occurring radioactive. constituents. Elevated levels of all parameters, 

gross alpha, beta, radium, uranium, and radon were found during the 

course of this study, primarily in northern Portage and Wood Counties 

- and throughout Marathon County. 

In the crystalline Precambrian bedrock, 143 water supplies were analyzed 

for gross alpha particle activity; 30 of the samples indicated levels 7 

| exceeding 15 pCi/l, the SDWA MCL action level or a rate of 20.9 percent > 

of all the samples analyzed from the Precambrian aquifer. A total of 74 

water samples obtained from the crystalline Precambrian bedrock aquifer 

were analyzed for combined radium. Ten of these samples exceeded the 

| 5 pCi/l SDWA MCL or a rate of 13.5 percent of all samples analyzed; 35 | 

water supplies, obtaining their water from the crystalline bedrock 

. aquifer were analyzed for uranium, 5 percent (8 water supplies) of these 

exceeded the level of proposed SDWA MCL of 40 pCi/l or a rate of 

23.5 percent. 

It is important to note only 11 of 143 water supplies analyzed for gross 

alpha activity in the Precambrian crystalline aquifer resulted in values 

for combined radium and/or uranium exceeding existing or proposed MCLs, 

or a rate of 7.6 percent. | 

Of particular concern is some of the uranium and combined radium levels : 

| found, some were extremely high, indicating while these isotopes are not 

| widespread, even adjacent wells can differ dramatically where radium and . 

uranium concentrations do occur (e.g., Townships of Wausau and Texas in 

Marathon County and Stockton in Portage County), they can be very . 

significant. | 

| The levels of gross alpha radiation indicated does, in most cases, 

exceed the levels of radium and uranium combined, indicating the 

potential for other alpha emitting isotopes such as thorium, poloniun, 

and lead. See an ee mee 

Gross beta activity was measured on 96 water supplies in the crystalline | 

bedrock. Five exceeded the SDWA MCL of 50 pCi/1l, for a rate of



5.2 percent of the water supplies exceeding the recommended levels. 

This: may indicate the presence of elements such as thorium 234, 

palladium 234, and lead 214 and 210 being present (Figure 14). 

: The most significant results obtained from the analysis of water supply 

samples obtained from the crystalline Precambrian bedrock were for 

. radon. A total of 157 radon in water tests were performed on . 

crystalline bedrock well samples, 139 of these exceed a level of 

. 500 pCi/l or a rate of 88.5 percent greater than the projected SDWA MCL. 

In all, 368 radon analyses of water supplies were performed. 199 of 7 

| these results exceeded the projected MCL of 500 pCi/1, or a rate of 54 

percent of all wells sampled. Only 9 of the 157 water supplies exceeded 

the 40,000 pCi/l recommended Health Advisory Level of the Wisconsin 

Division of Health. 

VII. RECOMMENDATIONS - 

Public agencies which have a regulatory and/or an advisory function in | | 

the protection of public health should establish a framework to proceed - , 

with future research and a public information campaign regarding the 

potential for water supplies, both public and private to contain 

naturally occurring radioactive constituents of a health concern. These 

agencies and their recommended functions should include: 

1. The Wisconsin Department of Natural Resources, with the US EPA, 

. expand the sampling program beyond the North Central District to 

. other areas of precambrian crystalline bedrock and other 

significant geologic formations to determine the regulatory impact 

. to public and private water supplies. The WDNR has already begun 

to require all new municipal and other than municipal wells to be . 

analyzed for radon. 

: 2. The Wisconsin Division of Health review the Health Advisory Levels 

presently established and coordinate with the US EPA and WDNR 

regarding the proper Health Advisory recommendations for radon. 

, 3. The WDNR, WDOH, and Wisconsin Radiation Protection Council 

| establish a public information campaign to notify water supply



. owners in suspect areas of the need for water supply analysis. . 

This should be done in conjunction with local public health | 

: agencies. | 

4, The WDNR and the Wisconsin Department of Industry, Labor and Human 

Relations should begin research on the possibility that common . 

water holding or treatment devices (e.g., pressure tanks, water 

softeners, charcoal filters, etc.) may have the ability to 

_ concentrate radioactive materials, presenting a greatly 

accelerated health risk to persons coming in close contact with 

these devices. : 

5. | WDOH, WDNR, and US EPA should begin research on the potential 

ingestion hazard presented by radon and its decay products such as 

Lead 210. 

6. The Wisconsin Geologic and Natural History Survey should establish 

a program to identify areas of concern in the state and to guide 

the WDNR on future sampling programs. 

7. Funding should be obtained to expand the ability of the Wisconsin 

State Laboratory of Hygiene to analyze radiation properties of 

water supplies. . 

8. Analysis of radioactivity in nearby wells or test wells should be 

| taken into account before the construction of a replacement well 

| for a volatile chemical or pesticide contaminated supply. An 

evaluation of total health risk needs to be accomplished prior to 

funding a replacement water supply. 
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RADICACTIVITY 18 NCD WATER SUPPLIES 

, | (all resuits in pico curies / liter) 

Cpt izt) 

TOMNSHIP MAME RADON ( TOTAL RADIUM RADIUM ) (GROSS GROss ) (URANIUM) WATER 

RADIUM 226 228 ALPHA SETA SOURCE 

ee Adems " 

| BIG FLATS (119 ROGE) (< 188) ¢ > ¢ > C ] Unconsol idated 

DELL PRAIRIE (114 ROGE) c 76) ¢ » «< 3.0 < 63) C ] Sandstone . 
: EASTOM (1716 ROGE) ¢ 236) ¢ » «<< 3.0 < 43) [C ] Sandstone 

EASTON (116 ROSE) ( 201) ¢ » ¢ > C ] Unconsolidated — 

JACKSON (T15 RO7E) ( 121) ¢ » «< 3.0 < 43) [ ] Sendstone “ 

LINCOLN (T17 RO7E) (<< 18) ¢ > ¢ > C ] Unconsol idated 
NEW CHESTR (116 RO7E) ( 248) ( > ¢ > Cf } Unconsol idated - 

NEW CHESTR (716 RO7E) (<< 18) ¢ > ¢ > C -) Unconsol idated 

PRESTOM (118 ROGE)  ¢ > ¢ 5.6 2.6 3.0) ¢ 10.1 > C ] Sandstone 

PRESTON (718 ROGE) (< 65) (¢ > (< 3.0 < 44) [ ] Sandstone 

ROME (T20 ROGE) ( 623) ¢ > «< 3.0 < 63) [ ] Sandstone 

SPRINGVILLE (T1S ROSE) ( > ¢« 2.8 2.8) («(< 3.0 > C ] Sandstone 

STRONGS PRAIRIE (T18 ROSE) (<< 188) ¢ > ¢ > C ] Unconsol idated 

ee Forest 

ARGONME (137 R13E) | ( 2968) ¢ » «< 3.0 < 3.2) { ] Crystalline 
ARGONNE (T37 R13E) ( 307) ¢ . » ¢ > f ] Unconsol idated 

