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I. INTRODUCTION .

Environmental Techriical Specifications, .Appendix A,
Section ‘6:9.1.6 and Appendix B, Part II, Section-5.4:1 -
require that an annual report be submitted to the Nuclear
Regqulatory Commission which details the results and findings
of ongoing environmental radiological and non-radiological
surveillance programs. This report serves to fulfill these
requirements and represents the Annual Environmental
Operating Report for Units 1 and 2 of the Donald C. Cook
Nuclear Plant for the operating period from January 1, 1986

€11l December 31, 1986.

During 1986, based on the monthly operating reporté for

' Unit 1 and Unit 2, the yearly gross electrical generation,

average unit service and capacity factors were:

. Unit 1 "Unit 2
Gross electrical generation (MWe) 6,918,330 4,335,567
Unit service factor (%) 85.2 61.5
Unit capacity factor MDC Net (%) 74.4 , 46.7

The Semi-Annual Radioactive Effluent Release Reports
for 1986 reporting year indicated that' there were no adverse
effects to the environment and general public due to the
operation of the Donald C. Cook Nuclear Plant.

IX. CHANGES TO THE ENVIRONMENTAL TECHNICAL SPECIFICATIONS

There were no changes made to the Non-radlologlcal
Environmental Technical Specifications during 1986. A
change was requested to the National Pollution Discharge
Elimination System (NPDES) permlt MI0005827 in which the
applicant requested permission to reroute Makeup Plant
prefilter backwash to Lake Michigan. For further
information, see Appendix 1.1 to this document.

There was one change made to the Radiological Technicéal
Specifications during 1986. Amendment no. 94 to Donald C.
Cook Unit 1 and Amendment no. 80 to the Unit 2 Appendix A
Technical Specificatlons were issued on April 22, 1986 and
deleted the requirement to sample the New Buffalo drinking
water intake. No other changes were made in these Technical
Specifications during 198s6.
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III

NON-RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT i

Environmental Protection Plan (EPP)

III.A.1 Plant Design and Operation

There were no changes in station design, tests or
experiments performed which constituted an unreviewed
environmental question.

The construction activities performed in 1986 which led
to hook-up of the Lake Township water supply, office
extension and associated sewage treatment expansion, and
training/simulator facility reported in the environmental
evaluations in the 1985 Annual Environmental Operating

Report resulted in no adverse environmental impact.

One environmental evaluation was conducted to determine
whether construction activities associated with the upgrade
and temporary use of the beach access road which is included
as Appendix 1.2 to this document. Based on this evaluation,
it was concluded that with proper mitigation practices there
would be no adverse environmental impact arising from the
proposed activity.

III.A.2 Reporting Related to the NPDES Permit and State
Certification

Notifications made to the Michigan Department of
Natural Resources regarding the NPDES Permit are listed
under Nonroutine Reports which comprises Appendix 1.3 to
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this document.
III.B. Environmental Monitoring:
III.B.1 . Herbicide Application - - -

Krovar I and Oust were used -for bare ground weed
control in the areas and concentrations specified in the
attached letter from L. A. Shepard to H. E. Brooks (Appendix
1.4). A.total of 303 pounds of Krovar I and 2.6 pounds of
Oust were applied to approximately forty (40) acres within
the owner controlled area in- 1986.

Theie;were no applications of the herbicide Torden 101R
as .there was no transmission line right-of-way maintenance
performed within the owner controlled area in 1986.

»
i

L

IIi.C ;Aquatlc Studies
: Durlng 1986 three aquatic studies were performed for
the Donald C. Cook Nuclear Plant.

III.Cfl Corbicula Monitoring Program

As part of the Corbicula Monitoring Program, performed
,in accordance with our response to the NRC IE Bulletin 81-
- 03; entrainment, diver-collected sand and gravel samples,
‘and beach areas at the Donald C. Cook Nuclear Plant were
. examined for the presence of the Asiatic clam, Corbicula
r fluminea. No veligers, small or adult clams, or empty
shells were detected in any of the sampling.

To date, inspections of lake water systems for
blofoullng, conducted by Environmental Section personnel
, have indicated no evidence of Corbicula.
. The Cook Plant Corbicula Monitoring Program conducted
by the University of Michigan will continue in 1987, as well
as in-house inspections of lake water systems.

For further information concerning the Corbicula
Monitoring Program results for 1986, please refer to
Appendix 1.5.







‘III.C.2 Diver Assessment of the Inshore Southeastern Lake

Michigan Environment Near the D. .C. Cook Nuclear;:,,:
Plant, 1973-1982

This report is a summary and analysis of observations-
made by divers in-southeastern Lake'Michigan near.the D. C.
Cook Nuclear Plant from 1970 to 1982. This investigation
was one component of a multi-disciplinary environmental
impact study conducted by the Great Lakes Research Division,
University of Michigan, for the Donald C. Cook Nuclear
Plant. .Overall scope of work included: physical studies -
hydrology, sediments, shore erosion, ice effects; chemical
studies - standard water chemistry, nutrients, trace metals;
and biological studies - psammo-littoral organisms,
periphyton, algae, zooplankton, benthos, and fish. 1In
addition, studies by other agencies included radiologlcal
work, weather and currents, thermal plume mapping,
terrestrial flora and fauna, and other environmental,
soc1olog1ca1, and economic assessments associated with plant
site selection and preconstruction activities. In 1986, the
various studies conducted by the Great Lakes Research
Division were integrated into an overview of the aquatic
environment of the study area.

The purpose of the underwater assessment program was to
gather data via direct observation or analysis of hand-
collected samples. Information amassed through these
efforts was used to collaborate or augment other studies at
the Cook Plant and to provide a unique assessment of the
aquatic environment, its ecology, and plantinduced effects.

For further information on this report, please refer to
Appendix 1.6 of this document.

III.C.3 Interactive Data Base Management System for
Ecological Studies Related to the Donald C. Cook
.Nuclear Power Plant

This report documents in detail the procedures used and
the programs written in establishing the data base
management system for the D. C. Cook ecological study and
describes the data contained in the data base as well as the
way in which these data can be accessed. This documentation
can be used as a reference when accessing the data base and
to clarify questions that arise during the use of this



system.

For further information concerning

refer to

€

Appendix 1.7 of' this document.
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RADIOLOGICAL ENVIRONMENTAL MONITORING"PROGRAM ' (REMP) - ‘-

IV.A Changes or Control to the REMP

As discussed above, the D. C. Cook Nuclear Plant Unit 1
and Unit 2 Technical Specifications were changed in 1986 to
remove New Buffalo as a drinking water .sample location.

Two new milk farms were added to the REMP during 1986
on November 21, 1986, These were the Zelmer and The
Warmbien Milk Farms.

During 1986, Controls for Environmental Pollution, Inc.
(CEP) has conducted the REMP sample analysis, except for
surface and drinking water samples. Up until March of 198s,
plant chemistry personnel were performing the radiological
analysis for the surface and drinking water requirements.
During the review of the data for the 1985 Annual
Environmental Operating Report, it was discovered that the
counting methodology used by the plant personnel was unable
to meet the Technical Specification 4-12.1 Lower Limits of
Detectability requirements without using excessively large
sample volumes and extremely long count times. To correct:
this problem, surface and drinking water samples were sent
to our REMP contractor for analysis beginning in April of
1986. This matter was discussed in more detail in the
special report which was submitted to the NRC Region III
office on May 1, 198s6. ‘

During 1986 sampling for the Radiological Environmental
Monitoring Program was accomplished by both plant and
contractor personnel. Up until November of 1986, contractor
personnel were responsible for the all REMP samples except
for drinking and surface water samples, and for fish
samples. On November 1, 1986 plant personnel took over
responsibility for collection of these samples. 1In
addition, plant personnel have had continuous responsibility
for the collection of drinking and surface water samples as
well as fish sample collection.



! In general, the Annual Environmental Operating .Report
shows no observable effect on the surrounding environment
from the operation.of the Donald C.” Cook Nuclear Plant, 7. .
Units 1 and 2. :

For further information concerning the Radiological - -
Environmental Monitoring Program, please see Appendices 2.1 -
and 2.2 which contain the results of the contractor and
plant performed analysis on environmental samples.

IV.B Special Sample Collection Program Report

Oon September 10, 1986, a report was issued to the NRC
in response to NRC IE Information Notice 86-32, "Request for
Collection of Licensee Radioactivity Measurements Attributed
to the Chernobyl Nuclear Plant Accident.!" The enhanced
sample collection and analysis program was initiated on May
3, 1986 and continued through July 3, 1986 by which time the
levels of observed activity had returned to background
levels. The purpose of this enhanced monitoring program was
to evaluate the levels of radioactive fallout resulting from
the Chernobyl Nuclear Plant accident and to assure that any
activity detected in our environmental program was properly
identified as to the source. Concurrent with.and upon-
completion of the enhanced environmental sample collection
and analysis program, our routine radiological envxronmental
sample collection and analysis program continued

'unlnterrupted. The results of the routine REMP results are

contained in Appendix 2.1 of this Report and the results of
the enhanced sampling and analysis program are reported in
Appendix 2.3 to this report.

IVv.C. Land Use Census
Iv.c.1 Annual Milk Farm Survey

The annual milk farm survey for 1986 was completed on .
September 12, 1986, using the updated Milk Farm List from ‘
the Michigan Department of Agriculture and the previous
vyear's milk farm survey map. We also contacted Berrien
County farmers by phone in performing this survey. A new Ny
milk farm survey map and list were completed according to .
the appropriate Plant procedure. Changes were identified X
from the previous year for the closest milk farm in the '
nine land covering meteorological sectors within the five R
(5) mile emergency planning zone. The comparison results :

7.






between the reporting year (1986) and the prior year A
(1985) are shown-in Appendix 2.4 to this report. -. X

Two (2) new milk farms were added to our sampling- -
program as a result of.the findings of-the 1986 annual milk
farm survey. On November 21, 1986, the Zelmexr Farm (4.75
miles SSE, Sector H) and the Warmbien Farm (7.8 miles S,
Sector J) were initiated into the routine milk farm sampling
program. In addition to these two farms added to the
program, two (2) farms in Sector F were contacted for
possible inclusion in the sampling program, but they
indicated that they did not wish to participate in the
program.

Iv.Cc.2 Annual Residential Land Use Survey

The 1986 Residential Land Use Survey was completed on
August 20, 1986 using the updated list of new building
permits from Lake Township and the previous year's survey.
map. There were no new residences having a new building
permit and which were located closer than the previous
year's closest residence in each of the nine (9) land

' covering meteorological sectors within the five mile

emergency planning zone. The comparison results of
the residential land use survey for 1985 and 1986 are
found in Appendix 2.5 to this Report.

IV.D Condition Reports

In 1986, four (4) condition reports were issued with
respect to the REMP. They are identified below and are more
fully documented in Appendix 2.6 of this Report. The four
condition reports issued:

l) 12-04-86-388 * Special report for violation of
T/S Table 4.12=-1 LLD limits for
drinking and surface water samples.

2) 2-04-86-474 Xe~-138 LLD limit in excess of T/S
limit for Upper Containment Purge.

3) 12-10-86-1165 Unplanned partial release of gas
decay tank.

4) 12-11-86-1347 - Violation of allowable interval for
collection of environmental air
samples.
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ATTACHMENT 8
INDIANA- & MICHIGAN ELECTRIC COMPANY -

P0°o BOX.16631 LA
COLUMBUS, OHIO 43216 .

January 22, 1987

AEP:NRC:0170C
10 CFR 50.36 (b)

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos. 50-315 and 50-316°

Licanse Nos. DPR-58 and DPR-74

VATIONAL POLLUTANT DISCHARGE ELIMINATION
SYSTEM (NPDES) PERMIT

Nuclear Regulacory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Dear Sirs: .

In accordance with Section 3.2 of Appendix B (Environmental Proceccion
Plan) of the Donald C. Cook Nuclear Planc Unit Nos. 1 and 2 Facilicy
Operating License, attached is a copy of an applicacion to the Stace of
Michigan Department of Nacural Resources for modificacion of the D. C. Cook
NPDES Permit No. MI 0005827. This application is for your information only
and has been submitted to the State of Michigan Zfor approval of a facilicy
change which would allow discharge of make-up planc prefilcer backwash water
to Lake Michigan. '

This document has been prepared Zollowing Corporate procedures which
incorporate a reasonable set of controls to insure its accuracy and
complecteness prior to signature by the undersigned.

Very ctruly vours,

M. 9. Alexich
Yice President w

cm ,\\$$\81

Attachment

cc: Joan E. Dolan
W. G. Smich, Jjr. - 3ridgman

R. C. Callen
G. Bruchmann
G. Charmoff

MRC Resident Inspector - 3ridgzman
J. G. Keppler - Region iIi



be: . G.- Feinstein/M. W. Evarts . .. < ‘ .

. Horowitz/T. 0. Argenta/R.. C. Carruth oo , : -
Markowsky/S. H. Steinhart/P. G. Schoepf/G. S Wrighe -

Jurgensen

Kroeger

Horvach - Bridgman

Morse - Bridgman

Erikson

Shinnock

Druckemiller

Fryor/D Flezgerald-Stuarc

L. Wigginton, NRC - Washingcon, D.C.

AEP:NRC:0170C | .

DC-N-6015.1 ‘ .1

CLLLOmITMBL NG
PP PFromgSno

A
I
i
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ATTACHMENT B

v ’ .
ATTACHMENT TO AEP:NRC:0170C
NPDES PERMIT APPLICATION
LETTER FROM JACK A. DRUCKEMILLER (I&MECo)
TO PAUL D. ZUGGER (MICHIGAN DEPARTMENT OF NATURAL RESOURCES),

DATED DECEMBER 23, 1986




Attachment to AEP:NRC:0170C | : ATTACHMENT 8

.

]

T ,’?5) !
(e >/ WOIANA & MICHIGAN ELECTAIC COMPARY.

msmmro BOX 80, FORT WAYNE.IN 44801
v . . Tewcnoms (219 4252111, - .

December 23, 1986

[

Paul D. Zugger, Executive Secretary
Water Resources Commission

' Department of Natural Resources

P: 0.-Box:30028

Lansing. ﬁichigan 48909

Dear Kr. Zugger' .

'RE:; Donald C. Cook Nuclear Plant
: VPDES Permit No. MI0005827

Enclosed i{s a revised Industrial and Commercial Wastewater Discharge
| : Applica:ion for the Donald C. Cook Nuclear Plant. This application
| is suhmitted for approval of a facility change.

|

|

The Eacili:y change involves rerouting of Makeup Plant Prefilter back- ,
wash water .to Lake Michigan via outfalls 00l or 002 (Unit 1 and Uniz 2
‘ discharges). The filter backwash water is currencly discharged to the 3
Plant's Turbine Room Sump, which subsequently discharges to an onsite o
‘ - Absorption Pond. The ability to discharge this effluent to Lake Michigan
‘ _ would ‘aid us in performing repairs to the sump and would allow us to el
" reduce the volume of groundwacer discharges. Screening data for chis .
_waste stream is provided in the enclosed applicacion.
|

. Note that the line diagram flowsheet for Section l, Item 6 is as pro-
posed, reflecting the planned reroucing of the filcer backwash water.
"t .
- Your timely consideration of the request for facility modification is .
¢ appreciaced since repairs of the Turbine Room Sump are scheduled for . .
early 1987. Please call me if you require information or have any .4
! Qquestions regarding the information provided. We would be happy to
meet with the people responsible for drafting the permit modificatiocm.- 3

—— Ve:y cruly yours,

‘:\..-j,_ ~l¢4// é\«ua/w/

“Jack A. Druckemiller .
Manager of Eavironmental Affairs

. JAD/df

Y, Eaclosure ' ‘ |
: B e: W. G. Smith, Jr. ' |

Som o meed

LY——
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. SEE INSTRUCTIQNS

ON REVERSE SIDE

ATTACHMENT 8

SECTION | . PERMIT _ o,

NUMBER MI0005827

v

6‘
DESCAIPTION

AND

OIAGRAM

v

Ac  PROVICE A BATEF CESCRIPTICH MO LINS SIAGRAM SHOUING THE WATER FLOW THROLCH. YOUR F‘élLXW R l;ﬂ‘u 0 DISOARGE, SO ALL OPERATIONS

o) COMRIBUTING WASTOMTER, INCLLOING FROCESS -NO PROOUCTION AREAS,+ SNITARY SLOMS, COOLING WATER, NO STORMWATIR RUNCFF, YOU MY GO
ITEM | i owarioa im'a sk uar, ne i siuct 3040 90 1eues rlos, S04 AL SIGHFICHT 155583 o
ADTSHERL

ND OICWAGE, TOU SHOULD WSE ACTUAL MEASLREENTS W AVAILARLE: OTHERWISE LSE YOR BEST ESTIMATE.,

See line diagram on following page.
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ATTACHMENT B

Section I, Item 6, cont'd.
Qutfall Descriptions

Qutfall 00F - Pre-Filter Backwash

Make-up water of ultra-high purity is required for the steam
generatars. The first step in treating intake lake water is solids
removal using multi-media filters. The filters are called pre-filters
since they are the initial step in the treatment process.

Alum (aluminum sulfate) is injected into the water supply
upstream of the pre-filters to act as a coagulant on the filter media.
When the pre-filters are saturated with solids removed from the lake
water, the pre-filters are backwashed with additional lake water, and
the solids are flushed to the turbine room sump then discharged to an
on-site absorption pond.

The proposed plant modification would reroute the pre-filter
backwash to Lake Michigan. There would be a small net increase in the
amount of solids returned to Lake MIchigan as a result of the alum
added during treatment. The design maximum amount of alum which could
be used is 624 1b alum per day which would cause a net increase of
0.05 ppm solids when discharged through Qutfall 001 or 0.04 ppm
solids when discharged through Qutfall 002. The attached screening
data show that the typical pre-filter backwash contains only 1.7 ug/1
aluminum and 25 ug/1 sulfate. -
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SECTION | R a— > | 1z0005827
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SAMPLE | S S S S S N N [ | [ S USROS R N N S T S SN DU DR B T A | —_t ! —_
IYPE
s GRAB | S T O N B N DR L B | S N W N IR UL PO N SN A S RPN M I —_ -
2 24 HOUR vt r v e ’
(LI | [T R SO NN DO N R S TN U O S S N | [ O T A | (.
COMPOSITE,
{ N NS S N RS N S ] [ N N O TR JEOU U T SUNNC S TN AP N N SO | [ O W (.
| N S S N S U N N N S (IS W SUUE YK N W SN N O U S DI T U S | ) .
TS S ML N S NI S S | [T N N TS T TN N S N S B S S SN O I -

See atrtached sheets for daca.
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SECTION Il - PERMIT ____ o,

SEE INSTRUCTIONS | .
ON REVERSE SIDE

NUMBER

ATTACHMENT B -

.M10005827.

ITEM
6

PRIQRITY
POLLUTANTS
ANO
ACOITIONAL
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SURFACE
WATER
DISCHARGE
ONLY

QTFML SR, :

[} REJESTID IFORATION Dsil € ACCRESSED SY ML SRFACE MATER QISCMAGERS. . .- «
&‘:zf“»“& SC S1SOWAGERS suvts m:%’ﬁﬁccm VALLES FOU D€ SUMNTLTATIVE M - .
QURLITATIVE FOPRTICE SECESIED BELOH, « «  ° .

»
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(220, cg T &) (:r ves, 20 10 3)
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REUSTAY SFELITTS atTH A PIOCESS WASTRMATER OISOWRGE HAT *CVICE QUANTITATIVE
Q9T FIR TASH AMUIS SOLLUTANT [N TARE {114 WE =) .

RECIRD XL, 2ATA S FCRMS ARQVICED (ITBM7) In THIS 200XET,
(CENTIILE WilW E=< 8L W)

T e eman

[F 202 230WE anfiT 2IITHARGE SPPLICWT (201MARY CR SECOIOARY INDUSTRY), IEGARTLESS

ing Ti3T 1T IISTAAGE, +CWS 32 vAS IEASSH TS 2ELIEVE DWAT ANY ACLLUTANT _1STED
N T25LE 115 WD (VA S3GES 924 1S SISOWAGED FRQM ANY QUTFALL, D€ QUANTITATIVE
st sE saauicen.

RECTA KL 5404 e #561eS PRovIOED (ITEY /) IN DH(S 0OKLET,

D NOT APPLICARLE/SELLEVED ABSENT N
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e ta ot oy 0
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TI8LE VA W8 4) A€ DISTHAGGED SN anY OUTEALL THE APPLICIHT ST CESCRIZE
AEASENS B Trd FOLLUTANT EING PRESENT O PROVICE ANY AVAILALE QUANTUTATIVE CATA.

RECSRD Al SATA £ FCR4S Po0VISED (3184 7) (N THIS 30CRLET,

@ MOT APPLICISLE/SELIEVED ABSENT

D PESEA/TATA (S ATTACED

&_SLRF"-CE AT JISCARIE APPLICATS (PRIMARY D SECITARY (NOUSTRLES)

£3 oA MARFACTLRES 2, U, S+ TRICHOROPHEMOXY x:-:ns 10, (2, 4, 51
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l
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iF A -:-‘-E’_;C-’ AUWAATIRY CR CONSULTIG FIRM PERFORMED Y SF DHE SMLAYSES
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e
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CLIENT MK
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TEST
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%032
W3
N1
N120
X490
%8190

1351
#010

830
1190
Al
24

X330
X053
4080
a3
1310

w10

Lals]
q440
| M
¥730
w740
w780
779
%352
1020

ATTACHMENT B
R2BAIY Tox

Laboratory Secvices Ovition - Pk Weat 7

8359 Camposils Run Roed G2ttt Mirve Roag
Pitapurgn, PA 15208 u - PHtsourgn, PA° 18377
: 412-738-1020

LAaB ANALYSIS REPORT

INDIAMA § NICHIGAN ELECTRIC CO.
P.0. 30X 312/0.C. COOK PLANT
SRIDEEXAN) M 49106

3 FITZEERALD/STEWRT

REPCRT DATE! 08/29/84

NS CLIEXT X0t
NUS SAOPLE NO:
VENDOR ¥O¢

NORK (RDER XQ!
BATE RELEIVES!

SAPLE IDENTIFICATION: MAKELP PLANT PREFILTER MACOWSH (TP

DETEMIMATION RESIATS
YPDES PART V-A KETUIRE3
Aencaia as N (distillation) (0.1
20D, Sy (D) 2
Orsanic Carboalnca-rur<eable) 3.8
€ (J2) 10
o 7.2
Salidss sassended at 103 € 14
MPOES PART V-3
Aluainga (A1) 1.7
Bariua (B3) { 0.1
Cobalt (Ca) ¢ 0.0
Tronstotal (Fe) 0.09
Masnesiva Of4) 9.7
Mindanese Uth) { 9.0
Yolsbdenun (Xo) { 0,03
Tin (%) (1
Titaniua (T1) { 0.3
Barea (B { 9.2
Sronide (3¢) (2.0
Colors Trae S
floorides tatal (F) 2.7
Nitzate (0 0.3
Xitrite (0 ( .01
Nitrogeas Kieldahl 0 0.4
Nitroseas Qroamic (M) 0.4
Phosrhoeass total (P) .34
Sulfate, tardidizetric (SQ4) =8
Sulfide (S) { 0.1
Sulfite (SOJ) (t
Syrfactants ()MBAS) { 9,08
XPOES PART V-C TOXIC X=TALS
Antiscay (D) { 0.4

@ A Haburton Company

WIS

e/l
/1
L 7p
w/l

v/l

/1

2/
/1
2¢/1
1¢/1
+3¢/1

s/l

08/¢a/88

B/ 90 ;
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[ 004
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3

1o
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w12
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ovts
avis
17
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e

ﬂ..-...
]
v

o ERILS

ATTACHMENT 8

‘ RODET TO:
Sgrvices Otvigion Partt West Two
5320 Campdedds Run Aced . - - - CHrt Mine Road
Mtaourgh, PA. 15205 Puasaurgn, PA 1527
‘ © 417281080

LAaB ANALYSIS REFPORT

DOLIARA § NTCHTEAS ELEETRIC CO.
P.0; 30X 312/3.C, COSK PLANT
BRIDGEMAN, M 49108

D FITZDERALD/STERART

RIS CLIEAT X3t Q10904
RS SHOLE Xt 15060400
’ Yeme2 xas 65411000

REPORT BATE! 08/29/84 NORX (TR M3t TBN
MIE ETVER:  €2/03/8

SAPLE IDENTIFICATIGN PAXEEP PLAT PREFILTER BACOWSH (0@ /0 N

DETERNINATION

hesanic (As)
Bersllica (%)
Cadaiva (CD
Chroaive (C2)
Carrer (Cy)
Lead (PY
Xercary (He)
Nickel D)
Seleniun (Se)
Silver (A1)
Mhalliss (TN
Zine (Z)
Csanides total (C0
Phenolics

VOLATILES-PP N MATER

Acrolein
Aceelonitrile

Benzmme

Yeosofora

Cacbon Tetrachlorice
Qilorchenzene
Qlarodidrcacsetiane
Qlororthase
Ohloroethylvingl Eler
Cilorofors
Bichlcrodreacaethane
1:1-3ichlcroethane
1,2-Dichlcrcethane
{s1-3ichicroethyicne
1:2-3ichlororrerane
1:3-3ichlorarearsiene
Ethsldenzene

RESLTS 12931
9.002 /1
{ 9,092 2/l
( 0.8 74
{ 0.0t /1
{ 0.01 - 74|
{003 - 78]
. € 0.0002 /1
{ 0,03 sl
{ 9.004 7]
{ 0.0t s/l
{ ! 7]
0,07 24/1
{ 9.00% /1
{ 9.02 /1
{ 100 g/l
{ 100 (1731
(S g/l
(3 /1
(3 19/1
(S a1
(S WA
(10 /1
{10 (174
(3 /1
(s sl
(3 ue/1
(S /1
(S (17
(3 * /1
(3 /il
(S /!

PASE W 2

€D A Halliburton Company . CLIENT ORIGINAL



CLIENT XNE!
ADDRESS!

ATTEXTIONG

\ , .
1350 Camobelis Run Roag
Prtadurgh, PA 18208

LaAaB ANALYSIS REPORT

INBIAMA § NTCHIGAY ELECTRIC €3,
P.0. KX 312/2.C. COOX PLAMT

WIZOW, . A A9l
REPORT DATE! 08/29/%4
3 FITZCERALL/STERART

SNPLE IDEXTIFICATION MAKELP PLANT PREFILTER DACOWSH (UP

DETEXHIMATION

Notisl 2roaide

Pathyl Qiloride
Netielzze Qiloride
111:2:2-Tetzachloroethine

Tetrachlorcethyinae(Perchiore)

Toluene

- 132-Traas-dichiorcetisliene

12151-Tricklocontline
1,1,2-Trichioecethane
Trichloroethinliene
Trichlorofisorosetiaze
Vingl chiceide

ACIES - PP IN MATER

2-Qhlororhmal
2:4=3ichioeorhencl
2:4=3isethylphenol
418-3initro-g-crasal
2)4=Binitrcohensl
2-%itrarhenol
{-Nitroshenol
~Chlore-e—cresol
Peatachlocornenol
Prensi
2,414=TrichlororRencl
Acid Extractioa-Hater

BASE MEUTRAALS = PP IN WATER

Acenarhtiene
Acenirhtayiens
hathricene
seazidine

$2a10(a) Matiracone
mzo(a)Pyrene

ATTAGHELT ¢

Purx West Two
CUNt Mine Road
PRUOUDN, PA 18273

412-78%-1080

‘ é

ey

XS CLIENT M8t 41004
KUS SNPLE XO! 14050400
Yoo Wt 411002

RO MR W S\

JATE RECETVED! ¢9/03/84

ESATS . TS
(19 wl
{10

3
{3 sl
(3 /!
{3 wn
(S 1174]
{3 w1l
(s wl
{3 /1
(S w/l
{10 74
{10 /]
(10 t3/1
(10 /1
- w1
{ %0 /1
(10 174]
(& /1
(19 1wl
(% /1
(10 w1
{10 {741
(10 1)
{10 ¥/l
(L /]
{ R 19/1
(10 w/l
{10 /1

O A Hantiburton Company

T

n)1] 6. Lere
indicates ‘ ‘”‘;‘»
Jhon det le

mc%alene AR

Mmee s 3
CLIENT QRIGINM j!.
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T

CLIER XNE!
ADDRESS?

ATTENTIOA!

BEREEBRBBREEEAEEAEE 25888 RAEY

DRIV

AT] Angg&T 8

Sarvicas Ohvigacn Puark ‘Wast Two

$360 Carmpoeits Run Roed CIN¥ Mirve Road
Petiourgh, PA 15208 : PRburcn, PA 153273

- 412.723- 1000 ‘

LAE ANALYSIS REFPORT

1 AICHGAR ELETTRIT €O,

?.0. 30X 31273.C. COCX PLANT
RRIDGEMN, M. 49108

JEPCRT JATE! 0Q/29/84

) FITZGEALY/STERAT

¥

¥

XIS CLIENT X0t 010904
KIS SHPLE M1 1030400
VEDER Mt SALL00
REX GO N0 B

. WATE RECEIVEM  0Q/08/%4

SNPLE DTOMIFICATION: mmmmmm N "

DETERRTMATION

Jrd-eazotlacriatiiene

< learo{Ai)Persiene

Zen1o (X Flsoranthene
Jis(2-Chloroethioxy) Fethane
3is(Z-Qioroatani)Etser

3is(2~Dhicroiscerceai)Etiee

. 3is2-Etawidexsi) Phthalata

{-2roacolens] Phsasi Elier
Jotsl 2eazsl PAtiaiate
2DVloronardtialsne
i-Calororheani Fhearl Elher
Qirysene
Bideazo(a d) fathracene
112-3ichloechearens
$13-Dichiorabeateae
114-3ichicrodearms
3:137-Bichiarobenzidine
Diethyl Phthalate

Disethal Mtazlate
Ji-¥=-3sts] Pithalate
L4-dinitrotolyeae
2ié-3initrotolvene
Bi-#-Octyl Prthalate
1:2=3irhensihadrazine(Azcdr)
fluoraatiene

Flroreze

Hexachlotbeazeae
Hexachlorchatadiene
Bexachlioro—cyciorentadiene
Hexachlorcethane
[adean(,2:3 cdiParene
1sorhorone

IESLTS

[}

——— xt
N

(10 %

(10

(10‘*5
(18 -

(19

(10
(1

P R e ke e e e R e
D bus 0o pm Pt P b - gm

o

(10~

(10
(10
{10
ST
(10
(10
{10

& A Hamburton Company

00‘9009800

/1

1/l
/!
W/l

11741
w/l
¥/l
w1
W/l
/1
/!
/1
w/l
o y1/1
g4/1
/1

MEE Mt 4
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CLIENT XKD
ABIRESS!

ATTEXTION

oL
129
@12
P13
a4
{1 2]
014
17
P18
or19

RILIS

ATTACHM

CORPORATON

ENT 8

RIINT TO:

Porx West Two
Cift Mire Roed

Pttsauron, PA 15275

412#83-1@ w

LAB ANALYSIS REFPORT

DOIAA ¢ XICISW BLETTRIC CO.
P.0. XX 312/3.C. COXX PLANT
RIDGERNA) 4910

3 FITIGERNLS/STERRT

REPGIT BATE! 08/29/%4

8 OIET M
S SYPLE it
e xit

NEX OWER 0!
RTE EETvES

SNPLE IDENTIFICATIONG AMKEP PLANT PREFILTER MCOWSH (X2 /%

DETERNINATION RESIATS
Xarhtualeae (10
Nitrcleniee (10
X-Ritrosadimatislanine ¢ 10
Aitrosodi-H-Proeslanine {10
¥Hitrosodirhensinize (10
Pammanthrene {10
Perese (0
112;4=Teichiorodeazrae {10

Rase Neutral Extraction-sater
PESTICIDES/PC3’S - PP 1IN MATER
Peaticida/PLY Extriction-Sater

Aldrin { 0.08
alrsha HC { 0.05
beta L { 9.08
deits ME ( 0,08
Qaay B Liscene) { 0.05
Cilordane ( 0.30
4-420) { 0.10
4-4/02¢ ( 0.10
447087 { 410
Bieldrin { 0.10
Eadosaifaa 1 { 0.08
Esdosaifaa I ( 0.40
Erdosuifia Suifate { 9,10
Eadria ( 0.80
Eadrin Aldshyde {9.10
Pestachior { .05
Hertachlor Eroxide { 0.03
- Texarhene { 1.0
PC3-1014 (0,5
PCI-t22¢ (.S
PC3-1232 { 0.3

22LRLALE |8

g

w/l
/)
w1

/1

B 174
19/1
e/t
w/l
13/
/1
1E74]
1174
wl
/1
39/l
v/
/i

.
i

010904
14060400
411000
bL:a )
&/ %63

R

Ry

P

@ A Haliburton Company
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CLIENT A1

ATTEXTICN!

3888 °

' R4S0

S
‘g

%201
P- NS0

' M (0TS

[

[ :

Revieved 13d Arrroved de!

ATTACHMENT 8

4350 Campoeia
Ptsdurpn, PA

.

Sarvicss Ohvision
fun Aoed

412-7%-10%0

LAB ANALYSIS REFPOART

DOTAA § XSICHIGN ELETTRIC €3,
P.0. 30X 312/3.C. COOX PLAT
it ) a9

) FITIOERALI/STENRT

SWPLE IDOITIFICATION MAKEL? PLAMT PREFILTER BUOASH (U9

METERAIAATIO
Pe3-1242
PC3-1248
PC3-1234
PC3-1250

RADIUY 225 MG 223
Radisn-226
Radien-223

Gross Alska

Gross hata

Qilerines Total Res @3 (C12

REPCIT DATE! 08/29/84

REQLTS
¢ 4.3
(0.3
(L0
(L0

‘mm A Halliburton Company

s CLIBT
M3 SAPLE Mt
eoaR n!

WK G0 1g1
JATE RELEIVEH

S§33% 88E§(3

ROIMT TC:

Purkt West Two

Clft Mine Acad.
Pletsourgh, PA 15278

04
15068400
0SAL1600
BN
08/08/88

N N

CLIENZ: QBIGINAL



ATTACHMENT B o

S350 Campbeits Aun Roed - CH Mine Acud
Prisburgh, PA 15208 .- . PYSmburgh, PA 13271

412-730-1090 . . .
¢
i

“¥

LAB ANALYSIS REFPORT

CLIENT W)  DOTAY & MITHIGAM ELECTRIC €3, * YOS CLIENT X3t 014904
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Appendix 1.2

ENVIRONMENTAL EVALUATION

Donald C. Cook Nuclear Plant

Upgrade and Temporary Use of Beach Access Road
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INDIANA & MICHIGAN ELECTRIC COMPANY

DONALD C. COOK NUCLEAR PLANT

ENVIRONMENTAL EVALUATION
FOR
UPGRADE AND TEMPORARY USE
s ‘ OF THE

s K BEACH ACCESS ROAD

! Prepared by: ///-d 4/4&\-4«%(1/——'

T. G Harshbar'éer Radiological Support Section

Approved by -&QU)Q(/

JJ Brewer-Manager, 'Radiological Support Section
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@ Concurred by: \‘{:A...‘M

J. Fryer, Environmpntal Coordinator
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I. Executive Summary

I1I. Purpose of the Environmental Evaluation
III. Description of the Activity and Affected Area
IV. Envirommental Impacts

V. Environmental Controls

VI. Conclusions
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-This Environmental Evaluation-was ‘conducted to.determine if the.. .

upgrade and temporary use of the D.:C., Cook'beach.access road :. .-~ * .
constitutes an unreviewed environmental question pursuant to-Part II, :
Section 3.1 of the Donald C. Coock Technical Specifications.. -

Due to the installation of water and sewage lines at the plant site
normal access to the current training facility will be unavailable.
Therefore, the beach access road, which connects to Livingston Road,
will be used on a temporary basis to provide access to the training
facilicy.

Based on this Environmental Evaluation it is concluded that the
upgrade and use of the beach access road is not an unreviewed
environmental question. Therefore, it will not be necessary to
obtain approval from the Nuclear Regulatory Commission prior to the
start of the road upgrade and use.



II.

(o] 4 V. P

The- purpose of -this .Environmental Evaluation-is :to.dstermine {£f the
proposed upgrade and.use .of the Donald C.  Cook beach-access road-~
constitutes.an unreviewed environmental question as defined by .Part:

“‘
A a4 *
.-
“

II, Section 3.1 of the Donald C. Cook Plant Technical-Specifications. - . -

As stated in Part II, Section 3.1 of the Donald C. Cook Plant
Environmental Technical Specifications, "A proposed change, test or
experiment shall be deemed to involve an unreviewed environmental
question if it concerns (I) a matter which may result in a signifi-
cant increase in any adverse environmental impact previously
evaluated in the final environmental statement (FES) as modified by
staff’s testimony to the Atomic Safety and Licensing Board,
supplements to the FES, environmental impact appraisals, or in any
decisions of the Atomic Safety and Licensing Board; or (2) a signifi-
cant change in effluents or power level {in accordance with 10 CFR
Part 51.5(b)(2)] or (3) a matter not previously reviewed and
evaluated in the documents specified in (1) of the Subsection, which

, may have a significant adverse environmental impact.”

s v



IIX. Descyiption of the Activity and the Affected Ares

The- Indiana. & Michigan Electric Company (I&{)- is installing new water
and sewage lines.to support the Donald.C..Cook Nuclear Plant. During
a short period of the installation’ (approximately 8 weeks) the normal
access to the current training facility will be unavailable for use.

This training facility is utilized by 75-100 plant personnel each day
to meet Nuclear Regulatory Commission and Institute of Nuclear Power
Operations training commitments. In addition 60 plant employees work
out of the training facility on permanent basis.. In order to main-
tain access to the training facility and thus keep the training
facility operational it is proposed to upgrade and use the existing
beach access road.

The existing beach access road was used as a site access during the
construction of the plant and is currently used by plant security to
conduct security inspections of the beach front. The route that is
being proposed for upgrade and use exits the training facilicy
parking lot to the north and immediately turns west to run adjacent
to the south edge of the plant protected area for approximately 300
feet. The road then turns south and runs parallel to the Lake
Michigan shoreline for approximately 1700 feet before it intersects
Livingston Road. Only the 1700 feet of access road that runs
parallel to the shoreline requires upgrading. This upgrading would -
involve adding 480 cubic yards of 22A gravel and crushed stone to
this section of the road. The gravel would be added to make the road
surface smooth and to fill in wash outs. This upgrade would be an
average of 3 inches of stone over the 1700 feet length of the road,
20 feec wide. The total cost of the upgrade is estimated at approxi-
mately $8,000 for material and labor.

A discussion of the Geology and Soils, Groundwater and Surface Water,
Biological Resources, and Cultural Resources in the area of the beach
access road can be found in the "Indiana & Michigan Electric Company
Donald C. Cook Nuclear Plant Environmental Evaluation for the
Proposed Drinking Water Hookup to the Lake Township Water Supply".

c———
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Since the beach.access road was previously used for .site access
during the construction of the plant and is now used for
periodic security patrols compaction of the soils benedth the-
road has already occurred. Use of the road by cars and light
trucks is not expected to cause further compaction of the soils
in this area. In addition, no excavation will occur as the

result of the road upgrade and use., Therefore, there will be no

impact to the geological formations and soils in area of the
beach access road. ) . .

.

u e Water and G ou dwate

.
.

The upgrade and use of che beach access road will not have any
impact on either the watertable or surface water in the area of
the beach access road.

Biological Resdurces

1. errestriall Ecolo
There uill'be no impacts to the terrestrial ecology as the
result of the upgrade and use of the beach access road for -
the following reasons.

a. WNo habicac.will be removed as a result of the upgrade
' and temporary use of the beach access road.

b. Since the beach access road is already subjected to the

incrusion of man and machinery (i.e. recreational use of

the beach adjacent to access road, periodic securitcy
patrols, and existing security lights) animals residing
in the: areas adjacent to the construction should not be
disturbed by the increased activity.

2. Aguacic EcoLogx

There will be no impact to the aquatic ecology in the area
as the'result of the road upgrade and use.

Cultural Resotixces

There. will be no change in land use as the result of the upgrade
and temporary use of the beach access road. No archaeological
resources are known to exist in the area based on previous
construction excavations.

« *

Noise

Noise levels generated by the increased flow of traffic
(approximately 100 vehicles per day) on Livingston Road and the

using the adjacent beach and lake area and by individuals

beach access road could be considered a nuisance by individuals "

' residing along Livingston Road. However, this is a temporary

impact that will last for only 8 weeks.

e
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The following environmencal controls shall be uciliZed to minimize
impact to the environment resulting from the upgrade and use of the
beach access road. These environmental controls shall be reviewed

and enforced by the D. C. Cook Environmental Section.

A. Noise :

As stated, the impact of noise in the surrounding community is a
temporary impact (approximately 8 weeks). 1If use of the beach
access road is required beyond the scheduled eight weeks,
written authorization to do so must be obtained from the D. C,

Cook Environmencal Section,

B. vironmental Observat

The D. C. Cook Environmental Section will inspect Livingston
Road and the beach access road once a week to determine if use
of the access road is causing any adverse impacts. The D. C.
Cook Environmental Section will take appropriate actions to
mitigate any observed impacts.

C. Permits

It has been determined through discussions with township and
county authorities that no permits are required to use the
Livingston Road/Beach Access Route to the training facilities.

e
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VI.

Conclusaion -"‘

It is concluded that with proper mitigation practices as.outlined in -
the Environmental Controls.Section of this evaluation no significant )
adverse environmental impact will result from the proposed activity.

It is further concluded that the upgrade and temporary use of the '
beach access road does not involve an unreviewed environmental o
question. Therefore, it will not be necessary to obtain approval

from the Nuclear Regulatory Commission to upgrade and use the beach
access road. . "

Howaver, 1t should be noted that this Environmental Evaluation shall -
be included as part of the 1986 Annual Environmental Operating
Repore,

g




Appendix 1.3

NPDES Non-Routine Reports - 1986
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a EVENT DATE
5/28/86

-

6/16/86

6/29/86

[

6/30/86

9/3/86

10/31/86

'q 11/7/85 to
@ 11/10/86

L—.—-
-

NONROUTINE REPORTS

C/R NUMBER -

12-06-86-0634
02-06-86-0708
02-07-86-0816

12-06-86-0759

12-09-86-1043
12-11-86-1281

1-11-86-1303

- DESCRIPTION™ -

Heating boiler blowdown - total suspended
solids concentration exceed NPDES Permit
limit.

Steam generator blowdown - total suspended
solids concentration exceeded NPDES Permit
Timit.

Steam generator blowdown - total suspended
solids sample was missed.

Turbine Room Sump discharge pipe ruptured.
While making repairs to pipe on 7/16/86
and 7/17/86, the sump overflowed to Lake
Michigan.

Turbine Room Sump overfliowed to Lake
Michigan.

Turbine Room Sump discharge pipe was
broken.

Unit 1 intake and discharge temperature
readimgs were missed.
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Appendix 1.4

Herbicide Application Program -~ 1986
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INDIANA & MICHIGAN ELECTRIC COMPANY .

STTACHHENT C

T

F~] N
Owegr sysTEM

”yate:  March 26, 1987 N
sussect: 1986 Herbicide Spray Report - D. C. Cook Plant
!
" FROM: L. A. Shepherd
H. E. Brooks

SUMMARY OF PROGRAM

A,

N

During April and May, Benton Harbor Division Spraying
Crew used a mixture of Krovar I (X-I) and Oust to
control grass and weed growth on the plant site.
Locations treated included: KV yards, roadways,
parking lots, perimeters of the sewage ponds and
controlled/uncontrolled areas inside the plant fence.
A total of 303 lbs., of K-I and 2.6 1lbs. of Oust were
used. (See Attachment 1)

This year no applications of Tordon 101R (Dow Chemical)
were made to tree stumps because there was no trimming
of trees by Goshen Tree Crew.

Major Areas covered and Observations (See Attachment 1).

Pond: Very good weed control around ponds
road, very few weeds found.

1. Sewage
and on

2. Absorption Pond: Roadway here has some weed growth
started through the stones.
no weeds,

3. U-1 Main Transformer: Excellent control,

4, U-2 Main Transformer: 3 weeds discovered along
west side of the middle single phase transformer
catch basin at the concrete/sand interface.

5. U~-1 Diesel Fuel 0il Tank Unloading Area: Excellent
Controi, no weeds,

6. U-2 Diesel Fuel 0il Tank Unloading Area: Sparse
grasses inside basin., Two clumps of weeds
discovered on south side of turbine building at
building/sané interface,

7. Chlorine Building, Cimco & AEPSC Site Design

Office Trailers: Excellent weeé control, no weeds
discovered. 1

INTRASYSTEM



1986 Herbicide

March 26, 1987,

Page 2

10.

11.
12.
13,

16.

17,

18.

19.

20.

21,

ATTACHMENT C

Spray Report - . . ‘ ”

Hydrogen and Nitrogen Storage Tank Area (near 609'
East Aux. Cranebay): Excellent control, no weeds
found.

East Perimeter Fence, Ice Crew/Westinghouse/ANR/Com- -
puter Office Trailers: Excellent control, 2 weeds }
observed in whole area.

South Perimeter Fence: Excellent control, no weeds
present. ‘

West Perimeter Fence: Asphalt area, no weeds.
NMorth Perimeter Fence: Excellent control, no weeds.
Six Trailers, South Side (Cimco, STA and Firewatch

Trailers): Area around trailers clear, clumps of
weeds around base of .nearby poles.

i
U-2 Start-up Transformer: Several patches of weeds ",;
under base of transformer.

Hvdro-Nuclear Office (U-2 West End of Turbine
Bldg.): Patches of weeds at building/sand
interface, no weeds under trailer.

# .
L N

1-2 Outside Trash Basket Area: Excellent control, :
no weeds.

U-1 Spent Resin and Charcoal Dumping Area (near
screenhouse roll-up door): Clumps of weeds in sand
area.

Heating Boiler Fuel 0il Tank Unloading Area:
Excellent Control, no weeds present.

Gas Cvlinder Storage Area (South Side of 0l4 .
Office Bldg.): Excellent control, no weeds :
discovered. ;

Employee Picnic Lunch Area: Excellent Control, no
weeds, )

weeds.

Vehicle Entrv Control Area: Excellent Control, no »
14
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1ATTACHMENT C

1986 Herbicide Spray Report. -.. . .

March 26,
Page 3

1987,

22,

23.

24,

26.

New Office Bldg. Construction Area: Excellent
Control, no weeds.

Construction & Security Office Building and Guard
Island: Excellent control, no weeds found.

Westinghouse, ANR Trailers: No weed growth under
trailers.

Unit 31 Containment and RWST, CST and PWST,
Storage Tank Areas: No weed growth around Unit 1
RWST. Grass growing on North and East sides of
Unit 1 CST Storage Tank concrete base and sand
interface. Small clumps of grass on north side of
Brown-Boveri transformer. Grass and weed noticed
on north and éast side of Unit 1 PWST tank
concrete base'and sand interface. Excellent weed
control around and under trailers in this area.

Unit #2 Containment and RWST, CST and PWST Storage
Tank Areas:

Clumps of grass outside southwest corner of single
phase transformer ASEA pad.

10 X 20 ft. sparse patch of weeds and grass on the
northside of Unit 2 CST and RWST Storage Tanks.

Small clumps of grass on north side of Unit 2 PWST
Storage Tank at concrete pad and sand interface.

Small clumps of grass on the north, east, and
south sides of Unit 2 CST at concrete pad and sand
interface.

Very sparse clumps of grass near Zence east of
Unit 2 PWST and CST Storage Tanks.

Sparse patch (10 ft X 3 £t.) of grass noticed
where railroad tracks come into fenced area on
southeast side.

_Weed control around HNS Laundry trailer excellent;

no weeds.



1986 Herbicide ,

March 26,
Page 4

1987

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

ATTACHMENT C

Spray Report

#

345 KV Switchgear Yard: Spot of clover discovered
along south fence. One small patch of grass in
southwest corner near transformer berm. Small
patches of chickweeds along north fence.

765 KV Switchgear Yard: Grass present on the
southeast, northeast and northwest sides of yard
near fence.

Dayco Building: Good weed control, a few weeds
around building.

Craft Employees Parking Lot: Excellent weed
control; no weeds,

IsM Emplovees Parking Lot: Excellent weed control;
no weeds.

Visitors Parking Lot: Excellent weed control; no
weeds.

Construction Storeroom Parking Lot: Good weed
control, two clumps of grass by Alltel parking
space.

Contractor Supervisor's Parking Lot: Chickweed and
grass along temporarv fence. Good weed control in
parking lot.

