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Dominion Energy Kewaunee, Inc. ,’j 4 Suas @
5000 Dominion Boulevard, Glen Allen, VA 23060 - DOm“‘lOn

November 25, 2008

United States Nuclear Regulatory Commission Serial No.: 08-0690
Attention: Document Control Desk LR/RJG RO
Washington, DC 20555-0001 Docket No.:  50-305

License No.: DPR-43

DOMINION ENERGY KEWAUNEE, INC.

KEWAUNEE POWER STATION

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
LICENSE RENEWAL APPLICATION

By letter dated October 27, 2008, the NRC requested additional information and
documents regarding the license renewal application (LRA) for Kewaunee Power
Station. The attachment to this letter contains the responses to the Request for
Additional Information (RAIl) associated with LRA Appendix E, “Applicant’s
Environmental Report — Operating License Renewal Stage,” along with the requested
documents.

Should you have any questions regarding this submittal; please contact Mr. Paul C.

Aitken, License Renewal Project Manager, Dominion Resources Services, Inc., 5000
Dominion Blvd., Glen Allen, VA, 23060, (804) 273-2818, e-mail: Paul.Aitken@dom.com.

Very truly yours,

an Price
2 President — Nuclear Engineering
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COMMONWEALTH OF VIRGINIA )
)

COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and

Commonwealth aforesaid, today by J. Alan Price, who is Vice President — Nuclear

Engineering of Dominion Energy Kewaunee, Inc. He has affirmed before me that he is

duly authorized to execute and file the foregoing document in behalf of that Company,

and that the statements in the document are true to the best of his knowledge and
belief.

Acknowledged before me this é@“&.}jay of )\I DJ'CV)’)E‘(L/ 2008.
My Commission Expires: #0009

LS nevidh (s

Notary Public

(SEAL)

Attachment:
Additional Information in Support of Application for Renewed Operating License
Enclosures:

A. Wisconsin Pollutant Discharge Elimination System (WPDES) Permit No. WI-
0001571-07-0

B. Kewaunee Power Station Original Clean Water Act Sections 316(a) and 316(b)
Demonstrations, and Wisconsin Original Clean Water Act Sections 316(a) and
316(b) Determinations

C. Dominion (Dominion Resources Services) 2008. Information Requirements
Related to Cooling Water Intake Structures - WPDES Permit WI-0001571-07.

Commitments made in this letter:;

None
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cc without enclosures:

U.S. Nuclear Regulatory Commission
Regional Administrator, Region llI
2443 Warrenville Road

Suite 210

Lisle, IL 60532-4532

Mr. P. S. Tam, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint, Mail Stop O8-H4A
11555 Rockville Pike

Rockville, MD 20852-2738

Ms. S. L. Lopas

Environmental Project Manager

U.S. Nuclear Regulatory Commission
Mail Stop O-11F1

Washington, DC 20555-0001

Mr. J. W. Daily

License Renewal Project Manager
U.S. Nuclear Regulatory Commission
Mail Stop O-11F1

Washington, DC 20555-0001

NRC Senior Resident Inspector
Kewaunee Power Station

N490 Highway 42

Kewaunee, WI 54216

Public Service Commission of Wisconsin
Electric Division

P.O. Box 7854

Madison, WI 53707

Mr. David Zellner

Chairman — Town of Carlton
N2164 County B
Kewaunee, Wl 54216
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NRC Request for Additional Information

Aquatic Ecology and Hydrology

NRC Request:

A complete copy of Wisconsin Pollution Discharge and Elimination System (WPDES)
Permit No. WI-0001571-07-0, including the accompanying fact sheet, if applicable.

Dominion Response:

The Permit and Fact Sheet are provided in Enclosure A.

NRC Request:

Any Notices of Violation of the WPDES permit, as issued by the Wisconsin Department
of Natural Resources in the last five years.

Dominion Response:

Kewaunee Power Station has not been issued any written Notices of Violation (NOVs) or
Notices of Noncompliance (NONs) during the last five years. Following a permit
exceedance that occurred in the second quarter of 2008, Dominion Energy Kewaunee,
Inc. (DEK) provided a verbal notification to the Wisconsin Department of Natural
Resources (WDNR). At that time, the WDNR representative informed the site
Environmental Compliance Coordinator of a “verbal Notification of Noncompliance,” but
that it would not result in a written NON.

NRC Request:

Complete copies of the Kewaunee Power Station (KPS) original Clean Water Act
Sections 316(a) and 316(b) demonstrations, and Wisconsin’s original 316(a) and 316(b)
determinations.

Dominion Response:

These documents are provided in Enclosure B.
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NRC Request:

Dominion (Dominion Resources Services). 2008. Information Requirements Related to
Cooling Water Intake Structures -- WPDES Permit WI-0001571-07. Letter to D. Hantz --
Wisconsin Department of Natural Resources Wastewater Engineer from P.F. Faggert --
Dominion Vice President and Chief Environmental Officer on January 4, 2008.

EA Engineering (EA Engineering, Science, and Technology, Inc.) 2007. Impingement
Mortality and Entrainment Characterization Report, Kewaunee Power Station, March
2006 -- February 2007. Submitted to Dominion Resources Services, Inc., Glen Allen,
Virginia. August.

WDNR (Wisconsin Department of Natural Resources). 2007. Requirements for Cooling
Water Intake Structures -- WPDES Permit WI-0001571-07. Letter to P.F. Faggert --
Dominion Resources Services from D. Hantz -- WDNR Wastewater Engineer on
December 2, 2007.

Dominion Response:

Dominion (Dominion Resources Services) 2008 is provided in Enclosure C. Please
note that the other two references requested above are included in Dominion (Dominion
Resources Services) 2008: WDNR 2007 as Attachment A, and EA Engineering 2007 as
sub-Attachment 7 of Attachment C.

Refurbishment

NRC Request:

Will the closing of the Barnwell, South Carolina low-level radioactive waste disposal
facility to states outside of the Atlantic Low-Level Waste Compact alter your conclusion
in the KPS environmental report (Section 3.2, Refurbishment Activities) that there will
not be a need to modify the facility or structures, in light of the potential for long-term
storage of low-level radioactive waste?

Dominion Response:

The effects of closing the Bamwell, South Carolina low-level radioactive waste disposal
facility to states outside of the Atlantic Low-Level Waste Compact is a current license
issue, irrespective of license renewal. Dominion Energy Kewaunee, Inc. (DEK) has no
current plans to build a facility for long-term storage of Class B and C waste during the
period of extended operation, and is currently pursuing commercial options that would
obviate such construction. Therefore, the closing of Bamwell does not change our
conclusions regarding license renewal-related construction activities.
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State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES

Jim Doyle, Governor : 101 South Webster Street

Scott Hassett, Secretary P.O. Box 7921

WISCONSIN { , Madison, ‘WI 53707-7921
DEPT. OF NATURAL RESOUR JUL 246 2005 Epsc Telephone (608) 266-2621
FAX (608) 267-3579

TTY Access via relay - 711

Pamela F. Faggert

Vice President and Chief Environmental Officer
Dominion Energy Kewaunee, Inc.

5000 Dominion Blvd. - 2NW

Glenn Allen, VA 23060

SUBJECT:  WPDES Permit Reissuance No. WI-0001571-07-0
Kewaunee Power Station, State Highway 42, Kewaunee, WI

Dear Ms. Faggert:

Your Wisconsin Pollutant Discharge Elimination System (WPDES) Permit is enclosed. As provided forin
the public notice for this permit, Dominion Energy Kewaunee, Inc. is being issued this permit based on our
receipt of notification of a change of ownership from Wisconsin Public Service Corporation on July 5, 2005
as further documented in your submittal of a stipulation of permit acceptance and permit application. The
conditions of the attached permit reissuance were determined using the permit application, information from
the WPDES permit file for this facility, other information available to the Department, comments received
during the public notice period (previously forwarded to Dominion), and applicable Wisconsin
Administrative Codes. All discharges from this facility and actions or reports relating thercto shall be in
accordance with the terms and conditions of this permit.

This permit requires you to submit monitoring results to the Department on a periodic basis. Blank copies of
the appropriate monitoring forms and instructions for completing them will be mailed to you under scparate
cover.

The Department has the authority under chs. 160 and 283, Stats., to establish effluent limitations, monitoring
requirements, and other permit conditions for discharges to groundwater and surface waters of the State. The
Department also has the authority to issue, reissue, modify, suspend or reveke WPDES permits under ch. 283,
Stats.

The attached permit contains water quality based effluent limitations which are necessary to ensure that the
water quality standards for Lake Michigan are met. You may apply for a variance from the water quality
standard used to derive the limitations pursuant to s. 283.15, Stats. by submitting an application to the
Director of the Bureau of Watershed Management, P.O. Box 7921, Madison, Wisconsin 53707 within 60 days
of the date the permit was issued (see “Date Permit Signed/Issued” after the signature on the front page of the
attached permit). Subchapter III of chapter NR 200, Wis. Adm. Code, specifies the procedures that must be
followed and the information that must be included when submitting an application for a variance.

dnr.wi.gov - Quality Natural Resources Management @

wisconsin.gov Through Excellent Customer Service ideder

Paper



To challenge the reasonableness of or necessity for any term or condition of the attached permit, s. 283.63,

. Stats, and ch. NR 203, Wis. Adm. Code require that you file a verified petition for review with the Secretary
of the Department of Natural Resources within 60 days of the date the permit was issued (see “Date Permit
Signed/Issued” after the signature on the front page of the attached permit).

incerely (-

Russell Rasmussen
Director, Bureau of Watershed Management

Dated: %&, ! g, 2 005
cc: Permit File - Central Office

U.S. Fish and Wildlife Service (Electronic Copy via Email)
Gary Kincaid - Green Bay
EPA — Region V (Electronic Copy via Email)

Page 2



WPDES Permit No. WI-0001571-07-0

WISCONSIN
DEPT. OF NATURAL RESDURCES

WPDES PERMIT

| - STATE OF WISCONSIN
DEPARTMENT OF NATURAL RESOURCES

PERMIT TO DISCHARGE UNDER THE .
WISCONSIN POLLUTANT DISCHARGE ELIMINATION SYSTEM

Dominion Energy Kewaunee, Inc.

is permitted, under the authority of Chapter 283, Wisconsin Statutes, to dis-:hargc from a facility
located at
State Highway 42, Kewaunee, W1
to

Lake Michigan and an unnamed tributary to Lake Michigan

in accordance with the effluent limitations, monitoring requirements and other conditions set
forth in this permit.

The permittee shall not discharge after the date of expiration. If the permittee wishes to continue to discharge after
this expiration date an application shall be filed for reissuance of this permit, according to Chapter NR 200, Wis.
Adm. Code, at least 180 days prior to the expiration date given below.

State of Wisconsin Department of Natural Resources
For the Secretary

By
Russell Rasmussen
Director, Bureau of Watershed Management

o
te Pgrmit Signed/Issued

PERMIT TERM: EFFECTIVE DATE - August 01, 2005 EXPIRATION DATE - June 30, 2010
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Wisconsin Public Service Corp Kewaunee
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WPDES Permit No. W1-0001571-07-0
Wisconsin Public Servicc Corp Kewaunee

. 1 Requirements for Cooling Water Intake Structures

1.1 The permittee is authorized to use the offshore cooling water intake structure that exists at the time of issuance of
. this permit to serve the Kewaunee Nuclear Power Plant.

1.2 The permittee shall submit by January 7, 2008 for Department review information describing the cooling water
intake structure, cooling water system operations and source water physical data described in U.S. EPA regulations at
40 CFR 122.21(n)(2, ()(3), and (1)(5).

1.3 The permittee shall submit by January 7, 2008 for Department review and approval all applicable portions of the
comprehensive demonstration study required by the provisions in 40 CFR 125.95(b) for selecting and implementing
the compliance altematives in 40 CFR 125.94 to meet best technology available (BTA) for minimizing adverse
environmental impacts associated with the use of the cooling water intake structures.

1.4 The Proposal for Information Collection (40CFR 125.95 (b)(1)) shall be submitted to the Department for review
and comment prior to the start of information collection activities described in such proposal.

1.5 Any approval by the Department of submittals required under this section of the permit and the establishment of
any additional requirements to implement BTA for the cooling water intake structures for this permittee shall occur
only upon modification or reissuance of this permit.

NOTE: Any permit modification is subject to public notice and the public participation procedures under ch.

NR 203, Wis. Adm. Code, including public hearings requested under s. NR 203.05 and adjudicatory hearings
under NR 203, Subchapter I11.

2 In-Plant Requirements

2.1 Sampling Point(s)

Sampling Point Designation

Sampling | Sampling Point Location, WasteType/Sample Contents and Treatment Description (as applicable)

Point

Number

| 101 Steam generator blowdown to Outfall 001

201 | Floor drains to Outfall 001

301 Service water treatment lagoon overflow to Qutfall 001

501 Limits and xequirements apply if and when discharge of RO reject wastewater commences from a new
reverse osmosis water treatment system (proposed in 2005) to the turbine building standpipe to Outfall
001.

601 - Sample point 601 will monitor flow of Lake Michigan water or purified water pumped from the turbine
building basement in case of failure of the circulating water system via hose to at or near the Outfall 001
discharge structure.

2.2 Monitoring Requirements and Limitations
~ The permittee shall comply with the following monitoring requirements and limitations.
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Wisconsin Public Service Corp Kewaunee

2.2.1 Sampling Point 101 - Steam Generator Blowdown

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD Weekly Total Daily
Suspended Solids, Daily Max 100 mg/L Monthly Grab
Total
Suspended Solids, Monthly Avg | 30 mg/L Monthly Grab
-{ Total
Oil & Grease Daily Max 20 mg/L Quarterly Grab
(Hexane or Freon)
Oil & Grease Monthly Avg | 15 mg/L Quarterly Grab
(Hexane or Freon)
2.2.2 Sampling Point 201 - Floor Drains to Outfall 001 .
Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD Weekly - Total Daily
Suspended Solids, Daily Max 100 mg/L Weekly Grab
Total
Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab
Total
Oil & Grease Daily Max 20 mg/L Monthly Grab
(Hexane or Freon)
Oil & Grease Monthly Avg | 15 mg/L Monthly Grab
(Hexane or Freon) : .
2.2.3 Sampling Point 301 - Service Water Lago on Overflow
Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD Weekly Total Daily
Suspended Solids, Daily Max 100 mg/L Weekly Grab
Total '
Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab
Total ' ' :
1 O1l & Grease Daily Max 20 mg/L Quarterly Grab
(Hexane or Freon)
Oil & Grease , Monthly Avg | 15 mg/L Quarterly Grab
(Hexane or Freon)




2.2.4 Sampling Point 501 - RO Reject

WPDES Permit No. WI-0001571-07-0
Wisconsin Public Service Corp Kewaunee

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Flow Rate . gpd Daily Total Daily

Suspended Solids, Daily Max 100 mg/L Weekly Grab

Total

Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab

Total

Oil & Grease Daily Max 20 mg/L Quarterly Grab

(Hexane or Freon)

0il & Grease Monthly Avg | 15 mg/L Quarterly Grab

(Hexane or Freon)

2.2.4.1 The permittee shall submit any updated information on water treatment additives for use of the reverse
osmosis water treatment system for Department review and approval prior to commencing discharge of RO reject
wastewater unless additives are the same as those specified in the permit reissuance application (December 2004).

2 2.5 Samplmg Point 601 - Turbine Bldg Base ment Water

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes

Units Frequency | Type

Flow Rate MGD At Estimated In case of failure of the

" Discharge circulating water system,
estimated flow shall be
reported for each day of
discharge




3 Surface Water Requirements

3.1 Sampling Point(s)

WPDES Permit No. WI-0001571-07-0

Wisconsin Public Service Corp Kewaunee

Sampling Point Designation

Sampling | Sampling Point Location, WasteType/Sample Contents and Treatment Description

Point

Number :

001 Condenser cooling water and process wastewater sampled prior to discharge to Lake Michigan

002 Outfall 002 monitors flow of water recirculated from 001 to prevent icing of the intake

003 Activated sludge sewage treatment plant effluent sampled prior to discharge to an unnamed tributary to
Lake Michigan '

3.2 Monitoring Requirements and Effluent Limitations

The permittee shall comply with the following monitoring requirements and limitations.

3.2.1 Sampling Point (Outfall) 001 - Condenser Cooling Water

Monitoring Requirements and Effluent Limitations

Parameter . Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Flow Rate MGD Daily - Continuous

Temperature deg F Daily Continuous -

Minimum . :

Temperature deg F Daily -Continuous

Maximum |

Temperature Average "deg F Daily Continuous | Temperature Average shall

: also be reported daily for

intake water on DMRs
using Sample Point 701
(except if monitoring
equipment is out of service
for maintenance or
replacement, weekly grab -
samples shall be reported)

pH Field Daily Max 9.0 su Weekly Grab

pH Field Daily Min 6.0 su Weekly Grab :

Chlorine, Total Daily Max - pg/L Daily Grab TRC limit = 200 pg/L if

Residual Variable chlorine is added for 160

: min/day or less & TRC

limit = 38 pg/L if chlorine
is added for> 160 min/day.

Chlorine, Total Resdl min/day Daily Record of The time of chlorination

Discharge Time Addition shall not be > 2 hours/day

{ ——

except when chlorinating
for zebra mussel control
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. Monitoring Requirements and Effluent Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Chlorine, Total Daily Max 180 Ibs/day .| Sec Permit | Calculated | TRC mass limit of 180 -
Residual Note : Ib/day and reporting applies
only if chlorine is added for
> 160 min/day
Thallium, Total pg/L Once 24-Hr Flow | Results of one test shall be
Recoverable Prop Comp | submitted by March 31,
: 2006
Mercury, Total ng/L Quarterly Grab See 3.2.1.1 below for
Recoverable A additional requirements
Acute WET . TU, See Listed 24-Hr Flow | Three Acute WET tests
Qtr(s) Prop Comp | shall be performed during
the permit term in the
calendar quarters listed
. below
Chronic WET rTU. : See Listed | 24-Hr Flow | Three Chronic WET tests
: Qtr(s) Prop Comp | shall be performed during
' the permit term in the
calendar quarters listed
below

3.2.1.1 Mercury Momtonng :

* The pemittee shall collect and analyze all mercury samples according to the data quality requirements of ss. NR
*106.145(9) and (10), Wisconsin Administrative Code. The limit of quantitation (LOQ) used for the intake, effluent and
field blank shall be less than 1.3 ng/L, unless the samples are quantified at levels above 1.3 ng/L. The permittee shall
collect at least one mercury field blank for each set of mercury samples (a set of samples may include combinations of

intake, influent, effluent or other samples all collected on the same day). The permittee shall report results to the
Department on Discharge Monitoring Reports for required effluent samples (Outfall 001) and field blanks (Sample
Point 801) and recommended intake water samples (Sample Point 701).

3.2.1.2 Polychlorinated Biphenyls
There shall be no discharge of polychlorinated biphenyl compounds such as those commonly used for transformer
fluid. '

3.2.1.3 Additives

The pemittee shall report increases in the dosage rates of water treatment additives above levels included in the
application for reissuance of this permit as an attachment to the monthly DMRs. Additional requirements are included
in standard requirements for obtaining approval of any new water treatment additives. The permittee may also use the
procedure in the standard requirement for “planned changes” to notify the Department of proposed increases in use of
- water treatment additives or use of new water treatment additives. -

3.2.1.4 Chlorine Sampling Procedure

One grab sample for total residual chlorine shall be collected during the peak chlorine discharge of each chlorination
event. The reported value shall be the maximum of the events. A continuous monitor may be used to determine the
peak value as long as it duplicates an approved method.
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3.2.1.5 Time of Chlorination

Total residual chlorine shall not be added for more than 2 hours per day. The 2 hour limit does not apply to periods
when chlorinating for zebra mussel control. -

'3.2.1.6 Whole Effluent Toxicity (WET) Testing

Primary Control Water: Lake Michigan

Instream Waste Concentration:9.1%

Dilution series: At least five effluent concentrations and dual controls must be included in each test.
e Acute: 100, 50, 25, 12.5, 6.25% and any additional selected by the permittee.

e Chronic: 100, 30, 10, 3, 1% (if the IWC <30%) or 100, 75, 50, 25, 12.5% (if the IWC >30%) and an3;
additional selected by the permittee.

WET Testxtng Frequency: Tests are required during the following quarters.
e Acute: October1to December 31, 2005; January 1, 2007 to March 31, 2007; and April 1, 2009 to
June 30, 2009
e Chronic: October 1 to December 31, 2005; January 1, 2007 to March 31, 2007; and April 1, 2009 to

June 30, 2009

Reporting: The permittee shall report test results on the Discharge Monitoring Report form, and also complete the
“"Whole Effluent Toxicity Test Report Form" (Section 6, "State of Wisconsin Aquatic Life Toxicity Testing Methods
Manual, 2 Edition"), for each test. The original, complete, signed version of the Whole Effluent Toxicity Test
Report Form shall be sent to the Biomonitoring Coordinator, Bureau of Watershed Management, 101 S. Webster St.,
P.0O. Box 7921, Madison, W1 53707-7921, within 45 days of test completion.

Determination of Positive Results: An acute toxicity test shall be considered positive if the Toxic Unit - Acute (TU,)
is >1.0 for either species. The TU, shall be calculated as follows: TUz = 100/LCs50. An LCs0 > 100 equals a TUj of
1.0. A chronic toxicity test shall be considered positive if the Relative Toxic Unit - Chronic (fTUc) is > 1.0 for either -
species. The rTUc shall be calculated as follows: 'TUs =IWC/IC25, An IC25 > IWC equals an r'TU¢ of 1.0.

Additional Testing Requirements:Within 90 days of a test which showed positive results, the permittee shall submit
the results of at least 2 retests to the Biomonitoring Coordinator on "Whole Effluent Toxicity Test Report Forms". The
retests shall be completed using the same species and test methods specified for the original test (see the Standard
Requirements section herein).

3.2.2 Sampling Point (Outfall) 002 - Intake De-Ice

, Monitoring Requirements and Effluent Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate : MGD Monthly Estimated
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Wisconsin Public Service Corp Kewaunee

3.2.3 Sarhpling Point (Outfall) 003 - Sewage Treatment Plant

Monitoring Requirements and Effluent Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate : MGD Continuous | Continuous
| BODs, Total Monthly Avg | 30 mg/L 3/Week 24-Hr Flow
Prop Comp
BOD;, Total Weekly Avg | 45 mg/L 3/Week 24-Hr Flow
Prop Comp
.| Suspended Solids, Monthly Avg | 30 mg/L 3/Week 24-Hr Flow
Total Prop Comp
Suspended Solids, Weekly Avg | 45 mg/L 3/Week 24-Hr Flow
Total Prop Comp
Nitrogen, Ammonia mg/L Monthly 24-Hr Flow
(NH;-N) Total Prop Comp
pH Field Daily Max 9.0 su 3/Week Grab
pH Field _ Daily Min 6.0 su 3/Week Grab .
Mercury, Total ng/L Monthly Grab See 3.2.3.1 below for
| Recoverable : additional requirements for
effluent samples and field
- blanks
Thallium, Total pe/L Once 24-Hr Flow | Results of one test shall be
Recoverable Prop Comp | submitted by March 31,
" 2006
Acute WET TU, See Listed | 24-Hr Flow | Two Acute WET tests shall
Qtr(s) Prop Comp | be performed during the
' permit term in the calendar
quarters listed below.
Chronic WET rTU, See Listed | 24-Hr Flow | Two Chronic WET tests
Qtr(s) Prop Comp | shall be performed during

the permit term in the
calendar quarters listed
below.

3.2.3.1 Mercury Monitoring
The permittee shall collect and analyze all mercury samples according to the data quality requirements of ss. NR
106.145(9) and (10), Wisconsin Administrative Code. The limit of quantitation (LOQ) used for the effluent and field
blank shall be less than 1.3 ng/L, unless the samples are quantified at levels above 1.3 ng/L. The permittee shall
collect at least one mercury field blank for each set of mercury samples (a set of samples may include combinations of
intake, influent, effluent or other samples all collected on the same day). The permittee shall report results'to the
Department on Discharge Monitoring Reports for effluent samples (Outfall 003) and field blanks (Sample Point 801).

3.2.3.2 Reduced Mercury Monitoring
Afier generating at least 12 mercury results that meet the data quality requirements of ss. NR 106.145(9) and (10),
Wis. Adm. Code, the permittee may apply for a permit modification to reduce the monthly monitoring frequency.

Under the authority of §*NR 106.145(3)(a)(6), Wis. Adm. Code, the Department may initiate the pe rmit modlﬂcatlon
process to reduce the monitoring frequency from monthly to once every 3 months.
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3.2.3.3 Whole Effluent Toxicity (WET) Testing
Primary Control Water: Lake Michigan

Instream Waste Concentration:9.1%
Dilution series: At least five effluent concentrations and dual controls must be included in each test.
e Acute: 100, 50, 25, 12.5, 6.25% and any additional selected by the permittee.

e . Chronic: 100, 30, 10, 3, 1% (if the IWC <30%) or 100, 75, 50, 25, 12.5% (if the IWC >30%) and any
additional selected by the permittee. '

WET Testing Frequency: Tests are required during the following quarters.
o Acute: October 1to December 31, 2005 and January 1, 2007 to March 31, 2007
"« Chronic: October 1 to December 31, 2005 and January 1, 2007 to March 31, 2007

Reporting: The permittee shall report test results on the Discharge Monitoring Report form, and also complete the
“Whole Effluent Toxicity Test Report Form" (Section 6, "State of Wisconsin Aquatic Life Toxicity Testing Methods
Manual, 2™ Edition"), for each test. The original, complete, signed version of the Whole Effluent Toxicity Test
Report Form shall be sent to the Biomonitoring Coordinator, Bureau of Watershed Management, 101 S. Webster St.,
"P.0. Box 7921, Madison, WI 53707-7921, within 45 days of test completion.

Determination of Positive Results: An acute toxicity test shall be considered positive if the Toxic Unit - Acute (TU,)
is >1.0 for either species. The TU; shall be calculated as follows: TUa = 100/LC50. An LC50> 100 equals a TUg of
1.0. A chronic toxicity test shall be considered positive if the Relative Toxic Unit - Chronic (1TUg) is > 1.0 for either
species. The rTU¢ shall be calculated as follows: rTUc = IWC/IC25, An IC25 > IWC equals an 1'TU¢ of 1.0.

Additional Testing Requirements: Within 90 days of a test which showed positive results, the permittee shall submit
the results of at least 2 retests to the Biomonitoring Coordinator on "Whole Effluent Toxicity Test Report Forms". The
retests shall be completed using the same species and test methods specified for the original test (see the Standard
Requirements section herein).
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4 Land Application Requirements

4.1 Sampling Point(s)
The discharge(s) shall be limited to land application of the waste type(s) designated for the listed sampling point(s) on
Department approved land spreading sites or by hauling to another facility.

Sampling Point Designation

| Sampling | Sampling Point Location, WasteType/Sample Contents and Treatment Description (as applicable)
Point : :
Number

004 Outfall 004 is identified for onsite land application of domestic wastewater treatment sludge if needed.
Requirements apply only in a calendar year land application occurs.

4.2 Monitoring Requirements and Limitations
The permittee shall comply with the following monitoring requirements and limitations.

4.2.1 Sampling Point (Outfall) 004 - Domesﬂc Wastewater Sludge

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
. ' - | Units Frequency | Type

- | -Solids, Total ] Percent Annual Composite
Arsenic Dry Wt Ceiling 75 mg/kg Annual Composite
Arsenic Dry Wt~ | High Quality | 41 mg/kg Annual Composite
Cadmium Dry Wt Ceiling 85 mg/kg Annual Composite
Cadmium Dry Wt High Quality | 39 mg/kg Annual Composite
Copper Dry Wt Ceiling 4,300mg/kg | Annual Composite
Copper Dry Wt High Quality | 1,500mg/kg | Annual Composite
Lead Dry Wt Ceiling 840 mg/kg Annual Composite
Lead Dry Wt High Quality | 300 mg/kg Annual Composite
Mercury Dry Wt Ceiling 57 mg/kg Annual Composite
Mercury Dry Wt { High Quality | 17 mg/kg Annual - Composite
Molybdenum Dry Wt | Ceiling 75 mglkg Annual Composite
Nickel Dry Wt Ceiling 420 mg/kg Annual Composite
Nickel Dry Wt High Quality | 420 mg/kg Annual Composite
Selenium Dry Wt Ceiling 100 mg/kg Annual Composite
Selenium Dry Wt High Quality | 100 mg/kg Annual Composite
Zinc Dry Wt Ceiling 7,500 mg/kg | Annual Composite
Zinc Dry Wt High Quality | 2,800mg/kg | Annual Composite
Nitrogen, Total Percent Annual Composite
Kjeldahl : _
Nitrogen, Ammonium Percent Annual Composite
(NH,-N) Total :
Phosphorus, Total Percent Annual Composite
Phosphorus, Water , Percent Annual Composite C—
Extractable
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Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
' Units Frequency | Type

Potassium, Total Percent Annual Composite
Recoverable

PCB Total Dry Wt Ceiling * | 50mgkg Once Composite

PCB Total Dry Wt High Quality | 10 mg/kg Once Composite

Other Sludge Requirements

Sludge Requirements : . . Sample Frequency

List 3 Requirements — Pathogen Control: The requirements in List Annual
3 shall be met prior to land application of sludge.

List 4 Requirements — Vector Attraction Reduction: The vector Annual
attraction reduction shall be satisfied prior to, or at the time of land
application as specified in List 4. .

- 4.2141 Requirémenis Apply Only if Land Application Occurs

Monitoring requirements and limitations apply only during a calendar year when land application of domestic
wastewater sludge occurs. Prior to initiating land application of sludge the permittee shall contact the Department’s
NER office to verify the information that must be submitted to begin land application. The pemittee shall also
comply with any other applicable local, state or federal regulations. :

4.2.1.2 Changes in Feed Sludge Characteristics

If a change in feed sludge characteristics, treatment process, or operational procedures occurs which may resultin a
significant shift in sludge characteristics, the permittee shall reanalyze the sludge for List 1, 2, 3 and 4 parameters

- each time such change occurs.

4.2.1.3 Multiple Sludge Sample Points (Outfalis)

If there are multiple sludge sample points (outfalls), but the sludges are not subject to different sludge treatment
processes, then a separate List 2 analysis shall be conducted for each sludge type which is land applied, just prior to
land application, and the application rate shall be calculated for each sludge type. Inthis case, List 1,3, and 4 and
PCBs need only be analyzed on a single sludge type, at the specified frequency. If there are multiple sludgc sample
points (outfalls), due to multiple treatment processes, List 1, 2, 3 and 4 and PCBs shall be analyzed for each sludge
type at the specified frequency.

4.2.1.4 Sludge Which Exceeds the High Quality Limit
Cumulative pollutant loading rccords shall be kept for all bulk land application of sludge which does not meet the

high quality limit for any parameter. This requirement applies for the entire calendar year in which any exceedance of

Table 3 of s. NR 204.07(5)(c), is experienced. Such loading records shall be kept for all List 1 parameters for each
site land applied in that calendar year. The formula to be used for calculating cumulative loading is as follows:

[(Pollutant concentration (mg/kg) x dry tons applied/ac) + 500] + previous loadmg (lbs/acre) cumulative lbs
pollutant per acre

10
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When a site reaches-90% of the allowable cumulative loading for any metal establishzd in Table 2 of s. NR
204.07(5)(b), the Department shall be so notified through letter or in the comment section of the annual land
application report (3400-55).

4.2.1.5 Sludge Analysis for PCBs

The permittee shall analyze the sludge for Total PCBs one time during the first calendar year that land application
occurs. The results shall be reported as "PCB Total Dry Wt". Either congener-specific analysis or Aroclor analysis
shall be used to determine the PCB concentration. The permittee may determine whether Aroclor or congener specific
analysis is performed. Analyses shall be performed in accordance with Table EM in s. NR 219.04, Wis. Adm. Code

_and the conditions specified in Standard Requirements of this permit. PCB rcsults shall be submitted by January 31,
following the specified year of analysis.

4.2.1.6 Lists 1, 2, 3,and 4

List 1
TOTAL SOLIDS AND METALS
See the Monitoring Reqmrcments and Limitations table above for monitoring frequency and limitations for the
List 1 parameters

Solids, Total (percent)

Arsenic, mg/kg (dry weight)

‘Cadmium, mg/kg (dry weight)

Copper, mg/kg (dry weight)

Lead, mg/kg (dry weight)

Mercury, mg/kg (dry weight)

.Molybdenum, mg/kg (dry weight)

.| Nickel, mg/kg (dry weight)

Selenium, mg/kg (dry weight)

‘Zinc, mg/kg (dry weight)
List 2
NUTRIENTS
See the Monitoring Requirements and Limitations table above for monitoring frequency for the List 2 parameters
Solids, Total (percent)

-| Nitrogen Total Kjeldahl (percent)

Nitrogen Ammonium (NH4-N) Total (percent)

Phosphorus Total as P (percent)

Phosphorus, Water Extractable (as percent of Total P)

Potassium Total Recoverable (percent)

11
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List 3
PATHOGEN CONTROL FOR CLASS B SLUDGE
The pemittee shall implement pathogen control as listed in List 3. The Department shall be notified of the pathogen
contro] utilized and shall be notified when the permittee decides to utilize altemnative pathogen control.

The following requirements shall be met prior to land application of sludge.

Parameter Unit Limit

MPN/gTS or CIFU/gTS

Fecal Coliform” 2,000,000
OR, ONE OF THE FOLLOWING PROCESS OPTIONS
Aerobic Digestion Air Drying
Anacrobic Digestion - Composting
Alkaline Stabilization PSRP Equivalent Process

* The Fecal Coliform limit shall be reported as the geometric mean of 7 discrete samples on a dry weight basis.

List 4
. VECTOR ATTRACTION REDUCTION ,
The pemmittee shall implement any one of the vector attraction reduction options specified in List 4. The Department
shall be notified of the option utilized and shall be notified when the pemmittee decides to utilize an altemative option.

One of the following shall be satisfied prior to, or at the time of land application as specified in List 4.

Option Limit Where/When it Shall be Met
Volatile Solids Reduction 238% Across the process
Specific Oxygen Uptake Rate <1.5 mg Ox/hr/g TS On acrobic stabilized sludge

Anaerobic bench-scale test

<17 % VS reduction

On anaerobic digested sludge

Aerobic bench-scale test

<15 % VS reduction

On aerobic digested sludge

Aerobic Process

>14 days, Temp >40°C and
Avg. Temp > 45°C

On composted sludge .

pH adjustment

>12 S.U. (for 2 hours) During the process
and>11.5 :
(for an additional 22 hours) .
Drying without primary solids >75 % TS When applied or bagged
Drying with primary solids >90 % TS When applied or bagged
Equivalent Approved by the Department Varies with process
Process '
Injection - When applied
Incorporation - Within 6 hours of application

- 12
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5 Sehedules of Compliance

5.1 Requirements for Cooling Water Intak e Structures

Required Action

Date Due

Proposal for information Collection (PIC): Submit a PIC for Dzpartment review and comments
1 prior to the start of information collection activities described i in such proposal, as specified in permit
section 1.4, page 1.

Cooling Water Intake Information : Submit information required to describe cooling water intake
structures, cooling water system operations and source water physical data specified in permit section

1.2, page 1.

01/07/2008

Comprehensive Demonstration Stirdy: Submit a comprehensive demonstration study as specified
in permit section 1.3, page 1.

01/07/2008

5.2 Mercury Pollutant Minimization Program

The permittee shall implement a pollutant minimization program whenever, after the first 24 months of mercury
monitoring, a mercury effluent limitation(s) is necessary under the procedure in s. NR 106.145(2), Wis. Adm. Code

for Qutfall 001 or Outfall 003.

Required Action

Date Due

Submit a Mercury Pollutant Minimization Program: The permittee shall develop and submit to
the Department a plan for a cost-effective pollutant minimization program (PMP) that has as its goal
the reduction of mercury for the purpose of maintaining the effluent at or below the water quality
based effluent limitation or potential limitation. The PMP shall meet the requirements of s. NR
.106.145(7), Wis. Adm. Code.

Note: The Department will notify the permittee of acceptance of or comments on the proposed PMP.
The permittee and the Department will then agree on what changes, if any will be made to the PMP.
If the Department has not notified the permittee within 90 days of the Department s receipt of the
PMP, the pemmittee may assume that the PMP has been accepted.

03/31/2008

Implement the Mercury Pollutant Minimization Program: The permittee shall implement the . -
PMP as submitted or as amended by agreement of the permittee and the Department.

09/30/2008

Submit Annual Status Reports: The permittee shall submit to the Department an annual status
report on the progress of the PMP as required by s. NR 106.145(7), Wis. Adm. Code. Submittal of
the first annual status report is required by the Date Due.