7 ARMSTRONG CREEK (T37 R16E) (< 56) ¢ > « 3.0 < 4.5) f{ } Crysteiline 
| ARMSTRONG CREEK (137 R16E) ( 750) ¢ > ¢ > C ] Unconsol idated 

| CASWELL (T37 R15E) ¢( 1008) ¢ > ¢ > } Unconsol idated 

CRANDON (T36 R12E) ( 738) ¢ > « 3.0 < 44) { 1 Crystalline 

FREEDOM (134 RISE) ( 1075) ¢ > ¢ > ] Unconsol idated 

° ’ HILES (737 R12E) ( » €< 1.0 < 1.0 < 41.0) (< 3.0 > C ] Unknown “ 

WILES (T37 R12E) (<< 216) ¢ > ¢ > fC ] Unconsol idated 

LAOMA (T36 R15E) ( 373) ¢ > ¢ > ] Unconsolidated — 

LAONA (T35 R15E) ( 937) ¢ > ¢ > C ] Unconsol idated 

LINCOLN. (136 R13E) ( » «< 1.0 < 1.0 < 1.0) ( 5.1 >. 1 Crystalline 
LINCOLN (136 R13E) ¢ 340) ¢ > « 3.0 < 4.4) f ) Crystatline 

LINCOLN (T36 R13E) (<< 284) ( > ¢ > ] Unconsol idated 

LINCOLN (136 R13E) (< 283) ¢ » ¢ > C ] Unconsol idated 
LINCOLN (735 RI3E) ( 1126) ¢ > ¢ > Cf ] Unconsolidated — 

NASHVILLE (T34 R13E) ¢ 316) ¢ > ¢ > C }) Unconsol idated 

ROSS (T38 R14E) ( > ¢ < 1.00) («(< 3.0 > £ ) Crystailine | 
ROSS (T38 R14E) ( 299) ¢ | » «< 3.0 < 3.2) € ] Crystalline 

WABENO (T3464 R15E) ¢ > ¢ > ¢ 15.8 > Cc 9.5) Crystatline 

WABENO (T34 R15E) ¢ > ¢ 2.4 1.0 1.4) ¢€ 24.6 > ] Crystalline 

WABENO (T34 R15E) ( 3961) («< 71.0 < 1.0 < 1.0) ¢€ 19.2 > C 33.01 Crystalline . 

WABENO (T34 RI5E) ( 946) ( » ¢ > ] Unconsol idated 

=e §6Juneau . . 

| KILLDARE (115 ROSE) ¢ 93> ¢ » ¢ 5.4 6.5) [C -] Sandstone 
LEMONWEIR: (T16 ROSE) ¢ > ¢ > (< 3.0 > C - J Sandstone 
LEMONWEIR (TIS ROSE) ( » ¢ » «< 3.0 > Cc | } Sandstone 

LISBON (T16 ROSE) ¢ 151) ¢ > ¢ 3.2 4.6) [ 7 Sandstone 

MARION (715 ROSE) ¢ »> ¢ < 1.0) («<< 3.0 > C ] Sandstone 

WECEDAN (118 R03E) ¢ > ¢ < 1.0) ¢«< 3.0 > [ ] Sandstone 

ORANGE (T17 RO2E) C 109) ¢ » « 3.0 <« 43) [ ] Sandstone 

SEVEN MILE CREEK (114 ROGE) ( > ¢ 1.4 1.4) (< 3.0 »> ] Sandstone 
WONEWOC (T14 RO2ZE) ( 125) ¢ > «< 3.0 < 44) [ ]} Sandstone 

WOMEWOC (T14 RO02E) ¢ 102) ¢ > «< 3.0 < 4.5) [ ] Sandstone | 

we Langlade | 

ACKLEY (731 R10€) C > ¢ 1.2 1.2) «< 3.0 > C } Crystalline 
ACKLEY (T31 R10E) ( 5619) ¢ > ¢ > ¢C ] Unconsol idated
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MXLEY (T31 R10E) ¢ 27) ¢ » ¢ » C 1 Unconsol ideted 
AINGMORTN (T34 R12E) ¢ 647) > ¢ > ¢ } Unconsol idated. 

: ANTIGO (131 R11E) ¢ 801) ¢ » («< 3.0 < 3.0) [ ] Unconsol ideted . 
-AMTIGO (T31 R11E) (<< 263) ¢ » ¢ »> C ] Unconsol ideted 

ANTIGO (T31 R11E) (<< 263) ¢ > ¢ > ¢ }] Unconsol idated. 

. ANTIGO (T31 R1I1E) (<< 263) ¢ »> ¢ > C }] Unconsol idated 

ANTIGO (T31 R11E) «<< 21) ¢ > «¢ > C J} Unconsol idated - 

ANTIGO (131 R11E) (<< 219) ¢ > ¢ > C ] Unconsol idated - 

ELCHO (734 RITE) ( 714) ¢ > «< 3.0 > ¢ ] Crystalline | 

ELCHO (T34 RITE) ( 253) ¢ > «< 3.0 < 2.9) C } Unconsol idated 

ELCNO (T34 R1I0E) ( 642) ( > ¢ > C -] Unconsol idated 

ELCHO (T34 R10E) ( 968) (¢ » ¢ > ] Unconsol ideted 

EVERGREEN (T31 R13E) ( 1807) ¢ » «< 3.0 < 3.1) C ] Unconsol idated 

LANGLADE (T33 R13€) (< 282) ( » ¢ > C } Unconsol idated 

LANGLADE (T33 R13E) ( 252) ¢ » ¢ > C ] Unconsol idated 

LANGLADE (T33 R13E) ( 678) (¢ > ¢ > ) Unconsol idated 

NEVA (T32 R11E) (<< 185) ¢ > ¢ > }) Unconsol idated 

WORWOOD (730 RIZE) C- 266). €. 2, » «< 3.0 < 3.0) C __ 2 Unconsol idated © 
WORWOOD (T30 R12E) ' «< 260) ¢ > ¢ > ¢ ] Unconsol ideted 

WORWOOD (TSO R12E) ( 873) ¢ > ¢ > ] Unconsol idated 

PARRISH (134 ROSE) ( 368) > «« 3.0 < 2.9) [ } Unconsol idated 

PECK (T32 RIDE) «( 1995) ¢ > «< 3.0 < 2.9) f ] Crystalline 

PECK (T32 R10E) | ( > ¢ 2.6 2.6) (< 3.0 > Cc ] Crystalline 

POLAR (T31 R12E) ( 811) ¢ > « 3.0 > C 1 Crystalline 

ROLLING (T30 R11E) ( > ¢ < 1.0) (< 3.90 > C ] Crystalline 
ROLLING (T3O0 R11E) ( 2615) ¢ > « 3.0 > ‘} Crystalline 

| ROLLING (T3O0 RT1E) ( 1966) ¢ > ¢ 3.0 < 3.0) f{ ] Crystalline 

ROLLING (T30 RITE) (< 273) ¢ > ¢ > C ] Unconsol idated 

ROLLING (T3O R1T1E) ¢ 501) ¢ > ¢- > ] Unconsol idated 

UPHAM (T33 R11E) ¢ 210) ¢ > ¢ >t ] Unconsol idated 

WOLF RIVER (T32 R14E) ( > «« 1.0 < 1.0 < 1.0) ¢ 3.0 > C ] Crystalline 

WOLF RIVER (T32 R14E) ¢ 219) ¢ > « 3.0 < 2.9) [ . ) Unconsol idated 

WOLF RIVER (T31 R14E) ¢ 76h) ¢ > ¢ > ¢C ] Unconsol ideted | 

WOLF RIVER (131 R14E) | (<< 19%) ¢ > ¢ > ] Unconsol idated 

WOLF RIVER (T31 R14E) — € S161) ¢ > ¢ > [ ] Unconsol idated 

** Lincoln . 
. BIRCH (T33 RO7TE) ¢ 13130) ¢ » << 3.0 4.4) [ ] Crystalline 

BIRCH (T33 RO7E) . {< 27) ¢ > ¢ > C ]) Unconsol idated 

BIRCH (T33 RO7E) ¢ 1821) ¢ > ¢ > C ) Unconsol idated 

BRADLEY (T3464 RO6E) ( 6552) ¢ ») «< 3.0 < 44) [ ] Crystalline 

° | BRADLEY (T35 R06E) ( 3791) ¢ » t 3.0 < b6) C } Crystailine 
BRADLEY (T3464 ROGE) ( > ¢ < 1.0) (< 3.0 >. ] Crystalline 
BRADLEY (T34 ROGE) : ¢ 465) ( > ¢ > C ] Unconsol idated. 