Sewage Plant & 69/KV Switchgear Station: Clumps of
grass on south side of sewage plant. Excellent
weed control in 69 to 4 KV Switchgear yard. No
weeds.,

Training Center: A few dandelions on east side of
thermain training center near the railroad ties
used for parking stops. Grass noticed in the
vicinitv of parking stops in the east side of the
parking lot. No weeds in center of lot. No weeds
around New Sewage Plant,

Plant Manager's Lot, Auditors Office and
Construction Storeroom Office: Good weed control
around parking stops and lot in general. VNo
weeds, Two clumps of grass on south side of QA
auditor's office., Excellent weed control around
Construction Storeroom Office. No weeds.
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ATTACHMENT C

1986 Herbicide Spray Report -, .-
March 26, 1987,
Page 5 .

38. 69/4KV lines: Pines do not seem to be resprouting
but oaks ‘are resprouting at the base of their
stumps and some resprouting of sassafras is
apparent. Maximum height of resprouting 6-8 ft.

39, 765 KV lines: Large stumps show no signs of
resprouting - appear to be dead.

40, 345 RV lines: Large stumps show no signs of
resprouting - appear to be dead.

The observations made in November and December clearly
indicate that the thorough spraying program continues to control
encroaching vegetation resulting in a reduction of maintenance
costs and an increase in overall plant-site visibility. The one
exception to this seems to be the resprouting of ocaks and
sassafras near 69/4 KV lines.

, If you have questions or require further information please
contact me at Ext. 1326.

Ladaly ?) w rc‘
L. A. Shepherd

LAS/js

cc: W. G. Smith, Jr./A. A. Blind/L. S. Gibson/J. E. Rutkowski
T. A. Kriesel.mi
J. E. Frver
E. C. Mallen
D. Fitzgerald-Stuart
C. R. Mort



0. C. COOK NUCLEAR

ATTACHMENT 1

PLANT
HERBICIDE APPLICATION DATA
1986 -
Weed Spray Application by: 8. H. Division Name: Oennis Runkel ' §
. I &M Electric Greg Myers .
Rate UST '
Date Lbs. KROVAR I 4/Acre Gallons 1 oz/acre Acres Location
4/18/86 18 6 1300 3.0 3.0 765 KV yard 0
4/22/86 18 6 300 3.0 3.0 765 KV yard i
4/22/86 15 6 250 2.5 2.5 69/4 KV yard )
4/23/86 18 6 300 3.0 3.0 765 KV yard R
4/24/86 27 6 450 4.5 4.5 765 KV yard )
4/25/86 18 6 300 3.0 3.0 765 KV yard
4/28/86 9 6 150 1.5 1.5 765 KV*yard
4/28/86 18 6 300 3.0 3.0 345 KY yard
4/29/86 18 6 300 3.0 3.0 345 KV yard
5/2/86 18 6 300 3.0 3.0 345 KV yard
5/2/86 22 10 220 2.2 2.2 Plant perimeter
5/5/86 22 10 220 2.2 2.2 Plant perimeter iR
5/6/86 8 10 80 0.8 0.8 Plant perimeter y
5/6/86 4 10 40 0.4 0.4 Sewage Ponds A/B ‘3
5/7/86 34 10 340 3.4 3.4 Micro 69/4 KV yard
Parking Areas A
5/8/86 ‘ 30 10 300 3.0 3.0 Cook Parking Lots
5/9/86 6 10 60 0.6 0.6 Cook Parking Lots .
3
i
303 1bs. 3960 gals 42.1 oz. 39.6 acres
Summary: Used 303 1bs. Krovar [ applied to approx. 40 acres
ie.1774 @ 6#/acre - outer yards )
1265 @ 105/acre - inner yards Vi
2.6 1bs. QUST - ail areas
N
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DATE:

© SUBJECT:

FROM:

TO:

-

ATTACHMENT C
CAN £
r“eﬂ\ Fc’%b

INDIANA & MICHIGAN.ELECTRIC COMPANY

-]
Owegr svysTE™.

March 19, 1987
Right-of-Way Maintenance Berbicide Use

i

H. E. Brooks

E. C. Mallen /

This will confirm our phone conversation of today.

There was no right-of-way maintenance periormed on the
bus ties or exit lines oa Cook Planc lands in 1986.

Accordingly, no nerbicides were used in 1936.

"

H, 2. 3rooxs

HqtB:e:
c J. A, DJruckemiiler
J. L. Pawlisch
R, . GiiZord .

INTRA.SYSTEM
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Appendix 1.5

Corbicula Monitoring Program

- 1986
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A Technical Repé:t To:
The D. C. Cook Nuclear Plant

American Electric Power Service Corporation

Indiana and Michfgén Electric Company

P L]
' -
.
i
.
L4
PR
.I‘
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SUMMARY ' ' ‘ .
Entrainment, diver collected sand and gravel samples, and
beach areas at the D. C. Cook nuclear power plant were examined

for the presence of the Asiatic clam Corbicula fluminea in mid-

June, mid-July, and mid-August 1986. No veligers, small or adult ’

clams, or empty shells were detected in any of the sampling.

.y

s B

There is only one confirmed report of the species (a single empty

shell in 1984) being collected féom any site in Lake Michigan in

the immediate vicinity of the D. C. Cook plant. Live Corbicula

were collected ih Lake Mi?higan near the J. H. Campbell power

plant (White et al. 1984) north of the D. C. Cook pow?thplant.in
Jovember 1983. We have no further data to show 1if that »
population still exists. Thus, it 1is concluded that no
population has become established nor were there any reproducing
individuals detected at D. C. Cook. At present, Corbicula does

not appear to be a threat to operations of the water systems at

the power plant. F

INTRODUCTION

LY
S, et

Corbicula fluminea (Mullér) (=Corbicula manilensis) was

introduced into the Columbia River of Washington State ia the
late 1939s and since has spread eastward throughout the
Mississippi River drainage and most :ecen:ly‘ (L989-1981l) 1intd
Lake Ezie. For Laks Mizhigan, a small populaticn was detactad
sear the J. H. Campbell power plant (southeastern Laxe Mighigan) “

in November 1983 (White et al. 1984), and a single intact, emdpty 3
-4
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shell was found in diver collected sand andfgrave},- 22 May 1984,
from the-water intake at D. C. Cook. 4

Biofouling of'power plant -service water syséems by Corbicula
in the Mississippi and southern drainages and now western Lake
Exie has prométed monitoring of all Great Lakes power plants to
allow for early detection and creatiod of control
procedures. A monitoring program specifically for Corbicula was
initiated at the D. C. Cook power plant in 1982. 1In that year,
three 24 hr entrainment samples were examined for &eligers
(planktonic larvae) and small clams. Dates of sampling'in 1982

were late May, mid-August, and early October (Table 1).

Entrainment samples weres supplemented by collections of clam

shells washed onto the. beach in front of the power plant and near

che mouth of the st. Jo§eph River. Beach walks were conducted in
late September and late October 1982 (Table 1l). The St. Joseph
River site was chosen as a possible point of entry of Corbicula
into Lake Miéhigan. No Corbicula veligers or small clams wete
detected 1in entrainment samples nor were specimens found in the
more than 493 shells (primarily fﬁngernail clams iq the family
Pisidiidae) collected in béach waiks. Shells of Corbicula are

much more sturdy than are shells of oisidiids; <chus, 1if present

"y

in the lake, they should wash ashora (White 1979). urther, o

Corbicula had ©boeen collacted in lake benthos sampling Ddrograms

from 1979 through April 1982 or in previous entrainment studies’

"
)

nor had there been any validated reports o orbicula Seing
coliectaed from Lake Michigan or its drainage (Mackie er al, 1381,

2deba and white 1935).
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lere again examined in 1983, ‘1984, 1985,. and. 1986~ Sampling
periods were moved to mid~June,. mid-July, and mid-August based
upon life cycle data gathered 'for western Lake Erie by Scott-
Wasilk et al, "(1983) (See Table 1 for sampling dates). No
specimens of Corbicula were found in thorough examination of
entrainment samples. Several hundred Pisidiidae (fingernail
clams) were collected in the beach walks each vyear, but no
Corbicula were locateé either at D. C. Cook or at the mouth of
the St. Joseph River. (
From a November 1983 diver collected sample near the J. C.
Campbell power plant, we identified 1¢ live Corbicula (White et
al. 1984) which we assumed were in their first year of growth.
Je do not know if that population has survived. On 7 January
1885, I confirﬁed a single whole shell of Corbicula from ddiver
collected sand and gravel collected 22 May 1984 from the water

intake of D. C. Cook. It was my opinion that the specimen was

quite recent because it was intact, and it appeared to be of cthe

same cohort as the specimens c¢ollected near J. C. Campbell. 1In
the summer of 1985, I examined a similar sample Zrom the D. C.
Cook water intake but found only naturally occurring Pisidiidae.

To date, the only verified specimen of Cordizula £luminea

'Ent:ainment$sampLES, .beach collections, and gravel samples -

collected in the vicinity of the D. C. Cook nuclear power piant

was that found it the 1934 .sand and gravel colliaction.

CONCLULSICNS
No Corbicula veligers or small clams wera collectad in the

19856 - samplings. Only a sing.2 empty sheil has been <collected

‘m"
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TABLE 1

Sampling ,dates, sample type, and numbers of Corbicula

collected from 1982 through 1986 at the D. C. Cook nuclear power

plant.
o om0 et e e o e o s e e e e 2 e e e e e e . e e e o o e
] Date Sample Type T
Entrainment Beach Walk Sand and Gravel J )
1982 ' T
. 25-26- May none - - ;"
- 18-19 Aug none - . -
X 21 Sep - none - .
- S-6 Oct none - - N
0 26 OQct - none - ”
- 1983 | 4 (
' 15-16 Jun none none, - :
C13-14 Jul aone none -
17-18 Aug aone none -
1984
22 May - - 1x
. 14-15 Jun none none -
5. 12-13 Jul none none -
16-17 Aug none none -
14
. 19835
13-14 Jun none none - ’
July - - none
' 12-13 Jul none none none
l; 15-16 Aug none none ~ none .
’ 1986
: 16-17 Jun none none - )
- 14-15 Jul™" none none -
. 18-19 Aug none aone -
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(1983) over the past 17 years of monitoring (1970-1986), . From
chese data, - it is concluded that individuals of Corbicula ‘have .

occurred in the vicinity of the D. C. <Cook nuciear power ‘plant;
however, at this time, there are no established populations along
the southeastern shoreline of Lake Michigan, particularly in the

nearshore areas at or adjacent to D. C. Cook.
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INTRODUCTION -

This' report is a summary and analysis of observations made by divers in. - -~
southeastern Lake Michigan near the D. C. Cook Nuclear Plant, 1973-1982,

This investigation was one component of a multi-disc%plinar§ environmental
impact study conducted by the Great Lakes Research Division, University of
Michigan, for the Donald C. Cook Nuclear Plant from 1970 through 1982,
Overall scope of work included: physical studies - hydrology, sediments,
shore erosion, ice effects; chemical studies - standard water chemistry,
nutrients, trace metals; and blological studies - psammo-littoral organisms,
periphyton, algae, zooplankton, benthos, and fish. 1In addition, studies by
other agencies included radioiogical work, weather and currents, thermal plume
mapping, terrestrial flora and fauna, and other environmental, sociological,
and economic assessments assocliated with plant site selec:;on and pre-
coﬁstruction activities. 1In 1986, the various studies conducted by Great
Lakes Research Division were integrated into an overview of the aquatic
environment in the study area.

The purpose of the underwater assessment program was to gather data via
direct observation or analysis of hand-collected samples. Informagion amassed
through these efforts @as used to collaborate or augment other studies at the
Cook Plant and to providg a unique assessment of the aquatic environment, {ts
ecology, and plant-induced effects. '

The D. C. Cook Nuclear Plant Is located in Berrien County on the shore of
southeastern Lake Michigan near Bridgman, Michigan. The plant site was
purchased in 1959 and pre-construction activities began in the 1960s.

Construction of the two-unit, 2,200 megawatt plant began in the late 1960s.

Placement of in-lake structures (intake and discharge plpes and structures,
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and riprap field) was completed in'late 1972. Unit 1 achieved "on-l1line”. . . » |

status dufing.1975, following a ‘prior startup period in 1974. Unit 2 went on-
line during 1977. Great Lakes Research.Division studies began at the Cook . .
Plant in 1970 and were divided into two general phases: preoperational and
operational, Underwater studies were conducted during 1973-1982 and included
.10 annual periods of observation from April through October during most years.
In accordance with the plant construction schedule, the preoperational study
period began in 1970 and extended through 1974 when Unit 1 went on-1line.
Therefore, the preoperational database for diving observations encompassed the
2-yr period from 1973 to 1974. Operational studies were conducted from 1975
through 1982, alchodgh full operational status was not attained until late in
the study.

An important feature of Cook Plant structure and.operation regarding-its
potential effects on the lake was the presence of In-lake structures and once-
through circulation of water to cool the plant reactors. At peak operation, “
6.1 million liters per minute (1.6 million gpm) of water are drawn through a
system of three water intakes located 223 = (2,250 ft) offshore in 9 m of
water, circulated once through the plant, and returned to the lake via two
discharge structures located 109 m (1,100 ft) offshore in 6 m of water.
Aquatic biota entrained in the cooling water are exposed to physical and
thermal effects, as {s the environment immediately surrounding the discharge
area. Also, the presence of in-lake plant structures (intakes and riprap)
creéces a physical environment that {s atypical of the surrounding area.

Nearshore surficial sediments {n the study area are typically composed of
coarse—~ to medium-sized grained sand (1.0-0.25-mm diameter) with fine- to very

fine~sized sand (0.25-0,06-mm diameter) becoming predominant offshore (Davis

any
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and HcGeary 1965, Hawley and Judge 1969). A distinct change in:sediment

composition that occurs offshore at about 24'm.is a function-'of, depth and.
severity of nearshore physical processes (Seibel et al. 1974, Rossmann and
Seibel 1977). An accumulation of 1-10 mm of fine particulate material
consisting of sediment, periphyton, organic detritus, and diatom tests often
covers the bottom (Dorr and Jude 1980a, b). Inshore surficial sediments are
unstable, and topography can be attributed to nearshore physical processes
including waves and currents. Typical manifestations in the study area are an
inner and outer bar and a gentle slope of 1:100 or less beyond a depth of 4 m
(Davis and McGeary 1965). Thus most areas of the bottom exhibit only little
relief and provide minimal to no surficial shelter or protection for
macroscopic biota, e.g., fish, crustaceans, and molluscs. In coatrast,

k3

substrate surrounding the intake and discharge structures and sub-surface
water circulation pipes consists of crushed limestone riprap (0.1-1.0 m in.
diameter). It was installed during plant construction to reduce scour by
plant discharge water on in-lake, cooling-water structures. In {ts central
area, the riprap bed is mounded 1-2 m above bottom, and the structures rise an
additional 3 m above the riprap. Consequently, the surface profile in the
water intake and discharge areas is considerably more rugose than the
surrounding natural environment.

The focus of our underwater studies was to examine selected features of
this man-made environment and to compare and contrast them with those of the
surrounding area. Through these observations, a better understanding of the
aquatic environment in the vicinity of the plant was achieved, as well as of

the plant impact on that environment, Patterns of colonization of aquatic

biota were also delineated.



Within S:he report, Cook plant data and .findings.are integrated with oth” :

underwvater studies conducted in Lake Michigan. Changes in. the ecology.of the
Cook Plant area related to the .impact of the plant are.also discussed.

The knowledge gained through the underwater assessment study has‘provided
unique insight into the inshore southeastern Lake Michigan environment. This
insight augments that obtained from other components of the Cook Plant
environmental study. Our results should help guide future similar studles, as
well as add to the understanding of physical and biological processes {n the

Great Lakes and elsewhere.
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@ METHODS - ‘ - ’

The undefwater'aséessment'study at the: Cook Plant is unique to the Great
' Lakes in two respects: . its duration, which encompassed 10 separate fileld -
! seasons, and its design. Diving began in 1973 and continued through 1982..
‘ During this period, 281 (221 day, 60 night) dives were performed in the study
area (Table 1), and more than 161 h of underwater time were amassed. The area
i was examined by divers each month, April-October, for 8~10 seasons.

The second unique aspect of this study was the extent to which

s et W

observational techniques, effort, and sampling were standardized. During
1973-1974, diving and underwater assessment techniques were.developed for the
’scudy area and were {ncorporated into the Cook Plant enviromnental monitoring
" scheme for plant operation as required by the Nuclear Regulatory Commission
and the Michigan Departméht of Natural Resources. These environmental

G , technical specifications (U.S. Atomic Energy Commission 1975) were in effect

from 1975 through completion of our field studies in 1982, and stringently

-

defined baseline study objectives and sampling regimes for all sections of the

Cook Plant environmental survey including underwater studies. Strict

amw ey

adherence to these specifications resulted fn a sampling program that was both

rvigorous and relatively inflexible with regard to modifications. However, it

PP

had the advantage of generating a continhum of data that permitted
identification and analysis of ecological patterns, changes, and plant Iimpacts
- on the environment over ahperiod of years.

Environmental technical specifications stipulated that visual
observations would be conducted at least once per month, April through
October, at five specified locatlons, including two dives (one day, one night)

’

d ' in the area of the intake structures, one day dive in the area of the

¢ 5



Table I. Summary of day (D) and night (N) dives performed during 1973-1982 in southeastern Lake Michigan
in the vicinity of the D. C. Cook Nuclear Plant near Bridgman, Michigan. Dfving was not conducted during
January, November, and December.

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
Month — =
D N D N b N D N D H D N D N D N D N D N
Feb 1 1 .
Mar
Apr K 1 4 1 31 4 1 3 1 4 1 3 1
o May 2 1 3 1 5 1 7 1 4 1 9 2 3 1 4 1 3.1
Jun 3 1 6 1 2 2 4 1 6 1 4 1 4 1 4 1 5 1 1 1
Jul 2 5 1 4 1 4 1 4 1 4 1 4 1 4 1 2 1
Aug 3 4 1 4 1 3 1 5 1 8 2 5 1 3 1 2 1 .
Sep 4 1 3 1 3 1 1 1 4 1 3 1 3 1 3 1 1 |
Oct 1 1 4 1 1 3 k) 1 5 1 3 1 1 1
Total .
Dives 10 1 15 3 21 8 24 7 25 7 28 5 32 8 27 7 26 7 13 7
Time

(min) 445 71 576 220 949 369 907 428 1,035 275 799 249 718 315 647 3.0 708 225 266 180
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discharge structures, and two day dives: in reference areas (one north and one -

’

south of ;he plant) (Fig. .l). Station names were abbreviated as "follows:
south intaée station - SI, middle Lnéake station - MI, north intake station -
NI, south discharge station - SD, north discharge station - ND, south
reference station III - SR-III, south reference station II - SR II, south
reference station I - Sk-I, north reference station III - NR-ILIL, north
reference station II - NR-II, and north reference station I - NR-I.

Dives were separated into two categories: standard series dives ( those
which were performed to satisfy technical specifications) and supplemental
dives. Standard series dives were conducted according to fixed procedures
which described the area examined by divers, observational and sampling
techniques, and recording of‘daca. The formats for supplemental dives were
flexible in response to the objectives of the dive.

During standard series dives, two divers equipped with scuba swam side-
by-side and either 1 or 2 m apart. Divers made observations and collected
samples at the intake structure stations by swimming around the top (61 m in
circumference) and base (78 m in circumference) of the structure. While
swimming, each diver examined a plot of 2 m in widcg; the areas examined on
top and around the base of the structures were approximately 244 m2 and 312
mz, respectively. In addition, divers swam a 1l0~m transect along the north
side of the south intake structure base following an anchored line placed
there for the duration of the study. While swimming a transect along this
line, each diver examined adjacent plots 1 m in width, resulting in
observations collected from 1 x 10 m (10 m2) plots. These observational
efforts in measured areas provided a quantified data base. Swims and o

observations at the discharge stations were conducted in exactly the same
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manner as described for the intake-structure stations. Areas examined on.top .

(213 m?) and around the base (256 m2) of the discharge structures differed

slighfly in size from afeas S}amined at the intake structures; however, o
transect swihs along anchored lines at the two locations were conduc ted
identically. Often, but not always, areas in addition to those described were
examinéd dyting a dive. This was done to increase the total area examined in
the vicinity of the plant strucéures.

At reference stations north and south of the Cook Plant (outside riprap
zone in Fig. 1), two ! x 10 m (10 m2), side-by-gide transects were swum
parallel to shore in line with the discharge structures. At each reference

-

station, a 10-m line was ceéporarily anchored for the duration of the transect
swim and divers swam out to the full extent of the anchored line. In addition
to the two 10-m2 plots examined at a reference station, a 5= to ho-min swim
was conducted parallel to shore and toward the discharge structures, following
complecioa of each 10-m éransecc swim, The 10-m transect swims at the
reference stations provided quantified data to compare with those obtained
within the plant-structure area (stippled zone in Fig. 1), The 5-10~-m swims
increased the area examined at the reference stations.

The previously described stations and observational methods comprised our
monthly standard series sampling effort. Whenever possible, this complete
standard series effort was conducted April through October, 1975-1982,

Occasionally, bad weather or other unsafe diving conditions forced a
reduction in this standard series sampling.effort, particularly at the
beginning and end of the field season. Also, over the duration of the study
severaLmbaéic alterations occurred in the standard series diving effort. As

noted earlier, 1973~1974 diving preceded the environmental monitoring

-
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specifications and slight differences occurred in diving efforts and

techniques. During mid=-1977,.two-unit.operation was-achieved .and water was . .
discharged from both structures. Consequently, this area became unsafe for |
divers to enter and the standard seriés dive at this location was eliminated.
Occasionally after this, when water was not being discharged from one of the
structures, supplementary dives were made in this area. Finally, in June
1982, the technical specifications for environmental monitoring were altered
and the monthly standard series diving was reducedvco one day and one unight
dive in the vicinity of the south intake structure,

Observations were made following a prescribed format (Fig. 2) and were
recorded underwater on water-resistant papeé.' Occasionally, observations were
committed to memory and transcribed at the surface or dictated in a tape
recorder for lac;r reference, Observations made by both divers during non=--
transect swims (e.g., swims around the top and base of the structures, 5+ 10-

min swims at reference stacioné, and during supplementary dives) were pooled

and discussed as total observations, observations per unit area (mz), or as
subjective descriptions of abundance. Transect observations were pooled and a
mean and standard ‘error (SE) calculated. For most data, numbers were
expressed as numbers per 10 m, 100 m, or 1,000 m to avoid fractional units,
Alchough data were collected in both a qualitative (descriptions or
numerical estimations) and quantitative (counts) manner, suspected violations
of assumptions associated with normal-based statistical analyses precluded
reliable parametric analysis (see Dorr and Jude 1980a for a discussion of
these violations as they pertain to underwater observations and studies).
Therefore, analytical procedures were limited to subjective interpretation of

data, and development and interpretation of ranked orders of abundance.
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Observer ... . . Location - — Depth (f1)
. Tempi Sur Bot - Swall oction (bottom):, NO .YES . Visib -
o Turbid: V LOW LOW MED HI, V HI. .Currenti NO* YES: From e Speed
Bottom Comp (%): Silt . Sand Gravel . Rock Floc (mm)
Orgeonic debries (Num/Den):  ALGAE ! OUNE.GRASS ! . CHIPS o
’ TERR. PLANTS ! BARK ! LEAVES ! TWIGS e/
i '« BRANCHES / TRUNKS ! STUMPS / CLAM SHELLS y P
. UNID PLANT / UNID ANIML / OTHER !
’ Inorganic debris (ltem, Num, Den): ‘
Ripple marks: From: . Ht Wdth ten Scour: NO  YES
’ Loose algae: NO YES; Color Size Num/Den
Descr: )
Petiphyton: NO YES; Color ‘ len ' % Coverage
. Descr: SPARSE MED LUXURIANT
‘ Gostrepeds:  Num Shells ; live: NO YES: Num/Oen
) ‘ Descr (lo<on'qn. behav) ;
t Clams: Num Shells Trails: NO  YES (Deser)
tive: NO YES: Num/Den Descr
Ceayfish: Deod; NO YES (Num) live:r NO YES Num/Den
Oescr (size, Jocation, behav) ‘
“ Fish eggs: NO  YES: L Substrate ;
‘ ° Num/Den Rel. size Color
% Clear % Opoque % Fungus Other
Misc invert, (sponge, hydra, bryozco, insects, crustoceans)
v ‘
i
L Fith Nymber Caniity Size lch: :dO'Y Lecarion Behavior
¥ $S
‘ 10 .
re ' AL
. =

Vary abundant (T) = 1000+

w

l.., Numerical esnmoting code:  Actual count or;  Few (F) 3 1210 Mony (M) = 11=50 Numerous (N) ® 50—~100 Abundant (A) = 100+

S ' Comments:

i .

L.i Fig. 2. Prescribed format in which observations and measurements were re-
corded underwater on water-resistant paper during dives in southeastern Lake

v tichigan near the D. C. Cook Nuclear Plant, 1973-1982,
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Observations and findings presented are based on objective and subjective
analysis. of quantified data, tempered by our qualitative data, general . ..
knowledge of the study area, and interpretation of the literature.

Dorr and Jude. (1980a) discussed limitations associated with underwater
visual assessments which include equipment and personnel training limitations
and physical and psychological stress, all of which serve to reduce the
accuracy and precision of observational data. Under coanditions of limited
visibility (often less than 3 m in the study area), abundance of pelagic
organisms is usﬁally underestimated by divers, particularly for highly mobile
animals such as large fish. Where substrate ls uneven, abundance of demersal
or cryptozoic organlsms may also be underestimated. Through standardization
of our observational techniques, we attempted to obtain at least consistently
biased (underestimated) parameter estimates where the error was .proportional
to the true population size.

Finally, Miller (1956) described the plateau effect which i{s related to
perceptual handling of simultaneously presented stimulf., Shaw (1975)
discussed Implications of this plateau effect related to fish schooling and
"flash expansion™ of schools to present multiple moving targets and promote
predator avoidance. In a sense, a diver is also a predator subjected to the
confusing effect of these avoidance responses. Experience has shown that the
visual plateau for divers ranges from 8 to 15 targets when present
simul taneously, depending on visibi{licty and duration of che‘observacion
period. As a consequence, we developed a standardized code for estimating
numbers of objects in a consistent manner. They included: few = 1=10, many =
10-50; numerous = 50-100, abundant = >100. VYhen pooling data (counts) such as

these, estimates could be averaged (e.g., few + many = l-10 + 10;50, or 5 + 30

“
1

w




= 35) or lower (1 + 10 = l1) and upper (10 + 50 = 60) limits placed on

parameter estimates. Small aggregations.of animals or objects were estimated
or counted in total, large aggregations were visually partitioned and the
number of items in a single partition counted or estimated and multiplied by
thé number of partitions to obtain an estimate of total number. These
estimates were used during subjective evalﬁation of fish abundance based upon
combined counted and estimated numbers.

The preceding discussion underscores our efforts to deQelop a continuous
and counsistent data base. Sampling locations were examined in a spatially and
temporally consistent manner.) Observational targets (Fig. 2) and efforts were
standardized. Subjective descriptions (Fig. 2) and numerical estimation
techniques were also standardized and learned by divers. Finally, to reduce
variation assoclated with differences in personal diving techniques and
capabilities, the senior au;hor performed all but two months of diving during
the entire study. Therefore, about one half of the observational data base
included no diver-to-diver variation.

The operatiénal and observational diving techniques used during this
study were developed over a 10-yr period 1973-1982. Many of these techniques
are described in other underwater studies that we have conducted in the Great
Lakes, the results of which are often related to this study. They include:
Dorr (1982), Dorr and Jude (1980a, 1980b), Dorr et al. (198la, 1981b), Jude et
al. (198la, 1982), Rutecki et al. (1983, 1985), Schneeberger (1982), and
Schneege:ger et al, (1982),.

During June 1974, and April-October 1975-1981, divers collected samples
of periphyton from the top of the south Iintake structure and riprap

surrounding the base of the structure. Periphyton was scraped from the
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structure with a puttyu knife into a plastic mason jar. Efforts were directe .

toward cqlleccion of an adequate-sized'.sample; no attempt was made -to sample a - Q’
quantified or con;iSCencly-sized area. ‘A small piece of riprap about 4 cm in
diameter which supported a noticeable amount of periphyton was selected aad ;
placed in a second jar. These samples were preserved in 10% formaldehyde for .
laboratory analysis,‘bu: because of time conscréincs, only the samples

collected from the intake structure were examined. In the labqratory, the

samplé of scrapings was stirred thoroughly, and a subsample was removed for
wet~mounting in water. Algal identif{cations were made at 400-600X using a
Leitz-Wetzlar Ortholux microscope. Taxa identified {n these wet-mounts became

the yearly lists of periphyton collected from the Cook Plant area.

Data used for comparison with diving observations weré derived from
companion studies on Impinged fish (Thurber and Jude 1984, 1985) and field-
collected fish (Tesar et al. 1985, Tesar and Jude 1985). Impinged fish were i
collected and processed every day during 1975 and every fourfh day during “

1976-1982. Fish were sampled i{n Lake Michigan using seines, trawls, and gill

nets at a varlety of sﬁations fr9m April-November, 1973-1982,

: o
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’ RESULTS AND DISCUSSION

PHYSICAL FEATURES . - .

Waves and Currents

Surface Waves

The fetch of Lake Michigan ranges ffom about 100 km west to about 350 km
north. For large lakes such as this, the maximum wave height (h) is related
to the fetéh (x) of the lake as follows: h = 0,105x (Mortimer 1975, Wetzel .

.

1975). Based on this, maximum wave heights at the study slte would range from
3:3 m from the west to 6.2 m from the north, )

We obser?ed storm waves with a cycloid diameter or height ( trough-to-
crest distance) in excess of 4 m, while wave heights of 1-2 m were common
during periods of onshore winds. However, it was unsafe for us to dive when
wave heights exceeded 1.5 m; therefore, our observations were biased toward
conditions extant during quiescent periods in the lake.

Wetzel (1975, p. 94) stated that for travelling surface waves with a
cycloid cross-sectional path, "the decrease éf vertical movement (of the
water) with increasing depth can be approximately described as a halfing of
the cycloid diameter for every depth increase of X/9", wherd X is the
wavelength measured as crest-to-crest distance. Wetzel further stated that
the”racio of amplitude to wavelength is highly variable from 1:100 to 1:10,
but that except at shallow beach areas, wave lengths of short surface waves
are less than the depth. Given this, the wavelength of a wave 1.5 m high
should not exceed 10 m when water depth is less than 10 m. For a wave with a
height of 1.5 m and and a wavelength of 9 m (as might have occurred during our

dives at the 9-m stations), the vertical displacement of water on the bottom

should be about 3 mm, On top of the Cook Plant intake structures, which are

15



about 4 m below the surface, the vertical-displacement -of water ,should be .

about 90 mm. These calculations-are .in agreement with conditions..that we .
observed during dives in the study area. If surface waves exceeded 1 m in
height, some water displacement was nqticea?le on the bottom at all 6~ and 9-m
stations. Water displacement was usually evidenced by a swaying of the
periphyton or sloshing movements of surficial floc. On top of the intake or
discharge structures this movement was greatly accentuated relative to
conditions on the bottom. Because the riprap was mounded from lake bottom
level at its periphery to several meters off bottom at the base of the intake
and discharge structures, the movement of water caused by surface wave action
attenuated as divers swam from the structures across the riprap and down to
level bottom. Movement of water on the bottom at <9 m occurred when surface

waves were less than 1 m high, but the effects were unnoticeable to divers.

surficial sediment and flocculent organic material occurs through surface wav

These observations suggest that.circulation of water and resuspension of!I.E

action. The threshold for these effects probably occurs when wave heights are
between 0.5~1.0 m; effects increase rapidly with Iincreasing wave height.
Evidence that the riprap traps sediment will be presented later. This factor
in cémbinacion with surface wave action probably contributed to the i{ncreased
levels of suspended materials observed by divers near bottom in riprapped .
areas relative to the surrounding sand areas, when lake surface conditions
were rough. Barres et al, (1984) noted elevated leve{s of particulates {n

phy toplankton samples collected from the Cook Plant forebay during periods of
stormy weather and nearshore turbulence. As discussed later, plant intake
water was often noted by divers to be drawn from the bottom of the water

column at the base of the intake structures. The resuspension of surficial

w
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material noted by divers during and immediately.after periods of rough lake - .

¥

- . conditions. may account for the elevated levels of particulates.:noted in. these "'~ -

samples. Rossmann.et al. (1982) suggested thdt elevated concentrations of
orthophosphate and dissolved silica in water samples collected in the study
area may also have resulted from storm—-induced turbulence.

These observations indicate that surface wave action increaéed the amount
of su§pended material in the riprap areas, relative to surrounding areas.
Attached algae and invertebrates (sponge, bryozoans, Hydra); benthic
invertebrates, such as worms, insect larvae, snails, and crayfish; and fish
with demersal life stages concentrated in the riprap areas were exposed to
effects of this increased suspension. Such effects may have included
increased siltation and impairment of filter feeding. Surface wave action
undo;btedly promoted circulation of water in and around the riprap. The rise
of the riprap off bottom in combination with its many interstices permitted
surface wave action to more effectively perfuse this substrate., This in turn

would improve the availability of oxygen and exchange of gases, while serving

to continually remove floc from the surface of the substrate.

Currents

Wind friction and atmospheric pressure changes result’in‘seiches, differ—
ential heating of the lake, diffusion of dissolved materials from the sedi~
ments, influx and outflow of water, and geostrophic (e.g., Coriolis) effects
(Mortimer 1975).‘ In Lake Michigan, surface currents often circulate in large
swirls or gyres (Ayers et al., 1958) which in turn are subject to modifications

by standing wave motions. Lake basin morphometry also influences direction

and speed of surface water currents. Although general current patterns may be
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< established in lazjgé b:);:li"e.sz of water such as the southern basin of Lake » ) .

Michigan, current velocity.at any given point may vary with local conditioms. -
This 1s pattfculafly :}ﬁé‘for the inshore region where local effects such as
presence of offshore winds or sand bars may influence curreat flow.

Studies on currents were conducted i{n 1975 and 1978 (Indiana & Michigan

Power Company 1975, 1976; ETA 1980) at locations about 600 m north and south
of the Cook Plant at the 3= and 6-m depth contours. Generally, ;urrent speeds -
measured during 1975 ranged from 6 to 12 cm/s (0.2~0.4 fps) with a maximum
speed approaching 60 cm/s (2 fps). Currents tended to‘'flow to the north,
although consliderable day-to-day variation occurred. These data suggest that
considerable variability existed in both current speed and direction Ln space
and time, Mortimer (1975) has found that curreat vectors nearshore are .
predominantly shore-parallel, while offshore, the clockwise rotating current
vectors of Poincdre waves dominate the lake. .
Efforts by divers to establish general current direction and speed at a“
given location were unsuccessful. Considerable variability was measured among
locations separated by only 200 m as well as differences at various depths in -
the water column. Consequently, no attempt was made by divers to assess
current velocities, although effects of currents were recorded when observed.
Absence or presence of currents was best observed by the horizonta;
transport of suspended material past a stationary diver., When surface waves
exceeded 0.5 m In height, vertical displacement of the water obscured the
horizontal movement of suspended materi{al at depths less than 3 m. When
currents were present, horizontal movement of suspended material could be
discerned within 1 m of the bottom at 6 m and 9 m, regardless of wave heights ’

at the surface. This was the result of the rapid attenuation of vertical
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displacement of water with increasing depth. :In areas where sediment

accumulated, such as localized depressions in ‘the sand observed at the.

reference station-or-at.the periphery of the riprap field, both current and
surface waves acted to resuspend sediment.

In general, current flow and direction appeared to be influenced by
proximity to the intake aﬁd discharge structures at the surface and on the
bottom. Strong currents were encountered throughout the water column at
stations 100 m north and south of the respective discharge structure during
discharge of water. As best as could be determined, the direction of flow was
always away from the structure. Strong eddy currents were encountered during
dives at a station located in line with, and mid-way between,. the two
discharge structures. But at the reference stations located 900 m north and
1200 m south of the Cook Plant, no effect of plant water discharge on local
water current was discerned.

Within the riprap area, pronounced currents associated with plant water
circulation obscured any general current patterns noticeable to divers. Large
differences in the force of the f{ntake current could be felt at different
points around the base of each structure. These differences ranged from
currents that were almost undetectable to those that were difficult to swim
against. The direction and speed of the natural lake current and the
recirculation patterns established between the intake and discharge structures
influenced the direction and strength of the intake current and the withdrawal
of water from various levels of the water column.

In both riprap areas and on open lake bottom increased rugosity of the
bottom profile acted to reduce current speed within a few centimeters of the

bottom. This observation is Iin keeping with the existence of a boundary layer
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of slack .water known to. exist as a function of vertical relief dimensions

.

variability and of current force and direction. ‘Both riprap and large ripple

B

marks would contribute to, variability in vertical relief and current flow at

the water—sediment interface.

Thermal Effects

Water temperature regimes encountered during our underwater studies
paralleled those characteristic of southern Lake Michigan. Water temperatures
were 4-8°C during April and increased rapidly during May-June. Temperatures
less than 10°C were rarely encountered during June-September, During fall,
temperatures declined and reached 10°C dﬁring late October—early November as
determined from other dive studies in the reglon (Dorr and Jude 1980a, Dorr et
al. 1981b).

Divers experienced three major thermal effects. The first was vertical "
thermal stratification during June-August. It was common to encounter a 1
thick layer of very warm water at the surface, particularly when the lake !
surface was calm. An abrupt drop in water temperature could be felt on
exposed skin as divers descended through this layer. Temperatures in the
adjoining layer remained nearly constant until 1-2 m off bottom, At this
point, a second abrupt thermal decline waswnociced. This layerhof cold water

on the bottom was often more turbid than overlying water, and contained

AR - ¢

higher amounts of suspended particles. It was believed that these were
relatively distinct thermal layers and that mixing of water among layers was
reduced relative to homothermal conditions. Observation of the distinct cold

nephelold layer on bottom supports this contention. - .



The second effect experienced by divers. was that of horizontal thermal

stratification. -This condition was again encountered during.the warm-water - ..
months and was particularly noticeable during the 5-min swims at reference
stations. Divers often swam through water masses of different temperatures;

thermal interfaces were usually distinct and only a few meters thick. Because

all swims were conducted on the bottom at 6 m little is known of conditions in
mid-water. It Is possible that isolated masses of cooler water were present
on the bottom and surrounded by warmer water, perhaps aslia result of uneven
development or breakdown of vertical stratification following a change in laké
conditions (e.g., §prface’waves, currents, upwelling).

The finai thermal effect encountered by divers was summer upwelling of
cold water inshore following periods of strong offshore winds. Unusually cold
water was occasionally encountered during typicaliy warm-water periods, i.e.,
July or August. On some occasions, water temperatures declined considerably
during diving which occurred over a 2-day period. Again, cold-water
upwellings were often accompanied by Lncreased turbidity and pronounced
decreases in underwater visibility.

Because of lake size and its gentle sloping bottom, the major thermocline
between the epilimnion and the hypolimnion lay well offshore of the study area
during the period of maximum vertical thermal stratification. During
occasional dives in.deep water (>12 m), a distinct thermocline was encountered
'along with a large difference in temperature between the epilimnion and

hypolimnion.
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Surficial Features,

Presence of riprap and in-lake plant structures created artificial: ..
featu;es and atypical habitat. Most of the lake bottom in inshore. south- = .
eastern Lake Michigan is composed of coarse~ to fine-grained sand with
occasional areas of pebbles, and presents a flat, unbroken profile. Only iso-
lated rocks and an occasional log or branch were encountered during our

studies, Dorr (1982), Dorr and Jude (1980b), and Jude et al. (1978) conducted B

fep

extensive. diver surveys of areas containing rough substrate of natural

(moraines, clay banks) and artificial (reefs, utility structures, harbor

breakwalls) origin from Muskegon, Michigan, south to Michigan City, Indiana.

Areas of rough substrate were Lsolated within the total inshore system and

represented only a small portion (<1%) of the total inshore area. '
Ripple marks and occasional large depressions were qpserved at the

reference stations and during swims along the 6-m contour. The dimensions and .
direction of ripple marks observed 1000 m north (Station III) and 1200 m sou»

¥

(station IIl) of the plant were measured and recorded during 1973-1982 )
(Table 2), Most often, ripple marks were generated from a westerly-to-

northerly direction (quadrant IV = 270-360°). This was the situation during

84% of the dives at the north station, and 747 of the dives at the south p
station. The slight reduction (10%) in frequency of generation from the
fourth quadrant observed at the south station was probably created by the
riprap north of the south station. This hypothesis is supported by our
observations that ripple marks were consistently smallest at the south
reference station (station I) closest to the riprap. Discharge of water {n a

north and westerly direction combined with the "reef-1like" barrier that the

riprap and discharge structures presented, undoubtedly acted to diminish the

N
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Table 2, Direction of generation (quadrant), height (trough-

to~crest), and width (crest-to-crest) of ‘ripple marks observed .

by divers in .reference areas-north and south of the D. C.- Cook
Nuclear Plant, during some months from-1973. to 1982.:
Quadrant: I = north to east (0-90°); IIL = east to south

(90-180°); III = south to west (180-270°); IV = west to north -

(270-360°); Asym = asymmetric (no clear direction of genera-
tion). Dimensions are in c¢m. Blanks indicate no data.

North Reference Areas South Reference Areas

Month Quadrant Heiéhc Width Quadrant Height Width

1973

Sep v 17 61

1974

Apr ‘ v 3 15

Jun v 3 18
Jul v 4 10
1975

May v S 15 iv 4 17
Jun IIL 1 11

Jul 111 4 10 III 5 31
Aug I 3 9 III 4 13
Sep v 6 20

Oct 1 5 9 v 4 19
1976 ‘ .
Apr 111 11 75 11 2 5
May III 4 15 III 4 14
Jun 1v 5 16 v 4 5
Jul iv 2 8 v 4 6
Aug I 6 15 v 2 6
Sep 1v 6 8

1977

Apr 1v 13 100°

May ) v 2 18 v 2 11
Jun iv 4 10 Asym 1 6
Jul v 3 10 1v 2 5
Aug v 2 5 1v 3 15

(Continued).
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Table 2. Continued.

North Reference Areas South Reference Areas

* Month Quadrant Height Width Quadrant Height Width
1978
Apr 111 5 15
May II1 4 20 Asym <1 <1
Jun v 6 25 11X 5 20
Jul v 5 18 v 2 10
Aug 1v 3 15 v 3 15
Sep v 25 50 v 2 5
Oct v 3 10
1979
May Iv 4 20 1v 4 20
Jun v 5 15 v 4 12
Jul v 3 10 v S 150
Aug v 5 20 v 5 18
Oct v 3 15 1v 2 6
1980
Apr v 4 12 1v 6 20
May v L4 90 Asym 2 10
Jun v 5 15 1v 3 15
Jul Iv 15 60 1v 5 8
Aug Iv 4 12 iv 4 15
Sep v 4 6 1v 2 10
Oct Iv 3 5 Iv 2 6
1981
Apr Iv 50 100 v 3 6
May Iv 2 6 iv 2 6
Jun v 20 60 v 2 6
Jul iv 3 10 v 2 6
Aug v 2 6 v 2 6
Sep IV 6 10 v 4 8
Oct iv 4 8 1 4 6
1982
Apr Iv 8 10 v 6 6
Hay Iv 12 15 Asym 4 10
24
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strength of waves and currents approaching érom that direction, which is the
prevailing direction of approach at -this location. on the' lake. In general, - -
ripple marks were smallest and most asymmetrically developed at reference
stations (stations I and II) closest to the riprap and discharge area.

Very large ripple marks with amplitudes (heights) exceeding 10 cm were
occasionally ;bserved at the two mosc_nor}herly reference stations. These
marks often héd_wavelengths of 50-100 cm, and extended for 10 m or more along
the bottom. ihéy were always generated from the 270-360° quadrant (quadrant
v - west%noqchg, and were never observed at south reference stations. These

large géréq:usually occurred in isolated patches along the 6-m contour and

were sépa;qted by extensive areas containing much smaller ripple marks., Often
w! . .’r »

these ?mél;er:marks were generated from a dlfferenc direction and cross=-
hatchea ihé lafge marks. Most likely, these large ripple marks were the
remnants qf marks generated during conditions of high winds and large surface
waves coming from a westerly to northerly direction. Large marks were never
observ%d Qt the north reference station (station I) closest to the discharge
area, again pfobably a result of the disruptive effect of the north-westerly
ditecéed discharge current on incoming waves. In fact, the disruption of
surfaée waves by the plant's water discharge is observable from shore.

%he other surficial feature of the bottom observed inm the vicinity of the
réference stations was the presence of localized depressions in the lake
bottoh. These depressions were only observed during swims parallel to shore
ﬁe:ween north reference station .Il and station III. During the 5-10-min
swims, divers occasionally encountered depressions about ! m deep and 5-10 m
'

across; because the third dimension was not measured, the actual shape of

these depressions {s not known. We suspect that they may have been roughly

]
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L “‘ “
oval in shape with the long axis oriented more closely'perpendipular;to sho “

.

than the short axis. These depressions.bere surficial features of the bottom .
that were distinctly different from the major troughs that were located \
between the major sand bars. One possibility is that these depressions were f
trenches or cuts across these major bars and that the depresQlons connected
adjoining troughs. Another possibility is that the depressions were remnants
of old troughs that had been mostly filled in duriné the relocation of a bar.

These features are not unique to the Cook Plant area, since we observed them

during other underwater studies in fnshore southeastern Lake Michigan.

Sediment

Qualitative microscopic analysis of the flocculent ("floc™) layer of
material overlying the riprap and sand revealed it to be composed primarily
of sediment, diatom tests, and some organic detritus (primarily algae). »

The thickness of this layer ranged from complete absence to about 10 mm;

- wmen

a layer 2-3 mm thick was typical of the area (Table 3).
When present, similar amounts of floc were observed in both reference

areas and on the riprap. However, only once, in April 1982, was floc totally

absent from the riprap surrounding the intake structures, whereas, complete :

absence of floc Ln reference areas was more common (8 occurrences at north
reference station IIL, 1l occurrences at south reference station III).,
Observations of floc deeper than 10 mm were made on two occasions north of the
plant and once south of {t. The floc layer on the riprap was never thicker L
than 6 mm between 1975 and 1982,

We attribute the more continuous preseﬁég‘of floc on riprap compared with

sand to be the result of the better trapping action of the riprap surface.
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* Table 3.  Depth (mm)-of flocculent surficial sediment-measured
on riprap surrounding the D. C. Cook Nuclear Plant- intake
structures and at reference stations north-and- south of ‘the.

plant, 1973-1982.

Blanks indicate no measurements made.

T (trace) = detectable, but unmeasurable.~

Area

Intake N. Reference

S. Reference

1974

Apr
May
Jun
Oct

Jun
Jul

Oct

Apr
May
Jun
Jul
Aug
Sep

<5

>10 5-10
5-10
<5

NDLwWWLWsULOG
CoHXdNH WL

SENNPpPpDLNDLND
NOMN=ON

N W wWww
HOoOMNID W

<5

WV DD = 2N

[eReNeoNo)

(Continued).
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Table 3.

Continued.

Month

Area

Intake

Reference

Reference

1978

Apr
May
Jun
Jul
Aug
Sep
Oct

1979

Apr
May
Jun
Jul
Aug
Sep
Oct

1980

Apr
May
Jun

[ SV IRV, )

W N

— ] DN e

=N SNNDNDND NN

N WO

N0 W W

NOMNMNOMWN DO N -~ 0 W

L NNO N VN

N

ENNBENDWO

NOWOMNEN COMNMLWWMWm

OB NNV E D

W O
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. The uneven surface of individual clasts and .the presence. of .periphyton -caused

floc to_.be retained more effectively than on the smooth surface -of-'the sand- ‘.

bottom. Two general observations support this contention:. (1) floc accumu-
lated in the troughs of the ripple marks, and not on the sides or crests, and
(2) surface wave action often caused movement of floc on .the sand bottom but

not on the riprap. Rarely did floc accumulate on the sides or crests of

ripple marks. Most often, it was carried into the trougﬁs by water movement.