Note: If the permittee wishes to apply for an alternative mercury cfﬂuent limitation, that application
is due with the application for permit reissuance by 6 months prior to permit expiration. The
permittee should submit or reference the PMP plan as updated by the Annual Status Report or more
recent developments as part of that application.

12/31/2008

13
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6 Standard Requirements

NR 205, Wisconsin Administrative Code: The conditions in ss. NR 205.07(1) and NR 205.07(2), Wis. Adm. Code,
are included by reference in this permit. The pemmittee shall comply with all of these requirements. Some of these
reqmrements are outlined in the Standard Requirements section of this permit. Requirements not specifically outlined
in the Standard Requirement section of this permit can be found in ss. NR 205.07(1) and NR 205.07(2).

6.1 Reporting and Monitoring Requirements

6.1.1 Monitoring Results

Monitoring results obtained during the prcvxous month shall be summarized and reported on a Department
Wastewater Discharge Monitoring Report Form. This report form is to be retumed to the Department no later than
the date indicated on the form. The original and one copy of the Wastewater Discharge Monitoring Report Form shall
be submitted to your DNR regional office. A copy of the Wastewater Discharge Monitoring Report Form shall be
retained by the permittee. Sludge monitoring shall be reported on Characteristic Form 3400-49 by January 31,

. following the year any sludge analysis is performed.

If the permittee monitors any pollutant more frequently than required by this permit, the results of such monitoring
shall be included in the calculations and reporting. The data shall be submitted on the Wastewater Discharge
~ Monitoring Report Form or sludge reporting form.

The permittee shall comply with all limits for each parameter regardless of monitoring frequency. For example,
monthly, weekly, and/or daily limits shall be met even with monthly monitoring. The permittee may monitor more
frequently than required for any parameter.

Calculations for all limitations which require averaging of measurements shall utilize an arithmetic mean unless
otherwise specified by the Department in this permit.

6.1.2 Sampling and Testing Procedures

Sampling and laboratory testing procedures shall be performed in accordance with Chapters NR 218 and NR 219,

* Wis. Adm. Code and shall be performed by a laboratory certified or registered in accordance with the requirements of
ch. NR 149, Wis..Adm, Code. Groundwater sample collection and analysis shall be performed in accordance with ch.
NR 140, Wis. Adm. Code. The analytical methodologies used shall enable the laboratory to quantitate all substances
for which monitoring is required at levels below the effluent limitation. If the required level cannot be met by any of
the methods available in NR 219, Wis. Adm. Code, then the method with the lowest limit of detection shall be
selected. Additional test procedures may be specified in this permit.

6.1.3 Recording of Results _
The permittee shall maintain records which provide the following information for each effluent measurement or
sample taken:

the date, exact place, method and time of sampling or measurements;
the individual who performed the sampling or measurements;

the date the analysis was performed;

the individual who performed the analysis;

the analytical techniques or methods used; and

the results of the analysis.

6.1.4 Reporting of Monitoring Results —

The permittee shall use the following conventions when reporting effluent monitoring results:

14
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» Pollutant concentrations less than the limit of detection shall be reported as < (less than) the value of the
limit of detection. For example, if a substance is not detected at a detection limit of 0.1 mg/L, report the
pollutant concentration as < 0.1 mg/L.

» Pollutant concentrations equal to or greater than the limit of detection, but less than the limit of
quantitation, shall be reported and the limit of quantitation shall be specified.

 For the purposes of calculating an average or a mass discharge value, the permittee may substitute a 0
(zero) for any pollutant concentration that is less than the limit of detection. However, if the effluent
limitation is less than the limit of detection, the department may substitute a value other than zero for
results less than the limit of detection, after considering the number of monitoring results that are greater
than the limit of detection and if warranted when applying appropriate statistical techniques.

6.1.5 Records Retention

The permittee shall retain records of all monitoring information, including all calibration and maintenance records and
all original strip chart recordings for continuous monitoring instrumentation, copies of all reports required by the
permit, and records of all data used to complete the application for the permit for a period of at least 3 years from the
date of the sample, measurement, report or application. All pertinent sludge information, including permit application
information and other documents specified in this permit or s. NR 204.06(9), Wis. Adm. Code shall be retained for a
minimum of 5 years.

6.1.6 Other Information

Where the permittee becomes aware that it failed to submit any relevant facts in a permit appli¢ation or submitted
. incorrect information in a permit application or in any report to the Department, it shall promptly submit such facts or
correct information to the Department. :

‘6.2 System Operating Requirements

6.2.1 Noncompliance Notification

o The permittee shall report the following types of noncompliance by a telephone call to the Department's
regional office within 24 hours after becoming aware of the noncompliance:
e any noncompliance which may endanger health or the environment;
e any violation of an effluent limitation resulting from an unanticipated bypass;
e any violation of an effluent limitation resulting from an upset; and’
e any violation of a maximum discharge limitation for any of the pollutants listed by the Department in
the permit, either for effluent or sludge.

o A written report describing the noncompliance shall also be submitted to the Department's regional office
within 5 days after the permittee becomes aware of the noncompliance. On a case-by-case basis, the
Department may waive the requirement for submittal of a written report within 5 days and instruct the
permittee to submit the written report with the next regularly scheduled monitoring report. In either case,
the written report shall contain a description of the noncompliance and its cause; the period of
noncompliance, including exact dates and times; the steps taken or planned to reduce, eliminate and
prevent reoccurrence of the noncompliance; and if the noncompliance has not been corrected, the length
of time it is expected to continue.—— _—
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NOTE: Section 292.11(2)(a), Wisconsin Statutes, requires any person who possesses or controls a hazardous
substance or who causes the discharge of a hazardous substance to notify the Department of Natural
Resources immediately of any discharge not authorized by the permit. The discharge of a hazardous
substance that is not authorized by this permit or that violates this permit may be a hazardous substance
spill. To report a hazardous substance spill, call DNR's 24-hour HOTLINE at 1-800-943-0003

6.2.2 Flow Meters
Flow meters shall be calibrated annually, as per s. NR 218.06, Wis. Adm. Code.

6.2.3 Raw Grit and 'Screenings for Domestic Wastewater Treatment Systerhs

All raw grit and screenings shall be disposed of at a properly licensed solid waste facility or picked up by a licensed
waste hauler. If the facility or haulerare located in Wisconsin, then they shall be licensed under chs. NR 500-536,
‘Wis. Adm. Code.

6.2.4 Sludge Management

All sludge management activities shall be conducted in compliance with ch. NR 204 "Domestic Sewage Sludge
Management”, Wis. Adm. Code.

6.2.5 Unscheduled Bypassing
Any unscheduled bypass or overflow of wastewater at the treatment works or from the collection system is prohibited,
and the Department may take enforcement action against a permittee for such occurrences under s. 283.89, Wis.
Stats., unless:

e The bypass was unavoidable to prevent loss of life, personal injury, or severe property damage;

e There were no feasible alternatives to the bypass, such as the use of auxiliary treatment facilities,
retention of untreated wastes, or maintenance during normal periods of equipment downtime. This
condition is not satisfied if adequate back-up equipment should have been installed in the exercise of
reasonable engineering judgment to prevent a bypass which occurred durmg normal periods of equipment
downtime or preventive maintenance; and

¢ The permittee notified the Department as required in this Section.

* ‘Whenever there is an unscheduled bypass or overflow occurrence at the treatment works or from the collection
system, the permittee shall notify the Department within 24 hours of initiation of the bypass or overflow occurrence
by telephoning the wastewater staff in the regional office as soon as reasonably possible (FAX, email or voice mail, if
- staff are unavailable).

In addition, the permittee shall within 5 days of conclusion of the bypass or overflow occurrence report the followmg
information to the Department in writing:

o Reason the bypass or overflow occurred, or explanation of other contributing circumstances that resulted
in the overflow event. If the overflow or bypass is associated with wet weather, provide data on the
amount and duration of the rainfall or snow melt for each separate event.

Date the bypass or overflow occurred.

Location where the bypass or overflow occurred.

Duration of the bypass or overflow and estimated wastewater volume dlscharged

Steps taken or the proposed corrective action planned to prevent similar future occurrences.

Any other information the permittee believes is relevant.

6.2.6 Scheduled Bypassing
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- Any construction or normal maintenance which results in a bypass of wastewater from a treatment system is
prohibited unless authorized by the Department in writing. If the Department determines that there is significant
public interest in the proposed action, the Department may schedule a public hearing or notice a proposal to approve
. the bypass. Each request shall specify the following minimum information:

proposed date of bypass;

estimated duration of the bypass;

estimated volume of the bypass;

alternatives to bypassing; and

measures to mitigate environmental harm caused by the bypass.

6.2.7 Proper Operation and Maintenance

The permittee shall at all times properly operate and maintain all facilities and systems of treatment and control which
are installed or used by the permittee to achieve compliance with the conditions of this permit. The wastewater
treatment facility shall be under the direct supervision of a state certified operator as required in s. NR 108.06(2), Wis.
Adm. Code. Proper operation and maintenance includes effective performance, adequate funding, adequate operator
staffing and training as required in ch. NR 114, Wis. Adm. Code, and adequatc laboratory and process controls,
including appropriate quality assurance procedures. This provision requires the operation of back-up or aux111ary
facilities or 51m11ar systems only when necessary to achieve compliance with the conditions of the permit.

- 6.2.8 Spill Reporting
The pemittee shall notify the Department in accordance with ch. NR 706 (formerly NR 158), Wis. Adm. Code, in the
event that a spill or accidental release of any material or substance results in the discharge of pollutants to the waters
of the state at a rate or concentration greater than the effluent limitations established in this pemit, or the spill or
"accidental release of the material is unregulated in this permit, unless the spill or release of pollutants has been
reported to the Department in accordance with s. NR 205.07 (1)(s), Wis. Adm. Code.

6.2.9 Planned Changes

In accordance with ss. 283.31(4)(b) and 283.59, Stats., the permittee shall report to the Department any facility
expansion, production increase or process modifications which will result in new, different or increased discharges of
pollutants. The report shall either be a new permit application, or if the new discharge will not violate the effluent
limitations of this permit, a written notice of the new, different or incicased discharge. The notice shall contain a
description of the new activities, an estimate of the new, different or increased discharge of pollutants and a
description of the effect of the new or increased discharge on existing waste treatment facilities. Following receipt of
this report, the Department may modify this permit to specify and limit any pollutants not previously regulated in the
pemmit.

6.2.10 Duty to Halt or Reduce Activity

Upon failure or impairment of treatment facility operation, the permittee shall, to the extent necessary to maintain
compliance with its permit, curtail production or wastewater discharges or both until the treatment facility opexatlons
- are restored or an alternative method of treatment is provided.

. 6.3 Surface Water Requirements

6.3.1-Permittee-Determined Limit of Quantitationincorporated into this Permit

17 .



WPDES Permit No. W1-0001571-07-0
Wisconsin Public Service Corp Kewaunce

For pollutants with water quality-based effluent limits below the Limit of Quantification (LOQ) in this pemmit, the
LOQ calculated by the permittee and reported on the Discharge Monitoring Reports (DMRs) is incorporated by
reference into this permit. The LOQ shall be reported on the DMRs, shall be the lowest quantifiable level practicable,
and shall be no greater than the minimum level (ML) specified in or approved under 40 CFR Part 136 for the pollutant
at the time this permit was issued, unless this permit specifies a higher LOQ.

6.3.2 Appropriate Formulas for Effluent Calculations

The permittee shall use the following formulas for calculating effluent results to determine compliance with average
limits and mass limits:

" Weekly/Monthly average concentration = the sum of all daily results for that week/month, divided by the number
of results during that time period.

Weekly Average Mass Discharge (Ibs/day):Daily mass = daily concentration (mg/L.) x daxly flow (MGD) x 8.34, "
then average the daily mass values for the week.

Monthly Average Mass Discharge (Ibs/day): Daily mass = daily concentration (mg/L) x daily flow (MGD) x 8.34,
then average the daily mass values for the month.

6.3.3 Visible Fbam or Floating Solids

There shall be no discharge of floating solids or visible foam in other than trace amounts.

6.3.4 Whole Effluent Toxicity (WET) Monitoring Requirements

In order to determine the potential impact of the discharge on aquatic organisms, static-rencwal toxicity tests shall be
performed on the effluent in accordance with the procedures specified in the “State of Wisconsin Aquatic Life Toxicity
Testing Methods Manual, Edition 1" (PUBL-WW-033-096, as required by NR 219.04, Table A, Wis. Adm. Code).

All of the WET tests required in this permit, including any required retests, shall be conducted on the Ceriodaphnia
dubia and fathead minnow species. Receiving water samples shall not be collected from any point in contact with the
permittee's mixing zone and every attempt shall be made to avoid contact with any other discharge's mixing zone.

. 6.3.5 Whole Effluent Toxicity (WET) Identification

In the event of serious or repeated toxicity, the permittee may obtain approval from the Department to postpone
retests in order to investigate the source(s) of toxicity. In order to postpone these tests, the permittee must provide the
following information to the Department in writing, within 30 days of the end of the test which showed a positive
result: :

¢ adescription of the investigation to be used to identify potential sources of toxicity. Treatment efficiency,
housekeeping practices, and chemicals used in operation of the facility should be included in the
investigation.

e who will conduct a toxicity identification evaluation (TIE), if required.

Once the above investigation has been completed, the permittee must conduct the postponed test(s) to demonstrate
that toxicity has been reduced/eliminated.

6.4 Land Application Requirements | C—
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6.4.1 Sludge Management Program Standards And Requirements Based Upon
Federally Promulgated Regulations

In the event that new federal sludge standards or regulations are promulgated, the permittee shall comply with the new
sludge requirements by the dates established in the regulations, if required by federal law, even if the permit has not
yet been modified to incorporate the new federal regulations.

6.4.2 General Sludge Management Information

The General Sludge Management Information Form 3400-48 shall be submitted with your WPDES permit -
application. This form shall also be updated and submitted prior to any significant sludge management changes.

6.4.3 Sludge Samples

All sludge samples shall be collected at a point and in a manner which will yield sample rcsults whichare
representative of the sludge being tested, and collected at the time which is appropriate for the specific test.

6.4.4 Less Frequént Sludge Monitoring

Less frequent sludge monitoring may be requested in writing to the Department. Granting such a request requires a
permit modification.

6.4.5 Land Application Characteristic Report

Each report shall consist of a Characteristic Form 3400-49 and Lab Report, unless approval for not submitting the lab
reports has been given. Both reports shall be submitted by January 31 following each year of analysis.

The permittee shall use the following convention when reporting sludge monitoring results: Pollutant concentrations
less than the limit of detection shall be reported as < (less than) the value of the limit of detection. For example, if a
substance is not detected at a detection limit of 1.0 mg/kg, report the pollutant concentration as < 1.0 mg/kg .

All results shall be reported on a dry weight basis.

é .4.6 Monitoring and Calculating PCB Concentrations in Sludge

When sludge analysis for “PCB, Total Dry Wt” is required by this permit, the PCB concentration in the sludge shall
be determined as follows.

Either congener-specific analysis or Aroclor analysis shall be used to determine the PCB concentration. The permittee
may determine whether Aroclor or congener specific analysxs is performed. Analyses shall be performed in
accordance with the following provisions and Table EM in s. NR 219.04, Wis. Adm. Code.

» EPA Method 1668 may be used to test for all PCB congeners. If this method is employed, all PCB
congeners shall be delineated. Non-detects shall be treated as zero. The values that are between the limit
of detection and the limit of quantitation shall be used when calculating the total value of all congeners.
All results shall be added together and the total PCB concentration by dry weight reported. Note: Itis
recognized thata number of the congeners will co-elute with others, so there will not be 209 results to

- sum,

» EPA Method 8082A shall be used for PCB-Aroclor analysis and may be used for congener specific
analysis as well. If congener specific analysis is performed using Method 80824, the 1ist of congeners
tested shall include at least congener numbers 5, 18, 31, 44, 52, 66, 87, 101, 110, 138, 141, 151, 153, 170,
180, 183, 187, and 206 plus any other additional congencrs which might be reasonably expected to occur
in the particular sample. For either type of analysis, the sample shall be extracted using the Soxhlet
extraction (EPA Method 3540C) (or the Soxhlet Dean-Stark modification) or the pressurized fluid
extraction (EPA Method 3545A). If Aroclor analysis is performed using Method 8082A, clean up steps
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of the extract shall be performed as necessary to remove interference and to achieve as close to a limit of
detection of 0.11 mg/kg as possible. Reporting protocol, consistent with s. NR 106.07(6)(e), should be as
follows: Ifall Aroclors are less than the LOD, then the Total PCB Dry Wt result should be reported as
less than the highest LOD. If a single Aroclor is detected then that is what should be reported for the
Total PCB result. If multiple Aroclors are detected, they should be summed and reported as Total PCBs.
If congener specific analysis is done using Method 8082A, clean up steps of the extract shall be
performed as necessary to remove interference and to achieve as close to a limit of detection of 0,003
mg/kg as possible for each congener. If the aforementioned limits of detection cannot be achieved after
using the appropriate clean up techniques, a reporting limit that is achievable for the Aroclors or each
congener for the sample shall be determined. This reporting limit shall be reported and qualified
indicating the presence of an interference. The lab conducting the analysis shall perform as many of the
following methods as necessary to remove interference:

3620C - Florisil 3611B - Alumina

3640A - Gel Permeation | 3660B - Sulfur Clean Up (using copp(.r shot instead of
powder)

3630C - Silica Gel 3665A - Sulfuric Acid Clean Up

6.4.7 Land Application Report

Land Application Report Form 3400-55 shall be submitted by January 31 fo]lowmg cach year non-exceptxonal
quality sludge is land applied. Non-exceptional quality sludge is defined in s. NR 204.07(4), Wis. Adm. Code.

6.4.8 Other Methods of Disposal or Distribution Report

The permittee shall submit Report Form 3400-52 by January 31, following each year sludge is hauled, landfilled,
incinerated, or when exceptional quality sludge is distributed or laud applied.

6.4.9 Approval to Land Apply

Bulk non-exceptional quality sludge as defined in s. NR 204.07(4), Wis. Adm. Code, may not be applied to land
without a written approval letter or Form 3400-122 from the Department unless the Permittee has obtained permission
from the Department to self approve sites in accordance with s. NR 204.06 (6), Wis. Adm. Code. Analysxs of sludge
characteristics is required prior to land application. Application on frozen or snow covered ground is restricted to the
extent specified in s. NR 204.07(3) (), Wis. Adm. Code, and is not allowed once 180 day storage is provided.

6.4.10 Land Application Site Evaluation ‘

For non-exceptional quality sludge, as defined in s. NR 204.07(4), Wis. Adm. Code, a Land Application Site
Evaluation Form 3400-53 shall be submitted to the Department for the proposed land application site. The
Department will evaluate the prop'osed site for acceptability and will either approve or deny use of the proposed site.
" The permittee may obtam permission to approve their own sites in accordance thh s. NR 204.06(6), Wis. Adm.
Code.

6.4.11 Class B Sludge: Fecal Coliform Limitatlon

Compliance with the fecal coliform limitation for Class B sludge shall be demonstrated by calculating the geometnc
mean of at least 7 separate samples (Note that a Total Solids analysis must be done on each sample). The geometric
mean shall be less than 2,000,000 MPN or CFU/g TS. Calculation of the geometric ' mean can be done using one of
the following 2 methods.
Method 1:

- Geometric Mean = (X; x Xz x X5 ...x X)'P :
Where X = Coliform Density value of the sludge sample, and where n = number of samples (at least 7
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Method 2:

Geometric Mean = antilog[(X) + X3 + X5 ...+ X)) +n]

Where X = log,o of Coliform Density value of the sludge sample, and where n = number of samples (at least 7)
Example for Method 2

Sample Number | Coliform Density of Sludge Sample logio
1 6.0x10° 5,78
2 42x10° , 6.62
3 1.6x 10° 6.20
4 9.0x 10’ . 5.95
5 40x10° . 5.60
6 1.0x 10° 6.00
7 51x10° i 5.71

~ . The geometric mean for the seven samples is determined by averaging the logio valuss of the colifori density and

taking the antilog of that value,
(578 +6.62+6.20+5.95+5.60+6.00+5.71) + 7=5.98
The antilog of 5.98 =9, 5 x 10°

6.4.12Class B Sludge - Vector Control: Injection

No significant amount of the sewage sludge shall be present on the land surface within one hour after the sludge is
injected.

6.4.13 Sludge Hauling

If sludge is hauled to another facility, the permittee is required to submit Form 3400-52 to the Department.
Information shall include the quantity of studge hauled, the name, address, phone number, contact person, and permit
number of the receiving facility. Form 3400-52 shall be submitted annually by January 31 followmg each year sludge
is hauled.
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7 Summary of Reports Due
FOR INFORMATIONAL PURPOSES ONLY

Description Date Page
| Requirements for Cooling Water Intake Structures -Proposal for See Permit 13

information Collection (PIC) '

Requirements for Cooling Water Intake Structures -Cooling Water Intake | January 7, 2008 13

Information

Requirements for Cooling Water Intake Structures -~Comprehensive January 7, 2008 13

Demonstration Study

Mercury Pollutant Minimization Program -Submit a Mercury Pollutant March 31, 2008 13

Minimization Program

Mercury Pollutant Minimization Program -Implement the Mercury Pollutant | September 30, 2008 13
Minimization Program : : .

Mercury Pollutant Minimization Program -Submit Annual Status Reports December 31, 2008 13

General Sludge Management Information Form 3400-48 prior to any 19
significant sludge
management changes

Characteristic Form 3400-49 and Lab Report by January 31 19
following each year
of analysis

Land Application Report Form 3400-55 ' by January 31, 20
following each year
non-exceptional
quality sludge is land
applied

Report Form 3400-52 | by January 31, 20
- ' following each year
sludge is hauled,
landfilled,
incinerated, or when
exceptional quality
sludge is distributed
ot:]and applied

Wastewater Discharge Monitoring Report Form no later than the date | 14
' indicated on the form

All submittals required by this permit shall be submitted to the Northeast Region, 2984 Shawano Avenue, P.O. Box
10448, Green Bay, W1 54307-0448, except as follows. Report forms shall be submitted to the address printed on the
report form. Any facility plans or plans and specifications for municipal, industrial pretreatment annd non industrial
wastewater systems shall be submitted to the Regional Plan Reviewer (as designated it
www.dnr.state.wi.us/org/water/wm/consultant. htm). Any construction plans and specifications for industrial
wastewater systems shall be-submitted to the Bureau of Watershed Management, P.O. Box-7921, Madison, W1
53707-7921.
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Permit Fact Sheet
1 General Information

Permit Number:; WI1-0001571-07-0

Permittec Name: Wisconsin Public Service Corp Kewaunee

Address: PO Box 19002

City/State/Zip: Green Bay WI 54307-9002

Discharge Location: | N. 490 State Hwy 42, Kewaunee, W1

Receiving Water: Lake Michigan and an unnamed tributary to Lake Michigan
StreamFlow (Q7.10): | NA

Stream Coldwater community, public water supply, Great Lakes system water
Classification:

2 Facility Description

The Kewaunee facility is a nuclear powered steam electric generating plant with one 520 megawatt generating unit.
Operations result in discharge of approximately 494 million gallons per day of condenser cooling water and process
wastewater to Lake Michigan through Outfall. The cooling water contribution is over 1000 times greater than the low
volume process wastewater flows monitored and limited thru inplant sample points further described below. Intake water
is obtained from a cooling water intake structure located approximately 1550 feet offshore in Lake Michigan. A more
extensive discussion of wastewater sources submitted with the permit reissuance application is attached. A water flow
schematic and location map are also attached.

The permit also contains authorization for recirculation of the main cooling water back to the intake piping to prevent ice
formation on the traveling water screens and intake piping in the winter months through Outfall 002.

An on-site activated sludge domestic wastewater treatment system discharges an average flow of 0.0129 MGD to an
unnamed tributary to Lake Michigan through Outfall 003. Although sludge from the domestic wastewater extended
acration treatment plant is hauled to Green Bay Met for further treatment and disposal, Outfall 004 is included for land
spreading to onsite spreading sites, in case it may be needed in the future.

Sample Point Designation

Sample | Discharge Flow, Units, and Sample Point Location, WasteType/sample Contents and
Point Averaging Period (from WPS’s Treatment Description (as applicable)
Number | 2004 Permit Application)

001 494 MGD Max. Annual Average Condenser cooling water and process wastewater sampled prior to
(580 MGD summer, 380 MGD discharge to Lake Michigan
Winter)

002 3.96 MGD when discharging Outfall 002 monitors flow of water recirculated from 001 to prevent

icing of the intake

003 0.0129 MGD Annual Average Activated sludge sewage treatment plant effluent sampled prior to
discharge to an unnamed tributary to Lake Michigan

004 Not used during previous permit Outfall 004 is identified for onsite land application of domestic
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Sample Point Designation

Sample | Discharge Flow, Units, and Sample Point Location, WasteType/sample Contents and
Point Averaging Period (from WPS’s Treatment Description (as applicable)
Number | 2004 Permit Application)

wastewater treatment sludge if needed. Requirements apply only in
a calendar year land application occurs.

101 0.01 MGD Annual Average Steam generator blowdown to Outfall 001

201 0.057 MGD Annual Average Floor drains to Outfall 001

301 0.033 MGD Annual Average Service water treatment lagoon overflow to Outfall 001

501 The predicted flow of RO reject Limits and requirements apply if and when discharge of RO reject

wastewater would be 0.14 MGD (if | wastewater commences from a new reverse osmosis water treatment
and when the RO system would be | system (proposed in 2005) to the turbine building standpipe to
installed) Outfall 001.

601 Sample point 601 will monitor flow of Lake Michigan water or
purified water pumped from the turbine building basement in case
of failure of the circulating water system via hose to at or near the
Outfall 001 discharge structure

701 Intake water sampling point

801 Sample point for reporting mercury field blank results

3 Cooling Water Intake Structures

Section 316(b) of the Clean Water Act requires, and Chapter 283.31(6), Wis. Stats., allows the Department to require that
the location, design, construction, and capacity of cooling water intake structures (CWIS) reflect the best technology
available (BTA) for minimizing adverse environmental impact. Department guidance (sec
http://dnr.wi.gov/org/water/wm/wqs/316b/ ) describes the information needed to evaluate the potential impacts of a CWIS
and to determine whether BTA is being used (or proposed) to minimize adverse environmental impacts. The following
requirements for the cooling water intake structure are included in permit Section 1 (page 1) consistent with Dept.
guidance.

¢ The permittee is authorized to use the offshore cooling water intake structure that exists at the time of issuance of this
permit to serve the Kewaunee Nuclear Power Plant.

¢ The permittee shall submit by January 7, 2008 for Department review information describing the cooling water intake
structure, cooling water system operations and source water physical data described in U.S. EPA regulations at 40
CFR 122.21(r)(2, (r)(3), and (1)(5).

¢ The permittee shall submit by January 7, 2008 for Department review and approval all applicable portions of the
comprehensive demonstration study required by the provisions in 40 CFR 125.95(b) for selecting and implementing
the compliance alternatives in 40 CFR 125.94 to meet best technology available (BTA) for minimizing adverse
environmental impacts associated with the use of the cooling water intake structures.

e The Proposal for Information Collection (40CFR 125.95(b)(1)) shall be submitted to the Department for review and
comment prior to the start of information collection activities described in such proposal.
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e Any approval by the Department of submittals required under this section of the permit and the establishment of any
additional requirements to implement BTA for the cooling water intake structures for this permittee shall occur only
upon modification or reissuance of this permit.

NOTE: Any permit modification is subject to public notice and the public participation procedures under ch. NR
203, Wis. Adm. Code, including public hearings requested under s. NR 203.05 and adjudicatory hearings under
NR 203, Subchapter 111.

The January 7, 2008 date required in the permit for submittal of required information on the cooling water intake
structures and applicable portions of a comprehensive demonstration study was requested by the permittee and is allowed
by Department guidance. A proposal for information collection has not yet been submitted, though consultation with the
permittee has been ongoing. The condition requiring modification or reissuance of this permit for Department approval of
submittals under this section and the establishment of any additional requirements to implement BTA, provides an
opportunity for public participation.

4 Influent - Proposed Monitoring

4.1 Sample Point Number:701- Intake Water

Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Mercury, Total ng/L Quarterly Grab
Recoverable
Temperature Average deg F Daily Continuous

4.1.1 Changes from Previous Permit:

This is a new sample point for intake water which will appear on DMRs (Discharge Monitoring Reports) and is referenced
in the permit conditions for Outfall 001.

4.1.2 Explanation of Limits and Monitoring Requirements

This new DMR sample point will be used for reporting results of intake water monitoring. Reporting of average
temperature from ongoing continuous monitoring of intake water has been required (in the permit conditions for Outfall
001). Monitoring of intake water for low level mercury to coincide with effluent monitoring for Outfall 001 has been
recommended to allow determination of whether mercury is added above intake water levels.

5 Inplant - Proposed Monitoring and Limitations

5.1 Sample Point Number:101- Steam Generator Blowdown

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD Weekly Total Daily
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Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Suspended Solids, Monthly Avg | 30 mg/L Monthly Grab

Total

Suspended Solids, Daily Max 100 mg/L Monthly Grab

Total

Oil & Grease Monthly Avg | 15 mg/L Quarterly Grab

(Hexane or Freon)

Oil & Grease Daily Max 20 mg/L Quarterly Grab

(Hexane or Freon)

5.1.1 Changes from Previous Permit:

Requirements are identical to the previous permit, except that the test method for oil and grease has been changed to
specify use of freon or hexane instead of freon (since the permittee has requested to use existing stocks of freon prior to
switching to use of hexane).

5.1.2 Explanation of Limits and Monitoring Requirements

Categorical limits for total suspended solids (TSS) and oil and grease (O&G) are based on classification of this
wastewater as a low volume waste under NR 290, Wis. Adm. Code.

5.2 Sample Point Number:201- Floor Drains to Outfall 001

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Flow Rate MGD Weekly Total Daily

Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab

Total ' :

Suspended Solids, Daily Max 100 mg/L Weekly Grab

Total

Oil & Grease Monthly Avg | 15 mg/L Monthly Grab

(Hexane or Freon)

Oil & Grease Daily Max 20 mg/L Monthly Grab

(Hexane or Freon) : '

5.2.1 Changes from Previous Permit:

Requirements arc identical to the previous permit, except that the test method for oil and grease has been changed to
specify use of freon or hexane instead of freon (since the permittee has requested to use existing stocks of freon prior to

switching to use of hexane).

5.2.2 Explanation of Limits and Monitoring Requirements
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Categorical limits for total suspended solids (TSS) and oil and grease (0&G) are based on classification of this
wastewater as a low volume waste under NR 290, Wis. Adm. Code.

5.3 Sample Point Number:301- Service Water Lagoon Overflow

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Flow Rate MGD Weekly Total Daily

Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab

Total

Suspended Solids, Daily Max 100 mg/L Weekly Grab

Total

Oil & Grease Monthly Avg | 15 mg/L. Quarterly Grab

(Hexane or Freon)

Oil & Grease Daily Max 20 mg/L Quarterly Grab

(Hexane or Freon)

5.3.1 Changes from Previous Permit:

Requirements are identical to the previous permit, except that the test method for oil and grease has been changed to
specify use of freon or hexane instead of freon (since the permittec has requested to use existing stocks of freon prior to
switching to use of hexane).

5.3.2 Explanation of Limits and Monitoring Requirements

Categorical limits for total suspended solids (TSS) and oil and grease (O&G) are based on classification of this
wastewater as a low volume waste under NR 290, Wis. Adm. Code.

5.4 Sample Point Number:501--RO Reject

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type:

Flow Rate gpd Daily Total Daily

Suspended Solids, Monthly Avg | 30 mg/L Weekly Grab

Total

Suspended Solids, Daily Max 100 mg/L Weekly Grab

Total

Oil & Grease ' Monthly Avg { 15 mg/L Quarterly - Grab

(Hexane or Freon)

Oil & Grease Daily Max 20 mg/L Quarterly Grab

(Hexane or Freon)
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5.4.1 Changes from Previous Permit:

This is a new sample point for discharges from a new proposed Reverse Osmosis System (proposed in 2005) and expected
to be installed in the next year or so.

5.4.2 Explanation of Limits and Monitoring Requirements

Limits and requirements apply if and when discharge of RO reject wastewater commences from a new reverse osmosis
water treatment system (proposed in 2005) to the turbine building standpipe to Outfall 001. The discharge will include
the reject waste stream from the reverse osmosis membranes. A cartridge filter preceding the RO system will generatc a
reject waste stream that will discharge to the service water lagoons (existing sample point 301). Categorical limits for
total suspended solids (TSS) and oil and grease (O&G) are based on classification of this wastewater as a low volume
waste under NR 290, Wis. Adm. Code. The frequencies of monitoring for total suspended solids and oil and grease are
set at weekly and quarterly respectively, based on predictions that discharge levels of these parameters will be low in
relation to the limits. These sampling frequencies are similar to the other internal sampling points for categorical limits.
A condition has been added to require submittal of final water treatment additives for approval for use of a new RO
system if different from additives included in the permit reissuance application.

5.5 Sample Point Number:601- Turbine Bldg Basement Water

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD At Estimated In case of failure of the
Discharge circulating water system,

estimated flow shall be
reported for each day of
discharge

5.5.1 Changes from Previous Permit:

This is a new sample point for monitoring very infrequent discharge pumped from the turbine building basement in case
of failure of the circulating water system which has been identified as a possibility in contingency planning in 2005.

5.5.2 Explanation of Limits and Monitoring Requirements

Sample point 601 will monitor flow of Lake Michigan water or purified water pumped from the turbine building basement
in case of failure of the circulating water system via hose to at or near the Outfall 001 discharge structure. Due to
predicted infrequent discharge (which may not even occur), only estimated flow is required to be reported for each day of
discharge. The predicted pumping rate for such discharge would be approximately 1000 gpm for 12 hours.

5.6 Sample Point Number:801- Meréury Field Blank

Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Mercury, Total ng/L Each Day Grab
Recoverable : Mercury is
Sampled
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5.6.1 Changes from Previous Permit:

This is a new sample point added to the DMRs for reporting mercury field blank results which is required in the permit
conditions (footnotes) for Outfall 001 and Outfall 003 on any day mercury is sampled.

5.6.2 Explanation of Limits and Monitoring Requirements
The permittee shall collect at least one mercury field blank for each set of mercury samples (a set of samples may include

combinations of intake, influent, effluent or other samples all collected on the same day) as required by NR 106.145 Wis.

Adm. Code.

6 Surface Water - Proposed Monitoring and Limitations

6.1 Sample Point Number:001- Condenser Cooling Water

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Flow Rate MGD Daily Continuous

Temperature deg F Daily Continuous

Minimum

Temperature deg F Daily Continuous

Maximum

Temperature Average deg F Daily Continuous

pH Field Daily Min 6.0 su Weekly Grab

pH Field Daily Max 9.0 su Weekly Grab

Chlorine, Total Daily Max - ug/L Daily Grab TRC limit = 200 ug/L if

Residual Variable chlorine is added for 160
min/day or less & TRC
limit = 38 ug/L if chlorine
is added for > 160 min/day

Chlorine, Total Resd] min/day Daily Record of The time of chlorination

Discharge Time Addition shall not be > 2 hours/day
except when chlorinating
for zebra mussel control

Chlorine, Variable ug/L Daily Calculated | TRC limits are determined

Limit " | based on min/day chlorine
addition

Chlorine, Total Daily Max 180 Ibs/day . | See Permit Calculated TRC mass limit of 180

Residual Note Ib/day and reporting applies
only if chlorine is added for
> 160 min/day

Thallium, Total ug/L Once 24-Hr Flow | Fesults of one test shall be

Recoverable Prop Comp | submitted by March 31,
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Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
2006
Mercury, Total ng/L Quarterly Grab See 3.2.1.1 below for
Recoverable additional requirements
Acute WET TUa See Listed 24-Hr Flow | Three Acute WET tests
Qtr(s) Prop Comp | shall be performed during

the permit term in the
calendar quarters listed

below.
Chronic WET rTUc See Listed 24-Hr Flow | Three Chronic WET tests
Qtr(s) Prop Comp | shall be performed during

the permit term in the
calendar quarters listed
below.

6.1.1 Changes from Previous Permit

Changes to the previous permit include addition of low level mercury monitoring and acute and chronic whole effluent
toxicity testing. One additional test for thallium has also been required to supplement data submitted with the permit
application. A compliance schedule has been added for a mercury pollutant minimization program. A compliance
schedule has also been included to address compliance with regulations specifying requirements for cooling water intake
structures for power plants (Clean Water Act, s. 316(b)).

6.1.2 Explanation of Limits and Monitoring Requirements
Water Quality Based Limits and WET Requirements

An evaluation of the need for water quality based limits and monitoring requirements is presented in the attached water
quality based effluent limits (WQBEL) recommendations memo dated May 10, 2005.

