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INTRODUCTION

The lower Fox River between Lake Winnebago and Green Bay forms a unique

va.lley, providing the focus for one of the major population and industrial areas

of Wisconsin. Its rich and diverse history attest to the important role it has

played throughout the history of the state; and although this role has changed from

being primarily a trade route during early settlement periods to directly supporting

the economic base of approximately 200,000 persons, the close dependency of the valley

population on the river continues and grows.

A region such as the lower Fox River valley provides a prime example of much

interdependent activity related to a single natural resource, where .the use of the

water resource is not regulated by normal competitive economic market forces. Instead,

some of the so-called "externalities" having indirectly damaging effects on the whole

region can only be dealt with through cooperation and coordinated management of the

river � a goal which has been clearly recognized by many individuals and organizations,

both at the local and state level. For several years efforts have been underway to

define the interdependencies which exist in the valley, to consider possible water

quality management policies which could be applied to develop predictive models, to

evaluate the effects, costs, and regional benefits of alternative control measures,

and to consider feasible political and institutional frameworks to provide area-

wide management of water quality in the river and bay. In addition to Sea Grant sponsored

research activity within the University of Wisconsin system, there has been increasi.ng

attention towards these ends within the valley itself, as evidenced by large public

and private water quality control investments, and also by coordinating meetings in-

volving persons from the University, Wisconsin Department of Natural Resources  DNR!,

Institute of Paper Chemistry, public agenci.es, planning groups, sanitary districts



and other organizations. A major commitment by the State of Wisconsin to move

towards comprehensive management is the presently installed automated water quality

monitoring system, which is comprised of five stations> each measuring five water
fquality parameters on an hourly basis, for transmission to a central recording station

Recent federal water quality legislation confirms the attention paid at the national

level to coordinated management and control of water quality in elements of the Great

Lak'es system and the nation at large. This is particularly expressed in the objectives

to be achieved by use of federal funds available for comprehensive river basin manaJge-

ment agencies as defined in Section 208 of PL 92-500  the 1972 Federal Water Pollution

Control Act Amendments!.

This report provides some input into the very complex considerations regional

water quality management entails by giving specific information on the multiple

purposes river waters are called upon to serve. The data base is necessarily in-

complete; it represents information currently available to the authors' Included also

is a bibliography of a variety of background references available and related to

the lower Fox River. The report is essentially a status report, intended to add existing

information to augment the included map combining hydrologic and.socio-economic back-

ground for the valley  see Figure 1 enclosed inside!, the monitoring data gathered

by DNR, and a statistical analysis of river data underway by a University of Wisconsin

Sea Grant proj ect  Litwin and Joeres, 1974!. This report is intended to draw together

for common reference use some of the information needed by all individuals and organization

interested in improving this most vital resource.

It would be out of the scope of this report to analyze thoroughly the hydrological,

economic, political and historical information available for the lower Fox River. An

extensive survey of literature on these and associated topics comp'iled as part of the

project "Water Quality Management on the Lower Fox River," however, is given in Appendix B

of this report. It is hoped that the current level of interest and involvement, as well

as the positive climate towards cooperative management solutions, will continue to foster

the development of a realistic regional management approach to water quality management

in the valley.



PHYSICAL CHARACTERISTICS OF THE LOWER FOX RIVER SYSTEM

The Fox and Wolf River system forms one of the major drainage basins in Wisconsin

and the largest tributary to Lake Michigan, Its drainage area of 6520 square miles

consists of the Fox River rising in the east central part of the state  Columbia

County! and the Wolf River, considered as a tributary, rising in the northeastern part

of the state  Forest County!. The two rivers coenfluence just upstream from Lake

Winnebago with the Wolf River contributing approximately 65~a of the total flow  Stecker,

1972!.

Lake Winnebago, which separates the upper portion of the basin from the lower

Fox River, is the largest inland lake in Wisconsin with a length of 28 miles and an area

of 215 square miles. Although shallow, it has considerable importance for all types

of recreation associated with surface waters.

The lower Fox River  see Figure 1 enclosed inside back cover! descending down-

stream from Lake Winnebago drains onl'y 413 square miles, which accounts for only

6 percent of the total drainage basin. This unusually small portion of the river system

is thought to have developed by the postglacial course change of the upper Fox and

Wolf Rivers into a relatively small preglacial stream, creating thus a large river

steeply descending over eight successive rapids. Ready availability of water and energy

have created most favorable opportunities for' industrialization, and in particular for
t

the development of one of the largest concentrations of the paper and pulp industry.

The eight rapids of the old lower Fox River are associated today. with' the eight

ma'nufacturing centers along the river--Neenah, Menasha, Appleton, Kaukauna, DePere,

Kimberly, Little Chute, Combined Locks and Little KauKauna.

The lower Fox River system  see Figure 2! referred to in this study is a 33 mile

long stretch of the river with 12 dams, 14 navigation locks, multiple water users and

pollutants. Its hydrological regime is considerably different from the upstream part
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of the basin, due to the piesence of both the natural reservoir of Lake Winnebago and

along this river section the navigation and hydroelectrical development resulting

in a sequence run of pools each having controlled inputs. In its last 7 miles, between

DePere and Green Bay, the river is sufficiently large to be subject to seiche waves a Ph<n-,'

omenon very similar to tides in an ocean, causing long period osciliations of the river

similar to the waves caused by tides in an estuary. The industrial and political

of the lower Fox River valley is best demonstrated by the fact that this 6'o of the total

drainage basin includes nearly all of its urban �00,000 population! and water-oriented

industrial development. Inadequate treatment of waste water by industries and municipalities

over prolonged periods of time has seriously degraded the water quality of the lower Fox
i

River, to the extent that virtually along the entire stretch of the river water-contact

sports and fishing activities are severely limited. To improve the situation the

State of Wisconsin Department of Natural Resources recently issued orders in 1968, 1969

and 1970 to the industries .and municipalities on the lower Fox River for the construction

of adequate treatment facilities, in keeping with the state water quality standards and

the recommendations of the Lake Michigan Enforcement Conference. The exact impact of

these orders is not known at this time, since it is not likely that their complete

implementation will be achieved in the near future by both industries and municipalities.

Whatever the impact of these orders will be, it is clear that in order to achieve

the established water quality goals, more extensive monitoring, analysis and management

efforts will be required, along with the construction and efficient operation of improved

treatment facilities.



WATER UALITY AND UTILIZATION

Water Users and Pollution

Water entering the lower river from the shallow, eutrophic Winnebago pool is

already turbid and heavily laden with nutrie'nts ~ In spring, total phosphate discharge

may reach 800,000 pounds I'Sager and Wiersma, 1974!. This nutrient loading, imposed

through discharges from Lake Winnebago, is the most serious long-term hazard posed

by the Fox River to Lake Michigan. On occasion the surface water treatment plant

at Appleton has been forced into exceptional operational measures in order to overcome

the effects of remarkable algae blooms encountered on Lake Winnebago in later summer.

Flow Re ulation

Flow from the Winnebago pool is regulated at the Neenah and Menasha dams by the

Corps of Engineers. Records from a stream flow gaging station at the Rapids Croche

Dam operated by the U,S. Geological Survey show the variability. of the flow. The

monthly mean flow ranges from a maximum of 7000 cfs in April to a minimum of 2300 cfs in

September. A more complete range of the monthly mean flows can be seen in Figure 1,

which includes reservoir release data from 1896-1970,'

The maximum recorded flow of 24,000 cfs was observed on April 18, 1952 and the

absolute minimum of 138 cfs was recorded on August 2, 1936. While solid ice cover is

found over portions of the lower river for up to one month of the year, temperatures

may reach 27 C in late .summer.

Water Use

Total water demand in the valley is very high. For example, it has been estimated

that in 1959  Knowles, 1964!, for the Green Bay area alone total water demand exceeded

495 mgd or 755 cfs. Over 98 percent of this was taken from surface sources, with

12.6 percent from the river and 83.8 percent from the Green Bay. Average municipal

water pumpage in the Neenah-Menasha and Appleton areas has been estimated at 20 mgd and

total use undoubtedly runs many times higher.



Enormous industrial water demands are placed upon the lower Fax River. The largest

users are the pulp and paper mills for process water and power stations for cooling

water. Other wet industries include shipping, foundries~ canning, meat packaging,

cold storage, dairy products, sugar, soap, furs, leather and beer.

The paper making industry requires high quality waters as well as large volumes,

as illustrated in Table 1, taken from a survey of paper mill water requirements con-

ducted by the Technical Association of the Pulp and Paper Industry  Miller, 1940!

and showing the usual limits of turbidities, chlorides, dissolved solids, total solids

and pH in process water used in several types of paper mills,



Table
� f V ]I 4 L IM ITS!

SUN/4AHY QF SPECIFICATIONS/FOB CHENICAI CONFOSZTION OF
JHOCESS WATERS FOB MANUFACTURE' OF VAFiIOUS PAPERS

Soda and. Kraft; Pa ~er
Sulphato Bleached Unbleached.

Pulps

Ground-

Mood

Paper

Fine
Paper

Sub . tance

 Amounts given in mg/1!

25
100

25+
5

100

50
50

aOO
1OO
200

50%
30

200
5

100

50

75
0.1
0.05

20
250

10

75

75
0.2
0.1

50
300

10
200

150
0.3
0,1

50
500

10

75

"Materials causing turbidity shall not be gritty.

Turbidity as Sioz
Color in platinum units
To' al hard, ness as CaCO~
Calcium hardness as Cacao~
Magnesium hard. ness as CaCO3
hlkalinity to methyl
or'ange as CaC03

Xrc>n as Fe
Nanganese as Nn
Silica  soluble as 5102!
Total dissolved solids
Free carbon d.ioxide as COZ
Chloride~ as C]
Residual chlorine as Clz

150
1.0
0 ~ a'

100

500
10

200
CO W

75
0,1
0,05�

20
2OO

10

2,0



Specifications for chemical compositions of process waters for the manufacture

of various papers has been approved as a set 6f tentative standards by the Water

Committee of the Technical Association of the Pulp and Paper Industry. All of the val'ues

in the table have been found to be acceptable by paper mills, with the possible

exception of the 2.0 mg/1 limit for residual chlorine for waters used in the making

of fine paper. Chlorine concentrations gr'eater than 0.3 mg/1 may have effects

where dyes are used.

Because of the demand for high quality waters extensive treatment is required

for municipal, industrial process and boiler feed water preparation. These treatmen' s,
including the addition of corrosion inhibitors, algicides or slimicides result in

large volumes of chemical sludges. Some pollution also results from the use of surface

water as a coolant.

Domestic water supply is not a major use of the lower Fox River. Neenah-Menasha

and Appleton intake surface waters from Lake Winnebago. Appleton provided this intake

with a by-pass around Little Lake Butte Des Mortes in 1962. Greeri Bay withdraws most of

its water from Lake Michigan and other- communities obtain their supplies entirely from

wells,

Users of River Assimilative Ca acit

The major industrial water users and waste water generators in the valley are the pap r '

and pulp mills. Effluent from processes may present oxygen demands and solids loadings

on the river, but contain relatively little nitrogen and phosphorous.

Actually, oxygen demand is contributed preferentially from pulping operations,

and solids turbidity from paper making. Fiber may be contrib+d by either process.

Although the mills do treat their wastes and/or discharge them through municipal systems,

much of the waste material still does reach the river. In Table 2 the waste loadings

from 17 pulp and paper mills discharging into the lower Fox River are summarized for

,a ninety-day period in 1972, Two other mills, the Wisconsin Tissue Mills and the

10
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U.S. Paper Mills, are also listed to show their contribution to paper and pulp pro-

duction, even though they have no direct discharge into the river.

Table 2 lists the paper and pulping mills beginning at Neenah and continuing

to Green Bay by mile point above the mouth of the river. The combined total pro-

duction figures of 5492 tons per day make this one o8 the great concentrations of

paper making in the world. Many of the products are of a specialty or high equality

nature and through the years have reflected the ingenuity of the valley people.

Only 3321 tons per day of pulp is actually digested in plants along the

lower Fox River, showing that about 40 percent of the fiber being used at this time

is brought in from other pulping operations. However, of the pul'p that is digested

along the river, it might be of interest to note that 52 percent is a result of the

recycling of waste paper as indicated by the delinking and waste paper production

processes.

The production processes referred to in Table 2 represent a slight modification

of the classification system set up in the Effluent Limitation Guideline for the Refuse

Permit Program for the Pulp and Paper Industry established in June of 1972. A table dis-

playing the classification system can be found in Appendix A.

The following listing illustrates the multiple use categories for end products

shown in Table 2:

Books 5 PublicationsTissue Board

Specia]tyTissue 5 Towel Pulp

Bond Dense Papers

The next section of the table summarizes the available and projected wastewater

improve treatment capabilities or direct their wastes into combined municipal-industrial

facilities. The "M" denotes such combined treatment. A plant of t»s type is under

12

treatment facilities of the mills. In general, only primary clarification was available

at the time the data were assembled. This situation is changing as individual mills either



construction by 'the Green Bay Metropolitan Sewage District. Table 3 provides the key

used to identify production processes shown in Table 2.

H droelectric Power

Historically, the operation of hydroturbines at dam sites along the lower Fox River wa<'
I

an important factor in the development of the region; numerous facilities remain today

and are summarized in Table 4. In general, the operation of hydropower stations does

not impose a direct pollutional load on the stream, although the initial creation of

impoundments may have reduced the natural capability for self-purification.

The number of electrical power generation stations in operation on the lower

Fox River has been decreasing over the years. The common situation has been that

when a turbine-generator unit breaks down it is not repaired since power can be pur-

chased elsewhere at less than the repair: cost. There are presently between 12 and

15 separate generating stations in operation. Table 4 summarizes the information

obtained on these stations. The installed flow capacities reflect both electrical

power generation and mechanical drives for other purposes.

The owners of the power stations can be divided into three classes: industrial',

publicly owned utility, and privately owned utility. They produce electricity for

commercial, residential, and industrial use. In some cases power is produced

exclusively for an individual company while in other cases it is sold to various users.

Under the present operating conditions the cost of obtaining electricity from hydr-

power is typically 0.55 cents per KW hour or about one-half as costly as purchased

electricity.

As mentioned earlier, the Corps of Engineers regulates the amount of flow in

the lower Fox River at the Neenah and Menasha dams. Hyroelectric information is

relayed from the Corps of Engineers to the various power interests by the consulting

firm of Orbison and Orbison Consultants, Inc. Information such as the level of Lake

Winnebago and river flow is provided to give the power interests an idea of how



TABLE 3

IDENT IF ICATION
PRODUCTION PROCESS

KRAFT PULPING AND THE MiQIUFr~CTURR OF !

1. Coarse Paper and. Liner Boa"d.
2. Newsprint

Bleached 4 Unbleached. Gr.-,des
Bleached. Grades

SULFITE PULPING AND THE
MAiXUFciCTURE OF~

1. Paper
2. Di s s olv in@ Pu lp

NEUTRAL SULFITE SEMI-CHEiiIC~Q

1 ~ Bleached  Chemi-groundvood!

GROUNDWOOD

1. Unbleached
2. Bleached.

DEINKING HILL

PAPERBOARD  No Deinking}

PAPER MaNUF~CTURE

 From Purchased. Pulp!