[y

It was noted earlier that surface wave action could be féle on the bottom at
’

6 m when waves exceeded 1 m in height. Also, thelghﬁeshbld for noticeable

.
P

water movement occurred when waves were 0,5-1,0 m'in;héight. When surface

I

waves were 1 m, a slight oscillation or movement of ?hé floc in the troughs of

ripple marks was apparent. Under these same condlti%n%,.Che periphyton on
v [ ]

riprap was observed to sway, but no movement of the floc could be seen,
L]

Additional evidence that unéven surfaces créppedﬁsediment more
effectively that smooth surfaces was provided by the occasional deep
accumulactions of.floc in depressions observed ‘in ;he‘san% bottom in the north
reference area (see previous section ~ Surficial Features). Floc 10-20 cm

deep was measured in some of these depressions‘(Table 3). Suspended material,
transported along the bottom, probably encountered these depressions where
water velocities were reduced resulting in this material being deposited in

thick layers. In a sense, these large depressio?s were analogous to small

pockets or interstices in the surface of the riprap. A small trough (1-2 m
wide and less than 1 m deep) in the sandtboétom adjacent to the riprap often
formed along the perimeter of the riprapj Quite often, floc accumulated in

this restricted area to depths of 10-20 mm. Most likely, this was the result

of a small area of stagnant water created by the barrier which the riprap
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. imposed as it rose off the bottom-at this point. Observations-made during “:

studles of other areas-of naturally formed sand (Jude et al, 1978;-Dorr‘and'm o
Jude 1980b), rock or clay bottom (Dorr 1982), and artificial substrates (Dorr

et al, 1981b, Dorr 1982) confirm that rugose surfaces trap sediment more ;
effectively than"smooth surfaces, .

There appeared to be a direct relationship between absence or presence of
floc aéd water depth. In this study and others (Dorr 1974, Dorr and Miller
1975, Dorr 1982), floc was rarely observed at depths less than 6 m. However,
it was always present ac'12 m or more. Seibel et al. (1974) and Rossmann and
Seibel (1977) noted a distinct demarcation at 24 m where finer—-grained
sediment predominated. Its occurrence was a function of depth and severity of
nearshore physical processes, including wave action and currents. Our
observations, combined with the calculated attenuation of even the largest
surface waves observed during any period of several years, suggest that at J.k
depths greater d;an 12 m, the movement of water {s not sufficient to sweep «
even smooth bottom clear of flocculent material, much less rugose surfaces,
This observation has significant {mplications regarding the depth location of
structures such as artificial reefs or natural lake trout spawning reefs,

where the removal or absence of floc from the surfaces or interstices of the )

substrate by natural movements of the water Is desired. -
In a 1977 experiment,, we positioned several vertical sediment-collecting :

tubes 1 m off bottom over Cook Plant intake riprap. Following a 2l-day period

(25 May-16 June), 74 mm of material was collected in the 3.8-cm diameter N

tubes. The tubes were constructed to permit diffusion of formaldehyde from an
attached reservoir i{nto the collection chamber, thereby preserving the mater-

1al from decomposition. About 90 of the floc collected was sediment;
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the remaining portion was composed of -diatom tests and organic detritus,

This experiment confirmed. the potential ﬁor"rapiﬂ'deposition and accumulation Lo
of sediment in inshore depressions. . .

Flocculent material may change the circulation of water, dissolved gas
exchange, and sediment oxygen demand (SOD) in microhabitats such as surfaces
and interstices of substrates, which might adversely me;ct biological

entities such as incubating lake trout eggs.

Transgarencz

Water transparency, the maximum distance between two divers at which they

»

remained visible, was measured on the bottom with a line marked at Q.5-m
intervals; values were relatively comparable among riprap and reference
stations (Table 4)., Highest visibility recorded was 6.8 m at the 9-m intake
station, while the lowest was 0.6 m at a north reference station. Typical
values were 2-3 m at all stations.

Visibility tended to be highest during summer months (June-August). This
was probably the result of summer thermal stratification, followed by
depletion of nutrients, and reduced plankton productivity. Alsﬁ, fewer severe
storms and reduced turbulence during summer permitted suspended material to
settle. Highest visibilities occutreq following a period of one to two weeks
of calm lake conditions.

Several patterns were noted in the visibility among stations.
Visibilities were usually lowef at the two stations closest to the discharge
structures (NR-1, SR-1) than at other reference or riprap stations. Also,
there was a noticeable decrease in visibiligy from surface to bottom (6 m) at

these two stations. The reduction in visibility at these locations was the

v

31



Table 4.‘ Horizontal visibility (m) as measured by divers on’

the bottom near-Cook Plant intake structures (9 m) and in
reference areas (6 m) north and south of the.plant, 1973-1982..
Asterisk (*) shows months when measurements were not made on
the same day at intake and reference stations. MYeasurements

at reference stations were always made on the same day for any
given month. Omitted months and blanks indicate no measure-
ments made,

Area

Month Intake N. Reference S. Reference

1973

Jun* 2,0

2>
[
0
N
e o o
SV N )

108

006

re= O

* o

~ W

2
7
Jul 4
Aug* 3
Sep 2
Oct 2

1976

Apr* 2
May* 2
Jun 4
Jul 1
3
2
3

¢ Aug®
Sep
Oct

| 1977

May 3
Jun 6
Jul* S.
Aug 6
Sep 2

[R5 JF S R VS 3o )
e o o
OO O r

(Continued).
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Continued.:

Table 4.,

Area

Reference

< S,

Reference

lN.

Intake

Month

COOQOOWVNOO

(=N Noio N,

* o ¢ o o

o o

2 * O
~l 4 SE e 0o N
alad 3 dD0U O
il >R B BLRD N BN

Apr
May
Jun

2.0

2.0

Jul
Aug
Sep
Oct*
1980

Apr
May
Jun
Jul
Aug*
Sep*
Oct*
1981

. O000 000

* o o & o o

Apr
May
Jun
Jul
Aug
Sep
Oct

1982
Apr

oo
-

oo
- ™

NOOOOOO

May*
Jun
Jul
Aug
Sep
Oct
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result of increased turbulence and suspension of sediment near the point of ”

water discharge. WNo effect of plant-induced. turbulence.and reduced visibility
was noted at reference SCacions(farthest:from the-discharge structures. -

On several occasions (Table 4), visibility at intake structures was
greater than at refergnce stations. This situation occurred during summer
months when a slight thermal stratification developed inshore (see previous
section - Thermal Effects). A warm, clear layer of water occasionally
overlaid a narrow band (1-2 m thick) of colder, more turbid water adjacent to
che\bottom. At reference stations where these layers were undisturbed,
visibility'was markedly reduced by one-half or more compared to the {ntake
area. The overlying water la;ef was oft;n drawn down into the lower layer at
the intake structures, thus displacing the cooler, more turbid water and

accounting for lower visibilities at reference stations. While diving on the

bottom around the base of the intake structures, divers often swam in and out

"

.
!

*

of these two water masses.  This probably occurred because the water was nor. i

drawn evenly from both layers at all points around the structures.

Our studies In other inshore areas of southeastern Lake Michigan revealed
that water transparency, measured as underwater visibility, did not vary
consistently among locations. Underwater visibilities recorded at the Cook
Plant were typical of the area. But, in another study (Dorr 1982) south of
the plant near New Buffalo, Michigan, we found visibiligy on the bottom (6-12
m) in an isolated area of clay substrate and extensive submarine trenches to
be consistently lower than the surrounding area, fncluding that of the Cook
Plant. This was the result of erosion of the clay substrate combined with

relatively stagnant water contained in trenches. The water was usually much

more transparent several meters above bottom.

: ]
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Observations at the.Cook Plant and elsewhere in, the area suggest that

inshore visibility (transparency) is largely a function of water movements-or
currents that suspend sediment off bottom. During quiescent periods, this
material settles and transparency increases significantly. Presence of
accumulations of sediment or erodable material such as clay may reduce

visibility locally.

Inorganic Debris

We distinguished between inorganic debris observed in the study area and
organic material which was termed detritus. Two general cy;es of debris were
noted: that which was deposited during initial construction and subseque;t
repalr of in-lake plant structures, and debris which accumulated as a result
of activities unrelated to plant construccion and maintenance operations.

A.variety of materials was deposited on the riprap during comnstruction
including: steel girders and plates, metal pipe, plastic, steel cable, and
tires. For the most part, heavy objects remained in place for the duration of
the study. Subsequent repair work on these structures (e.g., replacement of
broken ice guards on the structures, addition of riprap or cement scour pads,
etc.) resulted in accumulation ‘of debris which remained in the area. However,
some transport of lighter materials (plastic, tires, containers, etc.) from
the area ocgurred during major storms,

In contrast wich the riprap area, debris from plant construction was
never observed on the surrounding sand bottom. If such debris were deposited
in thils area, lighter materials were probably rapidly transported from the
area, while heavy objects sank into the bottom and were covered over by sand.

The end result was that plant construction debris did not remain exposed in
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sand bottom areas for an extended time. In contrast, inorganic debris and »“
organic detritus deposited on .the riprap .could not sink inso the substrate,* .¢- h
but snagged on the projections and in the crevices of the rugose substrate and
was held in place. This debris served to expand the variety of substrates and
habitats available to local biota. "

The other general type of debris that was noted in the area was that :
which resulted from the dumbing of trash into Fhe lake. Some of this material
(beverage containers, clothing, fishing tackle, household items, etc.) was
dumped directly into the area by people fishing from small boats. ‘Ic was not
uncommon to count 20 or more small boats over the riprap area on a summer day.
The other source of this trash came from refuse dumped i{n surrounding areas of
the lake or eroded from the beach.

In genera}, the bulk of this trash was composed of lighter f{tems which
were eventually transported from the area, Trash was less abundant in the 1
early spring following the prolonged absence of fishermen from the area »)?
coupled with the intense fall and spring storms which swépc trash from the ‘
area. Evidence of such transport was provided by the occasional observation
of such trash at all reference stations. Our observations during this and
other studies reveal that while most t}ash is washed onshore or buried and
eventually degraded in the substrate, considerable amounts of litter must be T
exposed and washed along the bottom of the lgke at any given time. We base i
this observation on consideration of the relatively small areas of the lake
bottom observed by divers, and the fairly high frequency at which trash was

observed., With the exception of the riprap area {tself, accumulations and

observations of trash near the Cook Plant were similar to those noted nd

s we §
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elsewhere f{n the lake.
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While plant construction materials that remained in place on the riprap

provided expanded substrate .and habitat,- the. trash did not... Trash was.an. -

inevitable result of the intensive.use of a small.area of .the lake by the

fishing populace.

BIOLOGICAL FEATURES

Organic Detritus

' (e.g., crayfish and fish).

Organic detritus observed in the study area by divers was classified into
two groups: microscopic and macroscopic, Microsc&pic organic detritus was
defined as organic material whose oriéinal form could not be discerned by the
unalded eye. These materials included remains of planktonic organisms or
parts of larger organismé tﬁat were finely divided, such as shredded plants or
decomposed animal tissue. Macroscopic organic detritus included dead algae,

parts of plants (e.g., grasses, bark, twigs,-limbs, trunks), and dead animals

-

Accumulations of sediment greater than 10 mm thick were uncommon but
amounts less than 5 mm thick were frequently observed in the study area. No
diver—collected sample§ were analyzed for loss of organic material upon igni-
tion, at which time organic material would be oxidized to carbon dioxide and
water. However, in a separate study, analysis of 34 samples qollected at

dépths less than 1§ m in the vicinity of the study area showed a mean loss in

sample weight upon ignition of 4.3% with a standard deviation of 4.1%

(Rossmann and Seibel 1977). Combined with diving observations, these results
suggest that both the total accumulation of surficial sediment and its organic
component are var}able in ipshore southeastern Lake Michigan. Typical values

for thickness and organic content of inshore surficial sediment are 3=5 mm and
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4.3% total weight, respectively. These observations also -suggest that smal'
amounés of microscopic o:gaﬂic material are consiscently:avallablefto benthic
- detritivores including epibenthic zooplankton, sponges, bryozoans, Hydra,

snalls, clams, crayfish, insect larvae, and fish. Not surprisingly, all of

these organisms were found in the study area, although they were unevenly
distributed.

Presence of macroscopic organic detritus was recorded in one of several

categories contained in the prescribed record format (Figure 2). Some of

these groups were later combined and summarized in six general categories of
macroscopic material: algae (A), dune grass (B), shreds or chips of wood (C),
twigs and branches (D), tree trunks and stumps (E), and fish (F) (Table 35).

Other materials such as mollusc shells, insect larvae exuviae, crayfish, and

fish feces were seen on occasion, but not often enough to warrant inclusion 'in
the general summarization of observations. It was not possible to discern ’
count f{ndividual dectrital objects. Therefore, only presence (or absence) om
detritus within the various categories was noted and summarized as frequency

of occurrence (%) among stations and years (Table 5).

Most types of organic detritus were observed at one time or another at

all stations. Twigs and branches were most common and were seen at all

stations at least once in all years. Clumps of loose algae were seen during

22% and 26% of all dives at the north- and south-reference stations,
respectively. Dune grass was noted more often at the reference stations than

at the {ntake or discharge stations. Shreds and chips of wood were

consistently seen at all sctations, but were observed more frequently in
reference areas. The smooth, flat bottom at the reference stations

facilitated diver observation of small detrital objects such as algae, dune

: o
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Table 5. Frequency ‘of observation (%) of organic detritus on

the bottom of southeastern.-Lake Michigan during standard series
dives in :the vicinity of the D.C.r Cook:Nuclear Plant, 1973-1982.1
Observations of fish (F) are expressed in absolute  numbers of
fish counted during dives.

Category3

Year and No. of
station? dives A B c D E F
1973
NR 1 100
SR 1 10 AL
I 4 25 25 25 25
D 3 33 33 33 1 YP
1974
NR i 100 100 100
SR 3 100 33 5 AL
1 9
D 6 33 50 50 67 185, 1141, 1 XX
1975
NR 6 50 67 33 1 AL
SR 4 50 50 4 AL, 1 YP
I ” 11 27 . l AL
D 7 14 14 100 43
1976
NR 6 17 67 50 1 AL
SR ) 20 40 1 AL
L 12 17 1 AL
D 6 33 100 33 7 AL
1977
NR 5 60 20 20 4 AL, 1 SP
SR 4 75 2 AL, 1 SN
I 12 8 8 17
D 4 25 50 75 9 AL, 1 ¢cpP, 1SS
1978
NR 7 29 14 2 AL
SR 6 17 17 1 ¢C, 1 XX
I 12 8 8 8
D
1979
NR 7 14 29 14 2 AL
SR 7 14 14 43 29
I 14 14 14 14
D 5 80
(Continued).

39




Table 5. Continued. .
Category3

Year and No. of

station? dives A B C D F

1980

NR 7 14 43 4 AL

SR 7 14 14 2 AL

I 14 14 7 2 AL, 1 YP

D 3

1981 ”

NR 7 29 43 71 3JD

SR 7 29 14 57 32 AL, 2 YP

I 14 7 7 9 AL

D * 3 33 33

1982 .

NR 2 50

SR 2 100 50 1 AL

L 14 7

D 2

All years

NR 49 22 6 35 35 14 AL, 3 JD,
1 SP

SR 46 26 9 24 15 2 57 AL, 3 YP,

' 1 CC, 1 XX

I 116 4 <1 4 13 2 13AL, 1 YP

D 46 7 7 20 54 20 16 AL, 2 YP,
2 8s, 1 cp,
1 X

Total 257 14 4 16 25 5 100 AL, 6 YP,
3 JD, 2 ssS,
1 CcC, 1 Cp,
1 SM, 1 §P,
2 X

1 Frequency of observation (%) = g% x 100

where:

No = no. dives at station when observed,
Nt = total no. of yearly dives at station.

2 NR = north reference stations, SR = south reference
stations, I = intake station, D = discharge station.

3 A = loose algae, B = dune grass, C = shreds or chips of wood,
D = twigs and branches, E = crunks and stumps, F = fish
(AL = alewife, CC = channel catfish, CP = common carp,
JD = johnny darter, SM = ralnbow smelt, SP = spocttall shiner,
SS = sculpin, YP = yellow perch, XX = unidentified fish).
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grass, and shreds or chips of wood.. At the intake and discharge .stations, the

uneven surface of riprap and abundance of interstices.made. observation of
these small objects more difficult than at reference statioms.

Tree stumps and trunks were observed infrequently (5% of total dives)
and only once at a reference station. Stumps and trunks were most often

observed at the discharge station. Thelir projections snagged on the uneven

- substrate. The solid foundation formed by the riprap also prevented the heavy

stumps and trunks from sinking into the substrate. Water discharge currents
from the Cook Plant kept these objects washed free of sediment that might
otherwise have eventually cover?d them, bn several occasions (1974-1976),
divers observed tree trunks which were adjacent(to the discharge séruccures
and remained i{n place for seYeral months, including winter.

In areas of sand substrate, moderately heavy objects resting on the
bottom sank into the substrate and were rapidly covered by sediment.

We observed many large chunks of wood, logs, and stumps during excavation of
the lake bottom for placement of plant intake and discharge pipes. A portion
of an excavated stump was examined and thought to have been buried along the
shoreline during a previous low~level stage of the lake; possibly during the
Chippewa (5,000-6,000 years ago) or Nipissing (4,000-5,000 years ago) stages
(Hough 1958; personal communication, C. I. Smith, Department of Geology,
University of Michigan)..

Shells of snails and sphaeriid clams were observed occasionally, most
often in troughs of large ripple marks or in shallow, flat-bottomed
depressions in the riprap. These shells were often fragmented and many were
severely eroded. This suggests that the shells were transported by waves and

currents and accumulated in these areas of slack water. Divers often
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encountered shells or fragments when-sifting through coarse: sand,-‘but. rarely m e

vy

when e§amining'fine.sand. Again, this . was probably;che-:eéuIC”of";he sorting - <

of sediments by water movement; shell fragments-contained in cheuf;ne sand

W

were too small to be observed by the unaided eye.
Fish feces were commonly observed at reference statiomns. Alewife feces .
were most abundant during May-June when these fish concentrated in the area.

Following commencement of heated water discharge from the plant during 1975, ?

ot PO

common carp began to be attracted to the area and feces of. this fish were

often found in abundance at reference stations closest to', the discharge

structures. The feces of these alewives and common carp uUndoubtedly increased

the supply of organic material to detritivores and.recyciéd;ngcriencs to algae

' .

in the local area, but the significance of this conttibupioﬁ ﬁs unknown.

o

On a few occasions, dead crayfish were observed in.ihe éﬁprap zone but no

4 .

pattern was detected in their occurrence. However, crayfish<are often used

by
fishermen as balt for yellow perch that congregate over the “x:iprap. Some OE‘D

am

the dead crayfish seen by divers may have been discarhed;by thesg local

fishermen.

Dead insect larvae and shells were observed occasionally but never in

large numbers. Larvae of mayflies, water bugs, caddiEfl}es,‘and water beetles

i
3
|

were seen at both sand and riprap statiouns. -

L E

The preceding observations indicate that a spectrum of plant and animal
. L
material i{s available to detritivores inhabiting the inshore region of
southeastern Lake Michigan. The role that detrttal—feeding organisms play in ;

lake ecology is discussed in more detail later fn ;his report (see ECOLOGY).

. 1}

i
Large accumulations of dead fish were never'observed during dives in the .

W

vicinity of the Cook Plant (Table 6). The laréesc“number of dead fish s
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Table 6.
the vicinity of the.D..C. Cook Nuclear Plant;. southeastern

Lake Michigan, 1973-1982.

Blanks indicate.no data.

Record of dead fish observed during all dives in:

Water temp.(°C)

Fish observed

Date Time  Surface Bottom Species1 Dead Live2
North reference stations
25 Jun 75 1945 19.0 19.0 AL 1
13 May 76 1333 13.0 12.0 AL 1
9 Jun 76 1730 21.7 16.2 AL 1 75-100
19 May 77 1530 19.0 16.0 AL 4 1
13 Jul 77 1745 23.7 21.6 SP 1
28 Jun 78 1515 20.5 16.5 AL 2
25 Jun 79 1605 13.5 9.5 AL 2
24 Jun 80 1605 - 19.0 17.4 AL 5
26 May 81 1615 14.8 12.3 JD 3
South reference stations
18 Jun 73 1717 22.0 18.0 AL 10 1
22 Jul 74 1945 15.6 10.0 AL 1
23 Jul 74 1445 15.6 7.8 AL 4
17 Jul 75 1450 25.0 22-.8 AL S
1P 1 A
15 Jul 76 1910 23.5 22.7 AL i >1,000
19 May 77 1630 19.5 16.5 AL 2 25-30
SM 1
28 Jun 78 1620 20.5 19.5 ccC 1
18 Jul 78 1556 18.0 15.0 XX 1
28 May 80 1804 13.6 11.9 AL 2
26 May 81 1635 14.5 12.5 AL 1
23 Jun 8!} 1835 17.4 16.0 AL 30
Yp 1
1 Jul 81 1630 AL 1 20
YpP 1
19 May 82 1722 19.0 17.0 AL 1 >100
Intake station
16 Jul 75 1425 22.2 22,2 AL 1 1
8 Jun 76 2145 19.0 16.2 AL 1 >1,000
15 Jul 76 1705 23.5 22.6 SSs 1 2
28 May 80 1559 13.0 10.5 AL 2 1
28 Jul 80 0400 18.0 12.5 . YP 1
26 May 81 1720 15.5 12.0 AL 5 60
23 Jun 8! 1900 . 18.0 16.5 AL 3 7
1 Jul 81 1730 18.0 13.0 AL 1 30
(Continued).
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Table 6. Continued.

Water temp.(2C) Fish observed

Date Time Surface Bottom S'pecies1 Dead Live2

Discharge station

16 Aug 73 1103 21.1 17.8 YP 1
22 May 74 1150 12.0 11.0 SS 1
' 1P 1
XX 1
12 May 76 1540 14.4 11.8 AL - 1l
19 May 77 1330 19.6 15.4 AL 1
SS I 1
cp 2 18
16 Jun 77 1920 19.0 16.2 AL 8 >100

l AL = alewife, YP = yellow perch, SS = sculpin (C. cognatus
or C. bairdi), JD = johnny darter, CC = channel catfish,
CP = common carp, SM = rainbow smelt, SP = spottail shiner,
XX = unldentified fish. See Appendix 3 for scientific
names.

2 Number of live fish of same species observed during same
dive.
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" observed during a 'single dive was 30 alewives, yhichlwere seen during a dive

in June 1581 at a-south- reference station. Observationvaf more than.5 dead,
fish during a dive was rare,wand.of the 281 dives made in the vicinity of the
Cook Plant during 1973-1982 (Table 1), dead fish were observed on only 35
occasions (12% of the dives). -

During the 281 dives made near the Cook Plant, 125 dead fish were count-
ed. Of this total, 107 or 86%Z of the fis? were alewives (see Appendix 3-for
sclentific names); the remainder was comprised of yellow perch (5), slimy
sculpin and johnny darter (3 each), common carp (2), spottail ‘shiner (1),
channel catfish (1), rainbow smelt (1), and 2 unidentified fish. All of the§e
fish species were abundant in the study area (Tesar and Jude 1985) and were
commonly observed by divers, with the exception of channel catfish.

No particular pattern or trend was detected in numbers of dead fish
obser;ed among stations or years. However, 71X of the dives during which dead
fish were seen were conducted during May-June. This observation was not
surprising because of the high percentage (86%) of dead fish that were
alewives. Annual dieoffs of alewives have cyplcallyloccurred during May-June
in southeastern Lake Michigan since the late 1960s (Brown 1968, Jude et al.
1979). *In fact, considering the thousands of dead fish occasionally seen
floating on the surface of the lake above the divers and washed up directly
onshore, the small number of carcasses seen on bottom was unexpected. An
unquantified but probably small proportion of the alewife carca;ses that sank
to the bottom may have been eaten or decayed, but severely eroded or decayed

Fffsh were seldom seen., Most dead alewives seen inshore of the 10-m depth
contour of the lake probably floated on the surface or bottom until they

eventually washed up onshore. The continuous exposure of this inshore region
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of the lake to waves and currents undoubtedly quickened the transport of dea >

Y

fish to the beach.
Dead fish were never observed during April, September, and October.

Inshore water temperatures were lower during these months than in May-August, .

-

and adult alewife and yellow perch remained farther offshore. The few dead .

yellow perch (5) observed during the underwiter'scudy were probably caught and

L2y

discarded by local éiéhermen fishing from boats above the riprap and in-lake
piebutall

o

plant structures. Obéervacions of all other species of dead fish were

incidentgl a@d éhgdéd no pattern or particular significance.

§

.

‘I
Periphyton ' [ v
i

P

Instalfétioé of the Cock Plant intake scruc;ures and associated riprap
field was comple;ed fn late 1972, The surfaces of these objects then
undervent a rapl? sequence of initial rusting (of metallic surfaces), N
accumulation ofﬁ%ediment and organic detritus, and formation of bacterial i’k
slime. Agch:ofhthis occurred in 1972-1973,

As Ehe inshore water warmed during spring 1973, the surfaces of the
scruccutés énd riprap began to be colonized by periphyton (attached algae),
assoclated zooplankton, and other microscopic invertebrates. ilacroscopic at-
tached invertebrates such as sponges, bryozoans, and Hydra also appeared in
small numbefs on these surfaces.

' The structures and riprap fleld were first examined by divers in June
1975. ‘From 1973-1932, cthe length of périphycon on the top of the south intake i
st;gcc;re and on riprap surrounding its base was measured by divers during "

most monthly dives (Appendix l). Extensive colonization and growth of

periphyvton on the top of the intake structure occurred during {cs first year

o~
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in the lake because the periphyton was already.3.7 cm long when .first examined

in June 1973, . Periphyton 0.5 cm in length also appeared .on the upper:surfaces.
of riprap surrounding 'the structure at.this time. Periphyton grew rapidly on
top of the structure during late spring and attained peak lengths during mid-
summer. This was followed by sléughing 6f the algae during late summer and
over-wintering at minimal lengths (Fig. 3). Although the pattern of growth
for periphyton on top of the structure was ;imilar for all years, peak length
attained each year varied. This was primarily the result of mechanical
abrasion by ropes ciéd to buoys surrounding the structure and diver—
construction activities during some years. Periphyton attained greatest
lengths on protected portions of the structure (e.g., crevices, flanges, etc.)
and along the top edges of the structure.

Periphyton growth on riprap surroun&lng the base of the south intake
structure followed an annual pattern that paralleled that on top of the
structure. Peak lengths were usually less than those attained on top of the
structure, except duging years of abrasion to the co§ of the structure. The
primary reason for reduced growth of periphyton on the riprap was the
increased depth (an additional 3 m) and commensurate reduction in light.

Some basic patterns in periphyton growth on the structure or surrounding
riprap were detected during the 10 seasons that the area was examined
(Fig. 1). Periphyton growth was most luxuriant at the edges of the structure
top an&‘wichin 5 m of the base of the structure, probably the result of
maximal water currents which occurred at these locations. The movement of

water kept the periphyton free of sediment and increased exchange of gases and

nutrients. Periphyton growth was limited on vertical surfaces and non-
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existent.on-the undersides of the structure, riprap, and other unlighted

-

surfaces at all depths. ot

- The rapid attenuation of light with increasing depth also limited growth’
of periphytic algae. Periphyton growth at depths exceeding 10 m was minimal
in comparison with that which occurred at lesser depths. A similar ob-
servation was made during our underwater examinations in 1978-1981 of fine-
mesh screens, intake structures, and riprap at the J. H. Campbell Power Plant
at Port She;don, Michigan, located 100 km north of the Cook Plant (Jude et al.
1982). Periphyton growth on all objects was depauperate in comparison with
that observed én the upper surfaces of the Cook Plant structures and riprap.
However, depths at the Cook Plant ranged from 4 to 9 m, while those at the
Campbell Plant exceeded 10 m. At Hamilton Reef, located near Muskegon,
Michigan, about 140 km north of the Cook Plant, periphyton was very sparse and
Cladophora was absent (Cornelius 1984). The minimim depth of this reef is
8.3 m. Observations on the Campbell and Hamilton reefs suggest that periphy-
ton growth i{s limited at depths greater than 7-8 m in eastern Lake Michigan.

These observations also suggest that, given the general light, tem-
perature, and water transparency regime in southeastern Lake Michigan,
clogging of water intake structures by periphytic algae should be limited to
horizontal surfaces exposed to direct sunlight at depths less than 8 m.
However, clogging of structures by attached invertebrates such as sponges,
bryozoans, and Hydra would not necessarily be eliminated by increasing depth,
and in fact these organisms became very dense on the Campbell Plant intake
screens (Rutecki et al. 1985, Jude et al., 1982).

For several years prior to 1975, periphyton samples were collected from

artificial substrates placed in the lake. Analysis of these samples provided
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baseline information on the taxonomic composition. of periphyton in the ~study” $

area. PFeliminary studies fn 1974 and full sampling efforts occurred from -
1975 through 1981. During this time, the sampling program was altered so that
samples of periphyton were collected from the top of the south intake
structure and surrounding riprap by divers. Comparison of the 1974-1981

. diver-collected samples with those collected-earlier from the artificial
substrates revealed that direct sampling of periphyton from the structures and
riprap to qualitatively assess colonization and growth of periphytic algae on
these ogjects was preferable to use of hand-placed artificial substrates.

A distinct trend occurred toward increasing numbers of taxa, or taxonomic
diversity, with time (Fig. 4; Table 7). Total numbers of taxa increased from
97 i{n 1975 to 189 in 1981. Numbers of previously unrecorded taxa followed a
trend simflar to that observed for total taxa but was léss pronounced. This
trend was mostly the result of an lncre;singly diverse diatom flora. The 5

fraction diatom (Bacillariophyta) taxa made of total taxa increased every ye‘ '
(except 1980) from 58% in 1975 to 75% in 1981 (Table 8); data from 1974 were L
considered inconclusive because they were based on analysis of only one sample ’
from June. The percentage of the total that green algae (Chlorophyta)
comprised decreased by 14% during the same period. Percent composition of
blue-green algae (Cyanophyta) remained relatively stable and varied from 4% .
in 1976 to 9% in 1978 (range = 5%). Other algae (Chrysophyta, Euglenophyta, |
Pyrrophyta, and Rhodophyta) comprised from 1% (1979) to 8% (1975) by number of
the cocgl taxa recorded for each year.

The lncrease in algal taxonomic diversity was accompanied by a decrease

in numbers of domihanc forms. In 1977, 8 of 97 taxa occurred in all samples;

in 1978, 3 of 117 taxa were present in all samples; {n 1979, no taxon was
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Fig. 4. Total number and percent composition by major groups of periphytic algae collected by divers
from the top of the south intake structure of the D. C. Cook Nuclear Plant, located at the 3-m strata
of the 9-m contour in southeastern Lake Michigan. One sample was collected each month, April-October,
1974-1981, in most years. A wet-mounted subsample was qualitatively analyzed under a microscope, and
algae were ldentified to lowest recognizable taxon. Total number of samples analyzed each year was:
1974 = 1, 1975 = 5, 1976 = 6, 1977 = 4, 1978 = 7, 1979 = 7, 1980 = 7, 1981 = 7. .
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Table 7. Total number and number of previously unrecorded taxa . m '
of periphyton identified in diver-collected samples scraped. - - " LR
- from the top of the south intake structure of the D. C. :Cook . -
Nuclear Plant, 1974-1981., One sample per month, April-
October, was collected each year with the exception of 1974
(all months but June omitted), 1975 (April and September omit-
ted), 1976 (October omitted), and 1977 (April, May, and OQcto- .,
ber omitted). Fraction (%) of total periphyton taxa that weré
also identified in samples of entrained phytoplankton collected ~
from the plant forebay is also listed. Blanks indicate no
samples collected.

Total No. (%) taxa Percentage
No, of no. of previously - of taxa
Year samples taxa unrecorded entrained
1974 1 21 21 (100) 713
1975 5 97 66 (68) [
1976 6 67 1 (1)
1977 4 97 34 (35) 74 -
1978 7 117 43 (37) 81 .
1979 7 131 45 (34) 79
1980 7 141 . 38 (27) 78
1981 7 189 " 54 (29) 78
;

Table 8., Composition by number (and percent) of the number of m ’
taxa'found in diver-collected periphyton samples scraped from -

the top of the D. C. Cook Nuclear Plant south Intake structure
during 1974-1981. One sample per month, April-October, was ‘
collected each year with the exception of 1974 (all months
but June omitted), 1975 (April and September omitted), 1976
(October omitted), and 1977 (april, May, and October omitted).
Algae were categorized as follows: diatoms = Bacillariophyta,
green algae = Chlorophyta, blue-green algae = Cyanophyta,
golden~brown algae = Chrysophyta, red algae = Rhodophyta, and .
other algae = Euglenophyta and Pyrrophycta.

Blue- Golden- 1
Green green brown Red Other -3
Year Diatonms algae algae algae algae algae
1974 15 (71) 5 (24) 1 (5) 0 0 0 '
1975 56 (s58) 28 (29) 5 (5) 5 (5) 1 (1) 2 (2) J
1976 44 (63) 19 (27) 3 (&) 3 (&) 1 (2) 0
1977 61 (63) 25 (26) 5 (3) 2 (2) (1) 3 (3) )
1978 75 (63) 29 (25) 10 (9) 1 (1) 0 2 (2) ;
1979 101 (70) 31 (21) 11 (8) 1 (1) 0 0 -
1980 91 (64) 37 (26) 11 (7) 1 (1) 1 (1) 1 (1)
1981 142 (75) 29 (15) 9 (35) 4 (2) 0 5 (3)
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present in all samples; in' 1980 and 1981, one taxon-was present in all

* PR

samples. During the period 1975-1980, the dominant green algae on the

structure were species of Cladophora. During 1979-1981, length and density of

Cladophora filaments growing on the structure were reduced relative to earlier

years. Oscillatoria spp. were the dominant blue-green algae during all years

expect 1981 when Anacyctis incerta was most abundant. Diatoms of the genera

Asterionella, Cymbella, Fragilaria, Melosira, Navicula, Nitzschia,

Stephanodiscus, and Tabellaria were common in nearly all years. The golden-

brown algae Dinobryon sp. was commonly recorded in samples, while red algae,
flagellates, and euglenoids were occasionally noted.

Successive comparison of total numbers of taxa identified amnually in the
per{phyton samples revealed: 54 taxa were present in 198l only; 48 taxa were
pr;sent in 2 of the 7 years; 23 taxa were present in 3 of the 7 years; l7 taxa
were present in 4 of the 7 years; 10 taxa were present in 5 of the 7 years; 17
taxa were pcesenclin 6 of the 7 years; and 37 taxa were present Lﬁ all years.

The fraction of periphyton taxa observed in samples of entrained
phytoplankton collected from the Cook Plant forebay was consistently high,
varying from 74% to 81% during 1977-1981 (Table 7). This observation suggests
that considerable sléughing of periphyton occurs each year., Most likely,
sloughing rates are highest during late summer and early fall as decreasing
light levels and water temperatures result in dié-off of much of the
periphyton. Comparison beCWeeg taxonomic lists of algae collected by divers
and those collected in entrainment samples pumped from the plant forebay,
suggests that entrainment sampling Is an effective method for qualitatively

assessing the diversity of periphyton attached to in-lake power plant

structures during months when diving {s not possible.
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Several conclusions may be drawn from the observations presented in-thi”

section. Almost immediately upon their placement in the lake, underwater
structures were colonized by periphyton, and considerable taxonomic diversity’
was achieved during the first year. However, there was a steady increase in h
the total number of taxa recorded each year, which was accompanied by a
decline in number of dominant forms noted. A substantial number of rare taxa
was recorded each year, and long=-term dominant taxa were few in number. The
largest number of previously unéecorded taxa was identified in 1981 samples,
during the fifth and final year of the periphyton study. This suggests that
ecological succession continued to occur 7 years after the structures and
riprap had been placed in the lake, and that the taxonomic composition and
relactive abundance of periphyton had not yet stabilized at the end of this
period. Evidence (Fig. 4) also indicated that periphytic succession would
continue and that taxonomic stabiflf{zation was not imminent. T
The decline in abundance of Cladophora during 1979-1981 was significancm
because, prior to that, these algae comprised most of the mass of periphyton
seen and sampled from the area. Reasons for this decline are not known, but
reduced abundance of Cladophora s related to declining phosphorus levels {n
Lake Michigan due to the phosphate ban in 1977 and reduced discharges at

Chicago and Waukegan, Illinois. Presence (or absence) of Cladophora on

substrates was shown to affect the distribuctlion of some invertebrates

I

(Laurictsen and %hite 1981),

Attached Macroinvertebrates \
Several taxa of invertebrates having one or more sessile stages during

which they must attach to a substrate were observed by divers and f{ncluded:
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freshwater sponge, bryozoans, and Hydra -spp.- Observations of these animals

were generally incidental relative to those  of other lnvertebratef (snails and .
crayfish), but a few patterns emerged from the limited data (Appendix 1);v
Attached invertebrates were only observed on substrates in the riprap zone.
Attached invertebrates were not observed in reference areas because of the
absence of stable substrate.

Branched or multi-filamentous Hydra were first observed during September
1973 and were attached to ;iprap‘surrounding the intake structures. They were
not observedﬂagain until 1973 when they were seen during standard series
diving in October. Hydra were subsequently observed twice in 1979, and once
in 1980 and 1982. These data are somewhat misleading in that they suggest thel
abundance of Hydra was low in the study area. When observed, Hydra occurred
in tremendous numbers a&d of ten completely covered the upper surfaces of the
riprap. During February 1977, a supplemental dive was made in the Cook Plant
forebay where mats of Hydra 1-2 cm thick and more than 10 m in diameter were
seen attached to the forebay walls. Commercial divers noted similar
occurrences of llydra during inspection of the interior walls of the plant
fntake and discharge pipes (personal communication, A. Sebrechts, Bridgman,
Mich.). The abundance of Hydra on the intake structures and pipe explains its
consistent occurrence in large numbers in entrainment samples.

In the open lake, Hydra were seen only during May and August-October,
suggesting that conditions (e.g., water temperature, availability of specific
planktonic prey) during June-July were not conducive to Hydra growth. Another
possibility is that Hydra competed for substrate with algal periphyton which

attained maximum growth during June-July. This hypothesis is consistent with
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diver observations that Hydra were concentrated on the lateral and undersldes.m. .

of the riprap and plant structures where periphyton was absent. o .
The long-term distribution of Hydra showed. a distinct pattern.of initial
colonization within one year of placement of substrates in the lake, followed
by an extended period (1974-1977) of gradual expansion in distribution and
density on these substrates. Peak abundance was achieved during 1978-1980,
although Hydra continued to be observed throughout the duration of the study.
Bryozoans were observed during monthly dives once in 1974, three timés in
1976, once in 1977, 1978, and 1980, and twice in 1981. Colonies were {solated
and generally small, never exceedihg a centimeter in diameter. No seasonal or
temporal pattern in the abundance or distribution of this organism was
detected during this study. Colonization of the structure and riprap by
bryozoans occurred during the first two years that these §ubscraces were in

the lake.

Freshwater sponges were not observed in the study area until 1975, when w

they were seen during two monthly dives. Subsequently, they were seen during
3 mo {n 1976, all months in 1977, 4 mo {n 1978, 3 mo in 1979, 1 mo in 1980, 4
mo {n 1981, and 1 mo in 1982. Both lts seasonal and temporal distributionms
were more continuous than that of Hydra or bryozoans.

About two years were required for sponges to colonize the plant
structures and riprap in sufficient numbers to be ;ociced by divers. It is
possible that colonization of these substrates may have occurred more slowly
than for Hydra or bryozoans, although this cannot be substantiated by our

data. Numbers of sponge colonies appeared to stabilize during 1976-1978 and

remalined at similar levels of abundance thirough the remainder of the study.

56

N e e W

3

)




Both the structures and riprap served as substrates for-attachment of sponges,
although they were observed-gost frequently on the .riprap.- .

Sponges were not observed during dives in early spring (April-May) except
in 1977. Generally, colonies were first observed during June, continued to
increase in numbers throughout the summer, and remained abundant during the
fall (September-October). In late summer, sponges were often bright green in
color, a result of the lnclusion of algal cells in the sponge matrix.

Colonies usually appeared as flattened disks up to 1 em in thickness and 10 cm
in diameter, but occasionally formed finger-like outgrowths 2-3 cm Iin length.
During late fall, sponge colonies became flattened and tan or white in color
as the algal cells died, and a reduction or die-off of sponge was suspected to
occur during the winter. Winter die-off and dormancy of most living cells
contained in upper str§ta of the underlying skeletal matrix is typical of
temperate freshwater sponges (Pennak 1953).

The general pattern of colonfzation of Cook Plant substrates by attached
invertebrates was one of early appearance followed by slow expansion to avail-
able substrates. Riprap appeared to provide a more suitable substrate than
did the metal structures, perhaps because rusting and sloughing of the metal
surface occurred throughout the study, although the rate at which this process
occurred declined in later years of the study. Peak abundance of attached
macroinvertebrates occurred four to six years after placement of substrates in
the lake. During the last several years of the study, the abundance of Hydra
and bryozoans declined, while numbers of sponge colonies continued to fluc-
tuate and showed no particular pattern or trend. Availability of substrate
combined with moving (plant-circulated) water and presence of surficial sedi-

ment, organic detritus, and periphyton combined to provide a hospitable but
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{solated micro-enviroament that was atypical of the surrounding lnshore en- »

vironment.

Underwater observations at both the Campbell Plant reef near Port Shel-
don, Michigan (Jude et al, 1982) and Hamilton Reef near Muskegon, Michigaq
(Cornelius 1984) documented the colonization of riprap by sponges within one
to two years of substrate piacemenc in Lake Michigan. At the Campbell Plant,
sponge colonies attached to wedge-~wire intake screens in addition to the
riprap, eventually necessitated cleaning of these screens. Farther north of
the Campbell Plant at Hamilton Reef, sponges and unidentified fungi were
common i{n diver—collected samples of invertebrates attached to the riprap

(Cornelius 1984).

Free-=living Macroinvertebratces

Diver observation of unattached or free-living macroinvertebrates in the
study area included aquatic stages of {nsect larvae, molluscs (clams and
snalls), and crustaceans (crayfish). These observations are summarized in
Appendices 1-2,

Wicthin and outside the riprap zone, divers observed larvae of Diptera
(Chironomidae - true midges), Ephemeroptera (mayflies), and Trichoptera
(caddisflies). Observaclons of these larvae were infrequent with no clear
pattern. However, lnsect larvae were observed only during mid-spring (April-
May) in the study area.

Other Invertebrates observed {n the area included the crustaceans Mysis
(opossum shrimp) and Pontoporeia (scuds), and an adult of the insect family
Notonectidae (back swimmers). Pontoporeia were observed only during late

summer and fall (August-October) and never during spring or early summer.
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Sightings of the above .invertebrates were generally limited to the riprap .

zone. Often, these-organisms were seen clinging to the sides or .undersurfaces

- of stones. These animals we;e rarely seen in areas north or south of the C
plant. Most likely, invertebrates living in such areas of shifting sand
substrate either guried themselves in the upper layers of the sediment and

were not vi§1ble to the divers or were quickly eaten by fish.

Molluscs observed during the study included Sphaeriidae (fingernail clam)
and Gastropoda (snails). Live sphaeriids were not observed because they were
buried {n the sediment. However, large numbers of empty shells were commonly
seen at all stations. Sphaeriid shells accumulated in the troughs of ripple
marks and in open depressions améng the riprap. These accumulations were
often several ceétimecers thick and several meters in length or diameter and
attested to the abundance of these organisms in the study area. On dne
occasion one valve of a large pocketbook clam (Lampsilis ventricosa)'was found

at 6 m at the most northerly reference station (Fig. 2). Whether the specimen

came from Lake Michigan or was transported from a connected inland lake was
not known, However, we found lampsilid clams in abundance in the Grand Mere
Lakes, a chain of shallow bar lakes located about 3 km north of the Cook Plant
and which connect to Lake Michigan via an Intermittent outlet.

Gastropods (snails) observed in the area during 1973-1982 included Physa,

Gonlobasis, and Lymnaea. Lymnaea were easily recognized by the high, sharp

spire of their shell. Only shells of this snail were seen on a few occasions,
and live specimens were never observed. Physa and Goniobasis were
distinguished underwater by differences in the coil of their shell (sinistral
and dextral, respectively). Laboratory identification of snails collected

over a period of several years revealed that most specimens were Physa integra

59



and documented -this. snail to be the predominant. gastropod lnhabicing,tfhe Coomg

Plant riprap.

Gastropod speciation  at the J..H. Campbell Plant. differed considerably from
that observed for the Cook Plant. The Campbell Plant riprap was initially
colonized by Valvata which‘were later displaced by Lymnaea, and Physa were

never observed at the Campbell Plant (Rutecki et al. 1985), Interestingly, \

Valvata were seen in great abundance during a pre-construction underwater - N

survey of the site in 1977 (Jude et al. 1978) and were the most abundant
gastropod in Ponar grab samples of sediment collected during 1977-1979 from
areas north and south of the plant (Winnell and Jude 1981).

The difference in species distribution of gastropods between the Cook and
Campbell reefs was probably related to differences in physical and biological
condftions at the two reefs, The increased size of the riprap and ‘5

.

Interstitial spaces, combined with greater depth and subsequently reduced 3

i

storm~generated water turbulence, less periphyton, and absence of Cladophora

on the Campbell Plant reef, may have favored or excluded certain species of
snails, Pennak (1953) noted that Physa occurs in greatest abundance where
there {s a moderate amount of aquatic vegetation but ls rare in areas where i

there are dense mats of vegetation. This may, in part, explain why Physa

- ~—

initially colonized the Cook riprap but disappeared in later years as
periphyton became more abundant on the reef. Absence of periphyton or other
vegetation on the Campbell riprap may have discouraged colonization of this
reef by Physa. On the other hand, Lymnaea is found in a wide variety of

habitats (Pennak 1953). This snail was abundant on the Campbell reef and {ts

shells were occasionally collected at the Cook reef. o exact explanation )
could be made for the presence of Valvata on the Campbell reef and Lts absence “

. o



on the Cook reef. However, there is a major anatomical and physiological

difference in the respiratory mechanism of the Valvatidae when compared with
the Physidae and Lymnaeidae. The Valvatidae have external plumose gills;
vhereas, the Physidae and Lymnaeidae have a "lung" or pulmonary cavity.

Also, most pulmonate snails come to the surface to breathe (although a large

number do not) and therefore generally tend to inhabitat shallow water.

The increased depth of the Campbell reef along with absence of periphyton that
mfghc in;erfete with external gills may have favored the valvatid snails.

) Numbers of snails (primarily Physa) at the Cook Plant did not show any
strong pattern of seasonal abundance during April-October, except that they
tended to be most abundant during April-June and August-October and were never
abundant during July (Fig. 5). However, a clear éaccern of temporal abundance
emerged during the study. Snalls were observed in large numbers during 1973-
1975 and peaked in abundance during May 1975 when 30-100 snails/m? were
councgd,¢uring dives at the south intake station. These numbers include only
snails immediately visible to divers without disturbing the riprap. In
actuality, the density of snails was probably several times greater than 30-
100/m2, because they ;ere abundant on the sides and undersurfaces of the
riprap as well as on stones beneath the surficial layer of riprap. Following
1975, a precipitous decline in snail abundance occurred during 1976-1978. o
snails were observed in the study area from 1979 through 1982.

The riprap was colonized by snails during its first year in the lake and
supported large populations of Physa for about three years. At that point,
habicaf conditions or some other ecological effect occurred that rendered the
riprap unsuitable for Physa. As previously noted, {t is bossible that after

several years, the accumulation of sediment and periphyton on the surface of
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the riprap -reached a point.acnwhiéh it interfered with the respiration or .
movement of the snails.. Another possibility Is that composition of. -
microscopic flora and fauna that snails fed upon was altered  through the

accumulation of sediment and periphyton, and eventually the riprap surfaces no

longer provided suitable food for the snails. Yet another possibility is
based on the observation that snail egg cases were commonly observed during
the first few years of diving bﬁt not in later years. Perhaps as the surface

of the riprap aged and accumulated material, it was no longer sufficiently
b .4
clean to serve as substrate: for the attachment and incubation of these eggs.

On a few occasibnsfilﬂbé snails were seen on the metal surfaces of the

intake and discharge sciuc;u;es. However, only isolated animals were observed
oty .
and densities never exceedéd!one snall per several square meters. The surface

t

of the structures was aiwaysicovered with either periphyton and sediment, or,
when periphyton was absenc,,kusc. The snalls may have avoided all such

surfaces. Also, snalls were quite obvious on the flat surface of the

I3

structure and may have been;more susceptible to predation by fish.

In contrast to sightings of Valvata in areas surrounding the Campbell

Il

reef, live snails were never observed by divers in sand-substrate areas
surrounding the Cookalant riprap zone, No explanation can be offered for

this difference. Hohevér, snails were observed in areas of natural (clay,

cobble) rough substrate north and south of the Cook Plant (Dorr 1982). These

v

isolated areas of naturally occurring, stable substrate probably served as

preserves on the lake bottom where snails, along with crayfish and attached

invertebrates could survive and emigrate to areas of newly placed artificial

L3
substrate. ’

63




Information on.the al;undance and distribution-of decapods (crayfish) in«]D

the study area originated from two sources: -diving observations made during i

1973-1982 and records of their impingement from 1975 through 1981 od Cook
Plant traveling screens (Fig. 6). Three specles of crayfish were present in

impingement samples; Orconectes propinquus, 0. virilis, and Cambarus diogenes

diogenes. Ounly isolated specimens of the latter two species were collected,
representing only a fraction of ; percent (0.08%) of all cra;fish collected
(Winnell 1984), Crayfish were observed during all years of the underwater
study, although their abundance fluctuated during this period. It was assumed
that most crayfish observed by divers were 0. propinquus, based on the
predomin;nce of that species (n impingement samples.