CORNING (131 ROSE) ( 229) ¢ > ¢« 41.9 4.6) f{ ] Crystalline 

. HARRISON (134 ROSE) « 559) ¢ > « 3.0 5.2) [C ] Crystalline 

HARRISON (TS5 ROBE) C 450) ( »¢ 7 > ] Unconsol idated 
WARRISON. (T35 ROBE) ( 1804) ¢ > ¢ > ] Unconsol idated 

KING (T35 RO7E) ¢ > ¢ < 1.0) (< 3.0 > f ] Crystalline 

MERRILL (T32 RO7E) ¢ 10685) (¢ » «< 3.0 5.6) [ ] Crystalline 

MERRILL (131 RO7E) C > ¢ < 1.0) «< 3.0 > C ] Crystalline 

MERRILL (T32 ROGE) ¢ > ¢ < 1.0) (< 3.0 > C ] Crystalline 

MERRILL (T31 ROGE) (<< 272) ¢ > ¢ > ] Unconsol idated 

MERRILL (731 ROGE) ¢ 78S) ¢ > ¢ > C ] Unconsol idated 

MERRILL (731 ROSE) (<< 307) ¢ > ¢ > ] Unconsol idated
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MERRILL (T32 ROGE) ( 196) ¢ » ¢ »> ] Unconsol ideted 
PINE RIVER (131 ROTE) (< 226) ¢ » ¢ > C } Unconsol ideted 
ROCK FALLS (TS2 ROSE) ( » ¢ < 1.0) (< 3.0 »> C 1 Crystalline : 
ROCK FALLS (T33 ROGE) ( 4697) ¢ » ¢ >t ] Unconeol ideted 
ROCK FALLS (T32 ROGE) (< 213) ¢ » ¢ > Ct ] Unconsol idated 
RUSSELL (T33 ROBE) ( S87) ¢ » ¢ > C ‘] Unconsol ideted 
SCHLEY (T32 ROSE) ( 676) ¢ » ¢ » C } Unconsol ideted . 
SCOTT (T31 ROGE) ( 3775) ¢ > « 3.0 < 646) [ 1 Crystailine 
SCOTT (131 ROGE) ( 872) ¢ » ¢ > Cc ] Unconsol ideted ° 
SOMD (T35 ROSE) ( 1176) ¢ » ¢ >t ) Crystalline 
TOMAMAMK (134 ROSE) ( 6176) ¢ > ¢«< 3.0 < 66) Cf ] Crystatline 

se Merathon 

BERLIN (130 ROGE) ( 4673) ¢ » ¢ »> C ) Crystalline 
SERN (T30 ROSE) ( 1143) ¢ » ¢ » C ] Crystalline — 
BEVENT (T26 RODE) ( »> ¢ < 1.0) («< 3.0 > [ ] Crystalline 

BEVENT (126 ROSE) ( 46934) (¢ » « 3.0 4.6) C ] Crystalline 
BEVENT (T26 ROSE) (< 306) ¢ » ¢ > C ) Unconsol idated 
BRIGHTON - (T27 ROZE) ye | < 1.0) (< 3.0 : > C J Crystalline 
BRIGHTON (T27 ROZE) ( 166) ¢ > ¢ > C } Unconsol idated 

BRIGHTON (T27 RO2E) ( 2%) ¢ » ¢ > C 1 Unconsol idated 
CASSEL (128 ROSE) ( 1916) ¢ > «< 3.3 < 68) { ] Crystattine 
CLARK CO STH/WEMLOCK (T29 € 632) ¢ ) a > C } Sandstone 

: ROE) 
CLARK CO STRNT & STH (T29 « 395) ¢ » ¢ > C 1 Sandstone 
RO1E) : 
CLARK CO SY RR TRACK (T29 ¢ 709) ¢ » ¢ > C ] Unconsol idated 
RO1E) 
CLARK CO MEMLOCK ST (T29 (€( 767) (¢ » ¢ »>C ] Sandstone 
ROIE) 
CLARK CO PINE & 4TH (T29 ( 465) ¢ » ¢ »>C } Sandstone 
RO1E) 
CLARK CO SYCMR & 2ND (129 ( 461) ¢ » ¢ > C } Sandstone: 
ROTE) 
CLARK COUNTY (TOR ) ( 27662) ( » ¢ » Cc ] Crystalline 
CLARK COUNTY (TOR ) ( 5632) ¢ » ¢ »C ] Crystailine 
CLEVELAND (T27 ROSE) ( 14876) ¢ » €< 3.0 5.0) [ } Crystalline 
CLEVELAND (T27 ROSE) C » ¢ » «< 3.0 > Cc ] Unconsol idated 
CLEVELAND (T27 ROSE) C » ¢ > ¢ 4.6 »>C ] Unconsol idated . 
CLEVELAND (127 ROSE) ( 143) ¢ < 10) ¢ 3.6 39.6) [ ] Unconsol idated 
CLEVELAND (T27 ROSE) ( 20730) ¢ > € 12.6 7.7) C ] Crystalline | 
CLEVELAND (T27 ROSE) ¢ 11228) ¢ > ¢ 6.2 < 45) [ ] Crystalline “ 
CLEVELAND (T27 ROSE) ( 4977) ¢ » ¢ >t ] Unconsol idated 
CLEVELAND (T27 ROSE) ( 9656) ¢ » ¢ »>C ] Crystalline 
EASTON (T29 ROSE) ( 12819) ¢ » ¢ > { ] Crystalline 
EAU PLEINE (127 ROSE) ( 33181) ( 2.2 2.2 < 1.0) ¢ 10.1 4.4) [{ 3.6) Crystalline 
ELDERON (T27 R10€) ( 699) ¢ » ¢ > Cc ) Unconsol idated 
ELDERON (127 R10E) ‘( 636) ¢ » ¢ > C } Unconsol idated 
EMMET (T27 RO6E) ( » < < 1.0) (< 3.0 > C } Crystalline 
EMMET (T27 ROSE) ( » ¢ ») « 3.0 > Cc ) Crystalline 
FRANKFORT (T28 ROSE) ( 17952) ¢ > € 22.6 18.7) [ } Crystalline 
FRANKFORT (T28 ROSE) ( » ¢ 8.7 6.4 2.3) ¢€ 43.2 >C 19.0] Crystalline 
GUENTNER (126 ROSE) ( 1839) ¢ > « 3.0 < 34) ] Crystalline 
HALSEY (T30 ROSE) ( 2911) ¢ » «< 3.0 < 66) [{ } Crystalline 

. HAMBURG (T30 R05E) € 21663) (¢ . > ¢ > ] Crystalline
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WEWITT (730 ROSE) ¢ > ¢ >¢ 8.8 | > ¢ 9.0] Crystalline 

HEWITT (130 ROVE) ¢ > «« 1.0 < 1.0 < 10) ¢ 19.1 ~ > C ] Crystailine 

MOLTON (T29 ROZE) « 1452) ¢ > ¢ > ft ] Unconsol idated 

’ WAL (T28 ROZE) ¢ 12680) ¢ > ( B.7 7.1) C } Crystalline ° 
WALL (T2B. ROZE) ( > ¢ 1.6 < 1.0 < 1.0) ¢ > C 14.0] Crystalline 

MAL (T2B ROZE) « 3197) ¢ » ¢ > C ) Unconsol idated 

. WAL (T2B ROZE) ( 30678) ¢ > ¢ > C ] Unconsol idated 

JONNSON (129 ROSE) « 5763) ¢ » ¢ > C ) Crystalline - 

KRONENWETTER (T27 ROTE) ( 2196) ¢ > ¢ 7.8 | 10.3) ¢€ ] Crystailine - 

KROMENWETTER (T27 RO7E) ( 3844) ( » ¢ > C ] Unconsol idated. 