1. Coarse
2. Fine   8$ filled!

Book   8$ filled.!
Tissue

5. Specialty
6. Wastepaper

GLASSINE> GRE~.SE PROOF



TABLE 3

IDENTIFICATION
PRODUCTION PROCESS

1. Coarse Paper and. Liner Boa"d
2. Newsprint

Bleached 4 Unbleached. Grades
Bleached, Grades

SULFITE PULPING AND THE
MAiXUFA,CTURE OF ~

P

1. Paper
2. Dissolving Pulp

NEUTRAL SULFITE SEMI -CHEi~iI C AL

1. Bleached  Chen:1-groundwood!

GBOUNDWOOD

1. Unbleached
2, Bleached,

DZINKING MILL

PAPERBOARD  No Deinking!

V

PAPER MANUFACTURE

 Frora Purchased. Pulp!
VII

1. Coarse
2. Fine   8$ chilled!

Book   B$ filled!
Tissue

5, Specialty
6. Wastepaper

GLASSINE~ GREi.SE PRUOFVIXx
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Table 4

Electr1cal Power Generation on the Lower Fox River

/
Gene rat or N"umber

Copac i ty of
KM Turbines,

Owner
Class~

Turbine Floe
Capacity

CPS

Power station
Owner

Bergstrom Paper Co. 0

250

1980 xeno

16/02300

0

3

3

,72!'P 0

Noenah

Henasha

Upper Apploton

Upper Appleton

Nidd3.e Appleton

HiMle Applo on

Tower Appletori

I ower Appleton

Kiraberly

little Chute

Combined. Locks

Upper Kaukauna

Rober Kau

Rapid.e Cr

Depere

Georfe A. Hhiting
Paper Coy
Wisconsin-Michigan
Power Co,
4'imberly-Clark
Colpp
Appleton Woolen
Hills
Fox River Paper
Corp'
Foremost Dairies,
Inc y
Consolidated, Papers,
Inc.
K1.mberly-Cla k
Corp,
Kaukauna Electric
and. Mater Dept.
Appleton Papers,
Inc e
Kaukauna Electri'c

d. M t D t

I=Industrial; P=-PuMicly Owned Utility
U=Privately Owned. Utility

Not able to obtain inf'ormation.



much water will be available for power generation in the near future.

The total installed generator capacity on the lower Fox River represents 6

percent of the design value of the nuclear power station at Two Creeks. The Fox,

as a primary source of power, is much less important today than it was in the past.

In fact, at a typical flow condition of 2000 cfs, the total power output would be

about 25,550 hp having a dollar value of about 	25 per hour. This situation serves

to illustrate why the older units have not been repaired, but, ra'ther were abandoned

as power generators.

The marginal value of the power generated may be increased by shifting hydro-

power to serve for peaking to provide a load leveling capability for thermo-

power stations. This practice requires adequate automatic gating and control pro-

visions at the machine and causes added fluctuation in impoundment levels.

The structures already installed to provide for navigation and power generation

can be used to improve water. quality by introducing additional oxygen to the waters

through turbine venting. Efforts are currently underway to establish the limits

of quality improvement possible through this method.
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ART -.S I Ah! SYSTEM. DAT4. 4~ - PR"='SENTED IN MAPS SCALED 1: I "! I L LI ON BLOCK
DIAG".AMS CP.!SS S~C~InNS GRAPHS CHARTS TABLES AND T-Xl
I KN4PP-USGS!



"F<X RIV. R ~ ~ ~" WI S

PURL I C PF ~Cs~T I ONS OF WATER QUAL 1 ~ Y

WTSCONS TN UNI V ~ MhDISllN DEPT AF AGR ICULTURAL ECONOMI CS ~

I LIZABFTH L DAVID

WATER ~»SOURCES R»SFhRCH VOL 7 NO 3 P 453-457 JUNE 1971 ~ 5 P 2 RFF.

gE5gKL P TnBg
4WA>FR QUAL~~Yg ~POLLUTANT IDFNTIFICATION ~ <SURV~YSg +SOCIAL ASPECT,

~D BXJ.ZI.KS
LAKF MICHIGAN' FOX R I V»R

WATER RESOURCES SC I ENTI F I C I NFOR MATI ON CENT ER
OFFICE OF WATER RFSOURCES RESEARCH

U ~ S, DFPAPTMFNT OF THE IN~ERIOR

F IF LD 0 56 g 96 B

ACCESSION NO ~ W71-10 869

90

ARSES'RhCZ
a SURVEY WAS MADF OF h R<PRESLNTATIVF SAMPLE OF ADULTS IN WISCONSIN AS

: TO THF IR DESC<I ~TI OON O~ POLLUTION ~ THF. RESP !NDENTS WER .. SELEC>FD ~0 BE
~FPR»SFNTAiIV» OF 8O>H TH"' URBAN COMPLEX»S  ALONG l AK» MICHIGAN FROM
THE ILLINOIS BORDER TO ~ILWAUKEE'3 AND THE MORF RURAL ARFAS OF >HF
STAFF ~ TH» ANAlYSTS OF THF DATA WAS OF THREF Gl".NERAL TYPES:
CROSS-ThBUl AT IONS AUTOMATIC INTERACTION DFTECTOP. ANALYSFS AND
«lULTI VARI ATF f R»GUESS ~.lN! ANALYSES ~ MOST RES PONDFNTS WE> E CONCERl'l'ED
WITH THF. RICA EATIONNAL .4SPECTS OF WATER WH".:N ASKED WHAT WOULD INDICATE
POLLUTION IN WAT ~, 494 O» THE RESPONDENTS CHOS» SCUM AND ALGAE 25'Z
CHOSE SUDS AND FOAM AND 20% CHOSE. DARK, MURKY WATFR. ONt Y 1'4 M»NTIONED
CANS AND Gl..hSS< 3W SAID W";6'DSg AND lDX SAID DEBRIS L .SS MFNTION"-D W P'-,
CH»MICALS OR DI5»AS» G»R «1S THAT ARE NOT D;:TFCTFD BY ~H» HUMAN SFNSORY
SYSTEM. A TABL» WAS PROVIDFD WHICH INDICATFD PFRCFN>AGES O» ~FSPONS»S
DEFINING POLLUTION IN TERMS OF GIVEN WATER A>TRIBUT»S ~ tVEVEPKA-CORNELL;"
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W4i<P gt SQURC f S ".tS EARC H p VflL 9 g NO 3 g P 569579 JUN  y 1973 ~ 3 FI G9 5 TAB,
R~". Fo

QE5.EEL PM~ES
4PEC<f:.ATI t?N WATS~ !JTILI ZATION: PSYCHOLOGICAL ASI ECTS +LAKE MICHIGAN
P EGIDNAL ANALYSIS, SWAT. R QUALITY, +ATTITtJDES, +WI SCQNSIN, RECRf ATIOM
DEMANDS

gQ< ~T~F~F~R
+GPEF.N B4Y WIS!

AEST.!bt C. T
ON THF BASIS OF 4 SURVEY '3F RFSIDENT HEADS OF 3g 000 HOUSEHOLDS
T HRf?U 'HOOT TH= ~ I VE WISCONSIN COUNTIES ADJACENT Ti3 GRE~ l BAY TH" STUDY
I BENT IF I'ED HQW P~ l>Lt-" MERCE! VED GRE .N BAY AS A RFCR~4TION R.:SQURC . HQW
THf-.S~ PEf,CEPTIQN~ DI~FE~Et? AMONG GROUPS, AND HOW THf-SE Pt="C~~TIDNS
P El 4TFP T Q P,"-Cq<h T I f3NAL USE PATT FRNS ~ F I SHING' SWIMMING ~ AND BOAT ING
R ANKED AS TH-,: MOST Pf?PULAR ACTIVITIES ~ PARTI CIPANTS IN SWIMMING 4ND
f= ISHI~tG !JSEl? INLh N t LAKES MORE FREQUENTI Y THAN THFY O'SEl3 THE BAY BY
RATIDS f3F 3-1 f!ND 2: I w RESPECTIVELY+ FOR BOATING' USF. Bf TWF~N INLAND
LAKES 4hlD THF 84Y WAS EgtJALLY DI V I DED GP QUP S DI FFER FD S I GNI f= ICANTL'Y IN
DFSCR I BING THE BAY AND ITS MLlST BOTHERSOME PHYSICAL 490 WATCH QUALITY
CHAR4 .TER I STI CS ~ Gf=N=RALI Yy P4RTIC IPANTS AND THflSE WHQ US~ THF BAY WERE
LESS APT TO C IT. UNPLEASANT SMELL AND DEAD FISH AS MAJOR PR jBLF.MS AND
MOTIF. APT TO CITE SUCH P ff?RLEMS AS WINDS, WAVES! AND CLQUDIN"-SS.
,COMPARI SONS B,TWF;N US~R GROUPS SHOWED THAT SWIMMERS AND BQ4Tt'RS
DIFFf >Ff? Mf3ST IN >HFI f! oFRCEPTIQNS QF THE BAY WITH ~HF FCPMf ~ MOST'
QFTf-N C ITING DIRTY W4TFR AND JUNK ON THE BOTTOM Qf= THE BAY AND ~H~
LA~Tt=R MOST OFlEN CITING WINDS AND WEFDS. B3ATERS WFR~ MOST >OLF~ANT OF
UNPLEASANT BAY CONDITIONS' SWIMMERS l EAST TOLERANT e ANt? cI SH"'PMEtt
Bf-"TWFEN ~HE . WO PQSITIOVS THIS SUGGESTS 4 RELATIONSHIP 8:-.. TWEEN TH".
AMOUNT QF DIRFCT WATER CONTACT OF AN ACTIVITY AND THE TDLERANC~ LcVEL
f3F THF ACTIVITY PARTICIPANTS  HOFFMAN-NORTH CAROLIN4!

WATER RESOURCES,SC If.=.NTI FI C I NFQRMATION CENTER
OFFICE OF WATER PESQURC..S RESf";ARCH

U.S DEPARTMENT OF >HF IN~~RIf?R

FIELD 05Gg 06B

ACCFSSION NO. W73-15f324

31

WATER QUALITY PER CEPT I ON 4N t l H"- "f ~CRFATI QNAI US "S OF GREEN BAY y LAKE MICHIGAN y

W ISCONS IN tJNIV, G~ F~N BAY 't~GIQNAL ANALYSI S CONC",-NTRATIf?N.

R. B. OITTVN, 4Nr T. L. GODOALE.



nFOX RIVER ~ " W I SC

MINOR Fl EMENT GFOCHFMISTRY riF LAKE MICHIGAN FEPPOMANGANrSE NODUL~S

A~GOhJN"-. NA~iONAL LAB., ILL., ANn MICHIGAN UNIV., ANN ARBOR.

DAVID N. FDGINGTON, AND ~DWARF CALLENDER ~

QF Q~P,QP<f1RQ
4BOTTOM S+DIMEhJTS, FLAK+ MICHIGAN, +TRACF FLEMFNTS, + "EOCHEMI ST" Y,
4MANGANFSF 4PS~NIC COMPOUNDS> FUTROPHICATION ANALYTICAL T~CHNIQUFS
8U'RV+YSy DI SSOLV '0 OXYG Ng WATER CH MISTRYy WATEP QUALITY' WATFP

.POLLU~I Oi'J F:.FF ECTS.

Z.9~ hLTLFlt'~5.
,MANGANrSE NOPULrS, GgeFgJ BAY

Bgv~ 4r T
SAMPLES OF FFR~'3MANGAN .S - NODULES FPOM SEV..RAL LOCAL ITIFS IN LAKE
MIC HIGAN W«RC 4NA I YZ".:0 FOP TH= I R MINOR «:L,.MF NT CONTEN+ RY NEUTRON
A CT I Y4T ION T'. CWN I rJUFS. TH"-. THORIUM AND URANIUM LE VFL S IN L AKF. M I CHI GAN
NOPUl. t=S "..XHI BIT MARKED D I SSIMILARI TIES WITH MAP. INE NODULE S TH~ RADIU~
CON>P'~ ~~ >HESe ~~,FSHWA~rP, NODULFS IS SUBST4NTI ALLY HIGH "P THAN THE
REPORTED MARIN-. VAl.il";S. ~HE CONCENTRATIONS OF BAR IUM IN ~H~, LAKE
MICHIGAN NDPUL S 4PP +AR ~ i BE ABNORMALLY HIGH~ AND PA~T".-R "JS OBTAINFD
USING ~HE FLi:r»ri "J MICROPROBE SUGGEST IT IS l'.VENLY DI SP "RSED' THROUGHOUT
TH- NODUL~S. Ti~"-' AVE'~ 4GE hilSl-:Nl C CONTENT OF THESE FRESHWATER NODlJLFS I ",
4T LFAST TWTC F 4S G~ E4T 4S THAT REPORTf'0 FOR HIGHLY !XIDI Z~D MAP IN~
SEPIMFNTS. IF 4LL >HIS A~ SFNIC IS DISSOLVED AND RELEASED INTO G,",<EhJ BAY
4S 4 RESULT OF CH4NGINr, FNVIRONMENTAL CONDITIONS <EUTROPHICATION!,, THE
CONCFN'ii >ATION 'fN THF HA~FR OF GREEN BAY WOULD Br SEVERAL ~IM<S THF
MAXIMUM P~J'"'I SST RLe LEV -.L FOR DRI NKING WATER  KN4PP-USGS!

W4TER RESOURCES SC I ENTI FI C I NIDOR MAT I ON C~NTi=.R
OFF ICE OF W4TER RF SOUP .+S > ES+ARCH

U. S, DFPA"',TMFNT OF ~H~ I'JT~> ~ r!P

FIELD 02H 02K '
,!

AC CE S S I ON NO W70-0632 5

EAR>H AND PLANFTFRY . SC I;.NC+ LFT~ RS VOL 8 hJO 2 P 97-100 AP~ IL 193'0. 0 P
1 FIG e 1 TAB> 15 RF.
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4N FX PLORAT I' !N '3F PFSTICI D~S IN 4 LAKE MICHIGAN t-.COS YSTEM

w~sroh!SIN IjNIv., M40ISnN. DEpT. OF WILDLIFI=. MANAG~MEN~; 4ND wISCONSIN ALUMNI
P FSEARCH FOUNDATI ONi MADISON

JOSEPH J HICK<Yt J ~ A ~ K~<THr AND FRANCIS B ~ COON ~

DAM J.P ~nkvd
»:FOOD CH4INS >P.-STICID".: RF'S IDUESy PEST ICID... TOXICITY >ROPHIC Lf VEL
FOOD PYRAMIDS ROTTnM SFD'MENTS AMPHIPnDA GULLS' OLD SQUAW DUCK DDT.
C HLORIN4TFR HYD"AVOCA EBON >ESTICIDES

Z.QEhLT.L~ ~
GREEN B4Y WI S ! i P =~i '1~>RI";I b AFFINI Sg DOER TDE ~

P,ESI~ ACT
ORGANOCHLOP '3NF RI=.S IDOLS IN THE GREEN BAY 4R~A OF Nl!PTH-WEST LAKE
M YC HI G4N HAVE 8 .FN INV S+I GATED» ANAL YSE S HAVE BEEN MADE OF   1 !
SHALLOW AND DC.,~ WATER MUD SAMPLES �! THF. 4MPHI POD P lNTOPn>~T. A
A FF!NI S WHICH IS 4 "I IMPf7~~ANT FOOD SOURCE FOR F ISHES g � ! Al ".W< VEST
WH7< FISH ANn CHUB AND �! OLD-SQUAW DUCKS RING-BILLED GULLS AND '
HERR ING GUI < S TH! 5 PR -1 I MINA tY STUDY SHOWS THE BIOLOGIC 4L
CHANC"..N~ R4TI Oh! I3F ~" ST I C IDES PP E V I OUSL Y R".PORTED FOR SMAL LEP LAKES ~ IN
PONTnPO~~IA TH; CnNCFNTRA<ION FACTOR IS ABOUT 5D TIMES THAT OF THE
RESIDU LEY l TN MUD  DDF. INCREASFS MOST! AND IN FISH THIS FACTOR IS
L NCR . 4SFD ROUGHLY 10 >IM~S MORE STILL ~ AMONG BIRDS y ALL OF WHICH SPFNT
>ART OF ~HE<P LIF--., CYCL".. O~F LAKE MICHIGAhl OPGANOCHLORINF LFVCLS WFRE
PROGRESSIVFLY HIGHER IN 8",AIN BREAST AND BODY FAT IN OLD-SQUAW DUCKS'
RING-BILLFD GUlLS 4ND HE~R ING GUI LS' AND IN ADULT .4S OPPnSFD ~O YOUNGER
B I~ DS 8 !nY F 4T t' V -.", A G@ I 2441 PLUS OR MINUS 334 PPM OF THE T'HREI;
COMPOUNDS IN TWFLV~ HER< IhlG GULLS COLLFCTED IN JUN~ AND IN A S~.MINGLY
HEA L T HY C ONDI T ION ~   S JOL S-.. TH- WAS H I NGT ON !