Crayfish were observed more frequently at night than during the day
(Fig. 7). This was In accordance with the generally nocturnal habits of this
animal which remains hidden in burrows or under substrate during the daytime
(Pennak 1953). At the Cook Plant, crayfish. could be found during daytime bym
excavating some of the riprap. At nighet, crayfish emerged.and rested on top y
of the stones or among the interstices.

Comparison of total numbers of crayfish observed by divers each month
with numbers of crayfish impinged documented a general pattern of initial low et
abundance, followed by rapid population growth, and then by a decline to about
one-tenth of peak abundance. Crayfish were observed in 1973 and had therefore
colonized the reef within one year of its placement in the leke. During 1979~
1982, numbers of crayfish observed and i{mpinged fluctuated but remained within .;
the same general, upper and lower limits during the period.

During April-October, 1975-1982, day and night observations were made at

two side-by-side, 1 x 10 m transects adjacent to the base of the south f{ntake
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structure. These observations were pooled to yield numbers of crayfish.(and
other organisms) observed per 20 m2. These'quantified observations were based
on standardized methodology and constituted the most reliable database from
which conclusions could be drawn based on underwater observations. Comparison
of transect observations of crayfish (Fig. 7) with total numbers of crayfish
observed and 1mpiqged in the study area (Fig. 6) revealed a corroborating '
pattern of temporal abundance. As with total numbers of crayfish observed énq
impinged, peak abundance of crayfish recorded dufing transect observa;i;ns :
(72/20 m2) also occurred during 1976, although more were seen during Seétembe;

Y - s =
than August. Transect observations also support the conclusion that crayfish

were most abundant on the Cook Plant riprap during 1975-1977 and chaf tﬁélr_

~
L'

abundance declined precipitously during 1978. They continued to be bbséébed

¢ .l

in small numbers through 1981 but none was seen in 1982,
The reason for the abrupt decline in abundance of crayfish in 1978 is
unknown. Peak numbers of crayfish impinged during 1978 approached 1977 levels

but sustained implingement during 19{8 was clearly less than that ‘of ;977L
Total and transect observations of crayfish declined by a factor of iO during
the period 1977-1978. 1t appears that some environmental factor or ecological
relationship changed during the period fall 1977-spring 1978 and caused a

[

rapid decline in abundance of crayfish on the Cook Plant tiprap.‘ A‘similar
decline in abundance of snails was discussed earlier, although it oécurred
during 1976, about two years in advance of the crayfish popd;acion decline.
Peak abundance of crayfish recorded during transect obée:vations
(September 1976 - Flg. 7) was 72/20 m2 or about 4/m2, However, this number

included only those animals visible to the divers who did not displace the

riprap during transect swims. Based on non-transect observations during which
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. the riprip was overturned, it is-'possible that actual abundance of crayfish W

may have peaked at 8-10/m2. Based-on numbers-and-weights of-crayfish impinéed
during the same month, the average weight of these crayfish was 5.1 g.
This extrapolates to an observed abundance of 20.4 g/m2 (162 lbs/acre) and an
estimated abundance of 41-51 g/m2 (364-445 lbs/acre). Pennak (1953) noted
that pond populations of crayfish generally do not exceed 100 lbs/acre but in
exceptional caéés may attain 500-1,500 lbs/acre. These data suggest that at
peak abundance, the riprap supported a relaciQely dense population of cray-
fish: It is possible that within two to three years the carrylng capacity of
the habitat may have been exceeded which resulted {n the subsequent decline in
crayfish abundance observed during later years of the study.

Unlike the Cook Plant reef, no crayfish were observed during four yéars
of diving (1978-1981) on the Campbell Plant reef. Rutecki et al. (1985)
attributed this disparity to differences in reef composition and H
configuration. Surficial riprap surrounding the Cocok Plant intakes was w
composed of stone ranging from about 0.1-0.6 m {n difameter and weighing about
1-50 kg. Campbell Plant riprap was coaslderably larger than Cook Plant
riprap, usually exceeding | m in dlameter and welighing 225-900 kg. The
interstices ;mong the Campbell riprap were much larger than those of the Cook
Plant and may have provided crayfish with less protection from fish predation
(e.g.,, slimy sculpin, yellow perch), especially during the egg and juvenile
stages. i

Another possible explanation for the absence of crayfish on the Campbell .
reef is that, in contrast to the Cook riprap, periphyton was extremely
depauperate on the Campbell riprap and Cladophora was absent. Prince et al.

(1975) found that {n Smith Mountain Lake, crayfish were abundant {n areas
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supporting luxuriant Cladophora and absent from areas with little or no growth

of this alga. Crayfish are omnivorous and are. known to-eat aquatic vegetation - -

(Pennak 1953). 1t is possible that Cladophora constituted an {mportant
component of the diet of crayfish at tpe Cook Plant and that absence of this
or other aquatic vegetation on the Campbell riprap resulted in an inadequate
supply of food. Lauritsen and White (1981) found that the seasonal abundancé
of some predacious and filter;feeding zoobenthos was correfgced wicth the the
luxuriance of Cladophora on the Cook Plant riprap. These zoobenthos may have
served as prey for crayfish, thus providing a trophic link through which the
abundance of Cladophora could affeéc the abundance of crayfish on the reef.
These observacions correspond with those of Cornelius (1984) for Hamilton
Reef near Muskegon, Michigan. This artificial reef Is similar in composition
and location to the Campbell reef, although its configuration is somewhat
different in that the riprap is §epataced into numerous piles several meters
apart which are interspersed by areas of sand. Like the Campbell reef,
periphyton was scarce on the Muskegon reef, Cladophora was absent, and
crayfish were not observed during three field seasons of diving. Elsewhere in
the area, Dorr (1982) documented the presence of crayfish in areas of
naCuraily occurring ;obble substrate located near Saugatuck and South Haven,
Mich., between the Campbell and Cook Plants. These substrates also supported
periphyton, although growths were never as luxuriant as those seen at the Cook
Plant. However, abundance of crayfish was also lower at these locations than
at the Cook Plant. The above observations argue for the existence of a
relaﬁionship between abundance of periphyton, Cladophora in particular, and

that. of crayfish on inshore reefs in eastern Lake Michigan.
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During 10 years of diving at“the Cook Plant, only one crayfish was seem

in an area of sand substrate outside the riprap zone. This attests to the'.
critical role that substrate plays as a limiting factor in the life history
and distribution of crayfish, particularly in such a harsh enviromment as

occurs inshore in eastern Lake Michigan.

Fish Spawning

Spawning by numerous species of fish has been inferred from catches of
male and female fish with.ripe~-running gonads in the {nshore region of Lake
Michigan near the Cook Plant (Jude et al. 1979, Tesar et al. 1985).
Occurrence of newly hatched yolk-sac larvae in planktoan net hauls in the lake
and entrainment samples collected from the plant forebay (Bimber et al, 19§ﬁ,
N?guchi et al. 1985) supports this infesence. More direct evidence of fish
;éauning in the immediate vicinity of the Cook Plant was provided by in situ
observation of eggs of five fish species: alewife, spottatl shiner, yellow
perch, johnny darter, and slimy sculpin.

Fish eggs were observed during all years of the study except 1982
(Appendix 1). Eggs were observed exclusively during May-August (Fig. 8).
Duration of occurrence for a given species ranged from about 3 deeks for
yellow perch and sculpin to about 10 weeks for alewife,

The line graphs in Figure 8 must be interpreted with care because they
present {nformation on different components of the reproductive cycle,

The basi{c progression of events during reproduction should be the appearance
of ripe-running fish i{n the area followed (or paralleled) by spawning and

deposition of eggs.” Néxt would come a period of egg incubation during which
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eggs might be observed in situ followed by hatching-and appearance of yolk=sacV

larvae in the area.

Most data presented in Figure 8 were compiled exclusively from diving

-

observations and concurrent studies of adult and larval fish at the Cook

Plant, with the exception of the literature survey. Therefore; some disparity -

between reported spawning periods and the timing of other events in the

reproductive cycle shown in Fig 8. was expected. This occurred because the “

literature survey included habitats other than the Cook Plant where environ-

mental conditions might elicit spawning at other :1me§ of the year, For ex-

ample, temperature~dependent spawning of fish may occur earlier in the year in

a shallow inland lake where the water warms more rapidly in spring than in -

Lake Michigan. et
Another cause for the disparity among events depicted in Figure 8 may

be that these data summarize the findings from several years of study. w .

Some varlability occurred among years in the timing of reproductive events
(e.g., maturation of gonads, deposition of eggs, and hatching of larvae).
Therefore, for any glven year, the duration of reproductive events was -
probably shorter than the periods shown.

Alewife showed the most protracted period of reproductive activity among

the five species. Over a 4=6-yr period, yolk-sac larvae were taken In field

-

samples as early as April and appeared in both field and entrainment samples

until the beginning of October. Occurrence of ripe adults (early fay-mid- -

Lo

July) and observation of eggs (June-mid-August) were in close agreement in
terms of the sequence of these reproductive events. The spawning period
reported in the literature for alewife was longer than that suggested by adult

fish studies and diving observatioas but agreed with the occurrence of yolk-
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s;c larvae late in the.summer. The appearance of yolk-sac .larvae ‘{n field and

entraloment samples during April .was difficult. to explain in terms of the-data .
presented in Figure 8 but may have resulted from exceptionally early spawning
by a few fish. Yolk-sac larvae were never captured in large numbers during
April or early Hay. The period from mid-May through July appeared to
encompass the bulk of alewife spawning and egg iacubation in the study area.
Most eggs observed during late July and. August were elther opaque or fungused,
indicating that they were no longer viable.

Of these five fish, alewife, spottail shiner, yellow perch, johnny
darter, and slimy sculgin, only alewife has pelagic eggs that are randomly
broadcast during spawning; the other four species have demersal eggs that
adhere to the substrate. Also, only alewife eggs were observed in areas
outside the riprap zone. The eggs often accumulated and formed a thin layer
in the troughs(of the rippie marks at the sand-substrate reference stations
north and south of the plant. Alewife eggs were commonly observed on top of
the riprap and plant structures, trapped among the filaments of periphyton.
Eggs were seen In about equal abundance in the riprap zone and at reference
stations. No indication of area- or substrate-selective spawning was noted.

During 1973-1982 adult fish studies near the D. C. Cook Nuclear Plant,
several thousand yellow perch stomachs were examined. Many were found to
contain alewife eggs, thereby documenting predation by yellow perch on these
eggs (qnpublished data, Great Lakes Res. Div., Univ. Mich., Ann Arbor, Mich.).
These studies and those of Dorr (1982) showed extensive yellow perch predation
on young-of-the~year and adult alewife as well. Yellow perch predation on

large larval alewives was suspected, but larvae were not found in the stomachs

of yellow perch, probably because of the rapid rate at which this material was
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documented a dramatic..increase in abundance‘of=ye;lownperchiintthe area and a
concurrent decline in abundance of alegife (Tesar and Jude 1985, Jude and
Tesar 1985). The recent decline in abundance of'alewife in Lake Michigan
probably resulted from salmonine predation. Increased abundance and predation
of yellow perch on eggs, larvae, juveniles, and adult alewife combined with
that froﬁ stocked salmonids may cause a possible future collapse of alewife
stocks in Lake Michigan.

Spottail shiners were observed spawning on top of the south intake
structure during a night dive in 1973. As the eggs were broadcast over the
mat of periphyton that covered the surface of the structure, they settled into
the periphyton and adhered to the algal filaments. Spawning was not observed
on the riprap. On several occasions during later years, a few eggs were

collected from the top of the structure and incubated in the laboratory, and

| digested beyond recognition. The:Cook Plant adult fish studies also - m ‘

the newly hatched larvae were identified as spottail shiners. ” 1$:

The chronology of reproductive events observed for spottall shiners in
the study area (Fig. 8) closely paralleled the expected timing of events,
Ripe fish were caught during mid-April-mid=-July. Spawning and eggs were
observed during Juné. Yolk-sac larvae appeared in field samples from June
through mid-August and in entrainment samples from June through mid-October,
The bulk of spottall shiner spawning, egg incubation, and hatching occurred
during June-mid-July in the study area. The only unexplained component of the
data (Fig. 8) was the observation of yolk-sac larvae in entrainment samples
during September énd October, one to two months after ripe fish ceased to be

collecééa {n the area. The spawning period reported in the literature for



spottail shiners was in close agreement with that which would have been

predicted from field scudy data.,

Spottail shiner eggs were occasionally seen on the riprap but never at
reference stations. This is probably due to the more nearshore distribution
(<3 m) of their eggs.

Maturation, spawning, egg incubation, and hatching of yellow perch in the
study area was examined in detail by Dorr (1952). He documented that spawning
and incubation of yellow perch eggs was limited to areas of rough (natural or
artificial) substrate. Yellow perch egg masses were never observed on sand
substrate during nearly 500 dives in the study area which encompassed 10
spawning seasons (Dorr and Jude 1980a,b; Dorr 1982). These findings concur
with those reported in the literature and clearly establish that in
southeastern Lake Michigan yellow perch spawned seiectively on stable, rugose

substrate. These substrates probably serve to anchor the eggs and suspend

them slightly above bottom, thereby reducing settling of eggs into the

substrate or transport to areas with conditions less favorable to survival,

e.g., the turbulent beach zone.

In addiction to the Cook Plant reef, evi?ence of yellow perch spawning on
two other artificial reefs in eastern Lake Michigan has been compiled. Al-
though yellow perch egg masses were never observed on the Campbell Plant reef
(Rutecki et al. 1985), the high abundance of ripe fish and yolk-sac larvae in
field samples and predominance of yellow perch larvae in entrainment samples
(Jude e:.al. 1982) suggest that perch spauned on this reef. Yellow perch eggs
were usually observed in situ for no more than 2 weeks (Dorr 1982); most like-

ly, the timing and intensity of diving on the Campbell reef was inadequate to
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permit observation of.eggs. Biener (1?82) reported-aggregation and 'spawninw,.
of yellow perch on Hamilton Reef near Muskegon,- Michigan, in 1981. L .
Yellow perqh egg masses‘were also observed in areas of natural rough
substrate by Dorr (1982). Masses were seen at 6-9 m on cobble substrate near
Saugatuck and South Haven, Michigan, ané on rugose clay substrate 3 km north
of the Cook Plant and on New.Buffalo shoals south of the plant. Egg masses
havé”also been seen on clay substrate near Michigan City, Indfana (personal
communication, G. HcDonéld, Ball State Univ., Muncie, Indiana).
Capture of ripe yellow perch during early April-early June and observa-
tion of eggs during mid-May=-early June corresponded with the expected timing
of these events. Occurrence of yolk-sac larvae in field and entrainment sam-
ples during mid-May-July corresponded with maturation and, spawning. The oc~-
currence of yolk-sac larvae {n the study area during April and early May has
been attributed to riverine input of larvae spawned in inland waters that warm :
'to spawning temperatures earlier {n the spring than inshore Lake Michigan m H
waters (Wells 1973; Jude et al. 1979, 198la; Dorr 1982; Perrone et al. 1983).
Appearance of yolk-sac larvae In August entrafameant samples may have been the
result of some isolated late spawning or unusually slow macturation of larvae.
The spawning period (mid-May to mid-June) reported for yellow perch in
southern Lake Michigan corresponded closely with that predicted from Cook
Plant fish and underwater studies., Lake Michigan yellow perch have a short
reproductive season relative to other fish species, and the bulk of spawning,
incubation, and hatching occurs during a 3~4-week period from mid-May through J
early June {n chls area of the lake.
Johnny darter eggs were found on two occasions in 1977, during May and

June. In May, one cluster of eggs was found attached to the underside of a
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fiberglass washtub and another was attached to the underside of a swim fin.

“Both of these objects had been lost from the dive boat during the previous
month., In June, two more clusters of eggs were found attached to the
underside of a flat slab of wood. The female darter often lays her eggs in
several clusters each containing 20-200 eggs (Scott and Crossman 1973); the
two clusters of eggs found on the wood slab may have béen spawned by a single
fish. The clusters were 2-3 cm in diameter and were composed of several
hundred eggs packed closely together in a single layer. The eggs were
collected, hatched in the laboratory, and larvae verified as johnny darters.

The concurrent appearance of ripe fish in field samples and observation
of eggs during mid-May to mid-June (Fig. 8) defined a short spawning period
for johnny darters in the study area. The occurrence of yolk-sac larvae in
field and entrainment samples dﬁéing nid~May-July was in generallaccord with
the timing of spéuning and incubation of eggs, as was the spawning period
reported in the literature. But, like the other species, both early and late
occurrences of yolk-sac larvae were noted. These data suggest that the bulk
of johnny darter spawning, incubation, and hatching occurs from nid-May
through late June in the study area.

Sculpin eggs were found on two occasions, in May of 1974 and 1978.

In both instances, the eggs occurred as a flaﬁcaned mass attached on the
underside of a piece of riprap. These masses were similar in appearance to
the johnny darter egg clusters except that both the individual sculpin eggs
and size of the egg mass were larger than those of the darter. On both
occasions, the collected eggs were incubated in the laboratory until the

larvae hatched and were identified as slimy sculpin (Cottus cognatus).
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the first three weeks of May. Yolk-sac larvae appeared in entrainment samples :

spawning temperatures more rapidly chan.inshore Lake Michigan. These data

4 “
(Fig. 8) {ndicate spawning, egg Incubation, and hatching of sculpins occurs ﬂm

pelagic and ubiquitously distributed., Examples of the other spawning mode

Spottail shiner eggs were demersal and adhesive and were found attached to a .

The chronology of reproductive events documented for slimy sculpin by - w‘

v

Cook Plant fish and diving studies was nearly.perfect, in biological terms.

Ripe adults were caught during April-mid-May, and eggs were observed during

from mid=May through June and in field samples during June. Larvae appeared

in entrainment samples about two weeks earlier than in field samples, because
sculpin spawning was concentrated in the riprap zone where field net tows were "
not conducted. Netting was coanducted north and south of the riprap, and some

time probably elapsed before the newly hatched larvae migrated from their ‘.
nests i{n the riprap zone to surrounding areas of the lake where they were
subsequently netted. The spawning geriod reported in the literature generally
agreed with that predicted from Cook 'Plant data. Again, spawning reported

duridg March-early April probably occurred {n {nland waters that warm to

i

-
4

during a relative brief period, with the bulk of this activity taking place

a

during late April-late MHay.

Several conclusions may be drawn from the preceding discussion on

reproductive activity of fish I{n the study area. Two general modes of
spawning were noted: fish that broadcast their eggs at random without regard
to substrate type and fish with substrate-specific spawning requirements. i

Alewife was a primary example of the first category of spawner, Lts eggs were

included spottail shiner, yellow perch, johnny darter, and slimy sculpin.

'

variety of stable substrates. It appeared that while this specles selects
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& o um

H ,
e Tend



stable substrates for spawning, the composition and configuration of that

substrate is not a critical factor in the selection process. Johnny darter
and slimy sculpin were more selective in that eggs were laid on the flat,
clean undersides of riprap and inorganic or organic debris. As in other
studies in the area (Biener 1982, Dorr 1982, Rutecki et al, 1985), yellow
perch were found to have rather specific substrate requirements that focused
on substrate configuration and rugosity. Finally, related studies (Dorr and
Jude 1981a, Dorr et al. 1981b, Jude et al, 1981b) in the area have compiled
evidence that some speclies such as lake trout have extremely specific
spawning-substrate requirements that include characteristics such as
composition, configuration, rugosity, and interstitial dimensions.

With the exception of alewife and sp6ccail shiner, spawning was
concentrated in the riprap zone} and much of the reproduction of the species
discussed occurred during May-Juﬁe. During thi{s peried, survival and growth
of these fish populations could be affected by perturbations of specific
events (spawning, inéub?cion, hatching and early survival) in their
reproductive cycle. Populations of pelagic spawners such as alewife that
broadcast their eggs randomly over a wide area are less likely to be affecéed
by a point ecological impact than populations of fish which concentrate thelr
spawning in the area of the impact. wich regard to johnny darters, slimy
sculpins, and to a small degree spottail shiners, an ecological trade-off
exists between reproduction and plant operation. These specles concentrate
around and spawn on in-lake plant structures, thus increasing their
vulnerability to impingement, entfa{nment, and pﬁysical (heat) and chemical

(chlorine) discharges. But at the same time, populations of these fish have
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been enhanced by the creation of this artificial substrate .and would not exi“‘ )

in such abundance if -the plant-structure.were mot present,

Juvenile and Adult Fish

Twenty~two taxa encompassing 24 specles of fish were observed by divers
during the study and were grouped according to frequency of observation
(Table 9) from data presented in Appendix 1. Frequently observed species
included alewife, yellow perch, sculpins (slimy sculpin and mottled sculpin),
johnny Aarter, and spottall shiner. All of these fish were seen at least once
during each year of the study, Commonly observed species included trout-
perch, common carp, rainbow smelt, burbot, and white sucker. These fish were
seen during seve; to nine years of the study. Uncommonly observed species
included largemouth bass, lake trout, channel catfish, black bullhead,
smallmouth bass, and longnose sucker. These fish were seea In more than oane :
year buctless than half of all study years. Species that were rarely observﬂ»
and were seen during only one year included emerald shiner, brown trout,
quillback, walleye, coregonids (bloater and lake herring), and shorthead
redhorse. The 10 taxa that were frequently or commonly observed composed the
bulk of the observations of fiﬁh. The remaining 12 taxa were seen too
infrequgncly to make detailed {nferences based on underwater observatioas.

A total of 72 species of fish were {dentified among the 1.l million fish
collected during 1973-1982 field studies near ;he Cook Plant (Tesar and Jude
1985) and 5.8 million fish impinged on its traveling screens durlng 1975-1982
(Thurber and Jude 1985). Therefore, about one third (31%) of the specles
documented in the study area by Cook Plant studies were observed by divers.

These observations suggest that a large number of the specles that occurred in
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Table 9. Annual relative ranked abundance of fish observed during all
diving in southeastern Lake Michigan near the D. C. Cook Nuclear Plant,
1973-1982. Fish were grouped according to frequency of observation.

Blanks indicate no observation.

ing to Robins et al. (1980).

Common names of fish assigned accord-

Species

No. yrs

observed 73 74

79 80

Frequent

Alewife

Yellow perch
Cottus spp.1
Johnny darter
Spottail shiner

Common

Trout-perch
Common carp
Rainbow smelt
Burbot

White sucker

Uncommon

Largemouth bass
Lake trout
Channel catfish
Black bullhead

Smallmouth bass’

Longnose sucker

Rare

Emerald shiner
Brown trout
Quillback
Walleye

Coregonus spp.2

Shorthead redhorse

Total taxa

10
10
10
10
10
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! Includes both C. cognatus (slimy sculpin) and C.
(mottled sculpin).

2 Includes both C. artedii{ (cisco or lake herring)

(bloater).
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the area were.rare.and that diver observations of fish were limited-to . the. ﬂl) -
more abundant species. The 5 fish taxa ‘most -frequently observed by-.divers

were also among the 10 fish taxa most frequently, collected in field and

impingement samples.

e

Total number of fish taxa observed each year varied from 6 to 14 (Table
9), 1If 1973 data are ignored (both the diving meéhodology and schedule were
incomplete that year), numbers of fish taxa observed ranged from 10 to 14,
annually. Considering that 1l taxa were seen at least 7 out of 10 years, and
5 taxa were seen every year, the diversity of species regularly observed by
divers was low In comparison with total number of species occurring in the
area. However, the most abundant specles i{n field and impingement samples
were nearly always observed by the divers. These observations suggest that
diving i{s effective for documenting the presence of abundant species but
fneffective for studying rare species. 1
Fish specles observed by divers could be divided into two categories ‘D ’
based on their behavior and response to the presence of the Cook Plant. ;
The first category described orientation of fish in the water column - pelagic
or demersal, The second category was related to the response of fish to the
physical presence or aspects of plant operation - attracted or indifferent
(species repelled by the plant were not discerﬁed by this study) (see Tesar
and Jude 1985). Four combinatfons of these behavior-response categories were
represeanted in the observational data base: pelagic fish that were attracted

to the plant (pelagic-attracted), pelagic fish that were indifferenc to the

plant (pelagic~indifferent), demersal fish that were attracted to the plant

o

(demersal-attracted), and demersal fish that were i{ndifferent to the plant

(demersal-i{ndifferent). .
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Pelagic fish that appeared to be attracted to the in-lake structures or .

operation of the pl;nt included yellow perch‘and common carp and possibly
largemouth bass, smallmouth bass, and walleye. Pelagic species that appeared
generally indifferent to ;he in-lake presence or operation of the plant

included alewife, spottail shiner, trout-perch, rainbow smelt, lake trout,f

emerald shiner, brown trout, and coregonids. Demersal fish that appeared'lo'

be attracted to the in-lake presence or operation of the plant included

sculpins, burbot, channel catfish, and black bullhead. Demersal fisﬁ that

I
"

appeared indifferent to the in-lake preseﬁce or operation of the plaﬁf
included johnny darter, white sucker, iongnose sucker, quillback, ané
shorthead redhorse. .
Inspection of relative ranked abundance of fish within and amoné years
revealed that in most years alewife was most abundanf. Yellow petchjalgays'
attained one of the next three ranks (second-fourth). Alewife, ;ellow perch,

johnny darter, spottail shiner, and sculpins always comprised at.least four of

the top five ranks each year.

N

Relative ranked abundance of fish species observed during §r$nsécc swims

ey
L]

along the base of the south intake structure (Table 10) geneéaliy;pq;alleled

that established for total dives (Table 9). Total number of fish séécies

1n «

observed each year ranged from five to nine. Number of specieé ébsérved

'

H i
during transect dives was always less than the total number observed for any

* oo
.

given year, primarily because the observational effort forftqansecc swims was
much less than for total dives. #However, during transect swims, observations
were focused on the bottom and did not extend above bottom beyond the range of
visibility, which was usually between 2 and 3 m (Table 4). Consequently, a

slightly higher percentage (447%) of those species classified as demersal was
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Table 10..
Michigan, 1975-1982.

the D. C.

Cook Nuclear Plant.

observations were summed and then ranked for the total area (20

examined.

Blanks iIndicate no observation.

to Robins et al. (1980).

Annual relative ranked abundance of fish observed during .
duplicate observations made during: transect swims -in southeastern Lake
Observations were made. by two divers swimming

Each diver examined an area 1l m w;ge;

)
Fish were grouped according to frequency of observation.
Common names of fish assigned according

Species

yTrs
observed

Year

75

76

77

78

79

80

8l

Frequent
Alewife
Yellow perch
Cottus spp.1
Common

Johnny darter
Spottail shiner
Rainbow smelt
Trout~perch
Uncbmmon

Burbot

Rare

Black bullhead

Total taxa
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seen than of those classified as pelagic (38%). Of those specles frequently or

commonly observed during the total diving effort, only burbot and white sucker
did not appear in these same observatiénal frequency categories during
transect dives. These two specles were not abundant and never attained a rank
higher than ninth in total dives conducted after 1974.

As with total dives, alewife was the most frequently observed fish
species during transect dives. Sculpins displaced yellow perch as the second-
most abundane fish species observed during transect swims. This was not
unexpected considering the generally high abundance and demersal behavior of
sculpin. Yellow perch was generally the third-most abundant species seen
during transect swims. Jopnny darter and spottail shiner occupied a lower
frequency category for transect dives than for total dives. However, the
significance of this shift was relatively inconsequential considering the
overall abundance of these two species in the study area., No pelagic speciés
classified as uncommon or rare among total diving observations (Table 9) were
observed dﬁring transect swims (Table 10).

In addition to total diving observations (summarized from Appendix 1)
and transect observations (summarized from Appendix 2), summary data are
presented from standard series field sampling (Tesar and Jude 1985) and
studles on impingement of fish on the Cook Plant traveling screens (Thurber
and Jude 1984, 1985) for 10 species of fish: yellow perch, common carp,
alewife, spottall shiner, trout-perch, rainbow smelt, sculpins, burﬁot, johnny
darter, and white sucker. The remaining £2 species of fish observed during
underwater studies at the Cook plant were seen too infrequently to permit

meaningful analyses based on observational data. Speciles discussions are
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grouped according to the four behavioral categories noted,earlier: pelagic~" w

-

attracted, pelagic-indifferent, demersal-attracted, and, demersal-indifferent.

2 o

Pelagilc-Attracted == : .

The species complex of diver—observed pelagic fish that appeared to be
attracted to the in-lake structures or plant operation Included yellow perch,
common carp, and possibly largemouth bass, smallmouth bass, and walleye. ;
Sufficient evidence (Tables 9, 10) was compiled during the study to infer the

attraction of yellow perch and common carp to the plant. The attraction of .

the other three species to the plant was hypothesized more from general

knowledge of the specles and their habilts than from empirical data,
Yellow perch was usually the second-~ or third-most abundant species

observed during all dives and transect swims and was never lower than fourth

R

e

(Fig. 9). It was also among the five most abundant specles in field and p
impingement samples. burlng 1973-1977, the relative ranked abundance of '"
yellow perch fluctuated among the four sampling categories. A distinct

decline in abundance occurred in field and impingement samples between 1977

and 1978 and was followed by a steady increase {n relative adundance.

Although chis pattern was not reflected in diving observations, yellow perch T
were frequently observed during 1978-1982 underwater studies.

The disparity in trends of relative ranked abundance between field and !
impingement sampling and all dives and transect swims may be explained by the
documented affinity that yellow perch have for rough substrate {n cthe
generally smooth, sandy-bottom areas of lnshore eastern Lake Yichigan (Dorr
1982, Rutecki et al, 1985). The attraction of yellow perch to the riprap

zone, established through underwater observations, elevated their local
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Fig. 9. Comparison of relative ranked abundance of yellow perch observed by
divers during all dives (1973-1982) and transect swims (1975-1982), collected
in standard series fileld samples (1973-1982), and impinged (1975-1982) at the
D. C. Cook Nuclear Plant, southeastern lake Michigan. Ordinate scale is
inverted and extends from lowest to highest rank of relative abundance.
Blanks indicate zero observations or catch; ND = no diving or sampling.
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abundance in comparison with field sampling, which was -conducted only.in-area

of sand substrate (Fig. 9). ' The parallel in ranked abundance of yellow perch

in impingement samples with that of field'sagples suggests that rate of-
impingement was related mote closely to their general field abundance than
their attraction to the riprap zone.

Most yellow perch observed by divers were adults; juveniles were seldom
seen, although they were abundant in field and implngeﬁent'samples. A dis-
tinct pattern in the»Cemporal distribution of yellow perch was noted. Adult
fish moved inshore into the study area during April. This‘movemenc appé;red

to be more closely related to inshore spawning than initial feeding, because

most fish did not eat until spéuning was completed (Dorr 1982). Spawning oc~

curred in the study area during late May, and yellow perch remained concen-
trated in the r{prap zone throughout the summer., Feeding commenced shortly
after spawning was completed. During fall, yellow perch moved offshore and
were seldom seen by divers during October dives. Largest numberé of adult
fish were collected in field samples during May-August. Young-of-the-year
were collected {n trawl an& seine hauls during late summer and fall and {(n
{mpingement samples during fall and winter.

At least two patterms in the spatial distri{bution of yellow perch were
discerned by this and related studies. The first pattern was the seasonal
inshore migration of adults in spring and an offshore migratiom during fall.

These movements were documented by underwater observatiouns, field studies

(Tesar and Jude 1985), and impingement studies at the Cook Plant (Thurber and

1)}

]

Jude 1984, 1985). Juvanile yellow perch inhabited the ianshore area throughout

fall and winter, as evidenced by their impingement at the Cook Plant during

these months. The second pattern {n spatial distribution was the
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concentration of adult fish in areas of rough substrate. As water
temperatures increased in spring, adult fish moved inshore and onto natural
and artificial reefs present in the area. Although Dorr (1982) compiled some
' evidence that limited movement off the'reefs occurred after spawning, the bulk
of the fish appeared to remain close to areas of rough substrate. Yellow
perch were never observed at smooth-bottomed reference statioms; however, they
were commonly collected there during summer months in trawls and gill nets
(Tesar and Jude 1985).

Adult yellow perch were distinctly day-active and at night rested on the
botton, often in cre§ices formed by the riprap. As further evidence of yellow
perch nocturnal inactivity, divers were able to grasp fish at night. During
the day, fish on several occasions were fed crayfish by divers. Fish formed
Jloose schools composed of various sizes of fish with a length range often
exceeding 100 mm. Random swimminguor “nilling” was typical; closely
coordinated group movements were not observed. Both solitary fish and schools
éémained within 1-3 m of the botcom“or the plant structures.,

Common carp was the sixth or seveﬁ;h nost gommonly observed fish in the
study area; they were seen during all years e*cept 1973, Field sampling and
impingement of common carp at the plant suggested that the overall abundance
of this species in the study area was relatively constant during the study
period (Fig. 10). However, several pattergs and changes in the temporal and
spatial distribution of conmon carp were evidenced by underwater observationms
and other studies of adult and larval fish.

Diving observations documented a distinct increase in abundance of these
fish near the plant following the start—up.of warm-water discharge. This

local increase was paralleled in field study catches (Tesar and Jude 1985). Of
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Fig. 10. Comparison of relative ranked abundance of common carp observed by
divers during all dives (1973-1982) and transect swims (1975-1982), collected
in standard series field samples (1973~1982), and impinged (1975-1982) at the
D. C. Cook Nuclear Plant, southeastern Lake Michigan. Ordinate scale is
inverted and extends from lowest to highest rank of relative abundance.
Blanks indicate zero observations or catch; ND = no diving or sampling.
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the more than 460 common carp observed during the study, none was seen in
1973, and only two were seem in 1974, preoperational years. MNine fish were
seen in 1975. From 1976 to 1982, numbers of fish observed annually varied
from 14 to more than 200 (Appendix 1) and averaged about 40. Larv;l common
carp were never collected in preoperational years 1973-1974 at the Cook Plant
but were collected and entrained at the plant during its first operational

year (1975) and in most later years of the study (Noguchi et al, 1985).

. Larval common carp were not collected during 1973-1979 at reference stations

located 7 kn south of the Cook Plant near Warren Dunes State Park, but a few
larvae were taken at these reference stations during the last years of the
study. Bimber et al., (1984) attributed this uneven distribution of larval
common carp to spawning in the warm-water plume of the plant., Although common
carp were aé:racted to the plant, annual impingement was low and ranged from
zero to 34 fish between 1975 and 1982 (Thurber and Juée 1985). This suggests
that the fish were not particularly susceptible to entrapment at the intake
struétures, proﬁably because they concentrated near the‘discharge area.

Further evidence of attraction of common carp to the warm-water plume was
that of the more than 460 fish observed by divers, only 12 were seen at the
intakes ;nd none was seen at reference stations. All other observatiouns were
made in the vicinity of the discharge stations. On several occasions during
late spring and summer, divers in boats and on shore observed schools of
common carp swimming in the vicinity of the discharge structures; none Qas
seen in the vicinity of the intake structures.

Divers observed common carp in greatesé abundance during the period May- '

August. Most fish taken in field samples were collected during the same

. period. However, the impingement of common carp did not show any temporal

‘
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pattern, probably because their susceptibility was low even when they were, - m,

abundant in cheJViciniEy of. the discaarge.

_Common carp were day-active and seldom .seen at night. The few fish that
were observed during night dives were on the bottom, solitary, and inactive.
Most often, commoan carp were seen in groups rather than individually. Host
diver—observed fish were swimming randomly in the vicinity of the discharge
structures. They often approached the, divers closely and on several occasions
swam into the divers. As noted earlier, their feces were often abundant at
the closest reference station north of the discharges (north referemce station
I - Fig. 1) but were rarely seen at other diving sca;ions.

Largemouth bass, smallmouth bass, and walleye were seen three times,
twice, and once, respectively, during the study (Table 9) and never during

transect swims (Table 10) or at reference statioms. In all instances, the

fish were seen in close proximity to the intake or discharge structures.

e

It {s believed that these fish were attracted to the structures and not just w:

the surrounding rough substrate, perhaps because of the elevated profile that
the structures presented. All fish were seen during the warm-water months

(May-September) and during the day. Only solitary fish were observed.

Pelagic-Indifferent =--

The species complex of diver—observed pelagic fish indifferent to the
1n-lake structures or plaat oéeration included alewife, spottail shiner,
trout-perch, rainbow smelt, lake trout, emerald shimer, brown trout, and
unidentified coregounids (bloater or lake herring). Sufficient observ;cional

data were compiled on the first four specles to permit meaningful discussion

. - ola

: o



and inferences. The remaining fish species were seen infrequently and little

can be concluded based on these sightings.

Alewife was generally the most abundant species observed and collected in
the study area. Comparison of summary data (Fig. 11) revealed few
flucguations in annual relative ranked abundance within each of the four data
categories. Field sampling data and other evidence indicated that the
abundance of alewife in the study area declined during 1980-1982 relative to
previous years (Jude and Tesar 1985). 'This décline was paralleled by transect 4
swim data where annual observational effort was standardized. The decline was
not reflected in data compiled from all dives. It is possible that the small
annual variation in total diving effort that occurred during 1975-82 may have
obscured this decline, although more dives were conducted annually during
1975-1979 (17-19 dives yearly) than duriné 1980-1982 (15-17 dives yearly).
Another explanation may be that large schools of alewives were rarely
encountered during transect swims; whereag, they were frequently encountered
during non-transect diving. ﬁlso,‘eSC1macioﬁ of these large schools of fish
(often containing more than 1,000¢1ndiv1duals) may have smoothed and obscured
yearly variations in abundance. Nonetheless, alewife were the most abundant
and ubiquitously distributed fish in the study area.

No patterns or cfends were observed in the spatial distribution of
alewife during the underwater study. Individual and schooling fish were
observed at both riprap and reference stations.

A distinct temporal pattern was noted in the abundance of alewife.
Alewife were rarely observed during April but were usually seen in great
abundance' during May-June, and the {mpingement of alewives usually peaked

during the same period. Adult fish were collected in fleld samples in

93



IMPINGEMENT
.SAMPLES
SAMPLES

FIELD

TRANSECT
SWIMS

ALL DIVES

rrrrrTrrid
lceEtG9L86

3ONVANNEY 4

1982

1978 1979 1980 Is8l

1577

1976

1973 1974 1975

YEAR

Comparison of relative ranked abundance of alewives observed by

divers during all dives (1973-1982) and transect swims (1975-1982), collected

.

Fig. 11

1982), and impinged (1975-1982) at the

southeastern Lake

in standard series field samples (1973-

-

Ordinate scale is

Michigan.

Nuclear Plant,

Cook
{nverted and extends from lowest to highest rank of relative abundance.

Blanks indicate zero observations or catch

C.

D.

ND = no diving or sampling.

.
’

94

S e § e



greatest abundance during the same period. The abundance of alewife. in the

‘'study area during this period corresponded with their spring migration from

offshore areas of the lake to the more rapidly warming inshore waters where
they subsequently spawned during late May-August. Adult fish continued to be
observed throughout the summer, although numbers.of fish observed were reduced
from peak levels that occurred during May-June, Numbers of adult fish seen
during October were always low and corresponded with the fall migration of
f£ish to offshore areas.,

Young-of-the~year (YOY) alewives were usually first observed by divers
during August or September and large schools were often seen during September—
October. This fall pattern was paralleled by an increase in impingement of
YOY alewives, which by this time were large enough (>50 mm) to be retained by
the traveling screens (Thurber and Jude 1984, 1985). Young-of-the-year fish
were often seined in great abundance during August-Seé;ember.

When observed, schools of both adult aﬁd YOY alewives were distributed
throughout Ehe water column, Schooling of adult fish was observed only during
the day. Movements of individual fish were rarely coordinated into
simul taneous group movements and considerable "milling"” of fish occurred.
Solitary .fish were commonly seen. At night, fish often occurred in groups og
cluste;ed at various locations around the intake structure. Although the fish
were active at night, swimning appeared undirected, and fish could often be

approached closely or touched by divers. Schools of YOY alewife were only

observed at night and were closer to the surface than the bottom. On several

occasions, adult fish were observed to group near the intake structure and

face into the oncoming current.. Some individuals made snapping or sucking
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(not coughing) movements.with their mouth and may have been. ingesting

zooplankton in the water.

Spottail shiner was included among the group of -frequently -observed
species; they were seen during all years of the study. It was also included 7
anmong the five most-abundant species in field and impingement samples.

The relative ranked abundance of spottail shiners in impingement catches
fluctuated somewhat among years but remained nearly constant for field samples

(Fig.'lz). A nearly constant level of relative abundance was also reflected

in transect-swim data. Pooled observations from all dives suggested that the

relative abundance of spottall shiners declined during the late 1970s, but

this decline was not reflected among the other three data bases. Therefore, ‘
|

{t was concluded that the relative ranked abundance of spottail shiners
remained relatively. unchanged during the study.

Spoccalg shiners were not observed at reference stations, but field and
impingement scudﬂies did not i{mmdicate any notable differences in spatial «I’
distribution. However, diving was more exteansive in the riprap area and the
small size of the fish made them difficult to see off bottom, particularly
when vis{ibilicy was low. No other evidence of subscraCe;seleccive behavior or
attraction to plant structures or operation was compiled duriﬁg the underwater
studies.

A distinct temporal pattern was noted f{n the seasonal distribution of
spottail shiners as observed by divers. Fish were rarely seen in the study

area in April and Qctober and were most often observed during June-August, we

A similar pattern of seasonal abundance was reflected in f{ield catches of

»

v e

spottail shiner (Tesar and Jude 1985). This temporal pattern of abundance

resulted from movement of fish into the {nshore area of the lake during June-

o
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August when spawning and feeding occurred. During fall, fish moved offshore. m
-~

Although peak impingement of spottail ;shiners usually occurred during May<,
August, fish were often impinged in large numbers throughout the year. The.
relatively high Iimpingement of fish during periods of low field abundance may
have resulted from thelr seeking shelter near the structures during fall and
winter storms or from their general disorientation and increased
susceptibility to emtrapment du;ing these periods of severe inshore
turbulence,

Spottail shiners were more commonly observed at night than during the

day, but this was believed to be more the result of increased vulnerability to

approach and observation at night because of reduced light than to actual
increases in nocturnal activity., This belief was based on the observed
similaricy becween'daycime and nighcﬁime behavior, including levels of

7 activity and alertness.

Most spottail shiners seen by divers were adults; juveniles and YOY fish
were rarely observed. Although schooling probably occurs for this species
(Nursall 1973), {t was not observed by divers. No differences in diel
activity were noted. Fish were seen throughout the water column and did not
appear attracted to the structures or ripr;p.

During a 1973 night dive on the south intake structure, several thousand
spottaill shiners were observed, some of which were seen to broadcast their
eggs over the periphyton growing on top of the structure., Spawning was not
observed in subsequent years, but spottail shiners were usually seen in
considerable abundance during June night dives in the vicinity of the
' structures. The fish are abundant and widely distributed in Lake Michigan,

and no evidence supporting substrate-selective spawning was complled during
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this study. Spottail shiner eggs are demersal, adhesive, and probably
randomly broadcast without regard to substrate configuration or composition.
Most spawning occurs in the <3 m depth zone (Tesar and Jude 1985, Noguchi et
al. 1985).

Trout;perch were seen during 9 of the 10 study years (Table 9) but
usually not in great abundance, i.e., more than 60 fish during any set of
monthly dives (Appendix 1). Trout-perch were never seen in abundance during
transect swims along the base of the south intake strugture (Table 10).

This was attributed to their tendency to remain off-bottom during the day,
which encompa§sed half of the transect diving effort. The relative ranked
abundance of trout-perch remained similar among years for impingement and
field samples and transect swims (Fig. 13). A declime in relative ranked
abundance occurred in data summarized from all dives, but this decline was not
reflected in the other three data sets,

Although trout-perch were never seen at reference stations, no evidence
was cqmpiled during field sampling and impingement studies to suggest that
they were attracted to the plant structures or riprap or by plant operation.
A seasonal pattern was evident in the temporal distribution of the fish.
Generaily, trout-perch were seen mostpfrequencly during May~-August; sightings
during other months were rare. éoch field and impingement catches of trout-
perch were largest during May-September and small during the winter. No pat-
tern was noted in the diel distribution of fish as observed by divers.

All fish observed were solitary, During the day, trout-perch were alert
and active and‘were difficult to approach. At night, most fish were seen

within 1-2 m of the bottom, and although they were active, swimming was
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Fig. 13. Comparison of relative ranked abundance of trout-perch observed by
divers during all dives (1973-1982) and transect swims (1975-1982), collected
in standard series field samples (1973-1982), and impinged (1975-1982) at the
D. C. Cook Nuclear Plant, southeastern Lake Michigan. Ordinate scale is
inverted and extends from lowest to highest rank of relative abundance.
Blanks indicate zero observations or catch; ND = no diving or sampling.
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undirected and sporadic, and the fish appeared disoriented and often darted

agalnst the bottom when approached.

Rainbow smelt were seen during 8 of the 10 study years. Adult fish were
never seen in abundance although schools of YOY fish were occasionally ob-
se}ved dufing September and October. The relative ranked abundance of rainbow
smelt remained similar among years for field samples but varied among impinge-
ment samples, transect swims, and overall diving observations (Fig. 14).

A pronounced seasonal pattern was noted in the temporal distribution of
rainbow smelt. Fish were most commonly collected in field and impingement
s;mples during the early spring when the fish moved inshore to spawn and
during fall after the lake water cooled. Exceptions to this pattern occurred
during summer when upwellings brought fish associated with offshore cold-water
masses into the study area. Much of the variability among years for diving
observations was attributed to the sporadic occurrence of upwellings inshore
during summer mqpths and the association of rainbow smelt with these masses of
<cold water. Rafhbow smelt were not observed at reference gtacions, but no
pattern or differences in spatial abundance of fish were escabiished during
the underwater studies. Quite likely, fish avoided the warm-water discharge
area and plume, but this was undoubtedly a local effect and had negligible
impact on the overall inshore distribution or abundance of rainbow smelt.

Adult fish were seen more often at night than during the day. Fish were
solitary, active, and alert. They were usually seen off-bottom and did not
exhibit any affinity for the structures or riprap. Schooling was not observed
for adult fish, but small schools of YOY fish were seen during some night

»

dives in September and October.
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Lake trout were seen during three of the study years, apd emerald shiner,

brown trout, and unidentified coregonids (bloaters or lake herring) were seen
during one year. Brown trout, emerald shiner, and unidentified coregounids
were seen too infrequently to permit meaningful inferegces regarding these
fish. However, no evidence was compiled during the underwater studies which
indicated that any of these four species of fish were attracted or repelled by
presence of in-lake structures or riprap or b§ operation of the plant.

In a separate study, lake trout were seen in abundance in the Cook Plant
intake area and at 6 m in an area of rough clay substrate 5 km north of the
Cook Plant off the Grand ﬁere Lakes during night dives conducted on 14 Novem-
ber 1977. The fish were active, alert, and occqrred in groups, but spawning
was not observed. The substrate was examined closely, but no eggs were found
(unpublished data, Great Lakes Research Division, University of Michigan,

Ann Arbor, Michigan). The only other observations of lake trout were inci-
dental sightings of solitary fish made primarily at night. During 9-10 Novem-
ber 1975, an intense storm passed through the Great Lakes region, and thou-
sands of windrowed lake trout eggs were observed along the beach at the Cook
Plant (personal communication, J. Barnes, Indiana & ﬁichigan Power Company,
Bridgman, Mich.) as well as near Charlevoix, Michigan (personal communication,
T. Stauffer, Marquette Fisheries Research Station, Marquette, Michigan).
However, lake trout eggs were never observed by divers or taken in entrainment
samples pumped from the planc'f;rebay. On a few occasions, salmonid eggs were
found in the stomachs of slimy sculpins impinged at the Cook Plant, but the
species and‘locatioh where the eggs were spawned and eaten were not estab-
lished. During 10 years of study, no evidence was compiled to suggest that

lake trout spawned on the Cook Plant riprap.
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Demersal-Attracted =--

The species complex of diver—observed demersal fisli that .appeared to be

attracted to the in~lake structures or plant operation included sculpin

We believe sculpins and burbot were attracted to the plant area. The at-

traction of channel catfish and black bullhead to the plant area was hypothe-

sized more from general knowledge of the species and their habits ihap from

»
I N
)

(Cottus cognatus or C. bairdi), burbot, channel catfish, and black bullhead.
|
|
|
|

empirical data. .

