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Attachment A

The following are the identification numbers for questions 
in Enclosure 2 to Mr. George W. Knighton's letter of 
July 26, 1977 to Mr. William Cahill, Jr. These numbers were 
identified by Dr. Sigrid'Christensen, Oak Ridge National 
Laboratory, in a phone conversation with Dr. Kenneth L. Marcellus 
on November 16, 1977 and again on February 24, 1978 as questions 
remaining to be answered.  

Question No.  
I 

II 

IV-2 

V-1 
v-2 
V-3 
V-9 

VI-l 
VI-2 
VI-3 

VII-l 
vii-2 

VIII-l 
VIII -2 

IX-l 
IX-2 

X-1 
x-2 

XI-l 
xi-2 

XII-l 
XII-2 

XIII-' 
xiii-2



Attachment A (Cont'd)

Question No.  

xIv-1 
xiv-2 

xv-l * 

xV-2* 
XV-3 * 

XV'-' 

y XV"-l

* Response to be provided shortly



Attachment B 

Responses to Questions



-~ ~ ~ *~ - S -. -~

I. Information needed to calculate estimates of Fc 

(the fraction of live organisms killed by-entrainment).  

Response: . Information to calculate estimates. of. Fc for Indian.  
Point, Bowline Point and Ros'eton Generating Stations 

has been provided to Oak Ridge National Laboratory
(ORNL) Staff (Dr*. Webster Van Winkle),-on magnetic 

tapes pursuant to a request by the U.. S.,Environmental 

Protection Agency with one exception. The exception 

is the provision of 1977 entrainment survival data on 

*magnetic tape. A tape containing, this data will be 

sent to the ORNL staff very shortly. (Please note: 

this data was contained in a report which was provided 

to the ORNL staff by-.copy of Kenneth L. Marcellus' 

letter of November 30, 1977 to Henry Gluckstern, Esq.  

EPA Staff Attorney.)



Ii.

Request:

Information needed to calculate estimates of j 
the intake f-factor.  

Table 11-3 provides a format for presentation of
information about sampling gear and: conditions -for
nets amples. While much of this information is 
contained in existing reports, much is not, and 
there is a need to have a unified comparison of 
sampling information. For clarification of terms, 
see pages V-195 and V-196 of USNRC (1975)., Final 
Environmental Statement related to operation of 
Indian Point Nuclear Generating Plant, Unit No. 3.  
Where conditions are not constant through a year, 
an additional table or tables may be needed. For 
example, if velocities in intake and discharge 
areas vary, a table of velocities on pArticular 
dates will be needed.  

Table 11-4 provides a format for presentation of 
sampling information where pumps have been used instead 
of nets to collect data. Additional tables may be 
needed if sampling conditions varied during the season.  

Supply 'sets of tables for relevant sampling at Bowline, 
Lovett-, Indian Point, Roseton., Danskammer, and Albany.  
Priorities are as follows: 

1. Indian Point,. 1,977, striped bass (NYU and EA) 

2. Indian Point, 1974, striped bass (NYU; any* 
-~other relevant data).  

Albany, 1974, striped bass 

Roseton, 1974, striped b~ass 

Bowline, 1974.,:striped bass

Lovett, 1974, striped bass 

Danskammer,, 1974, st riped bass 

3. 1975 striped,.bass data,las in (2) 

1974-white perch data., as in (2) 

1975 white perch data, as in (2)



1976 striped bass data, as in (2) 1 

1976 white perch data, as in (2) 

1973 striped bass data, as in (2) 

1973 *white perdh data, as in (2) 

High priority should,,however, be given to situations 

where both pump and net sampling has been conducted 

iintakes and/or discharges (e.g., Bowline and 

Rr~seton, from 1975 on)'., High priority should also I 

bp given to any situa tion in which comparable nets' 

have been used comparably (i.e., with similar sampling 

velocities) at both in-'plant and at river station~s.1 

R~ferences should be provided to sections of reports 

in which the studies 'are documented. Maps indicating 

s ation'locations sho uld be supplied or referenced, 

by report and page number., If estimates of the v7olume 

o~f water filtered are not directly obtained fromII 

f~owmeter readings, the source of the volume estimAtes 

should be clearly indicated.  

Response: T~bles 11-3 and 11-4 for Indian Point, Bowline Point, 

Lovett, Roseton, Danskarnmer and Albany Steam Generating 

S~tations have been completed and are attached.  

References to sections'of reports in which the gear 

described in Tables 1 .L~3 and 11-4 are documented, in 

the same tables. An i~idex to these ,tables is provded.  

T~he dates that th e raw dat'a were transmitted to the 

E IPA and references to results and analysis of this, 

d Lta are being compiled an~d will be forwarded shortly.



I

11-3 A 
11-3 B 
11-3 C 
11-3 D 
11-3 E 
11-3 F 
11-3 G 
11-3 H 
11-3 I 
11-3 J 
11-4 A 
11-4 B 
11-4 C 
11-4 D

Net 

Net 

Pump 
,p 

Purhlp

Index to Tables 11-3 and 11-4'

Lfocation,

Bowline Pbi ,nt, Lovet't 

Roseton, Danskammer 
Albany I .  

Indian Point Plant 

"River 

Bowline Point 

BowlinePoint, Lovett 
Roseton 
Indian Point'Plant

Year 

1974 
1975, 76 
1975, 76 
1974-76 
1975 
1974 
1975 
1976 
1977 
1974-77 
1975 
1976 
1976, 77 
1977

iContractor 

LMS 

'EAI 

'LMS 
LMS 
NYU 

EI 

EA I 
EAI 

EAI

I p



Ta ble II-3.A

Information Concerning Gear-and Conditions used in 
Daytime and Nighttime Net Sampling for 'Ichthyoplankton 
at or near Bowline Poin-t-and Lovett in.1974 by Lawler, 
Matusky and Skelly Engineers

Stations

BE, BCH, BW, BPS, BPL,* 
BDP, LE ' LC, LW

BI, BD, LI, LD*

Effective Mouth 
Area Cm 2) 

Opening Shape 

Opening.'Plane 

Mesh Size (micron) 

Net Length (mieters.) 

S~ipenionTechnique

Flowmeters *wing Direction 
0owing Velocity 

(m/sec) relative 
to water 

Sample Duration 
(minutes)

0. 785 

Conical 

perpendicular 

571

towline, depressor, 
Bridle, epibenthic 
sled 

TSK

Against tide 

0. 85-0.95 

5

0.196 

Conical 

perpendicular 

571 

-3 

intake, discharge 
sampling rig

TSK

Intake flow 

Variable 
(0.04-0.,33) 

90

*BE -~Bowline East 
BCH -Bowline Chahnel 
BW -Bowline West 
BPS -towline Pond Short 
BPL -Bowline Pond Long 
BDP'- Bowline Discharge Plume 
LE - Lovett East 
LC -'Lovett Channel 
LW - Lovett West 
BI - Bowline Intake 
BD - Bowline'Discharge 
LI - Lovett Intake 

-LD -Lovett Discharge



Table II-3.A (cont'd). References

Stations

Station Locations
BE, BCH, EW, BPS, BPL, BPD 

LE, LC. LW BI, BD, LI, LD

LMS 1976, Figure yB-1 
LMS 1977,.Figure V-i

LMS 1975, p. IX-3

Ef fective Mouth Area 

Opening Shape 

Opening Place

Mesh Size 

Net Length

1W nsion Te chnique 

Flowmeters 

Towing Direction 

Towing Velocity 

Sample Duration

Orange and Rockland 1977 **, 
p.9.1A-9 and 9.lA-ll 

Orange and Rockland 1977**, 
p. 9'.1A-9 and 9. 1A-11 

Orange and Rockland 1977**,.  
p.9.lA- 7 and 9.lA-9 

Orange and Rockland 1977**, 
p. 9.1lA-9 and 9,.1A-11 

Orange and Rockland 1977**,, 
p.9.1A-9 and 9.1A-11 

Orange and Rockland 1977**, 
p. 9.1A-7 and 9. 1A-9 

Orange and.Rockland 1977 **, 
p. 9.1A-9 and 9.1lA-11 

Orange and Rockland 1977**,.  
p. 9.1A-9 and 9. 1A-11.  

Orange and Rockland 1977**, 
p.9.1A-9 and 9.1A-11s 

Orange and Rockland * 

p.,9.1A-9 and 9.1A-11.

Orange and Rockland 1977**, 
p.9. 1A-13 

Orange and Rockland 1977**,, 
p.9.1A-13 and 9.1A-14 

Orange and Rockland 1977 **,! 
p.9. 1A-14 

Orange and Rockland 1971**-, 
p. 9.l1A. -13 

Orange and Rockland 1977**,
p. 9.1A-13

Orange and Rockland 
p.9.lA-14 

Orange and Rockland 
p.9. lA-iS.  

Orange and Rockland 
p.,9. 1A- 14 

-Orange and Rockland 
Table 9.1A-4 
LMS 1975, p.1X-4 

Orange ahd Rockland 
p..9. lA-i15

1977**, 

1977** 

1977**, 

1977**, 

1977,*

*Gear-and Techniques 
at Bowline (seeLMS.

used at Lovett in 1974 are identical to those used 
1975 p.,V-19,,V-20, and IX-3).

References: 
Lawler, Matusky and Skelly Engineers', 1975. 1974 Hudson.,River Aquatic Ecology .Studies-Bowline Point and Lrovett Generating Stations.  

Prepared for Orange, andPRoclkland Utilities,. Inc.



Table II-3'.A (cont'd) References -continued 

Lawler, Matusky. and Skelly Engineers (LMS), 1976. 1975' Hudson River Aquatic* 
Ecology Studies-Bowline Point and.Lovet16t Generating Stations.  .Prepared for Orange and Rockland Utilities, Inc.  

La~ rWleZr Matusky and Skelly Engier (LMS), 1977.....1976 Hudson River Aquatic.  
Ecology Studies at Lovett Generating Station. Prepared for Orange and 
Rockland Utilities, Inc.  

Orange and Rockland Utilities, Inc.- Bow line.Point Generating Station N4earfield 
Effects of Once-Through Cooling System Operation on Huri son River Biota-



Table II-3.B

Information Concerning Gear and Conditions used in 
DaytCime and Nighttime Net Sampling for Ichthyoplankton 
at or near Bowline Point and Lovett in 1975 land 1976 
by Lawler, Matusky and Skelly Engineers.  

Stations 

BE, BCH, BPL, BDP, LE, LC, LW

Effective Mouth Area (m 2 

Opening Shape 

Opening Plane 

Mesh Size 

Net Length (meter) 

Suspension Technique 

Flowmeters 

Towing Direction 

Towing Ve locity (m/sec) 
relative to water 

Sample Duration (minutes)

0.785 

Conical 

*perpendicular 

571 

6

towline, depressor, bridle, 
epibenthic sled 

TSK 

Against Tide 

0. 85-0. 95



Table II-3.B .(cont'd) References

tion 
ca tions

Effective Mouth Area.  

Opening Shape, 

Opening Plane, 

Mesh Size 

Net Length.  

Sus pens ion Technique 

Flowmeters 

Towing Direction 

Towing Velocity 

90ple Duration

Orange and 
LMS 1976 
LMS 1977 

Orange and 

Orange and 

Orange and 

orange, and 

Orange and 

Orange and 

Orange and 

Orange and 

Orange and 

Orange And

Rockland 1,977

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland

1977* 

1977* 

1977* 

1977* 

1977* 

1977* 

1977* 

1977* 

1977* 

1977*

Figures, 9. 1A-1 and 9. 1A-2
Figure yB-i 
Figure V-i 

p.9.1A-9 and 

p.9.1A-9 and 

p.9.1A-7 and 

p.9.1A-9 and 

p.9.lA-9 and 

p.9.1A-7 and 

p.9.1A-9 and 

p.9.1A-9 and 

p.9.1A-9 and 

p.9.1A-9 and

*Gear and Techniques Used at Lovett in 1975 and 1976 Are Identical to 
Those Used at Bowline (see LMS 1976 V-16 to V-18, LMS 1977 V-1 and V-2) 

References: 

Lawler, Matusky and Skelly, -Engineers (LMS); 1976. 1975 Hudson River Aquatic.  
EcologyStudies-Bowline.Point and Lovett Generating Stations. Prepared, fox 
Orange and Rockland-Utilities, Inc.  

Lawler, Matusky and Skelly, Engineers (LMS), 1977. 1976 Hudson River Aquatic 
Ecology Studies at Lovett Generating Station. Prepared for Orange and 
Rockland Utilities,..Inc.  

Orange and Rockland Utilities,. Inc. 1977. Bowlin 'e Point Generating Station 
Near-Field Effects of Once-through Cooling System Operation on Hudson 
River Biota.

9. lA-li 

9. lA-11l 

9. 1A-9 

9. lA-li 

9. lA-li, 

9. 1A-9 

9. IA-i1 

9. lA-11 

9. lA-il 

9. lA-li1



7able II-3.C

Information Concerning Gear and Conditions used in 
Daytime and Nighttime Net Sampling for Ichthyoplankton 
at or near Bowline Point and Lovett in 1975 and 1976 
byEcological Analysts, Inc.  

Stations 

Bowline Intakes Lovett intake

Effective Mouth Area (m 2 

Opening Shape 

Opening Plane 

Mesh Size (Micron) 

Net Length (Meter) 

SuspensionTechnique 

Flowmeters . Towing-Direction 
Towing Velocity (m/sec) 

relative to water 

Sample Duration (minutes)

0.196 m2 

Conical 

Perpendicular 

505 

3 

Intake.Rig 

General Oceanics, 
Cushing Electromagnetic 

Intake Flow 

Variable (0.04-0.33) 

9O'5, 30



Table II-3.C (cont'1d)

References

Ea tion locations 

Effective Mouth Area 

Opening Shape 

Opening Plane 

Mesh.Size 

Net Length 

Suspension Technique 

Flowmeters 

Towing Direction 

bMing Velocity

Sample Duration

orange and 
EA 1977b 

orange and 

orange and 

orange and 

orange and 

orange and 

orange and 

'Orange and 
EA 1977a 
EA 1977b 

orange and 

orange and 
LMS 1975 
EA 1977a, 
EA 1977b

Rockland 1977*

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland 

Rockland

1977* 

1977*, 

197 7*, 

1977 * 

1977* 

1977*, 

1977*, 

1977*, 

1977*,

orange and Rockland 1977*

p. 9. 1A-13 
p. 5 . 1-2 

p. 9, 1A-13 

pp.9.1A-13 and 9.lA-1 .4 

p.9.lA-14 

p.9. 1A-13 

p.9. lA-13 

p.9. lA-14 

p.9. lA-15 
p.5.1-2 
p.5.1-2 

p.9. 1A-14 

Table 9.1A-4 (1975) 
p. lX-4 (1975) 
Table 5.1-1 (1976) 
Table 5.1-1 (1976) 

p.9.1A-15

*Gear and Techniques Used at Lovett in 1975 and 1976 Are Identical to Those 
Used at Bowline (see EA 1976, Part II, p. 3-1 to 3-3 ind-EA 197-7b, p.5.1-1 
to 5.1-2) 

References: 

Ecological AnalystEs, '1976 Lovett Generating .Station Entrainment Survival and 
Abundance Studies 1975 Annual Interpretive Report. Prepared for 
Orange and Rockland Utilities, Inc.  