Water quality based total residual chlorine limits (daily maximum limits of 38 pg/L and 180 Ibs/day) apply only when
time of chlorination exceeds 160 min/day. Otherwise categorical TRC limits of 200 pg/L apply. The use of water
treatment additives above the dosages reported with the permit application or new water treatment additives must be

reported to the Department prior to beginning usage.

Acute and chronic whole effluent toxicity (WET) testing has been required three times during the term of the permit as
explained in the attached WQBEL recommendations determined in accordance with ss. NR 106.08 and NR 106.09 Wis.
Adm. Code (reference the Whole Effluent Toxicity Program Guidance Document (dated June 10, 1998 - Revision #2 -
and checklist and WET information, guidance and test methods at
http://www.dnr.state.wi.us/org/water/wm/ww/biomon/biomon.htm ).

Low level mercury testing has been required quarterly based on data submitted with the permit application (December
2004) that would indicate the effluent levels of mercury are similar to intake levels. A compliance schedule for a mercury
pollutant minimization program is included as explained further below. Requirements for mercury are included in's. NR
106.145 Wis. Adm. Code (See http://www.dnr.state.wi.us/org/water/'wm/ww/mercury/mercury.htm ).

A retest for thallium has been required by March 31, 2006 to supplement test results submitted with the permit application
which was nondetectable at a level of detection that was not low enough, as explained further in the attached WQBELs
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document. If an acceptable retest is submitted prior to permit reissuance, this requirement will be removed from the
permit.

Categorical Limits

Categorical limits are identical to those in the previous permit. In addition to the categorical limits for total suspended
solids and oil and grease for low volume wastewater in sample points 101, 201,301 and 501 described above, NR 290
Wis. Adm. Code, steam electric regulations also restricts chlorine use in the condenser cooling water system. The permit
contains a restriction on chlorine use of 2hrs/day with a 200ug/L daily maximum limit..Chlorine addition to the service
water treatment system may occur afier chlorination of the circulating water system but does not result in discharge of -
remdual chlorine. As in the previous permit, this facility is allowed to add chlorine for over 2 hours/day when
cfﬂormatmg for zebra mussel control as allowed in NR 290 Wis. Adm. Code. Time of chlorination was reported to be
under 2hrs/day during the previous permit (see attached excel spreadsheet for monitoring data). Consistent with the
previous permit and current guidance, water quality based limits for chlorine (Daily Max of 38 ug/L and 180 lbs/day) are
only imposed when the facility is chlorinating for more than 160 minutes on any day. Otherwise the categorical daily
maximum limit of 200 ug/L applies. The permit also retains a condition on the prohibiting discharge of PCBs.

6.2 Sample Point Number:002- Intake De-lce

Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate MGD Monthly Estimated

6.2.1 Changes from Previous Permit
No changes.

6.2.2 Explanation of Limits and Monitoring Requirements
Water Quality Based Limits and WET Requirements and Disinfection (if applicable)

Only flow monitoring estimates are required during periods of diécharge since the water discharged is effluent from
Qutfall 001.

6.3 Sample Point Number:003- Sewage Treatment Plant

Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Flow Rate 4 MGD Continuous | Continuous
BODS, Total Weekly Avg | 45 mg/L 3/Week 24-Hr Flow
Prop Comp
BODS, Total Monthly Avg | 30 mg/L 3/Week 24-Hr Flow
Prop Comp
Suspended Solids, Weekly Avg | 45 mg/L 3/Week 24-Hr Flow
Total Prop Comp
Suspended Solids, Monthly Avg | 30 mg/L 3/Week 24-Hr Flow
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Monitoring Requirements and Limitations
Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Total Prop Comp
Nitrogen, Ammonia mg/L Monthly 24-Hr Flow
(NH3-N) Total Prop Comp
pH Field Daily Max 9.0 su 3/Week Grab
pH Field Daily Min 6.0 su 3/Week Grab
Mercury, Total ng/L Monthly Grab See 3.2.3.1 below for
Recoverable additional requirements
Thallium, Total ug/L Once 24-Hr Flow | Results of one test shall be
Recoverable Prop Comp | submitted by March 31,
2006
Acute WET TUa See Listed 24-Hr Flow | Two Acute WET tests shall
Qtr(s) Prop Comp | be performed during the
permit term in the calendar
quarters listed below,
Chronic WET rTUa See Listed 24-Hr Flow | Two Chronic WET tests
Qtr(s) Prop Comp | shall be performed during
the permit term in the
calendar quarters listed
below.

6.3.1 Changes from Previous Permit

Changes to the previous permit include addition of low level mercury monitoring and acute and chronic whole effluent
toxicity testing. One additional test for thallium has also been required to supplement data submitted with the permit
application. A compliance schedule has been added for a mercury pollutant minimization program. Ammonia monitoring
has been required monthly during the permit vs monthly in the first year of the last permit.

6.3.2 Explanation of Limits and Monitoring Requirements
Water Quality Based Limits and WET Requirements

An evaluation of the need for water quality based limits and monitoring requirements is presented in the attached water
quality based effluent limits (WQBEL) recommendations memo dated May 10, 2005.

Acute and chronic whole effluent toxicity (WET) testing has been required twice during the term of the permit as
explained in the attached WQBEL recommendations determined in accordance with ss. NR 106.08 and NR 106.09 Wis.
Adm. Code (reference the Whole Effluent Toxicity Program Guidance Document (dated June 10, 1998 - Revision #2 -
and checklist and WET information, guidance and test methods at
http://www.dnr.state.wi.us/org/water/wm/ww/biomon/biomon.htm ).

Low level mercury testing has been required monthly based on evaluation of data submitted with the permit application
(December 2004). The permittee has indicated that an investigation of potential sources of mercury has been started. A
compliance schedule for a mercury pollutant minimization program is included as explained further below. Requirements
for mercury are included in s. NR 106.145 Wis. Adm. Code (See
http://www.dnr.state.wi.us/org/water/wm/ww/mercury/mercury.htm).
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A retest for thallium has been required by March 31, 2006 to supplement test results submitted with the permit application
which was nondetectable at a level of detection that was not low enough, as explained further in the attached WQBELSs
document. If an acceptable retest is submitted prior to permit reissuance, this requirement will be removed from the
permit.

Ammonia monitoring has been required monthly to continue to document that ammonia levels are low in comparison to
water quality based effluent limits and that nitrification occurs for operation as an extended aeration activated sludge
treatment plant.

Categorical Limits

Limits and monitoring requirements for BOD and TSS are identical to the previous permit and represent application of
NR 210 (Sewage Treatment Works) requirements to this privately owned domestic sewage treatment plant for discharge
to the unnamed tributatry to Lake Michigan.

7 Land Application - Proposed Monitoring and Limitations

7.1 Sample Point Number:004- Domestic Wastewater Sludge

Monitoring Requirements and Limitations
Paramecter Limit Type Limit and Sample Sample Notes
Units Frequency | Type
Solids, Total Percent Annual Composite
Arsenic Dry Wt Ceiling 75 mg/kg Annual Composite
Arsenic Dry Wt High Quality | 41 mg/kg Annual Composite
Cadmium Dry Wt High Quality | 39 mg/kg Annual Composite
Cadmium Dry Wi | Ceiling %5 mp/kp Anmoal Composite
Copper Dry Wt High Quality [ 1,500 mg/kg | Annual Composite
Copper Dry Wt Ceiling 4,300 mg/kg Annual Composite
Lead Dry Wt High Quality | 300 mg/kg Annual Composite
Lead Dry Wt Ceiling 840 mg/kg Annual Composite
Mercury Dry Wt High Quality | 17 mg/kg Annual Composite
Mercury Dry Wt Ceiling 57 mg/kg Annual Composite
Molybdenum Dry Wt | Ceiling 75 mg/kg Annual Composite
Nickel Dry Wt High Quality | 420 mg/kg Annual Composite
Nickel Dry Wt Ceiling 420 mg/kg Annual Composite
Selenium Dry Wt Ceiling 100 mg/kg Annual Composite
Selenium Dry Wt High Quality | 100 mg/kg Annual Composite
Zinc Dry Wt High Quality | 2,800 mg/kg | Annual Composite
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Monitoring Requirements and Limitations

Parameter Limit Type Limit and Sample Sample Notes
Units Frequency | Type

Zinc Dry Wt Ceiling 7,500 mg/kg | Annual Composite
Nitrogen, Total Percent Annual Composite
Kjeldaht
Nitrogen, Ammonium Percent Annual Composite
(NH4-N) Total
Phosphorus, Total Percent Annual Composite
Phosphorus, Water Percent Annual Composite
Extractable
Potassium, Total Percent Annual Composite
Recoverable
PCB Total Dry Wt High Quality | 10 mg/kg Once Composite
PCB Total Dry Wt Ceiling 50 mg/kg Once Composite

7.1.1 Changes from Previous Permit:

There are no changes to the previous permit except the requirement for a priority pollutant scan has not been retained
since the sludge was not landspread during the last permit and the volume generated is very low compared to criteria used
for requiring priority pollutant scans.

7.1.2 Explanation of Limits and Monitdring Requirements

Sludge from the domestic wastewater treatment system (estimated by WPS at approximately 150,000 gallons/year with
10% solids) is hauled to and further treated at the Green Bay Met (POTW) or landfilled by Waste Management. Green
Bay Met tests sludge it receives periodically. Requirements to provide capacity for storage of sludge for 180 days in NR
~ 204.10 are not applicable. If there is a need to land apply sludge, requirements are identified to notify the Department
NER office in Green Bay before initiating any land application. Detailed analysis requirements and limits which are
standard for municipal sludge (in NR 204 Wis. Adm. Code) are contained in the permit tables which do not apply unless
land application occurs. If land application is to be initiated results of all appropriate testing and other reporting would be

necessary prior to beginning land application. The permittee must also comply with all other local, state or federal
regulations.

8 Compliance Schedules

8.1 Requirements for Cooling Water Intake Structures

Required Action _ Date Due

Proposal for information Collection (PIC): Submit a PIC for Department review and comments
prior to the start of information collection activities described in such proposal, as specified in permit
section 1.4, page 1.

Page 12 of 177



Cooling Water Intake Information : Submit information required to describe cooling water intake | 01/07/2008
structures, cooling water system operations and source water physical data specified in permit section
1.2, page 1.

Comprehensive Demonstration Study: Submit a comprehensive demonstration study as specified 01/07/2008
in permit section 1.3, page 1.

8.2 Mercury Pollutant Minimization Program

The permittee shall implement a pollutant minimization program whenever, afier the first 24 months of mercury
monitoring, a mercury effluent limitation(s) is necessary under the procedure in s. NR 106.145(2), Wis. Adm. Code for
Outfall 001 or Outfall 003.

Required Action Date Due

Submit a Mercury Pollutant Minimization Program: The permittee shall develop and submit to 03/31/2008
the Department a plan for a cost-effective pollutant minimization program (PMP) that has as its goal
the reduction of mercury for the purpose of maintaining the effluent at or below the water quality
based effluent limitation or potential limitation. The PMP shall meet the requirements of s. NR
106.145(7), Wis. Adm. Code.

Note: The Department will notify the permittee of acceptance of or comments on the proposed PMP.
The permittee and the Department will then agree on what changes, if any will be made to the PMP.
If the Department has not notified the permittee within 90 days of the Department's receipt of the
PMP, the permittee may assume that the PMP has been accepted.

Implement the Mercury Pollutant Minimization Program: The permittee shall implement the 09/30/2008
PMP as submitted or as amended by agreement of the permittee and the Department.

Submit Annual Status Reports: The permittee shall submit to the Department an annual status 12/31/2008
report on the progress of the PMP as required by s. NR 106.145(7), Wis. Adm. Code. Submittal of
the first annual status report is required by the Date Due.

Note: If the permittec wishes to apply for an alternative mercury effluent limitation, that application s
due with the application for permit reissuance by 6 months prior to permit expiration. The permittee
should submit or reference the PMP plan as updated by the Annual Status Report or more recent
developments as part of that application. :

8.3 Explanation of Compliance Schedules
Mercury

A pollutant minimization program is required to be completed if after the first 24 months of mercury monitoring, a
mercury effluent limitation is necessary under the procedure in s. NR 106.145(2), Wis. Adm. Code for either Outfall 001
or 003. Therefore a PMP is required for the whole power plant if mercury data for either outfall would trigger a potential
mercury limit after the first 24 months of mercury monitoring. Requirements for mercury are included in s. NR 106.145
Wis. Adm. Code (See http://www.dnr.state.wi.us/org/water/wm/ww/mercury/mercury.htm ).

Requirements for Cooling Water Intake Structures

The compliance schedule requirements summarized for the cooling water intake structures are also included in detail in
permit Section 1 (page 1) and explained in more detail above (see 3). The requirements and the required date for
submittal of information as January 7, 2008 are consistent with Dept. guidance for cooling water intake structures (sece
http://dnr.wi.gov/org/water/'wm/wqs/316b/).
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9 Other Comments:

If the potential change of ownership of this power plant from WPS Kewaunee to Dominion Energy Kewaunee would
occur prior to permit reissuance, this permit would be reissued to the new owner, as stated in the permit public notice.

10 Attachments:

Substantial Compliance Determination dated May 2005
Water Flow Schematic(s)
Map(s)

Quantitative Description of Discharges - The attached excel spreadsheet with monitoring data for 1999-March 2005
extracted from the Department’s Wastewater Database (SWAMP) is subject to any errors in the database, and is intended
to provide a general quantitative description of discharges. Other use of the data (such as for publishing, quoting or
enforcement) must be further verified with the Department for accuracy to ensure due diligence appropriate for the
intended use.

Water Quality Based Effluent Limits dated May 10, 2005
WET Checklist Summary
Public Notice dated May 26, 2005

11 Proposed Expiratibn Date:
June 30, 2010

Prepared By:
Dave Hantz, P.E. Wastewater Engineer

Date: May 2005

cc: Gary Kincaid NER, EPA Region 5

Page 14 of 177



PROCESS STREAMS AND DESCRIPTIONS FOR OUTFALL 001 (FROM
THE 2004 PERMIT APPLICATION BY WPS)

This is the largest plant effluent line. The tributaries are:

1.

The return from the condenser water boxes. One or two circulating water pump operation is dependent on lake
water temperature in order to satisfy condensate cooling requirements. Normally one pump, approximately
240,000 gpm, is all that is required in the winter months while two pumps, providing a total of 400,000 gpm, are
needed in the summer. When the plant is shutdown, water box cooling is not needed. The water boxes are
chlorinated to prevent biofouling.

Water used for backwashing the circulating water system traveling screens and the service water system strainers.
This water is regularly chlorinated to prevent biofouling and reduce the risk of zebra mussel infestation.

The turbine-building standpipe serves as the collection point for the returns from the service water system. The
bulk of the service water provides equipment and area cooling before it is returned to the standpipe. This water is
periodically chlorinated in addition to being screened and strained. A portion of the service water is further
treated to remove suspended solids for plant makeup and component cooling loads that require higher quality
water (e.g. motor bearings, pump seal, and instrument air compressor cooling).

A proposed reverse osmosis (RO) system will replace the flocculation and filtration unit, miscellaneous plant
uses, and the demineralizer and degas streams that contribute flow to the turbine-building standpipe. A
microfiltration unit in front of the RO unit will have a rejection stream that discharges to the service water
treatment lagoons. The proposed RO system will have a waste rejection stream that will discharge to the turbine-
building standpipe. A new internal outfall sampling point 501 will be created on this waste strcam. Seven new
chemicals are being proposed for use with the new RO system.

Currently, the service water is treated with ferric sulfate and lime to clarify and soften the water. The sludge
produced in this process is transferred to the service water treatment lagoons. The water is pumped through high-
pressure filters to remove any residual floc that may not have settled out. These filters are backwashed to the
service water treatment lagoon.

To provide makeup water for the steam plant and reactor coolant system the filtered service water is

demineralized and degassed. Demineralization is accomplished by passing the water through a strong acid cation
exchange unit where cationic elements are removed. The water enters a vacuum degasifier which removes the

dissolved gases and than passes through a strong base anion exchange unit which removes the anionic impurities.

The water is then pumped to a mixed-bed ion exchange unit, which removes any residual cations and anions. The

‘esultant high quality water is stored for makeup usage. The regeneration wastes are transferred to the waste
neutralization tank. .

a. The service water treatment lagoons discharge via an overflow line. These lagoons receive the waste
from the service water treatment system, pH adjusted regeneration waste from the makeup system
demineralizers and plant water softener regeneration waste via the waste neutralization tank, and can
receive the turbine building sump discharge. Clear overflow from this relcase path amounts to an average
flow of 22.9 gpm. The overflow is monitored, as required by permit, as sample point 301.

b. The turbine-building sump receives waste from equipment and floor drains in the turbine building. This
sump is designed to separate oil from waste drainage. If oil is detected in the weekly samples, an
absorbent fiber mat is used for its removal. An average flow of 40 gpm is released from the turbine-
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building sump directly to the turbine building standpipe or routed to the service water treatment lagoons.
The flow to the turbine-building standpipe is monitored, as required by permit, as sample point 201.

4, The auxiliary building standpipe serves as the collection point for the nonradioactive service water return from the
auxiliary building and reactor building equipment cooling. Steam generator blowdown, treated reactor coolant
system blowdown, chemical volume and control system waste, equipment and floor drain returns from the
auxiliary and containment buildings, and laundry/shower drain returns also empty into this standpipe. The last
three returns are batch processes that are tabulated in the annual effluent release report to the NRC.

a. During start-up and non-routine operation, up to 200 gpm is blown down from the steam generators to
monitor and maintain the steam generator water quality. Once system stability is achieved, blow down
flow can be recycled. The blow down water is treated service water. The only treatment the water
receives prior to discharge is cooling to recover the heat and monitoring for radioactivity. During plant
shutdown, the entire steam generator is drained. Usually, less than forty gallons per minute is normally
released via this path during these conditions. This stream is monitored, as required by permit, as sample

point 101.

c. The chemical volume and control system (CVCS), in part, is used to adjust the boron concentration in the
reactor coolant system during operation. As power generation continues, boron has to be reduced in the
reactor coolant system. Normally, reactor coolant is diverted to the CVCS holdup tanks until there is a
sufficient volume to recover the boron for reuse. This water is replaced in the reactor coolant system with
demineralized water. The diverted coolant water is batch processed by passing through ion exchangers,
filters, then and an evaporator. The boric acid solution is saved for reuse and the distillate is recovered
and stored in the CVCS monitor tank where it is sampled and discharged.

5. The equipment leak-offs and floor drains from the auxiliary building and containment are collected and treated by
a combination of filters, ion exchangers and stored in hold-up tanks. The tanks are monitored for radioactivity and

discharged.

Notes from attached water flow diagram for Outfall 001 (from the 2004 permit application):

(a) The demineralizer resin is flushed with clean water after regeneration until the conductivity is within specification

limits. Wastewater used for the flush is sent to the turbine building standpipe. A preset specific conductivity

indication diverts the waste stream from the standpipe to the waste neutralizing tank on high specific conductivity.
(b) Overflow path or planned draining for maintenance activities of the waste neutralization tank.
(c) Rare alternate drain path when flash tank is out of service.
(d) 1200 gpd during outages and/or routine maintenance.
(e) Service water supply to quench steam when in mode I operation.

(f) Minor batch releases of coolant are released from the emergency diesel generator cooling system when drained

for maintenance.

" (g) Optional release path, rarely used.
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Outfall 002

A recirculation line branches off of the main discharge header just prior to its exiting the plant. In the winter months the
warmer effluent stream is used to prevent ice formation on the traveling water screens and intake piping. Approximately
7 gpm of the flow is diverted through a radiation monitor which discharges to the screenhouse pumps. This water
receives no additional treatment.
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Substantial Compliance Determination

Permittec Name: Wisconsin Public Service

Permit Number: 0001571-07-0

Corp Kewaunee
Compliance? | Comments
Discharge Limits’ Yes
Sampling/testing requircments | Yes
Groundwater standards NA
Reporting requirements Yes
Compliance schedules Yes
Management plan NA
Other: NA
Enforcement Considerations
In substantial compliance? Yes
Comments:
Signature: David Hantz and Gary Kincaid

Date:

kN

Concurrence: NER

5/16/05

Date: 5/05
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'.1 0 Introductlon

1. 1 Llcen51ng and Regulatory Hlstory

Kewaunee Nuclear Power Plant utilizes a pressurlzed water

:*ireactor 11censed at 1650 MWt.A The turblne genexator is capable
.s}“of produ01ng 540 MWe net (560 Mwe gross) of electrlcal power.
"a'The unit began full commerlcal operatlon on June 16, 1974 and full
jfpower was reached in. August 1974 under an operatlng ‘license
?glssued by the Unlted States Atomlc Energy Comm1,510n (AEC) on

;J-December 21, 11973.

R The unlt was subjected to ‘a complete and thorough env1ronmenta1

'ilrev1ew by the Regulatory Staff on the Nuclear Regulatory Comm1551on
Cl (formerly ‘¢alled AEC) persuant to the Natlonal Inv1ronmental
'Pollcy Act of 1969 (PL 92 -500). The-Staff, in its flnal Env1ronmental

' &Statement lssued'ln December, 1972, concluded that "the total

effect of Plant operatlon on aquatlc biota will be very 1ocallzed

' and 1nconsequent1al in terms of total Lake Mlchlgan ecology",

":from the present once through coollng system.

The Kewaunee Plant was 1nvolved in a brlef llcen51ng proceedlng

ﬁu.before the AEC Atomlc Safety and Llcen51ng Board in February,
"1'1973. As a result of these hearings, on October 23, 1973, the
" Board issued its flnal memorandum and order-in which the Board*

.approved the order, agreed to by the Appllcants, Intervenors, and

regulatory staff, ‘for the w1thdrawal of Intervenors in accordance ~'

. with an agreement entered 1nto among the three partles. The

Agreement resulted 1n the w1thdrawa1 of all matters in controversy.
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On August 3 1973 the Wisconsin : Department of Natural

"Resources (WDNR) 1ssued a certlflcatlon pursuant to Sectlon 401(a)
.of the Federal Water Pollution Control Act Amendments of 1972,:
uthat operatlon of the Kewaunee Nuclear ‘Power Plant was meetlng
; the requlrements of the Lake Mlchlgan Thermal Standards of the
fsstate of Wlscon51n, including the subm1551on of monthly reports
. of temperature and ‘flow data for thermal dlscharges, chemlcal and-
ﬂ{liblologlcal data from the sewage treatment plant as well ‘as other-“
'}W1scon51n water quallty standards appllcable to waste heat and .
”ﬁ:other discharges from the plant. ‘A copy of the letter of cert1f1—}}7'
.fiﬁcatlon is included as Appendlx 1. - '
Monthly reports (Form 3200 28) of temperature, flow, chemlcal-l
;and biological data for the Kewaunee Nuclear ‘Plant are belng |
'isubmltted on a continuing basis as . requlred by Sectlon 05(2)(a) of

-'Chapter NR 102. Sectlon NR 102.05 of the: Wlscon51n Admlnstratlve B

Code established the Lake Mlchlgan chemlcal m1x1ng zone standards.fzp

"This report prov1des.just1f1catlon for requestlng exemptlong

- under Section NR 102.07(1)(5);'from the thermal limitations.
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;1 2 Federal Law _f

Publlc Law 92-500, the Federal Water Pollutlon Control Act
Amendments of 1972 ("FWPCA") was adopted on October 13,*1972
The Act requlres that each state adopt water quallty standards
for all of 1ts waters, both 1nterstate and 1ntrastate, and that '
it set up an admlnstratlve apparatus to 1ssue so-called PollutlonJ.ﬁ
Dlscharge Ellmlnatlon System permlts Whlch w111 cause the waters f-

to- achleve the quallty standards set. 1In add:tlon, the FWPCA

dictates that categorlcal effluent dlscharge llmltatlons be

establlshed for 1ndustr1es which dlscharge wa.te water, and that
dlscharge permlts be 1ssued whlch requlre the - 1nstallat10n of the.

best practlcable effluent control technology currently avallable

("BPT"):by.July; 1977. The Act stipulates that.if BPT technology

will notﬁbe sufficient~to achieye{the'Water qualityfstandards set
for the rece1v1ng waters, more - strlngent effluent dlscharge

11m1tatlons must be imposed throuah a "water quallty restrlcted“

Dermlt

Superlmposed over these - statutory standards 1s Sec. 316(a)
of the FWPCA.. Section 316(a) impacts on thermal dlscharge 7r“:
llmltatlons and prov1des for the follow1ng exemptlon.

“. . . [Wlhenever the owner ‘. . . of any such source
(subject to FWPCA permit requirements), after oppor-
- tunity for. public hearing, can demonstrate to the .
satisfaction of the (State) . . . that any effluent

limitation proposed for the control of the thermal.
.component of any discharge from such source will
require effluent limitations more stringent than
necessary to assure. the protection and propagation
of a balanced, 1nd1genous populatlon of shellfish, .
fish, and wildlife in and on the.body of water 1nto
which the. discharge is to be made, the (State) may



\,/ '

- NALCO ENVIRONMENTAL SCIENCES -

1mpose an effluent llmltatlon under such sections for
such plant, with respect to the thermal component of .
such discharde . . . that will assure the protection
and .propagation . . . .in and on that body of water." .
Pursuant to the FWPCA, ‘the federal EPA promulgated regulatlons :ﬁ
at 40 C.F.R. Part 423, reported at 39 Federal Reglster 36 187 et _j:
seg;, October 8, 1974 Whlch specmflcally exempt from any thermal
effluent restrlctlons all generatlng plants whlch are "old unlts“~"m
(generatlng capaclty placed 1n serv1ce on or before January 1, 1970,':
for generatlng capac1ty in excess of 500 megawatts and’ any

generating unlts of less than 500 megawatts placed in serv1ce on

or before January.l, l974).
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'.1 3 State ‘Law.

On ‘July 21, 1973 Chapter 74 Laws of" 1973 (Wlscon51n Statutes :

Chapter 147), became effectlve. Chapter l47 is the State s
”jenactment of;the Wlscon81n~Pollution Discharge Eliminatlon-System_l
fpermit_program (WPDES)} which enactment. qualified'the State to

administerithe FWPCA program in-state. ‘The following portlons of

Chapter 147 relate spec1f1cally to the FWPCA 316(a) thermal

.llmltatlon varlance process-

147 021 Compllance with federal standards. All
rules adopted by the department pursuant to this
chapter as they relate to point source: discharges,
~effluent limitations, water quality related limitations, -
municipal monitoring requirements, standards of
performance -and ‘toxic and pretreatment effluent
standards shall comply with and not exceed the requlre-
‘ments of the federal water pollution control act - :
amendments of 1972, P.L. 92-500, and regulatlons
adopted pursuant thereto.

147.05(4) (a) Any thermal effluent limitation

proposed by the department may -be modified by it

" in accordance with s. 147.20, if the owner or
operator of the point source which is the subject
of the proposed limitation demonstrates to the
satisfaction of the department that the proposed
'llmltatlon is more stringent than necessary to

.. assure the protection and propagation of a balanced
glndlgenous population of shellfish, fish and wild-

‘life in and on the body of water 1nto which the
'dlscharge is made.

_ (b) Any point source of a dlscharge
hav1ng a thermal component,. the modlfxcatlon of whlch
is commenced after October 18, 1972, and which, is
modified, meets the most- strlngent effluent limit-
ation established under s. 147.04 or subs. (1) and
(2) , where the limitation assures protection and .
propagation of a balanced 1ndlgenous population of
shellfish, fish and wildlife in and.on the water
into which the discharge is made, shall not be
subject to’ any more stringent effluent 11m1tatlon
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with respect to the thermal component during either = = .
the 1l0-year period beginning .on the date of o
‘completion- of the modification or the period of
depreciation or amortization of the facility for

-the purpose of section 167 or ‘169 of the ‘internal

revenue. code of 1954, whichever | ends first.

N

Therefore, state law, as it ‘has been enacted and has embodied:'“v
;. federal regulations, establishes a thermal limitation variance -
dprogram for those plants properly subject ‘to thermal 11m1tatlons;"
Under the_federal.regulatlons.establishing thermal treatment
‘standards fot'the”steam electric-generating souice'category{7'?i:
the Kewaunee Plant must llmlt 1ts thermal effluent unless groundsk
' for a variance are demonstrated. | ' .
Lake Micnigan thermal mixing zone standaids were establisheqﬂl
N . in Wisconsin Administrative Code Section NR 102.05. Section
" NR 102.07(1) (b) provides for ekemptions ffomithe thermal limitations
upon an adequate demonstration of pfotection for the indigenons'

population of shellfish, fish.and'wildlife in the receiving water;;

ety
STIT,
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e l 4 WPDES Permlt

WPDES Permlt No. WI-0001571 proposed for the Kewaunee Plant,

. 1ncludes strlngent llmltatlons on the perm1351ble temperature of. o
"the dlscharges from the Kewaunee Plant beglnnlng on July 1, 1979;”“

.:The 11m1tat10n 1mposed is as follows:

"4, - Thermal M1x1ng Zone Limitations and Monitoring

. Requirements: Beginning on July 1l,.1979 and lasting
until September .30, 1979, the permittee is :authorized
to discharge- from outfall ‘serial number 001 a heated
effluent which shall at no time .raise the ‘natural: :
temperature of Lake Michigan more than 3% F'at the edge
‘of the mixing zone above the max1mum temperature
‘limits . .. WM -
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'1.5 Variance Request

Lake Mlchlgan thermal standards ‘set forth in Chapter NR 102f5"

"Wisconsin Department of Natural Resources, July 1975 1mposer;f"
limitations by July 1, 1979 on. rece1v1ng water body temperatures;
at the boundary of deflned m1x1ng zones. This - demonstratlon 13‘5
submltted in appllcatlon for rellef from those llmltatlons, 1n

accord w1th Chapter NR 102: 07.,g
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- 1. 6 Demonstratlon Format

- | f,i' - The basic format of this demonstratlon follows the "Proposed ff'
| "Guldellnes for Admlnlstratlon of the 316(a) Regulatlons 1ssued ._??::“
"by the USEPA in draft form under the date 30 September 1974. L
'fTh' "Proposed Guldellnes for Demonstratlon under Sectlon 316 _
“?of Publlc Law 92- 500" September 1974 and "Proposed Outllne for |
f'316(a) Demonstratlon Document"; October 1974 1ssued by the Water f':
"Quallty Evaluatlon Sectlon, WlSCOHSln Department ‘of Natural
_Resources (WDNR) were also employed 1n preparatlon of “this
document.. The demonstratlon w111 show that no appre01able harm
to the spe01es of shellflsh, flsh and w11d11fe in. the body of
water rece1v1ng the dlscharge has resulted from the thermal
D component of the. Plant's dlscharge (1nclnd1ng 1nteractlon w1th otheri
. pollutants). It concludes, therefore, that the thermal component
- of the Plant dlscharge has- not dlsturbed Eh the balanced 1ndlcenous
communlty" 1n the v101n1ty of Kewaunee Nuclear Power Plant.' See thefﬂ;
: Wlsc0n51n Adm1n1strat1ve Code, Chapter NR 209 .07(1) . ‘ .
Slnce the wrltlng of thlS demonstratlon WdS begun before |
'r-l'the "Proposed Outllne for 316(a) Demonstrat1on Document" was :
'dlssued by. the W1scons1n Department of Natural Resources (October l975)

fthe format of thls demonstratlon does not follow the outllne.:'

.In order to fac111tate evaluatlon of thlS demonstratlon, the .
.'lmajor p01nts in the WDNR outllne are cross—referenced in Table l 1 J"

:to the correspondlng sectlons of thlS demonstratlon. The 18 |
',questlons 1ncluded -in. the WDNR outllne were con51dered 1mportant‘;f

.-to the presentatlon_of a demonstratlon and are therefore cross=: o
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Cross referenczng of WDNR "Proposed Outllne for 316(a)
Demonstration Document" to the format.of the: Kewaunoe
Nuclear’ Power Plant 316 (a) Demonstration.

5%#3' :_;_,Taole'l.l

Wisconsin Department of Natural Resources

Document

s, - Proposed Outline for-316(a) Demonstration

paS—

B Introduction

. A, Descrlptlon of- Project Scope
. Methods
B. Summary of Effects ‘and
Conclusions "
C. Variance Request

II. Site Description .

A. The Environment and Development
. Water Quality
‘Lake Currents .
Ambient Temperature

Bathymetry

Historical Cllmate
.B. The Discharge -

Chemical Dlscharges

Operatlonal-History
Engineering Data

| 111, Thermal Effect of Discharge

rhermal.Modeling

Temperature Bfféct on Receiving

Water
Heat Shock and Cold Shock

jIV;*ﬁfﬁects on Aquatio Life. -

A. Fish
B. Benthos and Macroinvertebrates
C. 2Zooplankton
* ' Phytoplankton
Macrophytes
Periphyton
D. Extreme Condltions

E. Interactions of Species Populations

F. Synergistic Effects of Heat
with Toxic Chemicals

- V. Water Body Wide Effects

VI. ‘Conclusions

Lake Michigan'Watef Conditions

" Benthos
Zooplankton 4.3.4° p.318.

‘This Demonstration

Annual Reports;prpendiees 2-6

Narrative Summary 2.0 p.18.
Variance Request 1.5 p. 8.

KNPP bescriptlon 3.1 p. 39.
Location 3.2 p. 40. ]

) 4.2.1 p. 108.

Lake Currents 4.1.3 . p. 58. .

Ambient Temperatures and Stratlflcation "
4.1.4 p. 69. . )

Bathymetry 4.1.5 p. 78. .

Historxcal Cllmate 4. l 7. p. 94

Chlorine and Chemicals used in the Plant
" 4.2.2 p. 125,
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Circulating Water System .1.1 p. 48.

fime-Temperatufe;Relationships
Thermal Plume Characterlstics

4.1.2 p. 55.
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R e
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" Periphyton 4.3.5 p. 383.
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Fish 4.3.1.2 p. 186.

Benthos 4.3.2.2 p. 239.
Phytoplankton 4.3.3.2 p. 279.
Zooplankton 4.3.4.2% p.-337.
Periphyton 4.3.5.2 p. 407.
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Phytoplankton 4.3.3.4 p. 309.
Zooplankton -4.3.4.4 p. 376.
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Demonstratlon Conclusion ‘2.4 p. 38,
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referenced in Table l 2 to the correspondlng sectlons of thls

'demonstratlon.

', This demonstratlon contains . an evaluatlon of Lake Mlchlgan !--'T

“data collected 1n the vicinity of Kewaunee Nuclear Power Plant.g.'ﬂ““
,Slte specific studles have been sponsored by Wlscon51n Publlc_a Lo

-'_Serv1ce from 1971 to the present. Wlscon81n Publlc Serv1ce helped,

sponsor a radlologlcal study of Lake Mlchlgan by Ayers (1970)

'whlch 1ncluded samples of water and . blota from the Kewaunee area.”
:The Unlver51ty of Wlscon51n conducted a’ survey study at the pro-;

posed site from 1969 through 1972 (Unlver51ty of wlscon51n 1970,_'5“‘
:l97l, 1972, 1973), In 1971, the Env1ronmental_Sc1ences D1v1s1on'

_6f Industrial BIO-TEST Laboratories Inc..began'the monitoring

program which provides the data for this demonstration. The
company name was changed to NALCO Environmental Sciences in 1975

and.this demonstration has been' prepared by'thefsame people who

. have been conducting the monitoring studies. For the purpose of

this demonstration, these studies are separated into two ‘periods;

'the Preoperational Period from May, 197l5through May, 1974 and the
':jOperational Period from June, 1974 to the“present.f Operational

-data'are discussed~from June 1974 through July 1975 Intake and

discharge collections were begun in March when the c1rcu1at1ng

'i.pumps were operating but no heat exchange was taklng place across
_the condensers, The purpose of these studles,was to determlne the R
- effects of mechanical-damage to entrainediorganisms inhthe absence:
'ﬂ‘of a thermal dlscharge. The results are presented in Sectlons

4.3.3.2 and 4.3.4.2. Fish data .are presented through August 1975.':f

NALCO Environmental Sciences personnel.have evaluated data from

11
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"f) ‘Table -1.2. Cross Referencxng ‘of WDNR Questions from. "Proposed

o ' Guidelines for Demonstration under Section 316 (a)
92-500" to the .format of the Kewaunee Nuclear
Power Plant 316(a) Demonstration.

S Questions from WbNR Proposed ‘Guidelines for
o) L Demonstratlon ‘under Section 316 (a) of

o o . Public Law 92-500 Sept. 1974. . This Demonstration

1. Are the- t1me of passage, .velocity and time-
. temperature information through the plant,
"in” the discharge facilities and in the center- ’
. line of the thermal plume established or. . , o
. _adequately predicted? ' 4.1.1 p. 48 , 4.1.2 p. 55

-2a;fAre the seasonal phytoplankton populations by
-, -“number and spec1es known for the receiving water- - '
- body? c . 4.3.3.1 p. 254.