Three species of sculpin were found in field and lmpingement samples col~

N r, .y

lected in the study area: Cottus cognatus or slimy sculpin, C. bairdi or mot-

tled sculpin, and Myoxocephalus thompsoni or deepwater sculpin. -Deepwater

sculpins were rarely collected and are excluded ftom this dischssion.
1

v

Both slimy sculpins and mottled sculpins were identified Ln fieId and impinge-
ment catches made in the study area (Tesar and Jude 1985; Thurber and Jude !

1984, 1985). There was some evidence that mottled sculpin were more abundant!

4 .

inshore during summer than slimy sculpin. However, {t u?s not possible for d

divers to distinguish between the two species; therefore, they are treated as
¢

"

a single group and referred to collectively as sculpins. ’
Sculpins were seen during every year of the study for both total standard

series dives (Table 9) and transect swims along the bas; of the south intake ’
structure (Table 10). Overall, it ranked as the fourchi o; fifch-most
abundant fish species seen by divers during the scuay. Conmparison of the
relative ranked abundance of sculpins observed dur#ﬁgfall dives and transect
swims with their ranked abundance in impingement aﬂd field samples indicated

the attraction of this fish to the plant area (Flg:~1é). Sculpins ranked-as o

only the sixth- to ninth-most abundant fish in £fi{eld samples that were >
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Fig. 15. Comparison of relative ranked abundance of slimy sculpins (Cottus

cognatus or C. bairdi) observed by divers during all dives (1973-1982) and

transect swims (1975-1982), collected in standard series field samples (1973~
1982), and impinged (1975-1982) at the D. C. Cook Nuclear Plant, southeastern
Lake Michigan. Ordinate 'scale i{s inverted and extends from lowest to highest
rank of.relative abundance., Blanks indicate zero observations or catch; ND =
no diving or sampling.
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collected exclusiveiy in sand~bottom areas. But in impingement samples, they M '

ranked as the fifth to sixth most abundant species and were always among the
first five most abundant species in.transect and ‘total diving observatioms..
Sculpins are cryptozoic in their behavior which is reflected in their
preference for rugose substrate (Scott and Crossman 1973). The interstices
among the riprap provid;d ideal shelter and habitat for these fish. Sculpins
were probably attracted to the riprap and the protection it afforded rather
chan<co any specific factor associated with plant operation (e.g.,
circulation, heated-water discharge, turbulence, suspension of sediments and
locally elevated turbidity, etc.)

‘ Evaluation of the temporal abundance of sculpins as reflected in their
relative abundance among years showed that a decline occurred during 1976-
1977, which was followed by a gradual recovery during 1978-1982 (Fig. 15).

Thls decline and recovery was noted In both field and impingement collections

as well as in diver observations of sculpins. No explanation can be offered m' -

for these changes in annual abundance, Of all fish observed by divers,

sculpins were the most evenly distributed throughout the observational period

(April-October). Unlike most other fish, sculpins were frequently observed in

the study area during April-May and September—October. Although sculpins were

impinged during most mopchs, numbers of fish taken during April-May usually
peaked at levels 10-fold higher than during other months (Thurber and Jude
1984, 1985). This was probably related to higher levels of activity and
movement associated with spawning in riprap areas surrounding the intakes and
subsequently, increased vulnerability to impingement. Elsewhere in the area,
sculpins were found to move shoreward in early spring to spawn but generally

avoided the warm inshore waters during summer (Tesar and Jude 19853).
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Comparison of diving observations and impingement catches with the field

distribution of sculpins und;rlines the attraction and concentration of fish
in the riprap zome during periods (summer) when the ove;all abundance in the
inshore area was low.

The uneven spatial distribution of sculpins reflects their preferenge for
rough substrate and their attraction to the riprap. Sculpins were rarely
observed in sand-bottom areas surrounding the riprap, although small numbers
of fish were trawled and seined from these areas (Tesar and Jude 1985),
Sculpins.were also observed during other underwater studies in areas of
natural rough substrate north and south of the Cook Plant (unpublished data,
Great Lakes Research Division, Univ. Mich., Ann Arbor, Mich.).

All sculpins observed by divers were solitary. Most fish were adults,
but juveniles were occasionally seen during late summer. Sculpins showed a
* distinctly nocturnal activity pattern which was reflected in the large‘number
of fish observed during night transect swims (Appendix 2). During the day,
fish remained hidden beiow the top layer of riprap ;nd were less ‘frequently
observed. At night, they moved onto the upper surfaces of the'stones where
they remained active and alert. None was ever seen swimming off bottom,
and only an occasional fish was sighted at night on top of the intake
structures.

Burbot were ‘commonly observed in the riprap area and were seen during 7
of the 10 study years, They were‘consistently the ninth-most abundant fish
observed during all dives (Table 10) but were among the least frequently
observed fish species seen during transect swims (Table 10). Similar to
sculpins, burbot were relatively less abundant {n field samples collected

outside the riprap area than in impingement catches and diver observations
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which sampled the population on the riprap (Fig. 16). These data suggest chﬂ' '
burbot concehcraced in the riprap area. The attraction was,ptobablyarelated h
to the increased protection that the more rugose substrate provided and not to
some aspect of plant operation,

Diving observations revealed no temporal pattern in the seasonal inshore
abundance or distribution of burbot, although field sampling and impingement
catches indicated thaé the fish left the inshore area during summer months.

Underwa ter obse:vatioﬂskof burbot revealed a clear pattern in their diel
distribuction. Nedrlyﬂall fish were seen at night, and they remained out of
sight during the Qa§. As with sculpins, all burbot observed were solitary,

alert, and actibe; éltbough they could usually be approached and grasped by
T .

'Y

divers. They weré:blways seen on the bottom and were usually entwined among
’ 1] :;‘

" [N

the riprap.

Despite the :élativeiy low abundance of burbot in the area, on one *
occasion a specinie}t was found lodged headdown inside a 7-cm diameter tube th”'
had been sdspeédedtperpendicula: to and 1 m off the bottom for three weeks to :
collect suséended sediment. This attested to the active exploration of the
area by chig pércicular species.

Burboé wére never observed at reference statioans, and their spatial
discribution geflecced their attraction and concentration in the riprap area.
The relacively frequent impingement of burbot in relation to their low fleld
abuﬁhShce also reflected thelr concentration in the area. Construction divers
workiﬁg ;nside the intake and discharge pipes and plant forebay reported
seeing bprboc in hizh abundance relative to the riprap area (personal communi-

1
b

cation, A. Sebrechts, Sebrechts Inc., Bridgman, Michizan). Quite possibly, o
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Fig. 16. Comparison of relative ranked abundance of burbot observed by divers
during all dives (1973-1982) and transect swims (1975-1982), collected in
standard series field samples (1973-1982), and impinged (1975-1982) at the

D. C. Cook Nuclear Plant, southeastern Lake Michigan. Ordinate scale is
inverted and extends.from lowest to highest rank of relative abundance.

Blanks indicate zero observations or catch; ND = no diving or sampling.
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the fish were attracted to the dark interior of these structures, and ended \m

)

~belng impinged as, a result.

Channel catfish and black bullheads were seen during two years of the
study (Table 9), and a black bullhead was seen once during a night transect
swim along the base of the south {ntake structure (Table 10). These fish were
never observed at reference stations and were not seen in abundance on the
reef. Most sightings occurred at night; fish were solitary and alert.

No fish were seen swimming off bottom, and they were usually found in the

interstices among the riprap rather than on top of {t.

Demersal-Iindifferent ==
The speéies complex of diver-observed demersal fish that appeared to be ’ '
Indifferent to the {n-lake structures or plant operation included johqny
darter, white sucker, longnose sucker, quillback, and shorthead redhorse. ::
The composite of diving observatlons, field studies, and impingement samplingﬂ’ ‘ .
indicated that these fish were distributed throughout the study area and did !
not appear tp congregate in the riprap area. .
Johnny darters were observed during all study years (Table 9) and during
transect dives in all but the last year of diving (Table 10). They were :
typlcally about the fourth-most frequently observed species of fish. Although
johnny darters were observed {n abundance in the riprap area, they were also
frequently seined in the beach zone and trawled at 6~ and 9-m stations during
field studies of fish (Tesar et al. 1985, Tesar and Jude 1985). Comparison of ;

the relative ranked abundance of johnny darters showed that they were the

sixth~- to eighth-most frequently collected species in field sampling and the

" seventh~ to ninth-most frequently impinged species (Fig. 17). The difference
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Fig. 17. Comparison of relative ranked abundance of johnny darters observed
by divers during all dives (1973-1982) and transect swims (1975-1982), col-
lected in-standard series field samples (1973-1982), and impinged (1975-1982)
at the D. C. Cook Nuclear Plant, southeastern Lake Michigan. Ordinate scale
is inverted and extends-from lowest to highest rank of relative abundance.
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in absolute value of annual rank, between these data set}s never exceeded :hree”_; i
! and was often only Bne; These differences were probably not significant and
| did not suggest an unusually high rate of impingement of fish in relation to
their general field abundance. -Johnny darters were occaslonally observed at
T dive study reference stations, although they were seen in far greater
| aéund;nce on the riprap. The relative ranked abundance of johnny darcers
observed during transect swims and for all dives differed slightly in absolute
value but followed nearly identical éatterns in terms of annual variatiou.
The close similarity In these patterns of abundance was attributed to the

abundance, demersal beHavior, and rather even distribution of johnny darters

on the riprap. As a result, the small areas of riprap examined during
transect swims served well as representative samples of the. abundance of

johnny darters.

Several patterns appeared in the temporal abundance and distribution of
johnny darters. Diver observations and field and impingement catches
suggested that the abundance of johnny darters relative to other specles
declined after 1977 and then fluctuated éc loueé levels during remaining years
of study. The rebound in relative abundance was more apparent in field
samples than in impingement samples or diver observations. This suggests that
the decline was more pronounced in the riprap area relative to the surrounding
area and that recovery to former levels of relative abundance was slower.
Quancitative substantiation and explanation for a differential decline and
recovery in abundance of johnny darter between the riprap and surrounding sand
area are lacking.

Secondly, johnny darters were absent from the area during aApril and

October, in contrast with their high abundance and widespread distribution
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during warm-water months (May-September). Monthly peaks in numbers of fish
observed, impinged, and collected in field samples often occurred in May and
coincided with the spawning period for these fish (Fig. 8).

A final temporal pattern occurred in diel abundance. Although johnny
darters were commonly seen during the day, numbers observed during transect
swims were consistently higher at night (Appendix 2).

As noted earlier, although johnny darters were seen in much greater
abundance at riprap stations than at reference stations, no overall patterns
or differences in the spatial distribution of this species were supported
among the three general studies (diving, field, impingement). While johnny
darters may prefer rough substrate, particularly for spawning, they appear to
be widely distributed inshore during spring, summer, and fall. Thekdecline in
rate of impingement of johnny darters during winter suggested that either the
fish moved affshore, or thelir activity and susceptibility to impingement were
lower during this period.

Nearly all johnny darteés seen were adult fish, which were solitary,
alert, and active during day and night. All fish were seen on the bottom and
often rested on the upper surfaces of the riprap. Occasionally, a fish was
observed on top of the {ntake structure.

White suckers were seen during 7 of the 10 study years and ranked as the
ninth~ or tenth-most frequently observed species of fish (Table 9). White
suckers were never observed during transect swims, primarily because of their
low abundance in the area. The relative ranked abundance of white suckers in
field samples remained the same (seventh) for all but two years, when it
declined by one rank (Fig. 18). Relative ranked abundance of white suckers in

impingement samples fluctuated, slightly but showed no strong patterns or
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Blanks indicate zero observations or catch; ¥ND = no diving or sampling.




BN

trends. White suckers were observed consistently but in low numbers during
most years of the underwater study.

A seasonal pattern in the temﬁoral abundénce of white suckers appeared in
both underwater observations and field catch of this species. Fish were
observed exclusively during May-August except on one occasion in September;
most collected in field samples were also taken during May-August.

Impingement of these fish tended to be greater in summer, but white suckers
were impinged during most months and occasionally in relatively high numbers
during winter. These data suggest that white suckers are generally more
abundant inshore during warm-water months., It is possible that they move
offshore during winter or some fish may have sought shelter from storms and
ice inside the intake structures and pipes, thus accounting for the relatively
high impingement during winter when field abundance was relatively low.

White suckers were most often seen at night when they were solitary, alert,
and active. Tesar and Jude (1985) found that this species moved sﬂoreward at
night in the study area. h

Al though white sucker; were not observed at reference stations, there was
no evidence that they were attracted to the plant structures or riprap or that
operational factors affected their distribution. In fact, analysis of gill
net data revealed that white suckers were significantly less abundant near the
Cook Plant than at a reference station located 11 km south off Warren Dunes
State Park, Michigan (Tesar and Jude 1985). These data indicate that white
suckers may actually have avoided the Cook Plant area, perhaps in response to
some operational factor such as discharge of heated water. A similar pattern
of avoidance was noted at the J. H. Campbell Plant located north of the Cook

Plant (Jude et al. 1982),
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Longnose suckers were seen on several occasions during‘che study.d
Quillback and shorthead redhorse were each observed on one occasion. All of
these fish were observed in the riprap zone, but attraction of chése'species
to the area was not established.

The overall abundance and distribution of most £ish observed by divers
were lnfluenced by several factors. One factor was the annual water
temperature regime. Fish abundance, diversity, and levels of activity as
observed by divers were generally highest during the warm-water months (May-
September), with lowest levels of abundance, diversity, and activity occurring
during April.

Abundance and diversity of £fish observed by divers was generally higher
at night than during the day. Part of this was because many fish were less
wary at aight adﬁ did not flee the area as divers approached. Also, many
species of fish seen were nocturnal or showed no clear pattern of diel
activity. Those species that were day-active often remained on bottom at
night where they were readily visible to the divers.

Inshore turbulence associated with storms and surface waves appeared to
cause many fish.to retreat from the area. Offshore movements were most
likely, but some fish (alewife and yellow perch) in the immediate vicinity of
the Cook Plant appeared to seek shelter in the lee of the intake scruccurés
and were consequently more vulnerable to Impingement during these periods.
This response to storms was also documented by Lifton and Storr (1977).

Finally, for many of the species of fish observed during thils underwater
study, their onshore movements and peak abundance {n the study area were often
directly correlated with spawning activities. This was true for species that

were attracted to the plant area for spawning substrate (e.g., yellow perch,
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sculpins, johnny darter) or an operational factor (common carp) and for

specles that appeared indifferent to the presence or operatiomn of the Cook
plant (e.g., alewife, spottail shiner, rainbow sgelt).

The spatial and temporal abundance of Lake Michigan fish found in the
study area appears to’be strongly influenced by environmental factors
(substrate conditions, water temperature, storms, turbulence, ice, diel
period) acting in concert with physiological needs of the fish (maturation,
spawning, feeding, survival, growth) and the distribution of other aquatic
biota (predators and prey). Our studies also indicate that the level of
influence that these factors assert on fish abundance, distribution, and

behavior changes as fish pass through various stages in their life history and

physiological needs.

ECOLOGY

Given some annual variation, most of the physical, chemical, and
bioloéical features of the study area remained basically unchanged,during
preoperational and operational phases of the Cook Plant (Fossmann 1986). Such
factors i?cluded composition and configurg;ion of surficial sediments,
preéence of lake currents and occasional occurrence of storms, annual water
temperature regime, nutrient cycling, and the seasonal appearance of various
animal populations in the area. These factors along with many others comprise
the environment and dictate the growth and survival of plants and animals in
the area. In most instances, these envirommental interrelakio&s and responses
are complex and difficult to isolate or explain.

However, construction and operation of the Cook Plant resulted in some

gross alterations in local envirommental conditions which could be fdentified
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and explored. The placement of plant structures and riprap in the lake,. m HE
created a small, {solated benthic environment that was atyplical of the - -
surrounding area. Sub;equenc operation of the plant which included withdrawal
of water, circulation and warming of water inside the plant, and discharge of
wafer back into the lake further affected both the benthic and pelagic
environment in the immediate vicinity. Two basic themes underlie the initial
discussion in this section: the first is an evaluation of the response of
selected biota to the introduction of new habitat or sets of enviroamental
conditions. The second theme is the respounse of these biota to habitat aging o,
and changes Iin environmental conditions. The discussion is limited to
observations and inferences that are derived from this underwater study.

The inshore physical environment in this reglon of the lake i3 variable
in comparison with many other aquatic enviromnments. Waves, curreants, shifting
surficial sediments, exposure to ice scour, and widely fluctuating water
temperatures contribute to the set of conditions that stress plants and
animals living in the area. The riprap and in-lake plant structures provided
a stable substrate that afforded {ncreased protection for mobile benthic
organisms and a surface for attachment of sessile biota. This was reflected
in the rapid colonization of this habitat by organisms not found in the
surrounding environment, (e.g., periphyton and attached invertebrates) or
which normally occurred in lesser abundance (e.g., snails, crayfish, and some
fish).

Following. placement of the structures and riprap Iin the lake, aging of
their surfaces commenced and altered the conditions of this micro-enviroament.
The structure surfaces first rusted and then accumulated bacterial slime, fine

sediment, and particulate organic material. Bacterial slime grew oan the
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surface of the riprap while the holes and crevices, particularly those in its

upper surfaces, trapped sediment and organic matter,

Periphyton rapidly colonized the exposed, upper surfaces of the struc-
tures and riprap, and Cladophora was often abundant. Snails appeared on the
riprap within a year and attached invertebrates (gzggi, bryozoans, and
sponges) colonized the substrate in the first few years. Crayfish also
appeared on the reef within the first several years. Abundance of snails,
crayfish, and some invertebrates peaked during the first three to five years
and then declined to varying degrees. Snails disappeared completely from the
riprap by the sixth year, and numbers of crayfish observed and impinged

declined dramatically by the seventh year. The abundance of most:attached
invertebrates declined in later years of the study, Lut these organisms
continued to be observed throughout the 10-yr study period. Interestingly,
fluctuations occurred in the abundance of fish that were attracted to the
area, but clear patterns or trends in their abundance were not evident.

The reason for this may be that those factors which attracted the fish (e.g.,
shelter, circulating water, etc.) were not altered as much during the study as
the micro-envirooment on the surface of the riprap. This in turn suggests
that attraction of fish to the area may have been more a response to the
physical configuration of the reef than to biological factors such as

availability of prey (e.g., sculpin feeding on snails or perch feeding on

crayfish).

In a stable environment, associated physical, chemical, and biological
conditions often achieve some balance with each other. Patterns, trends, and
" random variations in these conditions are expected to occur during long

periods of observation, but radical changes are either atypical (e.g., damage
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or destruction of the structures) or at least predictable (upwellings). ‘lll’

e

When exiscing‘habiFat is .altered or new. habitat is Iintroduced, . the extant -
environmental conditions change and a new set of physical, chemical, and
biological conditions begin to appear. Usually, some period of time is . .
required to reform a stable and relatively predictable balance with this new
set of conditions. The respo;se of individual organisms to these environ=-
mental changes varies but is eventually reflected in population abundance and
diversity. Populations may increase or decrease in numbers, and the rate at
which this occurs may also vary. However, several basic patterns are known,
and some occurred at the Cook Plant.

One pattern, shownbby snails at the Cook Plant, is where population
density follows a J-shaped curve over time. Initially, a positive
acceleration phase occurs, followed by a logarithmic growth phase.
Eventually, population density peaks and (s then followed by a logarithmic !
decrease in population density and later, a negative acceleration phase M'
(Kaight 1965).h Colonization, rapid population increase, peak abundance, and
population decline of snails took place within a 4-~yr period; over the next
two years the population tralled off into extinction on the reef, The primary
factor which initially encouraged population growth was most likely the ap-
pearance of clean, stable ;ubscrace. The major factor which eventually caused
the extinction of snails on the reef may have been the accumulation of a thick
coating of material (sediment, organic detritus, and algae) on the surface of
the substrate. This material may have interfered with snail movement,
ventilation, or incubation of eggs attached to the substrate. Changes nay .

also have occurred in the compositi{on of the detrital material upon which y
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A second population density curve which develops in response to changing
environmental conditions is the sigmoid curve. In this instance, the
ascending limb and peak of the curve are followed by a series of oscillatioms
which may be cyclic or nonperiodic and show trends and’patt;rns or totally
random changes in population abundance over time. Atta#hed‘invertebrates and
crayfish followed this general form of population densicy:éurve. Given time

and eventual stabilization of environmental conditions on the reef, the

" population density curves of these organlsms mightqeventually flatten or show

some periodicity or trend. But the duration and inéensity of sampling

[

conducted during this study were insufficient to ﬁevéal such features in these

' population curves. The seasonal growth of Cladophora followed a variation of

this curve where the length and density of the aléa showed cyclic fluctuations
according to season (maximum in summer, ninimum 13 wgnter). However, no long~
term trend superimposed on these cyclic oscil}acions‘was identified during the
study. ‘ ;

Changes in surficial substrate condicioﬂﬁ suspected to have affected °

R
snails probably also affected attached invertebrates and crayfish. Evidence

S F I : .

indicaced that Cladophora may have had a éir?c} gffect on these animals,

In studies of artificial substrates plgced ohffhé Cook Plant riprap, Lauritsen
and White (1981) found that Cladophora incr;aéed;space available for clinging‘
invertebrates such as Naididae, Oligoch;et?, ;afer mites, and amphipods.

'With the disappearance of mos; Cladoghoéagin the fall, the total num$er of
benthic invertebrates decreased, and filcér feeders dominated the fauna.
Prince et al. (1975) found that at Smith Mountain Lake, Virginia, crayfish
were most abundant in areas of luxuriant Cladophora growth and absent from

areas of the reef with little or no Cladophora growth. These.observations
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combined with those of the present study '(see Free-living Macroinvertebrates) M’*
suggest that a direct relationship éxists betwéen.the presence of Cladophora. ﬂ A
(or factors which promote growth of the alga) and the abundance of ’
invertebrates at the Cook Plant. The population growth of snails may have
been repressed by luxuriant Cladophora growth; whereas, the population growth
of crayfish may have been enhanced. Attached invertebrates may have had to
compete with the alga for substrate, and some of the aquatic insect larvae
observed during the study may have fed ou organisms living in association with
Cladophora. ' e
‘Anocher population density curve is asymptotic in shap;. Unlike the J=-
shaped curve, no clear peak density is achieved but rather an asymptotic or
flat, linear phase is established. Some possible examples of this curve were
the population densities of yellow perch, sculpin, johnny darter, and burbot ..
that were attracted to the rough subSCrate: Unfortunately, diving was not 1
conducted before and immed{ately after placement of the substrate in the lake, “
Therefore, the initial increase in deansity which occurred as fish located and o
colonized the area was not recorded and the ascending limb of the curve was
not reflected in the data. However, the relative ranked abundance of many of
these fish underwent only minor fluctuations following colonization, and the
actual abundance of these reef fish may have stabilized. As noted earlier,
the attraction of these fish to ché reef may have béen more a response to i{ts
gross physical configuration and stability which remained nearly unchanged
during the study, than to reef organisms (algae or invertebrates) that served
as prey, or to micro-environmental conditions on the surface of the riprap.
Interestingly, lake trout, which appear to have extremely specific

requirements regarding spawning-substrate conditions, were never found to
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utilize the Cook Reef for spawning; whereas, other fish (yellow perch, slimy

sculpin, johnny darter, spottail shiner, and alewife) with less stringent
spawning-substrate requirements spawned extensively on the reef, Ia contrast,
lake trout did spawn on the newly-placed large riprap at the Campbell Plant
(Jude et al. 1981b).

The population density curves of periphytic algae at the Cook Plant reef
followed a pattein typical for colonial algae but unique in comﬁarison with
curves previously discussed. In general, abundance of individual algal forms
peaked soon after colonization and then decreased slowly, thus defining
asymmetric population demsity curves that were skewed to the right. However,
as individual population densities decreased and more stability was attained,
total diversity of formns increased almost linearly throughout the study.
These opposing processes may have be;n the result of aging and increased
stability of surficial substrate conditions acting in concert withtthe large
number of rare forms present in the lake.

Most organisms studied during this investigation exhibited both temporal
and spatial variation in thelr abundance and distribution. The three most
obvious environmental effects were substrate conditions, water temperature,
and photic conditions. Pronounced effects of substrate were found on the
distribution of periphyton, attached invertebrates, snails, and crayfish and
on the distribution and spawning of some f£ish. For all animals studied,
presence of stable, rugose substrate attracted and concentrated biota that
were less abundant in the surrounding environment of flat, exposed, shifting-
sand bottom. Most organisms not attracted.to the riprap zone (e.g., pelagic
fish) were distributed in the area in a manner similar to that of the

surrounding environment. However, the faunal distributions of some organisms

123



bome- w3 om

r_ha:c would undoubtedly have been reduced by the presence of hard substrate,. «m .

_ such as those.of burrowing .invertebrates, including sphaeriid clams or worms, LR

were not studied. o

Although short-term.fluc:uacions in water temperature, such as
upwellings, were encountered, chéir effects on the abundance and distribution
of local biota were diificult to discern through diver observations. However, -
seasonal changes in water temperature had obvious effects on both plants and "
animals. In general, abundance and diversity of most organisms observed by :
divers were far greater during months of warm water than during early spring
(April) or late fall (October). Part of this reduction was likely the. result
of reduced metabollc activity and movements as a function of lower water
temperatures,. But, frequent storm-generaCed turbulence and scouring of the
bottom by ice made the inshore area considerably more f{nhospitable during the ,
cold-weather period of the year. S

The diel distribution of some animals was a direct result of photocrophiﬂ' ’
responses, Crayfish were distinctly more active at night as were sculpin and
YOY alewives, Yellow perch and common carp were active during the day and
inactive at night. While abundance of adult alewives appeared unaffected by
photoperiod, schooling was a distinctly daytime activity. In general, most
fish were less alert and more approachable by divers at night than during the
day. Also, orientation of fish to the structures and riprap was often clearly
obvgous during the day and obscure or absent at night.

Finally, a distinct process of colonization and succession of biota on
the Cook Plant structures and riprap was documented during this study.
Alcthough specific population density curves have been discussed, the overall

B¢

pattern was one of initfial location of habitat by extant biota, explosive
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population growth which peaked during the first few years of the reef's

“ existence, and a decline in population abundance to lower levels of
fluctuating pqpulation abundance or extinction. This general pattern was most
strikingly exhibited by sessile blota, perhaps because they were more directly
affected by chénges in substrate conditions than were motile organisms such as
fish. These ;hanges probably included shifts in micro-habitat conditions such

as circulation of water and exchange of gases and nutrients at the

substrate/water interface. The physical occlusion of the substrate surface,
pores, cracks, and interstices by an accumulation of algae, sediment, and
organic detritus probably influenced these micro-habitat conditions and
dictﬁied the response of organisms to that habitat,

‘Cenerally, artificial reefs are used throughout the world to Increase
locai biological productivity (Rutecki et al. 1985). Such increases are
achieved by expanding the variety and abundance of habitat available to biota.
2hese conditions favor the survival and growth of individual organisms and

w promote local population increases. The Cook Plant structures and riprap have

' '
H

ﬁrbviped just such an environment which through its physical presence and
* o

Al :" o "
@qdiﬁicacion of extant environmental conditions acting in combination with

bffeéts of plant operation have had a distinct impact on the local ecology.

PR 1

. 'From’ the standpoint of diver-observed effects, this impact appears limited

almost exclusively to the reef itself and has not influenced the ecology of

] "
.

the surrounding area to any noticeable extent.

.
.
.

'
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PLANT EFFECTS .

Physical Presence

The physical presence of Cook Plant in-lake structures and riprap
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appeared to have several effects on the local environment that were not: ”

r;laced to plant operacion‘(ezg.,.circulation:of discharge ‘of hgated water).
These effects were gener;lly related to an expansion of habitat which provided.
increased substrate for attachment, shelter, or reproduction of biota.

The structures and riprap provided stable substrate for the attachment
and growth of periphytic algae and attached invertebrates including Hydra,
bryozoans, and freshwater sponges. These animals were not found on shifting-
sand substrate in the surrounding area. |

Snails were attracted to the clean, stable substrate that provided a
surface on whi;h they could move about and lay their eggs. Crayfish may have
fed on Cladophora or other periphyton attached to the riprap but also used the
interstices among the stones for shelter and protectioun.

Several species of fish were attracted to the structures and riprap.
Yellow perch congregated in the area in the late spring and remained more "
concentrated in the riprap zone than the surrounding area throughout the ” |
summer. Although alewives did not show‘any particular attraction to the area
based on diver observqtions, impingement records indicated that fish clustered
near the structure during storms and were thereby more vulnerable to
entrapment (Thurber and Jude 1984, 1985). Demersal f£ish fncluding sculpins,
burbot, johnny darter, black bullheads, and catfish were attracted to the
riprap probably as a result of their cryptozoic behavior. In all cases, the
presence of the structures and riprap {ncreased the amohnt of protected
habitat available to these fish. Therefore, strictly from the stand;oinc of
thei{r physical presence, the structures and riprap enhanced and expanded local
populations of some fish species in a manner that would not have occurred in

the absence of this habitat., However, this enhancement must be balanced
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against the operation of the plant which often contributed to mortality of

fish occurring in the area.

The riprap served as spawning substrate for yellow perch, slimy sculpin,
andljohnny darter, and through this process may have enhanced the growth of
local pop%lations of these fish, Spottail shiners were observed to spawn on
periphyton giowing on top of the south intake structure, which provided an
additional but probably insignificant amount of spawning habitat.

In overview, the physical presence of in-lake plant structures and riprap
created an atypical, more sheltéred, and more diverse habitat as compared to
the surrounding area. These factors served to attract and concentrate biota
which normally would be absent from the area or occur in considerably reduced
numbers. In most instances, the presence of this habitat enhanced local
populations of some plants and animals, while others (e.g., those of burrowing
animals) were likely reduced. But, the attraction and enhancement of these
populations must be balanéed against their increased vulnerability to

operational effects of the Cook Plant and plant-induced mortality.

Operational Effects

The entrainment of ;rganisms during intake of plant cooling water and
discharge of heated water and curéents.asgpciated with the withdrawal and dis-
charge of water Qere the major effects of plant operation cﬁat were noted by
divers. Some of the physical impacts from plant operation have already been
described and are summarized here. A shallow surface layer of warm water was
occasionally encountered by divers at reference stations cl;sesc to the dis-

charge structures. Warm water was also encountered when diving in the dis-

charge area during one-unit plant operation. Elevated .turbidity-was occasion-
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ally encountered at the north reference -station nearest the plant,. and on onm . .

dive, debris was flushed from the north discharge during cleaning.of -theplant . ~

forebay. Intake and discharge of water ‘modified lake curreats and waves in - -
the immediate vicinity of the plant. We observed changes i{n ripple mark pat-
terns on the bottom, encountered eddy currents at the discLarge, and detected
water masses of clearly differing temperature and transparency in the straci-
fied intake water. Although the riprap trapped sediment and organic debris,
some of these materials were ré-suspcnded by plant-generated water currents.
Although the pelagic life stages of attached organisms were vulnerable to
entrainment and possible plant-induced mortality, sessile adult organisms were
considerably less susceptible to operational effects of the plant. Diver ob-
servations revealed that portions of the intake structures most directly
exposed to intake water currents often supported fhe most luxuriant periphyton

growth.

Crayfish were attracted to the riprap. However, intake currents strongﬂ’ ’

enough to dislodge these animals from the substrate and result in their
subsequent {mpingement in the plant were never encountered. Crayfish, which
show pronounced negative phototatic behavior (Pennak 1953), most likely were
attracted to the dark interior of the {ntake structures and pipes and
eventually entered or uere‘encrained into the the plant forebay and impinged
on the traveling screens. The same process may have occurred for sculpins
which concentrated in the riprap area; sculpins are also nocturnally accive,

Diver-observed effects of plant operation on fish were limited to attrac~
tion of common carp to the heated discharge water and a general responsiveness
of some species to currents at the intake structures. Although common carp

spawned in the warm water as evidenced by the concentration of newly hatched
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larvae at sampling stations nearest the thermal plume (Bimber et al. 1984),
they may have been attracted to the plume for other reasons. No evidence was
complled to indicate that common carp would have been attracted to the area
strictly in response to the physical presence of plant structures or riprap.
Several species of fish, including yellow perch, alewives, and spottail shin-
ers, were observed to exhibit positive rheotaxis and some position-holding in
the area of strong intake currents. On occasion, some of these fish were
observed to selectively congregaEe at various locations around the intake
where the incoming water was warmer or less turbid than at other points. Cook
Plant impingement records and other studies suggest that both alewives and
yellow perch may have concentrated near the intake structures during storms
and periods of extreme inshore turbulence, perhaps in search of shelter in the
lee of the structures (Lifésn and Storr 1977; Thurber and Jude 1984, 1985).
Such concentrations, combined wiéh the increased activity of fish during
storms and possible disorienting effects of extreme turbulence, may have
resulted in increased impingement of fish during and immediateiy following
severe Iinshore turbulence.

Pelagic fish, including juvenile and adulct alewife, spottail shiner, an§
yellow perch, were observed to swim in and out of the intake structures.
This observation suggests that water intake currents outside the structures
and at many points within the structures were not so strong as to over-power
the fish. Rough measurements of current speed made by divers ét the intake
screens of the structures by timing the transport of suspended material along
a measured distanpe indicated that intake currents at the screens were usually
less than 0.5 m/sec. During seven-pump plant operation, currents at the in-

take screens occasionally approached 1 m/sec at points along the structure
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which faced directly into the oncoming lake current. Commercial divers re= m '

-

pairing the intake structures reported. that there were specific locations ° -
within the structures where intake currents would suddenly increase (personal. .
communication, A. Sebrechts, Sebrechts Inc., Bridgman, Mich.). These loca- A
“cions varied with the number of pumps operating, direction and speed of lake
currents and surface waves, and eddy currents caused by recirculation of dis-
charge water.

Review of fish ;wimming performance, summarized by Hocutt and Edinge?
(1980); indicates that water velocity at the Cook Plant intake screens is con-
siderably less than the "burst"” swimming speeds of most pelagic and juvenile
fish found in the study area and does not exceed the “sustained” swimning
speed for species such as alewf{fe and yellow perch. They also reported that
alewife demonstrate a countercurrent orfentation in streams and prefer high
velocity flow; whereas, yellow perch are incoasistent in their orientation to

‘current. | i !l”

C mem s

We theorize that at the Cook Plant most fish voluntarily enter the
structure and then may be unexpectedly subjected to strong currents occurring.
at varying locations within the structure. Upon entering the structure and
suddenly encountering these currents, many fish probably retreat to areas of
reduced current within or outside chg structure; this scenario may be repeated
many cim%s before the fish eventually leave the area or are entrapped. Intake
currents inside the pipes may approach 1.8 m/sec (6 ft/sec) during seven-pump
operation, which would be 10 body lengths/sec for a 180 mm fish. Based on :
fish swimming performances cited in Hocutt aad Edinger (1980), this value (10
lengchs/séc) probably exceeds the "burst” swimming speed for many of the -

species of fish commonly impinged at the Cook Plant, particularly small fish.
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Hocutt and Edinger noted that swimming performance is also related to the rate
of velocity!increase. Therefore, if a fish unexpectedly encounters a strong
intake currentkinside the Cook Plant structure, escape may be difficult,
particularly if the fish has been drawn through the structure and down into
the intake pipe. If fish congregated near the structures for shelter during
storms, the increase in turbulence could well disorient them or mask the
intake current so that the fish might have increased difficulty sensing the
sudden increases in intake current flow inside the structure. The end result
would be that more fish would be entrained and impinged duriﬁg storms, which
was exactly what was observed at the Cook Plant.

Divers noted plant effects that were the result of the simple physical
presence of the structures and riprap and some that were a function of plant
operation. Most of these effects served to enhance local population densitles
of organisms attracted to the area. Negative effects (e.g., primarily
entrainment and impingement) appeared to be limited more to plant operation
than the physical presence of the structures ané riprap in the lake and were
inferred from other aspects of the Cook Plant studies. Barring a large change
in the in-lake structure of the Cook Plant or its operation, future diver

observation of additional major or significant ecological changes or plant

impacts are not anticipated.

. SUMMARY

The physical, chemical, and biological features of the inshore
environment surrounding the Cook Plant in-lake intake and discharge structures

and riprap defined a harsh regime of environmental conditions relative to many

.other aquatic-environments. A specctrum of flora and fauna existed in this
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enviroament, but the abundance and. distribution of most organisms appeared tom*

be rather strictly dictated-by the environmental conditions they encountered.
The inshore Lake Michigan environment evaluated during this underwater study:
appeared relatively homogeneous, and considerable opportunity existed for the
mobile life stages of flora and fauna to migrate and colonize new habitat,
Inshore surface waves may attain 4 m in the study area during intense
storms, which coantribute to the harsh nature of the environment. Effects of
waves 0.5-1.0 m could be felt on the bottom by divers at depths less than
10 m. Lake currents were occasionally encountered by divers, but their
effects were masked in areas where plant-generated currents could be felt,
Both uni-directional and eddy currents were detectable throughout the wa:ér
column within 100 m of the discharges; at stations more than 300 m from the

dischgtges, weak plant-generated currents were noted occasionally, but lake

”» .

currents appeared to predominate. Variable current speeds were encountered at

the intake structures, but distinct differences often occurred at various
points around the structures. Currents were strongest during seven-pump
operation, and presence of warm water drawn {nto the shoreward sides of the
structures suggested some recirculation of discharge water.

Thermal effects encountered during diving included seasonal large-scale
changes in water cemperature,‘short-term processes, including upwellings, and
temperature stratification within the water column. A thin layer of
naturally warmed water was occasionally found at the surface. Plant effects
included presence of warm water near the discharge area and recirculation of
discharge water.

The bottom profile of the {nshore Lake Michigan environment was typically

flat and unbroken., Sediments were composed of coarse~ and fine-gralned

O
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shifting sand. Occasional "islands" of rock or clay substrate occurred in the

inshore area of eastern Lake Michigan but were extremely limited in number and
areal extent. These islands included habitat and environmental conditions’
more dissimilar to the surrounding area than to the physical conditions
created by the Cook Plant in-lake structures and riprap.

Accunulations of surficial flocculent material typically ranged from 1 to
5 mm thick. Occasionally, large (10-m diameter, 1 m deep) depressions con-
taining 20-40 mm of floc were encountered at reference stations. The riprap
trapped sediment along with other inorganic and organic materials.

Water transparency ranged from less than 1 m to more than 6 m and was
reduced during periods of inshore tufsulence. High transparency was usually
associated with extended periods (days to weeks) of stable weather and calm
lake conditions. Transparency was occasionally reduced in the vicinity of the
discharges and at specific points around the intake structure. These reduc-
tions were attributed to discharge turbulence and withdrawal of water fronm
discrete water masses of differing turbidirty.

Inorganic debris and organic detritus were more commonly observed {n the
riprap zone than at reference stations. This was believed to be primarily a
function of the increased trapp;ng action of the éore rugose surface of the
riprap. Inorganic trash accumulated as a result of plané construction and
items discarded by fishermen angling over the feef. Organic debris was
composed primarily of terrestrial plant material. .

Periphyton colonized the structures and riprap within a year of placement
in the lake. Seasonal growth patterns here clearly obvious, with algal
length, density, and taxonomic diversity peaking during summer months. Most
algae sloughed from the substrate during Qinter. Cladophora was abundant and
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was suspected to have affected the abundance of other organisms on the reef,
including attached or clinging invertebrates, crayfish, and-possibly. snails.
No long-term pattern in length or luxurlance of periphyton growing on the,
plant structures or riprap was identified. However, taxonomic diversity and
number of new forms recorded each year increased almost linearly tproughouc
the st;dy. These observations documented a pattern of colonization and
succession that was typical for periphycic algae and also attested to the
large number of rare forms present in the lake.

Attached invertebrates observed during the study included Hydra,
bryozoans, and freshwater sponges. Hydra colonized the structure and riprap
during its first year in the lake, as did bryozoans. Freshwater sponges
appeared to requ;re about two years to colonize the substrate. Peak abundance
of these {nvertebrates on the reef occurred four to six years after placement -
in the lake. During the last several years of the study, abundance of Hydra P
and bryozoans declined, while numbers of sponge colonies continued to ‘

fluctuate and showed no particular pattern or trend. Riprap appeared to

provide a more suitable substrate than did the metal struccure, although large
mats of Hydra were observed on the interior walls of the intake pipes and
plant forebay.

Snails and crayfish colonized the riprap within Lcts first year in the
lake. Abundance of snails (Physa) peaked during the third year of the reef
and then declined rapi{dly. No snalls wvere observed during the last four years
of the study. Extinction was believed to have been caused primarily by {
éhanges in the surface of the substrate as it aged and accumulated sedimenct,
bacterial slime, periphyton, and organic detritus. Crayfish abundance peaked

one year after that of snails. & rapid decline in abundance then occurred,
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but unlike snails,ﬂcrayfish continued to be observed in low numbers throughout

the duration of the study. Decline {n crayfish abundance was believed to be
related to changes on the reef substrate surface operating in combination with
initial overpopulation of the habitat. For both snails and crayfish,
predation on eggs, juveniles, and adults by other crayfish and fish may have
contributed to the decline in abundance of these invertebrates.

Several species of fish including yellow perch, slimy sculpin, an& johnny
dérter spawned on the reef in preference to the surrounding sand-bottom area.
Spottail shiners were observed to spawn over periphyton growing on top of an
intake structure. Alewife eggs were seen in abundance but were about equally
distributed over riprap and sand substrate, indicating that this species
broadcasts its eggs at random without regard to substrate composition.
Observation of fish eggs was limited to May-August, and spawning activity of
the above specles appeared to be concentrated in May-June.

Twenty-two taxa, encompassing 24 spgcies of fish, were observed by divers
during the study and were grouped accordfhg to frequency of observation.
Frequently observed species included alewife, yellow perch, sculpins, johnny
darter, and spottail shiner. All of these fish were seen at least once during
every year of the study. Commonly observed species included trout-perch,
comnmon carp, rainbow smelt, burbot, and white sucker. These fish were seen
during seven to nine years of the l0-year study. Uncommonly observed species
included largemouth bass, lake trout, channel catfish, black bullhead,
smallmouth bass, and longnose sucker. These fish were seen in more than one
but less than half of the study years. Séecies that were rarely observed and
were seen during only one year included emerald shiner, brown trout,

quillback, walleye, unidentified coregonids, and shorthead redhorse.
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Pelagic fish that appeared to be attracted to the in-lake presence or
operation of the plant included yellow perch and common carp and possibly
largemouth bass, smallmouth .bass, and walleye. Pelagic species that appeared
generally indifferent to the in-lake presence or operation of the plant
included alewife, spottall shiner, trout-perch, rainbow smelt, lake trout,
emerald shiner, brown trout, and coregonids. Demersal fish that appeared to
be attracted to the in-lake presence or operation of the plant included slimy
sculpin, burbot, channel catfish, and black bullhead. Demersal fish that
appeared indifferent to the in-lake presence or operation of the plant
included johnny darter, white sucker, longnose suckér, quillback, and
shorthead redhorse. .

Several generallizations related to fish behavior may be made based on

this study. Specles diversity and‘overall abundance of fish were higher

) during cthe warm-water months (June-August) than i{n the spring or late fall and

higher at night than during the day. Day=-active fish included yellow perch, “

conmmon carp, and johnny darter. Nocturnally active fish included sculpins and
burbot. Alewife, spottal{l shiner, trout-perch, and rainbow smelt showed no
obvious pattern in diel activity. Daytime schooling was observed among adult
alewife (500-1,000/school), yellow perch (10-50/school), and common carp (5-
20/school), although aggregations tended to be loose and often included fish
of widely differing sizes. Schooling among YOY fish was observed for alewife,
yellow perch, and rainbow smelt. For all species that were active at nighe,
swimming was more undirected and slower, and fish were more easily approached
by divers than during the day.

Schools of YOY alewife were observed {n September and October during most

years. Schools of YOY yellow perch were occasionally seen in August.

136 . ‘]' i

-

-
«
»

-



Observation of these YOY fish coincided with their appearance inshore at this
time of the year and was further documented in field and impingement catches.

Fish abundance and diversity were greater in the riprap area than in the
surrounding area of sand substrate. Yellow perch, slimy sculpins, johnny
darter, burbot, channel catfish, and black bullheads were probably attracted
to the vertical relief and protection that the rugose substrate offered.
Common carp appeared to be attractgd to the warm-water discharge. Largemouth
bass, smallmouth bass, and walleye were seen in close association with the
structures and may have‘been attracted to the vertical relief that these
objects presented., Alewives were seen in abundance in all of the study area
but may have sought shelter near the structures during periods of inshore
turbulence. Spottail shiners, rainbow smelt, and trout-perch did not appear
attracted or repelled by the physical presence of the reef or.operation of the
plant. Excluding the operational effects of entrainment and impingement on
fish at various life stages, the physical presence of the structures and
riprap appeared to enhance fish populations by providing additional habitat
for spawning, feeding, and protection from predation and harsh inshore lake
conditions.

The seasonal abunéance of fish observed by divers in the study area was
often directly correlated with their 'spawning activities., This was true for
species that were attracted to the plant area for spawning substrate (e.g.,
yellow perch, sculpins, johnny darter) or by an opera:ion;l factor (common
carp), as wellsas for species that appearéd indifferent to the presence or
operation of the Cook Plant (e.g., alewife, spottail shiner, rainbow smelt).

The spatial and temporal abundance of Lake Michigan fish found in the

study area appeared to be strongly influenced by environmental factors
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(substrate conditions, water temperature, storms, turbulence, ice, diel ” v

period) acting in concert with physiological needs'of the fish (maturation,
spawning, feeding, survival, growth) and-presence of other lake biota *
(predators and prey). Our studies also indicated that the level of influence
that these factors assert on fish abundance, distribution, and behavior
changes as fish pass through various stages {in their life history and
physiological needs.

The Cook Plant structures and riprap have created habitat atypical of the
surrounding environment. Through its physical presence and modification of
extant environmental conditions acting in combination with effects of plant
operation, it has had a distinct Iimpact on the local ecology. Population
increases for some organisms, including periphytic algae, attached and frée-
living Lnyer:ebraces, and pelagic and demersal fish, have been achieved
through the expansion of substrate to provide increased shelter and a more
diversified habitat relative to the surrounding environment. Environmental
conditions on the reef have favored the survival and ;routh of individual,
organisms and resulted in local population increases., From the standpoint of
diver observations, effects of these changes appeared limited almost exclu-
sively to the reef itself and have not influenced the ecology of the.sur-
rounding area to any noticeable extent.

Presence of the riprap served to enhance 1oca; population densities of
organisms attracted to the area. The attraction and enhancement of these
populations must be balanced against their {ncreased vulnerability to
operational effects of the Cook Plant and plant-induced mortality. Negative '

effects (e.g., primarily entrainment and impingement) appeared to be llmiceq

more to plant operation than the physical presence of the plant structures and
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“ riprap in the lake and were inferred more from other components of the Cook

Plant studies than from divﬂer obser\'rations. Barring major modifications to
the in-lake structures or operation of the Cook Plant, future diver
observation of additional large or significant ecological changes or plant

impacts are not anticipated.
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Appendix 1. Summary of observations made during dives on riprap sub-
strate surrounding the D. C. Cook Nuclear Plant intake and discharge
structures in .southeastern Lake Michigan, 1973-1982.

Category Apr

May Jun

Jul

Aug

Sep

No. of divesl

Perighzton2

Structure
Riprap

Invertebrates3
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fish eggss
Riprap
Sand

o w
v~

95

C 12
10
50
>1,000
2200

SP

1973

wn W

50

(Continued).
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Appendix 1% Continued..

'éacegory

Apr  May _QJun'*"Jul“ Aug - Sep .. Oct. -

No. of divesl

Periphy ton?

Structure
Riprap

Invertebratess
Crayfish
.Snails
‘Hydra
Bryozoans
Sponge

Other

Fish eggssl

Riprap
Sand

100

QO -

25
39
>100

SS

_~d
[= V]

30
>100

1974

~ W
w o

50 1.
75 >100

X

P

AL

(Conctinued).
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Appendix 1.

Continued.

Category

Apr

May Jun

Sep

Oct

No. of dives!

Periphy ton?

Structure
Riprap

Invertebrates3
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fish eggs5

Riprap
Sand

5 >100 67 54
4 4 62 >133
19 >100 2100 >128
1 60

>100
4  >1,000

1,000 >1,000
1

1 3+1% 2

AL,SP,YP AL

v n
oo

103

15
51

>1,000

s

70

32

>1,000

[oNe]

(Continued).
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Continued.

Appendix 1.-

Category

Apr May

“'Sep.

- Oct

No. of divesl

Periphy ton?