WATER RESOURCES SC IENT I F I C I NFOP, MATT ON C ~%TER
OFFICE OF WATFR RESOURCES RESFAPCH

U ~ So DEPARTMENT '.3F TH"- INTFRIO'R

FIELD 95C

ACCESSION NO. W7D-02353

J APPl I=.COL VOL 3   SUPPL ! P 141-154 1966 ~ 1O T48 28 P E F ~ SUPPORTED BY BU
SPY F ISH AND WII OLIFE AND~ F IS H 4ND W ILDLIFE SFRV.
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BIOLOGIC4L EVALUATION OF =NVI  ONM -N AL QUALITY GRF -.N BAY L4K+ MICHIGAN

WISCflNS IN liNTV ~ ~ MT LWAlJKFF. C"-N~~R FOR GR";AT LAKES STUDI".S ~

~ ~ P ~ HDWMILl ER g AND A. M 8".-~ON ~

gFgPPyOTrlgg
+~VAL U4TION 48IClL<  ' C 0l COMMUNI TI ES +OLI GOCHAETF S WA+F R POLLUT ION
SOURCES q ~NVT>'lNM=NTq WATFR POLLUTION EFFECTS' S4M>LINGt
<UTROPHICA~ ~hl 8 .N~HIC F 4lJNA NEMATODESg AMPHIPODA CL4 "Sy I SOPOD~y
SN4ILS MIOG . S l.:4DD ISFL I"-< TUBIF IC IDS LAKE MICHIGAN MhYFL Il.S
INV~RT< BRA~EN DIPT~~4 l 4'PYAFy WISCONSIN.

  QEBZIELF RS
+G>"-FN BAY 'WI S l g FOX RI V~R  WI S! g LUMBRICULI DAEVA NAIDID4F g  FECHES y
HiX4G~NIA, SPHA.n~IOAF.

MS» At;I
BENTHOS OF LOWE'l 4"l0 MIDDLF GREEN BAY  WISCONSIN! W~RF SAMPLED IN MAY
1969 0 COR<ES~DNO WITH THF SAME DATE 17 YEARS EARL I .< y USING TH - S4MF
STATIONS 4ND Nl-4'LY IO~N>ICAL EQUIPMrNT IN AN A~TEMPT TO ELIMINATE
D I SCR IMP AN CI|=.S OlJ~ TO DI ~ F " R.-.NT APPARATUS, M'.: TH'3DDLOGY 4ND SF 4 SON OF
PAST STUDIES. IN 1952 OLIGOCHAETA ACCOUNTFD FOR AN 4VERAGF lF 66% lF
~H~ BFNTHIC O~O4NISMS ~PClM STATIONS 2 TO 10' IN 1969 AN 4VFRAG~ OF 85Vo
LFFCHFS WE<F LESS 4BUNDPNT AND LESS WIDEl Y OISTRIBUTFD IN 1969 THAN IN
1952 ~ SNAILS OCCU"RFD AT TFN STATIONS IN 1952 BUT AT TWO IN 1969o
F INGERNAI L CL 4MS WERE L~SS ABUNDANT IN 1969 THAN IN 1952 WHIL~ NO
NAIAD Cl ASS WERE 'R".PORTED IN 1952' LAMPSILIS SIt IQUOIDEA WAS FOUND AT
STATION 15 IN 1969. TH~ DISTRIBUTION OF AMPHIPODSi SIMILAR IN 1952 ANO
1,969 SHDWFD MORF ABUNDANCE AND COMPRIS,-.D 4 LARGER. POPULA>ION
PFRCENTAGF. IN 1952 H~XAG. NIA HAS DIS4PPEARFD ~ THE MIDGE Se POLLUTION
TOLERANT. SECOND ONLY ~'1 OL IGOCHAETAy DEC l".ASFO N=AR FOX RIVE~ MOUNTHg

'- INCP~ASl'D N0~TH .C! t= LOFTI T4I I POINT BUT DECREASEO IN RF'LATIVF.
IMPO~>4NCF,. THUS BFN-CHIC INVERTEBRATES' OTH";R THAN OLIGOCHA".T4 AND
CHI~~Nns<DAF,, WFR. L~SS ABUNDANT IN 1969 THAN 1952 SUGGESTING THAT ~HF
OFT<> IORATYfltII DF TH< 84Y ENVIRONMENT IS CONT INUI NG ~   JONES-WISCONS! Nl

WAT"R RFSOURCES SCIENTIFIC INFORMATTClN CFNTER
OFFICE OF WATER RESOURCES RESFAPCH

U.S ~ DEPART'4lENT DF TH~ INTERIOR

FIELD 05C

ACCFSSION NO ~ W71-09174

JOURNAL Wb>EP PDLLUTI ON CONT~'JL ~EDFRATIONe VOL 43> NO 1e P 123-133' 1971 8
FIG o 2 TABg 18 REF
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THE OLI GOCHA", T< FAUNA QF GR F-".N BA Y LAKF. MICHIGAN

WISCONS IN UN'IV ~ MI LWAUKF~, C~NTFR FOR GRFAT LAKES STUDIES.

RICHARD P HO M F bhD

DMFCEIP j:QKZ
'~OL I GOCHAFT~S t < I FDIC ATOP S t '~DISTR IBUT ION l ATTERNS t +~U: ROPHICATI ONt
l AKF, MICHIGAN, TUBT F ICIDS, WATER POLLUTION FFFECTS, BFNTHIC FAUNA,
G~~A~ LAKES t SA l~LI NGt P lPULAT ION ~

LD.~5ZIMF
~GRFE N BAY   WI S ! LUMBRI CUI IDAE NA ID I DAF.,

Wa.S.ra.a" T I
THF. BOTTOM O" GREEN BAYt AN ARM OF LAKE MICHIGANt WAS SAM>LED A~ 103
." TAT I ON S US I NG P'lNP R AID FK MAN GRABS� . THE POP ULAT I ONS ~ F OL IGOC HAE TA
INCLUDING LOMB" ICULIDA+t lAIDIDAEt AND TUBIFICIDA - SPt COMPRISED FROM
!Of TO 6DZ O~ TH".-. Bl NTHT C YACROINVERTEBRATFS THF PRFSFNCE 'lF
STYL'3DRILUS HERIhlGI ANUS AhlD TUBIFEX KFSSLERI WAS CHARACTFRISTIC FOR THE
NOPTHFRNt L SS EUT~OPHI <D PART OF THF,. BAY ~ THF, POLLUTED LOW P ~NO WAS
DOMINATED BY LIMNOAPILUS SPt PARTICULARLY L HOFFMEIST"..RI t WI~H
OCCASIONAL PR~S~NCl=' »lF Dt=RO DIGI TATA ~ DLCREASED ".,U~ROPHICATION
COINCIDED WITH FREQUENT PCCURRENCF OF AULQDRILUS AM» RI CANUSt A
PLURI S~TA t ILYOOR PLUS T;MPLETONI t PFLOSCOLEX FRFYI t AND P MUL~IS+TOSUS
TH~ RFSUl TS OF TH' STUDY SUPPORT THE THFSIS THAT THE DIST>IBUTION
PA~TFRN OF Ol IGOCHAT "S St >VES AS A SLNS ITIVE INDICA~O> 0F OPGbNIC
POLLUTION AND SUBS~QU~NT DFGPEE OF WATFR OXYGENATION. THIS PAPt.-R
CONTI INS 39 RFF~R~NCFS f WILDE-WISCONSIN!

F IFLD 05C WATER RESOURCES SC I "NTI PIC INFOR lATI ON CENTRA
OFFICE OF WATE>. RESOUPC+S RFSEAPCH

U ~ S ~ DEP ARTMENT OF TH" INTEGRI OP

ACCESS1ON NO W71-11031

W ILl. Rt l AD M BEETON.

PPOCEFD INGS 13TH CONFERENCE ON GREAT LAKES RFSEARCHt P 1546t 1970. 31 FIG t 3
TAB t 39 R<F ~



«H5, BEN«H I C MACR rlFkilNA "3F GP ~@N P 4 Yq LAKF. MI C HI C>4N >

W I S C>NS IN UNIV ~ M4 OT S "IN.

P ~ HrIW MT LLFP

V.a~C.'r Pra~z
+BFNTHI C FAUNAg +4QUA«TC ANIMAl S e +DISTRIBUTION PATTE't?NS g +L 4KF
MTC HT GAN +BIOINfl TCA«ORS OLI GOCHAETF S MIDGFS W A«ER POl LUT I'.3N
S YSTE MATRIC S F!? ~ S H WAT" R INVERTEBRATES r GASTPOPODS C LANS

.CRUSTAC -4NS, AMP HIPrlr'4, EUTROPHICATION, LAKr FRT E, MAYFI IES,
~UBTFTCTDS, TSOP<DS, SAMPLING, GREAT LAK-..S, Ol TGOTROPHY, WA« O
'POlLUTION FFFECTS

4GP EFN BhY l W't SC! FOX RIVER BENTH!C MACROF AUNA L"... "CHrS HT P UDT NEA
H",XAGFNTA S«YL''3D". PLUS H .? TNGIANUS L IMNQDRILUS HOFFMETST~RT
.4ULOD>TLUS SPP. PFLr!Sr.. 3L~X SPP POTAMOTHRI X SPP CHIR lNQMUS CF
AT«ENUA US rHT<ONOMUS CF PLUMOSUS PROCLADIUS CF CULTCTFOPMTS
T4".lY' AR SUS SP~ H".>~",!3T". I SSOCLAOIUS CF SUBPILOSUS ~

SZB4r z
«HF. MACROSCr!PIC BENTHIC INVERTEBP ATES OF GR..:EN BAY WFRE STUDI -.D FROM
G<AB SAMPLES «AK"-N AT 113 STATIONS BETWE"N 1966 A"JD 1969. COMPARISON OF
THF PPFSFNT F TNt!T ~IGS WI H DATA FROM STUDIES DONE If'J 1938-39 ANO 1952
I ND I C ATPS TH4«MANY TYP"-. ~ OF I NVERTF. BR ATES ARE LESS ABUNDANT AND
WIDESPREAD ROM ~HAN TWO O~ THRPE DECAOFS AGO EXCEPT FOR A SMALL AREA
AROUND ~HE MON'H !F H". FI3X RIVER THE MAJOR POLLUTING INFlOW,
OLIGOCHAETA 4ND CHTPON'! <':. OAE AR,". PRESFNT TN GRFATFR NUMBFP S «HAN TN
EARLIER Y~41? S. 3 H» rIBSFRVED CHANGES 4RT': SIMILAR T'3 «HrlS~ RECORD".0 FOR
WFSTF~N LAKF ~~IF AND A F INOICATIV:- OF INCREASED FUTROPHICATIQN 4ND
POLLUTI ON ~ Ol I G'!CH4 "TA 4" F THE MOST ABUNDANT MACROT NVE1? «FBRA~'FS I N THE
BAY WT«H THIRTY-O'J,. SPEC TFS RECORDED ~ SP"CI..S DISTRTBUTIr!NAL PA«T~1?NS
WITH !?~SP<C«T'1 K "JOWN ~"JVTPONMENTAL PARAMETFRSg ARE SIMT I AR TO THI7SE
<OUNO I N r!~H»P I NVF S TTGA«TONS IN THF. GP "AT LAKFS WI«H STYL»ID~ ILUS
H~R INGT ANUS 4«TH~ r1L TGt3TI? OPHI C NORTHERN ENO OF THF. BAY L IMN%! " TLUS
HOFFMF; I ST~V I DOMINA~I«T ~J «H'= POLLUT ".D SOUTHERN FND AND AUL'3DRT LUS,
PFLOSCI3L~ X AND o"t«AM'3TH> I X SPECIES REACHING THEIR GP EAT -ST RCLATT V
ABUNOANCF IN S~: W<EN ~ «W NTY TAXA OF CHTRON'3MT t3AE HAVF BF EN ~i3UND THE
DOMINANT TAXA IN «H Li3W»'R AND MI DDLE BAY BFLONG TO GFNFRA < CHIR ONOMUS v
PROCLADIUS ! C 13M41r1~JL Y ASS IC I4TED WI TH FUTP3PHIC rjR PC1LLU ' 0
~NVTRrINM NTS. TH~ UPPFP RAY MI DGE FAUNA IS MORi Dl VI,"?SF WTTH SOM"-
STAT TONS OO'i1 I NA»r! RY M -SOTROPHI C 0> OL I GOT ROPHI C FORMS  «ANYTAP SUS
HF«EP O«t? I SSOCL kt3I'JS C F ~ S UBP ILOSUS ! ~ F URTHER SAMPL J NG ON < S "A S'.3NAL
BAS I < IS N~CESS 4" Y TO 4Cr URATEI Y OFT .RMTNF. THF ABUNOANCF AND
DTS«R TBU>IONAI >AT«FRNS rlFTHE LESS NUMEPOUS WORM 4 "JD MIDGE S Pt=.C I ES ~

HCllOMAN- BAT«F.I L P !

W4TFR RESOURCES SC I ENTI ~I C I NFOP MA'TT CIN CEN«E>
OFFICE J3F WhT<R RESOURCES R",-S~AR "H

FTElD t35C e 02L

AVA ILk 8LF FPOM UNT V ~ M I C~'DF TL IS y INC y ANN AR BOR p MICH g 48106 I3RDrR NQ ~
71-24y465. PH~ O ~ . «Hr ST S p 1971m P 241+



"FOX R I VFR . " WI SC

WI'S CONS IN OFP~ OF NATUQ AL RES flURCLS y MA DI SON ~

S'I'ANTON J. KLFI NFRT ANO PAUL F ~ DEGURSE

RESEARCH R<PI!R~ 73' 197 le 16 Pe 1 FIG! 3 tABy 15 RBF ~

DES.CR IPMTE5.
4HEAVY METALS 4STRFhM POLLUTION +PATH OF POLLUTANTS' +PUBLIC H"ALTH
WI SCANS IN r INOUSTQ I AL W KSTES v FNY I RONMENTAL SANITATION' WAT."R
POLLUTIONFFFECTS, PULP WAS~ES CHFMICAL WASTFS W,4L1 FYE SUCKERS,
C ATF L SHFS p St!N~I SHt';S y YELLOW PERCHA FI SHy FI SH PHYSIOLOGY y L 4KF
MTCHIGANy LAKE SUP~RIOR> MISSISSIPPI RI VFQ.