KRONENWETTER (127 RO7E) ( 336) ( > ¢ > C “ J Unconsol idated 

MAINE (T29 ROTE) ( 5900) ¢ > «<< 3.06 < 3.3) C ) Crystalline 

MAIWE (T29 ROTE) ¢ 3400) ¢« 5.6 2.3 3.3) (€ 13.0 10.2) {< 1.0} Crystalline 
MAINE (T29 ROTE) « 5632) ¢ > ¢ 6.3 > C ) Crystalline 

MARATHON (T28 ROGE) ( 14014) ¢ » (< 3.0 4.2) [ ) Crystalline 

| MARATHON (T2B ROGE) ¢ » ¢ < 1.0) <«< 3.0 > { ) Crystalline 

MARATHON (T2B ROGE) ( 1490) ¢ » ¢ > C 1 Unconsol ideted 

MARATHON (T2B ROGE) ¢ 1455) ¢ » ¢ » ] Unconsol idated 

MARATHON (T2B ROGE) (<< 325) ¢ > ¢ ao > ] Unconsol idated 

MARATHON (T2B ROGE) — (<< 32) ¢ > ¢ > C }] Unconsol idated 

MCMILLAN (T26 ROSE) ( 2673) ¢ > ¢ 7.8 14.7) C ) Crystai line. 

MCMILLAN (T26 ROSE) «( 343) ¢ > ¢ > } Unconsol idated 

MOSINEE (T27 ROGE) ¢ > ¢ < 1.0) («< 3.0 > C }) Crystalline 

MOSINEE (T27 ROE) C > «< 1.0 < 1.0 < 1.0) ¢ 3.3 > ] Crystalline 

MOSINWEE (T27 ROGE) ¢ > ¢ ») «< 3.0 > ] Crystalline | 

| MOSINEE (T27 ROGE) ¢ 590) ¢ ») «< 43.0 < 4,6) [ ) Crystalline 

MOSINEE (T27 RO6E) ¢ > ¢ » «< 3.0 »> } Crystalline 

MOSINEE (T27 ROGE) ¢ > ¢ > «< 3.0 > ] Crystatline 

. | MOSIWEE (T27 ROGE) ¢ » ¢ > ¢ 5.5 > C J Crystalline 

MOSIMEE (T27 ROGE) ¢ > ¢ ») «« 3.0 > ) Crystailine 

MOSINEE (T27 ROGE) ¢ > ¢ > «x 3.0 > f ) Crystalline 

MOSINEE (127 ROGE) ( > ¢ > «<« 3.0 > }] Crystalline 

MOSINEE (T27 ROSE) ( > ¢ > «< 3.0 > C ] Crystalline 

MOSIMEE (T27 ROGE) ¢ > ¢ > «« 3.0 > C ) Crystalline 

MOSINEE (T27 RO7TE) ¢ > ¢ > ¢ 8.1 > C ) Crystalline 

MOSINEE (T27 ROGE) ¢ 647) (< 1.0 < 1.0 «<« 1.0) («< 3.0 < 46) [ 1.0] Crystailine 

| MOSINEE (T27 ROGE) ( 1283) (< 1.0 < 1.0 < 1.0) (< 3.0 <« 466) f 1.0] Crystailine 

MOSINEE (T27 ROGE) ¢ 750) (< 1.0 < 1.0 < 1.06) (< 3.0 < 46) [ 2.0} Crystailine 

. MOSINEE (127 RO7E) (< 93) {( » ¢ > [ ] Unconsol idated 

MOSINEE (T27 RO7E) ¢ 187) ¢ . > ¢ > ] Unconsol idated 

MOSINEE (T R ) (<, 325) ¢ > ¢ > C - ] Unconsol idated 

, MOSINEE (127 RO7E) (< 342) ¢ » ¢ > C } Unconsol idated 
. WORRIE (T28 R10E) — ( 16294) (< 1.0 < 1.0 < 1.0) ( 20.4 11.1) fC 29.2] Crystalline 

a MORRIE (T28 R10E) ¢ > «« 1.0 < 1.0 < 1.0) ¢ 5.3 > C ] Crystalline 

 WORRIE (728 R10E) ( 828) ¢ — » ¢ » £ ] Unconsol idated 
WORRIE (T28 R10E) ( 108) << 1.0 < 1.0 < 1.0) (¢< 3.0 < 48) f€ }) Crystalline 

REID (T27 ROSE) ¢ 21259) (¢ | » ¢ 6.6 15.6) [ } Crystalline 

REID (T27 ROSE) ¢« 1735) ¢ »> «« 3.0 an § ] Crystalline 

REID (T27 ROSE) ( 398) ¢ > ¢ > f } Unconsol idated 

| RIB MOUNTAIN (T28 RO7E) ¢ > ¢ 4.0 4.0 < 1.0) ¢ 12.7 > C }) Unconsol idated 

RIB MOUNTAIN (T28 RO7TE) ¢ » ¢ . < 1.00) ¢«< 3.0 > ] Unknown 

RIB MOUNTAIN (T28 ROZE) « 10238) ¢ > « 3.0 6.5) f } Crystalline 

RIB MOUNTAIN (128 RO7ZE) ( 27726) € > ¢ 8.6 8.1) ) Crystalline | 

RIB MOUNTAIN (T2B RO7E) ¢ yy «< 1.0 < 1.0 < 1.0) ¢ 4.8 > Ct } Crystalline 

RIB MOUNTAIN (T2B RO7E) ¢ > ¢ < 1.0) «< 3.0 — > C ] Crystalline
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RIB MOUNTAIN (T28 RO7E) ( » ¢ ~ »>¢ 11.5 > C 6.0) Crystalline 
RIB MOUNTAIN (T2B RO7E) ( ») «< 1.0 < 1.0 < 1.0) ¢€ 11.0 »> C ] Crystalline 
RIS MOUNTAIN (T28 RO7E) (<< 195) ¢ » ¢ > Cc ] Unconsol idated ° 
RIETOROCK (T29 ROSE) ( 39385) ¢ »> ¢« 57.3 %.8) [ ] Crystalline 

| RIETEROCK (T29 ROSE) ( 2020) ¢ » ¢ 3.5 < 68) f } Crystalline 
RIETBROCK (T29 ROSE) ( 288) ¢ » ¢«< 3.0 < 68) f ] Crystailine . 
RIETBROCK (T29 ROSE) ( 1661) ¢ > «< 3.0 < 68) [ ] Crystalline 
RIETBROCK (T29 ROSE) ( 1967) ¢ > «< 3.0 < 468) [ ] Crystalline . 
RIETBROCK (T29 ROSE) ( 43046) ¢ » ¢ > ¢ ) Crystalline 
RIETBROCK (T29 ROSE) ( > ¢ 1.5 1.5 < 1.0) ¢ : > ¢ 35.0) Crystalline 