EA, 1977a. Bowline Point Generating Station Entrainment and Impingeme nt Studies, 
1976 Annual Report.. Prepared for Orange and Rockland Utilities, XInc.  

EA, 1977b. Lovett Generating Station Entrainment and. Impingement Studies, 
ma 1976 Annual Report. Prepared for Orange.-anc9 Rockland.,Utilities, inc.



Table II-3.C (cont'd) 

References: (cont'd) 

I Lawler, Matusky and Skelly Engineers (LMS), 1975. 1974 Hudson River.Aquatic 
~clgy,,Stud ie s-Bowline -oin, anMd ~ir, Stations.  

Prepared for Orange and Rockland Utilies, Inc.  

Orange and Rockland Utilities, Inc. 1977 Bowline Point Generating Station 
Near-Field Effects of Once-Through Cooling System Operation on 
Hudson River Biota.



11-3 :

INFORMATION CONCERNING ICHTHYOPLANKTON SAMPLING GEAR AND CONDITIONS OF USE 
AT OR --NEAR -ROSETON -AND- DANSKAMD4ER POINT -ELECTRIC- GENERATING STATIONS 

--- DURING 1974-1976 By LrLER, _MATUSKY & SKELLY ENGINEERS

EFFECTIVE NET MIOTTH 
A-REA (m2 

OPENING SHAPE 

OPENING PLANE 

MESH SIZE (n 

NET LENGTHC) 

SUSPENSION- TECHN~IQUE 

TOWING DIRECTION 

TOWING VELOCITY Cm/rgec) 
RELATIVE TO WATER

S.AM1PLE DURATION (min)

HUDSON RIVER LOCATIONS 
1 Q7 3-1076

0.7850 

Round
3 '7 

570 x 570O3 

6 m net + 
1 m reduction cone3 

BridlelT
7 

-7 In Net Mouth 

Against Current
8 

o.6o-o.9O0

- S 
HUDSON RIVER LOCATIONS 
19)7-3-974 (TNTERNMITTANT

0.196 6 

Round 
3 

,dw;u~S~7 ,9 

570 x 5703 

312 

-Bridle
7

In Net -Mouth
7 

Against Current
8 

0. 60-0.90

S 
ROSEION ELE2TRIC GEN.  

STATION 1973-1976

o.1966

Pj rped I4J,5 " 

570 x 570 4

3h 

-Frame
5 

In Net Mouth And 
-On Frame

2'5

Fixed At nae, 

o.o9-O.6llO 

Variable: 5f-2010

DANSKAMMER PT..ELECTRIC 
GEN._STATION1973-1976_

0).1966,11 

Round
1 1 

570 x 570 12 

3 12 

In Net Mouth And 
- _On- Frame 2 '1 1 

Fixed in Intake Car a2P 

0. 09-O.9112 

Variable: 5-2011

DANSKANMER -P. ELECTRIC 
GEN. STATION 1973-1974

0.785 6,11 

Round"1 

11 

570 x 57012 

6 n net + 
1 m reduction cone1 2 

- Frame1 1 

In N et Mouth1 1 

Fixed in Intake Canal1 1 

0.09-0.9112 

Variable: 5-2011

1 Bottom samples 1974-1976 net mounted in frame on epibenthic sled 
2 - --e-m -- ------------ ------------------------

3, ' 8 Central. Hudson Gas & Electric Corp. l 77. .Roseton generating Station, nearfield effects of once-through cooling system operation on Hudson River Biota, 
Smeific references: 3Table 9.1-1; Table 9.2-1; Page 9.1-3 

5,7,9 ' OCentral Hudson Gas & Electric Corp. 1977. Appendices Roseton Generating Station, nearfield effects of o nce-through cooling system operation on 
Hudson River Biota. Appendlix 9.1A: 5Figure 9 .lA-3; ' Figure 9.lA-4; 9Page 9.2-A-9; 1 0Page 9.1A-13; 

6 Calculation A = Tr 
1 1 Central Hudson Gas-& Electric Corp. 1974. 1973 Hudson River aquatic ecology studies of Roseton and Danskainmer Point. Volume II, pages V-6 - V-7 

12oreferences available



TABLE II -3-E

INFORMATION CONCERNING ICHTHYOPLANKTON SAMPLING GEAR AND CONDITIONS OF USE 
AT OR NEAR THE ALBANY STE.AM ELECTRIC GENERATING STATION 

DURING 1975 By LAWLER , MATUSKY & SKELLY ENGINEERS

EFFECTIVE NET' MOUTH 
AREA (m2) 

OPENING SHAPE 

OPENING PLANE 

MESH SIZE (Umn) 

NET LENGTH (in) 

SUSPENSION TECHNIQUE 

FLOWM~ETER.  

F NG VELOCITY (m/sec) 
WTIVE TO WATER 

SAMPLE DURATION (min)

HUDSON R IVER LOCATIONS
7

0.785 

Round' 

Perpendicular 

570 x 570 

6 mn net + 1 in 

Reduction Cone 

Bridle1 

In Net Mouth 

0.8 - 0.90 

5

HUDSON RIVER LOCATION 
ATINTAKE OPENING

0.785 

Round 

Oblique 

570 x 570 

6 m net + 1 m 

Reduction Cone 

Bridle 

In Net Mouth 

0.2 -o.4 

0.5-- 1.0

Bottom samples collected by net mounted in. frame on epibenthic sled



Table II-3;.E (Cont'd)

The general reference for the information presented in the 
table is: 

Niagara Mohawk Power Corp. 1976. Albany Steam Electric 
Generating Station, 316(a) Demonstration submission 
NPDESIPermit N.Y. 0005959. Submission prepared by 
Lawler', Matusky & Skelly Engineers.  

Specific information on gear and deployment is in Appendix B, 
B-3.

Station locations are shown in Figure'B-l of Appendix B.

* I 

I I 

* I 

I F

I I 

pag~ 

I F 

I p 

I F 

I I 

F F 

I F 

I F 

F F 

F F 

F F 

I F 

F F 

I F 

F F 

F F F 

I F 

.1



Table II-3.F .Information concerning gear and condibions used 

in daytime and nighttime net sampling fqr.  

Iichthyoplankton at intake stations of Indian 
Point in 1974,'by New York University.  

Unit I Unit 2

Effective mouth, 
2 

area, (m) 

opening shape 

Opening plane.  

Mesh size 

.et length 

U sensontechnique 

Fl owme ter s 

Towing direction.  

Towing velocity 
(m/sec) relative 
to water 

Sample duration 
.(min).

0.099

pRqpendicular 

571)~ 

1.9, m' 

surface: bridle, towline 
middle .& bottom: intake 
rig 

No* 

-Intake Flow 

variable: 
0.14 rn/sec
0.27 rn/sec 

5

0.099

circular 

perpendicular 

571 )qm 

1.2 m 

surface.: bridle, 
towline middle & 
bottom: intake rig 

No* 

Intake Flow 

variable: 
0.06 in/sec
0.46 in/sec.

*Velocity reduction cones were used on nets, the dimensions of the 
.cone are given in Figure 1 (B).



Table II-3.F cot' 

References: 

Station locations

Effective mouth area (in2 

*Opening shape 

Opening plane 

Mesh size 

Net length 

*Suspension technique

Flowmeters

Towngdirection 

Towing velocity 
(in/sec) relative to water 

Sample duration 
(min) 

Volume estimate 
of samples

Unit I and Unit II 

p. 29 and p. 34 

p. 33 and'pp. 281-282 

p. 33 and p. 281 

p. 32 and p. 34 

p. 33 and p.'281.  

p. 33 

pp. 34 -35

p. 282

p. 34-35 

p.17 of NYU 1976; Table 1-9 of 

Con Ed 1977 

p. 196 

p. 283

Unless otherwise noted,.all references are to NYU 1976 

New York-University Medical Center (NYU)'1976. Hudson River Ecosystem 
Studies. Effects of Entrainment by the Indian Point Power 
Plant on.Biota in the Hudson River Estuary. Progress Report 
for 1974 

Consolidated Edison of New York, Inc. (Con Ed) and Power Authority for 
the State of New York (PASNY). :1977.i Indian Point Unit No. 2 
Indian Point Unit *No. 3. Near-field. Effects of Once-through 
Cooling System Operation on Hudson River Biota. New York, N.Y.
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Figure:A Schematic-diagram of plankt-on nets equipped with velocity reductioii 
cones of 14" and 6.75" mouth openings.  

A:discharge net 
B:intake net.

Source:

York University 1976. Mortality of S 
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Table II-3..G

Unit 2

Effective mouth 
2 

area (m) 

opening shape 

opening plane 

Mesh size 

Net length 

Suspension technique

0.099 m2

circular 

perpendicular 

571 urn 

1.2. m 

surface: bridle,. towline 
middle & bottom: intake 
rig 

No.* 

Intake Flow 

variable 
0.06 in/sec -0.46 rn/sec

Flowineters 

Towing direction 

Towing velocity 
(m/sec) relative 
to water 

Sample duration 
(mi n)

5: minutes

Information concerning gear and conditions used 

in daytime and nighttime net sampling for 

ictyopiankston at intake station fIda 

Point in 1975 by New York University

*Veloci-ty reduction cones were used on nets, the dimensions of the 
cone are given in Figure 1 (B.)..



Table II-3.G cont'd

References:
-. A At,A.'. 4AcALL- -

station locations 

2 
Effective mouth area (m) 

opening shape 

opening plane 

Mesh size 

Net length 

Suspension technique 

F lowme ters 

Towing direction 

Towing velocity 
(m/sec) relative 

Sample duration 
(min) 

Volume estimate of 
samples

Unit II

pp. 29, 31, 34 and 36 

p. 33 and p. 328 

*p. 33 

p. 32 and p.34 

*p. 33 and p. 328

p . 33 

p.-3 2 

p.328 

p., 32 and p. 35 

p. 18 of NYU 1977 an 
of Con Ed, 1977 

p. 233 

p. 32.9

ITable 1-9

Unless otherwise noted, all references are 'to NYU 1977 

New York University Medical Center (NYU) 1977. Hudson 
River Ecosystem Studies. Effects of Entrainment by the 
Indian Point Power Plant on Biota. in the Hu dson.River 
Estuary. Progress Report for 1975 

Consolidated.Edison of New York, Inc. (Con Ed) and Power 

Authority for the State of New York (PASNY)j. 1977b.  

Indian Point Unit No. 2. Indian Point Unit No..3.  
Near-field Effects of Once-through Cooling System Operation 
on Hudson RJiver Eiota. New York, N.Y.
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Table 11-3 .H

Effective mouth 

areai (m2) 

Opening shape 

'-'--Opening plane--------

Mesh size .Net length 

Suspension technique 

Flowmeters 

Towing direction 

Towing velocity, 
(m/sec) relative 
to water 

Sample duration 
(min)

Uni t 3 

0. 196 

circular 

perpendicular 

571 gm 

1.9 M 

bridle, towline (all depths) 

General Oceanics fitted with 
R-2 rotor in net mouth 

Intake Flow 

variable 
0.03 in/sec -0.24 in/sec.  

10

References: 

References are not available; methodologies used will be 
described in forthcoming report on these studies..

Information concerning gear and conditions used in 

daytime and nighttime net sampling for ichthyo

plankton": at intake stations of Indian Point in 

1976 by New York University



Table 11-3.1 Information concerning gear and conditions used in 

daytime and nighttime net-sampling for ichthyo

plankton at -intake of Indian-*Point in 1977 by 

New.York University

Unit II Unit III

Effective mouth 

area (in) 

opening shape 

opening plane 

Mesh size 

O et length 

Suspension technique 

Flowineters, 

Towing direction 

Towing velocity 

Sample duration 
(min)

0_196 

circular 

perpendicular 

571 Ami~ 

1.2 

surface: bridle, towline 
middle4,bottom* intake 
rig 

TSK or General Oceanics 
in net mouth 

Intake flow 

variable: 
0.06 rn/sec -0.46 rn/sec 

5

0.196 

circular 

perpendicular 

571 Am 

1.9 

surface: bridle, 
towline; middle & 
bottom: intake rig 

TSK or General 
Oceanics in net mouth 

Intake Flow 

variable: 
0.03 in/sec 7 0.24 in/sec 

5

References: 

References not available; methodologies used will be 
described in ."crthcoming re-por-t2 on these studies.



Table II-3.J -Information concerning gear and conditions used 

in daytime and nighttime net sampling for 

ichthyoplankton near Indian Point in 1974, 1975, 

1976, 1977 by New York University

Seven Standard River Stations 
(A-G)

0.196Effective mouth 
area (m 2 

Opening shape 

Opening plane 

Mesh size 

Net length 

Suspension technique

circular 

perpendicular 

571 Am' 

3.8 m 

bridle, towline with 

depressor 

TSK Or General Oceanic 
in net mouth 

against tide (current) 

0.6 - 0.9 m/sec*.

Flowmeters

Towing direction 

Towing velocity 
(m/sec) relative 
to water 

Sample duration 
(min)

' The-nets were towed against the current, the boat maintained a 

speed such that the surface net was maintained slightly below 

the surface; the motor ci:L tnhe boat was maintained'at approximately 

2000 RPM..



Table II-3.J cont'd

ferences: 

In general the references to methodologies used in 
ichthyoplankton sampling are given in the macrozoo-, 
plankton sections of the annual reports, the reason.  
being, that the macrozooplankton and ichthyoplankton 
were collected together.  

1974 

New York University Medical Center 1976. Hudson River 
Ecosystem Studies. Effects of Entrainment by the Indian 
P 'oint Power Plant on Biota in the Hudson River Estuary.  
Progress-Report for 1974..  

station locations pages 22-23 
all other information on pages 158-159 

1975 

New York University Medical Center. 1977,Hudson River 
Ecosystem Studies. Effects of Entrainment by the Indian 
Point Power Plant on Biota in the Hudson-River Estuary.  
Progress Report for 1975.I 

station locations pages 23-24 

all other information on page 188 

-~ 1976 and 1977 

References are not available; methodologies used will 
be described in forthcoming report on these studies.



Table 'II-4 .A

Information Concerning Gear and Conditions used in Daytime 
and Nighttime Pump Sampling for Ichthyoplankton at or near 
Bowline Point in 1975 by Ecological-.Analysts, Inc.

Stations

Bowline Intake 

Midwhirl Trash Pump 
(recessed impellar)

Collection'Device

Intake Pipe Diameter 

Elevation of Pump with 
respect to water surface 

(meters) 

Elevation of collection 
device with respect to 
water surface (meters) 

ximum pressure in pipe 

nimum pressure in pipe

larval table

4 inch

3-5

approximately same 
as above 

not available (N.A.) 

N.A.

Bowline Discharge 

Midwhirl Trash Pump
(recessed impellar)

larval table

4 inch

1-3

approximately same 
as above

N.A.  