3aﬁ'Areuthe seasonal phytoplankton}pupulatione by number
". :.and species known in the immediate discharge area :
.and in adjacent.waterbody -segments? ] . . 4.3.3.1.p. 254.

4a@fRe1ative to phytoplankton populations of the

©  “"receiving waterbody, the immediate’ discharge area
. ~and the adjacent waterbody segments, is-it known
<*. or predicted what portions of the populations ) .
. are exposed to temperature 1ncreased by operatlon . -] :
) of the plant? 4.3.3.2 p. 279, 4.3.3.3 p. 295,

5a. Are the effects of such exposures on phytoplankton
" . known or predicted (impariment or stimulation of
.product1v1ty, time-temperature . tolerances,
. population shift both -loral and throughout the
waterbody)? . 2 p. 279, 4.3.3.3 p. 295
4 p. 309.

" 2b. Are the seasonal zooplankton populations by number
-+ and species known for -the receiving waterbody? 4.3.4.1 p. 318,

3b. Are the seasonal zooplankton populations by number
and spec1es known in the - immediate discharge C .
area -and in adjacent waterbody segments? 4.3.4.1 p. 318,

. 4b. Relatlve to zooplankton populations,of-the receiving -’
- waterbody, the immediate discharge area and the
adjacent waterbody segments, is it known or
- predicted what portions of the populations are o _
. ‘exposed to temperature increased by opetation ) . Lo
" of the plant? - " 4.3.4.2 p. 337, 4.3.4.3 p. 357.

5b.. Are the effects of such exposures on zooplankton

" known or predzcted (impariment or stimulation of ;
product1v1ty, time-temperature tolerances,
population shift both local and throughout the

waterbody? ‘4.3.4.2 p. 337, 4.3.4.3 p. 357
' ' 4.3.4.4 p. 376, - ,
‘6. Are the seasonal periphyton populations in the

. immediate discharge area and adjacent waterbody

segments-known? _ , 4.3.5.1 p. 383,
-7." Are effects of the thermal dlscharge on peri- ‘ i : . ' " o
©  phyton populationd considered, known or. predicted? 4.3.5.2 p. 407, 4.3.5.3 p. 417,
'.9. "Are the’ macroinvertebrate populations in the im- ) B

mediate discharge area and adJacent waterbody

segments known? _ A 4.3.2.1 p. 213,

12
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) Table 1.2. - (continued)

Questlons from WDNR' Proposed‘culdellnes for -
‘Demonstration under Section 316(a) of

oy

L

Public Law.92-500 Sept..1974. : ' This .Demonstration

9. Are effects of - the thermal dxscharge on macroinverte- N :
brate populatlon con81dered, known or predicted? ~4.3.2.2 p. 239, 4.3.2.3. p. 251.

10. Are ‘the macrophyton populations in the immediate
. discharge area and adjacent waterbody segments . : o
known? _ ] 4.3.2.6 p. 421.

11. Are effects_of_the thernel discharge on macro- S o
phyton'pdpulations considered,'known or predicted? '4.3.2.6 p. 421.

. 12y'Is the seasonal abundance of fish eggs and larvae
by species known in the immediate discharge o . -
area and adjacent waterbody segments? ' ..4;3.1;1 p. 149 ¢

" 13. Is it known or’ pred1cted how many fish. eggs and
larvae by species-are.exposed to temperatures C ‘
%nereased by operation of the plant? o _ .4.,3.1.2 p. 186.

14. Are the effects of_Such'exnosureS'of fish-eggs , . '
: and larvae known or predicted? . 4.3.1.2 p. 186.

) 15. Is.it known or predicted what.impact such effects
TN will -have ‘'on fish populations in the immediate
: dlscharge area, adjacent waterbody segments and -
the recexvxng waterbody? 4.3.1.2 p. 181.

16..Are the seasonal abundance and habits of adult
" fish, by species known in the immediate discharge S
"area -and adjacent waterbody .segments? 4:3.1.1 p. 149.

- 17. Is it known or ‘predicted what effect ‘the thermal
. discharge has or will have on these fish and B : .
their act1v1t1es? : 4.3.1.2-p. 186..

'-.18. Have the waterbody-wide effects of the thermal . .
discharge 'been adequately explored? ~4.3,1.3 p. 206.
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' August through November, 1975 and the conc1u51ons presented 1n n:ﬁ?;ﬁ
;:thls demonstratlon are further supported by thls data (NALCO )
ifEnv1ronmental Sciences 1976). 'In all of these studles,-sampllngin
.vh_f;was not conducted durlng the w1nter months (December through
i]March) due to the severe and often dangerous weather condltlons.'h'
"The complete demonstratlon consists of the follow1ng
' E:documents-

1. Kewaunee Nuclear Power Plant, 316(a)'Demonstration-
© - Type 1° Absence of Prior Apprec1ab1e Harm.

" .2. Appendix 1.. ‘August 3, 1973, Wisconsin Department of -
. Natural Resources certlflcatlon pursuant to Section . 401(a)
of the Federal Water Pollutlon Control Act Amendments
of 1972. '

. Lo 3. Appendlx 2: Industrial BIO-TEST Laboratorles, Inc.
T 1972. Preoperational thermal monitoring program of

. ' Lake Michigan near Kewaunee Nuclear Pcwer Plant.
January-December 1971. First Annual Report to WlSCODSln.
Public Service Corporation, Green Bay, Wisconsin. 191 p.

4. . Appendlx 3: Industrlal BIO-TEST Laboratorles, Inc.
1973.  Preoperational thermal monitoring program of
Lake Michigan near Kewaunee Nuclear Pcwer Plant. L
'January-December 1972. Second Annual ‘Report to Wlscon51nfj
Public- Serv1ce Corporation, Green. Bay, Wisconsin. 651 p. .

S. Appendlx 4:. Industr1a1 BIO-TEST Laboratorles, Inc.
1974. . Preoperational thermal monitoring program of
Lake Mlchlgan near Kewaunee Nuc¢lear Power Plant.
January-Decmeber 1973. Third Annual Report to Wlscon51n
Public Service Corporation, Green Bay, Wlscon51n.

6. .,Appendlx 5- Industrlal BIO-TEST Laboratories, Inc.

i o 1975. - Operatlonal environmental monitoring program .
QQQ IR of Lake Michigan near Kewaunee Nuclear Power Plant.
R : January -December 1974. Fourth Annual Report to
Wisconsin Public Service Corporatlon, Green Bay,

Wisconsin. .

7. '.Appendix'G: NALCO .Environmental Sciences. 1976. ..
Operational environmental monitoring program of
- ‘Lake Michigan near Kewaunee Nuclear Power Plant.
° January=December 1975. Fifth Annual Report to
Wisconsin Public Service Corporation, Green Bay,
Wisconsin.. . .
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-l;7 : "GloSSarQ.Of Texrms

.age group —-organlsms of the same age in a populatlon, usually

denoted by roman numerals, e. g. Age Group I,
Age Group II, etc.

-allochthonous material - organlc or lnorganlc materlal produced

outside the system which has been ‘introduced or trans—J

ported into the system by currents, falllng of  dust, etc{'tﬁ
57anadromous ~ going from the sea up a river to spawn.

;“blovolume - .volume of an algal species calculated u51ng measure-. 5
: -ments of individuals (i.e., diatoms) or of 10 um- lengths_

of filamentous forms (i.e., Cladophorz). The volumes

‘of at least 10 randomly selected. 1nd1v1duals or flla- __5'

" ments were: averaged when p0551ble.'

p_copepodlte =~ juveniles of Copepoda; the developmental stages

between larvae and adult."

dlscharge zone - .thée maximum surface extent and  maximum botton ex- .

tent of the 2C isotherm for all plumes measured for KNPP
except July 1975 (Figure 4.1. 18) ' :

' AT (delta T) - increase above ambient lake temperature due to

passage through condensers of KNPP

drogue - a neutrally buoyant float that drlfts w1th the current.

i-entralnment - passage through c1rcu1at1ng water pumps and

condensers at KNPP.

'epilithic - living on rock.

'.;eplphyte - algal species attached to other plants (1 e., dlatomS'f:'

attached to Cladophora).

-:-ephippial eggs - overwintering (resting) eggs encased in a hard

brown shell produced from the carapace of the
ephlpplal female. : .

lephipplal females - 1nd1v1duals which produce overw1nter1ng

(resting) eggs in the Cladocrea; usually seéxual as -
opposed to parthenogenlc or asexually reproduc1ng '
females. - : y

exotic - of foreign origin, not native, introduced from abroad: .

.'Tfastest mile - the fastest one mlnute mean wind speed from

1912 to 1960. -

16
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immotility iﬁabséhce,of appendicular or viscreal. movement upon - -

: ‘ 'probing[immediately (0 hours) after condenser passage.;h
juvenile - organlsms wh1ch have not het reached sexual maturlty.
-'mortallty - dead- zooplankton, as evidenced by lack of appendlcular
or visceral movement upon probing- four hours after .
condenser passage.

‘motility - presence of . zooplankton appendicular or visceral move-
ment indicating viability upon probing immediately
{0 hours) after condenser passage.

nauplii - the larvae of Copepoda; the developmental stages
between the hatched egg and the copepodlte stage.

omnlvorous - eatlng both animal and plant foods.
;t»parthenogenlc eggs - unfertlllzed eggs produced by parthenogenlc
' females that hatch into offspring identical to the ‘
produc1ng female.
parthenogenlc female - asexually reproducing females.
:pelaglc - 11v1ng at or near open water far from land.
plsc1vorous - flsh-eatlng.

'perlod1c1ty - seasonal accurrence or distribution.

periphyton - algal community living 'attached to a substrate or as _
- an eplphyte on other algae attached to the substrate. . . .

rlpe - a stage of sexual development prlor to spawning in which
gonads -of adult fish £ill the ventral cavity; eggs
become ea511y visible and testes become whlte.

spatlal dlstrlbutlon - the dlstrlbutlon of a group of organlsms
over a given area. ’

-splash zone -.area of substrate that is kept constantly wet by .
wave action (generally 10 cm above and below the surface)

standlng crop - total organisms (number or biomass) of a group
' present in a body of water at a particular time..

rtemporal distribution - the distribution of a.group of organlsms-'.“
over a period of time.

: year class - animals in a population born during a particular
calendar year; e.g., 1972 year class. .

young-of-year - organisms wh1ch have not yet completed one full X
year of life. . o _ :

17
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2.0 NARRATIVE SUMMARY
21 'ENGINEERING AND HYDROLOGICAL DATA
Kewaunee Nuclear Power Plant, BNPP utlllzes a once—through coollng
.PT§Y$tem‘(p.48).. The normal flow rate 1s 413 000 gpm with a de51gn'y"'
l:maXimum:rise'in temperature of 11.1C (p.48). The intake structure'w
L isilocated appronimately 1600 ft offshore (p 48) while the cooling;i u;
ﬂllwater is dlscharged from a shoreline outfall structure (p. 49) .
1?Summer and winter coollng water characterlstlcs are presented
?i(p 51 and 52) as are records of total heat rejected (p.53 and 54)
4 Lake currents near Kewaunee Nuclear Power Plant are. prlmarllyf.
,shore parallel in the directions NNE-NE and,ssw—sw w1th speeds
‘?bzdemést'frequently in the range 0.10-0.24 fps.(p.SB). The directioh._
;fof net displacement'of water'past the Plant for the period April- '
"December is northward (p.65) . | |
o Max1mum temperatures and maximum mean temperatures ‘of the
'-.Lake near KNPP occur in August and September with maximum ranges
.occurrlng July to September (pf69). Wlthln 1C to 2C, the 10-year_jf
. _record of temperatures measured at municipal'water intakes 17{5 km‘f-'
south and 21 km north of KNPP can be considered as a record of.the"
ambient temperature for Lake Michigan-near'KNPP (p.-77). Stratl—'
fication can develop in the shallow nearshore water but itﬁiswweak
5%9 B and breaks down easily (p.72). . B
| The lake bottom was found to be highly irregular near_K%PP:'i'
'.(p.78). It'is believed that a depression immediately in.front of -

" the discharge outlet was created by scouring and a small mound

18



.NALCO ENVIRONMENTAL SCIENCES

' 5us£ offshore of thé'depression was -built by depositing sedimen£'>

from both.ééouring-and diversion of alongShQre sediment tranépdrt_'
(p,Sl).
The discharge zone for the KNPP thermal plume encompasses -an’

area of approximately 985.3 acres at the surface and 94.5 acres. at

ﬁl._the bottom' (p.89). This ‘surface area is in excess of the 71.74
" acres of the Wiscohsin'pNR standard'for‘KNPP. _The.£herma1 plume_'f

| j_aischarge velocity'affects an érea of_ﬁhe lake bqttom abéut 250'f£: f'

."iﬁide_extending 400 ft from the outfall structure (p.82). Avéragé!
“ ideal and worstAcasé'£ime—temperature_relationships are presentéd-f;”

 (§.56). The time-temperature relationship_fér-fhe thermal plume - o

'ﬁ.indicate'a 55% to 90% reduction in excess temperature within.SO;tdEA

- 75 minutes travel time from the outfall (p.57).

Climatic data are presented and discussed (p.94-105).

19
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'°2.2 WATER QUALITY

 'Data‘co11e¢t¢d.in Lake Michigan near the Kewaunee Nuclear

'PQWér Plapt'indicatéd that the chemical quality of the waters i£
' £he'vicinity of the'Plant was fepresentative'of general Lake
1Mi¢higanvconéitibns (p-114). Comparison of water quality Qithin:'
;;and'immediaﬁely outside the KNPP thermal plume has shown no-harﬁ_-

'3;0 Lake Michigan waters (p.116-140).

DissblVed oxygen éqncentrations decreased slightly in the

fiplume_éfter KNPP qperétion; however, Ehe decrease was hegligible "
i éha was'hoﬁ indicative of appreciable harm to this'érea'of Lake

Michigan (p.122). Oxygen and nitroéen saturations were close to ;
"100%-thﬁoughout the study area (p.125). Chlorine has not been

'-i.uéea as a défouling agent at KﬁPP. Other chemicals used (hydfazine~

"épd morpholine) werelnot.detected at any time in the discharge or :

plume (p.125).
Concentrations of nitrogen species (ammbnia, nitrate, nitrite, .

total organic nitrogen) varied little throughout the study al-

~wthough'some temporal changes were noted both Qithin ahd-putside

'~the plume ‘p,128). ‘Soluble orthophosphate concentrations were |
- uniformly low (p.128).while total phosphorus: concentrations wéré'
~ related to resﬁspensioh of sediments by weather~produced turbu-. 

-1ence (p.128). Soluble 5111ca concentratlons chreased sllghtly

during the study perlod at a rate similar to thP rest of Lake Af'

‘Michigan and was not related to operation of KNPP (p.130).

Alkalinity and pH were virtually constant during the sﬁudy h
period (p.l33),.but turbidities and suspended'solids changed

in relation to weather conditions (p.133). Total dissolved
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solids- and specific conductance increasedISIightly and_wéreunot'

related to KNPP operation (p.136). Concentrations of the major

ahiéhs and catiohé (calcium, magnesium, potassium, sodium, S
chloride,'fluqriaé and sulfate) remained similar throughout tﬁe ';
study-periodvénd.area-(p.;37).'

| Bacteria 1¢veis and oxygen demands-(biochémical and chemicélst
were low and unrelated to KNPP operatioﬁ (p.i37). '

The trace metal values (arsenic, boron, cadmium, chromium;'

.¢Opper, lead, mefcury; nickel and zinc) displayed little varidtion
" between éhe,preoperational and operational periods (p.138).°

~ Iron And mangahese varied more widely than the other trace

metals, but this variation was in response to weather conditions

and turbulence and not to KNPP’operation (p.140).

21



'NALCO ENVIRONMENTAL SCIENCES

2.3 Aquatic Biota

2.3.1 Fish

The species composition and classification of repre-.
sentative important:species of the fishery resource in Lake Michi=
gan near Kewaunee'Nuelear Power Plant, accordind to the Wisconsin -

Department of Natural Resources, have been presented (p.150). TWo

'spec1es glven "changlng status" c1a551f1catlon, the cisco and, the _.s-

bloater,‘occur in the area but are very uncommon. The carp is the"-
6nly.species considered "pollution tolerant" that occurs in the.
vicinity'of the Plant.

‘The .relative abundance of fish species are dlscussed._

‘Nine species are the major constituents of the local fishery, - '

__comprising 98% of the total catch to date (p.153). Annual Catches'f-

and genefal distribution of major species varied greatly from‘Yeat_~

to_year but appeared unrelated to the thermal discharge of the

iu_Kewaunee Nuclear Power Plant.

General life hlstory accounts of representatlve 1mpor-

- tant species are.provided. Major toplcs of dlscu581on are:
. general occurrence in Lake Michigan, seasonal migrations, seasona15

"~. abundance near the Plant, spawning, age and.growth'and food'habits.

Life history information;relative to the area near the Kewaunee -

Nuclear Power PlantZWere also discussedf Species believed to

-_-spawn successfully’ 1n the region of the plant by Vlrtue of the o

collection of eggs, larvae, or young-of the-yea: are alew1fe
(p 158), rainbow smelt (p.l60), lake chub (p. 170), longnose dace -

(p.l72), and sllmy-sculpln (p.176). Peak abundance of.severalf
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spec1es in the study area appears to correspond to spawnlng sea-

-sons, however, no spawnlng habitats have been identified for these -
-spec1es and the area'affected by the Plant's'thermal_dlschargezls_'

'not an important spawning location for_any'species {p.189).

Prior to Plant operation, the area near the Plant site:'

| supported only a very limited sport fishery;'however, since oper—
__atlons began, an exten31ve seasonal salmonld flchery has developed

:f”at the Plant's dlscharge (p. 184)

Comparlsons of preoperatlonal and opexatlonal data.r”

- showed no apprec1able 1nfluence of the thermal discharge on the5-
"local fishery (p.186); The zone of thermal.lnfluence covers a very .

-limited area. There have been no major. changes in the species

composition, nor have there beén any changes in the seasonal

abundance and spatlal distribution of 1mportant species that could

_be attrlbuted'to the thermal dlscharge (p.l86 and ‘187). No notxce—

able increase or decrease in the use of the affected area for

spawning has been detected (p.189), and there have been no remar-

i kable 1ncreases or decreases in the numbers of a&n 1nd1v1dual

species. (p.186): Observations of carp in the thermal dlscharge:;:f"'

are attributed to attraction to warm water rather than from:popu;~u‘
lation expan51on due to a degraded env1ronment (p.190). | .
At certaln times of the year many species of flsh may. be

attracted to the thermal discharge. 'Attraction appears assocrated-'

- with peak abundance'in the area and spawning season. Attraction"i
_to the thermal ‘discharge may be in response to more preferred .
. temperatures than ambient, but fish will also avoid the discharge

s when temperatures-become_too high (p.190-194).

23



5

w0

£
s
3

88,
2

' NALCO ENVIRONMENTAL SCIENGES

The thermal-dlscharge at the Kewaunee Nuclear Power
;Plant has had a negllglble effect on the normal seasonal mlgra-f.
"tlons of fish. Flsh do not spend extended perlods of time at
f'thermal dlscharges and normal mlgratlons contlnue desplte the
:;occa51onal ex1stence of more preferred temperatures near thermal.'
-;dlscharges (p.195-197). |
S Comparlsons of lethal temperature data and Plant dis-
pzcharge temperatures show that the Plant may occa51ona11y dlschargej5'
f:heated water whlch could result in fish mortalltles from exposure |
. to such heat levels. " Mortalities due to cold shock from reactor-

fshutdown could also result in the w1nter. 'Howeuer, it is doubtful

: flsh mortalltles w1ll occur as the natural seasonal movements and o

“behavioral reSponses of fish 1nd1cate that flsh will seldom be.
.subjected to these temperature extremes (p. 202—"03) No
wllnc1dences of fish kills at the Kewaunee Nuclear Power Plant have.
" been reported.since the Plant began operation (p.205). Any fish.
'genéiand larvae mortality which might occur'has had no discernable -
.effect on the ex1st1ng fish communlty (p. 205) '
o Data collected thus far demonstrate . that the dlscharge..
of waste heat from’ the Kewaunee Nuclear Power Plant has caused no.f'
apprec1able harm to the flshery resource in the dlscharge zone"’ and
-'has demonstrated no effect on the fishery resource in the area
.of Lake Mlchlgan 1mmed1ately out51de the dlscharge zone

 (p<206).
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2.3.2 'Benthos -
'Comparisons of macroinvertebrate data were made between-fi"'

' preoperatlonal and operat10na1 periods and between sampllng

locatlons 1n51de and outside the dlscharge zone to determine the

' 'extent, 1f any, of the Kewaunee Nuclear Power Plant thermal dls-_A

_charge 1nf1uence on the- macr01nvertebrate communlty;

Two prlmary macr01nvertebrate communltles were present"

'{durlng the preoperat10nal perlod in the v1c1n1ty of KNPP (p. 222)
:One communlty was restrlcted to the sandy substrates at the
shallow 10- ft depth locations and was represented prlmarlly by the

.f_worms Vejdovskyella 1ntermed1a and Nais sp. and the mldges

' Paraklefferlella .SPp., Paracladopelma sp. and Polypedllum (s.s. )

Scalaenum,Group (p.222). Few significant (P 5@.05) dlfferences

" were detected in representative taxa densities between the 10-ft

locations (p.229).

The second c0mmun1ty was found on the perlphyton covered "

.. rock substrates. at the 20— and 30-ft depth locata.ons (p.229).

'.Preoperatlonal representatlve taxa were the worms Limnodrilus

. hoffmeisteri and Vejdovskyella intermedia and the nidges

Mlcrotendlpes SpP. ., Paraklefferlella sp. ‘and Thlenemannlmyla Series '

(p. 229). Dens1t1es and seasonal dlstrlbutlons for each repre-

" sentative taxon were 51m11ar at all 20- and- 30 -ft locatlons

(p. 230 and 236) . Few 51gn1f1cant (P <0.05) dlfferences were

nfound in the representatlve taxa densities - between locations along

. the same depth contour (p.236).
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' pifferences between preoperational and operational

- species compositioniinside the discharge zone did not oonstitute5an;;

apprec1ab1e alteratlon 1n the macroxnvertebrate oommunlty (p 239)

Operatlonal representatlve taxa den81t1es and seasonal distri-

lAbutlons inside the discharge zZone were slm;lar to densities and
jfseasonal distributions'before operation (o;24l5} Most of the
.':SLgnlflcant (P < 0. 05) dlfferences in operatlonal representatlve
i:taxa den51t1es between 1ocatlons inside- and outsxde ‘the dlscharge

' zone were attrlbuted to substrate varlatlons (p 243)

Effects of the KNPP thermal dlscharge.on the macroin-

“jvertebrate communlty inside the discharge zohe could not be de-
tected, since preoperatlonal and operational den 1t1es of-the.majorﬁ‘

: taxa.were 51m11ar (p,243).

Representative taxa densities in:the_Reoeiving Water Body-
varied.between preoperational and operational periods at locations
along the same depth contour (p.251). Most 51gan1cant (p < 0. 05)
dlfferences in representative taxa densmtles were attrlbuted varl-

atlons in substrates sampled (p.251). It was concluded that the

-benthlc macr01nvertebrates in the Rece1v1ng Water Body were not

: apprec1ab1y harmed by the KNPP thermal.d;schargev(p.251).
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2033 .Ph{rtopia‘nllc'ton |
| fhytoplankton-community structure.Was studied near
5./ Kewaunee Nuclear Power Plant prlor to plant operatlon from May
1972 through Aprll 1974 Phytoplankton den81ty ranged from 332 tohf:
.12845 reportlng units. per mllllllter with decrea51ng abundance
observed as dlstance from shore 1ncreased Phytoplankton near
~ KNPP demonstrated a b1moda1 perlod1c1ty pattern w1th max1ma in
sprlng and fall-(p,258). Diatoms domlnated_the phytoplankton
assemb;age-with.green:algae the second-most'diverse groué followed’
. by-golden-brown.and"bine-green algae (p;26i);;.séecies composition
reported near KNPP .is typical of nearshore western Lake Mlchlgan
as demonstrated by earller investigators (p.269- 274) Data
A generated_durlng the study indicate only.lowvnumbers of nnisance
algae exist_in the ricinity of KNPP (p.277)4
'Effects of condenser passage on-phytoplankton measured
dnrlng perlods when no heat was exchanged ‘across the condensers
.(AT absent) were observed from March 1973 throuqh April 1974.
Immedlately follow1ng condenser passage w1th no AT, mean reductlons
"of 7%, 12% and 6% were recorded for phytoplankton abundance,'
:carbon fixation rate and chlorophyll a concentratlon, respectively
(p.281-282). -No_further delayed effects (or recovery) were

measured after'a;72—hour'holding;period (p.282). Effects of

" céndenser passage with.AT'present-were measured from May 1974
.through.duly 1975; Changes in total ph&top}anktOn abundance

. measured at the discharge relative to the ‘intake have no consistent
‘relationship to_either_magnitude of AT or ambient Lake Michigan

water_temperature.and resulted in a mean'change of <2% (p.28$)f
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No change was observed after ‘the 72-hour holdlng perlod (p.285 and

288). A sxmllar depre851on (x = 3%) of chlorophyll a concentratlon::'
. was measured 1mmed1ately follow1ng condenser passage with AT and

remained the same. at the end of the 72-hour holding period 1nd1-'3:-

catlng no further delayed effects (p.288). A slight (4%) overall

_stimulation of productivity has been measured at Kewaunee immed-
. iately followingioondenser passage with a AT. Thisfis an-increaseh
- of approximately 16% when compared with the mean 12%ureductionf

noted with a AT ‘absent (p.289). Phytopiankton entrained in the

thermal plume from:KNPP had elevated abundances, carbon ‘fixation
rates and chlorophyll aiconcentrations'relative to'phytoplankton
from‘a control location. Recovery to near ambient levels of

abundance, carbon fixation rate. and chlorophyll a concentratlons

_was demonstrated by the time the organisms had reached the outer

fedge of the thermal plume (p.290 and 291). Agaln, no 1ong-term

effects were observed after the 72-h01d1ng perlod (p.291).

The effect of thermal effluent from KNPP on the phyto-

%:plankton communlty of the rece1v1ng waters has been assessed
~“through a comparlson of.d;scharge and control areas as well as.
:ipreoperationaleoperational data comparisons. Total phytoplankton
l'abundance increased from the preoperatlonal to the operatlonal
jzperlod due prlmarlly to the occurrence of large numbers of
'eplllthlc diatoms (p.296 and 298). A similar increase in the

" control area measured in 1974 suggests this trend may be due to :

natural variations. - Diatoms remained the most abundant division L

within experimental and control areas as well as between
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preoperatlonal and operatlonal periods (p. 298) A measurablé

1ncrease in eplllthlc dlatoms occurred in the d:scharge area from

: preoperatlonal to operatlonal periods. The occurrence of these

epecies in the plume area appears.seesonelly influeneed and. relates

to the scouring“ection of wate: in the discharge .canal (p.303).

' Abﬁndan£ growth of Fragillaria pihneta was reeorded in periphyton

samples from the discharge canal wall and may be the source of the

-concehtrations of this'species in the discharge area plankton.

‘Major algal d1v151ons other than diatoms showed no- notable changes

-‘throughout the four-year study (p 303 and 305) The b1moda1 period-

1c1ty pattern remalned constant from preoperatlonal to operatlonal
perlods as well as between experlmental and control areas (p.305).

Results of phytoplankton studles et control locations

‘indicate that phytoplankton community structure in the western

nearshore area of Lake Michigan in the vicinity of KNPP have

"remained essentially unchanged from the preoperational period

u(l972 1973) to the operatlonal period (1974 197‘)(p 305).

In conclusion, there has beéen no apprec1ab1e harm to the

'th£oplankton community-in either the dlscharge~zone or the

' receiving water body.
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fé;é,4 - Zooplankton
) Zooplankton samples collected from 1971 through 1975
ieohtained a total.of 80 taxa. _Even though there-were con51derable-dia
aifééréﬁces in gadéiéhktan density between years, a basic patterh,
.;of seasonalffluctuation was obvious (Deﬁsities'uere lowest in early '
sprlng, 1ncreased to a maximum between mid-summer and early fall
. ‘and generally decreased in the late’ fall) (p. 322) Some of the
vldlfferences observed in densities between years were . related to

'changes in’ sampllng equlpment (p.318). Bosmina longlrostrls

jand Cyclops blcuspldatus thomasi dominated the zooplankton com-

.munlty from 1971 through 1973 (when large meshed nets were used)

whlle 1mmature copepods, the rotlfers Synchaeta, Keratella,

Notholca-and Polyarthra with the cladoceran Bosmina longlrostris_

doﬁiuated the eommuﬁity:in 1974 and 1975 (when small meshed nets
were used) (p.321). _
| The 1972 data were used to_document variations ihr
eoﬁposition‘and denslty that can occur in a few days. Large'
differences were:reported between samples collected two days
apart. These were.not considered to be the result of recruitment
‘but 1nd1cat1ve of plankton patchlness (p 331-333). '
Large dlfferences in populatlon density were observed
ig& . and documehted.among locatlons during the preoperational perlod.
-These spatial differenoes were related'to natural varlables |
" (p.333-336). Similar dlfferences were observed durlng the opera-
: tlonal perlod but were not attrlbuted to plant operatlon 51nce'

there was no correlatlon w1th the thermal plume (p.357- 375)
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Effects of condenser passage on zooplankton were d1v1ded

1nto three categorles- mechanical effects due to entralnment

' ~w1thout a AT, thermal and mechanlcal effects due to entralnment

w1th a AT and plume effects from the mlxlng of heated dlscharge e

and amblent 1ake water.

When there was no AT, zooplankton 1mmot111t1es just

after collection averaged 6.0% while mortalltle four hours after ’
-.collection averaged 435% (p. 339)' This 1nd1cated that there was
a: 25% recovery of the 1n1t1a11y immotile - organl,ms. When there

{awas a AT, 1mmot111ty averaged 9.4% while four—hour mortalltles

averaged 8.5% (p.338). There was no direct correlatlon between

_increase in AT and zooplankton 1mmot111t1es. 'nghest zooplankton

1mmot111t1es of 18% occurred when the AT was 9.J C while 1mmot11—

ities were only 9% when the AT was 15 C (p. 346) Lethal tem-
perature.limits of-zooplankton for which this data are known were

presented ‘and were found to be in excess of the worst case con-

. ditions defined in the technical specifications for KNPP (p.346).
;Other studies have shown that water temperaturesfbelow 35 C with
.an exposure time of-1ess than five.minutes during the.summer do

) not cause substantlal mortalltles (p.348).

When comparlng the results w1th no- AT to those with AT, -

hfit was found that mechanical effectS'accounted for much of the
”-imnotilitdes observed.(p.348$. B1n0m1a1 regres«lon analy51s

- revealed that imnotiiity of organisms.was a linear'function of
: spec1es size when there was no AT and that, when a AT was present, !

the 1mmot111t1es were only sllghtly higher (p 348) Therefore,
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mechanical damage was . the primary factor in entrainment immotili-

ties.

Pluhe immotilities were highest at the discharge and

" decreased as:the discharge mixed with lake water. Plume entraini’.H'77

'-,ment appeared to have no effect on zooplankton v1ab111ty (p:353)

and plume temperatures did not reach crltlcal thermal tolerance

' levels for zooplankton (p 353)

Data from the preoperatlonal perlod were compared to

_data from the operatlonal period. 1In both’ the Cladocera and
: Copepoda groups (whose den51t1es could be compared for all years)

. den51t1es were found to be qulte similar between the preopera-

tlonal and operatlonal years (p.359 and 361) An exceptlon to
thlS occurred in early sprlng 1975 when densities were hlghest at

the dlscharge and a control location. Densltles of Chydorus were

higher at the discharge location than other locations; but, since.
-this. peak did not last, the effect was not considered important
) (p 359). The higher“densities at the control location were

Z*related to Bosmlna 1ong1rostrls but this was not related to.'plant

“. operatlon since the location was not under the 1nfluence of the

'plume-(p 361).

An examlnatlon of communlty structure between 1ocatlons

1n51de and locations out51de the thermal plume revealed that there }'

' was great 51m11ar1ty between locations (p 365-375). No sub-
lstantlal_alteratlons Ln communlty structure were found and it was;“g}“"

.concluded that operation of the plant'had'not caused appreciable ..

harm to the zooplankton community in the discharge zone (p.375). ."
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Thefeveiuafipn of effect on the zeeﬁlanktoh-commhgity-;

' 6Qtside-the diéchargeizone was related.todthe.cbnelusione,drewhaij_

;concerniﬁg effects inside the discharge~zoheﬁ. It was concluded ;""

that, 51nce no effect was ‘positively 1dent1f1ed 1n51de the dlscharge%

' zone none could be 1dent1f1ed outside (p 376) It was also demonf.'e‘d
:strated that varlatlons in den81ty and comp031tnon became less
'gpronounced at greater depths so that small chanqes in the communlty .
_-dln the dlscharge zone would be undetectable outslde the dlscharge
',;zone (p.377). .It was concluded that operatlon of KNPP had no - o

:effect on the zooplankton communlty out51de the dlscharge zone

(p 377).
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.2;3f515c Perlphyton

: : _ Samples of perlphytlc algae were collected from natural.f
-shorellne substrates 1n ‘the. v1c1n1ty of Kewaunee Nuclear Power'f””
Plant from 1971 through July 1975 (p. 383) Qualltatlve analyses
were conducted 1n 1971 and 1972 with" quantltatlve procedures |
employed thereafter.

: There was a con51stent seasonal trend 1n.the size of the?fﬁ;
5yper1phyton standlng crop observed durlng both preoperatlonal and s
:operatlonal perlods.; Relatlvely smaller standlng crops were o

~i'encountered in Aprll and May, whereas, the largest standlng crops ;ﬁ'
:were usually encountered in November . (p 385) There were some
‘general dlfferences between locatlons in the s1ze of the standlng .

crops.' A’ comblnatlon of a pauclty of substrates and the pro--
pen51ty for scourlng due to erodlng bluffs and shifting sands,
"resulted ‘in relatlvely smaller standlng crops at. the North Controli
;(Locatlon 1) (p. 392) ' Relatlvely larger standlnq ‘crops encounteredi
-:on elther side of the dlscharge canal (Locatlon 25 and 26) durlngh;;
:dNovember 1973-74. were a result of a larger number of substrates |
favallable for algal colonlzatlon than were present at elther of
-the'two control locatlons.‘ The substrates cons:sted of rip rap .
lplaced at Locatlons 25 and 26 durlng constructlon of the Plant to
hprevent shorellne er051on.- In addltlon, the suhstrates at Loca—:"
itlons 25 -and 26 were usually protected from harsh lake condltlons
by varlatlons in shorellne and bottom topography (p 393) ’

The most abundant algae encountered were Ulothrlx and

.Cladophora glomerata (green algae) The largest standlng cr0ps of;
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'1Cladophora glomerata were generally encountered durlng September

and November, whereas, the largest standlng crops of Ulothrlx were -
generally'encountered.durlng Apr;l, May.and_July (p.395). The

occurrence of these.species was most commonly'regulatedij‘their'

: *different temperature optima (p.395); bynthe transitional algal

growth pattern which .occurs after substrate scourlng (p 397); and ;

: " by substrate orlentatlon (p. 398)

Dlatoms were _the second most abundant algal group en-

f countered at the 1ocatlons bracketlng KNPP (p 399) There were -
f'no con51stent dlfferences 1n the den51t1es of total dlatoms and

'-domlnant'taxa among-locatlons outside of the dic charge canal. The

hlgh den51t1es of dlatoms encountered durlng Ap]ll and - May 1975 in :

the dlscharge canal and some of the domlnant spec1es (i. e., the

‘high numbers of’ Nav1cu1a c.f. radiosa whlch were restrlcted to the

"dlscharge canal) were probably 1nd1cat1ve of ‘the unique-canal’

env1ronment (p- 411). .

Blue-green algae were usually minor constltuents of the

-perlphyton communlty although relatlvely hlgh ‘densities of- blue-

greenS'were occa51onally encountered at the South Control locatlon5

(Locatlon 18) (p.400). The. 51ze of ‘the standing crops of blue—

'greens in ‘the discharge canal was not dlstlnctlv.dlfferent from |

“other locatlons partlcularly at the South Control (p. 412)

Lynghya aeruglneo—caerulea ‘was the most commonlv occurrlng blue-. -

. green at the 1ocatlons other than the dlscharge canal (p.406) ;

‘whereas, the dlscharge canal populatlons were u'ually domlnated by-

'Phormldlum c. f. ret211 and L. aerugineo-caerulea (p. 412) The-

B
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.hlgh numbers of P. c.f. ret211 were partlcularly conflned to the

'dlscharge canal and were probably indicative of the canal env1ron-~~3

ment.