RINGLE (T28 ROSE) ( 1760) ¢ » ¢ »C } Crystalline 
ss RINGLE §«6(T2B ROSE) ( 929) ¢ » ¢ > C } Unconsol idated 
RINGLE (T28 ROSE) ( 687) ¢ > ¢ > C ] Unconsol idated 
SPENCER (126 RO2ZE) ( » ¢ < 1.00) (< 3.0 > C } Crystalline 
SPENCER (T26 ROZE) ( 21385) ¢ > ¢ > C ] Crystalline 

SPENCER (T26 ROZE) ( 20026) ¢ » ¢ » C ] Crystalline 
SPENCER (126 ROZE) ( > ¢ 3.2 1.7 1.5) ¢€ 6.3 »>C ] Crystailine 
SPENCER (T26 ROQE) C 301) ¢ » ¢ > C } Unconsolidated — 
SPENCER (T26 RO2E) ( 70866) ¢ - » ¢ > C ) Crystalline 
SPENCER (T26 ROZE) ( 462166) ¢ > ¢ > Cf ] Crystatline 

SPENCER (126 ROZE) ( » ¢€ 2.1 2.1 < 1.0) ¢€ 27.5 20.4) 16.0 } Crystalline 
SPENCER (126 ROZE) ( 117%) ¢ » ¢ > ] Crystalline 
SPENCER (126 ROZE) ( 39) ¢ » ¢ > C£ } Unconsol idated 
STETTIN (T29 ROGE) ( » ¢ < 10) (< 3.0 >. ] Crystatline 
STETTIN (129 ROGE) ( 10569) ¢ » (< 3.6 3.6) [C ] Crystalline 
STETTIN (129 ROGE) ( 619) ¢ > «< 3.0 < 3.2) t ) Crystatline 
STETTIN (T29 RO7E) ( 3357) ¢ » ¢ » { } Unconsol idated 
STETTIN (T29 RO7E) ( 8122) ¢ > ¢ > ¢ } Unconsol idated 

STETTIN (129 RO7E) ( 7964) ¢ » ¢ > C ] Unconsol idated 
STETTIN (129 ROGE) ( 10142) ¢ »> ¢ 8.2 > C ] Crystatline 
STETTIN (T29 ROGE) ( 9975) ¢ » ¢ 5.2 > } Crystalline 

| STETTIN (T29 ROZTE) ( > ¢ < 1.0) («< 3.0 > ¢ ] Unconsol idated 

STETTIN (T29 ROGE) ( » ¢ » («< 3.0 >. ) Crystalline 
STETTIN (T29 ROGE) ( 9380) ¢ > «< 3.0 < 46) { } Crysteiline 
STETTIN (129 RO7E) ( 260) ¢ > ¢ 4.1 6.7) [ } Unconsol idated 

| STETTIN (129 RO7E) ( 4633) ¢ »> «< 3.1 < 4.7) f ] Unconsol idated 
STETTIN (129 RO7E) ( 767) ¢ > ¢ 4.8 7.4) € } Unconsol idated 
STETTIN (T29 ROGE) ( 39548) (< 1.0 < 1.0 < 1.0) (< 3.0 5.7) fC } Crystalline . 
STETTIN (T29 ROGE) ( 7854) (<< 1.0 < 1.0 < 1.1) (< 3.0 < 4.7) { 1 Crystailine 
STETTIN. (129 RO7TE) ( > «<< 1.0 < 1.0 < 1.0) ( 4.8 » C } Crystalline 
TEXAS (T29 RO7E) ( » ¢ < 1.0) (< 3.0 » C } Crystalline . 
TEXAS (T30 ROGE) ( » ¢ ») ¢€ 356.6 > 197.0] Crystailine | 

| TEXAS (T30 ROSE) ¢ 81617) ¢ » ¢ > C } Crystalline 
TEXAS (T30 ROSE) € 82996) ¢ » ¢ > } Crystalline 
TEXAS (T30 ROSE) ( > ¢. 10.5 4.6 5.9) (¢ 350.5 > C 129.0] Crystalline 
TEXAS (130 ROTE) ( 18047) ¢ > ¢€ 3.6 7.4) { ) Crystalline 
TEXAS (T30 ROSE) ( 18676) ¢ » ¢ 3.5 7.7) C } Crystalline 
TEXAS (130 RO7E) ( 9100) (<< 1.0 < 1.0 < 1.0) (€ 47.4 13.2) 64.3] Crystalline 
TEXAS (130 ROSE) ( 8490) ¢ » «(< 3.0 < 3.2) { } Crystalline 
TEXAS (129 RO7JE) ( 3071) ¢ > ¢ 4&.7 > } Crystalline 
TEXAS (T30 ROSE) C 178) ¢ > « 35.9 8.3) C ] Crystalline 
TEXAS (T30 ROSE) -  ¢ ») «< 1.0 < 1.0 < 1.0) ¢ > 35.0] Unknown 
TEXAS (T29 ROTE) ( 838) ¢ > ¢ Cc } Unconsol idated 
TEXAS (T29 RO7E) C 212) ¢ > an » ] Unconsol idated 
TEXAS (7130 RO7E) (< 326) ¢ » ¢ > C } Unconsol idated
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WAUSA (129. ROBE) c » ¢ > ¢ 138.2 > C 25.0] Crystalline 
WAUSAU (129 ROBE) . ( e6h7) ) ¢ > C - «Crystalline 
WAUSAU (T29 ROBE) ( >) € 31.1 2.3 2.8) (¢€ 150.7 »> C 31.0) Crystalline 
WAUSAU (T29 ROBE) ( 269172) » ¢ > Cc 31.0] Crystalline . 

° WAUSAL) (129 ROBE) ( 6906) ¢ 57.1 66.5 10.6) (¢ 251.2 160.9) [ 26.7) Crystailine 
) WAUSAU §(T29 ROBE) c » ¢ > € 170.6 »> 1] Crystalline 

WAUSAU (129 ROBE) ( 3119) ¢ » ¢ > C ] Unknown 
. WAUSAU (T29 ROBE) C 22) ¢ » ¢ . »> Cc } Crystailine 

WAUSAU (T29 ROBE) ( 6165) ¢ » ¢ » C } Crystalline . 
WAUSAU (T29 ROBE) C » ¢ < 1.0) (¢(< 3.0 > C ) Crystalline 
WAUSAU (T29 ROBE) ( 3913%) ( 58.0 55.1 2.9) (€ 283.6 160.2) f 162) Crystalline 
WAUSAU (129 ROBE) ( 31278) ( 33.8 31.3 2.5) ( 117.8 63.9) C 88) Crystalline 
WAUSAU (129 ROBE) ( 203455) ( 37.9 35.5 2.4) ( 156.8 1145.9) f 105] Crystalline 
WESTON (T2B RO7E) ( S05) ¢ » ¢ | »C ] Unknown 
WESTON (T28 ROTE) ( 621) ¢ » ¢ CO } Unconsol idated 
WESTON (128 ROBE) ( 6661) ¢ » ¢ > C£ } Unconsol idated 
WESTON (128 ROBE) | ( 262) ¢ » ¢ > C ] Unconsol ideted 
WESTON (T28 RO7E) ¢ MHA) ¢ » ¢ > C ] Unconsol idated 