N.A.

Pump Speed Variable Variable

Number-of Pumps

Pumping Rate (m 3 min) 

Duration of Sampling 
(minutes) 

Volume Pumped/Sample, (in3 )

0.44-0.52 0.44-,0.52

6-6-7.8 6 .6-7*.8

Pump Type

one one

6-.6-7.8 ,



Table II-4.A (cont d)

References

Stations Bowline Intake 
Bowline Discharge 
EA.- 19.76

Pump Type Orange and Rockland 1977

Figure 1.2-2 

p.9.4-3

Collection Device 

Intake Pipe Diameter 

Elevation of pump with 
respect to water surface 
(meters) 

Elevation of collection' 
device with respect to 
water surface 

Sximum pressure in pipe 

Minimum pressure in pipe 

Pump Speed

Number-of pumps

Pumping rate (mn 3min) 

Duration of Sampling 

Volume Pumped/Sample 
(W)

EA 1976 Figures 
3.2-lb

orange and Rockland 1977 

Will be described in forth
coming reports on these 
studies 

will be described in forth
coming reports on these 
studies 

Not Available 

Not Available 

Will be described in forth
coming reports on these 
studies 

Orange and Rockland 1977

EA 1976 

EA 1976 

EA 1976

3.2-lA and

P . 9.4-3

Figures 9.4-1 and.  
9.4-2

p.3-2 

p3-2' 

p3-Z

Ecological Analysts 1976. Bowline Point Generating Station Entrainment Sur
vival and Abundance Studies, 1975 Annual Interpretive Report,. Prepared 
for Orange and Rockland- Utilities, Inc.  

Iange and Rockland Utilities, Inc. 1977. Bowline Point GeneratingT Station 
Near-Field Effects of 1->cn_ --Through Cooling System Operation on Hu1-dson 
River Biota.



Table II-4.B

information Concerning Gear and Condition-0 Used in 
Daytime and N ighttime Pump Sampling for Ichthyoplankton
at or near Bowline Point 
Analysts, Inc.  

Bowline Point 
and Lovett 
IIntake

Pump Type Bowline-Midwhirl 
Trash Pump* 

Lovett-Homelite 
.Trash Pump*

Collection Device 

Intake Diameter 

Elevation of pump 
with respect to 
water surface 

(meters) 

ation of col
~tion device with 

spect to surface 

Maximum Pressure in, 
Pipe 

Minimum Pressure in 
Pipe 

Pump Speed (rpm) 

Number of.Pumps 

3 
Pumping rate (m. /min).

Larval Table

4 inch

3-5

and Lovett in 1976 by Ecological

Bowline Point 
and Lovett 
Disdharge 

Bowline-Midwhirl 
Trash Pump* 

Lovett-Home lite 
Trash Pump* 

Larval Table

4 inch

1-3

approximately 
same as above 

Not Available 
(N.A.) 

N.A.  

800-900 (Bowline) 
17 00-1800 (Lovett)

One

0.13-1.4

Bowline 
Intake

Pump* 

m ring net

3 inch

3-5

approximately 
same as above

N.A.

approximately 
same as above

N*A.

N.A. N.A.

800-900 (Bowline) 
17 00-1800 (Lovett)

One

0.47-1.3

Variable 
Variable

One

0.7.7-1.13

Duration of Sam
pling (minutes) 

Volume PumpVd/ 
Sample (m )

*recessed irupellar

2-21 7-20 23-34



Table II-4.B (cont'd)

References

Stations-,

Bowline Point 
and Lovett 
intake 

EA 1977a Figure 
3.1-2 
EA 1977b p.4.1-2

Pump Type

Collection Device 

Intake Diameter 

*tion of pump 
with respect to 
water surface 

Elevation of pump 
with respect to 
water surface 

Maximum pressure in 
pipe 

Minimum pressure in 
pipe 

Pump Speed

EA 1977a p.4.1-2 
EA 1977b p.4.1-2 

BA 1977a, Figure 
4.1-1 
EA 1977b, Figure 
4.1-1 

EA 1977a,p.4.1-2 
EA 1977b p.4.1-2

Bowline Point 
and Lovett 
Discharg e 

EA 1977a Figure 
3.1-2 
EA 1977b p.4.1-2 

EA 1977a p.4.1-2 
EA 1977b p.4.1-2 

EA 1977a, Figure 
4.1-1 
BA 1977b, Figure 
4.1-1 

BA 1977a,p.4.1-2 
EA 1977b p.4.1-2

Bowline Point 
Intake 

BA 1977a Figure 
3.1-2 

EA 1977a p.5.1-3 

EA 1977a p.5.1-2 
and 5.1-3 

EA 1977a, p.5.1-3

will be described in forthcoming 
reports on these studies.  

will be described in forthcoming 
reports on these studies 

Not Available 

Not.Availatble 

will be described'in forthcoming 
reports on these studie's

Number of-Pumps 

Oing Rate 
M3 /min.

BA 1977a, Figure 
4..1-1 
EA-1977b, Figure 
4.1-1

EA 1977a, Figure 
4.1-1 
BA 1977b, Figure 
4.1-1

EA 1977a,_p.5.1-3

EA 1977C EA 1977CEA97C

I

EA1977C



T able II-4.B (cont'd)

ences (cont'd)

Stations

- Bowline Point 
and Lovett 
Intake 

Duration of Sampling EA 1977a 4.1-2 
EA 1977b 4.1-2 

Volume Pumped Sample EA 1977c

Bowline Point 
and Lovett 
Discharge 

EA 1977a 4.1-2 
EA 1977b 4.1-2 

EA 1977c

'Bowline Point 
Intake 

EA -1977a- 5.1-2 
and 5 .1-3 

EA 1977c

References 

Ecological Ahalysts, Inc., 1977a. Bowline Point Generating Station Entrainment 

and Impingement Studies, 1976 Annual Report. Prepared for Orange and 

Rockland Utilities, Inc.  

Ecological Analysts, Inc. 1977b. Lovett Generating Station Entrainment and 

Impingement Studies, 1976 Annual Report, Prepared for Orange and.  

Rockland Utilities, Inc.  

*ogical Analysts,' Inc. 1977c. Hudson River Power Plants Entrainment 

Abundance and Survival Raw Data Summaries 1976. Prepared for Central 

Hudson Gas and Electric Corporation and Orange and Rockland Utilies,Inc.



Table 11-4.C

Information Concerning Gear and Conditions Used in 
Dayt ime and Nighttime Pump Sampling for Ichthyoplankton 
at or near Roseton in 1976 and 1977 by Ecological 
Analysts, Inc.

Pump type 

Collection Device 

Intake pipe diameter 

Depth~of removal 

Elevation of pump with 
respect to water surface 

Elevation of collection 
device with respect to 
water surface . mum pressure in pipe 

Minimum pressure in pipe 

Pump speed (rpm) 

Number of pumps 

Pumping rate (total.  

Duration-of sampling 

Volume- pumped per sample

4" Homelite Trash Pump (Discharge seal well) 
Station 

No. 0 (nominal 571-gm) mesh net 

411 

(variable depending on tide height in seal well.  
-approx 10' below mean low tide) 

(Variable depending on tid 'e height -approximately 

level with water surface) 

same as above 

Information Not Available 

Same as Above 

1800 rpm 

One 

900 1/mmn.  

3 hr. and.6 hr. composite samples 

3 3 
approx. 150m for 3 hr., 300 mn for 6 hr. sample.

References not available ; methodologies used will be described in forthcoming 
reports on these studies.



Table 11-4.6 Information concerning gear and conditions used in 

(daytime and nighttime) pump sampling for 

ichthyoplankton-at or near Indian Point in 1977 

by Ecological Analysts, Inc.  

Intakes of Unit II and Unit III 

Pump type 4" Homelite Trash Pump - recessed impellar 

Collection device larval table - 571 um mesh net 

intake pipe diameter 4 inch 

Depth of removal mid-depth, approximately"10 ft.  

Elevation of pump varied with tide, 1 -4 ft.  

with respect to 
water surface .Elevation of collection varied with tide, 12 -15 ft.  
device with respec t 
to water surface 

Maximum pressure in Not Available 
pipe 

Minimum pressure in Not Available 
pipe 

Pump speed (rpm) 1800 -2000 rpm 

Number of pumps two at each intake 

Pumping rate (total) 900 - 1000 liters/mmn.  

Duration of sampling 15 minutesI 
3 

Volume pumped per approximately 15ml 
sample range (9.4 -21.4m) . References not available;~ methodologies used will be described in 
forthcoming reports on these studies



IV.

Iv- 2.

Response:

Questions relating to studies by NYU at Indian Point 

In the NYU 1973 PR, page 28, reference is made 
to a study of the effects of net size in the 
discharge -canal-. Please pre serit-EthC&'-tesult6 
of this study.  

Data collected in the study of the effects of net 
size on abundance estimates of organisms in the 
entrainment samples as well as the size of the 
organisms collected are contained', in the attached 
tables Nos. 1-4.



Table 1 . S'triped Bass Density E stimates for Station D-l 
Based on One Meter Collections,

(No./1000 m3 )

Surface

Time 
1530-1545 
1605-1620 
1730-1745 
1805-1820 

Total 
Mean.

Date 
7/3/73

0930-0945 
sur) 1005-1020 

1130-1145 
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1820 
1930-1945 
2005-2020 
2 130-2 145 
2205-2220 
2330-2 345 
0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
0530-0545 
0605-0 620 
0730-0745 
0805-0820 
Total 
Mean

Mid Depth

j 
0 
1 
,0 
0 
1 
0 

.0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0.  
5 
11 
5 

10, 
-0 
0 
0 
42

L 
66 
31 
38 
57 

192 
48 

'0 
3 

2 
4 
4 
2 
0 
0 
10 
0 
0 
10 
0 
0 
0 
4 
0 
12 
3 
0 
0 
0~ 
0 
5

7/10/7.' 
(24 hr

-7/11/73

J 
5 
8 
0 
2 
15 
4 

0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
25 
46 
51 
20 
18 
58 

131 
97 
54 
53 
17 
8 

579 
24



Table 1 (Cont Id)

Surface Mid Depth 

Date Time L j L J 
7/17/73 0930,rQ945 0 0 0 .0 
(24 hr sur) 1005-1020 0 0 0 0 

1130-1145 2 -O0 0 0 
1205-1220 0 0 0 0 
1330-1345 0 3 0 0 
1405-1420 0 0 0 2 
1530-1545 0 0 0 .0 
1605-1620 3 0 6 0 
1730-1745 0 0 0 0 
1805-1820 0 0 0 0 
1930-1945 0 0 0 0 
'2005-2020 2 0 0 0 
2130-2145 5 0 2 2 
2205-2220 0 36 6 

233-235 ~ 00 0 

7/18/73 0005-0020 3' 0 9 0 
0130-0145 3 0 0 12 
0205-0220 0 0 12 .0 
0330-0345 04 33 6 00405-0420 0 5 47 2 
0530-0545 11 2 \12 0 
0605-0620 0 2 4 0 
0730-0745 0 0 4 4 
0805-0820 0 0 00 
Total 82 19 135 34 
Mean 3 1 6 1 

7/24/73 0930-0945 0 0 10 0 
1005-1020 0 0 0 0 
1130-1145 0 0 0 0 
1205-1220 0 0 !0 0 
1330-1345 0 0 0 0 
1405-1420 0 0 10 0 
1530-1545 0 0 10 0 
1605-1620 0 0 !2 0 
1730-14 0 0 i2 2 
1805-1820 00 !4 0 
1930-1945 0 0 4 0
2005-2020 0 0 10 5 
2130-2145% 0 :0 0 .2 
2205-2220 0 0 0 0 02330-2345 0 13 0 6



Table 1 (Cont'd)

Surface

Time 
0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
0530 -0545 
0605-0620 
0730-0745 
0805-0820 

Total 
Me an

0930-0945 
1005-1020 
1130-1145 
1205-12 20 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1 745 
1805-1820 
1,930-1945 
2005-2-020 
2 130-2 145 
2205-2220 
2330-2 345 

0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
0530-0545 
0605-0620 
0730-0745 
0805-0820 

Total 
Me an

0 

0 
0 
10 
0 
10 
0 

23 
1

2 
0 
0 
0 
0 
0 
0 
0 
0 

No Sample 
0 
0' 
0 
0 
0* 

0 
0 
.0 
0 
0 
0 
0 
0 
0 
2

Mid De,.Pfh-

L 
0 
0 
0 
10 
0 
0 
0 
2 
0 

24 
1

0 
0 
0 
0 

*0

Date 
7/25/73

8/7/73

8/8/73



Table. 2 S1~riped Bass Density Estimates for 
Station D-1 Based on One Half-Meter 
Net 'Collections

(No../1000 m3

Surface

Time 
0930-1020

1130-1220 

1330-1420 

1530-1620 

1730-1820 

_________ 1930-2020 

2 130-2220

Sample 
1 
2 
1 
2 
1 
2 
1 
2 
1
2 

2

2 330-0020 

0130-0220 

0330-0420 

0530-0620 

0730-0820 

Total 
Mean 

0930-1020 

01130-1220 

1330-1420 

1530-1620

Mid-Depth

L 
22 

23 
0 

121 
101 
98 
81 
90 
46

.N.S.

41 
43 
7

.0 
3 
0 
3.  
3 

241 
11

'6 
9A~ 

0 

3 
*0 
'0 
13 

56 
'3 

,0 
0 

0 

2 

,0

213 
138 
52 
54 
7 
7 
0 
11 

1185 
54 

3 
15 
0 
5 
0 
2 
2 
5

84 
101 

54 
45 

144 
150 
72 

115 
.5 
23 
0 
7 

880 
40 

0 
0 
0 
0 
0 
5 
0" 
2

Date 
7/3/73

I Nr ,I17 -mrr

3/73

7/4/73 '

7/10/73



Table 2 (Cont'd)

Time 
1730-1820 

1930-2020 

2 130-22 20 

2 330-0020

Surface

Samle 
1 
2 
1 
2 
1 
2 

2

0130-0220 

0330 -0420 

0530-0620 

0730-0820 

Total 
Mean 

0930-1020 

01130-1220 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2'130-2220

2330-0020 

0130.-0220 

0330-042 0 

05 30-0620

.L 

14 

0 
0 
0 
0 

0

0 
0 
19 
0 
0 
0 
0 
0 

21 
1 

0 
0 
0 
3 

0 
0 

0 
0 
.0

Mid Depth

L 
4 
6 

47 
44 
32 
14 
0 
4

0 
7 
6 
0 
23 
22 

4 
245 
10

0 
27 
80 
74 
66 
47 

0 
441 
18

0 
0 
18 
0 
0

N.S..  

N.S.,

3 
0 

134 
5 
0 
0 
0 
0

N.S.  
N.S.  

NT.S.  
N.S.  
N.S.  
N.S.  
N. S.  
N.S.

Date 
7/10/73

7/10/73 

7/11/73

!,/17/73

7/17/73 

7/18/73



Table 2 .(Cont'd)

Surface

Date 
7/18/73

Sample" 

2

0.  