LKBTI~X ~ R5.
*MERCURY ~nLLUTION, 48IaCONCENTRATION, CONCENTRATION, lERCURV, RFOHORSE
F ISH, CRAPPI~ GREEN BAY WISCONSIN ~

ASS,TP ACT
MERCURY OS:T~RMINATIDNS WFPE MADF, ON FISH FIL'ET SAMPLFS FROM THROUGHOUT
WISCONSIN ANO FROM WISCONSIN S BOUNDARY WATERS OF LAKr. MICHIGAN, GRFEN
BAY, LAKe SUPEQI0> ANO THF MISS I SS IPP I RIVER ALL WI SC'3NSIN F ISH
ANAl.Y2FD CONTAIN" D SOME Ml RCURY WITH A RANG, OF 0 Ol TO 0 ~ 60 PPM AND
hN 4VFRAG< CIF 0 19 PPM. THE' HIGHEST MERCURY l EVFLS AVFRAGING 0 ~ 80 PPM
ANO ~ ANGING FFOM ~'!. 06 TO 4.62 PPM OCCURRED IN I= I SH TAK",:N FROM B~LOW
PAPER MILI S ANO FROM BFt.OW A MERCURY CELL CHLOR-Al KALI PLANT DIFFERENT
SPECIES VARY IN MERCtjRY CONTENT< ANO THE LARGER FISH OFTEN CONTAIN
HIGHER CONC+NTPATIONS THhN 00 SMALLER FISH OF THE SAM~ SPECIES TAKEN
FROM THE SAME WAT EQ WAL! <YE SUCKFR REDHORSE CRAPPI~ AND BULLHEAD
F~EQUl=N~LY SHOWFO HI GHE~ MERCUP Y CONCENTRATI ONS WHILF. TH~ PANFISH'ES
SHOWED L'3WFP CONC ENTP %~ I ON S. IT I 5 ESSENTIAL y THE RFF ORE y THAT MFP CU LY
LEVEL. IN ALL IMP'1~TANT SPECIES IN THE F I SHERRY BE OE'TFQMINED 8~FORE THF.
POTENT f AL POLLU~I ON PROBLEM CAN BF,. AOFQUATELY ASSESSED
  L~GORF-WASHINGTON!

WhTER RESOURCES SC Il.-.'NTI FIC INFOR MA~I ON CFNTER
OFFICE OF WATFR RFS.'!URC <S ~ ~SEARCH

U ~ S» DEPARTMENT OF THF. IN>ERTOR

FI" LO 05C e 058

ACCE S SION NO ~ W71-38610

~IERCURY L~V<LS IN FISH F .OM SFLFCTFD WISCONS IN WATFRS  A PRt l IMINA>Y RFPRRT l,
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EXPLORING LAK M>CHIGAN W .TLANDR

W'ISCONS IN Dr'PT ~ OF NATURaL RESnURCf'.S HADI SON ~ BURFAU OF P FSEAP C H

STA NTON J. KL< I N'FRY ~

2" < C~PQES
4WETLANDS WILDLIF .. CONS RVATION RECREA~ION DEMAND COST-B<NEFI~

;AN4L YSI S

HK~~FIZE5.
;+L4KF MICHIGAN 4~KTNSON MARSH GP,FEN BAY ~

455lBACZ
THE BFNEFICIAL Fr 4+UR S OF LAKESHORE WETLANDS AWE -..XPLOR~D AND TH«IR
US<FULN~SS FnR BIoDS> FISHY HUNT RS~ RECREATION 4ND STUDY AR-.
FXPLhIN D ~ WI H M~~r- APr =.rIATION FOR TH~ ROt F OF WETLANDS, r =.Or LE ARF
RECOMTNG MORE AWARr: nF TH~ IMPORTANCE OF PR'ESERVING REMAINING WETLANDS ~
 HOLMES-RUTGERS!

WATER RESOURCES SCIENTIFIC INFOR MATI ON C"=N~«R

OFF ICC OF W4TER RESOURCES R~SEAr.ck

U ~ S ~ DEPARTNFNT OF Tk~ INTERIOR

FIELD 060

ACCESSION NO. W71-0948 7

wICcoNsIN coNsERva~ION BULLFTINy voL 35' NQ 1p JAN-FFB 1979 P 18 AND 19.
FIGHT
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LFAGUE OF WOMFN VOTERS, W I SCOhlSIhl, 1968 10 P, 11 REF ~   MIMEOGR APHED! .

DM~CR I.PM~BS
+LAKE MICHIGAN W I SCOh!SIh! GEOLOGY POPULATION WATFR RES'3U>CES
OEVf,"t f3PM . NT Lt;GI SlATIOhl WATFR SUPP LY POLLUTION ABATEMENT y FLOOD
CONTROL El FCT'RI C POWER g If RIGAT IOhlg NAVIGATION g WATERSHED MANAGFMENT
INDUSTRIAL WASTES' S~WAGE REATMENTe PULP WASTFSg FISHING9 WILDLIFE'

IDE5T.Lf IZED.
4NORTHEASTE",N WI SCf3NSIN SOUTHEASTERN WI SCONSIN MILWAUKEE g GRE"..N BAY

PBS~~A" 2
THF WISCONSIN S~C<ION OF THE LAKF MICHIGAN BASIN I S OESCRI BFO WITH
B>IFF SUMMARIFS 0< PHYSICAL CHARACTFRISTICSg POPULATIOhl
CHAR ACT!=,R I S~ICS, FC 3NOMI C CHARACTERISTICS AND WATER RFLA~ -.0 ACT IVITIi=.S
AND CHARACT -.RI STICS INCLUDED ARE DFSCRIPTIONS OF WAT".R SUPPLY
POLLt!>ION AB4~".M~ST FLQ .� CONTROl POWl'.R GENF RATIONS IR P I GAT ION p
NAVIGATION' WATE~SHFD MANhGEMFNTq RECREATION' FISH ANO WILDLIF!.»
BFCAUSF �f= REGI Jh!hl DIFFERENCES THE NORTHEASTERN AND SOUTHEASTERN
SECTIONS OF WI SCCiNS IN AR".- CONSIDERED SFP4RATElY ~ TH~ N'3RTHEASTFRhl
S!CTIC!N CENTERS 4RRlJNO G><EN BAY POPULATIOhl IN THI S SFCTION IS
EXP C Tf:0 BY 2f! 2'3 ~'! NFA> L Y DOUBLE THE 196'! LFVFL QF 778 000 P< INCI PAL
OCCl!PA>IONS AR~ LIST~0 Ah!D BECAUSE OF THF, IMPORTANC!=. OF LUMBER THE
WAST+ LOAD !=A O>< Pl!L P AND PAPER I S AN IMPOP TANT CONTR I BUT ION TO
POLLUTTON ~ ~HF S~UTH~AST~RN SECTION HAS 4 POPULATION OF 1>674e000 AND
WITH A 59 ~ 9 INCREASE EXPFCTED BETWEEN 1963 AND 1990 IT I S Oi!F '3F THE
NATION~ S FASTFST G~ OWING t..4RGE METROPOL LTAN REGIONS ~ SIX MAJ 3R AND FIV '
MINOR WATFP SHFiOS 4P F L IS A+ 0 WITH GROUNDWATER AS CQ JTR I BUT I NG TO THF.
WATER SUPPLY. IN Ml!CH ~f= >HE REGIONS FLOODING I S 4 P ECUPR ING P~OBLEM
4ND W ITH C�N~INUFO URBANI 2ATION THIS IS EXPECTFO TO IRCREAS . ~
APPRC!XIMATFLY 59 !F URBAN OEVELOPFD ARFA IS SERVED BY FACILITIES FRO l
LAKF MICHIGAN. CC!MMF'RCI Al SHIPP ING CONF INED Tf3 TH,": IILW4!!K~~ HARB.!R
AR~ A~ I S OFSC~ I BI 0 AS A". ~ RECREAT IONAL AR~AS STAT«-. CONTR'.!L OF WATER
RFSOURCFS BROUGHT ABOU~ BY 1966 l EGISLATION IS DISCUSSED FINALLY' THF
WORK i!F SOUTHFAST .RN REi TONAL PLANNING IS REVIFW":.0 ~ INCLUO<O IS 4
SYAT~MFNT FPOM TH~ AG 'NCY PINPOINTING MUNICIPAL SEWAG.-. PLANETS AS TH' E
MOST IMPORTANT Sf3UAC~S gF POLLUT ION IN THE REGION< t PR~CKWINKLE-CHICAGO !

WATFR RESOURCES SCIENTIFIC INFORMATION C,NTFR
OFFICE OF WATFR RESOURCt=,S R<SEAPCH

U ~ S DEPARTMENT OF Tq~ IN~<RIOR

F IELO 068 y 06~

ACCESSION NO ~ W7i3-09624

LAKE MICHIGAN BASIN STUDY: WISCONSIN SECTION ~

LEAGUF OF WOMFN VOTFRS, OETRnIT~ MICH. LAKF. MICHIGAN INT~R-LEAG!i- I;ROU~.



NFOX RIVEP,...«WISC

pOLF OF PHOS PHnptj5 IN FUTROPHICAT IONg

W ISCCtNS IN tjNI V. M4DI SON ~ WAt e"- CHL MI STR Y ~P OG RAM

FO <O

Dt ALP J. P TQ35
+PHOSPHORUS +~UTRQPHIC4TION, FERTIL I ZATIQN, AQU4TIC Pl.ANTSo
MATHFMATICAL MD'7 LS SELF-PUP IFICATIQN ALGAE GREAT L4KFS, NtJTRI<NTS�
S FP I M"-.NTS L4KF M I C HI GhN WATER POLLUT ION SOURCES WATER pflL LU+I QN,
t ON>RflL TRQPHIC L" VFLS PHQSPHATES DFT"-.RGENTS BIOhSSAY ANALYTICAL
TFCH'it IQtl<S FDREC4STING 5 ILICA

QQ<gl'g F~F lt
FLUSHING GRF-N BAY WIS! g NITRILOTRIACETIC ACID ALGAL ASSAY
r ROCrDURFS, ALG4L GPOWTH, IN-I AKF NUTRIENT CONTROL.

AM.Ip Acz
5 IGNI FIC4NCE OF PHOSPH'lRUS AS THF. KEY ELENtE NT IN E XCFSSI V+
F t RT I L I 24T I<N OF NATURAL W 4TER5 I 5 P R ESL'NTED AND I TS RQL F' QN PL ANT
GROWTH IN L4KES ~ TCtQL5 ~Q ASSFSS PHOS PHCtPtJS AND OTHER FLEM<N~S
FFRTILI 2ING NhTUR AL WAT~~S ARE MATH~MATIC4L MODFLS> FN2YM4TIC AND
>I 5 SUE ASSAY ~P'lC FDtJ~ FS 4PPRAI SAL 0~ l'ltJTRI+NT STATUS OF LAKF5 CAN BE
MADE DURBAN -. FFBRUhP Y 4'AD MARCH OF EACH Y~4R IN TFMPERAT~ LAK".-S TQ SHOW
>HF POT~NTIhL PRQBLFMS 4ND STEPS INITIATED TO CONTROL FXC+SSIV,:
DI SC H4R G~ PF NtP'P I ~N~ 5 5 ~DIMFNT 5 SF'.AVE 45 A S INK FOR PHOS PHD RUS W I TH
THF. NFT Fl UX DF PHOSPHDRtl! FROM LAKF WAT"'R TO S"."DIMFNTS CONTEMPL4>t=.D
NUTRIA FNT RFM "OVAL' PR 0 J~CTS SHOULD BF. ASSOC IATED WITH SOM~ LABORATORY
LEACHING TFSTS QN LPKE 5"-DIMENTS AND REStJLTS COMPARFD 'WITH LAK»
',R ECOVf'R Y RAT< UPON NU~, I +NT RF DUCT ION ~ D"-VF LOP MENT CtF MODF L 5 FCtR
4 QUF QU5 E NVIRONMF NT b L CH~M ISTRY QF AQUA~ IC NUTR I ANTS IN hlATUP AL WATER 5
tS ~55FN~IAL TO T~PP.tV»H~ PREQICTABILI Y OF PFLA I lt,'SHIPS BETWFEN >H~'
FLtJ X "3F hQ'Jh 1'C P  l' h!> hl! t P < NTS AND GROWTH IF "LGA< hk!D OTH<P AQf t4'TIE

WATER RESOURCES SCIFNTIFIC INFORMATION CEN~ .R
OFF ICE OF WATER RF: SOUP C:S RES FARCH

U ~ 5 ~ DEPARTMENT OF; HE INTt=RI OR

FI"..LO 05C

ACCFSSION NO ~ W71-12072

PRES<N"ED hT THE SVMPOSItJM QF ltMFRICAN CHFMICAI SQCIFTV, DIVISI".tN 1F WAT-e
AIP, AND WASTF. CHF Ml'ST>Y, l OS 4NGELES y CAL IFORNI 4 APR IL 3 970



i~FOX RIVER ~ ~ ~" WISC

SWYMM'E" 'S I YCHe

WISCONS IN 1JNIV ~ JAOISON DFP~ OF BOTANY' AND WISCONSIN UNIV ~ MADISON.
OEP,, Oc ZC1OLOGY

G<R A! D F ~ LFVYy AND JOHN 'WILLIAM FOLSTAD

city IRCJNMFNT VOL 11 NO 10 P ' 4-21 19b9 ~ 5 F IG 1 TAB.