- WESTON (128 ROBE) « 29) ¢ » ¢ >t. ] Unconsol ideted 
WESTON (128 ROTE)” ¢ 602) ¢ » ¢ »C ] Unconsol idated 
WESTON (T28 ROSE) ( 227) ¢ » ¢ > ] Unconsol idsted 
WIEN (T28 ROSE) ( 6626) ¢ > ¢ 3.6 < 468) € © ] Crystatline 
WIEN (T28 ROSE) ( 3276) ¢ » ¢ > ] Crystalline 
WIEN (T28 ROSE) ( 8642) ¢ » « > ) Crystalline 
WIEN (728 ROSE) ( 20322) ¢ > (¢ ~ 7.7 > ] Crystalline 
WIEN (T2B ROSE) ( 21760) ¢ | » ¢ » C ] Crystalline 
WIEN (T28 ROSE) ( 21567) ¢ » ¢ »>c. ] Crystalline 
WIEN (T28 ROE) ¢ 7H) ¢ © » ¢ -) C ] Crystalline 

*® Qneide | 
CASSIAN (137 ROTE) ( 1390) ¢ » ¢ » Cc ] Unconsol idated 
CRESCENT (136 ROBE) (< 520) (¢ » ¢ > C ] Unconsol idsted 
LAKE TOMAHAKK (138 R07E) {< 520) (¢ » ¢ » C ] Unconsol idated 
LITTLE RICE (136 ROSE) ( 2587) ¢ > «<< 3.0 < 66) C } Crystalline 
MINOCQUA (139 ROSE) ( » ¢ < 1.0) «< 3.0 > Cc } Crystalline 

| MINOCQUA (T39 ROGE) (< 198) ¢ »>¢ . > C ] Crystalline 
MINOCQUA (T39 ROGE) — € 3S ¢ | > | » C } Unconsol idated 
MINOCQUA (T39 ROGE) ( 371) ¢ > ¢ > C } Unconsol idated 
MONICO (136 R11E) ( 1537) ¢ > «< 3.0 > C ] Crystalline 

: NEWBOLD (138 ROSE) ( 4693) ¢ » «< 3.0 < 3.3) [ ] Crystalline 
PELICAN (136 ROSE) ¢ 1681) ¢ > «<< 3.0 < 3.1) € ] Crystalline 
PELICAN (T3N ROSE) ( 363) ¢ » « 2.2 < 3.3) [ } Crystalline } 

. PELICAN (136 ROSE) ( 386) ¢ » ¢ » C ] Crystalline 
PELICAN (136 ROSE) (< 520) ¢ >» ¢ > C ] Unconsol idated 
PIEML (T37 R11E) ( » ¢ < 1.0) ¢«< 3.0 > C } Crystalline 
PINE LAKE (137 ROSE) ( 3979) ¢ » (< 3.0 > [ | ] Crystalline 
PINE LAKE (137 ROSE) ¢ 503) ¢ , > «« 3.0 < 3.3) C ] Crystalline 
PINE LAKE (T37 ROSE) C 798) ¢ > ¢ > ] Unconsol idated 
PINE LAKE (137 ROSE) (< 221) ¢ » ¢ » [ } Unconsol idated 
SCHOEPKE (135 R10€) ( » ¢ < 1.0) (< 3.0 > C ] Crystalline . , 
SCHOEPKE (T35 R11E) ( 25649) ( > ¢ 26.5 19.6) [ ] Crystatline 
SCHOEPKE (135 R11E) C > «(< 1.0 < 1.0 < 1.0) ¢ > C 22) Crystalline 
SCHOEPKE (135 R11E) ( 278) ¢ » ¢ > C ] Unconsol idated 
SCHOEPKE (T35 R10E) ( She) > Cc >t ] Unconsot idated 
SUGAR CAMP (138 ROSE) ( 30612) ¢ » ¢ > C } Crystalline
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SUGAR CAMP (T38 RODE) ( 38519) ¢ . > Cc 6.2 14.8) C ] Crystalline 
- «SUGAR CAMP (T3B RODE) ¢ 180) ¢ » «<< 3.0 < 68) Ct ] Unconsol idated 

SUGAR CNP (T38 RODE) ( 3026) ¢ » «< 3.0 <« 68) [ ) Crystalline : 
SUGAR CNP (TSB ROSE) ¢ 9977) ¢ » ¢ > Cc ) Crystailine 
TWREE LAKES (138 R11E) (< 225) ¢ » ¢ »> ¢ -}] ~Unconsol ideted 
THREE LAKES (T38 R11) (< 254) ( » ¢ > C ] Unconsol ideted 

** Portage | | 
ALBAN (T2S R10E) C » ¢ > ¢ 6.6 > C ) Crystalline 

. ALBAN (T25 R10E) « 118) (< 1.0 < 1.0 < 1.0) ¢ 12.5 > C 5.2) Crystalline 

ALBAN (T25 R10E) ( > ¢ < 1.0) <«< 3.0 > C ] Crystalline 
ALBAN (T25 R10E) C » ¢ » («< 3.0 > Cc } Crystalline 
ALBAN (T25 R10E) ( 1909) ¢ » ¢ > Cc } Crystalline 

. ALBAN (125 R108) ( 1441) ¢ » ¢ >t 1 Crystalline 
ALBAN (T25 R10E) « 429) ¢ )» ¢ > Cc } Unconsol idated 
ALMOND (121 ROSE) « 196) ¢ » ¢ > Cc } Unconsol ideted 
ALMOND (121 ROJE) ( » ¢ » «<< 3.0 < 3.1) C ] Unconsol ideted 
ALMOND (721 ROSE) (< 230) ¢ > ¢ »> Cc ] Unconsol ideted 
AMMERST (T2S R10E) ( 58> ¢ -)» « 3.0 3.4) [C } Unconsol idated 

AMMERST (T23 R10E) ( 439) ¢ » ¢ > C ] Unconsol idated 
AMERST (T2Z3 R103) (< 220) ¢ » ¢ »>C ] Unconsol idated 
CARSON (T26 ROGE) ( » ¢ < 1.0) (< 3.0 > ] Crystatline 
CARSON (T26 ROGE) « 9212) ¢ > ¢« 5.1 > C ] Crystalline 
CARSOM (T2464 ROTE) ( 1758) ¢ ») «< 3.0 3.1) f ) Crystalline 
CARSON (T24 ROGE) ¢ 685) ¢ » ¢ > C } Unconsol idated 
DEWEY (T25 RO7E) « 5818) (< 1.0 < 1.0 < 1.0) ¢ 20.8 > 24.7) Crystalline 