Structure
Riprap

Invertebratess
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fishd
YP
JD
SS
TP
SP
AL
BR
cC
CcP
ES
88
LT
us
SB
SM
LB
BT
LS
QB
SR
Xc
WL

Fish eggss

Riprap
Sand

2 1

2 1
>L19
13 79

107 13

26 7 11

89 59
i

2 2 7

1 2 >1,000

. !

i 2 8

S$?,AL
AL

AL
AL

8
135
3
2
1

7

AL

30

o -
w W

1
9

3

>100 >243 >1,000

[« V. }

108

w o

(Continued).
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Appendix 1. Continued.

Category

Apr May Jun Jul Aug Sep Oct

No. of divesl

Perighztonz

Structure
Riprap

Invertebrates3
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fish eggs5
Riprap
Sand

(=N =}
. »
s u»

2225 122 >125 3298 >151 15
1

X
X X X X X X
7 43 14 187 13
1 200 50 28 11
21 42 8 7
S .
1+ 39 51,000 16 >1,000 1
1
5 13 31 14
1
2 >102

JD,YP JD,YP,AL AL
AL AL

(Continued).
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Appendix 1. Continued..

Category | Apr

May Jun Jul

Aug Sep Oct

No. of divesl 2

Perighztonz

Structure 0.3
Riprap 0

Invertebrates3

Crayfish 5
Snails 1
Hydra

Bryozoans

Sponge

Other

Fish eggs5
Riprap
Sand

-0
o -

M,C

11 13 25
A4
8

2
>360 >1,000

2 5 25

50

SS AL,SP AL
AL

~ W
o
w o
[
.

o~

11 47

5
10 1
3
11 2

3 >100 >1,000

-G)Ul.—-

(Continued).
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Appendix 1. Continued.

Category Apr May

Jun Jul Aug

Sep Oct

No. of divesl . 3 3

Perighztonz

Structure 0
Riprap 0.5

- O
N v

Invertebrates3

Crayfish 4
Snails

Hydra

Bryozoans

Sponge

Other

(2]
(7]
N = W 0w

Fish eggsd
Riprap YP

Sand

wnn o

36
8 >1,000
1 1

4 1

AL
AL

(=N o)

[ ]
* o
(=N =)
N

1 2
8 3
327 >1,000

1%

w o

(Continued),
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Appendix 1., Continued. .

Ca tegory

Apr

Hay

Aug  Sep

Oct

No. of dives!

Perighztonz

Structure
Riprap

Invercabraces3
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fish?
P
JD
SS
TP
Sp
AL
BR
cC
(934
ES
88
LT
WS
SB
sM
LB
BT
LS
QB
SR
Xc
WL
Fish eggsS

Riprap
Sand

79

15

53

114
10
38

>106
15

30

AL
AL

3
1

40

41

- O

7 7
3 31
27

7
S0 >103

5 210

(Continued).
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Appendix 1.

Continued.

Category

Apr May Jun

Jul Aug Sep

Oct

No. of divesl

Periphyton?

Structure
Riprap

Invertebratess
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

Fish eggss
Riprap
Sand

L] L ]
w wn
[

>110
2 >l09 28
2l 89 11
1 >175
5 7 31
4 60 15

18 30

11

YP

N —
o o
[N
- O
wv

[
BN e W bW
N
[N

15

- O

o ~t

(Continued).
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Appendix 1. Continued. -

Category Apr

May Jun Jul Aug Sep: Oct.

No. of divesl 1

Perighzconz

Structure 0
Riprap 0.5

Invertebratess
Crayfish
Snails

Hydra
Bryozoans
Sponge

Other

1.0 4.0

12 44 5765 >131
5 7 1

84 1 1 34 5 3
1 2

2 1 12

I >178

3* 2100 >100+6%*
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Total number of standard series dives (usually three) made in the
ripraped area surrounding the plant intake and discharge structures.
From August 1977 to May 1982, diving in the area was reduced to

only those occasions when water was not being discharged from one

of the structures. During June 1982, the technical specifications C
for monitoring were reduced to two dives per month in the intake

area only.

Length (cm) of periphyton on top of the structure and on riprap .
adjacent to the base of the structure as measured by divers.

Numbers of crayfish and snails were counted by divers. Values o,
showing the greater than (>) symbol are totals which included
open-ended estimates of 100+ or 1,000+ (see Fig. 2 and Methods).
Presence of other invertebrates was noted (X) but animals were not
enumerated. C = Chironomid (midge) larvae, E = Ephemeropterid
(mayfly) larvae, M = Mysis, N = Notonectid (back »swimmer),

P = Pontoporeia, T = Trichoptera (caddisfly) larvae,

See Appendix 3 for scientific and common names, and abbreviations
for fish. * = observed at intake statioms.

Denotes observation of eggs of the fish species indicated during:
standard series dives on riprap substrate or during dives at !
reference stations north and south of the plant in areas of sand

substrate. , :
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. Appendix 2. Dupllcate observations made during transect awims in southeastern Lake Michigan, April through Octo-
ber, 1975-1982. Observations were made by tuo divers suimoing stde-by-stde for 10 m along the base of the south
fntake structure of the D. C. Cook Huclear Plant. Each dlver examlned an area | o wide. Total area of each '
transect wus 10 a?. Onmitted swias are Indicated by an asterisk (*). D = day, W = night. ’

s e e

. Apr Hay Jun Jul Aug Se|') Oct
J H D N D [TI N H o H D K D
4
. 1975
i Invertebrates
i Crayfish .o 5,0 * 8,4 16,0 6,30 54,0 18,7 13,8 $,3 3,1 14,6 6,2
! Snafls LI 30,100 = 0,0 0,0 1,0 5,0 2,0 13,1 1,2 0,0 0,0 0,0
* Fish
: Yellow perch LI 4,0 30,0 0,0 2,1 0,0 8,7 0,0 0,0 0,0 0,0 0,0
. Aleulfe LI 1,0 » 35,80 0,0 50,20 0,0 7,100,7,100 0,0 7,100,7,100 0,0 0,0 7,100,7,100
' Johnny dacter LA 4,0 » 0,0 0,0 15,3 23,0 9,4 2,4 0,0 4,0 0,0 0,0
'G" Sculpin L “« 50,100 » 6,0 15,0 5,17 16,0 7,4 2,0 3,2 3,0 4,8 1,3
o Spottatl ahinecr LI ¢ 0,0 » 50,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
i )
. 1976
Invertebrates
Crayfish 3,0 0,0 10,6 0,0 11,4 2,0 40,23 3,6 32,4 15,8 50,22 1,0 2,3 0,0
Sualls 0,0 0,0 1,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Fiah
Yuellow perch 2,0 0,0 1,0 0,0 4,5 0,0 4,1 0,0 0,0 0,0 1,0 0,0 0,0 0,0
Aleulte 0,0 0,0 0,0 12,10 30,0 2,0 0,0 >100,30 0,0 2,18 0,0 0,0 0,0
Juhuny durter 0,0 0,0 2,0. 4,6 8,4 4,3 0,0 0,0 0,0 1,0 0,0 0,0 0,0 0,0
M Sculpin 3,1 1,0 17,8 2,5 16,17 2,3 5,6 1,0 14,0 1,4 1,6 1,0 2,4 0,0
Spottafl shiner 0,0 0,0 0,0 0,0 1,0 0,0 0,0 0,0 1,0 0,0 1,0 0,0 0,0 0,0
Ratnbouw amelt 1,0 0,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Burbat 0,0 0,0 0,0 0,0 1,0 0,0 0,06 0,0 1,0 0,0 0,0 0,0 0,0 0,0
Trout-perch 0,0 0,0 0,0 0,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

TConcTaueidy.
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Appendix 3. Scientific name, common name, and abb;eviations;for species
of fish observed by divers in southeastern Lake. Michigan near the D. C..
Cook Nuclear Plant,- 1973-1982. WNames were assigned according- to.Robins

et al. (1980).

.m w
.

Sclentific name Common name

Alosa pseudoharengus (Wilson) alewife AL
Carpiodes cyprinus (Lesueur) quillback qQL
Catostomus catostomus (Forster) longnose sucker LS
Catostomus commersoni (Lacepede) white sucker. WS
Coregonus spp.1 unident. coregouid XC
Cottus spp.2 unident. cottid SS
Cyprinus carpio Linnaeus common carp (034
Etheostoma nigrum Rafinesque johnny darter JD
Ictalurus melas (Rafinesque) . black bullhead BB
Ictalurus punctatus (Rafinesque) channel catfish cC
Lota lota (Linnaeus) burbot BR
Micropterus dolomieul Lacepede smallmouth bass SB
Micropterus salmoides (Lacepede) largemouth bass LB
Moxos toma macrolepidotum (Lesueur) shorthead redhorse §R
Notropls atherinoides Rafinesque emerald shiner ES
Notropis hudsonius (Clinton) spottall shiner sP
Osmerus mordax (Mitchill) rafinbow smelt SM
Perca flavescens (Mitchill) yellow perch YP
Percopsis omiscomaycus (Walbéum) trout-perch TP
Salmo trutta Linnaeus brown trout 8T
Salvelinus namaycush (Walbaum) lake trout LT
Stizostedion vitreum vitreum (Mitchill) walleye WL

1 May f{nclude both Coregonus artedii Lesueur (lake herring or cisco)

and Coregonus hoyi (Gill) (bloater) because divers could not

distinguish between these species while underwater.

2 day include both Cottus cognatus Richardson (slimy sculpin) and

Cottus bairdi Girard (mottled sculpin) because divers could not

distinguish between these species while underwater.

180
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INTRODUCTION

Ecological studies related to the Donald C. Cook Nuclear Plant are unique.
They differ from_most environmental impact research in the extent of their
coverage and the great length of the research period. This investigation in-
cluded studies of bacteria, phytoplankton ecology, zooplankton ecology, benthic
macroinvertebrate populations, fisheries, water chemistry, and physical limnol-
ogy (winds, currents, ice, sediments). This study can serve as a valuable
example for future environmental monitoring and is a great source of information
for the enhancement of our understanding of the long-term dynamics in the near-
shore region of a large lake. Accumulated data can be used for future power
plant site planning and siting on the Great Lakes coastline.

The data base was begun in 1970 and has since grown rapidly in size.
Although data archiving has been maintained continuously by each secti;n, the
archivedEinformation,does not interface easily and cannot be used Eeadily by a
person without computer training. Furthermore, due to the rapid expansion of
the data base, few individuals can maintain complete awareness of all available
data and utilize pertinent information when analyzing a problem. The result is
inefficiency in report writing and data' interpretation. To improve this situa=
tion, a project to devise an interactive data base management s;stem was
initiated. This data system can improve efficiency %n data retrieval and
storage and house in one place all information from the studies related to the
D. C. Cook Nuclear Power Plant. The latter provides a safeguard for afcess to

these data by other interested persons for their research on Great Lakes
’ s

. ecosystems after the completion of the project. This data base encompasses 13

individual studies- and is -summarized in Table l.. The total includes more than

ry



TABLE 1. Summary of data sets. -

Samﬁle Type . * * .:

Years Archived ..

Sub—-project
Phytoplankton Lake Samples 1970-1982
Entraianment Samples 1975-1982
Zooplankton Lake Samples 1970-1982
Entrainment Samples 1975-1982
Benthos Lake Samples 1970-1982
Eantrainment Samples 1975-1982
Inpingement Samples 1975-1981
Field—caught Fish Summafy Statistics 1973-1982
Lake Samples “1973-1982
Impingement Samples 1973-1982
Larval Fish Lake Samplés B 1973-1982
' Entrainment Samples 1975-1982
Nutrient and Anion Entrainment and Lake Samples 1974-1982
Lake Water Chemistry Lake Samples 1973-1982
Sediments Lake Samples 1973-1977

2
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one-half million cases of bilological, chemical, and physical information on the

nearshore of southeastern Lake Michigan.

The dat; base management program used is Taxir, which is an information
storage and retrieval program and has general purpose features for keeping track
of large organized data sets. The capability and benefits of such a system
extend far beyond this and include the following items:

1. It offers a centralized data source and can be controlled and ﬁonitored

effectively.

2, It allows for multiple users.

3. It reduces the data redundancy and increases efficiency in data
retrieval and storage.

4, 1t can enhance data integrity, consistency, and accuracy and can
provide security while greatly reducing efforts needed for gemerating
reports and tables.

For this study, a %eneral procedure was followed. The first step was

to reorganize “raw data" in a form compatible with the Taxir data program.
Comments were then solicited from each sub-project leader with respect to the
appropriateness and adequacy of the information. If important parameters should
be included but were not yet included in the data base, efforts were made to
incorporate such information. Data verification was then performed, and errors
were corrected. Because it was our intent that the data base be accessible to
all interested persons, an interactive user program wag written which was
designed to improve user access and ease of operationm:.

This report documents in detail the procedures used and the programs writ-
ten for establishing the data base management system for the D. C. Cook ecologi-

‘cal'study and - describes the data-contained'in the data base as well as the ways
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in which~:he;e data can be accessed. An overview of each chapter is given .
below.

Chapter lris a review of Data Base Management Systems (DBMS) and their -
importance in scientific research, as well as the elements that need to be
cousidered when selecting a DBMS program.

Chapter 2 is an introductiom to available (DBMS) programs from the Michiga;
.Terminal System (MIS) of The University of Michigan along with the character-
istics of each DBMS program. Comparisons between these systems are made.

The reasons for choosing the Taxir program for this task are discussed.

Chapter 3 is an introduction to data organization and how Taxir handles
data structure. It also describes major terms and notations used in association
with qhe establishment of the data base.

Chapter 4 is a description of the procedures and the flow diagram for
establishing a data base for each sub~project. Details are given regarding
the structures of differeant data sets, which include formats, parameters,
ranges, software programs, and methods. All procedures and software programs
used are described and documented. Explanations of how to access the data sets
are also given.

Chapcer S5 includes a presentation of the Interactive Computer Program,
which is written in FORIRAN’and can be interfaced with Taxir. This program
is intended to improve user access and can help persons with little experience

in accessing data with computers.

‘‘‘‘‘‘

O

! B ¢ 210

O

FL % o..‘!

FeY .

e

hsT

1957

f~




CHAPTER 1

DATA BASE MANAGEMENT SYSTEMS

Data Base Management Systems (DBMS) is a term that refers to the computer
technology necessary for data collection, organization, storage, retrieval,
and manipulation. A data base system (DBS) deals with record-keeping and making
the computer funceion as a super filing system.

A Data Management System (DMS) works with the smallest unit of data,
which is usually called a data item. A collection of items isucalled a record,
and an organized collection of records constitutes a file. The occurrences of
the records in a file are associated by means of a specified relationship:

The generally—accepted requirements for a DBMS include the capability
to create, revise, add, and delete records from a file; retrieve records; sort;

perform limited computations; and generate reports. '

ADVANTAGES OF USING A DBMS

The advantages of working w}:h a DBMS rather than a non—computer £iling
system are that the data can be accessed in a greater variety of ways, searched
quickly, and changeé more easily; and auxiliary programs can be applied to the
data in the DBMS to produce reports, copies of the data, and other outputs.

In non-computer filing systems, such outputs usually must be produced manually,

a process which is time~consuming, subject to transcribing errors, and ineffi-

cient.
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The advantages of Data Base (DB) technology in areas other than data filing. “ .

;an include:
- data independence,
- data shareability,
- non-redundancy of stored data,
- reliability,
= integrity, .
- access flexibility, ' v
- gecurity, ) ;

- efficient performance (especially in view of large-size files), aﬁd if

- greatér administrative control. ": ; f '
K ;
¢

N ]
These advantages are essential for developing and supporting modern: inte-

J
grated information systems, which bring together a variety of data and interw
relate it for a variety of users, not just for one or for a limited few.

The ability to share or use these data also minimizes the amount of éedundant

gtorage.

DATA BASE DESIGN

Data base design is the most important attribute of a data base'maéagemen:
system and shows how the data items are classified and in:errelaced.h I; design-
ing non-computer filing systems, an office-clerical typicallyli;vents a number
of filing categories and decides which files are in which categériés and what
kinds of things are sorted in each file. The same design decisioés must be made

- —

when computer systems analysts set up data bases.

oty
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TYPES OF COMPUTER DATA BASE MODELS

Technically, data base designs can be grouped according to their logical
characteristics. One data base design may have many file categories with files
within each category, another may allow each file to belong to several cate-
gories at once, and so om.

Each DBMS has certain capabilities and restrictions regarding the data
base designs that it will support. The set of rules that determines which
data base designs a given DBMS can support is called the "data model™ of the
DBMS. The term "data model” is PSed because the data base design rules for
eagh DBMS constitute a set of agssumptions about how a filing system generaily
behaves.

Because most data base management systems are expected to be general-
purpose computing tools, it is the goal of most data models to be as general
and as simple as possible. There are three m;jor kinds of data models that are
common: hierarchical, ngtwork, and relational. Of these, only the relational
model maintains the logical simplicity of so-called flat files. A brief des-

cription of these models follows.

Hierarchical Model

The hierarchical model keeps data in a form resembling the following out-
line. For example, suppose there is a need to keep records of university stu-
dents who are being used as subjects in psychology experiments. A hierarchical

system would organize the data like this:

.
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I. Researchér‘;, o :Dr. Know .- C . ’HHM’ i
Address ¢ . . CoL e tMedical Bldg. (R P .

Experiment. /Type, — ] : :Attention -

A. Subject . . :John
Telephone :1665-9988
Ma jor :Computer Science ¥
Sex . tMale

‘B. : . .

Ce . :

II. Researcher :

'
o

The basic idea of the hierarchical model is that the data are organized
into gr;ups (in our example, researchers) which have subgroups (individual
subjects in this instance); in turn, they can have subgroups, and so ou,
to the required degree of coﬁplexity.

.

It is important to note that each group in a hierarchical data base may .
( )
have many subgroups, but each subgroup is in one and only ome group. This is m
 an example of what is called a "1-N" relation between groups and subgroups.

The major failing of this model is that few data base management problems
remain strictly hierarchical. For exampie, if one person serves as ; subject

for two different reseachers, then the data would no longer behave in a strictly

hierarchical manner.

Network Model ' ’ :
The network model could be considered an extension of the hierarchical
data model. A network data model is simply a model that allows more or less

arbitrarily complex relationships. Thus, in our example not only can the

.
[

records of one researcher be related to those of many subjects, but also one



subject record can be related to many researcher records. This is called

.

a many-many relationship. The following relatiomnships can serve as an example:

Researcher Researcher
Dr. Know Dr. Best
Subject Subject Subject Subject

John Mary Bob Nancy

o

i

The biggest problem with the network data model is that the data base can become

excessively complicated.

Relational Data Model

The relational data model is the most modern of a{l the data models.
This 1s actually an extension of the flat-file data model (see Chapter 3).
The flat-file data model treats data as a single collection of ordered items,
each with the same format. For-example, the following flat file contains

the information about the subjects in our previous example,

Subject ’ .Telephone Major Sex
John 665-9988 Computer Science Male

t t 1

t . t ] '

] t 1 t
while the following flat file keeps track of researchers:
Researcher ‘ Address Experiment Type
Dr. Know Medical Bldg. Attention

.

! t . t



Then if we need to store- the :information about the relationship between re~

séarchers and -subjects, there will bé another flat file .such as the one below:

Researcher Subject Date Assigned .
Dr. Know ' John 4/1/82 }
(] 1 t

[} vt . '
] " '
o - -

»

™

: ‘ . . L
In order to have a practical gec?rds system using these flat files, S
+ v wl n

we would need some data base‘pakagemenc capable not only of storing them
but also of manipulating cheﬂ to recrieve and update the stored information.

This data base management system would have to extract and combine information
h,ﬁ :l

from the flat files in various ways, but the relational model has a flexibility

that the flat-file data model cannoc attain.

In general, any data base design that can be represented in the hierarchi-

el

-

cal or the network models can also be represented as a set of relations in the

relational model. While 'it is true :hat the relational model i3 conceptually

P,

simple, there still remains a good deal of work to make that simplicity avail-

able to users at low cosc. ?

AVAILABILITY OF DBM

The commercial products associated with data bases and data management ;
systems have changed dramatically in the last several years, especially because -
of new hardware and’‘software technologies. In the 1970s there were no more

" ! \
than two dozen widely marketed DBMS product lines; today there are hundreds.

?
LIt bl . ]

]

oan

A

]
Major data management systems differ primarily in language utilized, file 33'

P

organization, and access method and level of system users. .

*
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Language Utilized K

«

This deals with the difference between what are called self-contained
and host-contained systems. The former usually provide a language designed
for the non—-programmers, whereas the latter are tied to such languages as COBOL,
PL/1, ALGOL, and FORTRAN, and are especially for the application programmers
who use these languages. Self-contained systems provide theif own language,
which is user—-oriented and designed to be used by managers and others with mini-
mal knowledge of programming.

It is important to note that self-contained languages are usually machine
dependent. Few systems can operate effectively on more than one type of com-

puter equipment.

File Organization

In examining data management systems, one must separate logical and physi-
cal file organization. A study of logical organization will show whether user
requirements can be satisfied. A study of physical file organization indicates

the handling procedures, file maintenance, retrieval capability, output, and

similar operational features of the data management system.

Access Method and Level of System Users

A data management system makes it possible for various users to work
with a common data base when the data base is an interrelated set of organiza-
tion files. Three levels can be defined within the system users:

1. Systems Designers determine long-range objectives.

2. Middle Management oversees the daily operations of a coumpany.

- .3, General Users need to' have no knowledge of' programming, anglor

- . "

self=contained system language.

11 .



CRITERIA FOR SELECTING A DBMS -

Too often, decisions on the selection of a DBMS are based on incomplete.
and Lnaccurate factors that can result in-revisions and costly long-range
repercussioné. Selection of a DBMS should be done carefully in order to avoid
a loss of time and money in the long run. Ineselecting a data base managemenc*'
systen, four criteria should be considered:

1. suitability of the DBMS to the specific characteristics of the data

to be handled, [
2. sgimplicity of the system used,
3. time an& cost involved, and

4., future needs.

A good DBMS should offer: ' 1) data independence, 2) data dictionmary to define

" and control the data envirounment, 3) good query language to allow access to the

* data base, 4) good report-generating features, and 5) a simple high—level user

language.

The time dedicated to an analysis and evaluation of the user's requirements
and limitacions, as well as the evaluations of the assets and limitations of the
various DBMS available, can be the time most valuably spent. The planning time,
carefully spent, can make the installation and use of a DBMS a profitable expe-

¥

rience in both financial and managerial terms.
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CHAPTER 2

DBMS SUPPORTED BY MTS

MICHIGAN TERMINAL SYSTEM-- " ,

The Michigan Terminal System (MTS) is a very powerful operating system
supported by the University of Michigan Computing Center. Like most large
computer installations, it prohibits direct operation of the equipment by anyone

but professional operators. The computer is under the combined control of its

[ .

human operators and 'a master program called the operating system, which coordi-

nates the jobs of the various users and provides them with a variety of auxil-

iary computing services. ~
MIS permits its users to operate in either intenactive mode or batch mode.
In interactive node, a large number of users at remote terminals are able to use

the computer concurrently and independently. The user in interactive mode

v

usually types a message (e.g., command, statement, query) on his terminal key-
Lot
board and sees#a-reSponse from the computer before typing the next statement,

l-

which may be a modification of the first onme.
For jobs running Ain batch mode, the operating system is the same, but no |

dialogue is possible between the user and the computer. The user submits his
3 .

entire job at once (in the form of a card deck) and waits for the entire output

of the job.; Batch mode is useful when there is no need for human-computer

interaction. In both modes, the user appears, from his own point of view, )

to have the entire computer to himself.

13



DBMS ON MTS 'SUPPORTED BY THE COMPUTING CENTER. -

The computing center-supports the Taxir and SPIRES data base management
systems. Both systems are used primarily for academic applications, although

they have been applied to a few administrative projects.

-

Taxir

Taxir is a gene:alizéd inférmation storage. and retrieval system which

can be used at any computer installation within the MTSioperating system.

It is written and supported by the University of Michigan Computing Center.

It is a compiecely self-contained system that provides facilities for defining,
searching, and managing data bases that can be implemented as flat-file data
bases.

Taxir is the simplest data base management gystem available on MIS at
The University of Michigan and is the easiest system to learn and use.

In general, Taxir is very inexpensive to use. It stores data in a highly
compressed form, which reduces the cost of storage; and it retrieves data
very rapidly, thereby reducing computer processing costs.

Taxir can be run in both interactive and batch mode. i: provides a number
of features that make it an attractive data base management system for many data
base applications. It has a single high—level language,'somewha: resembling
English, that provides simple commands for defining, wmanipulating, updating,
.and querying data bases. The systen has flexible report—generation facilities,
which allow users to produce ordered, labeled, formatted outputs. Taxir pro-
vides an }nterface with MIDAS, a powerful statistical analysis program available
to compensate for Taxir's few facilities for statistical features. In additionm,

it can be called through standard FORTRAN-calling couventious. In general,

14




Taxir can best be used for data base applications in which 1) the data are

represented in a flat-file structure, 2) the application requires a cheap, easy-
to-use system, 3) users want to search on any field or combination of fields,

and 4) MTS security facilities are sufficient.

SPIRES

The Stanford Public Information Retrieval System (SPIRES) was written
at Stanford University. It is an on-line general-furpose information and
retrieval system available in the MTS operating system and supported by the
Computing Center at The University of Michigan. It 1s a completely self-
contained DBMS that provides extensive facilities for defining, searching,
updating, and managing data bases. SPIRES is based on the hierarchical data

model, but it also provides some network capabilities (see Chapter 1).

Although SPIRES is a general-purpose system, it has special features
for efficiently and conveniently storing and retrieving text or cﬁaracter data.
Any application that requires storage of lengthy textual material is a strong
candidate for SPIRES. For example, designers of 5ibliographic data bases would
probably find SPIRES the most appropriate data base management system on MTS.

Output formats and other specigl éPIRES features can be used to generate
reports, construct tables, sort data, and display daéa in a variety of formats.
Because SPIRES is so flexible, it is also very complex. This means that it is
more costly and often more difficult to use than the other DBMS available on
MTS. It is_true that searching an existing SPIRES data base is not difficult,
but defining a new data base usually is not a simple task. Some programming
background is often required for a better understanding of this language.
In general, one should consider SPIRES for data bases when the data 1) involve
'lengthy textual‘ﬁacerials such -as characters.or strings, 2) require many

. 15



repeating fields, 3) can best be stored hierarchically, 4). are very -large-in - %

number, and-5) require extensive DBM facilities. L.

-

OTHER DBMS

Other units at The University of Michigan also suéport gome DBMS on MIS,
which may be used by anyome with a computing center account. The major ones éfe :

MICRO, MIDAS, OSIRIS, ADBMS, ARCH:MODEL, and Relacionél Management System (RIM). ;

¢
¥
H

A brief description of each system follows.

MICRO i

'
¥
’
r . .
N
n
.
»

The MICRO information management system, ﬁhiéhfopgraCes only on MIS,

i3 written and supported by the Institute of Lébofghnd Industrial Relatioas,
a joint institute of The University of Michigah ané Wayne State University.

MICRO is a self-contained information, storagé, and retrieval system. .

v
m

It is based on the relational data model. R

MICRO permits non-programmers to define, éncé;, iPCerrogate, manipulate,
and update user—defined collections of da:@ infa rela:ively unstructured
and uncounstrained environment. It has gené;aljapplicabili:y to a wide variety
of educational, administrative, and research {;ca processing activities.
ICS‘capabilities lie roughly between :hose.of‘Taxit and SPIRES. It 1s designed
to be run interactively from computer cerminais, but caution is required when
trying to run a batch job. ' ’

MICRO is very powerful in terms éf ;he programming language because of
its English—-like grammer, which make?ﬁit¥easy to learn and use. Predetermined

procedures can be easily executed in MICRO to deal with complex reporting -4

and retrieval problems. It has limited facilities for character string (text)
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data. It can be interfaced to MIDAS (the statistical package on MIS) for any

statistical analysis.

MIDAS and OSIRIS

These are both statistical analysis packages which provide some data man-
agement capabilities. MIDAS is supported by the Statistical Research Labora-
tory. OSIRIS is supported by the Survey Research Center of the Institute

for Social Research. They both work in interactive and batch modes.

ADBMS

This is a host-language-dependent DBMS based on the network data model.
Users must write their own "interface"” program to use ADBMS. It is written
in FORTRAN but can be called from programs written in FORTRAN, COBOL, and PL/1
on MTS. ADBMS is particularly useful when one is faced with complex structures

and when access and reporting requirements are algorithmic in nature. It also

_can be used with many different operating systems,  and computers.

ADBMS is written and supported by a Research Project of the Information
System Design Optimization Society (ISDOS) in the department of Industrial
and Operations Engineering (IOE), the College of Engineering at The University

of Michigan.

ARCH:MODEL
ARCH:MODEL is a DBMS designed for applications involving gedmetric mo&el—“
ing, such as computer—aided architectural desiga. It is supported by the Archi-

tectural Research Laboratory of the College of Architecture and Urban Planning

at The University of Michigan.
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Relational Management System (RIM) - -

-

This is a self-contained system based on the relational model. - It 'provides -

features for combining and manipulating flat files. Data can include real and -
integer vectors and also matrices. It has extemnsive on-line documentation and
help facilities. It is supported by the Architectural Research Laboratory but

is available to all in the University communi:y.‘

CRITERIA FOR A SUITABLE SELF—-ORIENTED DBMS

In choosing a good self-contained high-level language, one should consider
the following properties:

1) A substantial number of prospective users of the language must exist;

2) The language must solve a substantial portion’of the problems
confronting the intended users;

3) It should not be needlessly difficult to learn;

4) It should be natural to write programs in the language which are easy
to understand;

"5) Any limica:ion of the language should be clearly justified (e.g.,
learning ease, processing efficiency, available capacity); and

6) The language should provide the users with appropriate access

to faciiicies for effective communication with the environment.

JUSTIFICATION FOR SELECTION OF TAXIR

After careful study and comparison of the available DBMS on MTIS, Taxir
was chosen for this project. Comparisons were done mainly between Taxir,

SPIRES, and MICRO. All three are general-purpose DBMS and are simpler
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and stronger than the others. Although SPIRES has many good features, running

SPIRES programs is costly and time consuming. Furthermore, the advantage which
SPIRES has in dealing with bibliographic features is not of interest here.
Because of the complexity involved in the design of a new SPIRES data base,

it has been recommended that, when possible, one should use Taxir or MICRO
instead of SPIRES.

Because in this study data sets are represented in forms of flat files,
the final compariséns were done between MICRO and Taxir. Although MICRO can
work with several data sets simultaneously and has rather good on-line documen-—
tation, Taxir has the following advantages:

1) Taxir is written, supported, and maintained by the Computing Center

of The University of Michigan;

2) Taxir is the simplest DBMS to learn and use;

3) It is cheaper to run a Taxir program;

4) Taxir stores data in a highly compressed form (less memory space

is needed);

5) Information retrieval Is faster with Taxir;

6) Taxir has flexible querying and display features;

7) It is possible to call Taxir from a FORTRAN program for further

applications; and

8) Taxir can be run safely in both interactive and batch modes.

These advantages determined the choice of Taxir for the DBMS for the D. C. Cook

environmental impact study.
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CHAPTER 3 .

TAXIR ORGANIZATION

TAXIR DATA BASE

A Taxi; data bank is a collecgion of items, each of which contains data
belonging to information categories cailed descriptors containing all the
relevant iéfq;mation about some entity being described by the data bank.

For ;¥a§;lé,§a phytoplankton data bank would contain ome item for each species

on ééeflist. Each item in that data bank would consist of several pieces of

infékmgtion about one presented species, such as day, month, year, locationm,

[] ; v
PN

" major group, cell number, and so om.

[ FEERT

I Eaéh descriptor represents an attribute of the entities being described
byfehe éata bank. For examplet a phytoplankton data bank could have the des=
gripcots such as day, month, year, locatiom, major group, cell numbers, etc.
Fhaé 1§; each item in a data bank is associated with a series of data values
(degcrip:o;s). There should be one value for each descriptor. Thus a Taxir
aa;; bank may be thought of as a two-dimensional matrix in which each row cor-
jre%ponds to an item and each column correspouds to a descriptor. This data

"oréanization is called a flat-file structure (discussed in next sectiom).

’Evéry Taxir data bank has the following structure:

I

Descriptor 1 Descriptor 2 Descriptor 3eesecececssssDescriptor N

Item 1 ! t ! '
Item 2 ' ! ! '

1 L} 1 1 t

' '} States '} States ' States '} States

t 1 ) ] ]

t t L 1§ ]
Item M ' ! ' '
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The range of values allowed for a descriptor in a data bank is called a
descriptor state, which may be integer/real numbers or strings of characters.
This concept is identical to that of range for a parameter. For example,
if the descriptor state for years is 1971 to 1973, then the descriptor year

could have the states 1971, 1972, and 1973.

FLAT-FILE DATA MODEL

As was mentioned in Chapter 1, the relational model is‘the extension of
the flat-file data model. The flat-file data model is the simplest and(che
oldest data model. A flat-file DBMS keeps data in the form of a flat file,
(e.g., mailing list data bank). Each item in the flat file is called a record.
Each record corresponds to a single complete entry in the file. Records are
composed of data elements. : - '

A data element is basically an irreducible data component. Each data
element has a name or a value. Data elements are sometimes called fields.

Every record in the flat-file data base has the same number of elements,

and each record has data values that represent one object in the real world.

FLAT-FILE NATURE OF TAXIR DATA BANK

The way in which Taxir organizes and manipulates data is based on a éimple
notion of set theory using a flat-file data model. In general, if the infor-
matjion can be stored as a single flat file, then the ‘data base can be stored
as a Taxir data bank. In each Taxir data bank, each item has one and only one
state for each descriptor. .That is, each item in a Taxir data bagk cqrresponds

to a record in a flat-file data base, each-descriptor corresponds to a field,

21



and each descriptor-state, corresponds to a value. Furthermore, like, other flat--ﬂ“mm
file DBMS,  Taxir does not-allow structure fields (i.e.,-descriptors. may not

consiét of -other descriptors); and -it provides no direct access to the items,

in one data bank based on information stored in another data bank.

-

DESIGN OF THE DATA BANK

Before using Taxir, one needs to consider the following for the design
of a data bank:

1) Number of data banks needed

2) Item(s) in each data bank

3) List of the descriptors for each item

4) List of states for eéch descriptor

5) Kind of queries (questiouns) e#pected

6) Nature of information flow and work flow

7) Cost and time involved ‘ | -
In most cases, planning and time will be needed to decide upon these points,
éuc iz is essential to study all ché constraints in order to design and create

a data bank that meets all the requirements.

TYPE OF DATA SUPPORTED BY TAXIR

»

Assoclated with each descriptor in a Taxir data bank is a descriptor type
which specifies what data values may be used as states for that descriptor.
Taxir permits three descriptor types: from=-to, order, an& name, which provide
the éépability to store numerical (integer/real values), .codified (categorical),

and general character-string (words) 'data, respectively. Taxir also provides
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some features for handling missing data for each of these descriptor types

jidentified as unknown states. The descriptor types are specified by the
designer of a data bank when the data bank is defined.

'

The thing to consider here is that Taxir automatically assigns code numbers
for both descriptors and their states to a data bank. Thus a user can have the
choice of typing either the name of the descriptors and their states or the

codes for both of them when communicating with Taxir.

RUNNING TAXIR

There are three ways to use Taxir: 1) as an interactive system from a

" terminal; 2) as a non—interactive system in batch mode, and 3) as a subroutine
by calling it from a user program. In each case, user inputs to Taxir must be
in the form of Taxir statements, MTS commands, or input data. Each Taxir state-
ment is a request for Taxir to do some data processing or to modify the Taxir
environment. Ea;h statement begins with a statement J;me, known as a statement

type. Most statements also include additional information, which further speci-

fies what the user wants Taxir to do. The system reads and executes each state-

ment before treating the next statement. There are no facilities for condition-

al jumps; hence, no program branching or looping. In other words, the execution

of the Taxir statements is sequential.

DATA ENTRY AND DATA COMPRESSION

Taxir provides the following data entry capabilities:

1) Data.can-be entered in batch mode or in interactive mode.

23



2) Data can be entered- directly from punch. cards, MIS disk files,

or terminals, rand .indirectly. from magnetic tapes and other. available :.°
machine-readable foras.
3) Data to be entered can be in a variety of user—specified fixed
or free formats.
4) Taxir assigns a default gtate for any missing values.
5) Taxir does some data validat;on on all data.
6) Data are automatically stored in a highly compressed form.
) This last capability of Taxir is particularly important in saving memory space.
The compression process 1is completely automatic and unseen by Taxir users who

cannot {(need not) control it.

RETRIEVING DATA AND BCOLEAN EXPRESSIONS

The power to retrieve information selectively from a data bank i1s the power
to name subsets of interest from the total bank. For this purpose, Taxir
applies the language of boolean algebra.

A boolean expression whlch defines the subset of items from the data bank’
consists of a series of operators and operands. A set of rules defines how the
operﬁ:ors act on the operands to yleld a result. These operators are complement

(NOT), intersection (AND), and union (OR).
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0 The operands are sets, as are the results. The figures below explain these

concepts graphically:

" then NOT A =

those with hats,

Complement,
U . if U = all the students in the class and
L A=
(1)

those without hats (shaded area).

Intersection,
if ,U = all the students in the class and
U é A = those with hats and
B = those with coats,
then A AND B = those with both hats and coats
(2) ' (shaded area).
| C
Union,
// if U = all the students in‘t:he class and
U, /////’&//// A = those with hats and
/// / ) . B = those with coats,
then A OR B = those'(vit:h hats or eoats or both
(3) (shaded area).

@ o



. ! .
Taxir boolean expressiouns provide -simple, flexible ways for users to'select ‘ﬂMk s

| items by.specifying simple or complex search.criteria.involving any.or all of

the descriptors in a data bank. The retrieving statements enable Taxir users -
to:

1) Find out how many items meet some user Speéified criteria,

prior to displaying, deleting, or updating them.

2) Retrieve and immediately display some user-specified set of items.

3) Retrieve items based on the states of any descriptor in a data bank.

4) Issue complex gsearch requests involving any combination of descrip:oés. : 1

5) Narrow a search result before displaying or updating the items in it. o,

DISPLAYING DATA IN TAXIR ° !

Taxir display facilities include features for: . "

1) Displaying some or all of the descriptor—state for selected items. HH%

- .
e
-

2) Displaying data in a variety of formats.
3) Sorting output in terms of any descriptor.

.4) Generating a report, including subtotals and totals.

(Note that Taxir can interface with MIDAS for further statistical computations.)

» m——




CHAPTER 4

- PROGRAMMING PROCEDURES FOR ESTABLISHING THE COOK DATA BASE

DESCRIPTION OF THE COOK DATA BASE

The methods used to establish the Cook Project data base are discussed

in this chapter. This data base includes 15 data banks which are shown below:

Group Data Type Name of Data Bank
Phytoplankton Lake Samples 1. Lake.Phytoplankton
Entrainment Samples 2. Entrained.Phytoplankton
Zooplankton Lake Samples 3. ' Lake.Zooplankton
Entrainment Samples 4, Entrained.Zooplankton I
Benthos Lake Samples ’ 5. Lake.Benthos
Entrainment Samples 6. Entrained.Benthos
Impingement Samples 7. Impinged.Benthos
Field-Caught Summary Statistics . 8. Adult.Fish.Summary.Statistics
Fish Lake Samples ‘ K 9., Lake.Adult.Fish
'% Impingement Samples 10. Impinged.Adult.Fish
Larval Fish Lake Samples ‘ 11. Lake.Larvae
Encrainment Samples 12. Entrained.lLarvae
Nutrient Lake and Entrainment Samples 13. Nutrients
and Anion
Lake Water Lake Samples 14. Lakewater
Chemistry
Sediments Lake Samples 15. Sediments

The explanations for the methods used along with cthe lists of the programs,
the examples, and other helpful comments are provided in the sections which
follow. It is hoped that this information can facilitate users in accessing

data of interest, retrieving the needed information, and using the pro%ided

methods for establishing a .similar data base in the future.
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GENERAL PROCEDURES . . . m '.

To establish a data base.using Taxir, the data ;us: be in flat-file form.
Once they are in that form, a Taxir program is used to enter these data to the
.computer data base program. Beéause most of cﬁe Cook data were not in the form
of flat files, FORTRAN programs were written to reorganize thes; data into the

fiac-filé forms. The general procedures involved in this operation are showmn -

in the following flow chart.

Original Data Sets

Data are Other than flat files, FORTRAN
already flat program is used to reorganize the
files data into a flat file. ) !

Y

Flat Data Files

. Taxir-Create Program

X

Cum Data Bank

For each data set, the FORTRAN program and the programs to create a Taxir
data base for this data set are presented along with the flow chart diagram.
It is noted that the FORTRAN programs written for this project are used not only
to reforﬁa: the data sets but also in some cases to combine the parameters of

interest from several data sets into a single flat file.

28
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‘ 0 LAKE PHYTOPLANKTON

The Lake.Phytoplankton data bank 1s one of the largest data banks created
for this project. It contains 13 descriptors and 90,076 items. The descriptors

and their codes are listed below:

1-DAY

- 2-MONTH
3-YEAR
4=LOCATION
5-NAME
6~TEMPERATURE
7-SPECIES CODES
8-MAJOR GROUPS
9-CELLS

0 10~-FRACTION ‘

11-TOTAL CELLS

12-DIVERSITY

13-REDUNDANCY

The monthly number of phytoplankton items collected since November 1970 1s

listed in Table 4.1.
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TABLE 4.1. ‘The uumber of data items .in the Lake.Phytoplankton da:a bank
for the D. C. Cook Plant data. -

Total # . Total # ‘ - Total #
Year Month of Items Year .Month of Items Year Month of Items
70 Nov (1,179) - 76 APR (2,105) 79 APR (2,302)
71 APR ( 988) MAY ( 735) MAY ( 674)
JUL (1,799) JUN ( 545) JUN ( 736)

SEP (1,589) JUL (1,925) JUL (1,516)

NOV ( 985) AUG ( 504) AUG ( 690)

72 AFR (1,078) SEP ( 880) SEP ( 491)
JUL ( 758) oCcT (2,441) OCT (2,045)

OCT (1,607) 77 APR (2,405) NOV ( 724)

73 APR (1,621) MAY ( 602) 80 APR (2,108)
JUL (1,321) JUN ( 598) MAY ( 696)

OCT (1,495) JUL (1,861) JUN ( 653)

74 APR (1,628) AUG ( 708) JUL (1,919)
MAY ( 513) SEP ( 991) AUG ( 850)

JUN ( 498) OCT (2,390) SEP ( 725)

JUL (1,654) NOV ( 590) OCT (2,180)

AUG ( 393) 78 APR (2,432) NOV ( 555)

SEP ( 338) MAY ( 852) 81 APR (1,705)

OCT (2,190) JON ( 989) MAY ( 695)

75 AFR (1,727) JUL (2,897) JUN ( -371)
MAY ( 393) AUG ( 638) JUL (1,248)

Jun ( 685) SEP ( 671) AUG ( 571)

JUL (1,461) 0CT (2,610) SEP ( 762)

AUG ( 455) NOV ( 743) OCT (2,080)

SEP ( 643) NOV ( 655)

OCT (2,839) 82 APR (1,749)

MAY ( 429)
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@ The flow chart représenting the stages in the creation of the

Lake.Phytoplankton data bank is as follows:

Original Phytoplankton Data

Use Reformat Program

r
Flat Data Files

Use TAXIR-Create Program

Y
LAKE , PHYTOPLANKTON

Add Additional Parameters
! ‘ «

, LAKE . PEYTOPLANKTON

@ Phytoplankton Data Files and the Reformat Programs

The oriéinal phytoplankton data files ar; ;:ored in the files:> RPDmonthyear
(for example, RDNOV70). The data between November 1970 and December 1980 are |
saved on the tape "Phyto,” the 1981 and 1982 data files can be found on the
"Phyto2"” tape. Because there are some differences in the data structures in
4 these fiies, especially in the formats of the headlines, different reformat
programs are needed to handle thegse forms of the data structures. The following

is a 1list of the names of the reformat programs for different sets of the data.

® * n



Reformat Program L Data Set -

REFORMATL - ... , ALl months of 1971, 1972, 1973;“5 and May, .
| June, Auguét, September:;n~197ﬁ.
REFORMAT2 November 1970; all months of 1975; and
April, May, July, October in 1976.
REFORMAT3 April, July, October in 1974.
REFORMAT& June, August, September in 1976; and all
}> monthsvof 1977, 1978, 1979, 1980, 1981,

and 1982.

These reformat programs are listed in Tables 4.2-4.5.

Taxir Create Program

Reformat programs discussed in the last section were used to provide the
phytoplankton data in the form of flat files. The Taxir Create program
PLTAXIRCR was then used: to create the LAKE.PHYTOPLANKION data bank.

The contents of the PLTAXIRCR program are given in Table 4.6.
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TABLE 4.2. Program REFORMATL.

C PROGRAM REFORMAT! IS RUN TO REORGANIZE LAKE PHYTOPLANKTON RAW DATA
C FILES. THIS PROGRAM 15 USED FOR ALL HMONTHS OF 1971, 1972, 1973. AND
C MAY, JUNE, AUGUST, SEPTEMBER IN 1974,

c UN!? 5 1s ASSIGNED TO INPUT FILE, (RAY DATA FILE).

‘C UNIT 6 1S ASSIGNED TO OUTPUT FILE,'(REFORMATTED DATA FILE).

C UNIT 7 15 ASSIGNED TO ANOTHER OUTPUT FILE FOR THE VALUES OF DL & S¥.

[~
¢
[
(4
Cesossase
Cosssnas INITIALIZE VARIABLES.
Csssassee
c

LOGICAL*1 CODE(9,200)

REAL CTS(200),FRAC(200),H(16)
(o

CONST==1./AL0G(2.) *
Cesssaane
Ceossnee READ THE HEADLINES.
Cesesssse . :
¢

1 READ(S, 100, zno-ss) (H(1),I=1,16),IDL,1SV
100 FDRHAT(1GA4 12,1%,13)

WRITE(7,200) L, Y
200 FoRuAT(xz.tx.xa)

SUM=QO, :
NS=1

READ THE DATA LINES,

Coesscacs
Crasssee

s READ(S,300,END=10) (CODE(J,NS),U=1,9),CTS(NS)
300 FORMAT(SA1,F7.0)
IF(CTS(NS).LT.1,) GO TO 10

CTS(NS)-CTS(NS)/loOO.
SUMe SUM+CTS(NS)
¢ NSaNS+1

GO TO S
[of
10 DIVeQ,
. NSeNS~-1
¢ .
c.“O...
Ceesssee CORRECT THE FRACTION AND DIVERSITY VALUES.
C.‘.“.‘
c

00 15 Ie1,NS

FRAC(I)-CTS(I)/SUM

DIVeOIV+FRAC(I)*ALOG(FRAC(I))*CONST
c15 FRAC(1)=FRAC(1)*100.

c‘..“..

Ceasesss WRITE THE CORRECT VALUES.
Cesssace .
¢

0O 20 I=1,NS

20 WRITE(S. aoo) (H(K),k»2,9),H(10), (csos(d 1),u=1,8),
1C€7S5(1),FRAC(I),SUM,DIV
CAOO . FORMAT(B8A4,6X,A4,2X,9A1,F8.1,F7. .2,F8.1, Fs 2)

GO TO 1
¢
89 sTOP
END
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TABLE 4.3.. Program REFORMAT2..

C PROCRAM - REFORMAT2 ‘15 RUN TO REDRGANIZE LAKE PHYTOPLANKTON RAW DATA * -
C FILES. THIS PROGRAM 1S USED FOR NOVEMBER 1970:. ALL MONTHS OF 1978;

C AND APRIL, MAY, JULY, OCTOBER IN 1978.

C UNIT 5 15 ASSIGNED TO INPUT FILE, (RAW DATA FILE).

C UNIT 6 15 ASSIGNED TO QUTPUT FILE, (REFORMATTED DATA FILE).

C UNIT 7 IS ASSIGNED TO ANOTHER CUTPUT FILE FOR THE YALUZES OF DL & SW.