0 

142

Mid Depth 

L.S 
N.' S.  

2

0_--__--_ 
0

1730-1 820

Time 
0730-0820 

Me an 
Total 

0930-1020 

01130-1220 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2 130-2220 

2330-0020 

0130-0220 

0330-0420 

0530-0620 

0730-0820 

Mean 

-Total 

*0930-1020 

01130-1220.  

1330-1420.  

1530-1620

7/24/7 3

4/73

7/25/73

8/7/73



Table 2 (Cont'd)

Time 
1930'-2020 

2130-2220 

2330-0020 

0130-0220

0330-0420 

0530-0620 

0730-0820 

Me an 
Total

Surface

Sample 
1 
2 
1 
2 
1 
2 

1 
2 
1 
2 

2 
1

Mid Depth

0 

0 

0

Date 
8/7/73

8/8/73



Table 3

(no/lOQO m3

Surface Mid Depth

Date
7/10/7 3 
(24 hr sur)

7/11/73 

7/1 7/7 3 
(24 hr sur)

Time 
0930-0945 
1005-1020 
1130-1145 
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1820 
1§30-1945 
2005-2020 
2130-2145 
2205-2220 
2330-2 345 
0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 

0530-0545 
0605-0620 
0730-0745 
0805-0p20 

Total 
Me an 

0930-0945 
1005-1.020 
1130-1145 
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1 820 
1930-1945 
2005-2020 
2 130-2 145 
2205-22 20

Bay Anchovy Density Estimates 
for Station D-1 Based Ion. One 
Meter N~et Collections

".. /

0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
-0 
0 
0 
0 
16 
80 
16 
17 
5 

0 
0 
0 
8 

145 
6 

0 
0 
15 
23 

433 
5 
0 
18 
91, 
63 
17 
0 
21 
17

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
-0

L 
0 
0 
4 

2 
0 

0 

0 
0 
0 

3 
0 
0 
7 
16 

109 
,0 

40 

'0 

0 
.0 

6 

60 

36 

:32 
54 
46 
6 4 

177 
38 
15 
8 
8



Table 3 (Cont'd)

Surface

Date' 
7/1 7/7 3 

7/18/73

0 

31 
46 

6 
22 
5 

360 
395 

1313 
186 

3069 
128

Mid Depth

0
,-Time 
2 330-2 345 

.. 0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
0530-0545 
060S-0620 
0730-0745 
0805-0820 
Total 
Mean 

0930-0945 
1005-10210 
1130-1145 
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1 820 
1930-1945 
2005-2020 
2 130-2 145 
2205-2220 
2330-2 345 

0005-0020 
0130-0145 
02 85-0220 
0330-0345 
0405-0420 
0530-0545 
0605-0620 
01730-0745 
0805-0820 

Total 
Mean

222 
89 
55 
38 
29 
13 
17 
15 
44 
36 

131 
42 
36 
45 

153

261 
117 
36 
38 
32 
10 
0 
88 
88 

1635 
68*

23 
0 
0 
0 

0 
0 
0 

2 
33 
1

L 
0

27 
0 
18 
23 
33 

467 
700 
782 

0 
2932 

122

.0

0 
2 
19 
12 

116 
0 
13 
0 

218 
9

0 
145 
113 

-. 99 

38 
32 
25 
14 
89 
85 

236 
31 
22 
77 

106 

210 
53 

308 
0 
36 
24 
36 

147 
262, 

2188 
91

6 
0 
0 
0 

'0 
0 
10 

0
34 
2

03 
0 

16 
7 

48 
30 
3 
0* 

109 
5

7/2 4/7 3

7/2 5/7 3



Table 3 (Cont'd)

Aid Depth

Date 
8/7/7 3 

8/8/73

8/21/73 03-94 
*-1005-1020.  

1130-1145.  
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1820 
1930-1945 
2005-2020 
2 130-2 145 

2205-2220 
2'330-2345

5 
9 

15 
3 
3 
2 
7 
4 
3

0 
_0 
'0 
0* 
0 
0 
0 
01 
0' 

(No Sample)

Time 
0930-0945 

1205-1220 
1330-1345 

----1405-1420 
1530-1545 
1605-1620 
1730-1745 
1805-1820 
1930-1945 
2005-2020 
2130.-2145 

2330-2345 

0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
0530-0545 
0605-0620 
0730-0745 
0805-0820 
Total 
Mean

20 
28 
31 
9 
18 
9 

18 

3 
242 
10

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

-16 
17 

139 
66

No Sample 
70 
30 
18 
2 
15 
0 
0 
4 
2 
10 
11 
4 

89 
9

Surface

18 
20 
22 
8 
1.7 
2 
4 
0 
4 

159 
7

0 
0 
0 
0 
0 
0 
0 
0 
0

.4 
0 
2 
0 
0 
0 
4 
0 
0 

** 15 

61 
379 
42



Table 3 Cort'd)

Mid Depth

Time 
0005-0020 
--130-0 145 
0205-0220 
033 0-0 345 
0405-0420 

' 0530-0545 
0605-0620 
0730-0745.  
0805-0820

J 
35 
15 
7 

23 
22 

21

2 
207 

9

0 
382 

17

0930-0945 
1005-1020 
1130-1145 
1205-1220 
1330-1345 
1405-1420 
1530-1545 
1605-1620 

* 1730-1745 
1830-1820 
1930-1945 
2005-2020 

*2130-2145 
2205-2220 
2 330-2 345 

0005-0020 
0130-0145 
0205-0220 
0330-0345 
0405-0420 
05.30-0545 
0605-0620 
0730-0745 
0805-0820

L 
28 

6.  
2 
5 

-3 

14 
(No Sample) 

5.  
338 

15

0 
0 
0 
0 

(No sample) 
0 
0 

(NO-Sample) 
(No Sample).  

0 
0

te 
22/7.3

Surface

Total 
Mean

101 

21 
23 
33 
36" 
51 

5 
818 

36

9/11/73

9/12/73

Total 
Mean

8 

15 
6 

0 
20 

68 
3



Bay Anchovy De nsity estimated for Station D-1 
based on one half-meter net collections

No./1000 M
3

Time

7/3/73

Smle,
Surface 

L J

Mid -Depth 
LJ

1 

2 

1 

2 

1 

2 

12 

2

Table 4

Date

0930-1020 

1130 -1220 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2 130-2220 

2330-0020 

0130-0220 

0330-0420 

0530-0620 

0730-0820 

Total 
Mean 

0 930-1020 

1130-12'20 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2130-2220 

2 330-0020

/4/73

7/10/7.3



Time

0130-0,220.  

0330-0420 

0530-0620 

0730-0820

Table 4 

Sample

2 1

Surface 
L r j

.7 34 
o 0 
6 0 
o 0 
0 0 
0 0 
0 0

Total 
Mean

36 
49.  
30 
19 

149 
46 
29 
17 
78 

3 
0 
0

0930-1020 

1130-1220 

1330-1420 

1530-1620 

1730-1820, 

1930-2020 

2130-2220 

2330-0020 

0130-0220 

0330-0420 

0530-0620 

0730~-0820

178 
41 
21 

4 
72 

141 
444 
636 

2023 
84

Total 
Mean

89 
-5 
3 
0 
15 
26 

3 
0 

146' 
6

Date

0 0 
0 0 

.0 0 
0 0 
o o 
0 #0 

(no sample)

521 
24

-I---/11/73

Mid Depth 
L j 

3 47 

10 3 
0 '~0 
0 0 
0 0 
0 0 

22 7 
1 3 

73 10 
5 0 
3 0 
5 0 

97 0 
48 7 
15, 0 
31 0 

152 0 
92 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0

7/17/73

7/18/73



Table 4

-2 Time

' 0930-1020 

1130-1220 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2130-2220 

2 330-0020

0130-0220

Sample
Surface Mid Depth 

!L_ Z 4 iL J,

76 
-50 

- 37 

0 
19 
10 
15 
7 
49 
6 
88 
0 

(no 
6 

198 
298

0 174 
0 201 
0 55 
0 68 
0 24 
0 35 
0 20 
0 11 
5 93
3 
0 
0 

sample) 
0 
0 
0

0 
0 
0~ 
0~ 
0 
0 
0 
0 
2 
0, 
0 
0 
0 
0 
0 
0

105 
101 
66 
44 
33 

180 
266

(no Sampl-e) 17 
0 0 12

0330-0420 

0530-0620 

0730-0820 51 
82 

1054Total 
Me an

0930-1020 

1130-1220 

1330-1420 

1530-1620 

1730-1820

0 37 
0 25 
0 29 
0 14 
0 258 
0 219 
8 2174 
0 91

3. 0 
0 0 
3 0 
3 0 
0 0 
0. 0 

116 0 
2- 0 
2 0 
3 0

-Date. L

7 /2 4/7 3

7/25/73

8/7/73 4 0 
6 0 
9 0 
0 0 
0 0 
2 0 
0 0 
2 0 
9 0 
2 0



Time

Table 4 

Sample

1930-2020 

2 130-2 220 

2330-0020

Surface 
L j

0 0 
54 0 

3 ~ 0 
0 0 
2 0 

11 0

Mid-Depth 
LJ 

0o 0 
o 0 
o 
0 o 

13 0 
11 0

8/8/73 0130-0220 

0330-0420 

0530-0620 

0730-0820 

* Total 
* Mean 

8/21/73 1000-1050 

1130-1220 

1330-1420 

1530,-1620 

1730-1820 

1930-2020 

'2130-2220 

2 330-0020

8/22/73.

21 
60 
7 

(no 
8 
6 
0 
5 

309 
13 

.24 

.60 

5 
0 
3 
0 

Q 
0 

19 
18 
10 
13

2 
0 
2 

sample) 
0 
.0 
0 
-0 
4 
0

6 0 
29 0 
12 0 

4 0 
3 0 
6 3 
.0 0 
9 0 

114 3 
5 0

0130-0220 

0330-0420
7 29

Date

7/73



Table 4

- Sample -

Surface Mid-Depth 
L J

0530Q-06 20 

07T3 0-0820

Total 
Mean

0930-1020 

1130-1220 

1330-1420 

1530-1620 

1730-1820 

1930-2020 

2 130-2220 

2330-0220 

0130-0220 

0330-0420 

0530-0620, 

0730-0820 

Total 
Mean

Time

8/22/73 9 
0 

4 
178 
S7

9 
0 
0 
9 

298 
12

5 
14 

4 
284 
12

21 
22 

6 
343 
14

9/11/73

9/12/73

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0~ 
0 
0 
0 
0 
0.



v. I

Response:

Questions Relating to the McFadden (February 1977) 
Report 

on -page, 12.;26, .referencekjis--mad~e to projections': ' 
of plant flow conditions (Con Edison, 1976) 
Please supply ORNL with three copies of 
this document.  

Three copies of the projected plant flow rates 
(Tables A-1 through A-5) are attached. The 
data were presented in Appendix A of the 
Supplement I to the McFadden Report.



APPENDIX A 

PROJECTED PLANT FLOW RATES



TABLE A-1

.PROJECTED PLANT FLOW RATES (1000 GFW4 
ROSETON GENERATING STATION (UNITS 1 AND 2)

.ONCE THROUGH COOLING

YEAR APRIL M'AY JUNE

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1995 

1996 

1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016

412.09 
278.29 
418.20 
418.20 
244. 65 
418.20 
-418.20 
418.20 
418.20 
251.53 
418.20 
418.20 
418.20 
418.20 
257.65 
418.20 
418.20 
418.20 
418.20 
217.89 
418.20 
418.20 
418.20 
418.20 
217.89 
418.20 
418.20 
418.20 
418.20 
224.77 
418.20 
418.20 
418.20 
418.20 
231.65 
418.20 
418.20 
418.20 
418.20 
237.77 

0.0

519.12 
465.60 
489.30 
561.17 
376.15 
507.65 
501.54 
495.42 
561.17 
376.15 
513.00 
507. 65 
495.42 
561.17 
376.15 
477.07 
507.65 
501.54 
561.17 
376.15 
477.07 
513.00 
507.65 
561.17 
376.15 
483.19 
477.07 
513.00 
561.17 
376.15 
489.30 
483..19 
513.00 
561.17 
376.15 
495.42 
483.19 
477.07 
561.17 
376.15 

0.0

JULY AUGUST

561.17 
640.68 
535.18 
640.68 
508.42 
517.59 
526.00 
535.18 
640.68 
500.01 
508.42 
517.59 
535.18 
640.68 
517.59 
561.17 
517.59 
526.00 
640.68 
543.59 
561.17 
508.42 
517.59 
640. 68 
543.59 
552.76 
561.17 
508.42 
640.68 
535.18 
543.59 
552.76 
508.42 
640.68 
526.00 
535.18 
552.76 
561. 17 
640.68 
517. 59 

10.0

561.17 
6 40.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 

640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640. 68 

0.0

CLOSED CYCLE COOLING 

APRIL MAY JUNE JcULY

551.17 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640,.68 
640.68 
640.68 
640.68 
640.68 
640.68 
E40.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 

0.0

412.09 
278.29 
418.20 
418.*20 
244.65 
418.20 
418.20 
418.00 
16.00 
9.33 

16.00 
16.00 
16.00 
16.00 
9.60 

16.00 
16.00 
16.00 
16.00 
8.00 

16.00 
16.00 
16.00 
16.00 
8.00 

16.00 
16.00 
16.00 
16.00 
8.27 

16.00 
16.00 
16.00 
16.00 
8.53 

.16. 00 
16.00 
16. 00' 
16.00 
8.80 
0.0

519.12 
465. 60 
489.30 
561.17 
376.15 
507.65 
501.54 
495.36 
16.00 
8.00 

.13.94 
13.68 
13.16 
16.00 

8.0 
12.39 
13.68 
13.42 
16.00 
8.00 

12.39 
13.94.  
13 .68 
16.00 
8.00 

12.65 
12.39 
13.94 
16.00 
12.80* 
12.90 
12.65 
13.94 
16.00 
8.00 

13.16 
12.65 
12.39 
16.00 

8.00 
0.0

561.17 
640.68 
535.18 
640.68 
508.42 
517.59 
526.00 
535.00 
16.00 
11.73 
12.00 
12.27 
12.80 
16.00 
11.47 
13.60 
12.27 
12.53 
.16.00 
13.07 
13.60 
12.00 
12.27 
16.00 
13.07 
13.33 
13.60 
12.00 
16.00 
16.00 
13.07 
13.33 
12.00 
16.00 
12.53 
12.80 
13.33 
13.60 
16.00 
12.27 

0.0

561.17 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
641.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00o 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 

0.0

AUGUST 

561.17 
640.68 
640.68 
640.68 
640.68 
640.68 
640.68 
641.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16. 00 
16.00 
16.00 
16.00 
16.00O 
16.00 
16.00 
16.00 
16.00 
16.00 
160.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
15.00 
16.00 
16.00 
16.00 
16..00 
16.00 
16.0 0
16. 00 
16.00 

0.0



PROJECTED FEJAUT FO RATES (1000 GFI4) 
.INDIAN POINT UNIT 2 GENERATING STATION

ONCE THROUGHI COOLING CLOSED CYCLE COOLING

YEAR APRIL MAY

1976 
1977 
1978 
1979 
1980 
1981 
1982, 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2C00 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016

26.41 
190.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
190.00 
190.00 
540.00 
190.00 
840.00 
840.00 
840..00 
190.00 
20.00 

840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
20.00 

840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 

0.0 
0.0 
0.0

.0.0 

840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
640.00 
840.00 
840.00 
840.00 
840.*00 
840.00 
20.00 

840.00 
20.00 

840.00 
20.00 

840.00 
840.00 
840. OC 
20.00 

840.00 
840.00 
840.00 

*8 40.00O 
130.00 
370.00 
190.00 
190.00 
540.00 
190.00 
190.00 
190.00 
190.00 
190 .00 
190.00 
190.00 

0.0 
0.0 
0.0

JU11E JULY

79.13 
840.00 
340.00 
840.00 
840.00 
840.00 
840.00 
840.00 
640.00 
840.00 
840.00.  
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
190.00 
840.00 
840.00 
840.00 
%190.00 
840.00 
840.00 
840.00 
840.00 
20.00 
20.00 
20.00 
20.00 

840.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 

0.0 
0.0 
0..0

0.0 
840.00 
840.00O 
840.00 
840.00 
840.300 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840. 00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
340.00 
840.00 
540.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840. 00 
840.00O 
840.00 

0.0 
0.0 
0.0.