The seasonal variation between Ulothrlx and Cladophora

(p 409), ‘the typlcal occurrence of the domlnant diatoms (p.411) -

and'the_51ze of the standing crops (p.412) w;thln the discharge i,fﬁ-*

'canal were similar to the Shoreline periphyton community structure;;_:i
-ﬂJThe occurrence of occas1onally hlgher numbers of dlatoms, occa-
" sxonally hlgher percentages of blue-green algae and the presence ofP

_some_of.the domlnant spec1es in the dlscharge canal (prlmarlly

Nav1cu1a C. f. radiosa and Phormidium c. f ret211) were very lo--_

.callzed effects of the operatlon of KNPP.

- Differences in the perlphyton assemblages among 1ocat10nsi
out51de the discharge zone were comparable between preoperational .
and operatlonal perlods of KNPP and therefore could not be re-
flectlve of any effect of station operatlon (p 417) . This con-

c1u51on was partlcularly supported by the absence at the North and

.-:South Control locatlons of hlgh numbers of some of the spec1es

typlcal to the discharge canal perlphyton assemblage.
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 j2.3.6~ o ﬁécfophytes

:fw :_' ﬁo-macropﬁyteé were observed in the vicinity of.Kewaunee'”:fi
'Nucléar-Powér:Plant in either the preoperafional orvoperationalil;

© study periods-(p.421); Due to the absgnce'bf'aquaﬁic maCrothtés

'ﬁé aé$é$sﬁent of potential impgét of the thermal discharge was |

f.made'(p;dzi).
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2.4 . Demonstration Conclusion

In previons subsections of this Narrative Summary, the environ-
ment 1n the v1c1n1ty of Kewaunee Nuclear Power Plant has been'
descrlbed the dlscharge zone has been dellneated and the major

conclu81ons regardlng the effect of the thermal dlscharge on water

'_quallty and the aquatic biota have been presented. Since it has

been found that no harm has resulted to the aquatlc blota (some
potentlal beneflts have been found and all alteratlons to the
aquatic blota were found to be 1n81gn1f1cant) lt is concluded that
the thermal component of the Plant discharge has not dlsturbed the'

balanced 1nd1genous communltles of flsh shellfish and wildlife in

. Lake Michigan. Therefore, the llmltatlons 1mp0sed by Chapter NR 102

of the Lake Michigan thermal standards through the WPDES Permitjissued
by the Wisconsin Department of Natural Resources are more stringent
than necessary. A modification of the discharge limitations permitting

a continuation of thermal discharges will~assure the protecticnuandf.‘s

7propagat10n of the balanced indigenous communltles of fish, shell- f
‘fish and wildlife in the v1c1n1ty of Kewaunee Nuclear Power Plant._

Wlscon51n Public Serv1ce Corporation thereby requests rellef from

these llmltatlons for the Kewaunee Nuclear Power Plant as prov1ded

by federal regulatlons-under Section 316(a) of Public Law 92-500.
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3 0 Kewaunee Nuclear Rower Plant

3.1 Descrlptlon

The Kewaunee' Nuclear Power Plant (KNPP) utilizes a pressurlzed ..
‘water" reactor licensed at 1650 MWt. The turblne generator 1s5'

‘capable of produ01ng 540 MWe net (560 MWe gross) of electrlcal _.:;

power. The reactor is rated at an ultlmate output of l721 4 MWt

. with a generator gross output of 586 MWe.

The Plant uses Lake Mlchlgan water in a once—through coollng

system whlch has a shorellne dlscharge. .The- cooling water

' 1ntake structure is 1ooated_approx1mately 1,600.ft'offshore at

a depth of 16 ft. Condenser‘cooling Water is drawn from Lake‘ ‘

Mlchlgan at a rate of 287,000 gallons per mlnute (gpm) durlng

- winter and 413, 000 gpm’ durlng summer. Coollnq water is dlscharged

into an outlet baSLn at the shorellne through a pipe located

B just below the lake surface.
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N v.

3. 2 Locatlon
Kewaunee Nuclear Power Plant is located on the west shore B
of Lake Mlchlgan, approx1mately 8 mlles south of Kewaunee, 27 mlles
southeast of Green Bay and 90 miles north of Mllwaukee, WlsconSLn.
nThe Plant sxte 1s 1n carlton Townshlp in the southeast corner ,-f"
of Kewaunee County, Wlscon51n. |
The total acreage owned as Plant 51te 1s 907 57 acres.
-Overall ground surface at the site is gently rolllng to flat
lw1th elevatlons varylng from 10 to 100 ft above ‘the level of
Lake Mlchlgan. The land surface slopes gradually toward the
_lake from the hlgher areas west of the 51te.' The major surface
.dralnage is from three intermittent creeks whlch pass through
-the site and dlscharge into- Lake Mlchlgan. At the northern
_and southern. edges of the site, bluffs face the Lake Michigan
.shore; near the center_of the smte,Athe.landgslopes.to a sandy

_ beach. .
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3.3 Operat10na1 Hlstory

The Kewaunee Nuclear Power Plant achleved 1n1t1a1 crltlcallty;.

on March 7, 1974, at 0813 hours.. Inltlal power generatlon was:

_ reached on Aprll 8 1974, and the plant was. declared commerc1al -

on June 16, 1974.

Addltlonal detalled 1nformatlon on the operatlon of Kewaunee |
Nuclear Power Plant is avallable in. the follow1ng reports:

1. Seml—Annual Operatlng Report,"
July’ l through December 31, 1974;

2. Seml—Annual Operatlng Report,
January 1 through June 30 1975- ‘and

3. Seml-Annual Operatlng Report,
July 1 through December 31, 1975.
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3.3.1 Evidence of Compllance w1th Water Quallty Standards

Data collected near Kewaunee Nuclear ‘Power Plant between L

~June 1974 and November 1975 (Ellls 1975, 1976) were compared to

,appllcable water quallty standards of the Wlscon51n Department of I

Natural Resources (Chapter ‘NR . 102 July 1975) All parameters ana-t

jhlyzed were at acceptable state levels.' ‘The app]lcable State Stan- -

dards related to general water use, flsh and aquatlc llfe, recre- -

3Hatlona1 use and publlc water supply. The parameters for whlch
'standards exlst and the ranges of these parameters in the 1mmed1ate7

fdlscharge area are presented below-_

—State of Wisconsin _ Range of Values.
: Standard ' .' near KNPP i
_Dissolved Oxygen 5 mg/l S ) 9.2-12.6 mg/l .
pH " 6.0-9.0 o 8.0-8.6 o
‘Fecal Coliform . 400/100m1 ¢ - <10/100 ml"
. Bacteria S B L S
Total Dissolved 500 mg/1 monthly or - 139-228 mg/1

Solids Sl 750 mg/1 at:any time

No unathorized concentrations of substances that alone or in

combination with.other materials that are known to be toxic to Lake‘;'d

: Mlchlgan fish or other aquatlb life were present in the KNPP

dlschargeuzone, No b10c1des are presently belng used in’ operatlon"f

- of KNPP.
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'3.3.2 " Records- of ‘Shutdowns and.Effects’

Plant shutdbnns.dufing the reborting neriod are'shown;“
"in Table 3 3.1 1nclud1ng a short descrlptlon of the cause, the
iaduratlon and the correctlve actions taken.___ '
. Malfunctlons and fallures of feedwater pumps, the

turblne EH control system and two 4160 V bus repalrs caused

'-fthe majorlty of the plant generatlon 1osses.;

The effects of Plant shutdowns on the flsh populatlons S

of Lake Mlchlgan near KNPP are addressed in Sectlon 4 3.1 FlSh
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" fable 3.3.1.

Plant shutdowns, July 1974-Jﬁne 1975.

-.\_/l .. N ¥

on feed pump

- shutdown. - Reactor

not ‘'shutdown.

I Method Duration® .Plant Status - . ..
Date Cause of Shutdown Hours Durlagéshutdown Correctlve Actlon Taken :
N 7/1/74 ' Schéduled maint. . " Reactor & turbine 229.5 Cold shutdown Repaired leaking manways and
' and test of. 100% ) trlp : valves on NSSS
. trip on-6/28/74 N _ RS . :
'"8/27/74.. - Broken air line ';zReactor & turblne_, 11.75  Hot shutdown Repaired air line
i to MsIv Ctrip o : : '
'8/27/74 -Steam geﬂerator Reactor & turb;ne' 5 Hot"shutdo&n None .
steam' flow/feed o '
flow mismatch
during unit startup _
.9/2/74 Load reduction of . N/A 0 Reduced load N/A
. 25% at request of .
load dispatcher
9/7/74 Loss of condenser N/A 0 . .Reduced load- Cleaned condensaﬁe feturn
vacuum o tank level control .valve
5/8/74 o Improper sequencing Normal 13.2 Hot shutdown Checklproperﬁseqﬁehcing_ o
iy “of turbine control : : . ' S :
valves
9/10/74 Broken air line Reactor & turbine 11.6 . Hot shutdown’ Repaired air Iine
. caused MSIV to dlp trip R ::', ' : .
. 9/19/74 Scheduled maint. - Normal 711;6 Cold shﬁtdown -Eddy current testlng and
and tESting o . : :u.udgc lance of steanm
_ gerierators .
10/26/74 Scheduled maint. : Noimal turbine - 20.15 - Hot standby - Repaired feedwater pump
. on feedwater valve shutdown. Reactor : suction valve
‘ not shutdown. . ) :
n'e10/31/74 Technician error’ - Reactor & turbine 2.36 Hot shutdown Cautioned techn1c1an to be
R _ . - trip - : " more careful . :
':11[8/74 Scheduled maint. ‘Normal turbine 42.0 _Hot,sﬁéndbx . Repa;red feed pump”

".sé‘::"ik:éﬂ::g‘f'lv.l.'l"\la'wmdull\l\ls-'oa-'lvﬂ R T
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opened & reheater

- safety. valve gasket
leak ) .

'fTable 3.3.1. (céhtinued)

: . ‘Method Duration - Plant Status. . ] ]
__Date : Cause of Shutdown Hours During Shutdown ‘Corrective Action Taken
11/28/74 Operator error Reactor & turbine 62.5 Hot shutdown Operator erroneously

. " opened generator breaker.

Experienced turbine control
problems while coming
backup (not related to
) : . the trip)
[12/22/74. . Forced ﬁaint,' ' Normal turbine - 7.45 Hot standby Reweld -annubar on heater
T on a-secondary" shutdown. Reactor ' . drain plpe :
h ~side steam leak - not shutdown
© 1/3/75 _sﬁicking feedwater Manual reduction, 25,2 Reduced load Repaired regulating’
: .regulation valve . .-and trip . : ' valve '
1/18/75 Feedwater heater Mandal. 38.7 Hot shuﬁdo&n Repaired weld.
inspection and
- charging line weld
repair
1/27/75 Turbine overspeed Turbine trip 2.4 " Hot shutdown Repaired power supply
power supply failure ‘ : :
1/25/75 To check for condenser Manual 0.0 Reduced load "N/A
N tube leak o ) : o
.2/7/ﬁ5 : ' Turblne E-H Control - :Mandal‘ 28.2 |  Hot shutdown _iRepalred and adjusted s
: erratic : e : o : ' controller
2/21/75° To repair SG inst. ° Manual T 1.2 ‘Reduced .load Repaired fitting leak
line- leak - ) : o ST S
3/19/75 'Spurious closure of - Runback 0.0 Reduced load N/A
. turbine stop valve : ' }
3/20/75 Spurious closure of Runback 0.0 ) Reduced load ; ‘Filtered turbine E-H
L turbine stop valve . C T checked control system -
..-3/23/75 345 KV breaker Manual 30.8 Hot shutdown Repaired gasket leak

adjusted E-H control
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~ rable 3.3.1.

.valve not functioning

(¢ortinued)

" Method . . Duratfaﬁ quntlstatué . . Co S
“Date Cause of Shutdown -Hours During. Shutdown ‘Corrective Action Taken
3/29/75 Erratic turbine Manual 0.0 Reduced load AdjuStea-contfbl sysﬁem
I E-H control - . _ :
4/72/75 Féult in 4160V main Reactor trip 14,0 Hot shutdown Switched to reserve aux.

S ‘aux. transformer bus transformer

4/5/75 Turbine E-H control Manual 26.4 Hot shutdown Repair of E~H control by

. - repair : vendor .

4/19/75 Turbine E-H fluid Manual 0.0 Reduced load Repaired leak on 1ntercept

: leak . - : . valve .
- -4/26/75° Overheatlng of reserve Manual 101.1 Cold shutdown -Repairéd bus connections

aux. ‘bus ' P

5/2/75 - -Operator error wrong Manual 2.83 Hot shutdown N/A

- switch operated

5/3/75 Turbine E-H fluid Manual 0.0 Reduced load Repaired leak on intercept

] leak valve

5/7/75 Leak in- feedwater ‘Manual 13.04 Hot shutdown Repaired crack in 1"

pump recxrculation . : line

line
5/18/75 :Feedwater pump Reactor trip - 7.95 "Hot shutdown ‘Replacing pump casing.
ST fallure ' o - . o S -."f
’6/19/75' Feedwater ‘pump motor ’ Reactér'trip- 7.52 .Hotuéﬁutdéwn-- Motor rémoved-for~repairﬂf
’ - failure ) : ; S ' S S Sraili
6/28/75 . Feedwater regulating Reactor trip ‘11,45  Hot shutdown Cleaned. valve -

@ From generator breaker open 'to close.
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©3.3.3 Water QuaiitinOmmunicatiené

C) . Wisconsin Publlc Service Corporatloa has one water e
| quallty communlcatlon from the- Wlscon81n Department of Natural
'"Resources to Mr. E. James related_to the operatnon of the Kewauneetﬁi
5mNueiear Power Plant. This communication ¢ dated August 3,-1273;frpmg'
jfthe Division of Environmental Proteetion (Appendix 1) certifiea'-
;iﬁthat the proposed KNPP discharge would be in compllance w1th water €f3
;;quallty standards for Lake Mlchlgan as set forth Ain Chapters NR 102

..‘and 103- of -the Wlscon51n Admlnlstratlve Code.

47



e

:-rate is equal to 4 1x 10

NALCO ENVIRONMENTAL SCIENCES.

"f.j4 0 ENVIRONMENTAL EFFECTS OF PLANT OPERATION
B 4 1 ENGINEERING AND HYDROLOGICAL DATA

'T'4 1 l B Clrculatlng Water System

- The Kewaunee Nuclear Power Plant employs a 51ngle pres- S

A; surlzed-water reactor and a turblne-generator system with a llcensefh
*ﬂ;power level: of 1650 MWt (540 MWe net). The maximum ant1c1pated

p .power capablllty of the Plant is 1721 MWt.-

. The clrculatlng water system prov1des once-through

'f.coollng of the maln condenser of the steam—electrlc system. The T
lhnormal flow rate at the condenser is 413, 000 gpm (918 ft3/sec) w1thw“

' "_f a- de51gn max1mum rlse 1n water temperature of 1L l C.‘ Thls coollng';

2 BTU/hr.' In w1nter, _he lower tempera-

'.{ture of the lake water allows a reduced - flow operatlon, such that

only 278 000 gpm (618 ft3/sec) passes through the condenser, w1th -

.a de51gn max1mum temperature rise of 15 6 C (U.a; AEC 1972)

In normal operatlon, water for the 01rcu1ating water

: .system .'LS w:Lthdrawn from the lake at the 1ntake structure, passed ; L

vinthrough the condenser and returned to the 1ake via the- dlscharge

structure. 'The 1ntake structure for the Plant Ls 1ocated approx-

“imately 1600 ft from the shore and cons;sts_of-three.1nverted_cones

with 22 ft diameter openings} The. tops .of these‘cones are 1 ft
above ‘the 1ake bottom at an elevation of 563 ‘£t (IGLD).' ht theﬁ
mean water level of Lake Mlchlgan (577 ft)- (IGLD), water 1s w1th- ;
drawn from a depth of 14 ft. '

The - coollng water from the Plant 1s dlscharged in a SRR

-direction,Perpendlcular to the shorellne-from an outfall-structure-f'
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located‘at iake'leVel'on7the shore line.. Durlng winter, water: 1s

-fre01rcu1ated at 3000 gpm (John Rlchmond, wlscons1n Publlc Serv1ce_

Corporatlon, personal communlcatlon) from the dLscharge to the,_f:'

;ntake forebay on an-as needed basis for the purpose of de1c1ng-_ii

';description:Of the outfall configuration and-operation is presentéd_-'

in Table 4 1.1.

Coollng water characterlstlcs of the Plant for summer -

(May—November) and w1nter (December-Aprll) operatlons are presented

| in Tables 4 1.2 and 4 1.3, respectlvely.: These results-were derlved'g

:'from June 1974 June 1975 Plant operating data supplled by WlsconSLn'-
-:»Publlc Servxce Corporatlon and- the load was 90% or 1ess approx1— .

',mately 66%.of-the time in both winter and summer when the Plant yas

-operating.

‘Ra cords of total heat rejected via the discharge as a

function of time are presented in Figures 4.l:l and 4.1.2. Long- '

;termlfluctuations are illustrated by total heat rejected each monthn

- dur:.ng the 'élant'.s first year of oéeratio_n. -Short-term flu'etuations'
;%érexillustrsted by daily total heat reﬁected.in June 1974 and - |
-;erbruery 1975 as'exampies of summer and winter operations, res-g

-.ﬁectively.
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._'Table 4.1.1. Kewaunee Nuclear Power Plant outiall conflguratlon'f

and operatlon.

' Length of discharge basin: 130 £6

Number of diseherge ports: one 8 e |
A'Dimensions of discharge port: 40 £t W'x 5 ft D

- . ' S - at 577 ft (IGLD) '

Area of discharge port: | 197 ft2 et 577 ft (IGLD)
-fAﬁgle,of'dischérée: ' Surface dlscharge perpendlcular

to shorellne

Velocity of discharge:

A. Maximum ' _ 6.9 ft/s at low water level of
575.8 ft
B. Most Usual . 2.5 ft/s~3.2 ft/s.for 2-pump

~operation ‘during 1974-1975 lake .
level range 581 4 £t to '579. 4 ft

2.2~ ft/s-2 5 ft/s for l-pump -
operation during 1974-1975 lake
‘level range 579.4 ft to 578 8 ft
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Table 4.1.2. Summer’ coollng water characterlsltlcs for Kewaunee :
‘ Nuclear Power Plant, May-November.

o
\_/)

_ . _ -Inteke Rate of Coollng Desigﬁ
.. “Percent Unit Loading Velocity . Watgr Flow . - Condenser AT
~ -Unit Load (3 Time) (ft/sec) (ft /sec) (°C)' :

20 " 5.5 o.82 918 . 2.2
a0, 2.1 - ~ 0.82 - 918 . . 4.4
50 1.6 0.82 - 918 5.6
.60 0.0  o.82 . 918 6.7,
70 12.1 o082 - . o1g 78
80 15.6 082 o1 _8.9}_
‘.90 18.7 . 0.82 . 918 : 9.9 -
100 34.8  o0.82 918 | 11.1.7'
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A) ]
-  Tablé.4.i;3; Winter coollng water characterlsLtlcs for Kewaunee L
B, L Nuclear Power Plant, December-Aprll.
SR S .; Intake Rate of Coollﬁg De51gn
' Percent Unit L9ading Velocity Watsr Flow Condsnser AT
Unit Load (3 Time) (ft/sec) (ft /sev : : (°c)
- 20 A' 9.7 .: 0.56 ”625 | 3.1
40 4.0 0.56 625 6.2
- -'_so L 1.4 0.56 625 A-_' 7.8
éo - .?r-3.§ . 0.56 625 .. 9.4
70 15.9 . 0.56 Coesl 10.9
80 28.9° - 0.56 R 625 . ©12.5
90 2.8': . 0.56 625 f ' -14.0
100 . 33.2  0.56 625 15.6
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_4.1,2 TimeeTemperature RelationShips

The'time%temperature relationship for-a thermal discharge<

-indicates the time versus ekcess temperature<eXposure history of
ZFan organlsm from the tlme 1t is entralned at. the 1ntake of .a powert
-_plant to the p01nt of return to ambient temperature. ThlS rela-_
'ftlonshlp is 1mportant for asse551ng the surv1val potentlal of ‘the -

'ﬂaentralned organlsm. P

Tlme-temperature measurements were made at. Kewaunee

l Nuclear Power Plant in 1974 and 1975 (Industrlal BIO TEST Labora-.
ltorles, Inc. 1975, p. 23 and 25- 1976, App. 4-A) . The data were
:Jcollected by means of a drogue. outfltted w1th a strlpchart recorder-'
; and a thermlstor set at a depth of 1.6 f£t. ' The drogue, 1ntended to}i.'
.“51mulate a drlftlng organlsm, Was released w1th1n 108 ft of the |
:”outfall structure and allowed to drift w1th the current whlle
.'51mu1taneously recordlng temperature. A ‘smooth curve was hand.

‘f-fltted to the temperature data to fac111tate 1nterpretat10n. :

Tlme-temperature relatlonshlps for . the thermal dlscharge

¢from Kewaunee Nuclear Power Plant are presented ln Flgure 4. l 3.

..The initial portion of each curve is based on estlmates of the

travel time from the 1ntake to the dlscharge port. The central

portion the curves were derived from seven tlme-temperature proflles Y
:Nfor four. thermal plumes surveyed on 15 November 1974; 22 November ;

-1 1974, 20 MayA1975, and 21 July-l975. Each curve was extrapolated

to ambient temperature based on the locatlon of the drogue when.

_ retrieved, ambient current, and.extent of the thermal ‘plume.
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 Figure 4.1.3
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TIME (MINUTES)

' TimerTémﬁerafure_prdfileé for:thé thermal plume at Kéwaunee"Nuc}éar

Power Plant. . Profiles are-plotted as thermal plume excess. .

“temperature versus' time of -‘travel .from the discharge canal outlet.

Dashed line indicates extrapolation.

The first 3 minutes are travel time from the intake to the.outlet.§Q
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The average tlme temperature relatlonshlp shown 1n;
o Flgure 4 1.3 1s the mean of the seven measured proflles.. The two ;

'extreme cases. were consxdered 1deal and worst case based on tlme

.requlred to. return to amblent.

. The reductlon 1n excess temperature w1th1n 50 to 75.
mlnutes travel t1me from the outfall ranges from 55% for the worst}w.
”.case to 90% for . the 1deal case: The worst case’ shows a signi-

fflcant increase 1n excess temperature for travel tlmes 1onger than
.:60-to 75 mlnutes. Thls 1s belleved to have been a result of the f”

changlng conflguratlon of the plume.
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4,1.3 Lake Currents

Lake currents in the v1c1n1ty of Kewaunee Nuclear Power

Plant were measured by Industrlal.BIO-TEST,Laboratories, Inc._in

1973 and 1974 (Industrial BIO-TEST Laboratories, Inc. 1974, Chap. .

1; 1975, Chap. 4). The currents were measured by means of moored-'

current meters_atna depth of 6.5 £t at each of the moorihg locations
shown in Figure 4.1.4.

Annual hlstograms of current dlrectlon at each moorlng

-are presented 1n-Flgure 4.1.5. The prevalllng current directions

were parallel to the shore in the dlrectlon classes NNE—NE and .
SSW-SW. Currents approx1mately 1.55 mi offshore had a somewhat :
broader distribution in all dlrectlons because they were less
constrained by the shore llne and bathymetry than the currents
near shore.

The distribution of wind direction for the period
23 July to 15 December 1974 is also presented in Figure 4.1.5 and
represents 68% return of valid data. The prevailino winds were
southerly and most.freéuentlyeranged from SE to NW. Winds blew.
least frequently from the ENE. ' :

The blmodal dlstrlbutlon of the current records is uot'
clearly defined in the wind records.~ Inspectlon of simultaneous

wind and current records.(Industrial BIO-TEST Laboratories, Inc.

- 1975, Chap. 4,‘p._3Q) reveals that the_NNE-NE currents are pri-

-marily a response to winds from SE to WSW, whereas the S-SW cur-

rents occurred durihg W-NW winds.
Histograms of current speed at each‘mooring are

presented in Figure 4.1.6. The most frequent speed class is
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Indusiciel 810 - TEST Laboratories, nc. | . | .+ .f .- ]. 2 uurt mcmu;v / '
Environmental Sciences Division : of - |o S ﬁ / m '
- NORTHBROOK, ILLINOIS . 60062 © o _-

4 uu L(X:AYDON MAP

.

KEWAUNEE
NUCLEAR
POWER PLANT

40
D:Z) CURRENT unn / :
& ’T:urmwnc RECORDER

e /

_nocmc MOORING
o WATER" DEPTH =20 11.

O'Fm MOORING
DUAT(R OEPTH 2 40 11

B KEWAUNEE co. .

® SOUTH MOORING,
WAT[R D(PTN tll"

MANITOWOC

'Figure 4.1.4. Current water and thermograph moorJ.ng 1ocatlons
o in Lake Mlchlgan near Kewaunee Nuclear Power Plant._
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0 10 0. 24 fps, occurrlng approxlmately 42% of the tlme. The lowestﬁls

'speed class (<0 10 fps) occurred most frequently at the North R
N hoorlng and the hlgher speed classes occurred mo.t frequently at N
_ the Offshore Moorlng.' There was greater varlablllty of the current{__f
r_jspeeds 1. 55 mi offshore as 1nd1cated by the broader current speed el
ﬂ?dlstrlbutlon at the Offshore Moorlng._ Table 4.1. 4 shows-that in.
ﬁ;most cases the current speeds 1n any speed class pers1st for two-_fﬁ'

'ﬁ'*hours or less and that current dlrectlon per51st for one hour or

Monthly average speeds 1n 1974 ranged irom 0 13 fps to ;

‘TO 36 fps w1th the hlghest speeds at the Offshore Moorlng ‘and gen-
i{erally 1ncrea51ng from June to December._ The maxlmum recorded

’.speed was 1. 2 fps.

The wind speed dlstrlbutlon for June—December 1974 is

Tpresented in Flgure 4. l 6. In comparlson w1th current speed histo-

grams, it is apparent that current speeds_are approx1mate1y one

S percent of w1nd speeds.

The monthly occurrence of near ‘calm current condltlons

::(<l 10 fps) for Aprll to December 1973 and June to December 1974
'3:”are presented in Flgure 4 l 7. The frequency of calm condltlons'

‘was -maximum in June-July and mlnlmum in Aprll-May A relative .

minimum and maxxmum_occurred in August-September and October-

: _November, respectiyely. ‘The frequency of calm conditions was less |

at the Offshore and Intake Moorlngs than at the North ‘and South

Moorlngs.' ThlS may be a result of water depth and less wind shel-

terlng at the Offshore Moorlng and the prox1m1ty of the Intake_f
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Persistence -of current speed and direction

at the Intake Mooring in Lake Michigan .near

_ Kewaunee Nuclear Power Plant, . June-December 1974Q

Percent occurrences for which current persisted:
at any speed or -direction for less than or

equal to the indicated time. -

-iéefsistence _ Cumﬁulati&é fercen£ _
(Hours) Direction . . Speed

1 ss . 37

2 18 o si
3 s . es

4 5 o ] 74

5 4 o o | 79
"iio' 4 93
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Mooring'to the'discharge-outlet. Though not shown, opp051te trendsf

_ are present 1n the hlgher speed classes (>0 10 1ps) and 1n the'f s

average monthly speeds. These results 1nd1cate the general monthly.

varlablllty of the speed hlstograms.- | - | | | e
The net monthly water dlsplacements at each moorlng are

presented in Flgure 4 1 8 for 1973 and - 1974._ The 1ength of the

arrow is proportlonal to the dlsplacement and the dlrectlon of the'

T:d arrow 1nd1cates the dlrectlon of the dlsplacement w1th respect to
True North Typlcal monthly net dlsplacements were between 18 6 ml C
and 37.9 mi northward.f The net dlsplacements for the perlods Aprll.;.;
fh to December 1973 and June to December 1974 were northward The

' southward dlsplacements in November and December 1974 were a-

response to an 1ncrease 1n the frequency of W-NW winds (Industrlal
BIO TEST Laboratorles, Inc. 1975 Appendlx 4- J) -Other 1nvest1-'

gatlons (FWPCA 1967) 1nd1cate that the southward flow is predoml-_:'
nant for the perlod November through March. ' R

The above results agree w1th the FWPCA observatlons

(FWDCA 1967, Chap. 6,.p. 179) that water movements close to shore "

respond to the w1nds prevalllng over the 1ake;_Lhat the shore f
vcurrents . move northward except for perlods in late fall, W1nter andie
early sprlng, and that the average speeds on the western 51de of
the lake range from 0 18 fps to 0. 36 fps. o B

A promontory near KNPP (Flgure 4.1.4) 1s a major topo- d{f

graphlc feature whlch has a dlscernlble effect on the current

. reglme near the Plant and its dlscharge structure.; Drogue studles i

" near the promontory in 1974 (Industrlal BIO-TEST Laboratorles, InC¢?
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" NALCO ENVIRONMENTAL BCIENCES .

! E 1975 Chap. 5, p. 5) 1nd1cated that an eddy c1rcu1at10n north of theg_“
§ promontory was' assoc1ated with- northward currents and affected .
t{} " an area of approxlmately 104 acres. Southward currents were de—.f

-flected toward the southeast by the promontory but there was no -
.‘.ev1dence of an eddy c1rculatlon. Results also 1ndlcated that- the:'
presence of an eddy 01rcu1atlon may depend on the speed of the
p current. | | | . . |
L The effect of the promontory was dlscernlble 1n other

results. For example, the eastward deflectlon of currents by the

Qpromontory was apparent 1n the con51stent eastward component of net ;.,*

water dlsplacement near the Intake Moorlng (Flgure 4. l 8) However,-
_1n 1974 the Plant s thermal dlscharge may also have been a factor
in deflectlng the currents eastward at the Intake Moorlng..
| Drogue studles 1n the v1czn1ty of KNPP in 1973 and 1974
showed, in agreement w1th the tlme-contlnuous current measurements,
E that the flow past KNPP was generally spatlally homogeneous in

'.speed (Industrlal BIO TEST Laboratorles, Inc. 1975, Chap. 4, p. 2).

t;However, the speeds measured at the surface were generally faster'fylf"

;by 0.1 to 0.2 fps than those at a depth of 10 ft. There were also ;.i.-
;dlrectlonal dlfferences between drogues released at dlfferent T
locatlons and depths, an effect whlch was probably due to the

'bottom topography.. Normally, the dlrectlon of the drogue trajectoryf"'

*at the surface and the 10 £t depth dlffered by only a few degrees,

-.but durlng a perlod of apparent upwelllng on 28 August 1974, the
dangular dlfference was appoxlmately 90 degrees. This 1ndlcates the:f
potent1a1 for short perlods of hlgh current shear even ‘in shallow '
water. -
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Current measurements by the FWPCA (FWPCA 1967 Chap. 6,.

p. 179 and 182) 1nd1cate that the offshore currents comprlslng the

vgeneral lake c1rcu1atlon are ba51cally separate and qulte dlfferent

from the. 1nshore currents descrlbed above. The 1nshore currents '

. are constralned by boundarles and bottom frlctlon to flow pre-“
1dom1nantly parallel to shore.: The offshore patterns are governed
-, in the w1nter by 1ong-term W1nd movements and pressure patterns._ .

B Durlng the summer, the net c1rculat10n pattern develops 1nto cells

jwhlch are largely controlled by standlng 1nterna1 waves (FWPCA

1967).

The w1nter c1rcu1at10n pattern durlng N-NW w1nds 1s_'ﬁ

southward near the east and west shores -and -clockwise in both the

north and south ba51ns of the lake. Under S .SW winds the" w1nter_

c1rcu1atlon pattern reverses to northward near the shore and

counter-clockw1se 1n the ba51ns. The summer clzculatlon pattern

_agaln shows the 1nfluence of the prevalllng w1nd dlrectlon near

shore. However, offshore or mld-lake c1rculat10n during the

'thermally stratlfled perlod from early spring through October 1s.
'domlnated by anes of: 17 to 18 hour perlod These waves produce

currents whlch are rotary 1n nature and cause opp051ng flow 1n the -

hypollmnlon and eplllmnlon. The net c1rculat10n over-a perlod of.

a month exhlblts a cellular structure whlch is largely controlled
. by standlng 1nternal waves. In the northern ba,ln of the lake, the;
" mid-lake c1rculat10n pattern under both N—NE and S-SW w1nds 1s

' comprlsed of . a clockw1se c1rculat10n cell in the western half and

a counterclockw1se c1rculatlon pattern in the eastern half (FWPCA

1967, Chap. 6, p.,120 126)
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_ﬂ_4;lt4' . Amblent Temperatures and Stratlflcatlon

Contlnuous tlme-serles temperature measurements at a

-'depth of 2 m were made concurrently w1th current measurements in,
'11973 and 1974 at four mooring locatlons ‘in Lake Mlchlgan near the
.IfKewaunee Nuclear Power Plant (Figure 4. 1 4)(Industr1a1 BIO-TEST e
| ,'Z}_-Laboratomes, Inc. 1974, Chap. 1, p. 8; 1975 ‘Chap. 4, B- 10) .
;:Monthly mean temperatures and ranges for 1973 and 1974 are pre- .
fisented in Flgure 4 i.9. Only those means whlch represented more ﬂL~j

:jthan 80% temperature data for the month were plotted. In both .

years, maximum means and maximum temperatures occurred 1n August

ff:and the max1mum ranges occurred in August 1973 and July 1974 tin‘~
'fboth years, ‘the mean temperatures each month at all moorlngs dlffered_g

: by 0.5 C or less.

The perlods of greatest temperature range, July-September, .

'-were assoc1ated w1th eplsodes of upwelllng. An example of such an

.'Aevent on 7 August 1973 1s presented in F;gure 4,1, 10 In this caSea.

the temperature decreased from 19 8 C to 8 5 C in 24 hours re-

{jsultlng in a change of nearly 0. 5 C/hour. Upwelllng was usuallY'
'_assoc1ated w1th offshore W1nds (Industrlal BIO-TEST Laboratorles,_,:;ﬂ-

.Inc. 1974, cChap. l, p. 22) and often’ resulted in temperature changes

comparable to those a55001ated with Plant operatlon. ‘
" passage of the-thermal bar deflned by the 4.0 C isotherm

was recorded in both71973‘and 1974. Durlng Apr11 1973, the 4 0 C

' 1sotherm progressed from the Intake Moorlng to the Offshore Moorlng
.. between 17 and 19 Aprll_at an.average speed of 10.5 ft/hr,_ The'

.winter thermal bar of 1973 was initially observed at the Intake;uf
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. Figure 4.1.9
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NALCO ENVIRONMENTAL SCIENCES:

:Moorlng on l December., It arrlved at the Offshore Moorlng on
"7 December apparently progreSSLng at an- average speed of 3. 6 ft/hr.~A~

'”-In 1974, 1nstruments were deployed too 1ate to record the sprlng -

thermal bar but the W1nter thermal bar was 1n1tLally observed at

the 1nshore moorlngs on 25 November. No data were avallable for

-the Offshore Moorlng._f:"
Temperature stratlflcatlon data from ;ampllng loctatlons}3a~f

,.nearest the KNPP 1ntake for 1972 1974 are presented 1n Flgure 4. 1 11r

| These data show the temperature dlfference between surface and :

'bottom and indicate that temperature stratlflcailon can developfln

the shallow water near the 1ntake but that 1t 1s weak and breaks

"-"down ea51ly. For example, the August 1972 proflles show a 6 4 C
..dlfference between surface (13 7 C) and bottom (7.3 C) on 1 August
. and’ nearly 1sothermal condltlons Just two days later. . The 1974 and -
1975 data include the lnfluence'of the plume as 1t Passed near éhé.f-

~ Plant intake. -The Plant has a shore llne dlschdrge so there is. no -

vert1ca1 stratlflcatlon near the dlscharge structure.

The- annual varlatlon of amblent temperatures of the R

:'rece1v1ng waters for the years 1964 1975 are presented in R

z'fFlgure 4.1.12 and: tabulated 1n Tables 4. 1 ‘5 and 4 l1.6. These data
';are intake temperatures of . the Two Rlvers munlcnpal water supply
:and of the Green Bay Water Flltratlon Plant.' The 1ntake of the Two
'ZRlvers Plant is located approx1mately 10 8 mi- south of KNPP at a

- depth of 33 ft and is- l 159 mi offshore. The 1ntake of the Green
..fBay Plant is located approx1mately 13.mi north of 'KNPP at a depth . .

- of 55:8 ft and is 1.136,m1~offshore._Max1mum.temperatures most, L
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.Table.4.1.5.