¢
¢
¢
¢
ct....“
Ceeseves INITIALIZE VARIABLES.
c.“.‘.. .
¢
LOGICAL®1 CODE(9,200)
REAL CTS(200),FRAC{2C0),H(16)
CONSTe=1{,/AL08G(2.)
gcoooaoo )
Cresccse READ THE HEADLINES.
CI“‘OOO
c ¥

1 READ(S, 100, END=89) (H(2),1%1,1G),IDL,ISW
100 FORMAT(16A4,12,1%,13)
WRITE(7,200) IDL,ISVW
200 FORMAT(12,1X.13)
[+
Cro(IDL+1,)%41.451G/15V
SUMeQ, . .
NSa=1
[~

Coeaveen «

Ceescsse READ THE DATA LINES,
cco.ooo.
¢
s READ(S,3C0,END210) (CTOE(JU.NS),.J"1,9),CTS(NS)
300 FORMAT(SAY,F7.0)
IF(CTS(NS).LT.1.) G3 TO 10

CTS(NS)eCTS{NS)*CF
SUMeSUM+CTS(NS)
NSaNS+1
GO TO 5
¢
10 D1IvsOQ.
NSaNS-1
¢
4 X TYT LY .
Creescsse CORRECT THE FRACTION AND DIVERSITY VALUES,
Ceevesas .
¢

00 15 Ist NS

FRAC(I)=CTS(I)/SUM

DIV=OIV+FRAC(3)=ALOG(FRAC(L))*CONST
c1s FRAC(I)aFRAC(I)*100.

-

Ssssese WRITE THE CORRECT VALUES.

DO 20 1wy, NS R
20  WRITE(6,400) (H(X).Xe2,9),H(10),(CI0E(J,.3).U"1,9),
1CTS(I),FRAC(1),5UM, DIV '
c4oo FORMAT(8A4,6X,A4,2X,941,F8,1,F7.2.78.4,F6.2)
GO T0 ¢

99 sTOP
END
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TABLE 4.4. Program REFORMAT3.

"

C PROGRAM REFORMAT3 15 RUN TO REORGANIZE LAKE PHYTOPLANKTON RAW DATA
C FILES. THIS PROGRAM 1S USED FOR APRIL, JULY, OCTOBER IN 1974.

C UNIT 5 15 ASSIGNED TO IMPUT FILE, (RAH DATA FILE).

C UNIT 6 1S ASSIGNED TO OUTPUT FILE, (REFORMATTED DATA FILE).

C UNIT 7 15 ASSIGNED TO ANOTHER OQUTPUT FILE FOR THE VALUES OF DL & SW.

c

c

c

c

COOCOO..

Ceesenss INITIALIZE VARIABLES.

COOO“.‘

c
LOGICAL®1 CODE(9,200) 1
REAL CTS(200),FRAC(200),H(16)
CONSTe=1./AL0G(2.)

c

C“..‘O‘

Cosenase READ THE HEADLINES.

c...“.‘

c

1 READ(S, 100, END*89) (H(1),1=1,16),IDL,1ISW
100 FORMAT(16A4,12,1X,13)

WRITE(7,200) IDL,ISVW
200 FORMAT(I2,1X,.I13)

c
IF((IDL.EQ.0).AND.(ISV.EQ.0)) CF={
IF((IDL.NE.O).OR.(ISW.NE.O)) CFe(IDL+1, )41, 4sse/xsw
SUM=0. .

NS=1 ‘

c;o;-“o

Coesevas READ THE DATA LINES.

c.o.o.oo

¢

L3 READ(S,300,END=10) (CODE(J,NS),U=1,9),CTS(NS)
300 FORMAT(9A1,F7.0)
IF(CTS(NS).LT.$.) GO TO 10
CTS(NS)»(CTS(NS)/1000. )*CF

SUMeSUM+CTS(NS)
NSaNS+1
¢CO TO0 S5
¢
10 Dlv=0.
NS=NS~-1
c
coo“ooc
Coessose CORRECT THE FRACTION AND DIVERSITY YALUES.
COOOOOOO
[

DO 18 I=s¢ NS
FRAC(I)sCTS(I)/SUKR
DIVeDIV4FRAC(I)®ALOG(FRAC(1))*CONST
15 FRAC(I)eFRAC(I)=100.
c

Ceessasss

Coevssan WRITE THE CORRECT VALUES.

coo.oooc

¢
DO 20 I=1,NS

20 WRITE(S. 400) (H(K).K=2,9) ,H(10), (CODE(J.1),J=1,9),
1CTS(I)  FRAC(I),SUM, DIV

400 FORMAT(BA4.GX.A4.2X.9A1.FB.1.F7.2.F8.1.F6.2)

¢
GO TO 1

[+

-1 STOP *
END
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TABLE 4.5. Program REFORMAT4. .-

-

C PROGRAM REFORMATA 13 RUN TO_ REDRGANIZE .LAXE PNYTOPLANKTON RAW DATA
C FILES. THIS PROGRAM 1S USED.FOR JUNE, AUGUST, STPTIMBER IN 1978 AND
C ALL MONTHS OF 1977, 1973, 1979, 1980, 1931, 1983,

C UNIT 3 1S ASSIGNED TO INPUT FILE, (RAw D4ATA FILE).

C UNIT 8 1S ASSIGNED TO CUTAPUT FILE, (REFORMATTED DATA FILZ).

C UNIT 7 IS ASSIGNED TO ANOTHIR CUTPUT FILZ FOR THE VALUES OF 0L & 3v,

INITIALIZE VARIABLES.

LOGICALYY C2DE(D,200)
REAL CTS(200),FRAC(200),H(13)

CONSTe=1,/ALCG(2.)

READ THE HEADLINES.

1 READ(S, 100, EMDe39) (M(T),Iv1,13),0L.S¥
100 FORMAT(13A4,1X,2F4.2)
IDLeOL .
ISWesSy . . .
WRITE(7,200) IDL.IS
200 FORMAT(12,.1X,.33)

CFe(IDL+1.)041.4516/15W '
SUNeQ,
Ni=1

Coeessee

Crecscse READ THE QATA LINKS.

Ceoscosne

(4

3 READ(5,300.IND=10Q) (CIVE(U.N3).J=1,8),CTS(NS)

320 FORMAT(SA1,F7.0)
IF(CTS(NS).LT.1.) &0 TO 10

CTS{NS)=CTS[NS)eCX
SUHeSUMSCTS(NS)
NSeNS+1
GO T0 S
¢ .
10 0lvsQ, -
NSsNS=1
Ceosssne CORRECT THE PRRACTION AND DIVIRSITY YALUES.
c.““..
e
00 18 Ieq NS
FRAC(I)=CTS(2)/SUNM

DIVaOIV+FRAC(I)I*ALOG(FRAC{2) )*CONST
c15 PRAC(1)=FRAC(I)*1CO.

Cesececse

Cosessne WRITE THE CORRECT VALUES.,

Cescscas
c
DO 20 1sq, NS

20 VWRITE(6,.400) (H(K).Xne.ﬂ).H(i:).(CSO!(J.X).001.9).

1CTS(3),FRAC(L),SUM,DT

400 FORMAT(3A4,6X,A4,2X,941,78.1,77.2,78,1,76.2)

Q3 TO 1

88 SToe
4]

cam z e e -
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TABLE 4.6. Program PLTAXIRCR.

RUN aTAXIR

CREATE LAXE.PHYTOPLANKTON,

DAY(FROM 1 TO 31),
MONTH(ORDER,JAN,FEB,MAR,APR,MAY ,UUN, JUL ,AUG,SEP ,OCT ,NOV,DEC),
YEAR(FROM 70 TO 85),

LOCATION(NAME), ..
NAME (NAME) ,

TEMPERATURE(FROX .1 TO 40.0),
CODE(NAME),

GROUP(ORDER,.C,D,F,G,H,0,P,.R,.S).,

CELLS(FRON .1 TO 9998.9),

FRAC(FRDOM .0t TO 100.00).

TOTALCELLS(FROM .1 TO 100000.0).
DIVERSITY(FROM .01 TO 6.00)*

ENTER DATA LOCATION=LREFORM, FORMAT®FIXED,
D‘Y<S‘G> .

RONTH<8~10>,

YEAR<12=13>,

LOCATION<C14~2%5>,

NAME<27-30>,

TEMPERATURE<39=42>,

CODE<45-52>,

GROUP<S3>,

CELLS<55-61>, .
FRAC<G63-68>,

TOTALCELLS<69-76>, ,

DIVERSITY<79-82>%

SAVE '
STOP
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Added Parameters

When the Lake.Phytoplankton data bank was first createa, it contained 12 . . .
descriptors but did not include-redundancy indexes. It was later felt-that -

there was a need to add such indexes; a 13th descriptor called REDUNDANCY was i

[

created, and its values_were added to the data bank. Because the values needed

v e

to calculate redundancy were not available, they were derived as follows:

‘
.

-
FIR%T ]

Step l: Use Redundancy program (Table 4.7) to assemble the values corres= :

ponding to the numbers of forms, diversities, and total cells

Poaen, %

from the phytoplankton tables.

Sra T e

’ Step 2: Use Predundancy program (Table 4.8) to compute redundancy indexes

from these values assembled from the phytoplankton tables.

L 3
H
:

The newly created descriptor REDUNDANCY was then added to the Lake.Phyto-

plankton data bank by first using the Taxir Statement of Define More Descriptor

which is shown as follows:
DMD REDUNDANCY (FROM 0.000 to 1.0000)

Then, Correction Statement was used to enter the values of the descriptor

into the data base. An example of this procedure is shown later.

Data Tape and Taxir Table

»

The complete Lake.Phytoplankton data bank is saved on tape with volume name
COOK and ID Code COOK, beginning at first position. ' ot
An example of the use of the Taxir program to generate a table for reports

-

is shown in Table 4.9. P
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“ TABLE 4.7. Program REDUNDANCY.

|
|
C PROGRAM REDUNDANCY PROVIDES THE VALUES CORRESPONDING TO THE
. C NUMBERS OF FORMS, DIVERSITIES AND TOTAL CELLS .

C UNIT & 1S INPUT FILE, (PHYTOPLANKTON TABLES). '

C UNJT 6 IS ASSIGNED TO OUTPUT FILE.

o000

CO...‘.‘

Ceseesse INITIALIZE VARIABLES.

c..““‘

¢
LOGICAL®4 UNDL/‘====’/ UNDLY,TITLE/'Tota’/,T1
LOGICAL®Y DATE(9),CODE(9),EQUS,TOTAL(S)

¢

c..“.“

. Ceseccea READ THE LOOP. . '

c...‘.“

¢

»

1 READ(S, 100,END=99) UNDL{
100 FORMAT(3X,4A4)
IF(EQUC(UNDL,UNDL1)) GO TO 2

GO TO 1
2 CALL SKIP(0.2.5) "

READ(S,101) DATE,COOE,.N.DIV
101 FORMAT(2X,9A41,9X,9A1,55X,14,34X,F6.2)

Nin(N+1)/2+%
c
) CALL SKIP(O,N1,5) , .
READ(S,102) T1,TOTAL *
102 FORMAT(101X,A4,4%X,9A1) '
IF(EQUC(TY,TITLE)) GO TO 4
c » v . -

\
|
DO 5 ls=1,N1 i
READ(5,102) T1.TOTAL
1F(EQUC(TY,TITLE)) GO TO 4
5 CONTINUE
g‘aooooo s . ‘
Coesscscs CHECK THE ERRORS. ‘
C‘o..ooo |
¢ |
WRITE(6,104) CODE.DATE
104 FORMAT(’/*==ERROR**s TOTAL NOT FOUND FOR STATION: ‘,84%,1X, |
& ‘ON DATE: ‘,9A1) .
. STOP 99 1
c

Cresasss

Cossssse WRITE THE CORRECT VALUES.

Coessose )
c 1
4 WRITE(6,103) DATE,CODE,.N,TOTAL.DIV
103 FORMAT(1X,941,1X,.84A1,1X,14,1X,9A1,1X,F6,2)

GO0 TO ¢

89 STOP
END
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. d] ”
TABLE 4.8." Program PREDUNDANCY. ! ’ --I!

C PROGRAM PREDUNDANCY READS IN STATISTICS ON PHYTOPLANKTON CATCHES
C FROM UNIT 5, CCMPUTES A RECUNDANCY INDEX ANO WRITES .THE- QUTPUT

¢ TO UNIT 6§.

¢

[~

(4

[~ * w

ct‘...‘.

Ceesacas INITIALIZE YARIABLES. .

C.‘O....

c ‘ ..
LOGICAL*1 DATE(S),CODE(9) : e,

¢ .

Ceenscoe , "

Ceecscanr READ THE STATISTICS.

CO‘OOOOC ’
¢ ' ot
3 READ(S, 1,END=d4) DATE,CODE.N.A,.DIV H
1 FORMAT(1X,8A1,1X,9A1,1X,14,1X,F9.1,1X,76.2) .

[+
c‘oocooo ‘!
Cesdsscses COMPUTE THE REDUNDANCY INDEX. N
ct.‘.“‘ .
¢ ‘
Bu2%Ae], 1418 .
B@SQORT(B) .
BeALOGIO(B) -
CmA/2.71828 L
CuA®ALOG10(C) A .
Du#2°3, 14162 (A/N) ’ .
D=SQRT(D) "og
D=ALOG10(D) ]
Ee(A/N)/2.71828 , 5
Es(A/N)*ALCGIO(E)
Fe(B+C) .o
Gu(D+E)"N .
OMAX#(3.3219/A)°(F=G) .

Te2%3,1416°(A=(N=~1,))
Us(A=(N=1,))/2.71828

. TeSORT(T) .

TwALCG10(T)

Va(A=(N=1.))

UsveALOG1O(U)

UsysT

DMIN®(3.3219/4)*(F=U) )
. RIs(OMAX=0IV)/(OMAX=OMIN)
c..‘.... ) » '
Ceeeecas WRITE THE CUTPUT.
c“...‘.
¢

WRITE(G,2) OATE.CIDE.RI ’
Cz FORMAT(’0’,9A1, 1X, 941, ‘REDUNDANCY » /,£10.3)

Go 10 3 ’ !
c . .
4 sToP

END
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TABLE 4.9. An example of generating tables using Taxir program.

RUN *TAXIR
GET LAKE.PHYTOPLANKTON )
tldoncnn -- ceovoocassaaad

] YEAR | MONTH | LOCATION | CODE | GrouP | CELLS |[’<Pi>,
AR vosn eme cnna =] <P 1>,
(‘]|’<P1,A>, YEAR<P4>, ‘|/<P9,A>, MONTH<P13>, ‘|’<P18,A>, LOCATION<P22>,
*]7<P31,A>, CODE<P34>, ‘|’<P44,A>, GROUP<P4S>, ’|’<PS4,A>, CELLS<PS7>,

*| 1<P65,A>) FOR ITEMS WITH FRAC>50.0°

No. of (tems (n query response: 167
No. of ftems (n data bank: 50078
Percentage of response/total data bank: 0.19%

LAAL LTI DT T T T L o Y

i YEAR | MONTH | LOCATION | CODE { GrRoup |} cELLS i
{ 70 | Nov DC-2 | ocspecas | F 131.3 I
DC-3 125.3
| | DC-5 ! ! 137.7 |
! ! Noc.21 | l 157.5 |
! ! noc.so | ! 104.6 |
| I noc.s1 | I 169.0 |
} } 'NDC1e1 } { 158.0 {
b nocz-o | cospecas | 4z0.0 |
! l soc.z21 | ocspecas | 61.7 |
! ! socio | ! a7elz |
, l socz-4 | caspecaa 155.7 |
50C4-0 328.2
I } socz-2 | 300.3 }
] 50¢7-3 3279 |
7 e DC-2 GLSPECAA G 1183 |-
| oc-4 1208.7 |
: as7.3
} Noc7-1 2793.7 {
NOC7-2 1194.8
I NDC?7+3 1894.6 =
sep NDC.52 169.4
: Noc2-a | 167.0 {
I ! I wpca-o wespecas | ¢ g03.7 |
! S0c.52 GLSPECAA G 126.7
| I socis3 ! b o2tel7 | .
I I I spéi-z ! 125.7 |
! } SDC1-3 } 187.0 =“
SDC4+3 172.1
, { socs-4 | : 121, 1 }
72 | NOC1-2 rarenest | p L e3lr | .
l NOC4-3 Frcroton | | 1esi2 |
I NOC7-5 cospecas | ¢ | aslo |
I S0C. 82 rarcnest | e 104.4 |
| | ocr DC-6 cuuner | e 460.3 |
i NDC1-0 wecranuL | ¢ 834,53 |
' Nocz-o | | 1105.8 |
| NDC2-1 | ! 1500.6 |
| I NDC4-0 ! 1254.0 |
} } NDC4~1 I 3964.1 }
| | NDC4-4 ciruner | e 415.3 |
I ! NOC7 -1 wecranuL | ¢ 3984.5 |
NDC7-3 756.8
} } I spéte-0 ' 2919.8 |
' ! } SDC1-1 { | 1736.3 |
oo | spca-0 } b Tgezie |
' l | spca-1 .o { 1098.8 }
l | [ spca-4 cauikner | R o zesls |
| 73 | e ) ocea- crsteety | ¢ | i1l |
] 1 1 sDC“: N - 1 827.5 t
*

0-----..--..-.---------.--..-----.......-----.-.---.....---.--..
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An BExample for Preparing the Phytoplankton Computer Data Base D : .

In order to add a new'data'file which we call "RDJUN82" and its redundancy

index to the established data base, the following procedure is followed:

#SIC XXX (signoﬁ MTS)

X ‘(Pasaword)

(The following statements reformat the data set.)

#RUN *FIN SCARDS=REFORMAT4 SPUNCH=FOR.OBJ -

#RUN FOR.OBJ 5=RDJUN82 6=REFORMJIUNS2

(To 'run the Taxir ptoéram to enter the data into the &ata bank)
#RUN *TAXIR.

GET LAKE.PHYTOPLANKTON

ENTER DATA LOCATION-LREFORMJUNSZ‘ FORMAT=FIXED,

DAY<5-6>,

Same as in PLTAXIRCR

- @ W w w = -

SAVE
STOP

(To compute the redundancy. index)

" #RUN *FIN SCARDS=REDUNDANCY SPUNCH=RED.OBJ
FRUN RED.OBJ S5=PHYTOJUNS2 6=RJUNS2

fRUN *PTN SCARDS=PREDUNDANCY SPUNCH=PRED.OBJ
#RUN PRED.OBJ S=RJUN82 6=PRJUNS2

(Run Taxir program to enter redundancy index into the data bank.)

42
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RUN *TAXIR

GET LAKE.PHYTOPLANKTON
CORRECTION (REDUNDANCY=*,***) *MONTH=JUN AND YEAR=82 AND LOCATION=DC-O*
1

(entering redundancy values for different locations of month of June)

- - = w -

CORRECTION (REDUNDANCY=* ,**%) *MONTH=JUN AND YEAR=82 AND LOCATION=NDC7-5*

SAVE
]
STOP 4

#SIG$ (sign off MIS)

43 ‘
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ENTRAINED PHYTOPLANKTION

The Entrained.Phytoplankton data bank contains 63,74811tem§ and 21 des-

criptors. The descriptors are listed as follows:

1-DAY 12-REDUNDANCY
2-MONTH - 13-CHLOROPHYLL A

| 3-YEAR ' 14-CELOROPEYLL B
4-LOCATION - » 15-CHLOROPHYLL C
S-TIME - 16-PHAEOPHIN
6-SPECIES CODES " g : 17-CHLOROPHYLL A INCUBATED
7-MAJOR GROUPS 18-CHLOROPHYLL B INCUBATED
8-CELLS 19-CHLOROPHYLL C INCUBATED

; 9-FRACTION . | 20-PHAEOPHIN
10-DIVERSITY ) ' 21-HOURS INCUBATED

11-TEMPERATURE

The number of data items collected for Entrained.Phytoplankton data bank

beginning in 1975 is listed in Table 4.10.
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TABLE 4.10. The number of data items in Entrained.Phytoplankton data bank.
Total # . Total # Total #
Year Month of Items Year Month of Items Year Month of Items
75 FEB ( 460) 78 JAN ( 692) 80 JAN ¢ 795)
MAR ( 465) FEB ( 587) FEB ( 788)
APR ( 290) MAR ( 483) MAR ( 795)
MAY ( 237) APR ( 66l) APR ( 870)
JUN ( 590) MAY ( 983) MAY ( 793)
JUL ( 619) JUN (1,023) JUN ( 638)
AUG ( 534) JUL (1,254) JUL ( 487)
SEP ( 441) AUG ( 899) AUG (1,099)
oCcT ( 659) SEP (1,208) SEP (1,259)
NOV ( 604) OCT (1,408) OCT (1,047) g
DEC ( 559) NOV ( 871) NOV ( 634)
76 JAN ( 653) DEC ( 991) DEC ( 617)
FEB ( 687) 79 JAN (1,074) 81 JAN ( 879)
MAR ( 711) FEB ( 838) FEB ( 8l1)
APR ( 673) MAR (1,021) MAR ( 797)
MAY ( 723) APR ( 537) APR ( 742)
JUN ( 789) MAY ( 465) MAY ( 793)
JUL (1,054) JUL ( 384) JUN ( 513)
AUG ( 641) AUG ( 870) JUL ( 475)
SEP (1,017) SEP (1,033) AUG ( 865)
OCT ( 706) OCT (1,210) SEP (1,174)
NOV ( 686) NOV ( 678) OCT ( 632)
DEC ( 678) DEC ( 732) NoV ( 754)
77 MAR ( 635) DEC ( 792)
APR ( 666) 82 JAN ( 911)
MAY ( 557) FEB ( 624)
JUN ( 769) MAR ( 888)
JUL ( 692) APR ( 723)
AUG ( 563) MAY ( 706)
SEP ( 724)
OCT ( 627)
NOV ( 559)
DEC ( 677)
45
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The steps for creating the Eatrained.Phytoplankton data bank were.similar . M

to the‘ones that were described for the Lake'.Phytoplankton  data bank. They are T

gshown as follows:

Raw Data File

Reformat Program
|
-Flat Data File

Taxir Create Program
Y

ENTRAINED.PHYTOPLANKTON

Add Additional Parameters
1

ENTRAINED.PHYTOPLANKTON

Original Data and Reformat Program

Original data are stored on the computer tape in a file such as RDENTXXXZX,
where the first XXX i3 a code for month and the second XX 13 a coée for the year
(for example, RDENTAPR82). The entrainment data files prior to 1980 are stored
on a tape called PEYIO. The 1980, 1981, and 1982 data files can be found
on a tape called PHYTO2. i

The Reformat Program for entrained phytoplankton is called EREFORMAT.
This program is very similar to that used for lake'phft;plankton. A listing

of this progranm is given in Table 4.11.

- ———

y i ’
{1
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G TABLE 4.11. Program EREFORMAT.

C PROCRAM EREFORMAT 1S USED TO REDRGAMIZE ENTRAINMENT PHY?DPLANKTON
C RAY DATA FILES.

C UNIT 5 15 ASSIGNED TO INPUT FILE, (RAW DATA FILE). .

C UNIT 6 1S ASSJGNED TO CUTPUT FILE, (REFORMATTED DATA FILZJ. v

C UNIT 7 IS ANOTHER OQUTPUT FILE FOR THE VALUES OF DL AND S¥. '

¢

¢

¢

c »

Cosasass .

Ceeseces INITIALIZE VARIABLES. '

c.......

< .
LOGICAL®"1 CODE(8,.200) )
REAL CTS(200),FRAC(200),.H(13) .
CONST®=1./ALDG(2.) '

COOOOOO‘

Cescscee READ THE HEADLINES.

c‘.‘..“

¢ R

1 READ(S, 100, END=99) (H(1),I=%,13),DL,5¥ .
100 FORMAT(13A4,1X,2F4.2)

1DLeDL

1SWesSY

WRITE(7.,200) IDL,.ISW }
200 FORMAT(I2,1X,13) . :

CFe(1DL+1.)%41,4516/1SV ‘

SUMeO, ;

NSe 1 ; :
c..‘.“‘ ‘
Crescscs READ THE DATA LINES. s
Coesecses :'
c

5 READ(S,300,END=10) (CODE(J,NS),U=1,9),CTS(NS) ,

300 FORMAT(941,F7.0) . .
IF(CTS(NS).LT.1.) GO TO 10 oo
CTS(NS)eCTS(NS)*CF S
SUMeSUMCTS(NS) Do
NSNS+ "
coT0S NP

. ¢ o
10 D1v=0. ot
NSeNS=1 s
(o4 HE ‘
c.‘.‘l.. B . " -
Ceeenses CORRECT THE FRACTION AND DIVERSITY YALUES.
Ceoncses N P
[ t .
DO 1S 1eq,NS BN )
FRAC(I)=CTS(1)/SUR N
DIVeDIV+FRAC(I)I*ALOG(FRAC(]I) }*CONST |

13 FRAC(I)=sFRAC(1)®100, :

c L

Ceecccee ° .

Cevecece WRITE THE CORRECT VALUES.

c‘...... . '

. ¢ :

£O 20 le4,NS
20  WRITE(6.400) (M(K). Xe2,9), (CODE(J,2).U"1,0),
1CTS(1),FRAC(2), SUK.DIV.H( 12)
caoo FORMAT (844 ,2X . 0AY,FB8.1,F7.2,F8,1,F6.2,2X,44)
6o 1O 1 ’
c
88 sTOP
" END

® o



. {IE 4
Taxir Create Program for Entrained Phytoplankton LU ‘ ’dmm

To establish the Entrained.Phytoplankton-data bank, a Taxir Create program
PETAXIRCR (Table 4.12) is used.’ fhis,progtam‘uses~che entrained phytoplankton
data in flat-file form to store them in a Taxir data bank called

Entrained .Phytoplankton.

. Added Parameters

Additional descriptors were added to the Entrained .Phytoplankton data bank.
These descriptors are Chlorophyll a, Chlorophyll b, Chlorophyll ¢, Phaeophin,
Chlorophyll a Incubated, Chlorophyll é.lncuba:ed, Chlorophyll ¢ Incubated,
Phaeophin Incubated, Hours Incubated, and Redundanc} Index. The values for
Chlorophyll and Phaeophin are obtained by using the computer program ORGANTABLE
(Table 4.13). This brogram selects the parameter information from the chloro-
phyll and phaeophin tables. Running éhe above program results in the output )
data files~corresponding to these parameters which are in a form’such that Taxir ﬂ :

D

Statement CORRECTION can be applied. In this way, these additional descfipcors $

are stored in the already established Entrained.?hycoplankcon data bank.’

In order to merge the additional descriptors with appropriate cases of
entrained phytoplankton; identification codes (ID codes) of YEAR, MONTE, DAY,
LOCATION, and TIME were used. Because the specific cimes.of collection are
different at each sampling but the periods basically correspond to moruing, .
noon, and evening periods, these periods were used in place of actual sampling A

time for ID codes. These periods are shown as follows:

Morning 2-8:30 a.m.
Noon ‘ 8:30-14:00 p.m. i

£:

Evening 18:00~24:00 p.m.
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TABLE 4.12. Program PETAXIRCR.

RUN ®TAXIR
CREATE ENTRAINED,PHYTOPLANKTON,

DAY(FROX 1 TO 31),

MONTH(ORDER ., JAN,FEB,MAR, APR,MAY, JUN, JUL, AUG
YEAR(FROM 70 TO 85).

LOCATION(NAME),

TIME(FROM 1 TO 2400),

CODE(NAME},

GROUP (ORDER,C,D,F,.G,H,0,P,R,S),

CELLS(FRCM .1 TO 9999.9),

FRAC(FROM .01 TO 100.00).

DIVERSITY(FROM .01 TO 6.00),
TEMPERATURE(FROM 0.0 TO 100.0)*

ENTER DATA LOCATIONwEREFORM, FORMATSFIXED,
DAY<7-8>, ,
MONTH<10-12>,

YEAR<14=-15>,

LOCATION<18=20>,

TIME<22-25>,

CODE<35-42>,

GROUP<43>,

CELLS<46-51>,

FRAC<S53-%8>,

DIVERSITY<69~-72>,

TEMPERATURE<T74=-78>%

SAVE

STOP

.SEP,OCT,NOV,DEC),

49 -



TABLE 4.13. Program ORGANTABLE. ~. - .

g VALUES FROM THEIR TABLES., THE INPUT FILES ARE:

C UNIT &; CHLORQPHYLL. A TABLE.

C UNIT 3; CHLOROPHYLL B TABLE. . "

C UNIT 6; CHLOROPHYLL C TABLE.

C UNIT 7: PNAEOPHYTIN TABLE.

C THE OQUTPUT FILE IS UNIT 8 WHICH GONTAINS THE TAXIR CORRECTICON
¢ STATEMENTS. LATZR 8Y SETTING THE SOURCE FILE EQUAL TO THE CUTPUT
C FILE THE UNKNOWN CHLOROPHYLL AND FPHALOPMIN VALUES CAN 8L ADDED TO
C ENTRAINED .PHYTOPLANKTON DATA BANK.

c

4

¢

<

Creecsce -

c.‘.‘...
c‘....‘.

¢

INITIALIZE VARIABLES.

REAL LOCTON,MEANA  MEANDE . MEANC,MEANP
INTEGER MONTH,DAY,YEAR,TIME HRSING
c -

c...‘..‘
READ THE MEAN VALUES, (ONE AT A TIME).

COQQQCOO
C..‘.‘.. » .
¢
100 READ(4,1,END®99) MONTH,DAY,YEAR,TIME,LOCTON,HRSING, MEANA
READ(S.2) MEANB
READ(8,2) MEANC .
READ(7,2) MEANP
1 FORMAT(11X,3(22,1X).14,1X,A2,1X,12,9X.£10.3)
2  PORMAT(39X,E10.3)
¢

c......‘
CICOQOOO
c‘......
C....I..
¢ v .

IF(KRSINC.EQ.Q) G3 TO 10

IF((TIME.GE.2CQ).AND. (TIME.LE.830)) GO TO 20 ,

IF{(TIME.GT.83C).AND. (TIME.LE,1400)) GJ TO 30

WRITE(8.3) MEANA MEANB ,MEANC MEANP HRSINC,YEAR,MCNTH,DAY ,LCCTCN

3 FORMAT(1X,’C (17=° ,FB,4,°)’ ,1X,°(18%° F8.4,')*,1X,

1°(19%’  FB.4,°)°,* (209’ ,FB.4,° )", 1%, *(21=/,12,7)*,1X, " 3",

112, & 2,12, & 187,12, & 48’ ,A2,’ 3 5>1800 & 5<2400°%’)

GD TO 100

20  WRITE(8,4) MEANA,MEANB ,MEANC,MEANP ,HRSINC,YEAR MONTH,DAY,LOCTCN
4 FORMAT(1X,’C (17w’ ,F8.4,’)’,1X,'(18%°,F8,.4,’)",1X,
1°(190°,78,.4,)*,°(20%" ,F8.4,°)",1X,'(21=7,12,7)*,1X, ' *3e’,
112, & 2%/ .22, & 197,12, & 4m7 A2, & %3>200 & 5<330%°)
G TO 10Q .

30  WRITE(D.5) MEANA,MEANS ,MEANC MEANP ,HRSINC, YEAR,MONTH,DAY , LCCTON
5 FORMAT(1X,°C (172 FB:4,°)’,1%X, (18w’ F8.4,’)* 11X,
1°(199° F8.4,'),7(20=° F8.4,°)" 1%, (210 ,12,7)’,1X, *3e’
112, & 20/,32,° & t1e2,12,% & 4%’ A2, § 5>830 & 5<1400*°)
G0 TO 100

10 IF(({TIME.GE.200).AND.(TIHE . LE.B30)) GO TO 40
IF((TIME . GT.B830).AND.(TIME.LE.1400)) GO TO SO

CHECX THE TOTAL MOURS OF INCUBATION FOR EACH SAMPLE
AND CONSTRUCT TAXIR CORRECTION STATEMENTS.

WRITE(8.6) MEANA MEANB MEANC ,MEANP HRSINC ,YEAR . MONTH DAY, LOCTOH

8 FORMAT(1X,°C (13« F8.2,°)" ,1X,'( 140 F8,4,")°,1X,
"(15".F8.4.')'.'(16-'.fﬂ.l.‘)'.lx.'(21~'.12.')'.lx."ao'.
1J2.° & 204,02, & 10 12,7 & 407 ,42,' & 551800 & 5¢2400%°)

GO 10 100

PROGAAM ORGANTASLE 1S FOR REDRGANIZING THE CHLOROPHYLL -AND PHAEOPHIN.

c
Continued on naxt page,
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TABLE 4,13, (Continued) .

40
7
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WRITE(8,7) MEANA ,MEANB ,MEANC,MEANP ,HRSINC,YEAR,MONTH,DAY,LOCTON
FORMAT(1X,.’C (3%’ ,F8.4,’)’,1X,"(14=’ F8.4,’)’, 11X,
1°(15=’ ,FB.4,°)’,'(16%* ,F8.4,’)’ ,1X, ' (21=*,12,°)’,1X,'"3u’
112, & 2%°,12,° & 1=7,12,/ & 47 A2,' & 5>200 & 5<830*')

GO TO 100

WRITE(8,B8) MEANA,MEANS MEANC ,MEANP ,HRSINC,YEAR,MONTH,DAY,LOCTON
FORMAT(1X,’C (13=’,FB.4,)',1X,*(14=* FB.4,’) ", 11X,

1°(15¢’ F8.4,*)’,’ (162 ,FB.4,°)’ ,1X,*(21%°,12,°)’,1X,'*3a"
112.° & 2=° 72,7 & 1= 12, & 4w’ A2,° & 5>830 & 5<1400*')

GO TO 100

sTOP
END



.Computer commands used in this process are shown below:..

#RUN *FIN SCARDS=QRGANTABLE SPUNCH=-~LOAD. ‘ .
#RUN ~LOAD 4=CHLORAXX

5=CHLORBXX | | , 1

\

6=CHLORCXX (XX=YEAR) -
: c

7=PHAXX . . (4,5,6,7)=INPUT FILES .
8=CHLPHAXX 8=0UTPUT FILE o E

#SOURCE CHLPHAXX ‘ | s

v

Data Tape

The complete Entrained.Phytoplankton data bank with 21.descriptors 1is saved

on the tape called COOK beginning at the 2and position.
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| “ LAKE ZOOPLANKTON

The Lake.Zooplankton data bank contains 32,113 items and 10 descriptors.

The descriptors are:

1-STATION
2-MONTH
3-YEAR
4-DEPTH
5-TAXON #
6-COUNT
7-PCCOMP
8-TAXON
9-TEMPERATURE
IO-EECCHI DISsC
¢
The monthly number of data items collected for lake zooplankton beginning

in July 1970 is 1listed in Table 4.14.
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TABLE 4,14, The number of data items in Lake.Zooplankton data bank.
Total # . Total # Total #
Year Month of Items Year Month of Items Year Month of Items
70 JUL ( 459) 75 APR ( 441) 79 APR ( 431)
SEP ( 508) MAY ( 228) MAY ( 211)
NOV ( 461) . JuN ( 312) JUN ( 204)
71 APR ( 189) - JUL ( 630) JUL ( 582)
JUL ( 464) AUG ( 718) AUG ( 298)
SEP ( 603) . SEP ( 322) SEP ( 280)
NOV ( 402) . OCT ( 611) ocT ( 677)
72 APR ( 421) ) . DEC ( 281) NOV ( 296)
MAY ( 90) 76 . APR ( 391L) 80 APR ( 488)
JUN ( 104) ‘ - MAY ( 488) MAY ( 253)
JUL ( 353) ¢, JUN ( 260) JUN ( 262)
AUG ( 121) Q . JUL { 637) JUL ( 489)
SEP ( 116) o AUG ( 336) AUG ( 299)
OCT ( 393) . SEP ( 323) SEP ( 342) -
NOV ( 115) ;§ i OCT ( 593) OCT ( 625)
73 APR { 417) ,7? * . APR ( 442) Nov ( 251)
MAY ( 134) . o MAY ( 215) 81 APR ( 401)
JUN ( 167) i JUN ( 250) MAY ( 243)
JUL ( 566) JUL ( 635) JUN ( 214)
AUG (173) AUG ( 318) JUL ( 456)
SEP ( 171) - SEP ( 321) AUG ( 305)
ocT ( 582) oCT ( 660) SEP ( 312)
74 APR ( 389) NOV ( 288) oCT ( 547)
MAY ( 223) DEC ( 238) Nov ( 290)
JUN ( 247) 78 APR ( 454) 82 APR ( 416)
JUL ( S11) ' " MAY ( 260) MAY ( 186)
AUG ( 307) JUN ( 282)
SE? ( 307) JUL ( 570)
OCT ( 606) AUG ( 304)
SEP ( 337)
ocT ( 702)
NOV ( 309)

.
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The 8te§s for constructing this data bank follow the flow diagram shown

below:

SURVEY70-821 ,

Taxir Conversion

Flat Data File

Error Corrections

]

Corrected Flat Data

File

Taxir Create Program

Y
LAKE .ZOOPLANKTON : )

Added Parameters

Y

LAKE .ZOOPLANKTON

Lake.Zooplankton Data Bank

The Lake.Zooplankton data bank was established using the steps listed
above. These steps are the same as thoge taken for the establishment of the
phytoplankton data bank, except that the length for each descriptor name was
reduced to six characters, which is the maximum number of labeling characters
that MIDAS permits.. Two descriptors, TEMPERATURE and SECCHI DISC, were also
added to this data set. These additions were made using the Taxir Statement

CORRECTION. Both the steps for adding.additional parameters and procedures

. which were used to create the Lake.Zooplankton data.bank are shown below:
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1) Convert the SURVEY70-82! to a line file.

JRUN *TAXIR

GET SURVEY70-82!

Q<DATA, SURVEY> ALL *ALL*

STOP

2) Correct the errors in the SURVEY'data f%le.
#Ed SURVEY

:AGA /F ;JANUARY ;JANbbbb;

- . - -
- w w = -

:AGA /F ;DECEMBER;DECbbbbb; g

:AGA /F ;DC-0-0;DC-Obb;

- @ @ -
- w w = e

:AGA /F NDC-7-5;NDC 7-Sb;

: STOP

#SOURCE ZLTAXIRCR

3) (Add values of SECCHI DISC and TEMPERATURE to the data bank.

CORRECTION (SECCEIDISC=....) AND (TEMPERATURE=....)




“ *Mon=oooo AND YEAR=.... AND STATION-ono'*
1
]
1
1
1

SAVE ' ‘ 1

STOP

ZLTAXIRCR 1s presented in Table 4.15.

Data Tape

The final version of the Lake.Zooplankton data bank is saved on the tape

called COOK at the 3rd position.



..

* TABLE 4.15.

Program ZLTAXIRCR.

RUN sTAXIR

CREATE LAKE.ZOOPLANXTON,

STATION(NAME),

MONTH(CROER,JAN,FEB HAR, APR,MAY , JUN,JUL , AUG, SEP,0CT ,NOV,DEC),

YEAR(FROM 69 TO 8S3),
DEPTH(FROM O TO 60),

TAXON #(FROM 10CO1 TO 99999),
COUNT(FROM O TO 1CCCC00),
PCCOMP(FROM 0.CQ TO 100.C0Q),

TAXON(NAME),

TEMPERATURE(FRON 0,1 TO 40.0),
SECCHI DISC(FROM 0.00 TO 1C0.00)=

ENTER DATA LOCATION=SURVEY, FORMATeFIXED,

STATION< 1=8>,
MONTH< 10~ 18>,
YEAR<CQ0=21>,
DEPTH<23=24>,

TAXON #<26~30>,
COUNT<32-38>,
PCCOMP<40~4%>,
TAXCN<4T=-81>,
TEMPERATURE<83-86>,
SECCHI DISC<33-93>+
SAVE

sToP
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ENTRAINED ZOOPLANKTON

i

The Entrained.Zooplankton data bank consists of 19,703 items and 1l des-

criptors. The descriptors are listed below:

1-TYPE

2-GRATE

3-MONTH

4=DAY

5-YEAR

6-TIME

7-TAXON #

8-COUNT

9-PCCOMP .
10-TAXON

11-TEMPERATURE

The monthly number of data items collected for entrained zooplankton

beginning in 1975 is listed in Table 4,16,
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. 1| K
TABLE 4.16. The number of 'data items in Entrained.Zooplankton data bank.. MWJ

Total # : Total # Total #°
Year Month of Items . Year Month of Items Year Month of Items -
75 JAN ( 30) 78 JAN - (165) 80 JAN (304)
FEB (149) FEB ( 95) FEB (170)
MAR (118) MAR ( 88) MAR (151)
APR (126) APR (120) APR (185)
MAY (121) MAY (184) MAY (224)
JUN (166) JUN (336) JUN (163)
JUL (204) JUL (523) JUL (1456). .
AUG (218) . AUG (550) AUG (266) .
SEP (222) SEP (355) SEP (330) .
oCcT (203) OCT (445) oCcT (276)
NOV (182) NOV (197) Nov (169)
DEC (142) DEC (401) DEC (155)
76 JAN (153) 79 JAN (235) 81 JAN (203)
FEB (101) FEB (179) FEB (134)
MAR (101) MAR (210) MAR (150)
APR (109) APR (151) APR (119)
MAY (156) MAY (191) . MAY (216)
JUN (258) JUN (166) JUN (117)
JUL (312) JUL (396) ] JUL (152)
AUG (509) AUG (535) AUG (326)
SEP (192) SEP (436) SEP (417) i
OCT (189) oCT (383) OCT (138) )
Nov (184) NOV (273) NoV (158) ’
DEC (173) DEC (266) DEC (258) \
77 FEB ( 33) 82 JAN (220)
MAR (187) FEB (128)
APR (160Q) MAR (213)
MAY (138) APR (179)
JUN (175) MAY (171)
JUL (436)
AUG (598)
SEP (312)
ocT (290) '
NOV (174)
DEC (164) ;
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Entrained.Zooplankton Data Bank

The Entrained.Zooplankton data bank contains 11 descriptors; the last
of which, TEMPERATURE, was added to this data base after it was created by
the Taxir program. The final version of the Entrained.Zooplankton data bank

is stored on the tape COOK at the 4th position.

. 61



LAKE BENTHOS

The Lake.Benthos data bank has 72,504 items: and 16 descriptors.

The descriptors are:

1-YEAR
2-MONTH
3-REGION
4~ZONE
S-DEPTH
6-CON .FACT
7-AREA
8-STATION
9-GROUP
10~CODE
11-CELLS
12-PRIM SED
13-SEC SED
14-TERT SED
15-QUAT SED

16~-VOLUME

The number of data items collected for the Lake.Benthos data bank {is

shown by months in Table 4.17.
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TABLE 4.17. The number of data items in Lake.Benthos data bank.

Total # Total # Total #

of Items Month of Items Year of Items

7 ( 595) 4 (1;065) 78 4 ( 980) )
11 ( 817) 5 ( 696) 5 ( 482)
4 ( 702) 6 ( 784) 6 ( 564)
7 ( 857) 7 (1,862) 7 (1,881)
11 ( 610) 8 (1,030) 8 . ( 585)
4 ( 898) 9 ( 935%) 9 ( 652)
5 ( 318) 10 (1,301) 10 (1,572)
6 ( 363) 12 ( 561) 11 ( 599)
7 (1,970) 4 (1,081) 79 4 ( 698)
8 ( 371) 5 ( 667) ) ( 556)
9 ( 294) 6 ( 434) 6 ( 627)
10 (1,996) 7 (1,360) 7 ( 949)
11 ( 335) 8 ( 536) 8 ( 576)
4 (1,774) 9 ( 495) 9 ( 531
5 ( 222) 10 (1,036) 10 ( 911)
6 ( 440) 4 (1,153) 11 ( 545)
7 (3,074) 5 ( 533) 80 4 ( 625)
8 ( 448) 6 ( 515) 5 ( 570)
1’9 ( 486) 7 (1,884) 6 ( 539)
10 (2,173) 8 ( 565) 7 ( 922)
4 (2,030) 9 - ( 614) 8 ( 582)
5 ( 600) 10 (1,373) 9 ( 625)
6 ( 753) 11 ( 642) 10 ( 882)
7 (1,629) 12 ( 543) 11 ( 445)
8 ( 879) 81 & ( 701)
9 ( 844) 5 ( 478)
10 (1,327) 6 ( 532)
7 (., 839)
8 ( 586)
9 ( 598)
10 ( 881)
‘ 11l ( © 490)
82 4 ( 556)
5 ( 476)




Procedures for -establishing the Lake.Benthos data bank are shown by. the

following flow diagram: . .

MIDAS Lake Benthos Data

MIDAS Lake Benthos Data

79-82 ' 70-78
Use MIDAS Converéion
\i |
+ Line File Line File

{

Use Reformat Program
Add Additional Parameters

\

Flat Data File

Flat Data File

Lake.Benthos Data Bank

Taxir Create
Program

LAKE .BENTHOS

The original Lake Benthos data were stored in MIDAS internal files

COOKMERGE and COOK79-82.

The former houses the data between 1970 and 1978,

and the latter contains the data between 1979 and 1982. The procedures

for establishing this data base are:

to line files, then (2) to change the line files to flat files, and (3) to use

a Taxir C;eatglprogram to create the Lake.Benthos data bank.
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To accomplish the first step, we used the following computer statements

to convert COOKMERGE to a line file:

(while in MTS mode)

#RUN STAT:MIDAS

?7READ INTERNAL FILE=COOKMERGE VARIABLE=ALL

(writing the variables of intereﬁt in the required order in the file
LINVMIDAS, an MIS line file)

?WRITE VARIABLE=1-5,9,155-156,10-147,150~154,200-205,300-303,400~406,500-510
FILE=LINVMIDAS CASES=ALL FORMAT-(Z(F3.0,2X),2(F£.0,2X),F&.l,ZX,FS.2,2X,F2.0,2X,
F4.0,2X,166(F10.2,2X),4(F2.0,2X),F4.1)

2FINISH

Note that the order of the variables in the file LINVMIDAS follows
the sequence of variables, YEAR, MONTH, REGION, ZONE, DEPTH, CbN.FACT, AREA,
STATION, 166 SPECIES VALUES, PRIMSED, SECSED, TERTSED, QUATSED, and VOLUME.
With a slight ch;nge, the above-statements were applied to change COOK7982

to a line file. The complete statements are as follows:

JRUN STAT:MIDAS

7READ INTERNAL FILE=COOK7982 VARIABLE=ALL

IWRITE VARIABLE=1-31,34-61 FILE=MCOOK7982 CASES=ALL
FORMAT=(2(F3.0,2X),F2.0,2X,2(F2.0,2X),F4.1,2X,F5.2,2X, 4(F2.0,2X),F4.1,2X, 46 (F10.
2,2X),F4.0)

?FINISH
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The order of the variables in file MCOOK7982 is different from that

" i{n the LINVMIDAS and is shown as follows: YEAR, MONTH, AREA, REGION, ZONE,

DEPTH, CON.FACT, PRIMSED, SECSED, TERTSED, QUATSED, VOLIME, 46 .SPECIES VALUES,

and STATION.

Reformat Programs

Each benthos species in the BLINVMIDAS is treated as a parameter. There
are 166 species included in this file, but only 46 specles occur frequently.
A large amount of space in the file is, therefore, occupled by species occurring
only rarely; this represents an inefficient utilization of space. We decided to
change the form of data storage so as‘to make more efficient use of file space.
Programs BLARRAN1 and BLARRAN2 were written for this purpose. These programs
ignore those gspecies with counts of 0.0; the remaining species are placed in a
flat-file form with one species per line. The program BLARRAN1 is used for
restructuring the 1970-1978 data whilé BLARRAN2 is used for rearranging the
1978~1982 data. The results of these programs are stored in files REMCOOK7982
and BLREMIDAS. The command statements for using these programs are listed

below:

JRUN *FTN SCARDS=BLARRAN1 SPUNCE=OBJ1
#RUN *FTN SCARDS=BLARRANZ SPUNCH=O0BJ2
#RUN OBJ1 S=BLINWMIDAS 6=BLREMIDAS

#RUN OBJ2 5=MCOOK7982 6=REMCOOK7982

The contents of these programs are listed in Tables 4.18 and 4.19.
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@ TABLE 4.18. Program BLARRAN1. ,
{

PROGRAM BLARRANY 1S USED TO ORGANIZE LAKE BENTHOS DATA SETS FOR
THE PERIOD OF 1970 TO 1878, THE OUTPUT FILE IS IN THE FORM OF
FLAT FILE WHICH LATER CAN BE ADDED TO LAKE.BENTHOS DATA BANK.
UNIT 85 IS THE INPUT FILE.