AUGUST A PRIL MAY JUNE JULY

0.0 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
304 0 .00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 

0.0 
0.0 
0.0

26.41 
190.00 
840.00 
840.00 
840.00 
840.00 
840.00 

20.0.0 
50.00 
50.00 
50.00 
50.00 
30.00 
30.00 
40.00 
30.00 
50.00 
50.00 
50.00 
30.00 
20.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
20.00 
50.00 
50.00 
50.00 

.50.00 
50.00 

*50.00 
50.00 

0.0 
0.0 
0.0

0.0 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
20.00 
50.00 
50.00 
50.00 
50.00 
50.00 
20.00 
50.00 
20.00 
50.00 
20.00 
50.00 
50.00 
50.00 
20.00 
50.00 
50.00 
50.00 
50.00 
30.00 
35.00 
.30.00 
300 
40.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.0 
0.0 
0.0

79.13 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
30.00 
50.00 
50.00 
50.00 
30.00 
50.00 
50.00 
50.00 
50.00 
20.00 
20.00 
20.00 
20.00 
50.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 

0.0 
0.0 
0.0

0.0 
840.00 
840.00 
840.00 
840.00 
840.00 
840.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
40.00 
s0.00 
50.00 
50.00 
50.00 
53.00 
50.00 
50.00 
50. 00 
50.00 
50. 00 

0.0 
0.0 
0.0

Note: The flow rate of 840,000 gpmi presented here is used for comnutation 
of therrni-induc ed entLrairment m.ortality (section 3.IV.D.2 .d) only.  

Themothy average flwrate reflecting down times is 720,000 gpm.  
Thais value was used in the RTLC model runs.

AUGUST 

0.0 
840.00 
840.00 
840.00 
840.00 
640.00 
840.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00O 
50.00 
50.00, 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00o 
50.00 
50.00 

50.00 
50.00 
50.00 
50.00 

0.0 
0.0

TABLE A-2



TABLE A-3 

*PROJECTED PLANT FLOW RATES (1000 GEM)( 

INDIAN POINT UNIT 3 GENERATING STATION 

ONJCE ThROUGH COOLING CLOSED CYCLE COOLING 

YEAR APRIL M4AY JUNE JULY AUGUST APRIL MAY J'UNE JULY AUGUST 

1976 301.96 508.68 573.11 633.36 579.52 301.96 508.68 573.11 633.36 579.52.  
1977 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 
1978 840.00 20.00 20.00. 840.00 840.00 840.00 20.00 20.00. 840.00 840.00 
1979 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 
.1980 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.30 840.00-840.00 
1981 840.00 840.00 840.00 840.00' 840.00 840.00 840.00 840.00.840.00 840.00 
1982 840.00 20.00 20.00 840.00 840.00 840.00 20.00 20.00 840.00 840.00 
19,83 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 840.00 
1984 840.00 840.00 840.00 840.00 840.00 20.00 20.00 50.00 50.00 50.00 
1985 840.00 840.*00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 -50.00 
1986 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
1987 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 .50.00, 
1988 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
1989 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
1990 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
1991 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50-.00 
1992 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
1993 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
994 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50'.00 

W995 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 5'0.00 
1996 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
1997 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
1998 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 5 0.00 
1999 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00P 50.00 50.00 
2000 840.00 .840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
2001 840..00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2002 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2003 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2004 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
2005 840.00 640.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2006 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2007 840.00 840.00 84,0. 00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2008 840.00 840.00 840.00 340.00 840.00 50.00 20.00 20.00 50.00 50.00 
2009 840.00 840.00 840.00 840.00 840.00 50.00. 50.00 50.00 50.00 50.00 
2010 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2011 840.00 840.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2012 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 
2013 840.00 840.' 00 -840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2014 840.00 20.00 20.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2015 840.00 640.00 840.00 840.00 840.00 50.00 50.00 50.00 50.00 50.00 
2016 840.00 840.00 840.00 840.00 840.00 50.00 20.00 20.00 50.00 50.00 

,*te: Te flow rat.e of 840,000 gupm presented hr sue o optto Wof thermal-induced entrainment no-rtality (section 3.TV.D.2.d) only..  
The monthly average flow rate reflecting~ down times is 720,000 gum.  
This value was used in the RTLC model runs.



TABLE A-4, 

PROJECTED PLANT FLOW RATES (1000 GPM) 
BOWLINE GENERATING STATIOU (Ut/IT 2)

ONiCE TIIROUGRi COOLING CLOSED CYCLE COOLING

YEAR APRIL MAY JUNE JULY AUGUST APRIL. MAY JUNE JULY

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1 999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

2007 

2009 
2010 
2011 
2012 
2013 
20114 
2015 
2016

257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257. 00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257. 00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00

257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257,00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00

0.0 0.0 0.0 
0.0 0.0 0.0

384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00

350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350. 00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00

384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
3834.00 
384.00 
334.00 
384.00 
384.00 
384.00 
384.00 
384.00 
364.00 
384.00 
384.00

0.0 0.0 
0.0 0.0

257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00 350.00 
257.00 257.00,350.00 
257.00 257.00 350.00 

8.00, 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
a.00 8.00 8.100 
8.00. 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 ,8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.-00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
8.0.0 8.00 8.00 
3.00 8.00 8.00 
8.00 8.00 8.00 
8.00 8.00 8.00 
3.00 8.00 8.00 

0.0 0.0 0.0 
0.0 0.0 0.0

384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
384.00 384.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 80 

8.0 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.'00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
8.00 8.00 
.8.00' 8.00 
8.00 8.00 

0.0 0.0 
0.0 0.0

.AUGUST

384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
384.00 
334.00 
384.00 
384.00
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'TABLE A-5 

PROJECTED FL AL/ F~LOW RATES (1000 GEM) 
BOWLINE GENERATING STATION (UNIT 1)

(

OXJE THROUGh COOLING

APRIL MJAY

1976 
1977 
19786 
1979 
1980 
1981 
1982 

.1983 
1984 
1985 
1986 
1987 
1988 
1989 

*91 

1992 
1993 
1994 
1995 
1996 
1997 
1998' 
1999 
2000 
2001 
2002 
2003 
20014 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
20114 

~01 5

0.00 
129.00 

0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.0 0 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00o 
0.0 
0.0

JUNiE JULY

193.00 
257.00 
193.00 
193.00 
193.00 
193.00 
2157.00 
193.0Cr 
193. 00 
193.00 
193.00 
257.00 
193.00 
193.00 
193. 00 
193.00 
257.00 
193.00 
193.00 
193.00 
193.00 
257.00 
193.00 
193.00 
193.00 
193.00 
25'7 ;00 

193.00 
193.00 
193.'00 
193.00 
25'7. 00 
193.00 
1093.00 
193.00 
193.00 
257.00 
193.00 
193.00 

0.0 
0.0

350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
3501.00 
350.00 
350.00 
350.00 
350..00 
350.00 
350.00 
350.00 
350.00 
350 .00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 
350.00 

0.0 
0.0

Yihf

CLOSED CYCLE CO LIL;G 

APRIL ;-iAY JlUNE' JULY

0.-00 193.003814.00 
3814.00 
384.00 
3814.00 
384.00 
3814.00 
3814.00 
384.00 
3814.00 
3814.00 
384.00 
384.00 
384.00 
384.00 
384.00 
3814.00 
3814.00 
384.00 
384.00 
3814.00 
384.00 
384.00 
3814.00 
384.00 
3814.00 
384.00 
3814.00 
3814.00 
3814.00 
3814. 00 
3814.00 
384.00 
38'4.00 
384.00 
3814.00 
3814. 00 
3814.00 
384.00 
3814.00 

0.0 
0.0

AUGUST 

3814.00 
3814.00 
3814.00 
384.00 
3814.00 
3814.00 
3814.00 
384.00 
384.00 
384.00 
384.00 
384.00 
3814.00 
384.00 
384.00 
384.00 
3814.00 
384.00 
384.00 
3 84.0 0 
384.00 
384.00 
384.00 
3814.00 
3014.00 
3814.00 
3814.00 
3814.00 
384.00 
3814.00 
384.00 
3814.00 
3814.00 
384.00 
3814.00 
3814.00 
334.00 
384.00 
3814. 00 

0.0 
0.0

129.00 
0.00 
0.00 
0.00 
0.00 

129.00 
0.00 
0.00 
0.00
0.00 
4.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
0.00 
0. 00 
0.00 
4.00 
0.00 
0.00 
0.0 
0.0

25 7.00 
193.00 
193.00 
193.00 
193.00 
257.00 
193.,00 

6,00 
6.00 

8.00 
6.00 
6.00 
6.00 
6.00 
8.00 
6.00 

6.00 
6.00 
6.00 
8.00 
6.00 
6. 00 
6.00 
8.00 
8.00 
6.00 
0.00 
6.00 
8.00 
8.00 
8.00 
6.00 
6.00 
6.00 
8.00 
6.00 
6.00 
0.0

350.00 
350.00 
350.00 
350.00 
350.00 
35 0.00 
350.00 
350..00 

8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8-.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
g9 oo 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00.  
8.00 
8.00 
8.00 
8.00 
8.00 
0.0, 
0. 1

3814.00 
384.00 
3814.00 
3814.00 
384.00 
3814.00 
384.00 
384.00 

8.00G 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
6.00 
8.00 
8.00 
8.00 
6.00 
8.00 
8.00 
8.00 

8.00 
8.00 
8.00 
8 .00c 
8.00 
8.00 
8.00 
8.00 
8.00 
8 .00 
8.00 

8.0,0 

0.0 
0.0

AUGUST

3814.00 
3814.00 
3a14.00 
384.00 
384.00 
384.00 

384.00 
8.00 
8.00 
8.00 
8.00 
8.00, 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8-00.  
8.00 
8. 00 
8.00 
8.00u 
8.00 
6.00 
8.00 
8.00 
8.00 
8.0.0 
8.00 
8. 00 
8.00 
8.00 
8.00 
8.00 
0.0
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Response:

On page 12.26, it is stated that "all other model 
input parameters (besides plant flows) were held 
constant at either the 1974 or 1975 values in the 
long-range projections of impact." on page 12.27, 
it is stated that ". ..the estimates of the number 
of striped bass impinged (Section 9) were input 
directly to the model..." Does this imply that the.  
absolute number of fish impinged was held constant? 
Please identify the particular numbers for impinge
ment which were input directly.  

No, the absolute number of fish impinged was not held 
constant in the model in making long-range projections 
of impact. The absolute number of fish impinged during 
1974 and 1975 was input to the model along with the 
plant flow rates during these years and the model 
calculated f factors for juvenile II and juvenile III 
life stages based on the model predictions of juvenile 
standing crops. These f factors, used as input to 
the model, were held constant in the long-range impact 
model runs. The f-factor approach allows for year to 
year variation in the striped bass impingement in the 
model to reflect variation in projected plant flow 
rates and model predictions of juvenile standing crops.  

The striped bass impingement data have been updated 
since the release of the McFadden Report. The updated 
data are shown in Section.3-IV.D.4 (Table 3-IV-31 
through 3-IV-33) of Supplement I to the McFadden Report.  
Table 3-IV-34 in Supplement I shows the updated absolute 
numbers of striped bass juveniles II and III input to 
the model to compute impingement f factors.



V.3. .,For the present simulations of'1974, of 1975,.and.  
of 1976 conditions with the Lawler, Matusky, and 
Skelly real-time model (Sections 10 and 12 of the 
McFadden 1977 Report), provide tables in the format 
of Table V-1 for both the "no compensation, with 
power plants" runs (step (4), p. 10.66) and the 
".1with-compensation, with power plants" runs (step 

(6), p. 10.66). A total of six such tables is 
therefore requested. Document the full set of input 
parameters for these model runs. Also provide the 
relevant "output" biological parameters (e.g., adult 
survival rates).  

Response: The requested information is being prepared and will 
be provided to you very shortly.



V_9. Provide a copy of the paper by Schuermann. and Curry 
h(1973) mentioned on p. 7.207. Is the paper by Curry 
F(1973) supplied to us as a result of the Indian 

Point Unit 2 hearings in February 1977 the same 
paper? The iterative procedure is described on 
pp. 7.208 and 7.209, but no references are given.  
Provide copies of all references material relating 
to this procedure.  

,Response: The paper by Schuermann and Curry (1973) which you 
have requested is the same paper as prepared by 
Curry (1973) which was provided to the staff 
during the Indian Point Unit 2 extension of time 
for once through cooling hearings in February 
1977. Another copy of the paper by Curry.1973 
is enclosed.  

With respect to the iterative procedure described 
on page 7.208 and 7.209, no literature references 
have been found which exactly describe the pro
cedure used here. However, there are several 
references in which either prior probabilities.  
or iterative techniques are used to discriminate.  
among populations. A manuscript by Casetti (1962) 
described discrimination procedures which iteratively 
allocate individuals to classes. McLachlan (1976) 
gives an iterative reclassification procedure which 
updates discriminant functions. Copies of these 
two manuscripts are also enclosed.  

.1The following references are offered as additional 
information on this subject: 

Anderson, T.W. 1958 An introduction to 
multivariate statistical analysis.  
John Wiley & Sons, New York 374 p.  

Dixon, W.J. (Ed.) 1975 BMDP Biomedical 
computer programs. Univ. of Calif. Press 
Berkely, Cal. 789 p.  

Morrison, D.F. 1967 Multivariate statistical 
methods. McGraw-Hill, New York 338 p.I
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2.0 Si ngl e Parameter Analysis 

Several me thods for s ingle-paraw~eter pa raet ric analysis have 

been devised. The sensitivity analysis approach for linear program

ming problems is well known. In addition to the linear programming 

problem method, procedures have been devised for quadratic programing 

and general convex programming problems.  