Q~QP$P~9< 5
INHUMAN DI SFAS, S WcfSTS INFECTION j WATFR POLLUTION cFFFCTS, LAKcS,
q IycP 5> cWI MMINGi SNA~L5 v WATER FOfiifLe BIRDS' MUSKRATS t DEE< ~ IICHI GANt
COPPF> 51JLFATFg WI SCONSINg CH=MCONTROL ~

Z.QE.5» ZLc K54CPRCAPIAE +SCHI S~OSCJM>, OcRMATITIS MIC". GPFEN BAYtWIS! FLATWORMS,
BLOOD cLUKFS, AQUWTI C SiNAILS y SWIMMEP, S 3 TCHy BAYLlJSCIOc g
SCHI STf? SO'kI AS I 5 ~

FIFLD 05C WATER RESOURCES SCIENTIFIC INFO".MATI ON CENTER
OFFICE OF WATER RFSOUPCcS RESEAPCH

U ~ S ~ OEP ARTMFNT OF THe IN~cRIOR

ACCESSION NO ~ .W70" 05549

MBIRA~ ~SiWIMMFRS IN MANY NORTHFRN LAKES FROM COAST TO COAST AS Wf LL AS THc
1" XTW-..MF SOU~H HAVc DFVcLOPEO SCHI STOSOMF. DEPMATITIc A NCJN-DEBILITATING
SKIN DTSF ASF CA1JcED BY BLOOD FLUKE CEPCARIAE WH! CH WHILE SEAPCHING FOR

BI>Oii SNAIL'S OR MAMMAL HOST ACCIDENTALLY PENETPATE TH" SWIMMF> 'S
SKIN, ALTHOUGe Mh,N CANNOT,iCT AS A HOST. THE OIS,-.ASc IS SoRcAOING DfJF
~O etJTROPHI CA~ION OF WATcR 5 WHICH PROV IOFS AN ENHANCcD ENYIRONMcNT 6'OR
AQUAT JC PLA'4>$ SUPPORTING THE INTERMEDI AT" 'SNAIL HOSTS AND THc
CFRCARIAE COPPER SULPHATc ANO 'COPPFR CARBONATE HAVE BccN USED TO
cRADICATc THE SNAILS BU~ P";SULTS ARE TEMiPORARY AND HAVE INOUCcD
UNDFSIRABLE SID"..-FFFcCTS SUCH AS THF, MORTALITY OF CLAMS' WHICH COMPETE
W1TH THF. SNAI L FOR FADDY AND FISHKILl S OUF.; TO ASPHYXI ATION BcCAUSE THc
OFCAYING VEGFTABLc MATTFP p KILLED BY THE COPPFR SALTS' REOUCc5
OTSSOLVFO OXYGEN CONCcN RATIONS ~ COPPFR COMPOUND T%".ATMEN~ MAY ALSO
PROOUCF MORF' Nf? XI'!US FOR MS OF ALGAE. SAFER ALTHOUGH COSTLIEP COMPOUNDS
SUCH AS BALYSCIOJ", ARF BEING TRIED ~ NON-CHEMICAL MFASU~F5 r SUCH AS THc
INTRODUCTION OF CERC O'PI AE ~ESISTANT SNAILS TO PREY CfN THOSF. INFECTED OP.
COMPE~F WITH THF~ FCfR FOOD AR":. UNDER EXP RI MENT ~ A CONTINUING
COMP~EHENSI V".: ~cScA",CH PPCJGRAM I 5 PEQUIREO ~Cf FILL PRcSENT GAPS IN
INFORMATION CJN ~HE DIScASF-CAUSING PARA5ITE ~  POWERS-WISCON'SIN!



««FOX RI VER ~" W I SC

WISCONSIN UNI Ve g MAUI SON ~ I3EPT e OF BIOCHEMI STP Y ~

T H MAGUE

PH ~ 0 ~HESI S 1971 ~ 177 P 17 FIG 10 TAB b7 REF OWRR B-024-WI 5�!

~CC,P.~P OES
4NI TROGF N F I X ATI 0N +ANAL Y<ICAL TTECHN IQUFS +LEGUMES +CROP'5
~EU>PCIPHICA>ION >LAKFS +GAS CHROMATOGRAPHY +CYANOPHYTA AIR
~ PMP PATURF T~0PHIC LEVEL SOYBEANS GREAT LAKES WATFP POLLUTION
«=.FFFCTS« LAKFS.

LD BXlFJ "K5.
L IGHT INTEtISITY ~NODUL" 5 LAKE MFNDOTA WIS! g TPOUT LAKE GRFFN
BAY W IS! ACETYL "N~ PEDUCT ION ANALYSIS

MS ~~ P.C.Z
>HE NITROGEN-FIXING FNEYMF SYSTFM PRESENT IN NITROG:-N-FIXING OPGANISMS
HAS PR«=VI OUSLY R~"-,N SHOWN TO RF DUCE ACETYLFNE T',3 ETHYLFNF IN
STOICHIOMFTPIC .4>OUNTS THE RELAYIV,"-.LY SIMPLF FQUIPMFN> llEQUIRFD FOR
THE ASSAY HAS ALL «3WFD E XTENSI VE STUDIFS t3F NITR'.MAGEN-F I XAT ION IN THE
F IELD ~ THE AC.  «TYL EN"- R:DUCTION ANALYS I 5 ON TWENTY SAMPLI NI.S FPOM LAKE
MEN«30~A WISCONSIN R":VFALFI' TWO PEAKS TO N2-FIXING ACTIVITIES WH1CH
W«-:RE ASS«3CI 4TEO WITH TH'-. PRESENCE OF FILAMENT«3US HE~ER.lCYSTf3US
B LU"-.-GR EEN ALGA~ AL S-'.l« ~HE TROP HI C LEVt=,.LS OF FOUR Nt3RTHF~ N W I SCONS IN
LAKFS WERE I3FFINFD IN T -.PMS OF THE RATES OF ACFTYLENF, R~DUC~11N
SAMPLES COLLFCTED FP OM L A KFS SUPERIOR «HURON, AND MICHIGAN IN SF PTE« BFR
1970 SHOWFD PRACTICALLY NO ACETYLENE REDUCTION; WHFPEAS, VARIATIONS
WE'PE FOUND IN SAMPLES C Jt L ECTED FROM DIFFERENT REACHES OF GRFEN BAY OF
LAK~ MICHIGAN ~ DT. URNAL VAR IATIONS IN ACETYLFNE RFDUCTION RATIOS BY
SOYBFAN NODUL «5 XC ISI D FVFRY HOUR, FROM ~IEI DGRI3WN PLANTS WFPF.
DEPENDENT BOTH IN L IGHT INTENSITY AND AIR TEMPFRATUPF ~ AFTFR SUNSFT,
ACFTYL",Nt=. R~DUC~I'3N RAT".5 OF OVER ONF-HALF THE MAXIMUM DAYLIGHT RA~E
WI=.R F OBSERVEI3 ~H ~SF l=.XP «=R IMENT S DFMONSTRAT FD THF SU! I AB I L I> Y OF THE
4 C~~YL~NE P FDUCT I ON 4SS4Y FOR FOl LOW ING CHANGF S IN R.AT<5 «3F N2-F I XATION
RY NODULATED LEGUMES IN THF. F IELD AND BY BLUE-GREEN .ALGA~ IN LAK~Si IN
.4DD I~ I«3N O'-. ASS 4Y S<R VFD TO DEFINE VARIOUS TROPHI C LEVFLS OF LAKES
AND TO LOCAT. l'3N .S f3F . U~POPHI CAT ION IN THE GR AT LAK. S ~
  BU'RR IS-WI SC INSIN !

WATER RESOURCES SCI".:NTIFIC INFORMATION C~NT<R
OFFICE OF WATFR RESOURCES RESFARCH

U ~ So DEPARTM,.N OF THF IN <RIPP

FIELD 05I g 02H«05B

AC CF 5 S ION NO. W72-06294

43

;! FIELD ASS ESSMFN~ OF N2-F IXATII3N BY LFGUMES AND BLUE«GRFEN ALGA"-. 'W!TH ~HE
ACF'TYLENE PFDUCT ION T~CHNI QU'



ieFOX RI y»q ~ tt W7 5"

BIflLPGI CAL N7 ~'P QG+N F 7XAT ION IN THF GREAT LAKES

WI SCDNS IN Uhl7 V ~ MADI SON, D~P ~ ~ DF BI OCHEMI STP Y.

~e He +hGU» ~ AND R Ho BUP IS ~

BIOS"� I<NC» VDL 23 ND 4 P 236-239 APR IL 1973 ~ 3 FIG 3 >AR 18 >~F.

DES "~ IZIQES
~NITROGEN FIXATION~ +G~-AT LAKES e +PHYTOPLANKTONIC WAT-..R SAMPL INGo
OLI GDTRDPHY, +FlJ~RQP MICA~ I QN g NITROGEN CYCLFy CYCL ING NU ~ P I �.N~S g
C YANOPHYT A LAK'- "-~. I ' LAKE HURON LAKE SUPcP I OR LAKE M! C HI »AN
MFTH";lDOLDGY 0< ATOMS CHP YSQPHYTA, ANABAENA DINQFLAGFLl ATES p
> YP RQPHYTA CHI Dc '3P HYTh ~

GWEFN BAY 4ACc~YL N- R -DUCTION FLAME IQNIZATI JN GAS CH>OMATDGPAPHY
SAMPLE PRFPAQ A~IONg AST~> TONF LLA FORMOS 4 p FR AGILARI Ap ~A BFLL AR I h y
<SC I l LATDRI A~ A>HAN7 ZQMcNON Fl OS-AQUAE~ MICRQCYSTIS AF RUGI N~CA>
L YhlGBYA g >EDI ASTRUM g CE~ A~IUM HIRUNDINE LLAg VAN DORN BDTTL ES y cTHYLEN~ ~

RATER RESOURCES SCIcNTI FIC IhlFDRMATI QN CENTER
OFFICE OF WA FR RFSQURC:S R .SEARCH

U. S. DEP A A ~MF NT D F TH c I hi TcP I OR

FIELD O5C v 058' OZH

ACCESSION NO W73-1051 1

f/' ~P$f T
THF. AC .. TYLl=Nc R.-.DUCTION T".CHNI QUE WAS USFD FOR ASS: SS ING PO~FhP I 4L,,
hl2-F I XATION 7 N LAK. WA~'-> SAMPLES WATEP, SAMPLES FROM GRcFN BAY AND
LAKES cRIcg SUPi=.RIOR p HURON AND MICHIGAN WFRE PASSFD THPOUGH A
64-MI CP DN SILK PLANKTON NETT I NG TO CONC FNTP ATE THE P HYTDPL AiNK ON PR 7 DR
TO »F STING ~ Qhl,"",-ML SAMPLES OF THE CONCENTRATE WERF. TRANSFERRED TQ GLASS
S'cRUM BDTTLES TO WHICH ACETYLENE WAS ADDED DIRECTLY 'WITHOUT D>H":..0
'MDP IF IC ATION OF THE ATMOSPHERE. THF BOTTl ES WERE INCUBAT+0 F lR
APPROXIMATELY 30 MIN; ACcTYI FNE REDUCTION WAS Tl-.RMINATcD BY THE
ADDITION QF 5 N HZSO4 AND THF, SERUM STOPPERS WF%': SEALED AGAINST
PCISSI BLE LFAKAG ~ ~QlJP R PLI CATE BOTTLES WERF PRcPARt=.D FROM eACH
SAMPL 7NG SI E "llD QNF WAS IMMEDIATFLY INAC~I VATFD WITH 4C ID TQ SERVF.
AS h l DNTPOL. THF QUANTITY QF ETHYLL'hlF WAS DFTFR llN 0 BY FLhht".
ION I ZA~ID~l AFTE! GAS CHROMATOGRAPHIC SEPARATION FROM AC TYLENE ON A 1 ~ 2
M X 2 MM COLUMN OF >QRD> -"K N RUN AT 75 0"-.GR"=.:FS C ~ ACF~YLcNE P"-.DUCTION
P Y THc PHYTQP LANK~ON TN 1 ~ K."- SUPER IOR t THF W F STERN cND QF L AKF. HURON ~
AND EASTFRhl LAKc MICHIGhhl WAS BARELY DETECTABLE IN ScP~FMBFR DF 1970'
BUT > hl SOU~He RN G> N BAY QF LAKE MICHIGAN AND TH",. SHALLOW BAS7 N OF
LAKE cPIc IT WAS. COMPARABLe IN PATE TO THAT IN EUTROPHIC WISCONSIN
LAK cS hC E~YL FNE R"'. DUCT IDN ACTI V ITY I N GRc+hl BAY WAS LQW I N ~Hc MOUTH
OF THE MAIN ~~IRUTt'WY, INC~EASED TO A MAXIMUM 5-15 KM NQR~HFAST INTO
THF. BAY AND THEN OFCRF AS cD FARTHER NOR'rHE hST ~ V I GD~ DUS AC FTYLENF.
RFDUC~ION WhS hL'WAYS hSSOC IATcD WITH AN ABUNDANCF, DF HF~ER~CYS~'3US
'BLUF-G0F+N ALGA+.  HOLQMAR-BATTELLF,!



"FOX lli VFR ~ ~ ~ WI SC

DIS>DORSAL OF F~X R>VER WATER IN GPFEN BAY LAKF. MICHIGAN

WISCONSiN UNIV., ~ILWAUK~F ~ C.N~FR FOR GR,:AT LAKES STUDIOUS.

P.ICHARD F ~ POOLING ANt! A ~ M ~ B~FTON ~

D~Zt KJ.P~~ES
<WA~ER CI RCULATI ONy +BAYS i +P IVFRS'g CQNDUCTI VITYAZ WATER POLLUTION
EFFFCTS LAKE MICHIGAN ~

IDI-B~ JZ T P3.5
CWATER MASS HOVFH"..N~y GR;.FN BAY WIS! g FOX RIVER WIS! y FLUSHING RATESo

'l'HE EFFECTS OF FOX R < VFR INFLOW ON WATEP, QF THE SOUTHERN PAP 7 OF GR" EN
Pav  WISCONsiht! WFRE INVCSTIGATED BY SURVEYS CONDUCTED IN JUl Y 1968,
AND AUGUST 1969 ~ DILUTION OF THE POLLUTED RI VER WAT~R IN ITS l.AK WARD
".-lOW WAS DF~"-Z~IMED riN TH- BASIS OF SPFCIFIC CONDUCTANCE WHICH PANGFD
FROM 409 AT THE P IVF% 'S M lUTH TO 265 l'lICRO/MHOS ALONG THE
H~NPM INFF-S TURG"=ON BA Y T> h NSECT ~ T HE COUNTER-CLOCKW I SF. YiOVEMF NT OF THE
RIVF'> WATFR Al ONG TH~ F.AST SI DF. OF THE BAY WAS MARKf D BY CONCFNTRATION
OF FL+CTRClLYTPSq PRES+NCF OF DAPHNIA PULEX INHABITING LAKE WTNN<BAGQr
ABSENCE OF OXYGt=.N-DEMANDING OLIGQCHAFTES AND HFXAGFNIAv AND ORGANIC
HATTER SFDI~FNT FN<ICHMFNT THE RIVER WATFR EXTENSION IN~Q TH~ BAY
APPR'3ACHFD 4|! MILFS TH. 1969 FLUSHING WAS 160 DAYS IN THF' SOUTHERN AND
36 DAYS IN THE NQATHFRN PART OF THF. STUDY AREA LAKEWARD TRANSPORT WAS
199 AT OCONTO TRANSEC~ AND 1130 8/DAY AT CEDAR RIVER TRANSECT ~  SEE
ALSO W72-01!94!   WILD~-W I SCQNSIN!

WATER RESOURCES SCIENTIFIC INFORMATION CFNTEP,
OFFICE QF WATER RFSOURCES RF SEARCH

U ~ S ~ DF P AR TRENT OF THF, IN>~RI OR

FIr-LD D2H

ACCESSION NO. W72-01104

INTt-: lNATIONAL CSSriCIATiON FOR GRFAT l.AKES RESEAARCH, PROCE~niNGS 13TH
CONFFRFNCF ON GRFAT LAKES RFS ARCH PART 1 P 468-476' l970 2 FiGy 5 TAB'
12 R:F ~
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A ~AGIO»4L G~OPHYSIC4L INVESTIG4 IQN OF THE GRF"N 84Y ARFA

MICHIGAN {JNIY ANht ARBOR GR"-.AT LAKES RESl."-.4RCH OIV.

». W. O~H4RA.