Monthly averages and extremes of Lake Mlchlgan
water temperatures, ‘recorded at. the -Two Rivers:
Municipal.Water Intake, “Two Rlvers,,wlscon51n,
from January ‘1964 through ‘June’ 1974v

in degrees centlgrade.

.Temperatures

- '_:NAL;:::‘: e‘.\-.jv'ij.-a;aj.,.mgutfg,.age.;é‘.ga;;s;-;--

1964

1965

1966

1967

1968

1969

. 1970

11973 -

©1973

1974,

Avg.

. Max.

" Min.

Feb.

" Avg.
“Max.
Min.

March =

_Avg.
""Max.

._Mln;

HApfil

Avg.
.Max.
Mln.

’ May

‘Avg.,

Max.’
-Min..

" June

"Avg.
Max.
Mln.

ﬂJqu

Avg.
Max.
Min.

Aug.

Avg.
'Max.

. Min.

" sept.

Avg.

Max.
.Min.'

"oct;f'

- Avg.
Max.
Mln.

NOV;]

- L.Avg.’

‘Max.
Min.

Dec.

Avg.

Max.
Min.

0.99

1.67
0.56

0.60

1.11
0.56

:1:61
2.22
0.56

3.39.

6.11
1.1l

7.78. .

8.89

5.56°

'9.00
11.11

7.22-

.13.54

17.22
8.33

15;72

17.78 ..
9.44"

10.64
13.33

7.22°

7.54
8.89
7.22

6.75
8.33:
3,33.

1.88
"2.78

0.56

0:85
1.67
0.56

0.64

1.11-

0.56

0.69

.1.11

0.56

'2.33 -
4.44 "

0.56

'6.65

8.33

4.44

8.33
10.56 .
6.67..

°10.07

17.22

7.22 .

17.78
10.56

11.94
14.44

8.89.

'8.58°

10:.56

*7.78

- 6.26
- 8.33
3,33

- 2.58

0.92 ..
2.78-

0.56

70,60
113 .
. 0.56 -

1.46 .

2.78

.0, ss.f

3.61"

.5.56

-1;67_'

6.26 -

7.22
*5.00

"7.13.

8.89
6.11

'10.96 -
17.22

6.67

15.10

17.78

s 67

:15.28
17.22.
10:56

" 7.69
"13.89 -
L6211

11.67

6:67"

. 5.07:
6.11
. 4.44

2.51
3,33 -
" 1.67

4.44

Srn

1.67

9.56

. 0.54

0.56
0.00

2.22

.4g04

" 6.67

2:22

6.50
8.89

15,00

9.18

‘11.67
6.67

.9.60
14,44

6.67

11.79
=15.56
7. 22“_

-;14;15
'16.67
RWVE

10.63

© 4.71
. 6.67
2.78...

2,26

3.33
0.56

1.07

.0.88
.0.56

L 0.56.
. 0.56 .

0. 56

0.56 -
‘0.56-
-.0.56

1. 18
4.44 -
0.56

4'57
6.67

‘2. 22 .-

7,56‘

8.89

C6:11

7.76

9.44
6.11

. 8.74

10.56

© 6.67

11.17
16.11°

6.11

13350
‘16211

9.44

"8.50
+13.33
6 11.

..:7 . 47

8.89

6:11 -

"3.38
©6.67 .
0.56

0. 63'

1.11

0.56

0.58 -
1.11
0.56

1.0
1.67."

0. 56

_'3;53_
. .5.56
"0.56-

7.00

.7.78
" '5.56

8.10 .-
11.11
6.11

12.36.
17.78

©7.78

‘es
18.33
6.67 .

15.21°

18.33

*10.56.

8.82

.13.89
6.11 -

5.33

6.67

2.78

©1.89

3.33

1.1

0,58 "
-1.11 - .
056 -

6.63

1.11
-0.56

0,99
2:22 -
' 0;5Q”'

3,24.
6.11 .5,
1,11

6.86
8.33

'5.56°

8.60

10.56.-

6.11

9197
12.78°
6.67

13.93°
‘1833
7.22

.10{76;
15.00
7022

‘8.83
12.78.
6.11 ..

"7.72
10.00
'5.00 ¢ -

2,72

5.00

0.56

" 6,65
10.00

'5.556

" '8.21
12,22
 6.67

8.46.
12.22,
6.67

'11:40'
16.67
6,57-5

14 36f
17.22
8:89

10.15.
12,22

7.8

5.56 -
10:56 |
3 233",

2'88?

5.00

:.l 67"

0.89

'6.3Lf;
10.00°":
3.89

8.49
10.00°
'6.67:

" 9.06

12,22

6.67

11:78
16.67:
7.78"

11.83

15.56

7.78

9.47

11.67 -
6.67

'5.28

L7022
1.1

. 1.19-

~2.78

0.56

0.79
. C1.67
0. 56;

0.56

0.49
1.11

6" 0200

©..0.56

Y 2,64
" 5.00.

1.67

6.50

6.35 - -
4.44

8.51

13.33 -
. 5.00

'13.06

18.33

'10.88 -
‘16.11
[6:11

. 8.78 "
13,33

8.89 .-
4.44°

0.32

1,117

'quas'ig'”'

70.40:
.0.56.
0:00

C1.03 0
12,220 L
0.56 ..

C2:081
. 5.56
0556

6.51

7.78 -

5,00 .-

6. szt
7.78
5 ssa

-_?,221 s

a.aa .

.4,97.

"7.22
3.33

2.61.
3.89.
0. 561

a  one week of data missing.”:
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Table 4.1.6.

nonthly averages and extremes of Lake Michigan
water temperatures, recorded at ‘the Green Bay
Water Intake, near Keéwaunee, WLsconszn, )

from January 1964-November 1975. Temperatures
in degrees centlgrade. R
1964 1965 1966 - 1967 ~ 1968 - 1963 1970 - 1971 1972 1973 1974 .1975
.Avg. 2.22 2.22 2,22 2.78°  2.22 2.22 . 2,22 2,22 2.78 2.78. . 2.78 3.61
"Max. 3.33 3.33 3.33° 4.44 3.33 2,78 3.33° | 3.33. 3.33 ~-3.33 .3.89..'5.56
Min.  1.67 1.67 -1.11 1.67 ‘1,67 :41.67 :1;11',.;.67 1.67 1.67 .1;67..'2.22
Feb. R R , S
- Avg. 1.67 1.67 1.67 -1.67. -1.11 1.67 1.67- 1.67 1.67 1.67 2.22. :2.10
Max. . 2.22 2.22 2.22- 72,22 . 1.67 2,22 -2.22 1.67 2,22 2.22° 3.33.° 2,78
Min. 1.11 1.11 lfll 1. 11 “1.11 1.67 1.1}' 1.11 .1.1)1 -l.ll"A1;67. 1.11
‘March s N S S T
’ Avg. 2.22 1.11 2.22° 1.67 . 1. 67. 2.22 - 1.67- 1.67 . 1.67 2.78° 2,78 - 2,22
Max. 2.78 1.11 3.33'-. 2,22  2.22: '2.78 _.2.22 2,22 2.22 3.33 3.33 .2.78
Min: 1.67 1.11 - 1.67 “1.31 111 1.1 1.1 0111 1.1 1.67  1.67 ¢ 1.67
April - T R Lo :
Avg. 3.89 2.22 4.44 - .4.44 . 5.00-. 4:44 ~ 3.89 3.89 2.78 4.44 3.33 - 2.22
Max. 6.67 4,44 6.11 - 6.11 ~6.11 -6.67  6.11 6.11" -4.44 6.67 . '5.56. 4. 44
Min. 1.67 1.1y 2.22 ::2.78 .3.33 " 1.67 2.22 " 1.67 _1,67 3.33 .;2{22i.5l 11 
May . . :'T - "~f':'; S o _ _ . : - ; .
Avg. 7.22 6.67 ' 6.67  7.22. 7.22 " 7.78 7.78 T7.22 7.22 7.78 -7.00 6.11
Max. 7.78 7.78 . 7.78  7.78 -8.89 8.89 8.89 .7.78 -11.11 10.00 7.78 . 7.22
Min. 6.11 4.44 - .5.56 . 5.56 .6. 11 - 6.67 5. 56 ’ 6 11 - 4.44 6.67 " 5.56 “4.44
June . S ) R _--_' R . - S T
. Avg. 8.89 8.33 -7.78 :-8.89 - 8.33 8.89 8.89 . 8.89. 9.44 8.89 8.89 -8.89
Max. 11.11 11.67  '8.89" 11.11 11.67 10.00 11.67 12.22 12.22 10.56. 12.78  11.67
Min. 7.78 6.67--. 6.67 7.22" 6.67 7.78_'\6567 7.22 7.22 7.78 6.67 .7.22‘
 July . L ' ‘ L ’ - "_u
Avg. 13.89 12.78 11.67. 9.44 .10.00 13.33 11.11 " 9.44 11.11 11.67 10.56 °11.11 °
Max. 17.22 17.78 18.33 13.33 12.22 18.33 15.00 13.33 15.56 16.11 15.00- 15.56
_Min. 8.33 7.78 7.22 . 6.67 7.22- 8.89 7.78:. 7.78 8f89 7.78 . 7;78: .5.00
" Avg. 14.44 13,89 .15.00- .12.78 12,78 13.33 - 14.44 .13.33 13.33 14.44. 12.78. 13.89]
Max. 17.78 °'17.22 ;18.33-,16.11'-16;67 19.44 “18.99 f16 67 16.67 17.225:16567:'17.22 ’
Min. 8.33 7.78:'10.00 8.33 -7.78 - 8.89 ' 8.89 ‘8.33 9.44 10.00 10.00 10.00.
Sept. L S L © ' T
."Avg. 11.67 11l.67 15.56 14.44 14.44 15.00 12,78 14.44 13.33 .13.89 .13.33-11.11.
Max. 14.44 14.44 17.78  16.67 16.11 18.89 17.22 -17.22 16.67 '16.67 15.56 . 17.78
Min. 8.89 -7.78 10.00 7.78 10.00: . "9.44 8.89 10.00 11.11 10.00 8ﬂ$9.' 7.78
Oct. .' . " . ' . . ) . ._ : . . ) N - .
- Avg. 8.89 5.44 -8.89 11.11 ,10.00 .8.33 .10.56 12.22 10.56 12.78 9.44 - 95.44
-Max. 10.00. 10.00 11.67 14.44 11.67 15.56 '14.44 -13.33 13.33 .15.56 10.00 12.22
_ Min. 8.33 8.89 - 7.78°: 7.78 7.78 7.22 -7.78 10.00 7.78 8.89_ _8;8Q;_ 7.78
Avg. 8.33.° 7.22 -©7.22 6.11 8.89 .-6.67 9.44 7.22. 7.22 8.33 '8.33.  8.06
"Max. 10.00° 9.44 - 7.78 - 7.78. 10.56  7.78 11.11 10.00. 7.78 11.11 . 9.44° 10.00
Min. 6.11 5.00 - 5.56 -4.44 7.78 5.00 6.11 5.56 6.11: 7322.:-6.11' -6}67
Avg. 3.89 - 4.44 4 44 3.89 4.44 3.33 4744 ° 5.00 - 3.89 5:00 4 94
. Max. 5.56 5.56 5.56 5.00 7.78 4.44 6.11 6.67- . 6:11 . 7.78 - 6.67
Min. ©2.22 2.8 3.33 - 2.78 1.67 ' 2.22 2.22 '2.78 2.78 ' 3.33° 3.89.
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:. frequently occurred in. August and September wh1Le mlnlmum témééfa;
.-tures occurred 1n January and February. A comparlson of ‘mean
temperatures ‘at the KNPP Two Rlvers and Green Bay 1ntakes for'f;t
Aprll December 1973 showed that the mean temperdture at KNPP was
fl o to 2 C hlgher than Two Rlvers and about 1-C 1ower than Green
:tBay. Thus, w1th1n l C to 2 C, the 10 year record of temperature_f,-
measured at the water supply plants can be conSLdered as a record -

of the amblent temperatures for Lake Mlchlgan near the KNPP.

R
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4.1.5 Bathymétry'

a chart of the bottom topography near the Kewaunee Nuclear;ff
Power Plant is. presented in Flgure 4.1. 13 . In. general, the 1ake_[5n'
'nbottom ‘near the Plant is 1rregular with numerous rldges and troughs
-extendlng north and south. The slope of the bottom is 1 1n 100
~from the shore llne to the 20 ft contour, ‘and a slope of 1l in 300
"from the 20 ft contour to the 40 ft contour. The average allgnment.
’of the 1sobaths 1s southwest to northeast except nearshore where
'.Jthe allgnment of the 1sobaths 1s 1nfluenced by the promontory.
| The area has two major topographlc features. The most ;f.
t”promlnent feature is the promontory whlch extends approx1mately h
1.2500 £t lnto the water and has a mean w1dth of approx1mately
b _l500 ft. The end of the promontory is marked by a steep slope -'ﬂ_"
:between the 20 ft and 30 ft 1sobath. It has been determlned, .
(Pezetta "'1974; p. 20) that this section of the nearshore zone is anf:
'exten51on of the promontory on which the Plant is located and is.
*made up of a hard glaclolacustrlne clay or an exposed area of;

':dolomltlc bedrock COVered w1th numerous cobbles whlch were trans-if:ih

B ported from the clay buffs along shore..

. The other promlnent feature of the topography is a rldge

" which is located approx1mately 1. 25 mlles offshore. The rldge rlses

i7'ﬂ6 ft off the bottom and extends north-south for 2 mlles along the

e

S,
"t'-.."’:u ’

.36 ft 1sobath. Numerous smaller rldges and troughs extend north-'”~"
south between the 20 and 50 ft 1sobaths. . . |
A chart of the bottom. topography 1n the 1mmed1ate v1c1n1tyf_p

"of the KNPP dlscharge outlet is presented in Flgure 4.1.14. _ The
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Figure 4.1.13- Bottom topography of Lake Michigan in the
. - - . vicinity of the Kewaunee Nuclear Power Plant, '
<o : S <+ - 29 May 1974. 1Isobaths are in 2 foot intervals.
- - The mean water .level was 580.79 ft IGLD.
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Bottom topography in the v1c1nty of: the dlscharge outlet at . ,
Kewaunee Nuclear Power Plant on Lake Mlchlgan, 12 November 1974 . -
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chart reveals features=Which indicate an.apparent influence of:thei‘

vPlant's 413, 000 . gpm coollng water dlscharge on the bottom topo—f_

graphy. _
-Azsmalliridge defined hy the 7 ft contour just north~of_f'.

lfthe dlsoharge outlet indicates a possible diversion of the along%.p
.;?shore transport of sediment. That is, sediment moving southward
Ilcould be carrled offshore by the high volume dlscharge from the
ijlant and deposxted where the current veloc1ty drops below that

'ﬁneeded to transport the sediment.

Th1s chart also reveals a depress1on lmmedlately in front:

_of the dlscharge outlet and a small mound just offshore of the
k depresslon and deflned by a 7 ft contour. It is belleved that the
‘depression Was'created by scouring and the mound was built by

depositing sediment from both scouring and diversion of alongshore

sediment transport. This is supported by evidence from the dlS-

tribution of bottom sediments. The ‘size of ‘the sedlments graded

 from gravel imﬁediately in front of the dlscharge outlet to fine
.-,sandﬂon either side.and offshore. (The depression Was an area with

‘a large fraction of gravel, whereas the mound was an area with a

large fraction of flne sand ) This sorting by size could be a

'result of selective er051on and dep051tlon of sediment and associ-

'ated ‘with changes in plume veloc1ty. The sand fractlon was scoured

from the area 1mmed1ately in front of the dlscharge outlet and

.'transported offshore to a point where the plume velocity dropped )

below that needed to_transport the sand.

Thonghithere is sufficient evidence to indicate that thef'

8l
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-Plant's discharge scours the bottom and alters the sediment d_i.'s'-_ _

tribution, the size of.fhe affected area is.small for sedi@ent-f-

R

sizes greater than or equal to fine sand. Based on the char-iis of h
‘bottom topography, t'hi.s"_area é:lcten'as.:approx.i'mate:ly 400 ft offshbij'e: o

and is ‘about 250 ft wide..
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. 4;1.6-' Thermal Plume Characterlstlcs :

" 1975.
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' Industrlal BIO-TEST Laboratorles, I‘nc'; "(:19'7'5 chap'.'js';‘-; B
_App. 64h; 1976 Chap. 4 App. —A) surveyed 19 thermal plumes at
:-KNPP between June 1974 and July 1975 Eleven ‘of the plumes were

| assoc1ated w1th a dye study conducted 1n November 1974. There werei?

E ;no plumes surveyed durlng the w1nter perlod December 1974—March

Profiles of three typlcal thermal plumes surveyed 1n'4h;.

A'uidlfferent seasons. are presented 1n Flgures 4 1. 15,'4 1.16 and

4.1.17. The assoc1ated env1ronmental and Plant operatlng data are S

*'presented in Table 4.1.7. Due to the hlghly varlable conflguratlon-
' of a plume and of ambient condltlons, there are not enough data to :

' reliably evaluate spec1f1c seasonal changes in.the plume.

However, the ‘thermal plume data have been used to de—
termlne a dlscharge zone for KNPP. . As deflned by the-U S. EPA
September 1974 Draft Guidelines for a 316(a) Demonstratlon, the

dlscharge zone for a power plant 1s';*

“that portlon of the rece1v1ng waters whlch
falls within the 2 C excess _temperature
isotherm .30% or more of the time, as
defined by data representing a period
of -at least a few months and preferab]y
1nd1cat1ve of a complete annual cycle.

A dlscharge zone was ‘defined for KNPP wh1ch 1nc]uded the maxlmum l.:

surface extent and the maximum bottom extent (anure 4.1. 18) of the”

2 C isotherm. The surface portlon of the zone was determlned by

drawing a perlmeter encompa551ng the’ furthest extent of the 2 C .

‘isotherms for all plumes except July 1975. (The July plume ap—-'

' peared to be anomalously large and ill-defined.) ThlS procedure
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‘25 JUNE 1974

METERS " .
™™ s ™ e ™

) . 500 D .

A=intake .

DEPTH{m)

DEPTH(m)

'Fi@treﬁ4.l.15. , Isotherms (degrees centlgrade) of- excess temperatures
: h A for the- thermal plume at Kewaunee Nuclear Power C
Plant, on Lake Mlchlgan, 25 June 1974 B
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S’

18 NOVEMBER 1974

TC ﬂ o
" METERS J ’.i o

[~ — _— — I

Y 500

A = Intake

—cL

pEPTH(m)

DEPTH(m)

.Figure-4.l.16. _Isotherms (degrees;dentigxade) of excéSSyﬁempé'stu4
erature for the thermal plume at Kewaunee Nuclear -
Power Plant on Lake Michigan, 18 November 1974.. -~
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22 APRIL 1975

METERS

: 'A#Intoke .

DEPfH(m)_

DEPTH(m)

‘Figure 4.1.17. Isotherms (degrees centigrade) of excess temp- '
' ~erature for the thermal plume at Kewaunee Nuclear
‘Power Plant on Lake Michigan, 22 Aprll 1975. '
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,m3 g ‘_' " Table 4.1.7. Env1ronmental and plant operatlng condltlons -
' ' durlng three thermal plume surveys at
Kewaunee Nuclear Power Plant

Y C .. 25 Jun 1975 "18A-Nov.'v 1975 22 Apr 1975 .

Discharge Rate (cfs) : 918 Lo 918 '918i

Temperature (°C).' .--
. Ambient 12.6

AR 6.0
Discharge - 23.3 - 12,4

oooo\I"
e o L]
wH @

~“Ambient Current o - Co K i
Speed (fps) 0.17 . 0.1 - - -. . . 0.42
Direction - ... 8SW - “NE . N

Wind ' . ST T _

Speed (mph) T . 2.5 AP < T .. 10
" Direction S SW - SSE
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 Figure 4.1.18. .~ Conflguratlon area of the ‘sutface and bottom i
o - thermal discharge zones at Kewaunee Nuclear .Power
-."Plant.- Solid and open circles represent furthest - .
. extents of AT=2 C isotherms at surface. and bottom,_
~ respectively, for plumes surveyed June 1974— :
_ June 1975 : C
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"m> - f'defines a 1af§ér dlscharge zone than is required bf the'September~'
l974-EPA Guideline-definition. The bottom extent of the zone’ was

Jdetermlned by draw1ng a perimeter encompa351ng the p01nts at whlch'n

v
—

the 2 C 1sotherms 1ntersected the lake bottom.‘ The dlscharge zone:l
.has an area. of approx1mately 985.3 acres at the :urface and 94. 5
.“?acres at the bottom._ In Appendix 1 to Publlc Notlce Number 4WI- f
:0515B issued by the State of Wlscon51n Department of Natural Re-f'e
'ésources on 28 August 1975 the mixing zone as of 1 July, 1979 was
;fdeflned as. "The area w1th1n the perlmeter of a rectangular flgure.iw
;extendlng 1,250 feet in both dlrectlons along the shorellne and |
:ll 250 feet into the lake." ThlS area is 1ncluded in Flgure 4.1,1?
and encompasses an area of 71l. 74 acres. The discharge zone at
: Kewaunee Nuclear Power-Plant exceeds thls limitatien.;. |
| A graph'of the surface velocity of the plumé as a funé{-ﬂ
tion of distance from'the'discharge outlet is'presented in
'Figure 4.1. 19.h These data were measured for an offshore dlrected
.._ plume on 15 November 1974 (Industrlal BIO- TEST Laboratorles, Inc;
11975, Chap. 6, p. 27—28). The exit veloc;ty-(B,l fps) was calcuf'
- lated from the velumejdischarge:rate (918:ft3/s) and the outlet:
~area (312 ft?) for a lake elevation of 579.7.ft. S

Extreme Condltlons =

The characterlstlcs of the thermal plume at KNPP for ;m,
QQQ‘ S extreme. operatlng condltlons in summer and w1nter were predlcted
= ".nu51ng the KNPP Thermal Plume Model (NALCO Env1ronmental 801ences,
.1976). For: the summer case, the amblent lake temperature was taken

ﬂ-to be 21.1 C (70 F) and the plant dlscharge temperature was taken :;“
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B Figute 4;1)19 _;Plume veloc1ty versus dlstance from. dlscharge canal

.-, outlet for.a thermal plume at Kewaunee :Nuclear Power’
. Plant. - Measurements were made by tracklng two drogues
jreleased near. the outlet. ' : RN

' SAONZIOS TVANIWNOHIANDG ODTVN



NALCO ENVIRONMENTAL SB8CIENCES

© to be 30 C. The amblent temperature of 21 1cis the hlghest
'temperature measured at the nearshore south stailon durlng the

3-year period, January 1973 December 1975, and occurred on 3 August 3

1973 (preoperatlonal date) An amblent lake current of 0 8 fps

ff.occurred at KNPP for less than l 5% of the t1me durlng summer
" months at the offshore surface_statlon and 0% of the time at thel
InearShore stations. :ﬁencetthe:summer plumeicharacteristics wére'"'
predlcted for two cases, ‘one. w1th zero lake current, and the other,fﬁhf
"ﬁ}w1th a lake current of 0 8 fps (Table 4 1. 8 ). . For the-w1nter
'{.plumes, amblent 1ake temperature was assumed to be 0'C (32 F) and

. the plant dlscharge temperature was taken to be 15. 5 C. The. max1- ~;7

mum amblent lake current measured at KNPP durlng winter months 1s

©1.2 fps, which occurred in November at the Offshore Surface Statlon;:'

;Lake currents above 0 85 fps occurred at the offshore station S
- durlng w1nter months for less than 3 3% of the tlme, and at the

nearshore statlons, -for less than . 0. 8% of the time. The w1nter ;h
. ;plume characterlstlcs were also predlcted for both zero lake cur—”‘”'

”"rent, and for the‘max1mum lake current of-l 2 fps . (Table 4 l 9)

The sinking plume phenomenon was - not con51dered in predlctlng the

t.*Wlnter plume characterlstlcs. The extreme values of water tem— el
;perature and 1ake current speed used for. the prpdlcthns are non- ﬂ;
' 001n01dent data measured at KNPP. ‘Even though these condltlons dld‘f~l

-not occur at the same tlme, their comblnatlon can be con51dered to- ;o

provide the most. unfavorable conditions that would create the

largest thermal plumesf_
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. Table 4.1.8. Characterlstlcs of the. Kewaunee Nuclear Power
U Plant thermal plume in summer under -extreme

condltlons.,
- ' Summer Case -~ No Current
Isotherm o B S : . S o
" Temp. S . Ratio = | Dist. Width _ -Area -
(°C) . (AT/ATe) - . (££) “(£ft) “(acres)
©29.0. . 0.89 © . - 111.4 79.5 , . 0.17
- 28,0 - o 0.77. 147.7 92.4 : - 0,27
© 27,0 - 0.66 204.9 112.7 : ".0.46
-26.0 0.55 - 302.1 - 147.2 L. 0.88
25.0 T 0.44 i © 486.9 212.7 s 2,04
24,0 , 0.32. 1 904.9 361.0 .- -6.45
- 23.0 . 0.2 ’ 2194.1 : 318.3 o v ...35.45 .
- 1792,2 a 174 80 .

22.0 o0 49395

: Calculated Parameters-”

Dlscharge veloc1ty "0.92 MPS

Initial densimetric Froude number 4. CO o

Aspect ratio. 0.:19 )

Rate of vertical growth 0 '5719E-02
Critical depth 1.5 meters.

Lake to jet vel. ratio- -0.0 -
DELRHO/RHO - 0.2326E-02 -

Ambiént temperature = 21.1°C.

_1D15charge temperature = 30 c
T Tqig =rATo =-8, 9 C -

»Uamblent =0

Summer Case - High Current

Isotherm ' T . : R
.Temp. , - Ratio, Dist. Width Area .
{°C) : (AT/ATo) (ft) (ft) ’ - (acres) :
29.0 - : ©:0.89 -101.4 66.0 L0013 .

- 28.0 0.77 174.3 84.8 . 0.29
.27.0 . . 0.66 - . 279.3 111.8 c0.62
26.0 - . .-0.55. .-  411.7 145.8 ST TL.19
25.0 7L 0.44 -~ .663.5 210.5 - : . 2.76
24,0 - 0.32° - 1233.2 356.8 . 8.69
23.0. w0217 . S 2989.6 808.1 : 47 70
22.0: <. 0,10 N 6727.2"

1768.4 o 234 90:. :

Calculated ParameterS°

--Discharge velocity. .0.92 MPS .
Initial densimetric Froude- number -4.00 .
Aspect ratio 0.19

‘. Rate of vertical growth 0. 5719E-02

~‘Critical depth 1.5 metexs -
* Lake -to jet vel. ratio 0.3
- DELRHO/RHO 0.2326E=02

a2

‘Ambient temperature = 2l.l c

Discharge temperature = 29.0 C
Tam - Tqis = ATe = 8.9 C

'Uambient = 0.8.fps
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.'Table 4.1.9. _Characteristics of the Kewsunee' Nucleéf Power
o . : ~ Plant thermal plume in.winter unaer extreme '
’ condltaons._

Winter Case - No Current

N . - Isotherm _ . - :

-.) Temp. .- Ratio Dist. 7 wWidth Area
'(°C) - “( T/ To) . (ft) () . (acres)
115;0' ' : - 0.97 101.5 o 77.1° . 0.15- :
-14.0 0.90 124.1 - 81.3 - 0.20
-13.0 0.84 154.1 86.8 o 0.26
12.0 . .~ L0477 . 194.6 - " 94.4 0.36.

. 11.0 0.7 - 250.8 - - 104.8 : - 0.52-
© 10.0 . " 0.65 331.2 . 119.7 . 0.78
9.0 - - 0.58 450.3 " 141.8 1.26
-.8.0 .0.52 609.1 - 179.0 2.15
7.0 0.45 773.3 © 241.9 3.69
" 6.0 0,39 1018.7 - 336.0 C 6.76
5.0 0.32 . 1411.0 - 486.4 - 13.55
:4.0 0.26 2101.9 : ©751.2. 31.18 -
. 3.0 0.19 - 3337.1 1224.7 . 80.70
2.0 ~0.13 . 4994.8 . 1860,2 _ 183.46
1.0 0.06 . 9920.4 -3748.4 734.26
. Calculated Parameters: . . nmbient 1emperature =0C
R - A , ; _ . Discharge -temperature = 15.5 C
- Discharge velocity 0.92 MPS ‘ Tam = Tgis = Te = 15.5 C
- Initial densimetric Froude number 6.73 Uamblent =0

- Aspect ratio 0.19
-Rate.of vertical growth 0.1142E-01
Critical depth 2.7 meters
Lake to jet vel. ratio.: 0.0
. DELRHO/RHO 0.8204E-03

Winter Case - Hiéh Current

Isotherm' , : :
Temp. ) " Ratio Dist. " - Width ‘Area
. ee) ) . { T/ To) (£t) (ft) (acres) .

15.0 © 0.97 : ©132.7 - 51.7 0.14

14.0 . : 0.90 - 174.9 .. 55.4 0.19. .
13.0 :-0.84 - 235.2 : - 60.8 . 0.28

12.0 0.77 . 324.0 , 68.6 0.44

11.0 - 0.71 458.9 ’ 80.5° o 0.73 .

10.0 .0.65 671.8 99.3 1.32.
9.0 .0.58 942.6 215.0 .- 4.00.
8.0 0.52 . 71124.6 .. 248.8 L -5.53
7.0 0.45 - 1373.8 K - 295.1 8.01
6.0 0.39 ‘ 1730.8 o 361.4 _ 12,35
5.0 0.32 2274.3 . 462.3 . 20.76
4.0 0.26 3176.2 . _ 629.7 '39.49
3.0 -0.19 . 4800.2 1147.3 - 108 74 -
2.0 0.13 . 7183.0 1589.2 _ 225.39 .
1.0 " 0.06 , 14257.0 : 2900.9. . 816.63-

. Calculated Parameters: : ‘_g Critical depth 2 7 meters,
NS Discharge velocity 0. ,92 MPS ’ Lake to jet vel. ratio- 0.4

‘Initial densimetric’Froude number 6.73 DELRHO/RHO 0 8204E 03
- 'Aspect ratio..0.19 . .
- Rate of vertlcal growth 0.1142E- 01 ' Amblent temperature 0 C
: . Discharge temperature 15.5 C
' Tam - les = ATo 15 5 C :
... Uambient =— 1.2 fps '
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'-4.117 | Historical Climate

Climatic Overview

'The KeWaunee Nuclear Power Plant is located:on the

western shore of Lake Mlchlgan, about 8 mlles south of Kewaunee, ”f

"AW1scon81n. Lake Mlchlgan is the second largest 1ake 1n the

North American Contlnent and exerts a strong 1niluence on the

local cllmate. The Atlantic Ocean is about 800 mlles to the
feast, and the Gulf of Mex1co 1s about 1000 mlle to the south.
.3:Lake Mlchlgan and the Gulf of Mexico supply most of the atmos-

g pherlc moisture observed in the region.

. The local-weather is also 1nf1ueueed by the'polar and

;tropieal air masses which contribute to thé mid-latitude large

scale atmospheric motions. The interaction of the. southward

-moving polar air mass and the northward moving tropical air

“mass produce low pressure areas and cyclonic storms. The move-

ment of these air masses and their interaction create the complex

'.and'rapidly,changing meather patterns observed in this region.

Temperature

Temperature statlstlcs for the perlod from 1908

to- 1974 for Kewaunee, Wlscon51n, are presented in: Table 4.1.10.

‘The annual mean temperature is 44.1 F and varles from a monthly :
: mean of 18.7 F 1n January to a monthly mean of -68. 0 F in July.
lDurlng the perlod of record, the highest temperature recorded
" was 104 F and: the lowest temperature was ~-27 F. The mean annual :“

‘diurnal variation is about 17 F. 1In general, only four days

each year have maximum temperatures exceeding 90 F and 151~days-

have minimum temperatures below 32 F..
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: 1Table 4.1.10. Temperature statistics for Kewaunee,

NALCO ENVIRONMENTAL SCIENCES

Wisconsin, 1908-1974a,

Frequency'of

_ . Temperature
Normals (F) Extremes . (F) (Nugﬁgﬁriingzys)-
Mean Maximum Minimum "Highest Lowest 290 F© <32.F .
Jan -18.7  28.4 12.7 59 27 0 31
" Feb 20.8 29.9 13.4 56 -26 0 27
-Mgr 29.3  38.0 23.0 78 -11 0 28
-apr 41.6 50.5 33.8 86 9 0 10 -
CMay 51.1  61.1  42.4 93 "22 0 2
Jun 61.1- 71.4  51.8 100 34 1 0
" Jul 68.0 78.5 ° 59.0 104 39 1 0
Aug 67.6 77.8 - 59.2 102 38 2 0
Sep 59.9 69.6 51.5 -98 25 0 0
Oct 49.8 58.7 41.4 85 19 0: 4
Nov 36.4 43.3 28.9 73 -6 0 20
Dec 24.4  31.8 17.8 59 ~16 0 29
104 4 151

.. Annual 44.1

. 27

4 values are averages of statistical information derived .
from records supplied by the U.S. Department of Commerce.
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B The mean date of the last kllllng frost is. May 6 and the
'mean date of the flrst killing frost is October 14. The mean
vlength of frost-free perlod normally is 161 days. Lake M1chlgan
prov1des protectlon agalnst early frosts and the growlng season
along the lake 1s about 30 days longer than found ;Oolmlles 1nland'
(USCOMM. 1968) . | | o

' bata collected at Green Bay, Wisconsin (25 miles nest of .
.}the 31te),'was used to represent the wind at the site. The
prevalllng w1nd speed, direction and the fastest mlle data (the
'fastest one mlnute mean w1nd speed from 1912 to 1960) are given ln.
;Table 4.1.11. The frequency of w1nd_d1rectlon occurrences ‘for
each month in the middle of the seasons are preSented.in Figure 4:1;20l

| The average wind speed is about 10 mph with’ the fastest
average speeds occurring during the spring seaeon.' There are
- seasonal variations in the_dlstrlbutron of - the wind .direction
sectors with northeasterly winds prevafling in spring and south—
: .'v.resterly winds -preya-'i'l_ing duriné the .remainder'of. the year.
.isouthweSterly windsfoccur aboutll4% of the fear,dwhile winds from’
-;fthe southwest to:northwest quadrant-account-for'almost half of the
;data (478) . The;fastest wind speeds obserted during most months -
of.the year have exceeded 60 mph at Green-Bay.
The. onshore and offshore wind dlstrlbutlons observed ath;~-~

the Kewaunee site are presented below. (USAEC 1972):
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‘Pable 4.1.11. Wind statistics for Green Bay, Wisconsin,
' ©1912-1960.23 3 |

Prevailing.Wind' L ' Fastest Mile

f“) _ '.ﬂ: -Speed (mph) - ° Direction - Speed (mph) Directi6h 
| Jan . sw 61 W
Feb . - .10 . s& 66 oW
.Mar : 12' -.- . NE , 68 ' | W
Apr 12 .. NE 57 - NE -
" May o o we T 109 swo-
Jun J:I;Oi,fnf' o sW . 73 _ A SW -
Jul '8'7 .”_-u” Csw | 70 NE
‘Aug . - .8 o osW s6 sW!
S~ oet - 1o o o 66 SW -
Nov .12 - . 67 | W

Dec im0 sw 61 SW. -

‘Annual 1 sw 109 sW -

2 yscoMM 1968
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/ﬁB' - ;f. . ' Wind Distribution Observed at the Kewaunee site (%)
| ' :'Qnshore Offshore '
. _ . {NNE-S) . . (SSW-N) - Calm
fi) o ' .spring . -.49.15 - 49.57 . . 1.28
- ' "Summer - . 40.56 . - -58.39 1.05.
" Autumn’ . 34.47 ° : 64.48 - 1.05
. Winter : 320 36 78.79 0.85

Annual'.. .36.14 62.81 . 1.02

| It is 51gn1flcant to note that offshore w1nds (bIOW1ng toward '
~ Lake Mlchlgan) occur over 60% of the time annually. - Onshore
w1nds occur most frequently durlng the sprlng and summer. The
maximum occurrence of offshore winds - is durlng the autumn and
'w1nter. Due to the temperature lag of Lake Mlchlgan, land
'-temperatures aré warmer'than the 1ake-during spring and summer
and colder durlng autumn and winter. buring the spring and’ |
summer, a local c1rcu1at10n develops when air is heated by the
land,.rlses and. is replaced by cooler air flowing over the lake
_tomard the.land. A weak reversal occurs during -the autumn.and
lminter} air'ascends'over the warmer~lake surface and_is-replaced'
"hy air flo&ing from the land. An offshore lake-breeze'can o
occur nocturnally during the summer but is usually quite weak.
’ Onshore 1ake-breezes normally do not penetrate more +than a -

few miles 1n1and (USAEC 1972).