The main concentration here will be on objective function and 

right-haad side or resource vector analysis. Parametric technological 

coefficient problems will not be discussed, mainly due to the limi

tations on its application. The greatest effort has been on procedures 

for objective and resource vector analysis. in addition, the emphasis 

in this material is on the utilization of the parametric approach to 

solve other problems. Trhe Parametric solutions can be used to deal 

with chance-constrained pro gramming problems and nonlinear constraint 

problems. Other fruitful app1rications have occured in the area of 

nonconvex objective functions over convex constraint sets.  

A nonstandard approach is utilized for the linear and quadratic 

single parameter problems. Thie normal simplex method for linear 

programming is not discussed. Rather, a primal-dual method and its 

extension to quadratic progranining gives a more consistant base for 

the computational procedures.  

2.1 Linear Programming 

The single parameter parametric linear programming problem is 

the most widely known and utilized of all parametric methods. The 

ease with which these paramietric :,-olutijrs can lie obtained, contri

butes significantly to its utilii~tion. Parameutric objective function



2 2 

and ri ght-hand s ide or resource vec to r analysiS lend solutions which 

are linear segments of the s i gl 1 parameter 0. These solutions are 

discontinuous for objective function analysis. However, for the re

source vector analysis problem, the solution vectors are'connected 

linear segments and hence continuous. Several excellent discussions 

of linear sensitivity or parametric analysis are available. Notable 

among. these is the concise chapter in Taha [1971].  

The basic linear programnmingj problem before parameterization is 

defined as: 

T 
maximize x0  c x 

Subject to . * 

(LP)* Ax,< b. .  

The single parameter objective function problem bas ed 'on (LP) i s: 
T maximize x0  (C + od) X_ 

subject to 

Ax <'b 

(LPC) 

o > 0.  

Where. the vector d is the change in the vector c as a function of the 

parameter o. The parametric resource vector, problem (LPR) is: 

maximize x0 C c x 

subject to 

(LPR) Ax < b- ae 

x > 0 

0>0. .
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Thus, tile vector e i s def ined a s thle change in thle vector b a s a 

function of e 

The method of solving the two p arametri c problems (LPC) and (LPR) 

i s to first solve' the basic l inear programming problem (LP). The 

solution to this problem is, of course-, the solution to the parametric 

problems at 0=0. Thie solution tableau for the .(LP) problem is then 

utilized for the parametric problem. The basic idea for resource 

vector analysis is to append 0 to the list of decision variables and 

then maxiimize e. At each pivot for -this problem, the resulting values 

of the decision variables can be read from the tableau in the same 

manner as a normal linear programmiing problem. The intermediate values 

of the decision variables are obtained by taking convex linear com

binations of the critical point values of the variables.  

The linear and quadrati c programming solution techniques are 

based on the "Symmnetric" method of linear programming developed by 

Talacko [ .A brief summary of this primal-dual method is given 

in the next section.  

2.2 Symmetric Method of Linear Prograniminq 

The symmetric linear-, programming method was developed by Talacko 

[ .The method discussed here is an extention of that procedure to 

ha~ndle equality constraints iimiplicitly rather, than adding two in

equalities for each equality. The symmietric method name is an adequate 

synonym of the method since it is based on the primal inequality 

problem.  

maximize x = C Tx 

Subject to 
AO x c b 

.>0



and the associated -syiivetri c dual p roblIem

T 

subject. to Ay> c 

*The duality relationship of linear programming lends the result 

that for feasible p r i ral and' dual s ol uti ons the value of the dual 

problem y > x0 the value of the primal. problem. In addition, at 
0 * 

optimality the two problems have the same value, yo =x. Exploiting 

this relationship, if both problems can be operated on simultaneously, 

it may be possible to obtain a good computational procedure for the 

solution of the problem. The advantage of a primal-dual procedure is 

the ability to handle infeasible constraints without expanding the 

problem in terms of slacks and artificial variables. With the exten

sion of the method to include equality constraints, a very general 

method results which requires no slacks or artificial variables.  

There are three basic components in the symmetric linear 

programming procedure. These are: (1) the inversion-in-place pivot 

method, (2) a primal simplex pivot selection, and (3) a dual simplex 

pivot selection. Each of these procedures is discussed in detail in 

the following sections. These sections are intentionally brief and 

more detailed discussion can be found in several texts deal ing ex-.  

clusively with linear programmning. The primal and dual simplex 

methods are well presented in the text by Taha [1971]. Both primal 

and dual pivot candidates are considered. Then a selection is made 

corresponding to the pivot wh~ich leads to the greatest change in the 

sol uti on.  

The basic tableau to be used is that of the primal problem. The 

dual problem is then deal ing writh rows rather than columns since only



one tableau is necessary. The primal

Thus, the

tabl1e au i s:

iteration 
number 

basic 
primal A < b 
variables 

~T 

dual..tableau in the same form is:

k basic dual k.{variables,

A 

__ _ _IV 

CT

b

Combining the two tableaux, the symmetric method tableau becomes: 

2.2.1 Primal Pivot Selectionl 

In the primial simplex method, ILhe pivot selection procedure can 

be paraphased as "Select the largest positive element in the 

pricing row. The associated variable becomes the entering variable 

and hence the pivot column. The leaving basic variable, and'.hence 

the pivot row, is the row assodii d with ti)e min ifmm ratio of positive

2-5
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2.2.2 Dual Pivot Selection 

The dual pivot selection is similar to the primal selection 

except that the resource column~ is inspected for negative elements, 

infeasible primal constraints, then the minimum ratio of negative row 

elements to nonpositive pricing elements is obtained. Thus, the 

dual scheme is; -resource, - row element, and - or 0 pricing element.  

Any other combination is of cour: neglected. For each possible pivot 

that satisfies the dual selection criterion, the one which produces the

2-6

pivot column elements into positive resources".. This scheme is 

thus; + indicator, + column element, and +or 0 resource elements.  

Any deviation from this scheme is not considered in the candidate 

selection. The primal procedure is concerned with selecting non

optimal columns and then choosing as the pivot row the one which 

will retain the feasibility of all currently feasible rows.  

The syimmetric method of primal pivot selection deviates slightly 

from the procedure just discussed. This deviation is in the selection 

of the largest pricing row element as the pivot column. The largest 

pricing element does not insure the greatest resulting objective 

function change. Although this is certainly a valid method, the 

procedure here is to consider all positiva pricing columns as 

possible pivot columns. Thte n the required pivot elemenit in the colunmn, 

if it exists, is located and the objective function change is computed.  

The pivot element with the largest change is then retained as the pos

sible primal pivot element. This element will become the eventual 

pivot element if the dual pivot candidate does not produce a greater 

change in the objective function.

I



tableau,
- E - (?-R)('PCj P

largest change in the objective is retained as the dual pivot candidate.  

This pivotal change is compared wi th the primal pivotal change and the 

*pivot with the largest change is selected as the pivot element.  

If no primal or dual pivots can be found then one of two conditions 

exists. A finite optimal solution exists if all primal indicators, pricing 

elements, are negative and all dual indicators, resource elements, are 

positive. Otherwise, no finite optimum exists. Infeasible problems 

and unbounded problems both terminate with this condition. However, 

no distincton willI be made in. the resulting conditions. If any 

indicator, primal or dual, has the correct sign but no pivot element 

exists then a finite optimum solution does not exist and the procedure 

is terminated.  

2.2.3 Pivot Method 

The pivot procedure is that of inversion-in-place. This method 

is a compact -inverse method. There a re fo ur el eme nt operation rules.  

(1) Replace the pivot element P by one over -the pivot element, 

P, 1/P.  

(2) Divide all elements in the pivot. rowq, excluding the pivot 

element itself, by the pivot, PR' = PR/P.  

(3) Divide all elements in the pivot column, excluding the pivot 

element itself, by the negative of the pivot element, PC' = -PC/P.  

(4) Perform gaussian reduction on ail other elements in the



*2.2.4 Equal ity Constraints 

*Equality constraints can be h andlIed by pivoting the dual 

variables' associated with these constraints into the basis at the 

*outset of the problem sol ution . Then these' dual variables are 

maintained as basic variables throughout the remainder of the 

problem solution. Since the dual variables associated with equality 

constraints are free variables, or unrestricted in sign, then these 

variables are always feasible.  

2.2.5 Example Problem 

Consider the problemi, 

miaximize 3x1  2x2 + 5x3 

subject to.  0 I + 2x 2 + X 430 

3xi + 2x3 < 460 

x I + 4x2  < 420 

X xlI x 2 5 x3 > 0 

The first constraint is an equality and the associated dual variable 

will have to be pivoted into the basis first and retained there. The 

sequence of tableaux is:



* - *a

0

-3

1 2 1 

3 0 "2 

14 0'

430 

460 

420

2 5 o 

1 2 1 430 

2 -3 -6 -1 -830 

-13 -1 -10 

-3 -4 2 -1290 

13 2. 1 430 

Y2 -2 -4 1 -400 

Y3 0 4 1 420_ 

-5 -8 -2 -2150 

3 Yl Y2 x 
x3 0- 1/2 3/2 230 

x2 1/2 -1/4 -1/4 100 

3 -2 1 2 20 

-1 ..2 -4 -1350

2M



0 The optimal primal sol1uti on is X Y 

arid x3  230. The dual solIuti on i s the n~ 

Thus, y1 =1 y2 =2, and y3 = 0.  

Problem 2.2.1 

Solve the problem, 

,maxim ize x =3x 1 + 2x +5x' 

subject to -I 2x 2 + x 3 =430 

3x1  + 2x3  460 

*x1 +4U < 420 

* x1 x, x3 > 0

Problem 2.2.2 

Solve the problem, 

maximize x0  1 2x 

subject to 4x 1 

2x 1 

2x, 

xl

135.0, x 1  0, X 2 = 100, 

?gative of the pricing row.

- lOx 2 

U 4 2 < 0.4 

-2x 2 '< 0.6 

x 2 > 0

Problem 2.2.3 

Sol-ve the problem, 

maximize x0  x1 + x2 + 

subject to x1 + 2x2 + 3x3 <1 

3xI+ 2x 2 + '; 3< 10

2-10.



. 2x1 + x +2 x3 

-xl x2 x3 0

1 0

271 1

subject to

(LPR) Ax < b - Oe

x > 0 

.6> 0

Writing this in, 

e as a decision

the tableau formi fur the syninetric method, treating 

variable and denoting dual variables to x by Y~:

Pr-oblem 2.2.4 

Find the inverse by inversion-in-place of the following matrices: 

1 3 

2 f 2 - -3.  

3 2 

2.3 Linear Parametric Progq~n__dn 

In this section, a solution method for t he single parameter linear 

programming problem is developed. The method utilizes the symmietric 

method for linear progranining. The parametric resource vector problem 

is addressed first.  

Consider-the problem (LPR) given by: 

maxi mi ze x =



G 

C. U 0 

ThevaI o ftheobec ivecoeff ic ient for e does riot di f fer f rom the 

;-tandard valIue if 0 was t?'uely treatedI as a va ri abl e. The basic i dea 

i s to first niot allowi 0 i nto the bas is, thus sol vi ng the s tandard 

problem (I.P). However, the parameter change vector, column under e, 

is being -updated to corresrid to Cnneiint basis. Once this problem 

is sol ved, asSIimig that a, finite optimal sol ution exists, the 

problem will be chaniged to one of waxiiiziiiq 0. Therefore, 'in the 

presenit for-n the, optimal. tahi eati wi IJ be cor-rect for, undertaking the 

second phase maximiz~ation. T he iist phase is comPleted by allowing 

only th'a- first 11 primal varillbhies to bocorie basic. M at is -only -con

sider x's as Pr imal pivot cai-I'idu Les and] of cuurse the dual variables 

yas dual pivot candidates. Thus, yielding the tableau:

k (~ y~) 1 
.

By the conditions for a finite feasible 

b'> 0 and the vector, c' < 0i. 1ihe val ue of f 

6 is riot truely a variabie ini the proble!i at 

anialys is, phase t.',(cmj i~oj !,a:. j coiipl ishe(!.

soIlutionl, the vector 

is irrelevent since 

Lthis time. The parametric 

b-/ replacing the vector c'

* 2-1
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'by 0 and f by the number one. Then proceeding to maximize, the 

problem is equivalent to max imi z irt-y a wh ilIe retaining the optimality 

of the (Lasis. -if the solution then proceeds to become optimal , no 

feasible So1Lu t ion exists for 'larger values of a. However, if the 

Procedure arrives at a solution which is not optimal and no 

feasible..pivot exists, then the current solution is optimal for all 

values of a greater than this critical value of e.  

The proposed method works quite well for parametric right-hand 

side analysis. To study the parametric objective function problemi 

(LPC), merely taking the dual problem and then sol ving the resul ting 

(LPR) problem is not adequate. Certainly the correct critical 

values of o are obta'ined, but since in the procedure the optimal 

pricing vector was replaced by zeros, the dual variables of the 

problem have been destroyed. Sinice originally the problem was trans

formed to its dual to facilitate solving the parametric problem, 

the true deci-sion variables of interest are now actually the dual 

*variables of the problem. Hence, this exact procedure does not 

yield the desired results. However, the procedure can be adjusted, 

with minimal effort, to yield both the primal and dual decision 

variables. This method will thlen be ani acceptable one for the 

analysis of both linear parametric programrming problem types, (LPC) 

and, (LPR).  

The adjustment to the procCdure eis Slight. Instead of replacing 

the pricing row by-zeros and a one, the pricing row will be retained 

an'I a new row added to the tb1mfor the new prices . To mnai ntai n 

S . ~the corr ct vaI nc's of thc- duA Iva, i ahl s ( pr i cingr row) , one add iti on al



- -w

maximize 

subject to

=3x1 

xl 

3x1

2 2x2 + 

X +

5x 3 

x 3 

21x 3

430 + 

460 -40

The starting tableau

x I + 4x 2  < 42 

x1 I x 2 $ x3 5 0 

f~br th is prab~ll un is

* 2-14 

adjustme'nt mus t be made. When' thle pivot element has been' located, 

the minimum,, ratio of' the. nega ti ve elements in the pivot row to the 

.original, pricing row is obtained along with the corresponding column 

fo r th is 'ratio. Thi s is equivalent to finding. the leaving 'variable 

in the primal revised-simplex parametric, resource problem. The 

ori qinalI pricing vector value for -the designated column is replaced 

by the minimum ratio times the value of the. pivot element. This 

method insures that the dual variables have the correct values. The 

* optimization is of course performed on the new pricing row and is con

tinued until either no new pivot exists (optimal solution fo r greater 

9) or the problem becomes optimal (infeasible solution for greater 9).  

This adjustment procedure to maintain the correct value of the dual 

variables doesn't maintain the correct value of the solution x 
0 

Thus, the solution value mus t be recompu ted at each critical value 

of 0.  