DEWEY (T25 ROSE) ¢ 15158) ¢ »> ¢ .3.6 > } Crystalline 
EAU PLAIWE (125 RO7E) ( » ¢ > «< 3.0 < 3.1) C } Crystalline 
EAU PLAINE (T25 RO7E) ( 2643) ¢ » ¢ > C 1 Crystalline 
EAU PLEINE (T25 ROGE) ( 1739) ¢ >» ¢ 5.6 >t } Crystalline 
GRANT (T22 ROTE) ( 115) ¢ » ¢ »> Ct ] Crystalline 
GRAMT (T22 RO7E) ( » ¢ > «< 3.0 < 3.0) C ) Crystalline | 
WALL (126 ROBE) C » ¢ < 1.0) (< 3.0 >t } Crystalline 
WILL (T26 ROBE) ¢ 18) ¢ » (< 3.0 < 3.3) € } Crystalline 
WULL (T26 ROBE) ( 11854) ¢ 1.6 1.6 < 1.0) ¢€ 12.1 > C 6.0) Crystalline 
HULL (T26 ROGE) ¢ 160) ¢ 7 > ¢ 3.4 > C ] Unconsol idated 
NULL (126 ROBE) ( S271) ¢ » ¢ > _C ] Crystalline 
HULL (126 ROBE) C >. > ¢ 2.7 10.4) fC ] Crystalline . 
WULL (T24 ROBE) ( »>¢ 1.9 1.9 < 1.0) ¢ »> C 20) Crystalline | 
MULL (124 ROBE) ¢ 11090) ¢ » ¢ > J Crystalline 
WULL (T26 ROBE) (< 213) ¢ » ¢ > } Unconsol idated 
MULL (T26 ROBE) ( 766) ¢ » ¢ > C ] Unconsol idated . 
MULL (126 ROSE) , ( 18) ¢ » ¢ > OC ] Crystalline 
WULL (7126 ROBE) C » ¢ > € 28.4 » C ] Crystalline 
HULL (T2464 ROGE) ( > ¢« 4.0 1.8 2.2) ¢ 7) CE ] Crystailine 
HULL (726 ROSE) ( 300) ¢ » ¢ > Cc } Unconsol idated 
LIWWOOD (T23 RO7E) ( 71 ¢ » ¢ > _C } Crystalline ; 
LIWWOOD (T23 RO7E) c » ¢ > ¢ 7.4 5.6) C . ] Crystalline 
NEW HOPE (T24 R10E) C 123) ¢ > ¢«< 3.0 < 49) [ _ ] Unconsol idated 
WEW HOPE (126 R10€) (< 49) ¢ » «< 3.0 < 468) { ] Unconsol idated - 

: NEW HOPE (126 R10€) (<< 49) ¢ » «< 3.0 < 49) [ 1 Unconsol idated 
PINE GROVE (T21 ROSE) | ( 310) ¢ » ¢ >t ] Unconsol idated 
PLOVER (T23 ROBE) ( #59) ¢ ») « 3.0 < 3.2) [ } Unconsolidated 
PLOVER (123 ROSE) c » ¢ ») «< 3.0 >t ] Crystalline 
PLOVER (T23 ROSE) ( 3672) ¢ > «< 3.0 > { } Crystalline
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PLOVER (T23 ROSE) ¢ 411) ¢ » ¢ » ] Unconsol ideted 
PLOVER (T23 ROE) (<< tp © » ¢ »>C ] Unconsol ideted 
PLOVER (T23 ROGE) (< 220) ¢ » ¢ > C ] Unconsol idated 

, PLOVER (T22 ROSE) ¢ gm) ¢ » ¢ > C ] Unconsol idated ° 
SHARON (T25 ROSE) ( 8625) ¢ »> « 3.0 3.6) C ] Crystalline 
SHARON (T24 ROSE) ( 4623) ¢ » ¢ > C 1] Crystalline 
SHARON (T25 ROSE) C 1118) ¢ » ¢ » C ] Unconsol ideted 

° SHARON (T24 ROSE) ¢ 20) ¢ » ¢ > ] Unconsol ideted 
SHARON (125 ROSE) € 1951) ¢ » ¢ > C } Unconsol idated _ 
STOCKTON (T26 ROSE) ( » ¢ > ( 9.6 >t ] Sandstone 
STOCKTON: (T26 ROE) ( 26756) ¢ » ¢ > C } Crystalline 
STOCKTON (T23 ROSE) (<< 7) ¢ » ¢ > C } Unconsol idated 
STOCKTON (T26 ROVE) ¢ » ¢ < 1.00) (< 3.0 »> Ct ] Crystailine 
STOCKTON (T24 ROSE) ( 12998) (< 1.0 < 1.0 < 1.0) ¢ > C 156.8) Crystalline 
STOCKTON (124 ROSE) C > « 1.0 < 1.0 < 1.0) ¢€ 9.2 $2.1) C 88.0] Crystalline 
STOCKTON (126 RODE) ( 653) ¢ » ¢ > C 1] Crystalline 
STOCKTON (T26 ROVE) C » (< 1.0 < 1.0 < 1.8) ¢ 11.2 >. 14] Crystalline 
STOCKTON (124 ROVE) C » ¢ » ¢ 8.7 5.9) C ] Crystalline 
STOCKTON. (T26 RODE) ( 354) ¢ » ¢ >t ) Unconsol idated 
STOCKTON (T23 RODE) { 335) ¢ > ¢ > C ] Unconsol ideted 

STOCKTON (T26 ROSE) (< 220) ¢ > ¢ > C } Unconsol idated 
STOCKTON (T24 ROSE) (< 19%) ( » ¢ »> C } Unconsol idated 
STOCKTON (T26 RODE) C 290) ¢ » ¢ > { ] Unconsol idated 

| STOCKTON: (126 RODE) (< 195) ¢ » ¢ > C ] Unconsol idated 
STOCKTON (124 ROJE) ¢ 360) ¢ : > ¢ » { J Unconsol ideted 
STOCKTON (126 ROSE) C 381) ¢ > > C 1 Unconsol idated 

ee Vilas | 
ARBOR VITAE (140 ROTE) ( » ¢ < 10) («« 3.0 > C ] Unknown 
ARGOR VITAE (140 ROGE) (< 208) ¢ » ¢ > C 7 Unconsol ideted 
BOULDER JUNCTION (T42 ROVE) ( 2071) ( » «< 3.0 < 3.0) C€ ) Crystalline 
BOULDER JUNCTION (141 ROSE) ( 620) (¢ » ¢ vt ] Unconsol idated 
CLOVERLAND (T40 ROSE) ( 1828) ¢ » ¢ > C ] Unconsol idated 
CONOVER (141 R11E) « 888) ¢ > «< 3.0 < 6.0) fC ] Crystatline 

| CONOVER (T41 R10E) (<< 198) ¢ > ¢ | > 1 Crystalline 
LAC DU FLAMBEAU (T40 ROSE) ( 327) ( » «< 3.0 < 64.0) [ 1] Crystaitine 
LAC DU FLAMBEAU (T40 ROSE) ( 563) (¢ » «< 3.0 < 60) [ ) Crystalline ~- 
LAC DU FLAMBEAU (T4640 ROSE) = ( » ¢ < 1.0) («< 3.0 > } Crystalline 
LAC DU FLAMBEAU (T40 ROSE) ( 418) ( » ¢ » } Unconsol idsted 
LAND O' LAKES (143 ROSE) ¢ 535) ¢ » ¢ > C } Unconsol idated 
LINCOLN (140 R10E) ( 2644) ( > ( 16.9 9.0) C{ ] Crystalline 
LINCOLN. (T40 R10E) ( > « 1.0 < 1.0 < 1.0) ¢ »>C 1 Crystalline 