Prec1p1tat10n and Evaporatlon

Prec1p1tat10n occurs durlng every month' of the year

'-with the heav1est rainfalls occurring during the late sprlng_
and summer months (May-September). Table 4.1.12 presents the_ .
" precipitation statistiCs for'Kewaunee, Wisconsin. During thel:"'
. .. }éériod of record from 1908 to 1974, thé annual rainfall total
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) - Table 4.1.12.. Prec1p1tatlon statlstlcs for Kewaunee,
' ' Wlscon51n, 1908-1974a,

. - Standard o Days Wlth
) - _ ) - - Deviation Precipitation -
” ' Mean - Maximum Minimum (1nches) >0.01 inch

CJan 1.44 4:40  © 0.24 - 0.90. 3
'Feb ' 1.31  4.08 . b:oo o8z '3
Mar  1.69  4.25 0.08 o “0.98 .. 3
apr 2.5 4.94  0.30 ° - 1.15 . 6

“May  3.14 9.39 . 0.90. - - 1.78- 6
‘Jun  3.22  6.70°.  0.43  . ' .-1f52f: k 6
Jul = 2.96 -9;36 o 0.53 '1.62- S 6
Aug  2.79 7.04 ° 0.38°  1.39
Sep  3.15 6.98 0.60 -  1.68 -
oct  2.03 . 4.87 ~ 0.00 123 5
Nov  2.21 , 4;55- 0.6 0 1.a8 4

. Dec 1.57 -4.08 0.03 . - 0.92 : 4

. ‘Annual 28.03  38.27 - 17.13 . 4.28 - 56

‘a yscoMM 197%a -
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' varled from about 17 1nches in the drlest year to over- 38 1nches

in the wettest year. The standard dev1at10n of the annual rain-

.fall at the 81te 1s about 4 1nches. The annual snowfall 1s about

39 1nches ‘and attamns 1ts max1mum durlng February and. March
(USCOMM 1965a or b) |

The mean class A pan evaporatlon 1s estlmated to be

,approx1mately 36 1nches annually 1n the v101n1ty of Kewaunee

(USCOMM 1968)

The mean annual class A pan coefflclent (correlatlon
coefflclent between the class A pan and 1ake evaporatlon) has a
value of 0. 78 1n thls reglon. Thls is . equlvalent to a mean- lakef

evaporatlon of 28 1nches. Elghty—one percent of the evaporation

" occurs between May and October. The-lake evaporatlon is compar—"”

. able to the annual amount of- ralnfall, but the evaporation rate

exceeds the prec1p1tatlon rate 1n the summer and the reverse is
true in w1nter.'i S |

“H 1aiﬁ27

The m01sture content of the atmosphere can be measured
by the relatlve humldlty whlch is a ratlo of the amount of water.i

in the alr to the amount of water that the air can -hold at the

'observed temperature. The monthly mean. relatlve humldlty values
'-.at Green Bay, Wlscon51n, are glven in- Table 4. l 13 (USCOMM 1974)

' The monthly relatlve humldlty means- show llttle variation from '

month to month and 1s hlghest in summer and autumn Large dlurnal
varlatlons are observed and these varlatlons are caused by the a

dlurnal temperature changes. The mean diurnal varlatlons for each-
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) - © . Table 4.1.13. ' Relative humldlty at’ Green Bay, Wlscon51n,'
' R - ' 1931-1960 a. . _ .

N . Relatlve Humldlfy (%)
Sy T ' : Hour of the day (CST)

00 06 . ~12 — 18

"bé@ri‘ T 75 © 68 73

UlS wed 71 79 69 7 BT

- ApF‘_:‘ . 77 . _ '78..:- : :_:e.esjr ‘:izbzfgfgf
: Ma.Y 79 o . | 78 T . 54 . 59
g ss . d ol s s s

Laa o e7 86 - 59 e

':'-Aug 89 89 . 59 o eg
‘Séé . 86'ﬁ...' 89 .- g S _57 | o 19:;
" oct 81 85. 56 o

. .Nov 77 - | 80 65 : i 73,“n

. Dec 79 - .19 . 72 T

Annual 2 82 . 62 . T

+'3 USCOMM 1955, 1965 -
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~-month show a consrstent pattern of hlghest humldlty around sunrlse
R and lowest durlng the late afternoon. ' | |

Sunshlne, Solar Radlatlon and Cloud Cover

Monthly statlstlcs on cloud cover and solar radlatlon .NT
_'for Green Bay, Wlscon81n, are presented 1n Table 4 l 14. The data"
:show that the reglon has the highest percentage of cloud cover
%.durlng the winter’ (68%) and that durlng the summer the mean cloud
-.cover drops to 58%.' The cloud cover 1s also- reflected ‘in the |
sunshlne statlstlcs where. the percent of pOSSlble sunshlne 1s only
740% in- November and December and reaches a maxrmum of 70% in July._lA
The cloud cover also affects the amount of solar radlatlon reachlng i
.the ground. The monthly solar radlatlon totals recelved at the
Kewaunee site are expected to "be less than the correSpondlng

values observed at Madlson, Wlsconsrn because the latltude of

Kewaunee 1s about one degree north of Madlson and the cloud cover A

l'at‘Kewaunee is approxrmately 3%'h1gher.

Destructive Storms:
The only_destructive'storms expected'in'the_Site area

"are severe thunderstorms and tornadoes. Hurricanes are not a

" threat in Wlscon51n.

Tornadoes are extremely v1olent wh1r]w1nds of limited
extent that. are capable of cau51ng exten51ve damage to anythlng :
" in their path. The damage is caused by atmospherlc pressure .
.changes and hlgh wlnd speeds. Wind speeds have been estlmatedfv
up to 360 mphi(USﬁﬁC 1974) in tornadoes:" o |

Wlscon81n has an average of 20 tornacdloes each year _

(USCOMM 1972), most frequently in sprlng, whlch is an. average
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' S)  _ Tableﬁ4,l-l§;:  Sunshlne, cloud cover: "and. solar radlatlon
. e statlstlcs for Green BaY: WlSCOHSln-a

Lo U '-SélafP ._‘- Sky Cover . , ; . '
;’3". - Radiation - Sunrise to ~ Hours of . Percent of _
R (langley/month) ' - Sunset (%) - Sunshine . ‘Possible Sunshine

 Jan 148 .. . e 121 a4
Feb - 230 L B T
 Mar 3130 es 18 .0 . ss
 Apr . 1394g1}3f7. 64 Cor0n . 56
May 465{,_53' o oea 251 -
Jun L siafﬂi - .62 o 279 . ﬁ 7‘ ;j '.:64
sl oossL . se.  Sma g0
.u-Aug e .45i : _'f : 57 266 - _ ‘j?' 65
Sep . -_ 348 . : 59 '7215 | | - . 58
oct 241 63 116 o s2
- Nov  uss | | '7? ,failol_. oL 40

'Dec ' . - 115 71 106 40

Annual 324 64 - ©2338 . . 55
' Rec. (yrs) (46) - (69) L H30Y: L (8T)

a ySCOMM 1968 .
Madison, Wisconsin data.
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'of 348 tornadoes in each 10 000 square mlle area (USCOMM 1974)
A tornado has a destructlon reglon of about four square mlles

'.whlch implies that the probablllty of any sectlon being hlt by
;.a-tornadovan anyfglven yearAis oeople (e.g.,_a tornado will occurf':'

. in a specific locationiapproxihatelyAeveiy 718 years).
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./ 4.2 WATER QUALITY STUDIES

-4.2.1 Lake Michigan Water Conditions
) - " Introduction |

The ‘data .used in this report'are the result of field :
.and laboratory analyses performed by NALCO Env1xonmenta1 Sc1ences
.accordlng to standard procedures approved by the U s. Env1ronmental.t
. Protectlon Agency and the Amerlcan Public Health Assoc1at10n
‘et al.A(Industrlal BIO TEST Laboratorles, Inc. 1972 and 1973, _
7 Gara and Hawley 1974, Ellls 1975) © In several cases data from. -
"other sources are utlllzed | - |
| Chemlcal and bacterlologlcal parameters monltored and
the years in whlch each was détermined are listed in Table 4.2.1;_
" During 1971 water samples were collected at mld"depth from one
5 ft depth contour location,. and from the top and bottom of the
‘'water column at one 25-ft depth contour location. Both 1971
locations,were.in front of'the KNPP'site close {0 the present .-
Transect III (Locations A, . Bﬁ'Figure 4.2.1). 1In 1972 a grid ,
~of permanent sampllng locatlons was establlshed (Flgure 4.2. 1)
and from 1972 through 1975 samples were collected from the .I.
locations and depths descrlbed in Table 4.2.2 and prof11e~
measurements for ba51c parameters were made at the locatlons

Jllsted in rable 4.2.3.

A large amount of data has. been colleoted descrlblng.
the water quallty of Lake Mlchlgan near KNPP (Industrlal BIO TEST
'Laboratorles, Inc. 1972 and 1973, Gara and Hawley 1974,Agll;s B
1975) . Otheriresearchers'have studied nearby areas of:tahéf
"Michigan such.as_the #icinity of the Point Beach Nuclear}Perr.élant_
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'~ " Table 4.2.1..ferars in which chemlcal .and bacterlologlcal
' ' . -parameters were determined in Lake Michigan:
. water samples near Kewaunee Nucleatr Power
'iPlant.’

- T

-

) - _ : v__; ‘ : Year Monitored

Parameter .~ 1971 1972 1973 1974 1975

General Water Quallgy Parameters

1.~ Alkallnlty, total X . x. X X >4
2. Calcium’ X X X X
3. Chloride X x X bl4 X
4. Color, true . _ o x X P X.
5. Conductance, spec1f1c E X X X - X X
6. Fluoride - T X X X X
7. ‘"Hardness, total - "X X X X
8. Magnesium X i X - X X
9. Nitrogen, saturation . : ' X
10. Odor, .threshold . x . F .
11. Oxygen, dissolved X x X X X
12. Oxygen, saturation. X X X b4 X
13. pH . ' X 4 pd X . X
14. Potassium X p14 X ple
15. Residue, - flltrable (total .
dissolved solids) - X X - X X
16. Residue, nonfiltrable : 3
' (total suspended. solids) X X X
17. Residue, total (total solids) X x X
18. Sodium. X X X X
19. Sulfate ) : _ X . . X X b
20. Turbidity . - : - X X X X x
Aquatic Nutrients -
21. Ammonia’ . : : T X X . X - X
22. Nitrate . : . X X - x x x
- 23. Nitrite - ' X X X X
24. Organic. nltrogen, total SX X X X
25. Orthophosphate, soluble X "X X X X
26. Phosphorus, total. x. WX X X X
27. Silica, soluble . X X X X X
28. Bacteria, standard plate Co ' ' oo
count (20.0 C and 35.0 C) _ X X X X
29. Bacteria, total coliform - =~ . -*& - &% X x X
30. Bacteria, fecal coliform T x X X X X
31. Bacteria, fecal streptococci X X X b'e X
32. Biochemical oxygen demand . : _
(5-day) X X X X X .
33. Chemical oxygen demand ' X X X X X
‘ x X

34. Chlorine, total -
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Table 4}2.1L -(cobtinued)

.Year Monitored .

. 37.

Zinc

Parameter 1971 - 1972 1973 1974 1975
35. Hydrazine be X X
36. Morpholine X X X

Organic carbon, total X X X X > &
Trace Elements
.38. Arsenic X X X X
.40, Boxon X X X - X
41. Cadmium , X X X X
.42, Chromium X X X x x
43. Copper X" X X X
_43. 1Iron X X X X X
.44. Lead X X X p .4
45. Manganese X X X X
46. Mercury . X X X b 4
-47. Nickel X . pe X X
48. X X X X

Analyzed but not 1ncluded in this reportjdue to analytical

uncertalnty.
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Figure 4.2.1. Chemistry sampling loéatiohs'near.the ‘
' Kewaunee Nuclear Power Plant, 1971—1975Ln
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Table 4.2.2.° Chemistry sﬁmpliﬁg locations and depths along transects in Lake Michigan’
near the Kewaunee Nuclear Power Plant, 1972-1975.

~

L3
wman

'Top of water column

Middle of water column

Bottom of water column

~ . Lake Depth- Sampling 'Sampling I .
Transect Contour Location Depth Description of Transect
1 10- £t 2 Mb 2.0 miles north of KNPP

: 40 ft 248 m,M,B S T o
Iz 20 ft 7 T,B 0.5 miles north- of KNPP
III 10 £t 11 M. Directly in front of KNPP

20 ft 12 T,B , - :
40 ft ‘14, - T,M,B

v 20 ft. 16 T,B . 0.5 miles south of KNPP

v 10" £t 20 M . 2.5 miles south of KNPP

a Not included during the 1972 study.
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Chemlcal proflle locations: and parameters in

Lake Mlchlgan near Kewaunee Nuclear Power

Plant, 1972 -1975.

 Year Locations Paraméters
1972, 2,3,4,6,7,8,10,11,12, . Temperature
13,14,15,16,17,20,21,22 Dissolved .Oxygen
: : Oxygen Saturation
11973 All 1972 locations plus Locations - Temperature :
: 23 and 24 Dissolved  Oxygen -
- ‘ Oxygen Saturation
. 1974 All 1972 locations plus Locatlons -~ Temperature
: 23 and 24 Dissolved Oxygen
Oxygen Saturatlon5'
pH
Spec1f1c Conductance
1975 All 1972 loctations plus Locatlons Temperature

23 and 24

Dissolved Oxygen -
Oxygen Saturatlon
PH .

Specific- Conductance
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“"A\_ ) ) . : ) . .
(Weschler et a1:-1971) Numerous studles covexlng 1arge portlons_j.
- of Lake Mlchlgan have also been made, such as. work by Beeton
Ny "~ (1969) and. Schelske and Stoermer (1971 and 197¢).

Comparlson of data from the area near KNPP w1th that
from other parts of Lake Mlchlgan_haS'shown that the-water-gualltfh
is quite simiiar:in'these various sections of the iake (Tabie 4.2.4).
Parameters such as'temperature and dissolved oxygen;which showj -
- seasonal trendsfdiS§iay simdlar patterns‘both close toﬁKNPé'andi
" in other parts-oftthe 1ake; Certaln parameters, such as 5111ca,-
have shown marked concentratlon changes with time (Schelske and
Stoermer 1972) and these temporal trends have also been |
_noted in the waters near KNPP (ElllS 1975) Such flndlngsﬂ"
strongly 1nd1cate that the quallty of the waters near KNPP 151 ;
representatlve of general Lake Mlchlgan condltlons. ‘
, Comparlson of data from the sampllng locatlons near
KNPP has demonstrated the ex1stence of a single, . homogeneous
water mass 1n the area (Industrlal BIO-TEST Laboratorles, Inc:i.a';"
1972 and 1973., Gara ‘and Hawley 1974, Ellis 1975).. The only )
'31gn1flcant varlatlons from homogenelty occurred in the concentra-

.;tlons of certaln weather—related parameters at nearshore 1ocat10ns

during perlods of hlgh turbulence (Gara and Hawley 1974,_31118.1975).
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Table 4.2.4. ._Comparieon of mean concentrations for selected parameters between S
samples collected from Lake ‘Michigan in the vicinity of Kewaunee Nuclear e T
Power Plant and mean: concentrations from other studies. o LT

KNP (NALCO Point. Beach - . . . . Sheboygan and

' - . Environmental . Nuclear Power Plant” - : Green Bay .: - - Lake:Michigan
Parameter . : Sclences)a . (Weschler et al. 1971) ' (Baumeister 1972)- ‘(Beeton 1969).
Alkalinity '(mg/l~CaCO3) - 109 U & & R P 111 - . SRR
Calcium' (mg/1) . .- 34 e R LT 34
Chloride (mg/l) . ~ 7.7 e _ : . : N 8 B 8
Iron (mg/l) ' : ©0.13 o 7 0.16 .
Magnesium (mg/l) 11.4. o B} : o _ 10
Nitrate (mg/1-N) 0.17 . : 0.18 = oo 0.2 . 0.19
Phosphorus, total (mg/l- P) . 0.016 - e 0.013 .
. Residue, filtrable (mg/l) 164 ’ L : e - . © 160 :
Silica, soluble (mg/l-8102) . 0.6l o - 0.80 . : R - o 0.28b
Sodium (mg/1) . - 4.4 : o 4.5 . - o
Sulfate (mg/1) ‘ 19- o .18 . 20

a Based on data from Industrial BIO-TEST Laboratories (1972 :andl973), Gara and Hawley (1974),°
Ellis (1975), and NALCO Environmental Sciences (1975). (The mean concentrations are pooled
_.data from all locations except the location within the plume).

- b From Schelske and Callender (1970).

_SIONTIDS IVANIWNOHIANG ODTYN - -5 -0 b
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o, | 4.,2.2 Effects of Plant Operatlon on the Water Quallty of
‘w) ' I the Dlscharge ZOne ~

The dlscharge zone of KNPP has been deflned in

-idsectlon 4.1.6. The only chemlstry sampling location consrstentlyfr

under the 1nfluence of ‘the plume was Locatlon 11 (Table 4. 2 5)

'i Therefore, comparlsons were made between ‘the data for Locatlon ll
.‘1n the 1mmed1ate dlscharge area and the area adjacent to the'
'dlscharge area (all other sampllng locatlons not located in '

the Plume on the day of sampllng) as a means of determlnlng

' _dlfferences-that mlght.be-attr;buted to plant operation. In

:addition,'the dataaror each parameter.which was monitored both
before andfaftertkﬁéP.operation was further COmpared on a pre-
-operatlonal and operatlonal basrs (Tables 4.2.6- -4.2.9). Mean _
concentratlons of the parameters measured for all years.of

-‘monltorlng at the plume locatlon and at locatlons out51de of .

the plume were also calculated.
| In order to test for water qualn.ty trends with time, h
'the data were fltted to a llnear regressron model. Parameters*.?.“'

which dlsplayed cycllc, seasonal trends did not always flt thls

model prec1sely, however, llnear regre351on served as a convenlent '

51mp11fy1ng assumptlon for a body of data in thch the sampllng '

dates, 1ntervals between sampllng dates, locatlons and parameters

analyzed varled durlng the study perlod from 1971 to 1975.-
'Regress1on lines for selected parameters were calculated and aJ

plotted for the preoperatlonal and operatlonal perlods as wellf}_.
7.as the ent1re study perlod from Location ll data and data from

»all other locatlons., Slgnlflcance tests were performed to
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Table 4.2.5. ‘Sampling locations which were within the area of .-
: major influence of the Kewaunee Nuclear Power’
Yoo . Plant thermal plume at the time of sampling.

Sampling Date . ' Locations in Plume

25 June 1974 . Location 11

23 July 1974 - . Location 11

23 October 1974 © ' Location 11

12 November 1974 '~ Location 11

22 April 1975 Locations 7,11

20 May -1975 - . .Locations 7,11
24 June 1975 - " Location .11 Lo

22 July 1975 S " Location 11
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Table. 4.2.6. Preoperational, operational-and entire study means'forfgehe;al Watef,
g quality parameters near Kewaunee Nuclear Power Plant; 1971-1975. -

o n Plume (Lbcation'll) o e_f Out51de Plume (all other locatlons) .
o All . . .Pre- o ALL Pre- B
Parameter ot - Years .- - operat10na1 Operatlonal o Years-. - . operational Operatlonal'-u-

Alkalinity, total o S e Do ‘ - A ' ' _
" {mg/1-CaCOx) SR & & B 112 .- . 107 ‘109 ¢ C111. _ 106
Calcium (mg/i) . . 36 oL 37, ‘ 35° : ‘ 34 o 35 . 34
Chloride (mg/l) . 7.6 .7 7.6. - . 7.7 . ) 7.7 - . 7.6 : 7.8
Color, - true (units) .~ 3 L 3 3T . 2 2 : 2
" “Conductance, specific -~ . - - ST o ' o . '
* (pmhos/cm) - . . .271 . - 267 f; s 284 - 272 : 263 .- 283
Fluoride (mg/l) - . - 0.10 . 0. 10 g 0.0 ... 0.0 0.11 . 0.10 -
Hardness, total oo T e : o SR R :
(mg/1-CaCO3) - . 138 . .- 140 .134. - .. 134 135 131
Magnesium (mg/l) _ ll 8- . . 12.0. .7 . 1l.6 0 '1ll.4 0 11.3 . T 11.4
Oxygen, dissolved ' o T o - C '
(mg/1) - 11,1 o 11.2 10.9 11.2 1l.1 . 11.2
" Oxygen, saturation () 99 . 100- _ 99 , 97 96 _ 97
pH . . 8.2 . 8.2 8.2 8.2 - . 8.2 . 8.2
botagsium (mg/l) 1.3 : 1.4 1.1 ‘ 1.2 1.3 1.1
.Re51due, filtrable N S : ' _ '
(mg/l) . . 165" 162 . 170 164 163 ) 166
Residue, nonflltrable : a
- (mg/1) - - .17 C 23 11 7 8 6
© .Residue, total (mg/l) © 185 188 182 171 170 . 172
~-Sodium :(mg/1) . . . 4.4 4.4 ' 4.4 4.4 4.4 4:3
.:Q“Sulfate (mg/1) 019 o 19 : + 20 19 ) 8 . - 19 - .
- Turbidity -(N.T.U.) -~ ~ 16. . | 21 7.4 7.7 1. 3.1

 SIONIIDS IVLNIWNOHIANT QITUN -7 o 0
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. Table 4.2.7ﬁ . Preoperatiohal, operational and entire study means for aquatic

nutrients at ‘the in-plume location (Location 11) and at all other
sampling locations in Lake Mlchigan near Kewaunee Nuclear Power
Plant, 1971-1975. . A :

in‘Piume (Lécatibn-ll). T Out51de Plume (all other locatlons)- 

. - ALY - Pre-. ) . " 7 ALl Pre- .
Parameter ) - . Years - . operatlonal Operational - ‘Years - - . operational Operatlonal
" Ammonia (mg/l-N)" .  0.02 .0.02 0.02 . 0.02 0.02 0.02"
Nitrate (mg/l-N) 0.19 0.19.. _0.18 - 0,17 0.18 . 0.16
Nitrite (mg/1l-N) 0.0028 0.0027 0.0030 o 0.0026 0.0026 0.0026
Organic nitrogen - : : K Co I . :
(mg/1) 0.26 0.25 0.27 - 0.22 ©0.23 - 0.22
Orthophosphate, : ' . - A . o
soluble (mg/l-P) - = 0.001 0.002 <0.001 0.002 0.003 <0.001
Phosphorus, total : L o _ C . . o
(mg/1-P). 0.028 - -0.034 0.017 T 0.016 - 0.019 © 0.01%
" S8ilica, soluble ' : '

(mg/1-5107) 0.56  0.61 0.47 0.61 .0.64 " 0.58

S3ONZI08 TYANIWNOHIANG @3°VYN. © -~ =~
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‘Table 4.2.8.:

.Preoperatlonal, .operational and entlre study means.for indicators
of industrial and mun1c1pa1 contamination at the 1n-plume location-

(Locatlon 11)-and.at-all other sampling 1ocat10ns in Lake Mlchlgan

: -near Kewaunee Nuclear Power Plant,

1971-1975.

In Plume (Locatlon ll)

Out31de Plume (all other locatlons)

_— ) All- Pre- . JALL -Pre-~
Parameter -, *," .Yéars  operational Operatlonal .. Years_,:”operatlonal Operatlonal
vBacteria, total collform . :
‘(No./100 ml) . 6 7 4 - -3 5 2
Bacteria, fecal coliforma . L . ' _
(No./100 ml)- - © 2 2 1 -1 1 1
Bacteria, fecal streptococc1 o _
(No: /100 ml)2 .10 2 3. 5 2
.-Bacteria,  standard. S S
plate, count . REERTI . S O
(20.0.C) (No./100 ml1)2. 13000 " 34000 6200 - 8800-. "'-.19000" 2800
Bacteria, standard- ' ;. L S
.plate-count- . - Lo S oo _ Lo
(35.0.C) (No./100 ml)a --5000 9600 . 1300 - 2800 8300 . 550
- Biochemical oxygen = -’ o o ' '
demand (5 day) ] . . - :
(mg/1) - . . 1.8 2.1 1.4 i:8. 2.0 1.4
Chemical oxygen . : . : _
demand (mg/l) . 7.0 7.2 6.5 6.4 6.9 5.7
Chlorine, total . : : L : S
. (mg/1) = ' <0.01 ' <0.01 <0.01 <0.01 <0.01 <0.01
. Hydrazine (mg/1) <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
. " Morpholine (mg/1) : <1 <1 <1 <1 <1 <l
.o . 0rganic  carbon, total ' = : .
. 8 5 6 6 5

Amg/n). o T

'8 Geometric mean.. ..’

| 830NII9S TVANIWNOHIANG 02 1wN < - 0



TZT

‘ Table 4.2.9.

3z

SIS
(’2 ‘
WML

Preoperatlonal, operational and entire" study means for. trace ‘metals at
‘the in-plume location (Location 11) and at-all.other- sampling locatlons ln L
Lake Mlchigan near Kewaunee Nuclear Power Plant, 1971 1975. R :

In Plume (Locatlon 11)

OutSLde Plume (all other 1ocat10ns)-'

B Zinec - (mg/l)

0.011

TAIl " Pre- . ALY Pre-

Parameter Years . --_operatlonal Operational. Years operational - Operational
Arsenic (mg/l) + 0.001 . <0.001 - 0,001 0.001 <0.001 0.001:
Boron (mg/1) 0.04 - 0.04 0.04 . - 0.03 . 0.03 - 0.04

. - Cadmium (mg/1) 0.00011 0.00012 . 0.00005 . 0000011 - 0.00012 0.00005
. Chromium (mg/l1). 0.0016 0.0019 0.0010 0.0013 0.0016 0.0009
" Copper (mg/l) 0.0024 0.0026 . 0.0021 0.0017" 0.0017 0.0016
Iron (mg/l) 0.28 0.36 0.15 0.13 - . 0.17 0.078
Lead (mg/l) "0.003 0.004 <0.001 0.003 0.004. <0.001

' Manganese (mg/l) 0.0065 0.0074 0.0049 . 0,0032 0.0034 0.0029

. Mercury (mg/l) 0.00016 . 0.00018 0.00011 -0.00021" " 0.00025° .0.00013
. Nickel (mg/l) 0.002 0.003 <0.001 0.001" 0.002 - -<0,001 |
0.012 0.013 0.010 0.012 0.010

'839NI0S TVLNIWNOHIAND ODTYN



NALCO ENVIRONMENTAL S8CIENCES

determine if the slopes of regression lines were signifiéantl&
different from zero. If a difference was detected, the preoper-
ational and operational lines were compared using the Student's
"t" test at P < 0.05.

Dissolved Oxygen

Dissolved oxygen (D.O.) trends were inversely related to
those of temperaﬁure-during the operational period (Figure 4.2.2);
The operational D.O. concentrations increased éignificantly with
time and was caused by the imprecision of fit'between an incom-
blete cycle of seasonal data and a linear regreséion model. This
deviation was not reléted to KNPP operation. If the opgrational
period included data from later in the summer of 1975, when lowé#
values would have occurred, no increase in D.O. would have been
observed. The plume location showed a D.O. decrease of 0.3 mg/l
between the preoperational and operatiohgl periods (related to a

small temperature increase). However, the operational mean of .-

'10.9 mg/1 was well above the minimum standard of 5 mg/l established
by the Wisconsin Department of Natural Resources (DNR)(1975)'fqr ”A'

the protection of fish and other aquatic life.

Composite vertical profiles were prepared comparing
Location 11 with the mean of two non-plume locations (Locations 2
and 20) along th¢ same (10 ft) depth contour for the preoperatibhéi'

and operational periéds (figure 4.2.3). The preoperatidnal'dqta

were taken ffom two dates in August 1972 and June and July 1973

.while the operational data were taken from June and July in 1974

and 1975. Temperature profiles are also presented to illustrate
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DlSSOLVED OXYGEN WITHIN PLUME [LOCATION 11)
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4.2.2. ' Dissolved.oxygen trends within and .
' "~ outside of the thermal plume for the
. preoperational, operational and entire
study periods in Lake Michigan near
Kewaunee Nuclear Power Plant, 1971-1975.
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~ LOCATION 1 (WITHIN PLUME)
PRE -OPERATIONAL POST-OPERATIONAL
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Figure 4.2.3. . Temperature and dissolved oxygen depth profiles

in Lake Michigan for 10 ft contour locations
within and outside of the thermal plume during
the preoperational (summer 1972 and 1973) ‘and
operational (summer 1974 and 1975) periods of

Kewaunee Nuclear Power Plant.
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the relationship between D.O. ‘and temperature. D.O. Qalues did
not-vary significantly throughout the water column nor was there
an& difference between Location 11 and Locations 2 and 20.

Surface values were lower than the rest of the water column at all
locations during the preoperational period but this was not
observed during the operational period. Sinée similar pattefns
and values were obsexrved at both sets of locations; it was con-

cluded that this effect was not due to plant operation.

Oxygen and Nitrogen éaﬁurations

Oxygen saturation values ranged from approximately 65%
to 125% during ﬁhe study beriod (Figure 4.2.4), although the
fegression line slopes were not significantly different from éero.
The mean oxygen saturation declined from 100% to 99%, an insigni-
ficant variation.

- ﬁissblved nitrogen'saturations were estimated by direct

'ﬁeasurement in May 1975. .The mean hitrogen saturation in the
plume was 100%, which is the chéracteristic value for natural
~water systems. No preoperatiohal data are available for compéfison}

_Chlérine and Chemicals Used in the Plant

Total chlorine was monitofed but never detected. This
was expected as chlorine is not used at KNPP for condenser de-
fohling, although the Plant does have the capability and pefmit to
-chlorinate at a level of 0.1 ppm in the discharge if necessafy
(Tom Meinz, Wisconsin Public Service Corporation( personal com-

" munication, 24 February 1976) (Table 4.2.8). Hydrazine and mor- . -

pholine, the plant chemicals monitored -in both preoperational and
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OXYGEN SATURATION KITHIN PLUNE (LOCRTION 11)
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Oxygen saturation trends within and outside of
the thermal plume for the preoperational, '
operational and entire study periods in

Lake Michigan near Kewaunee Nuclear. Power

Plant,

1971-1975.
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'operational periods, were never detected in the KNPP plume

(Téble 4.2.8). since no toxic chemicals were measured in the KNPP
discharge or plume it is céncluded that those chemicals do not .
represent an appreciable threat to the biota of Lake Michigan
éithe; when béing considéred separately or in synergistic effects

with heat.
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Nutrients
All mean concentrations of the-nitrogen species meaSured,f
ammonia, nltrate, nltrlte and total organic nitrogen, dlsplayed

only minor varlatlons when comparing Locatlon 11 to those not 1n

the plume;both prior to and during plant operation (Table 4.2;7).

Nitrate was seleoted to illustrate the typical pattern of'nitrOgen-}
species results (Figure 4.2.5). No'long—term variations in nitrate
concentretions‘were.observed'either“prior'to or during KNPP:opef-
ation, or throudhout the entire study period and none of the
regression line slopes were-significantly different from zero.

Soluble orthophosphate concentrations were near tolor
below the analYtioal detectionvlimit of 0.001 ng/1-P during;the
entire study period. No temporal trends were apparent.

The mean concentration of total phosphorus at Location 11

. during the operational period was half that of the preoperational

perlod (Table 4. 2 7). A similar concentratlon ratio was observed

~at 1ocat10ns out51de the area of 1mmed1ate plune 1nf1uence, whlch’
.'.suggests that these ‘changes were related to differences in turbu—
'_llence during sampllng periods. Phosphorus has been assoc1ated

'.w1th weather-related parameters such as turbidity (Ellis 1975) and

'lS present at ‘high concentratlons in Lake Michigan sedlments

(Schlelcher and Kuhn 1970); preoperatlonal sampllng in September 1972

S and Aprll 1974 followed periods of extreme turbulence due to wave .

action and the water egmples displayed high turbldltles,end

' phosphorus concentrations. This factor resulted in the disparity ..

" between the preoperational and operational means. However no
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NITRATE WITHIN PLUME (LOCRTION 11)
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Figure 4.2.5. Nitrate trends within and outside of
' the thermal plume for the preoperational, .
N : . o operational and entire study periods in
Lake Michigan near Kewaunee Nuclear .
Power Plant, 1971-1975. :
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1ong-tefm trend fot phosphorus was observed over the entire
sampling period as the regression line slopes were not significentlyu
different from zero (Figure 4.2.6). Therefore, KNPP operation did
not influence totai phosphorus concentrations.

Soluble silica concentration'means decreased slightly
between the preoperational and operational periods (Table 4.2.7)
both in the plume and outside the immediate dischetge area | -
(Figure 4.2.7). Silica concentrations decreased threughoutltﬁe
entire study period et a rate of 0.07 mg/1-Si0, per yeer.jA'rate
of decrease of 0;10 mg/1-Si0, per year has been observea in Lake
Michigan near Chicégo, Iliinois, (Schelske and Stoermer 1972) and
has been related to a concomitant increase in diatom blomass. The
relatlonshlp of silica to dlatom populations is dlscussed further‘
in Section 4.3.3. The apparent increase in 51l;ca duringvthe
operational period was probably due to the fitting of an incom-t
plete cycle of seasonal changes to‘a linear regression line..
Depletlon of silica in the summer of 1974 just after the start of
KNPP operation ‘was followed by silica replenlshment before the
1975 spring sampling and caused an apparent short ~term 1ncrease.
Inclusion of data from later in 1975 would gave produced_a much'

smaller increase. Neither the long-term decrease nor the short?

term operational increase were related to plant operation since .
the same situation was observed at the locations outside of plume

influence.
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Figure 4.2.6. Total phosphorus trends within' and
outside of the thermal plume for the
preoperational, operational and entire
study periods in Lake Michigan.near.
Kewaunee Nuclear Power Plant, 1971-1975.
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SOLUBLE SILICA KITHIN PLUNE (LOCAT{ON 11)
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o Figure 4.2.7. Soluble silica trends within and outside

of the thermal plume for the preoperational,
operational and entire- study periods in
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General Water Quality Parameters

Alkalinity and pH varied little between the preopéra—
tional and operational periods (Table 4.2.6). Alkalinity declined
from 112 to_107 mg/i-Caéo3 while pH remained unchanged at 8.2.
There was little changé in pH with time (Figu;e 4.2.8), and no
effect of plant Operatién was observed for either parameter.

Mean turbidity was mgch higher during the preoperational
period than in the,operaﬁiOnal period (Table 4.2.6). This was due -

. to high turbulenée‘in several months such as September 1972 and
April 1974 when wave action was excessive. High turbiaity was
observed not only in the pluﬁe but to a lesser extent throughout
the entire KNPP study area (turbulence effects are obscured with
increasing depth). This temporal effect produced a slight overall
decline in turbidities (Figure 4.2.9), but no change in turbidity
was observed_aurihg the operational'périod when the slope was not
éignificantly diffeient from zero. Nonfiltrable residue (total
sﬁspended-sdlids) coﬁcéntratioﬁS'Were.closely related to turbid-
ities and algd deélinedAbetweeh the preoperational and operational
periéds béfh in and out of the:plume'(Table 4.2.6)7 Turbidity and_
total suSpenéea solids data indicated that the operation of KNPP

had no apparent effect on the suspended material in Lake Michigan

waters.

Filtrable residue itotai dissolved solids) increased
slightly in the élume ovef the study period; however, a similar
trend was obserﬁed in the area outside of the plume (Figure 4.2;10).:

Mean concentrations ‘(Table 4.2,6) were well below the standard-of
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TURBIDITY WITHIN PLUNE (LOCATION 1)
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500 mg/l established by the Wisconsin Department of Naturai
'_Reéources (1975) . Total solids represent the sum of suspeﬁded and
dissolved solids and showed a slight (6 mg/l) decrease between
.preoperational and opérational meahs (Table 4.2.6). True color
means were constant at 3 units throughout the study period. .
Specific conductance means followed a pattern similar to the
dissolved solids and showed a 6% increase from 267 to 284 pmhos/cm
(at 25 C) following the begihnipg of KNPP operation. Sinée a
:similarltrend was observéd at the locations outside plume ihﬁlu-:
ence this trend was not due to plant operation. 1In general,
dissolved materials changed very.little and nc effect 6f KN?P'
operation was aiscernible.

‘Major Anions and Cations

The major anions and cations (calcium, magnesium, total .
hardness, potassium, sodium; chloride, fluoride and sulfate) are-
conservétive constituehts-and shouidAnot change with time in Lake
.Michigan wifhoﬁt'input ffom an outside source. Althoﬁgh Béetén
(1969) has shown that chloride and sulfate have increased suﬁsﬁan—
£ially in Lake Midhigan over the last 90 years, no increasg |
between the'preoperational and operational periods was'fouqé'in
éarametefs'monitored in the plume waters of KNPP (Table 4.2.6),
thus, indicating that KNPP operation has not added measurabie."
quantities.of major anions and cations to Lake Michigan, .