Example 2.3.1. The following example problem is solved by the simplex 

parametric programming procedure -in Chapter 9 of Taha [1970]. The 

problem is now solved by the symmetric parametric method. The problem 

is:

0 - 49



IL

0. 0 x x x3 

1 2 1 - 430 

Y20 2 4 460 

1 4 0 4 420 

3 2. 5 0 0 

The solution for a = 0is found by 'not allow.ing 9 bas..ic and forcing all 

*other indicators optimal. This solution is found in two pivots. The 

final tableau is augmented by the new pricing row yielding:' 

2 x Y jjj~2 
X 2  -.1/4 1/2 -1/4 1 -3/2 100 

x3  3/2 0 1)2' 2- 230 

The soIlution for' 9 0 i S then x1  0, X 100, x 230 and the 

objective function value x0  1350. The dual solution is y1 = 1, 

Y2= 2, and Y3 = 0. Recall -that the negative of the indicator or 
pricing ro-w is the value of the dual variables and the objective 

function x. Ihe parametric anlalysis is now continued by proceeding 

to maximize the augmented problem. Of course, ptiots are not allowed 

in the original pricing rowq, designed by x0 as the basic variable.  

The first step is to find the pivot elemient by the normal 

symmetric me thod. The circled eci memunt in the tableau is the new pivot



2-16' 

element. Next the adjustment for the dual variable values is found 

*by finding the minimum- ratio of the negative el emen ts in the y3 row 

into the, row. TIs oprto a ny one candidate and thus the 

ratio is 1/2. Now,, replace the indicator in the true pivot column, 

O column for this iteration, -7 by the minimum ratio of 1/2 times the 

pivot element 10. The result is that -7 is replaced by 5. Now.  

proceeding with a normal symmetric pivot and then recomputing the 

objective function value x0 the result is: 

3 x1  1  y 

X 2  0. 05 -. 10 0.15 103 

x 1.10 0.40 0.30 -0.20 226 

9 0.20-0.20 0.10 0.10 2 

x -5 0 -2.50 -0. 5-13 

-0.2 0.2 -0.1 -0.1 

Thus, thle next critical value is 9 =2. The soludion at-this point.  

is x, = 0, x 2= 103, x 3 = 226 and x= 1336. Thle dual solution at this 

critical value is y1 = 0, y2 =2.5 and Y3 0.5. The next pivot 

is circled in the tableau. Again there is only one negative element 

in the pivot row, x 2 row, thu s the ratio is -2.5/-0. 10 = 25. Thus, 

repla ce the x 0 row indicator for the pivot column, y1 column, by 

25 (0.20) =5. Now performiing the pivot the final tableau is ob

tained.



A

xl2 Y2 , Y

0 -, -1/4,

y 1/4 5. -1/2 3/4 515 

1, -2- 1/2 -Y/2 20 

9 1/ 4 1 0 1/410 

x 0 -25/4 -25 0 -17/4- -10

- 1/4

The problem's final solution is at a critical value 'of 9 = 105 with values 

x! 100, x1  0, x2 = 0 and x 20. The dual variables are y1  0, 

Y2 0,,andy 3 =1/4. Since the problem now has optimal indicators,, 

there is- no feasible solution for 0>105 and the parametric analysis 

is complete.  

Problem 2.3.1 

Solve for the complete parametric solution to: 

max imi ze. x0  3x1 + 2x + 5x 

subject to x1 + 2x2 + x3 < 430 + 100 9 

* 3x, +2x 3 <460-200 9

x. + 4x2  <420 +400 9 

X.1 1 x 2, x3 5 9 0

Problem 2.3.2 

Solve the parametric pricing problem for the compleLe solution.  

minimize x 0 (3.- 69)x I + (2 - 29)x 2 + (5 + 50)x 3

-Y

7.2 2 17

x
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subject to x 1 + 2x 2 + x<430 

3x 2x <460 

x + 4x <420 

x1, x2  x3  9 > 0 

2.4 Quadratic Programming 

The field of quadratic programming is large in the number of papers 

and the variety of techniques that have been proposed. This class of 

problems is one step up in difficulty from linear programming.  

Generally linea~r programming based methods are used in the solution 

of quadratic programs. This is due to the linear nature of the Kuhn.-

*Tucker- conditions when app]lied to this class of problems. The onlj 

nonlinearity being the complimentary slackness conditions.  

A few of the different solution techniques merit mention any time 

solutioni methods for quadratic programs are discussed. These 

techniques included the well-known method of applying the restrictive 

basis method and linear prograiiining developed by Frank and Wolfe [1956].  

A gradient type procedure is discussed in Wagner [1969]. Later methods 

are those of Lemke 11965] and the complimentary problem of Cottle and 

Dantzig [1963]. A general and fairly complete discussion including 

Isome parametriL results is given in Eaves [1971]. The first parametric 

quadratic method was presented by Wolfe [1959]. This article develops 

the computational method for parametric analysis of the linear term* 

in the objective function. This procedure is the basis for the one 

discussed here. The quadratic pr,--grammiing solution mrethod to be



and the (QPR) is 

maxim i ze 

subject to

CT x + x TDx

(QPR) Ax < b + e 

x 0O 

As was the procedure for the linear programming problem, the first 

phase of the two phase parametric solution method is to solve the 

quadratic problem (QP) obtained by specifing 9 = 0. This problem 

can be-made easier by first applying the necessary and sufficient

2- 19 

discussed was developed by Schuermann [1971] and is well described 

as a -symetri c pivot method.  

The basic problem is one of maximizing a concave quadratic 

objective f un c t ion subject to a linear co ns tra in t set. The problem is: 
T T maximize X x c + x Dx 

subject to 

(QP) -Ax <b 

x>O 

The two associated parametric problems'are the parametric objective, 

function problem (QPC) and the parametric resource problem (QPR). The 

(QPC) problem is 

max imi ze gc x + xTDx 

subject to 

(QPC) Ax b 

xO0 

~>0
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conditions of Kuhn and Tucker for the general mnathematical programming 

problem,.  

maxiiize f (x)' 

(GP) subject to 

The Kuhn-Tucker conditions are: 
fill 

(K-T) 

* k9x) =0 

For quadratic programming probl1ems , all of the Kuhii-Tucker con

ditions yield linear constraints except the last constraint knowni 

as the complimentary slackness condition. This condition merely 

states that if the jth. constraint in (QP) is not tight, then the 

multipler must be zero. Or if the jth slack is basic then the associated 

dual variable or multipler can not be basic for the dual problem. The 

Kuhn-Tucker conditions applied to (QP) Yields the following system of 

equations where s - 0 is the vector of constraint slacks for Ax < b 

with multipliers y. > 0. The nonnegativity conditons on x > 0 have 

mul ti pIi e rs u > 0.  

-2Dx + A y -u c 

Ax +s b 

(2.4.1) u 0 x ~ . (Vi~j) 

y 0 , u >0, x <0, _0



(2.4'.2) u 2D -AT 

J A 0 b

if the symmetric method of linear programmning is directly applied 

to this. problem, the conditions y-s =0 =u-x will not neces'sarily 

be satisfied. Schuermann' s approach to the problem is to restrict 

p ivoting in such :a manner as to always satisfy these conditions. This 

can be done by merely considering pivot -candidates along the diagonal.  

Thus any time x.i becomes basic., *automatically u . becomes nonbasic.  

The same holds for the (s., y.) pairs. Hence, any feasible solution.  

is optimal for the quadratic programming problem. Computational 

experience with this method has been quite satisfactory for problems 

of 25 variables or less. The ease of implementing and the consistency 

with thle linear programming approach make it a good method to use in.  

teaching the basic concepts and for small scale applications.  

Thfe problem is now merely one of finding a feasible solution to

the civen system of equations. Since any feasible solution is optimal, 

the primal pivot candidates no longer need be considered. Hence, any 

possible dual feasible candidate can be used without regard to the 

change in the objective function. Thus, the pricing row of tableau 

(2.4.2) can be omitted. Thle dual pivot candidates are restricted to be

2- 2.1 

Temporarily ignoring the nonlinear constraints and rewriting the system 

in the synlmetric linear programming tableau, the u.'s and s.' s being 

dropped, the following tableau results:



diagonal elements. 
-I 

Example6 2.4.1 

To demonstrate the symmetric pivot quadratic programming method, 

consider the problem,

maximize x0  -x21 -2x 2 -3x2 13xx 

subject to

X1+ 3x 2

X 2 X3 + 5x I + 6x2 - x 3

< 8

_xi + X 2 +2x <.5 

xi, x 2 x3 >0.

Writing the problem in the tableau form (2.4), the pivots are selected 

as indicated yielding:

2-2



2. x 3 - yl

x-1/2 0 -1/2 1/2. -1/2 2.5 

0. -1/4 -1/4 3/4. 1/4 1.5 

u 3  1/2 1/4 C 3 -5/4 -7/4 -3.0 

1/ 3/4 5/4 -1.1/4 -1/4 1.0 

-1/2 1/4 7/4. -1/4 -3/4 6.0

The tableau for iteration three. has all positive dual indicators, 

thus, the solution obtained is feasible and hence optimal. The 

solution vector is x 1 =2.79, x 2 = 1.64 and x= 0.57. The objective 

function value must be computed using the solution vector and has a 

value x =11 .61 .  
0 

Problem 2.4.1 

Using the symmetric pivot method for quadratic programming 

problems solve the problem 

maximize x0 = -x2 - X2 - X 
0 l - 2-2 2 -3

'Y 2

2-723

u 2
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subject to *x1  + x 3

2.5 Parametric Quadratic Programming 

The parametric quadratic programming procedure is based on the 

technique by Wolfe [1959]. However, Wolfe only considered parametric y 

analysis on the linear portion of the objective function. A slight 

modification-of the technique allows for parametric resource analysis 
or simultaneous variations in both the objective and resource vectors.  

The two parametric problems to be discussed were defined in Section 2.4 

and labeled as (QPC) and (QPR) for objective and resource problems, 

respctively.  

The solution procedure is to first find the solution for the 

parameter 9 =0. Under this'restriction, the problem reduces to the 

standard quadratic program (QP). Assuming that a solution to the problem 

exists and is finite, (QP) can be solved by the symmetric quadratic 

method of Section 2.4. This solution yields a feasible solution to the 

system of equations derived from the Kuhn-Tucker conditions (2.4.1).  
As was the procedure for linear parametric analysis, the parameter 9 

is added to the decision variable set and the problem shifted to one 

of maximizing 9. The Kuhn-Tucker necessary and sufficient conditions 

for (QP) form ulinear system of equations (2.4.1) except for the compli

mentary slackness conditions. If a column for 9 is added to the 

system, the maximization of 9 becomes a linear program, again subject 

to the complimentary slackness conditions. The symmetric method c an 

be used to solve the 9 maximiization problem by including in it a re-
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stricted basis check., The restrictive basis augmentation is strictly 

a check, that insures that compl imentary pairs (x.,. i L and (y.,s) are 

j.never basic simultaneously. For the (QPC) problem, the 9 maximization 

prob lem is: 

maximize 9

subject to Ax +_ + 0 9 b 

20x-A'Y +u +c 9 0 

x> 0, yj > 0, U > 0, s > 0, 0 > 0 

(2.5.1) .xu 0 , Y-.s 0 .  

Fixing_9 =0O, the resulting-solution satisfies the conditions 

(2.5.1). To maintain these conditions, merely insure that if a given 

variable, say x. , has an indicator such'that it should become basic, 

allow it into the basis only if the complimentary variable u. is 

nonbasi c or u.i is the leaving variabl e. One additional adjustment to 

the symmetric i nea r programrming method is necessary. That is, 

choose as the entering variable the one which produces the minimum 

change in the objective function rather than the maximum change. This 

adjustment is necessary to insure that all critical points of 0 are 

found and not passed over.  

The optimal parametric solution is made up of connected linear 

segments." These segments are linear convex combinations of the extreme 

points associated with adjunct critical values of 9. If the maximum 

9 problem terminates in an optimal solution, then there is no feasible 

value of 9 greater than the maximum. However, If the linear problem 

terminates with an unbounded solution, then the external ray which is 

generated constitutes the last l inear segment of the parametric
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Sol uti on. The solutions generated by the ray are val id for all 9 

f rom the' last criterical point to + 

Parametric resource analysis can be conducted in-the manner 

described above Wi th the 9 column changed f rom [0, *c]T to Le, 0 

The right-hand sides of the equations should contain the l inear 

cost coefficients c. Thus, in addition to the 9 column change,, 

replace the resource vector [b, ]Tby [b, -c]. Thus, the problem 

(QPR) is., 

maximize 9 

subject to Ax + s + e b

2DX-Ay + u+ 0'9 

*x0,Y > ., u 0, s 

=- 0, yj.s= 0.

=-c 

> 0) 9 > 0

Exampl- 2. 5.1 

Consider solving the parametric resource probl'em, 

maximi ze x =-x 2- x 2 + 5x1 +6x + 3x 

subject to 

5x1 + x2 + 6x3 <1 

x+ 3x2 + 9x3 < 8 -9 

x1, x 2  x 3  9 > 0.  

The initial and final symmetric quadratic tableaux are given. With 

9 =0, the problem required 6 iterations. Then the maximization 

of 9 problem is solved, requiring 3 more iterations.

6



p..

o I x I x2 " x 3 2 0.

-2 0 0 -5 -1 0 -5 

0 -2 -0 - -3: 0 -6 

0 0 -2 -6 -9 0 -3 

-s5 1. '6 0' 0 0 10 

s2  9 0 .0 .'1 8 

0 1 . U2  3 2.  

0.0 0.0. .643 .214 -. 071 -. 071 1.571 

x 0.0 0.0 2.786 -..071 '.357. .357 2.143 

-643 -2.786 :-18.3.5 .122 -1".90 -1.90 2.969 

Yj -. 214 ..071 .122 -. 102 .082 0.276 

.071 -. 357 -1.90 ..082 -. 265. -. 265 0.480 

0 0 0 0 0 1 

1U 1  U2  x3 s1 S2  Y 

x1 -. 19 06 .75 .13 0 .88 1.81 

* .94. -. 31 2.3 0,8 0 -4.4 0.94 

u3 -5.6 -1.1 -15. -2.2 0 23. 9.38 

9 -2.6 .88 1.5 -1.3 1 12. 3.38 

Y2I .63 -. 13 -1.,5 -. 25 0 3.2 1.38

2.63 .88 -1.5 -1 -12.

2,27

-1 -12i2.63 -. 88 -1.5



a... *

-U

x 00 -. 33 .0 2. 3 5 

s 2.5. -. 83' 6 -. 2.67, 0 -11.3 250 

u3' 0 .-3 -2.. 6 .0 -73 15.0 

0 .50 -J17 9 3.3 .23 6.50 

Y2 .0 -. 33 0 .67' 0 .3.3 .2.00

u2 -3 .6 0, -2 0 14 9 

0sI 5. 6 1 0 0 10 

3 -9 18 -2 0 01 '39 42 

90 1 9 3 1 0 8 

-1 2 0 0 .0 5 5 

0 -1 -9 -3 -I0

There 

s-uninari zed

no feasible solution for 9 >8.  

Table 2.5.1.