D~MCEL.PIQUES.
4GFOLOGICAL SURVEYS +P"-,TROLOGY +LAKE MORPHOLOGY y +HYORQGFOL'3GY LAKE
MICHIGAN OA~A C {3l LF C~I'3NS CQRRLLAT I QN 4NALYSI S ANALYT IC AI
«CHNIQUESi GRAYIMFT<RSi M4GNFTIC STUDIOUS> FAULTS GEOLOGIC lg
GLAC 7 AT I{3N g L AK~ BA SINS ~ W ISCONS IN y MICHIGAN ~

IDEhLTLE J"-ES
4 GRFEN BAY AR FA  WI SC l y 4~~MAGNETIC DATA

aaS X< W{"r
ASSOCIATED GRAVITY ARO MAGNETIC TRENDS WFR .. QUAlI TATI VELY ANALY2EO TO
CQPRFLAT~ TH~ STRUCTUR4L TRENDS AND LITHQl OGIC CHARACTFR ISTICS {3F +H"
OUTCROPS If] WI SCONS IN AND»QRTHFRN MICHIGAN WITH THF BASEMFNT COMPLEX
BF»EA>H THL GRF".:N BAY AR 4 OF LAKE MICHIGAN ~ THF., RFGIQN4l AEt 3MAG»E~IC
SU~ VFY OF THE GR<":-,ht BAY 4RFA HAS DEL INFAT" D SFV"-.RAL EAST-WES~ TRFNOING
B<LTS OF P{3SI~I Y~ AND»~G4>IYF. MAGNETIC ANOMALIES WHICH HAY~ RF~»
R~L ATRO TO CO~R<SPVNOI»4 GRAVITY ANOMAL IFS DELI»EAT "O BY THE
BOTTOM-GRAVIMET<~ SURY.- Y OF GREEN BAY, THE MAGNETIC AND GRAVITY TRENDS
H4VE, IN SnM~ CAS~S, B~~N RELATLD TQ BASFMFNT l ITHOL'3GIES IN WI SCONSI "l ~
MAGNETIC ANO G",.AVITY LAWS HAVE BEEN REl ATEO TQ M, TAS..OI 16»TS AND F..LSIC
ROCKS' THF MAGNA IC HI H EXT END I NG THROUGH THE CFNTR f3F GR FN BAY 4ND
WFSTWARD INTO WiSCn»SIht 4PPEARS ro h1APK THF INTERSFCTION OF TWO
ST~U{ ~URAL FCATUR S HAVING CAST" WEST ANO NORTH{;AST-SQUTHW'EST ~RFhlDS~
RO~H GRAVITY ANO MAG»{=.TIC EVIDENCE SUPP'3RT THE EASTWARD EXT<NSI'1» OF
THE, IRON FORMl'TI0» "»COUNTERED IN DRILLING NEAR '=SC ANABA MIC H THE -7'3
MGAL BOtfGfJR G 4YITY MINIMUM HAS BE;;N FXT hlO..O EASTWARD INTA GRf.=., N BAY

. FROM WISCONSIN 4hlO M ICH GAN. THE GR4VITY DATA OFFER htO POSIT IV"
<VIOENCf». TO SUPPORT Tk'E . X ISTENCE OF A PR~GLAC I AL ORAI»AG+ SYS~@M
R FL A<<D TO BA SEM~ "J ' l ITH'3L flGY AND/QR TOP OGRA PHY T H".-. GRA V  TY 4» D
MAG»rTIC TR~ANOS, EXT 'NO NG ACROSS THF. SOUTHERN PQRTIn» OF THF OOQR

' PENINSULA C'3R'R: LA~{=, WITH THF STR I KE OF ~HO PAl EO2OI C FAtjLTS IN THIS
4REA ~  S<< 4L SQ W73-02498 !   WOODARD" USGS !

WATER RESOUt";CES SCIENTIFIC INFOR t4TI f".N CENTER
OFFICE QF WATFR RESOURCES Rf=.SEAf'CH

UPS, O,.PARTMFNT OF H~ IN»RIOR

FIELD 02H

ACCESSION NQ ~ ,W73-92502

IN: P~QCFED INGS {3F 14TH CONFFR~'»CE QN GREAT 1 AK".S RES":;.4RCH tl»IV"-.~SITY QF
Tf!RON~Op CANADA> APRIL 19-21' 1971: INTERNATIONAL ASSOCT ATION FOP GRF'AT I
t AKFS RESEARCH ~ ~ 355' 367' 1971' B FIGHT 19 REF<



~OX r I VE~... ~ WISC

WATER ~FSOU~CFS OF WI SC'RNSINp FAX-WOLF RIVER BASINy

G+DLOGICAL SURVI-".Y, W4SHIhlGTDN, D. CD

PF.R RY G '3LC�tT

Q~S~ P~> $
w WATvP RFSQURC<S, ASSUR< 4C~ WATFRS> >'GROUhlDWATER > ~WI SC'.3NS IN~
WEI LS HYDRf3LflGI C f34 4 AQUI FFRS WATFR QUAL ITY STR .AMFLDW
HYDRQCRAPHS ~L 3W CHAR 4C3 FRI STICSt WATFR 'JTILI ZATIQN,

2~5" LE
f DX RIV -.R  WIS l o WOLF RIVFR  WI S!

LES. T~ ACT
3'H< WATER >".-.Sf3U' C"-,S '7F THF. FOX-WOLF RIVFR BASINg W IS CONS IN ARF.
f3FSCR I B ~ IN 4 0- SHF ET -.. Ef ONNAI SSANCi: HYDROLOGI CAL ATLAS A G"hlFP ALT ZED
HYDRf!LDGI C JUDG+> 0F TH- BASIN I S SHi3WN GRAPHICALLY ~ G~OUNDWA+I=.~
AVA TL 48 IL  TYp 9'3V<MFNT y AND QUAL I TY 4R:-: SHOWN ON MAPS ~ SU< FA C+ WATS.R
DISCHA~GF H~ GH- FL .. W,FCU~R.NCE LOW-FLOW RFCURRl=,NC~ AND
QUAL T TY-0 I SCHARG~ ~' LATIDNS ARE SHOWN GRAPHI C4LLY 4ND BY MAPS CH MICAl.
ANALYSF S AR - T4BULA~ D ~ IN GL'NE'RAL g BOTH GR'3UND- 4ND SUR FACE W4~ R 4R �.
~'"DRF AVAI L4Bl ~ 44!'3 AT HI  H"-.R QUALITY IN QUTWASH AR~AS 4ND L"-.SS
LAK"';-B~f3 4Nt3 GR'lUND MD% 4INE AREAS INDUSTRY ANf3 COMMERCE USF. 4Bf3UT '65%

THE W4TE~ WT HDRAWN IN ~HE AREA MUNIC IPALITI., S ABOUT 2�+ AND S~OCK
RUP Al. DOMES>I C, 4ND IRR t  :A~ION ABOUT 15%. US'F I S SUMM 4R I ZE 0 BY 4 MAP
4ND 4 O'BLF ~ RECR~4~~ lN4f USF. IS ALSO SUMMAP I ZED BY 4 IAP AhlD A TABl F.
POLLUTION I S 4 P~'3BL~M IN THF LOWER FOX RIVER SALIN~ WAYEP TN~>USI QN
F~OM AQUI FE S TN THF SF P4"T QF THE BASIN IS POSSI BLF IF LOCAL AR".AS
4" F..IVER >UMP~l3 ~ G~ DUNDWh>~R IS GENERAL l Y HARD ~ G~OL'3GY LI~HOl OGY O~
AQUIFFRS W4~ ",-P -4~ ING >RDP =RTIFS QF AQUIFFRS STR=AMFLQW
CHARAC>.=R I S3 ICSg 4NO QUALITY OF GROUND- AND SURF4C". W4~
SUMMAR I Z" D IN 4 3 ABL"- ~  KNAPP-USGS!

WATf-R RFSOfJPCf-..S SCIENTIFIC INFQP M4>ION C~ NT "Z
OFF ICE f3F WAT~R RF SQ~JRC "S ~ ~S FA~CH

U ~ S DEP ARTMI:N~ DF ~H~ Ihl~--R I f3R

FIFLD D2r, g2~

ACCESSION NO ~ W69-03939

GFf!L SURV HYPRf3l INVEST A l AS HA321p 4 SHFFT g 1968' 13 MAP p 4 TAB i 21 P F
TF XT



FnX RIVE~..." WISC

GEOCHFMISTRY AF l AK< MICHIGAN '4IANGANESE NODULES

MICHiGAN uNIV., ANN Aae~R. GR~AT t..AKES RESE.4RCH OIV.

DE.S.CRAP TIES.
4GFOCHFMI STRY~ 4MANGANESEy +LAKE MICHIGAN' +BOTTOM SEDIMENTS y
PROV~NANCEg WA«"-P CHFMISTRYy CHEMICAL PRECIPITATION' IRONe
S FDIMFNTATION, SFOIMFN«-WATER INTERFACES' OPGANIC MATTER p L'EACHINGg
OXIDATION-REDUCTION POT{::N« IAL, GRFAT LhKES

LQ~HX'IFL" ~ c
GRFEN BAY t L AK{- M TCHIGAN ! .

thfLiL~ A|; «
RANGANFSF NROUL<S ' cIMILAR IN COMPOSITION «0 OTH.;R FRFSHWATFP ANO
SHALLOW MAR I N'F NODULE c OCCUR ON T HE SED I MENT SURF AC F OF GRF'EN BA Y AND
NOPTHFRN LAK SIC HIGA~J S 4MPLES HA VF. BE'FN ANALYE ..D {=~R THE IR IRON
MANG{lN<SE, CALCIUM, MAGNESIUM> SODIUM~ POTASSIU,l, INORGANIC CARBON,
ORGANIC CARBON ANP. TOTAL NITROGEN CONTENT ~ THE NODULFS AVFRAGE 20%
IRON AND 6% ~ANGANFS~. >H~ TRACE METAL CONTFNT  COPPERg ZINC> COBAL«p
AND NICK»L! OF «H< SAMPLCS IS CONSIDERABLY LOWER THAN «HA+ OF MARINE
MATERIAL. INTERSTITI AL WAT{=.R IS ONE OF THF. MAJOR CONTRI BUTCR S OF
MANGANFSF. AND IRON FOR «H~ GROWTH OF NODULES IN LAKF., MICHIGAN CORES OF
GRFEN BAY SEDIMENT SHOW 4N INVERSE REt ATIONSHIP BETWEEN S.-.OI MEN«ARY AND
INT»PSTI«IAL MANGANESE WITH THE SEOIMFNTARY MANGANESE INCRPASING TO A
MAXIMUM A« '3R N~h" THF. SFOIMFNT-WATER INTERFACF.. SEDIMENTARY IRON
R{=.MAINS FAIRLY CONSTANT «HRQUGHOUT THE LENGTH OF THES+ CORPS WHILE
INTERSTI" I AL TR'3{'l OFCRFASES SLIGHTLY TOWARD THE SEOIM N«-WATS>
IN«»%FACE ~ YN ADD IT ION LAKF�WATER MAY BE MORE THAN A PASS IV+
C ONTO I BU>OR OF I ~ ON 4 NO M4NGANF S E,. T HERF. 4RF INDI CAT I ONS THA> 4S MUCH
AS ONE-HALF OF TH": MANGAN~SE FnuND IN t.AK'-. WA«ER IS PARTICULATE. THE
S9URCF <F THI S MAT~> I AL I c BELIEVED TO BE TH."; IPON DEPOSITS OF THE
CANAD IAN SHIF LO THAT HAV» BEEN SUBSEQUENTLY t. EACHED,{F MANGANESE AND
I <ONs t SEE AL5 ! W71 05561 !  KNAP P USGS !

WATER RESOURCES SC I FNTI F I C INFO'. MATI ON CFNTFR
OFF ICE OF WATER RESOURC "S < SEAR CH

U Se DEPARTM NT OF TH{ IN«{. RIOR

SIELO 02H, 02K

ACCE SSI ON NO ~ W71-05563

RONALD ~OSSMANN, hNO ~DWAPD C4LLFNDER.

lN: ~~DC»<D INGS T'WEL FTH CONF..R~NC: ON GR EA LAKES RE S~ARCH y MAY 5-7 y 1969 '
UNI V{" RARITY nr MICHIGh 9 ANN Ai BOR: INTERNAT ~>7'�L ASSOCIATION FOR GRFAT
LAKES PF SEARCH P 396.-3 16 1969 11 P 3 F I C 6 TAB 14 ",{F F ~ FWQA GRANT
WP 0031 1 NSF GRA'NT GA 1337 ~



nFOX RIVFA ~ ~ ." WISC

PHOSPHP~F. DISTR IBIITION IN FOX AND WOLF R I VERS f WI SCONSII'I f

A |4MUND SA L V <8 ON.

WATiP 4ND SF'WAGE WORKS, P 142-152, MAY 1970 4 FIG 15 RFF ~

Di~~ J P TOR 0
¹PHOSPHATES ¹W4~i~ POLl UT ION SOURCES ¹SAMPLING RI VI."P.. FI SH K ILLS f
BIODiGRAD4TTON F PTILI ZFRS MUNICIPAL W4STES WI SCONSINo

ID" 5T Lf LEES
+FOX PI VFR   WI 5 !, ¹WOLF RI VFR   WI S ! f POLY-PHOSPHATES f ORTHO-PHQSPHATF'5

WATER RFSOURCF5 SC IFNTIF! C INFORMATI ON CENTFR
OFF ICE OF WATFR PESOUPCiS RES FARCH

U ~ S~ DEP4RTMENT' QF THi !'NTFRIQR

F IIELD 05C

ACCiSSION NO W71-05392

49

k95IEkt'Z
,4NA LYSF S OF TW-" SUR F.""CF WATER SA MP L'F 5 OF THE TWO P I Y :R S INCLUOFD
OFHCE~ MIN4TIONS QF SALUBL -. ORTHOPHOSPHATF f TQTAl. AND POLYPHQSPHAT .'5 f, PH
VALUE FI LTF>4BL P~5 IDU AND TFMPERATUR . THE WOl F RIViR SHOWiD
RFLA~IVFLY LOW C~N~FN~S AF TOTAI AND QRTHOPHOSPHATES FXCFPT IN rHF'".
MAR KTONf NFW LONDON, AND FREFMONT SECTI ONS, INFLUFN*CFD BY DISCHPRG",: Qi
SfiW4G - '7R BY Fi~ IL I ZF~-iN~ ICHED RUNOFF ~ IN SPI E QF THF ABUNDANCE' OF
ALG4i AND FISH KILLS FTl. TFRFD WATER OF LAKE POYGAN WAS VFRY LOW IN
PHOS~HATL'5 SUGG"-.STINt; ~SiT~ INTFNSIVE FIXATION BY PHYTOPLANKTON. THE
UPPiR FOX P I VFR 5HflWiD AN FXTREMELY HIGH CONCENTRATI ON OF PHOSPHAT~ 5
  1. 3~ Y'3 1.50 MG/L OF PHOSPHORUS TETRAOXID . ! N",AR FORT WINNEBAGO AND
THi ~FW4GF Oi!TLFT OF ~HF. TCWN PORTAGE THE SFCT I ON FPOM MONTFl LQ ~O
OMAN PRi5<R Y<l3 4 R4THi> HIGH CONCENTRATION OF TH: TOTAL PHOSPHATE Sf BU"'
CONTAINED VFRY %MOLL AMOUNT OF ORTHOPHO5PHAT"..S   BELD'W 0 10 MG/L ! THi
FOX RIVE~ F~lM N~~=N4H TQ GPEEN BAY F:XHIBITFD ONLY S,IALL VARIATION IN
MODF>ATELY HIGH CONTFNTS OF BOTH FORMS OF PHDSPHORUS  WILDF-WISCONSIN!





FOX RIVFR ..." WI SC

WISCONSIN UNIV ~ y MADISON W4TEA RESOURCES CENTFR.