UNIT 6 1S ASSIGNED TO OUTPUT FILE., (FLAT FILE).

aNOOOONONO

Ceeosses , ! -
Cessescs INITIALIZE VARIABLES.
ct..‘.“
[«
REAL YEAR MONTH,REGIN.ZONE ,DEPTH,CONFAC,AREA,STAT,PRSD,
1SESD, TESD.QUSD, VOLUME ,SPCONT(166)
REAL®*8 SPNAME(166)
INTEGER IYEAR,IMONTH,IREGIN,I20NE, IAREA,ISTAT,IPRSD,
$ISESD,ITESD, IQUSD
LOGICAL®1 GROUPN(1668)
[

Coeensss

Cessssse INITIALIZE DATA.
Ceeosses )
2 ‘
DATA SPNAME/BH C.FLUV,8H C.ANTHR,BHCHIRNMUS,8H CLADO,
18H C.ROLLI,BHCRYPTD 1,8HCRYPTD 2,BHCRYPTO 3,8H CRICOT,
{8HDEMICRYP ,BKH,CHANGI ,8H H.OLIV,8H HYDROB,8H MICROP,
188 M.TUB,.8H P.ABORT,8HP.NERE1S,8HP.UNDINE,B8HP,CAMPTO,
18H P,.WINN,BH P.FALLX,84 P.SCAL,8H POLY 2,8H P.LONG,
18H PROCLAD,8H P,SIMUL,BHRHEDOTANY,8H R.DEMJ,8H S.TYLUS,
18H TANYTAR,BHTHIEN GR,8H O. CHIR,B8H A.LEYD,8HA,LOMOND,
: 184 C.DIAPH,8H C.DIAS,8HC.SETOSU,BH DERO,.8H N.PARD,
. 18HN.PSEUDO,.8H N.VAR,84H N.SIMP,8H P.LIT,8HP,SIMPLX,
18H P.MICH,BHP.FORELI,B8HP.LONGIS,8HP . 0SBORN, 8HS,.APPEND,
18H S.JDSIN,8M S.LACUS,8H U,UNCIN,8H V.INTER,BHIM V0 KC,
18H IM W HC,B8HL,ANGUST,.8H L.CLAP,8HL.CERVIX,8H L.HOFF,
18H L.PROF,8H L.SPIR,8H L.UDEK,8H P.FREYI,8M PELD MM,
184 PELO ML,8H P.SUPER,8HKP.BEDOTI,.8H P.MOLD.8H P.VEY,
18H A AMER,B8H A.LIMND,8H A.PLUR,BH I.TEMP,BHT.TUBIFX,
184 R.COCC.8H V.SIN,8H V.TRI,B8HAMNICOLA,8H3YTHINIA,
$8H SOMATO,.8H LYMNAEA,8H PHYSA,8HO. GASTR,8H S.NITID,
18H S.STRIA,8H S.TRANS,8H  S.CORN,BHP,ADAMSI,8H P.CASER,
18H P.COMP,BH P.CONV,BH P.FALL,.8H P.FERR,BH P.HENS,
18H P.IDAKO,8H P.LILLJ,8H P.MILL,8H P.NIT,8H P.PAUP,
184 P.SUPIN,8BH P.SUB.BH P.VAR,8H P.WALK,8H H.STAG,
18H D.PARVA,8H N.OBSC,8H4 G.COMP,8K3., HIRUD,8HO INSECT,
18HP.HOYI 1,8KHP.HOYI 2,8HP.HOYI 3,8HP.HOYI 4,8HP.HOY! G,
18HP.HOY! S.8HP,HOYI M,8H TPONTO.8H TMYSIS.8H TGAMM,
18H THYALL,8H TCHIR,8H  TNAID,8H TTUBIF,8H TENCHY,
18H TSTYLO,8H TOLIGO.8H TGASTRO,8H TSPHAER,8H TPISIP,
184 TPELECY.8H THYDRAGC,8H THIRUD,8H THYDRA,BHTTURBELL,
184, TOTHER,8H TANIMAL,8H TAEDLDS,8H ASELLUS,8H 0. NAID,
48H O.SERP,8H N.COMM,8H P.FRICI,B8KN.BRETSC,8HN,BEKNGI,
18HO, TUBIF,8H P,VARIG,84 P.HAMM.8H A.PIG,8KHM. PISID,
18HU. PISID,B8H S.RHOMB,8H P.AMNIC,8H S.SECUR,8HD. SPHAE,
18HP .VENTRI,8H M. CHIR,8H KIEFF,8H C.HALD,8HPARACLAD,
18KHARNISCH, B84 PHAENDP,8H DICRO,8H GLYPTO,B8HPARATANY,
18HRHEDTANY,.8H STI1CTO/

DATA GROUPN/32°1HC,21*1HN,22° 14T, 8" 1HG, 4* 1HS, 16* 1P,
152 1HH, 1HO, 8% 1HA, 1KO, 2" 1HA, 1HC, 11BN, 1HT ,3* {HO, 1HG, 1HS, tHP,
12° 140, 1HH, 6™ 1HD,6° 1HN,4* 1HT,2* tHP, 1HS, 1HP, 2" 1HS, 1HP, 11*1HC/

. READ DATA LINES CONTAINING 166 SPECIES CCUNTS.
CI‘..O‘D
¢ : .

. . e Continued on next page.
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TABLE 4.18. (Continued).-

100 READ(S, 10,END®99) YEAR,MONTH,REGIN,ZONE,DEPTH,CONFAC,AREA,
1STAT, (SPCONT(J) ,Jv 1, 168),PRSD, SESO, TESD,CUSD, VOLUME

10 FORMAT(2(F3.0.2X),.2(F2.0,2X),F4.1,2X,F3.2,2X,F2.0,2X,F4,0,
12X, 166(F10.2,2%) ,4(F2.0,2X) ,F4.1)

[
IYEARYEAR .
IMONTHeMONTH
IREGINREGIN
I120NE«2Z0NE
IAREASAREA
ISTAT=STAT
1PRSD=PRSD
ISESDeSESD
ITESD=TESD '
10USD=QUSD
g..“.“
Ceseccas WRITE THE FLAT FILE WITH THE SPECIFICATIONS
Cosacess OF ONE SPECIES AT EACH LINE.
c.‘..‘.‘
¢

00 20 I=t,168
IF(SPCONT(3).LE.O.) GO TO 20
WRITE(G.30) IYEAR,IMCNTH,IREGIN,IZCNE,DEPTH,CONFAC, IAREA,
1ISTAT.GROUPN(T),SPNAME(I),SPCONT(2),IPRSD,ISESD,ITESD,
11QUSD, VOLUME

30 FORMAT(2(13,9%),2(12,3%),F4.1,3%,75.2,3%X,12,3%X,14,3%,A1,
13X,A8,3%X,F10.2,3X,4(12,3X),F4.1)

20 CONTINUE

¢

GO0 T0 100

¢
99 sToP
END
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TABLE 4.19. Program BLARRAN2.

C PROGRAM BLARRAN2 IS USED TO ORGANIZE LAKE BENTHOS DATA SETS FOR

C THE PERJOD OF 1979 TO 1982. THE ' OUTPUT FILE 1S IN THE FORM OF

C FLAT FILE VWHICH LATER CAN BE ADDED TO LAKE .BENTHOS DATA BANK.

C UNIT 5 IS THE INPUT FJILE.

C UNIT 6 1S ASSIGNED TO OUTPUT FILE, (FLAT FJILE).

[+

[~

[~4

c

CO..“‘.

Csssassae INITIALIZE VARJABLES. ,

c.aoc.‘a

¢
REAL YEAR,MONTH,AREA,REGIN,ZONE,.DEPTH,CONFAC,PRSD,SESD,
{TESD,QUSD, VOLUME ,SPCONT(46),STAT
REAL®8 SPNAME(46)
INTEGER IYEAR, IMONTH, TAREA, IREGIN, I120NE, IPRSD, ISESD,
1ITESD, IQUSD,ISTAT
LDGICAL®*1 GROUPN(46)

g...““

Cesesose INITIALIZE DATA.

CO..O‘.‘

c
DATA SPNAME/BHP.HOY] 1,8HP.HOYI 2,8HP.HOYI 3,8HP.HOY! 4,
18HP .HOYI G,8HP.HOY! S,8HP.HOYI M,8H TPONTO.8H TMYSIS.
184  TGAMM,8H THYALL,BH ASELLUS,B8HV.LE¥ISI.8H V.SIN,
18HAMNICOLA ,8HBYTHINIA,8H SOMATO,8H LYMNAEA,B8H  PMYSA,
18H TGASTRO,8H TP1SID,BHS.MARGIN,8H S,.NITID,8HS.SIMILE,
18H S.STRIA,BH S.TRANS,8H TSPHAER,BH TPELECY,.84 TCHIR,
184 TSTYLO,8H  TNAID,BH TTUBIF,BH TENCHY,8H TOLIGO,.
18HGLOSSOPH,8H H,.S5TAG,8H D.PARVA,8H N.OBSC,8HO. HIRUD,
184 THIRUD,B8H THYDRAC,BH THYDRA,8HTTURBELL,.8H TOTHER,
18HO INSECT,8H TANIRAL/

c
DATA GROUPN/8® 1HA, 1HD, 2% 1HA, 1HD, 8% 1HG, 1HP, 6> 1HS, 1KO,
11HC, 1RO, 1RN, 1HT,2° 1HO, 6= tHH, G* 1KD/

g‘.‘.‘.‘

Coessase READ DATA LINES CONTAINING 46 SPECIES COUNTS,

C"““‘ N

c

100 READ(S,10,END®SS) YEAR,MONTH,AREA,REGIN.2ONE,DEPTH,
1CONFAC,PRSD,SESD, TESD, CUSD, VOLUME, (SPCONT(J) ,Uv1,46),STAT
10 FORMAT(2(F3.0,2X),F2.0,2X,2(F2.0,2X),F4,1,2X,
1F5.2,2X,4(F2.0,2X),F4,1,2X,46(F10.2,2X),F4.0)
c

IYEARSYEAR
IMONTH=MONTH
IAREA®AREA
IREGIN=REGIN
IZONEw2ZONE
IPRSD=PRSD
1SESDwSESD
ITESD=TESD
1QUSD=QUSD
ISTAT»STAT

IF(IYEAR.EQ.10) IYEARe79
IF(IYEAR.EQ.11) 1YEAR=8O
IF(IYEAR,EQ. 12) IYEAR=81
IF(IYEAR.EQ.13) IYEARe82

IF(CONFAC.EQ.1.) CONFAC®GD.60
IF{CONFAC.EQ.2.) CONFAC®20.40
IF(CONFAC,EQ.3.) CONFAC®30.30
:- Continued on next page.
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| TABLE 4.19. (Continued). .

¢

Ceseesee

Ceossons WRITE THE FLAT FILE WITH THE SPECIFICATIONS
Ceoeesoes OF ONE SPECJES AT ZACH LINE.

Ceeseces -

DO 20 11,46 .
. _IF(SPCONT(1).LE.0.) GO TO 20

WRITE(6,30) IYEAR,IMONTH,IREGIN,120NE,DEPTH,CONFAC,
1IAREA, ISTAT,GROUPN(T), SPNAME(T),SPCONT (1), IPRSD,
11SESD, ITESD, IQUSD, VOLUME

30 FORMAT(2(13,3%).2(22.3X),F4.1,3X,F5,2,3%,12,3X,14,
13X,A1,3X,A8,3%,F10.2,3X,4(12,3X) ,F4.1)

20  CONTINUE

¢

GO TC 100

[~
99 STOP
END
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Taxir Create Program

Program BLTAXIRCR is a Taxir Create program for establishing the
Lake.Benthos data bank. This Create program uses the result of the reformat
programs establishing a Taxir data base, LAKE.BENTHOS, which is saved on the

COOK tape at position 5. The Taxir Create program for the Lake.Benthos data

bank is shown in Table 4.20.

71



TABLE 4.20. . Program BLTAXIRCR.

RUN ®TAXIR

CREATE LAKE.BENTHOS,

YEAR(FRCM 70 TO 8S),
MONTH(FRCM =0 TO 12),
REGION(FROM =0 TO 3),
ZONE(FROM =0 TO 9).

DEPTH(FROM =0.0 TO 99.9),
CON.FACT(FRCX =0.C0 TO 99.389),
AREA(FROM =0 TO 9),
STATION(FROM =0 TQO $93),
GROUP(ORDER,A,C,G.H,N,0,P,5,T),
CODE(NAME),

CELLS(FROM 0.01, TO 10C0000.99),
PRIM SED(FROM ~0 TO 9),

SEC SED(FRCM -0 TO0 9),

TERT SED(FROM -0 TO 9),

QUAT SED(FROM =0 TO 3),
VOLUME(FROM =0.0 TO 99.9)° .
ENTER DATA LOCATION=BLREMIDAS, FORMATePIXED,
YEAR<1=3>,

MONTH<7=8>,

REGION<13=14>, .

20NE<18-19>,

DEPTH<23-26>,

CON.FACT<30-34>,

AREA<33«33>,

STATION<A3=46>,

GROUP<S0>,

CODE<S4=61>,

CELLS<65~74>,

PRIM SED<78-79>,

SIC SED<83=84>,

TERT SED<88-89>,

QUAT SED<93-94>,

VOLUME<S8=101>=

SAVE

sToP
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ENTRAINED BENTHOS

The Entrained.Benthos data bank contains 1l deseriptors and 7,911 items.

The descriptors are:

1-SAMPLE
2-YEAR
3-MONTH
4-4EEK
S-PERIOQ
6—~-PUMP
7-REPLICATION
8-CUBIC.METIER
9-~-GROUP
10-CODE

11-CELLS

The monthly number of data items stored in the Entrained.Benthos data

bank is shown in Table 4.21.
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TABLE 4.21. The number of data items in Entrained.Benthos data bank. .
Total # Total # Total #
Year Month of Items Year Month of Items Year . Month of Items
75 1 { 54) 78 1 (75 81 1 ( 62)
- 2 ( 94) 2 ( 22) 2 ( 42)
3 ( 25) 3 ( 21) 3 ( 79)
4 ( 48) 4 ( 46) 4 ( 59)
5 { 47) 5 ( 98) S (131)
6 { 65) 6 (195) 6 (281)
7 ( 69) 7 (159) 7 (185)
8 (109) 8 (189) 8 (200)
9 ( 83) 9 (¢ 96) 9 ( 99)
10 ( 39) 10 ( 86) 10 (131)
11 ( 61) 11 (112) 11 (105)
12 (125) 12 (119) 12 (184)
76 1 ( 66) 79 1 ( 50) 82 1 ( 29)
2 ( 3D 2 ( 32) 2 ( 21)
3 ( 95) 3 ( 20) 3 ( 9
4 ( 68) 4 (109) 4 ( 29)
5 L 79) 5 (100) 5 ¢ 5)
6 ( 97) 6 (178)
7 (135) 7 (134)
8 ( 70) 8 - (183)
9 C77) 9 ( 80)
10 ( 45) 10 ( 97)
11 ( 6) 11 (117)
12 ( 24) 12 ( 99)
77 3 ( 26) 80 1 (131)
4 ( 51) 2 ( 43)
5 (¢ 5 3 ( 29)
6 (123) 4 ( 50)
7 ( 67) 5 (75)
8 (222) 6 (2335)
9 ¢ 90) 7 (142)
10 (136) 8 (207)
11 ( 23) 9 (102)
12 (150) 10 (107)
11 (108)
12 (109)
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The steps used to create the Entrained.Benthos data bank are shown

in the following flow diagram:

Entrainment Benthos

MIDAS Conversion

Line File

Reformat Programs

Additional Parameters

Y
Flat Data File

Taxir Create Program

i
ENTRAINED.BENTHOS

Entrained .Benthos Data Bank

The original entrained benthos data are stored in an internal MIDAS file as
ENTRAINMENT-REV. This file was first converted to an MTS line file and then
changed to a flat file. The detailed procedures for creating a line file from
anqincernal MIDAS file was discussed previously. The similar procedures for

creating a line file for entrained benthos are shown below:

fRUN STAT:MIDAS

(reading all the variables)

?READ INTERNAL FILE=ENTRAINMENT-REV VARIABLE=ALL -
(writing the required variables with .the desired order)

?WRITE VARIABLE=1-7,9-16,18-22,24-25 FILE=EINVMIDAS CASES=ALL
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FORMAT=(F4.0,1X,6(F3.0,1X),F6.2,1X,34(F10.5,1X))"

?FINISH

The order of the parameters in the EINVMIDAS is as follows: YEAR, MONTH,

WEEK, PERIOD,” PUMP, REPLIC, CUBICM, and 34 parameters for species.

Reformat Program . -

Each speciesrin the entrained benthos file EINVMIDAS 1s treated as a
parameter in the same way as that in the lake benthos file. The program BEARRAN
was written for the séme purposes as those for the lake benthos data, to reduce
the space reserved for chése species that show no counts and to rgarrénge the
data by placing one species per line in a flat file. The content of chis

program is listed in Table 4.22. The result from program BEARRAN was saved in a

. oo
-
a
T

A Taxir Create program, BETAXIRCR, was used to create the Entrained.Benthos

file named BEREMIDAS.

Taxir Create Program

data bank. This computer data bank i3 saved at posicion 6 of the COOK tape.

The contents of BETAXIRCR are listed in Table 4.23.
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TABLE 4.22. Program BEARRAN.

t

C PROGRAM BEARRAN 1S USED TO ORGANIZE ENTRAINMENT BENTHOS DATA SITS
C FOR THE PERICO OF 1978 TO 1982, TYHE DUTPUT FILE 1S IN THE FORM OF
C FLAT FILE WHICH LATER CAN BE ADDED TO ENTRAINED.BENTHOS DATA BANK.
C UNIT 8 IS THE INPUT FILE.

C UNIT 6 1S THE OUTPUT FILE, (PLAT FILE).

[
c .
g )
Cooscose .
ce INITIALIZE VARIABLES.
c.‘.....
c
REAL SAMP,YEAR,MONTH,VEEK,PERID,PURP ,REP,CUBICM,SPCONT(34)
REAL®S SPNAME(34)
INTEGER ISAMP,IYEAR,IMONTH, IWEEX,IPERID,.IPUMP,IREP
INTEGER®2 GROUPN(34) «
g...IOOO
Ceessece INITTALIZE DATA.
c.o‘ooo.

DATA SPNAME/SK P.HOYI{,8H P, HOYI2,.84 P.HOY13,8K P.HOY1Y,
18HP . HOY] G,8HP,HOY] S,BHP.HOYI M, 8H T MYSIS,8H T GAMM,
18H T HYALL,BHCRANGONX,8H T ASELL.B8H T CHIR.8M T NAID,

* 18H T TUBIF,8H T STYLO.BH T ENCHY,8H T WIRUD,8H TGASTRO,
18KT SPHAER,8H T PISID,8KT HKYDRAC.8H T HYDRA,8H T TURB,
ISHCRAYFISH,8H OTHERS,8H TRICKQP,8H EPHEM,8H COONATA,
184 COLEDPT,8H CHAOBOR,8H CULICID,BHSIMULIID,SHOINSECTA/
DATA” GROUPN/T¥2HAN , 2HRY ,J*2HAM , 2HAS , 2HCH, 4°2HOL . 2HHI,
12HGA ,2HSP ,2HPT , 3°2HOT , 2HCR,, 2KOT, 8 *2HIL/

g...‘...
Ceeoccos READ* DATA LINZS CONTAINING 34 SPECIES COUNTS.
c.“.... -
c .
100 READ(S, 10,ENDeS9) SAMP,YEAR,MONTH,WEEK,PERID,PUNP REP,
. 1CUBIEK, (SPCONT(1),121,34)
10  FORMAT(F4.0,1X,8(F3.0,1X),F6.2,1X,34(F10.5, 1X))
1SAMPeSAKD .
IYEAR=YEAR
IMONTHOMINTH .
IWEEKsWEEK
IPERIDSPERID
1PUNPePUNP
IREPeREP -
c
CI..QC..
Csosssns CHANGE YEAR CODES, (EX: CHANGE 1 T0 75), ‘
c.‘...l.
c
IF(IYEAR.EQ.1) IYEARsTS
IF(IYEAR,EO.2) IYEARSTS
IF(IYEAR.£Q0.3) 1YEZARe77 8
IF(IYEAR.EQ.4) IYEARs?8
' IF(IYEAR.£Q.5) IYEARe79
IF(IYEAR.EQ.€) IYEAR®BO
IF(IYEAR.£Q.7) IYEAReS1
IF(IYEAR.EQ.8) IYEAR#82
gooo¢o.‘
Coescses WRITE THE FLAT FILL WITH THME SPECIFICATIONS - .
Cesssece OF ONE SPECIES AT LACM LINE,
co.oo-o.
c

00 20 114,04 . !
IF(SPCONT(1).LE.0.0) GO TO 20 .
VRITE(6.30) I1SAKP, JYEAR,IMONTH, IWEEK,IPERID,IPUNP,
1IREP,CUBICK,GROUPN(T),SPNAKE(]),SPCONT(1)

30 FORMAT(13,3X.6(12,3X),F6.2,3X,A2,3X,48,3X,F10.5)

20  CONTINUE
€0 T0 100

* 29 STOP N
ENO )




TABLE 4.23. Program BETAXIRCR..

. RUN sTAXIR .

- CREATE ENTRAINED.BENTHOS, ) »
SAMPLE(FROM 100 TO 999),

YEAR(EROM 70 TO 83),

MONTH(EROM 1 TO 12),

WEEK(FROM t TO 5),

PERIOD(FROM 1 TO 9),

PUMP(FROM 1 T3 2),

REPLIC(FROM 1 TO 2),

CUBIC M(FROM 0.00 TO 999.98),
GROUP(ORDER,AM,AS,CH,CR,GA,HL,0T,0L,0T,1Y,PT,SP),
CODE(NAME),

CELLS(FROM 0.CC000 TO 9999.999399)"
ENTER DATA LOCATION=BEREMIDAS, FORMATSPIXED,
SAMPLE<1=3>,

YEAR<T =8>,

MONTH<12~13>,

WEEK<1T=18>,

PERICD<22~23>,

PUMP<27~28>,

REPLIC<32~33>,

CUBIC M<37=42>,

GROUP<48=47>,

'CODE<S 1-58>,

CELLS<62=71>®

SAVE

s$TOP

2 m——t
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IMPINGED BENTHOS

The Impinged.Benthos data bank contains 4,103 items and 11 descriptors,

which are listed below:

1-YEAR

2-MONTH
3-PERIOD
4=CASE

5~NAME

6~-SEX
7-REPRODUCTION
8-SIZE
9-NUMBER
10-TOTAL NUMBER

11-TOTAL WEIGHT

The monthly number of data items stored in the Impinged.Benthos data bank

is shown in Table 4.24.
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The number of data items in Impinged.Benthos data bank. - W ) .

" TABLE 4.26.
Total # * Total # Total # |
Year Month of Items Year Month of Items Year Month of Items’ . 1
75 1 ( 13) 78 1 (27) 81 1 (34) T
2 ( 26) 2 (19) 2 (12) 4
3 ( 51) 3 (26) 3 (40) | |
4 (104) 4 (53) 4 (34) -
5 (101) 5 (10) 6 (10)
6 ( 46) 6 (17) 7 (56)
7 ( 18) 7 (28) . 8 (49)
8 (638) 8 (47) 9 (14)
9 (525) 9 (17) 10 (11)
10 (150) 10 (19) 11 (15)
11 (120) 11 (19 12 (14)
12 ( 39) 12 ( &)
76 1 ( 57). 79 1 (&)
2 ( 30) 2 ( &)
3 ( 36) 3 (18)
4 ( 57) 4 (M
5 ( 22) 5 ( 2)
6 ( 48) 7 (41)
7 (102) 8 (49)
8 (102) 9 (32)
9 ( 81) 10 (16)
10 ( 41) 11 (16)
11 ( 38) 12 ( 2) % ’
12 ( 33) 80 2 (16)
77 1 (11) 3 (38)
2 (¢ 9) 4 (59)
3 ( 39) 5 (66)
4 ( 94) 6 (12)
5 (' 56) 7 (15)
6 ( 69) 8 (63)
7 (110) 9 (31)
8 ( 45) 10 (21)
9 ( 29) 11 ( 2)
10 ( 24) 12 (13)
11 ( 18)
12 ( 50)
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G ) The steps for establishing this data bank are shown in the following

flow diagram:

Impinged Benthos | .

MIDAS Conversion

Line File

Reformat Program
& Additional Parameters

Y
FPlat Data File

P Taxir Create Program

!
IMPINGED.BENTHOS

'B Impinged.Benthos Data Bank :

The data for impinged benthos are also in an internal MIDA§ file. The same

TS
MTS procedures used for both lake and entrained benthos are used here. The

o

computer statements for the operations are listed below:

#RUN STAT:MIDAS

(read all the variables) o
: 7READ INTERNAL FILE=IMPINGE VARIABLE=ALL

(write the required parameters) )

7WRITE VARIABLE=1-44,46-49 FILE=TIINVMIDAS CASES=ALL

PORMAT=(3(F3.0,1X),45(F7.1,1X))

7T INISH

¢ .



The order of the original .variables in IINVMIDAS is as.follows:: YEAR,

' 'MONTH, REPRODUCTION, SPECIES (the parameters,of 43 species), TOTAL' NUMBER, ° ..

TOTAL WEILGHT. e

Reformat Program

The reformat program BIARRAN was used to reduce the space occupied by
those impinged benthos species that show no counts and';o rearrange the data
so that each species is in the form of ome species per line in a flat file.

The contents of BIARRAN are listed in Table 4.25.

Taxir Creaté Program

The Taxir Create program BITAXIRCR was used to create the
Impinged.Benthos data bank. The complete Impinged.Benthos data bank
is stored on tape COOK at position 7. The contents of the program

are listed in Table 4.26.
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TABLE 4.25. Program BIARRAN.

€ PROGRAM BIARRAN 1S USED TO ORGANIZE IMPINGEMENT BENTHOS DATA SETS
FOR THE PERIDD OF 1975 TO 1981, THE CUTPUT FILE 1S IN THE FORM OF
FLAT FILE WHICH LATER CAN BE ADOED TO IMPINGED.BENTHOS DATA BANK.

¢

[

C UNIT S5 1S ASSICNED TO INPUT FILE.

C UNIT 6 IS THE OUTPUT FILE, (FLAT FILE).

INITIALIZE VARIABLES.

REAL YEAR(815),MONTH(813),PERIOD(815),SPCONT(8185,43),
1TOTALN(815),TOTALW(S1S)

REAL®B NAME(43)

INTEGER IYEAR(B15),IMONTH(B15),IPERID(815)

INTEGER®2 SEX(43),REPRCD(43),S12E(43) .
Ceoscees
Coossscs INITIALIZE DATA,
Cossosse

DATA NAME/41°8MORC PROP,BHMUTILATE,BHOTHER SP/

DATA SEX/2°2H F, 2HM1,2KM2,2°2K F,2HK1,2KH42,2°2K F,
TR, 2MN2,2°2H F, 201,22, 2°2H F,21001,20002 ,2°2K F,
12HMT,2HM2,2°2H F,2MM1, 2K, 292H F,2H1,2M2,2°2H F,
120081, 2HRS , 272K F, 2041, 2HX2,2H R, 2°2H /

c
DATA REPRCD/2H R,2MNR,2°2H ,2M R,2HNR,2°2H ,2H R,
12MNR,2°2H ,2H R,2HNR,2°2M L2H R,2MKNR,2"2H ,L,2M R,
12HNR,2°2H 28 R,2HWNR,2°2H ,2H R,2HNR,2°2H ,.2H R,
12MNR,2°2H  ,2M R,2MNR,3°2H /
DATA SI2E/4*2H 1,4°2H 2,4°2M 3,4°2M 4,4°2K4 8,4°2H 6,
14°2H 7,4°2H B,4°2H 9,4°2H10,3%2H /

c“.....

Coesccoe READ DATA LINES CONTAINING 43 SPECIES COUNTS.

c.‘.....

c

00 10 l=1,848

READ(S,20) YEAR(I) MONTM(1),PERICO(I),(SPCONT(I J),Um1,43),

ITOTALN(I ), TOTALW(])

20 FORMAT(J(FJ,0,1X),45(F7.¢,1X))
IYEAR(I )eYEAR(])
IMONTH( I ) eRONTH(T)
IPERID(1)«PERIDD(I)

Ceodescsne

Coesssss CHANGE YEAR CODES, (EX: CHANGE 1 70 75).
c.‘....‘
¢
TF(IYEAR(I).EQ.1) IYEAR(I)e7S
IF(IYEAR(L).E0.2) IYEAR(I)a76
IF(IYEARCI).EQ.3) IYEAR(I)e77
IF(IYEAR(I).EQ.4) IYEAR(]I)e78
IF(IYEAR(I).EQ.S) IYEAR(3)=79
IF(IYEAR(]I).EQ.G) IYEAR(I)=80
IF(IYEAR(I).EQ.7) IYEAR(I)=81
g..‘...l
Ceeensae WRITE THE FLAT FILE WITH THE SPECIFICATIONS
Cesocees OF ONE SPECIES AT EACH LINE.
c.......
¢
00 30 Ket,43 .
IF(SPCONT(3.X).LE.O.) €O TO 30
WRITE(€,40) IYEAR(I),IMONTH(I),IPERID(S )] NAME(K),
' 1SEX(X),REPROD(K),SI2E(K),SPCSNT(I,K),TOTALN(I),TOTALW(?)
40  FORMAT{3(32.3X),13,3X,A8,3(3X,A2),3(3X.F7.1))
30 CONTINUE
10  CONTINUE
¢ .
sTOP
END
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TABLE 4.26.. Program BITAXIRCR.

RUN *TAXIR

CREATE IMPINGED. BENTHOS.
YEAR(FRGCM 70 7O 83),
MONTH(FRCM 1 TO 12),
PERICO(FROM { TO 9),
CASE(FROM $ TD 999),
NAME (NAME ), '
SEX(NAME),
REPROD(NAME),
SIZE(FROM 1 TO 10).
NUMBER(FROM 0.0 TD 99999.9),
TOTALN(FROM 0.0 TO 99999.9),
TOTALY(FRCOM 0.0 TO 99999.9)e
ENTER DATA LOCATION=BIREMIDAS, FORMATsFIXED,
YEAR<1=2>,
HONTH<E=~7>,
PERIOD<11~12>,
CASE<16-18>,
NAME<22-29>,
SEX<33-34>,
REPROD<38=-39>,
S$12E<43-44>,
NUMBER<43-84>,
TOTALN<S8=64>,
TOTALYW<E3=74>»
SAVE
STQP
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SUMMARY STATISTICS FOR ADULT LAKE AND IMPINGED FISH

This Adult.Fish.Summary.Statistics data bank is one of the largest in the
Cook project. It consists of 102,238 items and 10 descriptors.

The descriptors are listed below:.

1-SPECIES

2-MONTH

3-YEAR a
4~GEAR '
5-STATION

6~SERIES

7-TEMPERATURE-
8-INTERVAL

9~-TOTAL NUMBER

»
N

10~-TOTAL WEIGHT
g
uy

The monthly pum?e} of data items stored in the Adult.Fish.Summary.Statistics

2

data bank 1is listed ié T;ble 4.27.

1
X
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TABLE 4.27. The number of data items-'in the Adult.Fish.Summary.Statistics
data bank. SR - o
Total # - Total # Total #
Year Month of Items »Year Mouth of Items. - Year Month of Items.’
73 1 ( 25) 76 1 ( 992) 79 1 ( 261)
2 ( 127) 2 ( 728) 2 ( 87)
3 ( 282) 3 ( 569) 3 ( 267)
4 ( 847) 4 (1,125) 4 (1,227)
-5 ( 922), S5 (1,314) 5 ( 788)
6 (1,257) 6 ( 997) 6 (1,042)
7 ( 891) 7 (1,652) 7 (1,131)
8 (1,126) 8 (1,006) 8 (1,177)
9 ( 792) 9 (1,016) 9 (1,445)
10 ( 870) 10 ( 761) 10 (1,000)
11 ( 145) 11 ( 316) 11 ( 752)
12 ( 68) 12 ( 233) 12 ( 112)
74 1 ( 114) 77 1 ( 351) 80 1 ( 62)
‘ 2 ( 21) 2 ( 67) 2 ( 149)
3 ( 445) 3 ( 257) 3 ( 185)
4 ( 805) 4 ( 507) 4 ( 669)
S (1,160) S ( 936) 5 (1,562)
6 ( 867) 6 ( 951) 6 (1,681)
7 (1,564) 7 (1,115)" 7 (1,006)
8 (1,097) 8 ( 891) 8 (1,141)
9 ( 725) 9 (1,088) 9 (1,496)
10 ( 584) 10 ( 936) 10 (1,288)
11 ( 326) 11 ( 748) 11 ( 730)
12 ( 165) 12 ( 179) 12 ( 491)
75 1 ( 285) 78 1 ( 150) 81 1 ( 307)
2 ( 215) 2 ( 956) 2 ( 143)
3 ( 791) 3 ( 141) 3 ( 123)
4 (2,843) 4 ( 412) 4 ( 959)
5 (2,698) 5 ( 718) 5 (1,562)
6 (3,286) 6 (1,128) 6 (1,722)
7 (1,872) 7 (1,359) 7 (1,617)
8 (1,875) 8 (1,368) 8 ( 840)
9 (1,580) 9 (1,140) 9 ( 966)
10 (1,682) 10 (1,373) 10 (1,176)
11 (2,279) 11 ( 724) 11 (1,233)
12 (2,102) 12 ( 222) 12 ( 550)
82 1 ( 250)
2 (¢ 90)
3 ( 128)
4 (1,147)
S ( 908)
6 (1,131)
7 ( 875)
8 (¢ 709)
9 ( 817)
10 ( 584)
11 ( '602)
12 ( 9
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The procedures for establishing this data bank are shown as follows:

Adult Fish Summary
Statistics Files

(

Taxir Create Program

‘ADULT .FISH.SUMMARY.
STATISTICS Data Bank

Adult.Fish.Summary.Statistics Data Bank

1

The original data for adult lake and impinged fish summary statistics are

stored in flat-file form; therefore, no procedure is necessary to rearrange this

data format. A Taxir Create program was used to create the Adult.Fish.

Summary.Statistics data bank directly from the original data files. These com-

puter data are stored on tape COOK at position 8.

AFSSTAXIRCR 1s ghown in Table 4.28.

The Taxir Create program




-

TABLE 4.28. Program AFSSTAXIRCR. °

RUN *TAXIR .
CREATE ADULT.FISH.SUMMARY.STATISTICS.
SPECIES(FROM O TO 98),

HONTH(FROM ¢ TC 12).

YEAR(FROM 70 TO 8%3),

GEAR(FRCM O TO 99),

STATION(FROM O TO 99),

SERIEZS(FROM O TO 99),
TEMPERATURE(FROM 0.0 TO 99.9),
INTERVAL(FRCM O TO 899),
TOTALNUMBER(FROM O TO 999839),
TOTALYEIGHT(FROM Q.0 TO 99999999.9)*

ENTER DATA LOCATION=MASTERFILE, FORMATeFIXED,

SPECIES<1~2>,
MONTH<3=4>,
YEAR<S=6>,
GEAR<7=-8>,
STATION«<9~10>,
SERIES<11=125, . .
TEMPERATURE<13=16>,
INTERVAL<17=19>,
TOTALNUMBER<20-2%5>,
TOTALWEIGHT<26-3%5>
SAVE

sToP

a
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FIELD-CAUGHT AND IMPINGED FISH

The data for field-caught and impinged fish constitute the largest data

set in the Cook project. Because the data are too extensive to be held

in a single file, the data were divided into two files. The first one contains

the raw data on adult lake fish stored in computer data base Lake.Adult.Fish;

the second one includes the raw data on impinged adult fish stored in the

computer data base Impinged.Adult.Fish.

1-MONTH
2-DAY

3-YEAR

4-TIME .
5-GEAR
6~SERIES
7-STATIC
8-WATER TEMP.
9-FISHUSE
10-BIOL.COND.

Both data banks have 22 descriptors:

12-SPECIES
13-FISH NO.
14~-LENGTH
15-WEIGHT
16-SEX

17-GONAD COND.
18-GILLNET HR.
19-GILLNET MIN.
20-FOOD PRESENT
21-SUBSAMPLE

22-TWNONSUB

The Lake.Adult.Fish data bank has 181,156 items, and the Impinged.Adult.

Fish data bank includes 110,843 items.

The numbers of data items stored in the

data banks are shown in Tables 4.29 and 4.30.
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TABLE 1.29.,'The number ‘of data items in Lake:Adult.Fish data bank.

-

a,

719)

Total # Lo Total # <Total #
of Items Year .Month of Items of Items
2 ( 80) 2 ( 143) 4 ( 953)
3 ( 830) 3 ( 205) 5 (4,508)
4 (2,611) 4 (2,146) 6 (3,819)
5 (2,445) .5 (2,700) 7 (2,957)
6 (3,746) 6 (2,008) 8 (2,411)
7 (2,219) 7 (3,302) 9 (3,738)
8 (3,130) 8 (2,117) 10 . (2,887)
9 (1,568) 9 (2,153) 11 (1,725)
10 (2,263) 10 (1,448) 4 (2,324)
11 ( 211) 11 ( 326) 5 (2,973)
12 ( 7 3 ( 206) 6 (4,264)
1 ( 82) 4 ( 413) 7 (4,443)
3 ( 419) 5 (2,057) 8 (1,275)
4 (1,866) 6 (1,947) 9 (1,769)
5, (3,516) 7 (2,554) 10 (2,418)
6 (2,448) 8 (2,205) 11 (2,099)
7 (3,177) 9 (2,646) 4 (1,663)
8 (2,256) 10 (2,063) 5 (1,711)
9 (1,526) 11 (1,494) 6 (2,128)
(1,284) 12 ( 40) 7 (1,433)
( 567) 4 ( 434) 8 (1,621)
( 91) 5 (1,313) 9 (2,258)
( 94) 6 (2,854) 10 ( 896)
( 376) 7 (3,417) 11 (1,186)
( 703) 8 (2,976)
(2,319) 9 (2,175)
(3,156) 10 (3,227)
(2,055) 11 (1,313)
(1,753) 4 (2,399)
(2,495) 5 (1,934)
(1,541) 6 (3,004)
(1,208) 7 (2,967)
( 917) 8 (2,647)
9 (3,509)
0 (2,677)
1




TABLE 4.30. The number of data items in the Impinged.Adult.Fish data bank.

Total # Total # Total #
Year Month of Items Year Month of Items Year Month of Items
73 1 ( 33) 77 1 ( 68) 80 1 ( 132)
2 ( 157) 2 ( 118) 2 ( 383)
3 ( 11) 3 ( 456) 3 ( 572)
4 ( 99) 4 ( 588) 4 (2,667)
10 ( 2) 5 ( 337) 5 (1,667)
11 ( 6) 6 ( 325) 6 (2,159)
12 ( 140) 7 ( 521) 7 ( 488)
74 1 ( 98) 8 ( 80) 8 (1,384)
2 ( 30) 9 ( 148) 9 (2,260)
3 - ( 745) 10 ( 622) 10 (1,530)
4 { 255) 11 ( 326) 11 ( 51)
5 ( 173) 12 { 316) 12 (1,294)
6 ( 38) 78 1 ( 305) 81 1 (1,247)
7 (1,193) 2 ( 73) 2 ( 284)
8 (¢ 767) 3 ( 376) 3 ( 256)
9 ( 276) 4 ( 333) 4 ( 708)
10 ( 52) S ( 470) 5 (3,466)
11 ( 122) 6 ( 408) 6 (2,231)
12 ( 205) 7 (1,235) 7 (1,326)
75 1 ( 467) 8 (1,286) 8 ( 983)
2 ( 424) 9 ( 468) 9 ( 519) ,
3 (1,063) 10 ( 628) 10 ( 997)
4 (8,084) 11 ( 388) 11 (1,754)
5 (4,853) 12 ( 484) 12. (2,606)
6 (6,153) 79 1 ( 719) 82 1 ( 565)
7 (2,097) 2 ( 130) 2 ( 206)
8 (1,735) 3 ( 514) 3 ( 262)
9 (1,344) 4 ( 661) 4 (2,140)
10 (3,879) 5 ( 43) 5 (1,575)
11 (4,189) 6 ( 5) 6 (1,872)
12 (3,697) 7 . (1,053) 7 (1,032)
76 1 {2,626) 8 (1,027) 8 ( 296)
2 (1,249) 9 (1,359) 9 ( 134)
3 (1,611) 10 ( 8l4) 10 ( 384)
"4 ( 574) 11 ( 124) 11 ( 562)
5 ( 759) 12 ( 276) 12 ( 228)
6 ( 616)
7 (1,099)
8 ( 548)
9 ( 575)
10 ( 593)
11 ( 378)
12 ( 522)
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The procedures for creating these two data' banks

diagram below:-.

are shown in .the flow-

The Original Adult Fish Data Piles

Reformat Program

Flat Data Files

Plat Data Files

Adult Lake' Fish Data Adult Impingement Fish Data

ETExir Create
Program

Py
N

Taxir Create

Program
/

LAKE .ADULT .FISE

IMPINGED.ADULT.FISH

—
v h

Reformat Proéram

e ——

The program CHNGFRMT was used to reorganize the data for the adult lake and mn '

1mpinged‘fish which are stored in a file named TRANSREC. It separates lake fish

data from the impingement data and enters the results of this program in flat-

file forms stored in REPTRANFIE and REFTRANIMP, where the former contains the

lake data and the latter houses the impingement data.
shown béiov:

SRUN *FTN SCARDSCHNGZRMT SPUNCH=C.0BJ

FRUN c.anJ 5=TRANSREC 6=REFTRANFIE 7=REPTRANIMP

(Tible 4.31 13 a copy of program CHNGFRMT)

These procedures are




TABLE 4.31. Program CHNGFRMT.

P

C PROGRAM CHNGFRMT 15 USED TO SEPARATE FIELD RECORDS FROM THE IMPINGEMENT
C RECORDS IN THE TRANSREC FILES. THE OUTPUT FILES PROVIDED BY THIS PROGRAM
C ARE IN THE FORM OF FLAT FILES.

C UNIT 5 15 THE INPUT FILE., (TRANSREC FJILES).

C UNIT 6 15 THE QUTPUT FILE FOR ]MPINGEMENT RECORDS.

C UNIT 7 18 THE QUTPUT FILE FOR FIELD RECORDS.

o000

Coesssee »

Cessscsse INITIALIZE VARIABLES.
c..‘...‘
¢
INTEGER AB
REAL D,.E.H
LOGICAL®1 A(33),AC(7),B(20).C(18)
¢
c..“l‘.
Coessose READ THE DATA LINES FROM TRANSREC FILES.
cac..ooo
c
100 READ(5, 1,END»99) A,AB,AC,D,B,E,C,H
1 FORMAT(13A1,11,7A1,F4,.4,20A1,F%.0,18A1,F7.0)
c
coo.odoo
Coessoes CHECK THE TYPE OF THE RECORD, (IMPINGEMENT OR FlELD).
c.....‘t -
¢
IF(H.EQ.0.0) GO TO 10 -
IF(AB.EQ.1) GO TO 20
¢
C.Q‘...O ) »
Ceeeecese WRITE THE IMPINGEMENT AND FlELD RECORDS.
c..ct“‘
¢ .
WRITE(6,2) A,AB,AC,D,B,E.C.H
2 FORMAT(13A1,11,741,F4,.1,20A1,F8.2,18A1,F9.1).

GO TO 100 )
¢
20 WRITE(7,2) A,AB,AC,D,B,E.C,H

GO TO 100
c .

10 IF(AB.EQ.1) G3 TO 30
WRITE(6,3) A,AB,AC,D,B,E,.C
3 FORMAT(13A1,11,7A1,F4.1,20A1,F8,2,1841)

GO TO 100
c
30 WRITE(7.3) A.AB,AC,D,B,E,C
GD TO 100 '
¢
89 sTOP .
ENO
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Taxir Create Program

-

The Taxir Create 'program AFTAXIRCR (Table 4.32) was used .to create . a7
adult lake and impinged fish data banks, from the flat files REFTRANFIE |
and REFTRANIMP. fhe results of the Taxir Create program are saved in the
Lake.Adult.Fish and Impinged.Adult.Fish data banks. The final version of
Lake.Adult.Fish is saved on tape COOK at position 9, and that for

Impinged.Adult.Fish is stored on the same tape at position 10.

-
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TABLE 4.32. Program AFTAXIRCR.

RUN *TAXIR

CREATE IMPINGED.ADULT.FISH,

MONTH(FROM 1 TO 12),

DAY(FROM 1 TO 31),

YEAR(FROM 70 TO 85),

TIME(FROM O TO 2400),

GEAR(FROM O TO 9),

SERIES(FRCM O TO 99),

STATION(FROM O TO 9). "
WATERTEMP.(FRCM 0.0 TO 989.9),

FISHUSE(FROM O TO 9),

BIOL.COND.(FROM O TO 9),

PHY.COND,.(FROM O TO 8).

SPECIES(FROM O TO 89),

FISHNO,(FROM O TO 999999),

LENGTH(FROM O TO 8999),

WEIGHT(FROM 0.00 TO 99999.99),

SEX(FROM O TO 9),

GONADCOND. (FROM © TO 9),

GILLNETHR.(FROM O TO 938).

" GILLNETMIN.(FROM O TO 89),

FOODPRESENT(FROM O TO 9),

SUBSAMPLE(FROM O TO 89),

TWNONSUB(FROM 0.0 TO 99959595.9)*

ENTER DATA LOCATION=REFTRANIMP, FORMATeFIXED,
MONTH<1=2>,

DAY<3=~4>,

YEAR<S5=6>,

TIME<S~12>,

GEAR<14>,

SERIES<15~-16>,

STATION< 18>,

WATERTEMP, <22-25>,

FISHUSE<29>,

BIOL.COND.<30>, .

PHY.COND,<31>,
SPECIES<32-33>,
FISHND.<34=38>,
LENGTH<4 1=44>,
WEIGHT<46=-53>,
SEX<S56>,
GONADCOND . <S8>,
GILLNETHR.<60=61>,
GILLNETMIN,.<62-83>,
FOODPRESENT<64>,
SUBSAMPLE<EB~6S>,
TWNONSUB<72-80>*
SAVE

sTopP
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FIELD: LARVAL FISH

The Lake.larvae data bank contains 20 descriptors and 14,110 items.

The descriptors are as follows:

1-CODE ¥O.
2-SAMPLE NO.
3-PERIOD
4-MONTH
5-DAY
6-YEAR
7-DIAL
8-TIME
9-GEAR

10-T0W DEPTH

11~GRATE
12-STATION
13-TEMPERATURE
14~REVOLATION
15-SPECIES NAME
16-SPECIES DENSITY
17-INTERVAL
18-NUMBER

19-SUM LENGTH

20-SUM SQUARE LENGTH

The monthly number of data items stored in the Lake.Larvae data bank

listed in Table 4.33.

.96
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TABLE 4.33. The number of data items in Lake.Larvae data bank.
Total # Total # Total #
of Items of Items of Items

3 {( 8 4 ( 56) 4 (77)
4 ( 80) 5 ( 56) 5 (139)
5 ( 55) 6 (213) 6 (239)
6 (404) 7 (398) 7 (184)
7 (372) 8 (311) 8 (480)
8 (151) 9 ( 91) 9 (111)
9 ( 45) 10 (17) 10 ( 12)
10 ( 52) 11 (17) 11 (12)
11 ( 10) 4 ( 78) 4 ( 76)
1 ( &) 5 ( 86) 5 (106)
3 ( 12) 6 (150) 6 (483)
4 ( 58) 7 (121) 7 (492)
5 (171) 8 (237) 8 (466)
6 (395) 9 ( 74) 9 ( 12)
7 (463) 10 (19 10 ( 12)
8 (336) 11 ( 13) 11 "(12)
9 (153) 4 ( 72)

10 ( 58) 5 ( 88)

1l ( 30) 6 (125)
3 ( 74) 7 (507)
5 (120) 8 (358)
6 (300) 9 (122)
7 (521) 10 ( 34)
8 (419) 11 (12)
9 (102) 4 ( 73)

10 ( 80) 5 (169)

11 ( 68) 6 (124)
2 ( 8 7 (743)

v 4 ( 73) 8 (207)
5 ( 79) 9 ( 96)
6 (299) 10 ( 14)
7 (930) 11 ( 13)
8 (439) '
9 ( 73)
0 ( 47)
1




The flow chart below shows the different stages involved in the creation

sfhche Lle.Lérvae data bank.

Input Data Files
TOTAL, STAT, HISTO

Reformat Program 1

Output Data Files

Sort in terms of species
name and code number

Line Files

Reformat Program 2

Y

Flat Data Pile

Sort in terms of species name,
code number, and interval

Flat Data File

Taxir Create Progranm

LAXE .LARVAE
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The purpose of this operation is to combine the data in various formats
in three files into one single flat file, which is then entered into the Taxir
data base management program to creaté a data base management file. The origi-
nal data are contained in three files called HISTOYR, STATYR, and TOTALYR,
where "YR" indicates the year when the data were collected. Both the open lake
and the nearshore beach data are included in these files. The ﬁISTOYR file
contains the following parameters: CODE NO., SAMPLE NO., PERIOD, DATE, DIAL,
‘TIME, GEAR, TOW DEPTH, GRATE, STATION, TEMPERATURE, REVOLATION; SPECIES NAME,
and 51 different density intervals. The