Baéteria |

.Total and fecal coliform and fecal streptdéocéi baéteria

were present at very low levels in the KNPP plume éreg'thrdughqut“
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the study period (Table 4.2.8). The fecal coliform geometric
means were far below the level of 200 per 100 ml established as a’
standard by the Wisconsin Department of Natural Resources (1975).

Standard plate count bacteria at 20 C and 35 C decreased .

. significantly between preoperational and operational periods

(Table 4.2.8). This‘decrease was due to a change in sampling
téchniques for bacteria rather than to a real change in Lake
Michigan waters (Ellis 1975).

Biochemical Oxygen Demand (B.O.D.), Chemical Oxygen
Demand (C.0.D.), and- Total Organic Carbon (T.0.C.)

B.O.D." and C.0.D. varied similarly throughout the study;
C.0.D. was selectéd for illustration (Figure 4.2.11). There was
an overall decrease in both parametérs with time, although a
slight increasing trend occurred during KNPP operation. Because '
these variations wéfe observed at both plume and non-plume ;
locations (Fiéure 4.2;11), they cannot be ascribed to KNPP oper-
ation. The mean of T;O.C.:concentration varied only slightly
throughth the stuay apd no influence of KNPP operation wés

discernible.

Trace Metals
¢ Trace metal means'within and outside the plume decreased
from the preoperationél to the operational period, with the ekcep-

tion of arsenic, which' increased élightly, and boron, which

. remained constant (Table 4.2.9). The decreases in iron and

manganese were related to the decreases in turbidity, total sus—

pended solids and total phosphorus already noted. The operational
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CHENICARL CGXYGEN DENAND WITHIN PLUME (LOCATION 11)
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Chemical oxygen demand trends within and
outside of the thermal plume for the
preoperational, operational and entire
study periods in Lake Michigan near
Kewaunee Nuclear Power Plant, 1971-1975.
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trends for iron (Figure 4.2.12) and manganese were not signifi-
éantly different from the preoperational trends, nor were the
operationalltrehds significantly different from zero.

Arsenic was the only trace metai whose concentrations
increased sigpificéntly during the operational period (Table 4.2.9).
Howéver, since this variation was between values close to ﬁhg
analytical detéctioh limit and was also. observed at the iocations
"outside of the iﬁfluehce of the plume, it was concluded that this
trend was not related to piant operation. Therefore, no effect of
plant operatidn,wés_observed for any of the trace metals in the

plume area.
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4.2.3 The Effect of Plant Operation on the Water Qdality
of the Receiving Water Body

Assessment of the effects of plant operation on.the
receiving water body are based on two considerations. Most im-
" portant is the cdﬁparison'between the preoperational and opera-
tional periods for those locations outside the discharge zone.
This material has already been presented in Sgction 4.2.2 so that;-'_
in most cases, only a reiteration of conclusions is necessary. - |
Where changes between préoperational and operational years were -
observed, exaﬁinatibn of the magnitude of effect is made.

Dissolved Oxygen

D.0O. trends ouﬁéide of the plume were similar to the
trends previously noted withinlthe plume (Figure 4.2.2) and were
related to the format of data presentation. The D.O. mean fbr the 
region outside of the plume increased slightly after KNPP operafioh-
(Table 4.2.6) but this increase was not considered important. .

Oxygen and Nitrogen Saturations

Oxygen and nitrogen saturations in the operational

period increased by 1% over the preoperational period (Table 4.2.6).. -

-'This was not a significant change and, sin;e'the oxygen satu;ation:A
decreased by only 1% in the plume, it was concluded that KNPP  :'
operation did not broduce a discernible change inh saturations
either within or outside of the plume.

Dissolved.nitrbgen saturations were estimated by diiecf':

measurement in May 1975. The mean nitrogen saturation for the‘
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area outside of thé plume was lOO%,lthe_same as within the plume.
No preoperational data are available for comparison.

Defouliﬁg Chemicals Used in the Plant

Total chlorine, hydrazine and morpholine were never.
detected in the region outside of the KNPP_pluﬁe (Table 4.2.8).
Nutrients .
The mean values for the‘nitrogen_species'veried'little
at the locations outside ef'the plume (Table 4.2.7) between the
' preoperational and'operetional periods. Temporal trends in
nitrate concentfatidns were similar within and outside of the
plume (Figure 4.2.5), indicating that changes between the pre--
operational and operatiohal periods»were due to natural nitrate_
b fluctuations in Lake Michigan rather than to KNPP operation.
Soluble orfhophosphate concentfations were near or-belohr
the analytlcal detection limit of 0.00l mg/1-P throughout 1971- |
1975. No temporal_trends of consequenee were‘apparent. o
Total phoephorus.means were‘appreciably lower in the-f'
regioh outside-of the plume than'witﬁin the'plﬁme;' This-effect'
- was caused by the 1ncreased turbulence and higher turbidity levels
" present at Locatlon 11 (plume 1ocatlon) compared to the other" a
locations and- was related to sediment concentratlons, not- KNPP
fﬂ; R operation (Ellis 1975). Preoperational and Qperatipnal temgpial-
- trends for total bhosphorus were similar both within andioutside‘
the thermal plume (Flgure 4.2.6). | . -
Soluble silica displayed similar trends both w1th1n and
outside of ‘the KNPP plume (Figure 4.2.7). These temporal changesi

have been related to lake-wide changes in 31llca concentrations
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and were not related £o KNPP operation (Ellis 1975).

General Water Quality Parameters

Alkalinity and pH means varied little between the
preoperational and operational periods (Table 4.2.6). Alkalinity-
decreased from 111 to 106 mg/l-CaCOj while PH remained unchanged
at 8;2. There was littlé change in pH with time (Figure 4.2.8),
and no effect of KNPP operation was observed for either parametef.

Turbidity means-Wefe appreéiably lower outside the |
- plume than within it (Table 4.2.6). This was attributed to the
higher turbulence observed at Location 11 in relation to the
other locations rather than to KNPP operation. Turbidity
temporal trends did not change significantly after the beginning
of KNPP operation (Figure 4.2.9) aﬁd were quite similar to
trends for total phosphorus (Figure 4.2.6) and total iron
(Figure 4.2.12)’Eor-the area outside of the plume. Nonfiltrable
residue (total suspended Solids) cohcentrations were related
~to turbidity levels and were therefore lower outside.of the
plume than at Location 1l. Howevef,.no changes of significanég
were noted betwegp'tﬁe preoperatiopal and operational periods
in the area outside*sf-the‘plume.

Filtrable residue (total dissolved solids) means
increased negligibly outside the plume following KNPP operation
(Table 4.2.6); ho&éver, the temporal trend for the entire
operational period was a éecreasing one both within and 6utsiae‘
the plume (?igure_4.2,10). Total solids'means'Qaried slighﬁly.
for tHe entire ;tudy period while true color means remaiﬁed.

constant (Table 4.2.6). Specific conductance means incfeased ‘

144



NALCO ENVIRONMENTAL SCIENCES

by 9% following KNPP operation (Table 4.2.6). Since this increase
is greater than that observed within the élume, it cannot be |
related to ﬁlan£ operation. Therefore, there is no evidence

to show that KNPP operation has been responsible for changes

in dissolved materials.

Major Anions and Cations

ﬁo'significant changes in the mean &alués of tﬁe majof
anions or cations were detected between the preoperational and \
operationalnperioas'(Table 4.2.6).
Bacteria
Total coliform, fecal coliform and fecal'streptococci
bacteria were present at very low levels outside the KNPP
plume area throughdut the stuéy period (Table 4.2.8). Fecal
éoliform geometric means were well bélqw the level of 200 per
" 100 ml established as a standard by the Wisconsin Department of
Natural Resources (1975). Standard.plate count bacteria at 20 C
and 35 C decreased greatly between preoperational and operational'
' periods (Table 4.2.8). This decrease was related to a change in
sampling techniques for bacteria rather than to a real change in

Lake Michigan waters (Ellis 1975).

Biochemical Oxygen Demand (B.O.D.), Chemical Oxygen
Demand (C.0.D.) and Total Organic Carbon (T.0.C.)

B.0.D., C.0.D. and T.O0.C. mean concentrations were
similar within and outside the KNPP plume (Table 4.2.8) ‘and all
parameters decreased slightly between the preoperational and 

operational periods. These changes were not considered important.

145



NALCO ENVIRONMENTAL SCIEMCES

Trace Metals

All of the trace metal means for the area outside the
plume decreased from the preoperational to the operational
periéd, with the exceptions of arsenic and bofon, both of which ._
increased slightly (Table 4.2.9). The only change of signi-

" ficance was that for iron, whiéhﬂwas related to the decreases

in turbulence-produced suspended material already noted. |
This was dillustrated by the fact that the changes with time

for iron (Figure 4.2.12) were very similar for those of phosphofus'
and turbidity (Figures 4.2.6 and 4.2.9). The iron and manganese
means were notably lower outside the plume than within it because
the means for the outside area included many offshore locations
.where weather effects were small compared to the effects measured

at Location 1l.
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4.3 AQUATIC BIOLOGY STUDIES

4.3.1 Fish

4.3.1.1 Reglonal Community Structure of Fish in the V1c1n1ty
of the: Kewaunee Nuclear Power Plant

Studies of the fish communlty of Lake Michigan in the
‘vicinity of the KNPP have been conducted from 1971 to the
present (Industrial BIO-TEST Laboratories,'inc. 1972, 1973;
LaJeone 1974, 1975a, 1975b) Much of the data and'information
‘ presented here are taken dlrectly from these reports since these.
site-specific data were considered most pertlnent to this
demonstration. Additional sources of 1nformatlon were utilized
principally for.sﬁpplemental information beyohd the scope of
- these studies and as sﬁpportive'material where existing data
may be lacking. | .

A list of fish séecies known to occur in the vicinity
of KNPP is giveh in Tab1e>4.3.l.l.- Cléssifiéation of a species
as to its general.occurrence iﬁ the‘area was detérmined from
data available -in site- spe01f1c studles. .The table also contains
‘the cla551f1cat10n of representatlve 1mportant spec1es for thls .
area of Lake-Mlchlgen-accordlng to the Wlscon51n_Department of " -

_ Natural Resoutces (WDNR) (1974). None of the-fish listed as
"important species" are eonsidered‘endéngered by the WDNR (1973.
W p. 5 and .16); hewever, the bleater and the cisco are given "changing
. status" classification, defined as "species that may or may not
be holding their ewn'at the present time." The only pollution
'toleratt species occurring in the vicinity of KNPP is the carp.
Assessment of the fishery near the KNPP has been |

conducted with the use of gill nets and minnow seine.for edglt
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Table 4.3.1.1.

Fish species collected in the vicinity of the Kewaunee Nuclear Power

Plant and Wisconsin Department of Natural Resources classification.

Moxostoma macrolepidotum

Ictalurus melas’
Lota lota
Pungitius pungitius
Perca flavescens

Cottus bairdi
Cottus cognatus

Shorthead redhorse

Black bullhead
Burbot

Ninespine stickleback

Yellow perch
Mottled sculpin
Slimy sculpin

RIS, Cm, CI

RIS, Cm, S
RIS, F
"RIS,F -

WDNR General

Scientific Name Common Name ClassificationP Occurrence
Alosa pseudoharengus Alewife RIS, Cm, F Abundant
-Dorosoma.cepedianum Gizzard shad E Uncommon
Coregonus artedii - Cisco or Lake herring RIS,Cm, T Uncommon
Coregonus clupeaformis - Lake whitefish RIS, Cm Uncommon
Coregonus hoyi : _Bloater RIS, Cm, T " Uncommon
Prosopium cylindraceum Round whitefish RIS, Cm Uncommon
Oncorhynchus kisutch Coho salmon RIS, S Common
Oncorhynchus tshawytscha - Chinook salmon RIS, S Common
Salmo gairdneri- Rainbow trout i RIS, S Common
Salmo trutta Brown trout RIS, S Common
Salvelinus fontinalis . Brook trout RIS, S . Uncommon o
Salvelinus namaycush Lake trout RIS, S . .Moderately Abundant' -
Osmerus mordax Rainbow smelt RIS, S;Cm, F Abundant
Couesius plumbeus Lake chub- RIS, F : Mode’rately Abundant
Cyprinus carpio Carp RIS, Cm | Uncommon
Notemigonus crysoleucas ° . Golden sghiner Uncommon -
‘Notropis cornutus Common shiner Uncommon
Notropis hudsonius Spottail shiner Uncommon
Pimephales promelas Fathead minnow Uncommon
Rhinichthys .cataractae Longnose dace Moderately Abundant
Semotilus atromaculatus Creek chub " Uncommon
Catdéstomus catostomus Longnose sucker RIS, Cm, F Moderately Abundant
Catostomus commersoni White sucker " RIS, Cm,F Moderately Abundant

Uncommon
Uncommon
Uncommon
Uncommon

Moderately- Abundant

Uncommon
Common

8- " Species names according to Bailey (1970)
b

-S - Sport; 'F - Forage' T - Changmg status,

Code- RIS - Representative Important Specxes- Cm - Commercxal- CI - Commumty Integnty,

1IONZIDE TVANIINNOHIANG OJTYN
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and juvenile_fishes'andeith bottom pumping for coilecticn of -
fish eggs and larvae. Specificatidns'cf these devices and.
methods employed are described in LaJeone (1975a p.2-3). A map of
the study area_identifying sampling locations used in the
fisheries'program is snowntianigure 4.3.1.1.

Monltorlng of adult and juvenile fishes has been conducted

‘'on a monthly ba31s (Aprll November) from 1973 through the present

study (LaJeone l974; 1975a, 1975b). Fish eggs and larvae samples
hame been collected fiVe.times per year.during the spawning |
seasons of principal species (April, May, July, September and'f
November)lfrom.1973:throughfthe present. Data from these studies
nave-provided additional information on the life histories of
fishes in the area'beyond that-of.previous studies (Industrial
BIO-TEST Laboratories, Incl l972, 1973). These earlier studles
are not directly'cemparable to the recent studies as the frequency

of sampling and sampling de&ices were different. than those_currently

‘in use (Ladeone lé?d.p 47)

Relatlve Abundance of Fish Spec1es

A complete summary of all fish collected by glll net
and seine is presented in Table 4.3.1.2. Total numbers of each
species for each sampling area for all years of study .are glven;
Relative abundance of a species (% of catch) was calculated
for each year of study-as well as for the combined five-year

period. Major species are defined as those species comprising .

- -at least 1% of the total catch of the entire study period.

Alewife greatly outnumbered all other species over the ;

.'five-year period,_comprising 65% of the total catch.A-The abundance
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Figure 4.3.1.1. Fish sampllng locations used in env1ronmental
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Table 4.3.1.2.

Catch summary for all fish species collected by gill net and
minnow seine in Lake Michigan near the Kewaunee Nuclear Power

. Plant from 1971 to date.

19752 1974 : 1973 °
Percent Percent Percent
Sampling Locations of Sampling Locations of Sampling Locations of
Species A/S5b B/9 GC/19 Total Catch A/S B/9 C/19 _Total Catch A/l5 B/9 C/19 Total Catch
Alewife 1758 822 1924 4504 79.4 2305 1177 2881 6363 68,6 1175 654 977 2806 51.7
Rainbow smelt 22 32 21 75 1.3 198 354 451 1003 10.8 172 70 114 356 6.6
Yellow perch 60 154 63 277 4.9 118 115 140 373 4.0 293 303 113 709 13,1
Lake trout 85 75 63 223 3.9 153 157 138 448 4,8 109 141 106 356 6.6
Lake chub 131 38 39 208 3.7 180 126 66 372 4.0 149 115 72 336 6.2
Longnose dace 12 42 123 177 3.1 126 11 47 184 2.0 80 33 31 144 2.7
White sucker 8 12 46 66 1.2 33 22 88 143 1.5 90 126 57 273 5.0
Longnose sucker 7 6 84 97 1.7 14 6 78 98 1.1 13 12 45 70 1.3
Brown trout 2 2 1 5 TrC 57 42 15 114 1.2 7 1 3 11 Tr
Coho salmon 0 0 0 0 - 22 12 11 45 Tr 12 9 4 25 Tr
Chinook salmon 1 -0 0 1 Tr 6 10 6 22 Tr 4 0 ) 10 Tr
Rainbow trout 0 0 1 1 Tr 5 3 - 9 17 Tr 1 2 5 8 Tr
Brook trout 0 0 0 0 - 3 4 5 10 Tr 0. 0 0 0 -
Lake whitefish 1 0 0 1 Tr 13 20 8 41 Tr 3 2 . 7 12 Tr
Bloater 0 0 0 0 - 1 1 0 2 Tr 0 0 1 1° "Tr
Cisco 2 4 0 6 Tr 0 0 0 0 - 0 0 0 0 -
Round whitefish 3 0 1 4 Tr 0 0 3 3 Tr 0 1 0 1 Tr
Carp o 0 0 0 - 0 5 3 8 Tr 1 1 0 2 Tr
Golden shiner 0 0 2 2 Tr 0 0 0 0 0. 0 0 0 -
Common shiner 0 0 0 0 - 2 0 0 2 Tr 0 0 0 0 -
Spottail shiner 0 0 0 0 - 0 0 0 0 - 3 0 0 3 Tr
Fathead minnow 1 0 0 1 Tr 0 0 0 1] - 1 0 1 2 Tr
Creek chub 0 0 1 1 Tr 0 1 0 1 Tr 0 0 0 0 -
Shorthead redhorse 0 0 0 0 - 0 0 0 0 - 0 1 0 1 Tr
Black bullhead 0 0 0 0 - 0 0 0 0 - 1 1 Q 2 Tr
Burbot ) 0 0 0 0 - 0 0 1 1 Tr 0 0 -0 0 -
Ninespine stickleback 0 0 0, 0 - 0 1 0 1 Tr 1 1 0 2 Tr
Gizzard shad"’ 0 0 1 1 Tr 0 [} 0 0 - 2 0 7 9 Tr
Mottled sculpin 0 0 0 0 - 0 0 0 0 - 1 0 0 1 Tr
Slimy sculpin 2 8 "9 19 Tr 10 4 11 25  Tr 80 142 65 287 5.3
Total 2095 1195 2379 . 5669 3240 2069 3961 9276 2198 1615 1614 5427
Percent of Annual Catch 37.0 21,1 "41.9 100.0 35,0 22.3. 42,7 100.0 29.8 29.7 100.0

40.5 -
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_Table 4.3.1.2.

{continued)

19724

- 1971°
e Percent Percent Percent
Sampling Locations of Sampling Locations of Grand of
Species A/lS B/9 C/19 Total Catch A/S B/9 Total Catch Total Total
Alewife 31 55 105 191  14.7 1172 942 2114 72.9 15978 65.0
Rainbow smelt 26 33 70 129 9.9 116 51 167 5.8 1730 7.0
Yellow perch 64 159 65 ‘- 288 22.1 30 21 51 1.8 1698 6.9
Lake trout 79 117 79 275 21.1 140 214 354 12.2 1656 6.7
Lake chub 28 1 - 30 59 4.5 8 50 - 58 2.0 1033 4,2
Longnose dace 44 6- "27 - 11 - 5.9 ‘31 0 31 1.1 613 2.5°
White sucker 29 17 14 120 9.2 11 28 39 1.3 641 2.6
Longnose sucker 9 62 33 104- 8.0 5 12 17 Tr 386 1,6
Brown trout S 8 5 18 1.4 8 5 13 Tr -161 Tr
Coho salmon 3 -4 4 1 Tr 1 0 1 Tr 82 Tr
Chinook salmon 1 1 11 3 Tr o - o o - 36 Tr
Rainbow trout 3 -6 1 10 . Tr 0 2 2 Tr 38 Tr
Brook trout -0 0 o 0 - 5 0 5 Tr- 15 Tr
Lake whitefish 0 1 0 1 Tr 0 2 2 Tr. 57 Tr
Bloater 1 0 0 1 Tr 0- 2 2 Tr 6 Tr
Cisco 0 0 0 0 - 0 0 0 - 6 Tr
Round whitefish 4 6 1 1 Tr 8 0 8 Tr 27 Tr
Carp 0 ‘0 -1 1 Tr 0 ] o - 11 Tr
Golden shiner 0 0 0 0 - 0 0 0. - 2 Tr
Common shiner 0 ] 1 1 Tr 0 o 0 . - 3, Tr
Spottail shiner ’ 0 0 0 0 - 0 1 1 Tr T4 Tr
Fathead minnow 0 0 0 0 - 7 1 8 Tr 11 Tr
Creek chub 0 0 0 0 - 0 0 0 - 2 Tr
Shorthead redhorse 0 0 0 0 - 0 0 . 0 - 1 Tr
Black bullhead 0 (] 0 0 - ¢ 8 [ - A Tr
Burbot 0 0 0 0 - 0 0 0 - 1 Tr
Ninespine stickleback 0 0 0 0 - 0 0 0 - 3 Tr
Gizzard shad 0 0 0 0 - 0 0 0 - 10 Tr
Mottled sculpin 0 0 0 0 - 0 0 -0 - 1 Tr
Slimy sculpin 2 0 1 3 Tr 22 5 27 Tr 361 1.5
Total 329 536 435 1303 1564 1334 2898 24573
Percent of Annual Catch 25.3 41,2 33.5 100.0 54.0 46.0 100.0

2 1975 data are through August only,
b Gill'net location/corresponding minnow seine location.
€ Trace - less than 1%, - .

d 1 1/2" panel of gill net not used in 1972 or 1971,
e Locations C/19 not sampled in 1971,
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of alewives in the study area is reflective of their abundance
thfoughout Lake Michigan. Other major contributors to the
catch are rainbow-smelt,‘yellow perch, lake trout, lake chub,
longnose dace, white sucker, 1ongnosé sucker and élimy sculpin.
Thege nine species'colléctively represent 98.5% of the fish
collected to date.

Valuable sport species collected in the vicinity of
KNPP are lake trout,-rainbow trout, brown trout, brook trout,
Edho salmon and chinook salmon. Abundances of these species
are largely determinea by the stocking programs of state and
federal agancies. Virtually all trout and salmon in Lake Michigan
are stocked fish and the abundance of any of these species in
a pafticular area can be greatly influenced by the number of
fish stocked at éarticula: locations.

The occurrence of the remaining species listed in
Table 4.3.1.2 was sporadic and they did not appear to be permanent
residents. Tw6 species given "changing status" classification,‘
the cisco and fhe bloater, have been taken infrequently and can
be considered vefy uncommon to the area. Carp were aléb céllected
infrequently. |

Considérable variation in the annual catches of major
species décufféd within the study area near KNPP (Tabie 4.3.1.2).
Among several factors that may have influenced catches were;
- weather conditions, currents, time of month sampling was conducted
and plant operation. The distribution of fish within the study
area also varied from year to year; however, changes in annual

abundance and distribution of fishes within the study area have
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not varied to any greéter magnitude subsequent to plant opération
‘than they:did prior to plant operation.

Life Histories of Representative Important Species

Descriptions of the life histories of'fishes‘in the
vicinity of KNPP are limited primarily to the "representativé
important species" presented in Table 4.3.1.1. These species are
:considered to be valuable to the community structure of Lake
Michigan and several of them have been studied intenéively. The
"majority of the remainiﬁg species are either uncommon’ to this
part of Lake Michigan, or little information is available on
“their 1ife'historiesvin the lake. Some of the uncommon species
may have originated from outside.the vicinity of KNPP (harbors,
tfibutary streams) and moved into the area. Species coﬁsidéred
"uncommon" are gizzard shad, golden shiner, common shiné;, spottail
shiner, fathead minnow, creek chub, shorthead redhorse, black
-Bullhead and ninespine‘stickleback. "A summary of the reproductive
periods for all species of fish occurring in tﬁe vicinity of KNPP
' is shown in Table 4.3.1.3.
| Alewife '

The alewife is the most abundant species in the area
near KNPP (Table 4.3.1.2) although, based on trawl catches,

Reigle (1969a p.5, 1969b p.7) found alewives were more abundant in
southern Lake Michigan. Alewives have distinct patte;ns of
:.seasonal migration in Lake Michigan (Wells 1968 p.3-5). in winter,
alewives move to the déep portions of the lake seeking warmer

water where adults remain close to the bottom and juveniles

inhabit mid-depths. 1In spring adult alewives migrate- into

156



NALCD ENVIRONMENTAL SCIENCES

ReproduCtive period and occurrence of spawning
adults for fishes collected in Lake Michigan in
vicinity of the Kewaunee Nuclear Power Plant.

; Table 4.3.1.3.

Reproductive?@ Months Collected
Species Period in Spawning Condition
Alewife mid May - mid August May - July*b'

Rainbow smelt
Yellow perch
Lake trout

Lake chub
Longnose dace

- White. sucker
Longnose sucker
Rainbow trout

Brown trout
Brook trout
Coho salmon
Chinook salmon
Lake whitefish
Cisco

Bloater

Round whitefish
Carp -
Golden shiner
Common shiner

- Spottail shiner
- Fathead minnow

Creek chub
Shorthead redhorse
Black bullhead.
Burbot

Ninespine stickleback

Gizzard shad
~ Mottled sculpin
‘Slimy sculpin

early April - mid May

early May - early July

early October - mid -December
late May - June

mid May - July

early April - May

early April - May

‘late October - early April

early October - December.
November - December
late September - December

- late September - December

November - December

mid November - mid December

mid January - mid March
November - early December
late May - August

June - August

May - July

June - July

mid May - June

May - June

late April - May

June - July

- January - March -

June - July
June - July
May
May

April - May=x

‘May - June

October

June*

June - July*

April - May

May

April & October,
November

October - I\cIovernber

October - November
October - November

June

May*

2 Information taken primarily from Scott & Crossman (1973).
b Asterisk indicates those species believed to spawn successfully within the

study area.

None collected in spawning condition.
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éhalldwer water off shore while juveniles move closer to the
surface but remain in mid-lake. By early summer the adults
move into nearshore areas and tributaries where spawning occurs.
They remain in shallow nearshore areas until late summer or

eérly fall when they agéin migrate to deep watér. Peak abundance
of adult alewives near KNPP occurs in late May or June

(Figu;e 4.3.1.2) although young-of-year are occasionally taken
in substantial numbers along shore in September and October
(LaJeone 1974 p.12).

. Alewives spaWn in Lake Michigén from June through

Auéust.- Peak spawning occurs in July with females producing from
il,OOO to 22,000 eggs (Ndrden 1967 p.3§7). Catch data from studies
neér KNPP suggest that peak abundance occurs just prior to or
during spawning and ﬁhat alewives do utilize the shallow areas

near KNPP for spawning. Eggs and YOung—of—year have been collected
in the study area with the highest concentration of eggs usually
"6ccurring at Location 11 or 12 in July aﬁd August (Industrial BIO-
'fﬁEST Laboratbries, Inc. 1973 p.l174; LaJdeone 1974 p.l4, 1975a p.17,
1975b p.20). The extent to which alewives ufilize the area near
:KNPP for spawning is probably much less than in southwestern Lake
" Michigan. Cochran and Cima (1974 p.236-240) reported considerably -
.higher densities of alewife eggs in thé'nearshore areas in the
vicinity of the Zion Station, Zion, Illinois, using the same
sampling procedure. |

- Alewives are relatively short lived in Lake Michigan.
Brown (1972 p.485) reported a few individuals as old as six or seven
years. Norden (1967 §.387) reported that few fish exceed four years

of age, the majority of spawning fish belonging to age groups
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II and III. No age studies of alewives were conducted for fish
collected near KNPP, but comparisons of length-frequency data
from the study area (LaJeone 1974 p.13, 1975a p.15, 1975b p.17)

with data from other workers indicates all expected age groups

~occur in the vicinity of the plant. Alewives feed principally on

zooplankton and evidence'has been presented that they are selective
for the larger forms of zooplankton (Hutchinson 1971 p.333).

Rainbow Smelt

Smelt is the second most abundant species collected in
Lake Michigan near KNPP (Table 4.3.1.2). Reigle (1969a p.5, 1969b

p.7) found that smelt were generally more numerous in northern

Lake Michigan than in southern Lake Michigan. This species has"

distinct seasonal movements in the lake (Wells 1968 p.6-8). Young
smelt are basically pelagic and remain off shore at 65 to 100 feet
in late fall and winter. In spring and summer, young smelt may
concentrate in epilimnion waters and along shore. Adult smelt
generally inhabit waters from 45 to 230 feet and remain close to the

bottom; however, in early spring they migrate into very shallow

-water along shore and into tributary streams where spawning takes

'.place. Peak abundance near KNPP occurs in late April when sub-

LWL

stantial numbers of spawning adults are collected (Figure 4.3.1.3).:
Smelt spawn successfully along shore near KNPP (LaJeone

1974 p.28, 1975a p.18, 1975b p.46), but the low density of eggs and’

-young-of-year suggest that the area is not used extensively. Much

higher densities of eggs were collected nearshore in southwestern

' Lake Michigan near the Zion Station, Zion, Illinois (Cochran and
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Cima 1974 p.249-251). 1In the Kewaunee area smelt may use tributary
streams as primary spawning areas, but there are no suitable tribu-
taries in southwestern Lake Michigan in Illinois. Bailey (1964
pP.393-394) reported that smelt begin to mature at age two and .
females dominate age groups IV-VII. Bailey also found the average
egg production of females was over 31,000 per. individual. No age
studies of smelt were conducted but length-frequenéy data indicate
that all expected ages occur in the vicinity of KNPP (LaJeone 1974
p.30, 1975a p.21, 1975b p.47).

Gordon (1961 p.439) found that.young smelt fed mainly on
crustaceans along with rotifers, fish eggs and algae, while adult

smelt fed on Mysis relicta, fish and aquatic insects.

Yellow Perch

The yellow perch is third in abundance of species encoun-
tered in the vicinity of the KNPP. "Reigle (196%a p.ll, 1969b p.16)
reported that perch were more numerous in southern Lake Michigan and
in Green Bay than northern Lake Michigan. In winter, perch are
found at depths of 65 to 80 feet. They begin a shoreward migration
in May, reside at depths of 45 feet or less during summer and return

. again to deeper Qater offshbre in the fall. Wells (1968 p.9) re-

ported that young-of-year and yearling perch prefer depths of less

-~ than 20 feet. The seasonal occurrence of perch in the vicinity of

KNPP seems to follow.this general pattern of seasonal movement, but
peak abundance in the study area does- not conform to a regular

pattern from year to year (Figure 4.3.1.4).
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Perch spawn over sand, rubble or on vegetation where eggs
are laid in gelatinous strings. Herman et al. (1964 p.5) reported
that the average female produces about 23,000 eggs. In the KNPP
study area perch have been collected in spawning condition in May

"and June (LaJeone 1974 p.15, 1975a p.33, 1975b p.30). Spawning
probably does occur within the study area in June, but it is doubt-
' ful the area is used extensively.as peak abundance of perch does not

_cbincide with.the spawning period and no young-ofyear or yearling
_perch have been collected as yet. Eggs of yellow perch have only
been collected once (LaJeone 1975b p.20) so, if spawning is suc-

cessful in the vicinity of KNPP, it is limited.

Yellow perch mature at two or three years of age in Lake
‘Michigan. Age studies of perch in the area have shown that four and

- five year old fish comprise the majority of the catch, although ages
ranged from two to nine years (LaJeone 1974 p.17, 1975a p.32; In-
dustrial BIO-TEST Laboratories, Inc. 1973 p.150). The absence of
young perch is further evidence that the majority of perch collected
;'Ln the study area were probably not produced or reared in the
immediate vicinity.

Young perch feed on zooplankton and benthic invertebrates.
Larger perch in the vicinity of KNPP feed heavily on sculpin, as
well as other fish and crayfish. (Figure 4.3.1.5).

Lake Trout

The 1ake.trout is the fourth most abundant species
collected in the KNPP area and the most abundant member of the
salmonid family. Excellent accounts on the life history of lake

trout are given by Eschmeyer (1964), Van Oosten and Eschmeyer (1956)
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Figure 4.3.1.5. Food habits and relationships of Lake Michigan fish species in :
the v1c1nity of the Kewaunee Nuclear Power Plant.
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and Da}y et al. (1962). Lake trout spend the winter months in
deep water, moving into shallower water with the spring. 1In
summer, lake trout usually retreat to deeper water again but will
remain close to shore if water temperatures are cold. Lake
trout move back into shallow water in the fall as the spawning
season approaches. Young lake trout seem to prefer to remain
'in deeper water throughout the year.

Catches of lake trout in the vicinity of KNPP follow
é similar pattern. Substantial catches are frequently made in
spring (April and May) and decline greatly in summer; however,
a large number were taken in June 1975 when westerly winds
brought cold water upwelling along the beach (Figure 4.3.1.6).
Lake trout numbers increase appreciably in late September and
reach peak abundance in late October. éy November the trout
have left the shallows and moved back to deeper water.

iake trout in Lake Michigan spawn from mid-October to mid-
November along rocky shorelines and reef areas. At this time large
concentrations may be encountered. Studies at KNPP have found large
‘concentrations of lake trout in spawning condition in the area in
" late October (Industrial BIO~TEST Laboratories, Inc. 1972 p.71;
- LaJeone 1974 p.25, 1975a p.26). Females may produce from 1,000 to
18,000 eggs, depending on their size (Daly et al. 1962 p.6)..
Original stocks of lake trout in Lake Michigan .were eiiminated by
‘the sea lamprey and successful reproduction.of current stocks,
virtually all of which have been planted by state.and fed-
eral agencies, has not yet been reported (Wells and McLain

1973 p.28). Despite the large catches of spawning adults
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in the study area, no eggs, larvae or young-of-year lake trout have
been collected (LaJeone 1974 p.25, 1975a p.26).

Ages of lake trout in the vicinity of KNPP rénge from two
to eleven years with age groups VI-VIII comprising the majority of
the catch (LaJeong'1974 p.22, 1975a p.25, 1975b p.25). Both sexes .
were mature at five years of age and a few four year old male fish
had also matured. lFali catches consisted almost enfirely of sexu-
ally mature fish. Yduﬁger fish (age groups II-V) were more commonly
collected in ﬁhe spring and early summer. -

Young lake trout feed on zooplankton and benthic inver-
tebrates. By three years of age their diet is comprised almost
entirely of fish. Lake trout in the aréa of KNPP feed heavily 6n
alewife and smelt as well as sculpin and occasional other fish
species (Figure 4.3.1.5).

Lake Chub

The lake chub is the fifth most common species in the
vicinity of KNPP and is the most abundant member of the minnow
family. Little is known about the life histofy of this species and
no published accounts relative to its habits in Lake Michigan are
available. Scott and Crossman (1973 p.404-405) reported that lake
chubs prefer lake habitat and will move to deeper water in éummer.
They also stated that the species usually undergoes a spawning
migration from lakes intp tributary streams in the spring. Lake
chubs were collected by seine and gill net during almost all months
of sampling'since 1975 (LaJeone .1974 p.32, 1975a p.34-35, 1975b'
p.-34-35). The species is usﬁally common along shore in spring and

reached peak abundance in June of 1974 and 1974 (Figure 4.3.1.7)-
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Figure 4.3.1.7. Seasonal abundance and spatial distribution of lake chub collected

in ghe VlClnlty of the Kewaunee Nuclear .Power Plant from 1973
O date.
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Adults collected in June were in spawning condition and
large catches were taken at Location 5 in 1974 and 1975 where an
intermittent tributary was flowing into the lake on both occasions
-(LaJeone 1975a p.36, 1975b p.33). It appears that lake chub were
attracted to this effluent, possibly for spawning, but no investi-
gation of their spawning in the stream was conducted. No eggs or
-1arvae have been collected in Lake Michigan, but réproduction in the
study area may be successful nearby as juvenile specimens are fairiy‘ '
common in July and August.

Lake chubs reportedly feed on aquatic inéects (Scott and
Crossman 1973 p.405). They are also considered forage for larger
species, though none have been identified_from the stomach contents
of fishes examined (Figure 4.3.1.5). Lake chubs in the study area
are commonly parasitized with black spot (Neascus sp. pr’UVilifer
sp.) (LaJeone 1974 p.31).

Longnose Dace

Longnose dace are not classified as a "representative
impbrtant species" for this area, but they are the seventh most
. abundant species collectéd and the only other member of the minnow
- family besides the lake chub that .is abundant in the vicinity of
KNPP. No distinct pattern of seasonal migration has been pﬁserved
for this species. They oécur in inshore waters of large lakes and
may move into tributaries for spawning (Scott and Crossman 1973
'p.497). Longnose dace have no regular pattern of seasonal abundance.
in the.vicinity of KNPP (Figure 4.3.1.8).

Adults in spawning condition have been collecte@ in

June and July. Eggs or larvae have not been collected in
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Figure 4.3.1.8.
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