W ~ D ~ P. STFWART, T MAGU ;, Go P. FITZGEPALD, AND P, ~ H BURRIS ~

NEW, PHYTOlQGY e VOL 70' P 497 509' 1971 e 5 F IG9 9 TABy 24 REF ~ QWRR
8~020-W,IS � l AND OWRR B-924-W IS�!

DMF CKI.2~~%A
@NITROGEN FIXATIONS 4EUTROPHICATIONy +OLIGOTROPHYy DIURNAL' ANALYTI AL
HFTHODSq NI>RQG"-.Nq LAKFS e WISCONSIN

LlKHZIEI~ES
~AC~>YLFNE RFDUCTrnN, ~KJFLDAHL DIGESTION, ~NESSLFRIZATIQN, LAKE
>"'ENDQTA LAKF. MA>Y l ITTL F ARBOR V IT AF. LAKE CRYSTAL LAK F. ~ROUT LAKE
GAFFN 8 hY OF LAKE MICHIGAN' HFTERQCYSTQUS AL GAF e GLQEO~R I CHI A v
APHANI ZQMPNQNi ANABAENA.

AKSXKKC~
NITROGFN FIXhTION 3N VARIOUS WISCONSIN LAKES WAS CQMPAR"-..D USING THE
ACFTYLENE PFDUCTIQN T<CHNI QUF. RATES QF ACFTYLFNE RED JCT ION WERE
UNAFFFCTFD BY N2 WHF "  SUFFICIENT ACETYLFNE WAS ADD D TO 1'HE GAS PHASE ~
THUS IN FIELD STUDIES TH~ NATURAL GAS PHASE NFL D NOT BF, P F MQVFO BEFORE
THF ADDIT ION OF ACETYL".NF ~ ACFTYt ENF WAS RFDUCPD RAPIDLY IN EUTROPHIC
WhT~P S  LITTLE AP BQR VITAE LAKES' LAKE MFNDOTA, AND SQUTHFRN GRP<N BhY!
BUT MQRF SLOWLY IN QL IGQT<QPHIC WATERS  CRYSTAL LAKE y TROUT LAKFy LAKE
MARY'S AND NORTHERN GPFFN BAY>. ACETYLENF. REDUCTION WAS G" EATEST IN ~HE
SURFACE WAT@".Sp WhS lARGELY LIGHT-DEPENDENT AND SHOWED A MARKED DIURNAL
VARIATIQN ~ THER< WAS ALSO SIGNIFICANT VARIATION WITH AREA AND WITH
TTMFp AND IN GFNFRAL ACFTYLENE RFDUCTION WAS DETECT%0 ONLY WHEN
HFTFPQCYSTQUS ALGhF W~RF. PRESENT ~ THE RATE OF NITROGEN FIXATION IN LAKE
MFNDQ>h CALCUt.hT. 0 QN THt=. BASIS OF WEEKI Y MEASUPEMENTS >AK~N DURING
MOST QF THF. ICE-F~FF. SEASON WAS APPROXI MATELY 2 ~ 4 KG/HA/Y~AR ~ A DIRECT
CDRRELATIQ~~ WAS CONFIRM,.O BY THE STUDY BFTWEEN THE ABUNDANCE aF
HF r+ ROC YSTQUS AL  ih F'   GL ~ QTR I CHI A, AP HAMI ZOMF NON, ANO ANABA"-NA ! AND THE
ACETYt EN~ REDUCING CAPAC I~Y OF THE WATFR TFSTED

WATER RESOURCFS SCIENTIFIC INFORMATION CENTER
OFFICE OF WATER RESOURCES RESEARCH

U ST DEPARTMENT, OF ~H< INTERIOR

FIE  0 05C e 0ZH

ACCESSION NO ~ W72-01373

NITROGFNASE hCTIVITY IN WI SCQNSTN LAK'ES OF DIFFERING DEGREES OF EUTROPHICATION�!



"FOX RiVeR ii WISC

RFC~F4~ ION Ah!D THF. LOCAL EC'3NOMY � AN INPUT-OUTPUT MODEL OF A
RFCPFAT TON-OR I~NT~D ECONOMY g

WISCONSIN Ul'I! V ~ MADIS~hl GRADUATE SCHOOL OF BUSIhlFSS ADMI»I STRATI Ohl.

WI LL I A~ A ~ STR kh!G ~

3 D~ HZ JET" 2<
4FCONOMIC DEVFLOPMiNT +WISCONSIN +RFCREATIONAL FACILITIt:S +LAKESt
RFGIONAL PLANNING' TNDUSTR IAL MANAGEMFNTp WATFR QUAI ITYg MATHFMATICAL
tODFL S C 4SH FL JW WAT~"' " FSOURCE S STA~ ASTI CAL DATA SF 4 GRANT
PRO,",RAM, RFCREA~IVN ORIENTED ECONOM1CS, GR".=-:N BAY WISCONSIN!, DOOR
C IUhl Y  WI SCON SIhl !,; ~URI S M I NPUT OUTPUT MODFLS.

MS,XRMT
THE SCCIPF, WAS BRO4P-:.-hlt=D !lF A MARIN =. R'"-,.S"-ARCH PROGP,AM CONDUCTED Ihl GRAF»
BAYS 4 MAJOR BAY OF I AK!-. MICHIGAN ~ TH~ FINDINGS 4RE PR~S~h!T~D OF TH...
~IR ST STAGE OF h 3-STAG- ~ROJt".CT TO RELATE WATER Q!JAI I+V TO ~HF
eCONOMIC HFALTH O; Ahl C~FA ORICNTro TOWARD OUTDOOR ~"'Cs<ATIO». THE 3
P' RO J~C T STAG~ S 4 R F: � ! I DI=,NT IFY Il'HC FCONOMI C INTERACTIONS IN THE ARFA
AND T ~ ACCF THE TO~ 4L I MP 4CT OF TCIUR I SM ON ~HF. ECONOMY '   2 ! MF 4SU" ~ THE
D IP FC~ AND Ih!DI~ F CT ~CONOMIC I MPACTS OF SPFC I FI C GROUPS 0F TOUR I STS Oh!
THE LOCAL FCONOMY; AND �! RO ATE THF. SI V~'RAL DI MENS IO»S OF VHF' QUALIT Y
OF LOCAL WATER RESOURCES . O THF NUMBER OF TOUR>ST% D~AWhl O >H~ ARF% Il'l
THES< SPFCI PIC GR OUPS ~ IT WILI THEN BF. POSSI BLE T 3 - FL %YE WAT R QUAI IT"
TO Ahl IMPORTANT SFGM~NT OF THE LOCAL F':COhl'3MY ~

WATFR RSSOURCCS SCIENTIFIC INFO>M4TION C"-N> R
OFF IC .=. OF WATER RESOURCES ~~%~ARCH

U S DFPARTME'NT OF THF Ih!T~RI OR

FIELD 068

ACCESSION NO W71-04955

AV! I LABE< FRAM NTT S 4S P 8-195 744 $3 ~ 00 I hl PAP'.R COP Y $D 95 I hl Ml CP0" I CHF. ~
%F4 G~ANT TECHNICAL ~ "-.PORT h!O 4 W I S SG 71 Z04 OCT 1970. 68 P 2 F I" 14
TABy 52 ~FFo NSF GRANT CH192 ~



"FOX RIV'FR " WI SC

MULTIPLICATION OF CLQSTRIDIUM 8'3~ULINUM TYPE E IN THF, GREAT LAK-.S � CASE STUDY
OF GP FFN 84Y» W ISCONS IN»

WISCONS IN UNI Ve» MAUI SON ~ WAT �'R RESOURCES CENTFR ~

H SUGI YAMA ~

AVAIt.ABLE FPOM THE N4>IONAL T":-;.CHNICAL INFORMATION SFRVICF AS PB-216 122»
$3 ~ 00 IN PAPER COPY $0o95 TN MICROF ICHF ~ TECHNI CAL COMPLY~I ON Rf ~ORT
1971 22 P 5 ~AB 16 ~FF ~ rIWRR A-026-WI S l 1 ! 14-01-0001-3050
14-01-0001-3250 ~ .

QH.CP IZIQBS
+I-".CAl OGY +AQUATI", PLANTS 4BACTERIA +TOXINS >INVERT~BRATFS SHORF5
FPf <ZING» <ISH» LAKES» WISCONSIN ~

ID~BZLZJ~ES
+CLflSTR IOIUM BCI>ULINUM >YPF. E CFOOD POISONING GREEN BAY WI Sl

IKAr
GRFEN BAY WAS TAK":N AS TH; MODEL TO STUDY THE SOURCE OF CLQSTP IDIUM
BOTUI INUM TYP< " WHICH CONTAM1NATES FISH OF THE GRFAT LAKES rO CREATE A
BOTUL IS~ HAE4RD. C".RTAIN BOTTOM DFPOSITS HELD IN THF LABORATORY AFTFR A
FREElF-THAW ~RF4TM~NT SUPPORTFD THE GROWTH OF TYPE ~ { 50 OR MORE FOLD
INCREAS". IN MOST PPOBABL~ NUMBERS ~ WITHrIUT THE FRF~EE TREATMI-"hiT THE
SPFCI MFNS DID N'3T SLIPPOR> GROWTHS PRODUCTIVE SAMPLFS ALWAYS CONTAINED
V~G";.TATION AND WFR~ THOS~ COLLECTED DUR ING THE 'WARM MONTHS ~ WHFN PLACED
IN COLUMNS TO OBTAIN OF~TH ARTIFICIALl Y INDUCED ANAEROBIC CONDITIONS
W<R". NOT NEEDFO. EMPHASIS IS PlACEO ON THF SIMILARITY OF THE TYPE
PATA TQ THF FCOLOGY OF C. BOTUI.INUM TYPE C, THE CAUSF OF WFSTERN DUCK
SICKNESS ~ THF, PRIMARY SUBSTRATES IN WHICH TYPE E MULTIPl. I+K IS BELIEVED
TO BF THI,=. MACRO-INVFRTEBRATES ASSOCI ATFD WITH THE AQUATIC VEGETATION
THAT GROW IN THE SHAt LOW SHOf F LINE OF GREEN BAY ~ LABORATORY DATA ARE
INTFRP~ETFD IN ~ERMA OF THF SITUATION THAT COUlD OCCUR IN NATURF ~

FIELD 05C» 058 WATER RESOURCES SCIENTIFIC INFORMATION CENTER
OFF ICE OF WATFR P ESQUPCES RE WFARCH

U~ S ~ DEPARTMENT OF TH+ INTEGRI OR

ACCESSION NO ~ W72-03528



"FOX RIVER ' ~" WT SC

CL~STRTOIUM BOTULTNUM TN ~HE GR"-AT l AKES,

WISCONSIN UNIV ~ e MADISON. FOOD P'FSFAPCH INST.

He SUGI YAMA y Tm Lo ROT~ y AND J ~ A ~ SQUCHFCK a

SPOPF'S Vy P ~ 314 31 7 ~ 3 TABy 16 PEF ~ 1972e OWPR A 026 WI 5   2! e

D ~MD.EIZIQR,S
+CL QSTRI DIUMy ECQl -lGY> +AQUATIC PLANTS y +BACTERIA y +~QXT NS j
+INVERTFBRATE Sv S lOPFS ~ FP +E2INGt FISHY WI SCQNSTN e +BOTULI SM~ GRt= 4T
LAKFS g WATER PQLLU~T DN SOURCES' >GREAT l AKES ~

LQEblIL FLKE5.
~CLOSTRIDIUM BOTtlLTNU l, Vt E E, CFOOD POISONING, ~GREEN BAY WIS!.

WATER RESOURCES SCIENTIFIC INFORMATION CENTER
OFFICE CIF WATER RESOURCES P~S EAP CH

U. S ~ DEPARTMENT QF TH~ INTERIOR

FIELD 05Cg 05B

ACCFSS ION NO W72-11392

MS.IP AC.I
CREEN BAY WAS TAKE,N AS ~Hi MODEL TO STUDY THF, SOURC'F. OF CLQSTRIOIUM
BQTU1 TNUM TYPF F. WHICH CONTAMINATFS FISH QF THE GREAT l AKES ~O CPEA~E A
BOTULISM HAZAPD CFPTATN BOTTOM DEPOSITS HELD TN THE l ABQRATORY AFTER A
FRE"" 2F.->HAW TREATMFNT SUPPORTED THE GP QWTH QF TYPE E   5Q QR MOP F FOLD
I NC REASE TN MOST PR< BABL 6 NUMBERS ! ~ W ITHQUT THE FREF2F ~P."AT MENT THE
SPECT MFNS DTO N l> SUPP'3R~ GROWTH PRODUCT IVF SAMPLES ALWAYS CONTAINED
VFGCT4~TQN AND W<RF THOS= COLLFCTED DURING THE WARM MONTHS. WHEN PLACED
IN l:COLUMNS ~0 ~B~AIN D, P~H ART IFI CALLY TNDUC -.0 ANAFROBIC CONDITIONS

NCl> NE -OED EMP HAS 7 S lS PLACF D ON TH+ S IMTLAR T~Y OF THE TYP~ 'E
DATA TA ~HF ECOLOGY OF C. BQTULINUM TYPF C THF C4USE OF WES>EPN DUCK
SICKNESS. TH".. PRIMARY SUBSTRATES IN WHICH TYPE F.. MULTI PLIES IS BELIEVED
'WA BE THF. MACP~TNYFPTEBP ATES ASSOClATEO WITH THE .4QUA~IC V .GETA TON
TH4T GROW TN THF . SHALLOW SHORE LINE OF GRFFN B4Y ~ B4CTFR IOPHAG".S
I SQLATED FPOM ~HE GP«N BAY SYSTEM HAVE HOST PANGES LIMIT".=D
.NONPRQTFOL Y~T C C BOTUL I NUM STRA I N S THAT PRODUC~ TYP"". B F. DP F ~QX I N;
>HEY OQ 'NOT L YSE ~ROTEQL YTIC CULTURES PRODUC ING TYPE A B QR F TOXIN
CLOS~RIOT A WHICH AR F TYP - F BY CRITEP IA OTH. R THAN ~QXTN PRODUCT TON 4RF..
PRESFNT IN THF GR;AT LAKES ~



FOX RI VFP n gyqC

WISCONSIN WATFR RFSOURC-,. PROBLFMS y

WISCONSIN DFP< OF NATURAL R.. SOURCES y MADI SON ~

L P ~ V'1I GT ~

QE5.CEJ. PTQ3,5,4WATPR R'FSOURC~S D~VFLOPM.. NTy WATER PQLLUTINION CON~ROLy FEDFRAL
F INANCF.. g PUL P 4ND P AP F% I NOUSTR Y ~

LD~ BT.LELKES~WISCONSIN D<PARTMFNT OF NATURAL RESOURCFSg FFDERAL WATER POLLUTION
CONTROL ACT FOX RI VCR

P.BSIRA,CITHF. MA JOR WAT FR C ONC" RNS OF THF. STAT&, OF W I SCONS I N ARE DES CR I 8".. 0 I N
ARDOR TO CONT INUF, W AT"-R ~~ PAYMENT EFFORTS g F LOOD PL A IN MANAGFM<NT AND
.RFCRFA, TONAl. US~ '}F WATF", SUPPLIFS, THF. 4UTHOR EXPLAINS THF, NsvD FOR
MOR~ .F<OFRAL <UNDS  HO  M~S - RUTGERS!