‘ LINCOLN (140 R10E) (< 256) ¢ » ¢ >t } Unconsol idated 
LINCOLN. (T40 R10E) C 362) ¢ » ¢ > C } Unconsol idated 
LINCOLN (T40 R10E) (< 258) ( » ¢ > __ ] Unconset idated 
LINCOLN (T40 R10E) (< 218) ¢ » ¢ > C } Unconsol idated 
MANITOWISH WATERS (T42 ROSE) ( 265) ¢ » « 3.0 < 40) [ ] Unconsol idated 
MANITOWISH WATERS (142 ROSE) ( 568) (< 1.0 <-1.0 < 1.0) (< 3.0 < 4.6) { ] Unconsol idated 
PHELPS (142 RIZE) ( 1960) ¢ » «< 3.0 < 46) [ ) Crystalline 
PHELPS (T41 RITE) (< 256) ¢ »>¢ | » C ] Unconsol idated 
PLUM LAKE (141 ROSE) ( 353) ¢ » ¢  )» C ] Unconsolidated — 
PLUM LAKE (141 R08E) (< 218) ¢ » ¢ > C } Unconsol idated 
PRESQUE ISLE (T43 RO6E) C 293) ¢ » ¢ > C ] Unconsol idated 
PRESQUE ISLE (T44 ROSE) ( 970) ¢ » ¢ » { } Unconsol idated 
ST GERMAIN (140 ROSE) "(< 197) ( » ¢ > C } Unconsol idated
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WASHINGTON ¢740 RITE) (<< 215) ¢ > ¢ > C ) Unconsol idated 

we Wood z 

(tT R® ) ( 6801) ¢ > ¢ > C ] Unconsol ideted 
ARPiN (T26 ROLE) ¢ 107%) ¢ > ¢«< 3.0 > C ] Crystalline 

MIBURNDALE (T25 ROGE) ( 2752) ¢ » (< 3.0 » ¢ ) Crystalline 
MIBURMDALE (T25 ROGE) « 1368) ¢ > «« 3.0 > Cf ) Crystatline 
MJBURNDALE (T25 ROSE) ( 211) ¢ > ¢ 4.9 > ) Unconsol ideted _ 
CAMERON (T2S ROSE) ( 365) ¢ > ¢ > ft ] Unconsol idated 

DEXTER (T22 ROSE) ( 2868) ¢ > ¢ 4.4 < 3.2) ¢ ) Crystalline 
GRAMD RAPIDS (122 ROSE) { > « 6.8 1.6 $.2) ¢ 7.2 > ] Crystalline 
GRAND RAPIDS (T22 ROSE) ( 2284) ¢ » «< 3.0 > ¢ ) Crystailine 
GRAND RAPIDS (T22 ROGE) ( $51) ¢ > «< 3.0 <« 3.2) C ] Crystalline 
GRAMD RAPIDS (T22 ROGE) ( 27) ¢ > ¢ > ] Unconsol idated 
GRAMD RAPIOS (T22 ROGE) ¢ 227) ¢ > ¢ > C° ] Unconsol ideted 
GRAND RAPIDS (T22 ROGE) (<< 20) ¢ » ¢ > ] Unconsol idated 

| GRAND RAPIDS (T2Z3 ROGE) ( 359) ¢ » ¢ > Cc } Unconsol idated 
GRAMD RAPIDS (T22 ROGE) ¢ 280) ¢ > ¢ > C ] Unconsol idated 
MANSEN (T2Z3 ROSE) ( 2607) ¢ > € 37.4 2.6) [ ) Crystalline 
WANSEN. (TZ3 ROSE) ¢ > ¢ 13.4 8.3 §.1) ¢ > fC 10) Crystalline 
HAMSEN (T23 ROGE) ( > «<< 10 < 10 < 1.0) ¢ 8.4 > fC } Crystalline 
MAMSEN (T23 ROSE) € 629%) ¢€ 1.2 1.2 < 41.0) € 11.5 > C 10.2) Crystalline 
HANSEN (T23 ROSE) « 5513) ¢ > ¢ > C{. ] Unconsol idated 
WANSEN (T2Z3 ROSE) ( 6601) ¢ > ¢ > [ ] Unconsol idated 
RANSEN (T23 ROGE) € 68966) (¢ . > ¢ > C ) Unconsol idated 
WILES (T22 RO2ZE) ( > ¢€« 1.2 1.2) << 3.0 > ] Crystalline 
LINCOLN (T25 RO2ZE) ( 7263) ¢ » «< 3.0 < 3.2) f€{ ] Crystalline 
LINCOLN (T25 ROZE) ( 403) ¢ > ¢ > ¢ ) Unconsol idated 

MARSHFIELD (T25 ROSE) C 503) ¢ > «< 3.0 > ] Sandstone 
MARSHFIELD (T25 ROSE) ( 334) ¢ » ¢ 6.7 > ] Crystalline 
MARSHFIELD (T25 ROSE) ¢ 991) ¢ » «< 3.0 < 3.0) [ ] Crystalline 
MARSHFIELD (T25 ROSE) C 783) ¢ »> ¢ . > ] Unconsol idated 
MARSHFIELD (T25 ROSE) ( 1604) ¢ > ¢ > ) Unconsol ideted 
MEMILLAM (T26 ROSE) ¢ 260) ¢ > ¢ > ¢C ] Unconsol idated 
MCMILLAN (T26 ROSE) ( 530) (¢— > ¢ > C | ] Unconsol idated 

: MILLADORE (T25 ROSE) ( » ¢ < 1.0) («< 3.0 _C } Unknown 
MILLADORE (T25 ROSE) ( 3689) ¢ > «< 3.0 > C ] Crystalline 

MILLADORE (T25 ROSE) ( 4431) ¢ > «< 3.0 > ) Crystatline 4 
PORT EDWARDS (T21 ROSE) (<< 7%) ¢ » «< 3.0 < 3.2) C€ 1 Sandetone 
PORT EDWARDS (T21 ROSE) (<< 198) { > ¢ > C ] Unconsol idated 
PORT EDWARDS (T R ) «< 200) ¢ | > ¢ > Ct ) Unconsol idated 
PORT EDWARDS (T22 ROSE) (< 270) ¢ » ¢ »> ] Unconsol idated , 
PORT EDWARDS (T21 ROSE) ¢ 275) ¢ > ¢ > C ] Unconsol idated 

RICHFIELD (T2464 ROSE) ¢ 104) ¢ " > «< 3.0 < 3.1 > - ] Crystalline 

RICHFIELD (T24 ROSE) ¢ 10080) ¢ > ¢ > C ] Unconsol idated 

RUDOLPH (T2353 ROGE) ¢ 665) ( > « 3.0 > [ ] Crystalline 

RUDOLPH (T23 ROGE) ¢ 1856) ¢ » «< 3.0 <« £4) f ] Crystalline 

RUDOLPH  (T23 ROSE) ( 400) (¢ >» «<« 3.0 > f ] Crystalline 
SARATOGA (T RR ) ( 625) ¢ " > ¢ > C ] Unconsol idated 

SARATOGA (T21 ROGE) ( 209) ¢ > ¢ > Ct ] Unconsol idated 

SARATOGA (T21 ROGE) ( 266) (¢ > ¢- > fC ] Uneconsol idated 

SARATOGA (121 R05E) ( 288) ¢ » ¢ >t ] Unconsot idated 
SENECA (T22 ROSE) (<< 173) ¢ - >) ¢ > } Unconsol idated 

SIGEL (T23 ROSE) c 577) ¢ > « 3.0 < 3.3) f{ }) Crystalline 
WOOD (T23 ROSE) ( 1531) ¢ » ¢ . -)> 0 } Unconsol idated
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RADIOACTIVITY IN NCD WATER SUPPLIES 

Call results in pico curies / liter) 

(pci/t) 

TOMNSHIP NAME RADON | ( TOTAL RADIUM RADIUM) (GROSS GROSS ) TURAN 1 LN) WATER : 
RADIUM 226 «= 228 ALPHA SETA SOURCE 

WOOD (T2353 ROSE) ( em7) = ¢ > ¢ - > C ] Unconsol ideted
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