WATER RESOURCES SCIENTIFIC INFORMATION CENTAUR
OFFICE QF WATER RCS0URCFS RFSEARCH

U ~ S DEPAP,TM".�NT QF THE; IN>ER I OR

FIEl,D 06C

ACCESSION NO ~ WT1-99485

WISCONS IN CONSERVATION RULLFTINe VOL 35i NQ 1i JAN-FFB ~ 1970' P 3-5e 2 FIG+ i



nFOX R IVER ~ ~ ~" WI SC

Q ~e ~Q ~P T Q 0 $
4WATFR QLIAL ITY g <WI SCONS IN g PHOSPHORUS p PUl P AND P 4PE . I NDUSTR Y g ALGAE y
AQljA~IC W~~DS Rl""C~FATI .lN GROUNDWATFR FISH FLOOD PLAINS IRR. IGATION
PESTIC IDES,

IDE5ZLEI" ES.
FOX 'RIVER RASINf WIS!, FWPCA

AQ5 TELIC. T
W I SCONSIN ' S WAT"-.R PROBl "MS RELATE TO WATER QUAL I TY 4 ND NOT QUANT I TY ~
THF, SOUTHFASTFRhl 4"lD F4ST~<N PARTS OF THE STATE ARF. PARTICULAR1 Y
PROBt F~4TIC DUF TO P'lPULA~ ION AND INDUST" I 4L C!NCENTRAT>ONS AND
SUB QUFNTL Y INC~.-..ART NG. DEMANDS FOR QUAL I TY WATER FOR "FCREATI ON USE ~ THF
PIJLP AND ~APcR IND~JST'RY ~rPRESENTS THE LARGEST WASTF SOURCE, WT~H FOUR
T IMFS ~H". B I'lCH M IC l' L OX YGFN DEMAND OF MON I C I PAL WAS T~ S. ANY SOL tJT I ON
WILL DFM4NP TH4T TH~ PRODUCT PRICES REFLFCT TO~AL C0S~S INCLUDIN"
ENVIRnNM~N~AL n.4M4GFS. FF~ERAt ALLOC4TION FUNDS FOS INDUSTRIAL AND
MUNI C'IPAL WAS TF ~~4>MEN ~ PLANTS WERE ONLY 1/3 OF THE AUTHOR I Z~D
AMOUN~, THUS TH~ STATe' S ".FFECT IVENESS IN POLLUTION CONTR !L IS
HAMP~RFD. IN TH-. PAST TH- PROBLEMS OF SILT NUTRI ANTS AND P" STICIDFS
HAVE BFEN ~ACKFD BY ~DUCA~ ION PROGRAMS VOl Ul'ITARY ACTION AND COST
<HARING BlJT INT NSIFI D LAND USE MAY REQUIRE REGUl A 0RY PPOG AMS ONLY
T!HF SYMPTOMS OF FU~POPHICATION HAVE BEFN TR~ATFD TO DhTt-". VI4 W~ED
HAR VF <TING AND AL GA+ POI 5 NING' BUT THF. STATE IS COMMITTFD TO ~El?UC~
PHOSPHllQUS LOADI NGS FROM MUNICIPAI AND INDUSTRIAL WASTFS I N LAKE
MIC HI GATI BY 1972 ~ ~L'ROD-PL AIN MANAG"'M NT F I SH CONTROL AND T~~ BEGAT ION
8RF O~HFR PROBLEM AP~AS >O BE RESOLVED  POW-,RS-WI SC lNSTN!

WA ER RFSOURCES SCIENTIFIC INFOP MATI ON CF'NTFR
OFFICE OF WATFR RESOU CES "FSEA~CH

U ~ ST DEPARTMENT OF THE INTERIOR

F IELD:l5G

ACCESSION NO ~ W7'!-95103

WI SCONS Th! WATER RESOURCE PROBLEM lS e

WISCONSIN 0~PT OF N4tURAL R~SOURCFSy MADI SON.

L. P. VnIGT.

WISCONSIN CONSFRVATION BULL ..TINy P 3 5y JANUARY-FEBRUARY 197D ~ 2 PHOTOS ~



+FAX RIVER ~ ~ ~ ~~ WI SC

PRFSFRVING LAKFS BY PROTFCTING HEIR SHORELANDSg

MOINES UNIV e CHRONO. Wd ~R RFSO J>CES RESEARCH C""NTEP, ~

DOUGLAS A e YANGGFN

DES,CEI~P4FUTROPHICATTON~ 4LAKE SHORES> +WATFR POLLUTION CONTROLS +WISCONSIN j
+LEG? SL ATION Md I NF. 20 1? Nb< l AND USF. Fl OOD PLAIN ZONING
6 NV IRON<~ NTAL SAN? ~ AT ION y SEPT I C TANKS y MINNESOTA y WATER SHFD ~ANLAGE lENT o

I.D"-htXIZLEZ
4SHORFLAND PROTECTION< +FOX RIVER  WIS l ~

MSIEkC, TLAWS> LFGISl ATIVF ~POVI SIONSe AND ORDINANCES APPLYING TO WISC'3NSIN LAK<
AND ST%~4M SHOR"-LANDS >O Ih'PLEMENT WATFR POL LUT ION CONTPOL ARF.
DESCRIBED. THE COQPREH~NSI V". PLAN FOR TH: FOX RIVER  WISCONSIN! AND THE
MMINN~SOTA SHORF'LAND PROTFCTIQN PROGRAM ARE REVIFWED  SE~ ALS'3
W72-04279!   WILDF-WI SCANS IN!

WV'ER RESOURCES SCIE.NTIFI C INFORMATION C"-.NT<R
OFF I CE OF WATER RF SOURCES RC S PARCH

U S. DEPARTMENT OF THF INTERIOR

FIELD 95C

ACCESSION NO ~ W72"04282

PROC~FDINGS v WORKSHOP--CONFER" NCF. ON RFCLAMATION OF MAINE' S DYING LAKFS HELO
AT UN ?VARSITY DF MAIN~y .ldNGOR y MARCH 24-25' 197le P 27-49 I6 R~Fs
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r Ny I PPNMrNTA{ t IMI> R-COMMFNDED BY THF FEDERAL COMMI TT.;" '.3N WAT~>
Qt'j4L ITY CRY~~> I4. M4PS AND T4BLES AR! INCLUDFD TO SHjW >HF DI STR I BUT I'3N
<F TH< VAP JOllS >",:STICIDFS THROUGHOUT TH." 'JNITFD STAT~S ~

 LITTL~-BAT FLL~!

FIl:;I D ~54' 059 W4T'"R RFSOURCt.=S SC I."=NTI FI C INFOP MATI ON C".-NTEP.
OFFICE QF WA>f:r PFSOURC<S R<S~AvCH

U ~ S ~ DF'.P ARTMf:NT lF THt=. INTFRI OP,

ACCF SS ION NO. W71-Oa29l



"FOX RI VFR ~ o" WI SC

JOI NT TkF AT ~F NT OF P0L P MILL F'F ~LUCENT S AND M0N I C I PAl S E'WAGF.
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DES ~ EL. PM~K5+PULP WASTES~ +WAS>E WAT-"~ TRFATMENTv +SFWAGE TRFATMENTo MUN..CI blf 7 P

WASTES' BIOLOGICAL TRFATMFNTg FFFLUFNTSg PULP AND PAPFR INDUSTRY'
ACTIVA~FD SLUDG.. CHLf3RINATION! TREATMFNT, BIOOEGRAi3ATI'3N OPERATIN j
COSTS CAPITAL C !STS SULFUR BACTERIA FEASIBILITY STUD! ..S S~WAG~
DISTP ICTS, +W I SC QNS I 0, CHLORINE, ECONOMIC FFASIBILITY, CASTS, BACTERIA,
> FC YC LING g NUTR IF'ITS p NITROGEN COMPOUNDS' PHOSPHORUS COMPOUNDS p SQl I OS
CONTACT PROCFSS+S, !~SFAPCH ANO DEVELOPM+RTy MIXING.

ZDEHIL.KI~ EZSPENT LI QUQRS y +GRFEN BAY { WI S! g >COMBINED TREATMFNT ~

WATER RESOURCES SCIENTIFIC INFOP.MATI ON C'ENTER
OFFICE QF WATER RFSOURC"=.S P -.SFh>CH

UPS. DFPARTMFNT QF TH+ IN»RIOR

F IELD 95D

AC C F S S I ON NO ~ W73-1 2 52 B

ALS~~ A|:TTHE MAJOR FINDINGS QF 4 FEASIBILITY STUDY AR~ RFPORTFOi IN WHICH THE
SFHAGF FROM ~H-. GREFA BAY WISCONS IN METROPOLITAN S<WFR AGE DISTR ICT
WAS TRFATFD JOINTLY WITH 'FFFLUENTS FROM FOUR LOCAL PAPER >ILLSg USING
FOUR VARI ATIQNS QF TH~ 4C~1VATED SLUDGE PROCESS ~ AMONG THES+ VARIANTS
THE CONTACT STABILIZ47ION PROCESS PROVED TQ BF. THE MOST SUCCFSSFUL. THE
GROWTH OF F<LAMFNTQUS SULFIDE-UTILIZING BACTERIA IN TH~ MIXE~ WASTE
L IQUQ~S WAS CRNTROLL~O BY CONTINUOUS DOSING QF TH< PECYCL'.="0 AC~ I VAT<D
SLUDGF WI>H CHLORINE. FUR SATISFACTORY OP:RATION OF THE BIOLOGICAL
OXIDATION PROC' SS ~ NI~RQG~N AND PHOSPHORUS C t3MPQUNDS HAD ~O BE AD'3ED A S
S',JPPLEMFNTA~Y NUTRI'ENTS ~ CAPITAL ANO OPERATING COSTS FOR 4 FULL-SCALE
7 NSTALLATION ARF. INDICATED ~ .RFCOMMENDATIONS FOR FURTHER RESEARCH ARF
A LS'3 L I STFD ~   WI TT- IPC!



"FOX RI YEfy ..." WI SC

ON MULTIDISCIPLINARY RFS"..ARCH ON THF APPLICATION '3F REMOT"-. SENSING ~O WATcR
@ F5 fJURC ES PRO BL F MS ~

QESCEIP~DES~AFMnT--. ScNSING, ~WA~FR QUALITY, ~MONITORING, ~AQUATIC ENVIROhlMcNTS,
+RFSFARCH AND DcVcLOPMcNTy CWATER RESOURCES y GREAT LAKFS y POLLUTANT.
IDENTIFICATION l, 4BO'y ATDR Y TESTS MODEL STUD I E S ON-SITE
INVcSTIG4TIf!NS METHODOLOGY WATER POLLUT! ON LAKE SUPcR IOR l AKc
MICHI GAMy MATHEMATIC 4L 1OD LS y HYDROLOGIC PROPERTIES y POWERPLANTS y
AFR IAL PHOTOGRAPHY PHOTOGRAMMETRY OUTLFTS EUT'tOPH ICAT I'lN INDUSTRIAL
WAS>f'Sy PULP WAS>cS y PUlP AND PAPFR INDUSTRYy AQUATIC PlANTS y PRIMARY
PRODUC~I V I TY, cCOSYSTc'IS, INSTRUMF NTA TI ON.

L.DEHT LZL~E5
THERMAL <CANNING IMAG RY lAKF WINGRA MYR, IOPHYLLUM SPICATUM
MACR ?PHYTcS INF~ 4RED RADIOMETRY OEDOGONIUM NUPHAR NYMPH4FA LAKc
McNDO~A DATA INTcRPRETATION WISCONSIN RIVER FOX-ILLINOIS ",TVF'~ FOX
'> IVc~ CALFNA RI Vcr CERA~OPHYLLUM DEMERSUM INFRAR"-.D THcRMAL SCANNERY.

LB'.ZKM ZPROGPE SS HAS RcEN MADc IN RELATION TO FIVE:-SPECI.FIC WATF'R Rf SOURC "S
PROBLFMS TD WHICH ~FMOTc SFNSING TECHNIQUFS HALF..BFcN 4PPlIED IN
ON-G'.lING RF ScARCH ~ ~Hc PROBLEM AREAS ARE- { 1! WATFP. POLLUT ION
"lONTTORING �! EFFLUFNT MIXING ZONE MODFl ING �! CU~RFNT 4ND
CIRCUL4~ION MOD .L ING �! DFTERMINATION OF HYDROLOGICALl Y ACTIVE SOURC -.
A>cAS 4ND �! 4NAl YSIS OF AQUATIC ECOSYSTEMS ~ BPIEFLY ST4TFD THc
PPAG'yAMS IN ~HEST AP c4S HA VF THE FOll OWING OBJECT IVES:   1 l TO ASC PTAI 0
THE FXTENT TO WHICH ~PFCIAL AERIAl PHOTOGPAPHY CArl Bf'- USED !N
MDNI TOR IN 6 Wa Tce POLL UT; nN PAR AMETFR S THROUGH A COMPARISON nF PHO Tn
I MAGFRY AND ACTUAL POLLUT ION CONDITIONS �! TO DEV LOP k Rfl AT IONSHIP
ecTWccN THE EXTENT Oc THc 'MIXING ZONE' IN TFRMS OF OUTFALl cFFLUENT
4NO WATc~ BODY CH4P ACTF~ I STICS BY UTILIZING ~HE IMAGEfy Y OBTAINED FROM
INTFNSIVc kcRIAL RFMOTE SENSING AND APPLYING TH". DERI Vf D DA~4 IN
DUPLICATING <HF ~ M! XING ZONE y CHARCTFRISTICS IN A SFP I,.% '!F l ABOP ATORY
MODEL STUDIES.   3 ! TO Df TERMINF. THE F INF.. SCALE STRVCTURF' 4ND EFF I CI f NC Y
OP NF ARSH'3R r C'I RCUL 4>ID% PATTERNS IN THc GREAT LAK FS THP OUGH THC USE OF
THE~MAL SCkNNING fMAGFRY AND ANALYTIC PHOTOGRAMMcTRI C TECHNIQUES ~ �!
Tf' DcVFLOP 4 RcMOTE SFNSING TECHNI QUF: FOR D .TERMINING THE LOCATION 48D
cXTFNT DF SOUPC"-. 4""EAS IN A WATERSHCD. {5! Tn USE RcMf!Tc SENSING IN THF
D VcLOPMENT f!F 4 PRODUCTION MODEL FOR MYP IOHYLl UM SP ICATUM L IN LAKF.
WINGPA hND TO -., Y4LU4Tc T~F FIFLD POTENTIAL OF REMOTE SENSING
TECH'>QUcS  8 D- TcCTING THF OCCURRE' CF. INTENSI'TY DURA>ION .4ND
COMP'ESI TI ON OF ALGkl. BLOOMS IN THE MADI SONy WI SCONSINy AR ..A I AKFS ~ THE
M:~HODS AND DATA FOR <ACH OF THE 5 ARFAS ARF. GIVEN   MOP TLAND-BhTTELLF !

WATER RESOURCES SC I"=NTI F I C INFOP MAT I ON CFNTERFIcLD 05Ay 078 y '32K

WISC6NS IN UNIV MADISON INST ~ OF FNVIRONMFNTAL STUDI;S ~

AVAIlhBLc FPOM THc NA~I'!NAL TcCHNICAL INFORMATION SERVICE AS N73-1337S, ~3.OO
IN' PAPcR COPY %1 ~ 45 IN MICRPF ICHE 1971»1972 PROGRESS REPORT NO
NAS.4-CP-129797 1972 83 P 31 FIG 13 TAby 7 REF CONTRACT NO
NGL-50-002-12 7.