The results are

0 0 3.375 6.5 8 

x(9 1.571 1 .813 1.5 0 

x2(g). 2.143 0.938 00 

*q 0 0 0 0 

Table 2.5.1: Display of Quadrati'c Parametric Exampl e Problem Solution

U1I U2 - ,S
2

-9 -3.3 2.3

1Xx 3x2S 
2 . l

2-28
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2..6 Concave Nonlinear PArametric Analysis 

In this section parametric objective function and parametric 

constraint analysis for general concave functions over a compact 

convex set are studied. Two type s of results are developed. These 

are the characteristics of the parametric objective function values 

reported by Hocking [1970] and the characteristics of the parametric 

solution vectors.* The proof of the continuity of the solut ion vector 

for the parametric objective function problem was gi ven. by Geoffrion 

[1965]. The proof for the parametric constraint problem is-by the 

authors. 'In addition to the continuity result, Geoffrion proposed 

a computational procedure fo r obtaining the parametric solution., The 

method requires the repeated solution, generally by a Iewton-Raphson 

technique, of the Kuhn-Tucker conditio ns for the primal and dual 

variables.  

The continuity of the parametric solution is a very important 

property. This property is exhibited for strictly concave functions.  

The strict concavity excludes linear functions which were discussed 

in Section 2.3 and whMich disnlay discontinuous linear solutions for 

the parametric objective function problem. If strict concavity 

is relaxed to merely concave functions, then the solutions can be 

shown to be upper semicontinuous, Geoffrion [1967].  

Another useful res ult for the maximization of parametric objective 

function problems is the convexity of the optimal objective function 

value as a function of the parameter. This result is given in a paper

27-2 9.
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* by Hocking [1970] and it can be utilized in the proof of the continuity 

of the o~5timal solution vector.  

Theoremii2.6.1: For a nonnegative parameter, the maximization problem 

* (PY) has a convex optimal objective function value. The constraint 

space, described by X is assumed to be a compact convex set.  

(Py) Z:(y) =maximize f1(x) + Y f 2(x).  

Xc~X 

Proof: Let x. be optimum solutions for -y = y., 1 0, 1, 2 where 

cxy1  ( c) 2 for 0 <a< 1. Then 

Z(y) f, (x*) + f0 fx 
0 --o o2-o 

fl [x*) + + .(l-aC 2 ]f 2( 

= cx() + cV 'l f 2 ( ) + (1-aL) fl( ) + (1-a') Y2 f 2 (x,) 

I~1 ~ + Y.~f,'-()] + (l-aY)[f 1 (2) + f2 

< a [f1, +, f(?q)I +0 ( ) f1 (~ I 

a Z(Y1) + (1 c) L(Y2 ).  

Q.E.D.  

The convexity property of Z(y) is valid regardless of the specific 

form of f I(x) and f 2(20. The convexity of Z(y) implies it is continuous 

on any open nonnegative convex set. However, a set can be closed and convexity 

doesn't imply continuity, as illustrated by. thfe exam pl e represented in, 

Figure 2.6.1. The function is convex and continuous on the interior 

of the set X. But, on the boundary, a discontinuity exists and the 

function is still convex.



f ( x

p I

Figure 2.6.1: Example of a Convex Function Over a Closed Set 

Which is Not Continuous 

Now consider the problem of demonstrating that the optimal solution 

vector x*(a,) is a continuous function of the parameter'a. This result, 

of course, does not hold independent of the assumptions on the objective 

function forms as does Theorem 2.6.1. First a definition about con

tinuous functions is given [Liusternik and Sobolev, 1961].  

Definition 2.6.2. Let X* and Y be two vector spaces and let y =A(x ) 

b6 an operator defined on X whose range is Y. The operator A 

is continuous if Ixn I ->x0 in the sens;e of convergence in X, then 

n 0 

The problem under consideration is (Pa), where the functions 

f.(x) are anal yti c and -stri ctl y concave on some open, region containing 

X.The constraint space X is a nonempty compact convex set.  

maximize if (-X) + (I -Ct) f (x~)

(Pc) 

Theorem 2.6.3. The

XF X 

ciE[,].  

probl em (Pa) has a. un ique opt imal sol uti on x*(c)

2 31
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and x*(a)- is continuous on some open interval containing [0,1].  

Proof:, Let the function f(?L,a) = ci(x) + (l-c)f 2() The function 

f(x,cz) is a continuous function of x and a~ simultaneously (Problem 

2.6.3). For fixed a, the continuous function f(x,cx) on the compact 

convex set X takes on both a maximum and a minimum value. The 

uniqueness of the optimal solution follows from the strict concavity 

of f(x,ci) in *x over the compact convex set X for each value of a in.  

some open region ID[0,1]. This unique optimal solution is denoted 

byX(c) 

To prove that x*(ci) is continuous on I, assume otherwise. Then 

there exists a seq uence [a I+a with a aclI such that {x*(a 1)I 
.7L*X*(a). Hence there is an open nei ghborhood N{x*(a)) of x*(a) 

such that x*(a i) Nfx*(a)1 infinitely often. Now by taking a 

subsequence of the sequence {x*(a l)},.it may be'assumed that this 

holds for all i. Since X-Ntx*(ai)l. is a compact set, again taking a 

k subsequence, a. sequence {x*(ai) ' x e X-Nx*(a)}. Thus, by the 

simultaneous continuity of f(x_,c) with respect to its arguments, 

(2.6.4) ff(X*(Qk ),a) f(x,).  

Now consider the problem 

f(x*(a)'X,u) maximize f(x,ct). This function (by Problem 2.6.2) 

XE: X 

is convex in czcl. Since Iz[0,l] and is an open set, then f(x*(c),ci) 

is a continuous function of and 

(2.6.5) {f(x*( i ),a i)I fkx*(a),x). A ssertions (2.6.4) and 

(2.6.5) imiply that f(x'Ct) f(X*(CC),c). But, by construction

2-132



* . ~ X*(),so the ur 

Hence, x*(ca) must bE 

Now consider th 

Sf~x and .()are as 

*compact set X.

x -

Z-3 3

iiqueness of the optimal solution x*(U) is violated.  

continuous on ID[O,1].  

Q.E.D.  

e parametric constraint problem (P ).The functions 

.sumed to be continuous and conc'ave.*over the convex

Theorem 2. 6. 4. z(B) is concave for (P ) 

(P z(B) =maximize f (x) 

subject to g(x) > Be 

X X.  

Proof: The proof is given for a single parametricly restricted 

constraint (Problem 2.6.4 is concerned with the extension to 

multiple i g.(x) >) Define x*(B. as. the optimal solution to 

(P )for B Bi 1 12 and let B3 = XB1I + (-) 2 0 < A 1. Then 

by the continuity of g(x),J-t, 0 < t < 1 ,)-g[tx*( 1.) + (l-t2x*(Y2 ] =B 3.  

This. result follows from the intermediate value theorem. Since tx*( 1 

+ (lItOx*(B2) is feasible for (P )with B 3 and f(x) is conca ve, 

then since 

Z(.3 max f(x) 

x FX. g(x) > B3' 

(..) z(B 3 )> f[tx*(131 ) + (l-t)x*(6B9] 

Lx ,)]+ (l-t)f~x*(a2)] 

=t Z(OO + (1-t) Z(B 2 To show concavity, it is necessary 

to demonstrate that z(B3  zB)+(-AzB)0 A<1 

Thus, by concavity of g(x),



(2.6.7) 
~ =

(2,67)a gltx(8 1') + (l-tx*(rY2 ] 

t g c r(a)] + (l-t)g[x*(I32)] 

>t 6+ (1-t) 2 

Assuming, < 6then z(6~1) >Z( 2  -and t > A. Thus, A + (-~3 

taI+ (l-t) 2 2 and 

t Z(s1  + (l-t)z(P2 ) x ZG31 ) + 0- X) Z( a'.  

Therefore, 

* (3) .Az(~ 1) + (l-xWzY 2  and the concavity of z( ) is established.  

Q.E.D.  

The last result is that the parametric solution vector x*(a) is 

a continuous function of ~.The proof is given for multiple constraints 

T 
g.(x). The vector e (I (ll..l 

Theore m 2.6.5. The problem (P )has continuous optimum solutions x*( ) 

as a functioni of when the following conditions are satisfied: 

C(i) X is a convex compact set, (ii) f(x) is a strictly concave continuous 

function on X, (iii) gi(x) for all i is a concave continuous function 

on X 

(P) maxi mi ze f(x)

subject'to 2Wx > e 

Proof: Deno te the compact region for by ~~'2'where a min 

(min gi(x)} and ~2 =min fmax g1(x)}.  

xeX i xLEx 

Suppose that x*(6) is niot continuous, then for s9111 sequence (f)' 

fx*(B 1 )1 x x*(ji 0 There ar(, four cases to be considered.

2-34
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Ca'se I, Let U~} % fo r all n where 6i s a n interior 

point of [TA 102 The optimal solution of 

maxi mi ze f (x) 

subject to ()> 

is _* which i mpl ies that _qx* 6 )] .j In addition the point 

x satisfies 2(x) > a e by the continuity of a and si nce 

Le(~~ a e > aoe 
n- o 

and lim a[*~ ]=(x) > 3 e. Thus-, f(x) <f[x*(6 ) by the strict n 0 
n 

concavity of f(x) and the fact that x is feasible for (P ). Define 

f[X*(-O )0 f(x) E > 0.. Suppose gi [x*( 0)] 0 for some i, then 

for any m ~jx( ]> 3 e > S e .Consider x =eX(BM) +(~~ S) 

0<X< 1) and by the co'ntinuityof a, i~)> Sot By the continuity 

and strict concavity of f, there exist a X such that 

Now there exists an Msuch that n > M1 i mpl ies _q( x e since 

On) 00from above. Also f[x *(f3 n)] > f(x,) and thus 
f~eOf~*(S ) < E/2.  

However, .since tx (Bn)i- x and f is continuous,- then there exists an 

M 2such that n' 112  implies 

lf~x(a - f(xDI <,/2.  

Hence, for M =max (MP1, M2  and n > M implies 

If[x*(S 0)]- f[x*(Bn)] + f[2X*(%.)-f(x)I <E 

which is a contradiction on the noncontinuity of x*(f).  

It was assumed that for somnu i gi[x*(b~ If this was not 
1- 0
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true then for s ome value o f M~3 n > M3 i mpl ies x*((3 )=x*( and 3 1n 0 

{x*(a n )+x*( 0) 1 wi ch contradicts- the assumed limit of th e sequence.  

* Case IjI SupposeO( - and 3< for all n and $is an interior n 0 n 00 
point of [o 9121 

n - e 

-q~x*(a > r for all in 

Thus, f[x*(o3) < f[x*( 3) for all n and by. continuity of f, 
0 n 

f[x*( 3) < f(x). But 
- 0 

f[x*(i3.)] > f(x) by definition of x*( ) and strict concavity of 
- 0 - 0 

f: contradiction on the noncontinui ty of x*U3).  

Cas_ II:_ Le___ (right-hand interval boundary). Only left

hand limits need be considered here. Thus", assume. [n =o 02 and 

V n., Case III is satisfied and x*(s) is cont inuous'at the 

point 2.  

Case IV: Let a 0 l (left-h'and interval boundary). Only right

hand limits need be considered. Thus, assume 16 n}-a a 

and a n > 0for all Vn. Case I is satisfied and x*((3) is continuous 

at the point 

Therefore x*( ) is continuous on [ 'f2 

Q.E. D).  

It should be noted that the left end point ~lof [aS6 can be 

relaxed to any finite number less than or equal to l* This is true 

since all optimal solutions are unconstrainted and hence equal to the 

solution at Thus, the optimal solUtion1 vector x*G3) is continuous
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on any closed nonempty reg-ioli w-ith' ujrbudo 2 

* ~Problem 2.6.1 

*Prove thadt, fo r the rliI i i z at ion, pr(oblem (Py) that the parametric 
optimal solution value Z(y) is Coricavu , 0.  

(P: minimize f 1(x) + 
-Y 

xX 

-Problem 2.6.2 

Prove that the forTI ofr the opt i fill solution value Z~)of the 

problem (P )is concave, 0 <c a l 
Y.  

(P) minimize +_ 

Problem 2.6.3
Prove that f(x,a) f 0'1  .(-a) fx ro r (P )is 

function of x and, a si iul tzicoi.isl y.
a continuous

Problem 2.6.4 

Prove Theorem 2.6.4 w h r u t Ve concave cons traintt g(-x) is replaced 

by g.(x) ' 1 .  

Problem 2.6.5 

Obtain the parairutriC S(;I U io 01-Tr thu p robl em, 

maximize (X.X1  2 2 )+ (l-C,)(3X 1 4 6x 2 - I-2x 2) 

subject to

-2

X1X2 >+

< 6



I$robhlrn 2.6.6 

S& \c!v for the. para 1iij .,c sOluitiorn to

filiaximi L 

s'ubject, -o

2x. x2 '

x x 2

I s X. ,x2 0

2-38-
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27Parametric Solution Methods for Nonconvex Programs 

ThL characteristics and solution procedures of parametric 

progranvning can be utilized in generating..solution methods for non

convex, as well as complex, mathematical. programming problems. In 

Chapter 3 several problem types whose solutions can be facilitated 

by applying'.parametric programming are discussed. In this section, 

three techniques which are structurally based on parametric methods 

*and characteristics are presented. These techniques are concerned 

with obtaining global optima to nonconvex programs, and with the 

relaxation to some extent of exact knowledge about the functional 

forms being studied. Two of thle methods are concerned with similar 

* problem types. A parametric objective function approach to the 

*problem is presented by Geoffrion [1967]. Hocking [197.1] 

proposes a somewhat conceptually simpler method which utilizes a 

parametric constraint appr'oach. The third method requires greater 

restrictions on certain functions but utilizes -the extra structure in 

such a manner as to not actually require thle general parametric solution.  

The computa tional advantage is paramunt for certain nonlinear problems.  

Iii addition, it is possible to approach problems with this procedure 

* that have some constraints that are not explicitly known, but which 

can be evaluated, for specified decision variable values, by some 

means such as simulation. It should be mentiuned that this method is 

an approximation procedure and can be used on a wider variety of 

problems than those for which theoretical results have been obtained 

* * to characterize the "closeness" of the solution. In chapter- 4, the 

theoretical results obtained t o (late which characterize this solution



I

method and exactness are discussed.  

P.. aramietric Objective Function Method 

Consider a bicriterion objective function problem which has some 
increasing utility function whose domnain i s the space of objective 
functions. The problem takes the form, 

maximize H[f(x),g(x)] 

(2.7.1.1) subject to x E X, 

where H is a real-valued increasing function defined on the outcomes 
of the continuous co ncave objective functions f -and g, and x is 
a decision vector constrainted to be in a compact convex set X., 

A variety of problems conformn to the general structure of problem 
(2.7.1. 1). Several problems are discussed in the paper by Geoffrion 
[1967]-and a few of these are: (a) the Chebyshev problem of max

Aimizing the minimum value of f and g over X, (b) generalized fractional 
prograniming problems concerned with maximizing the ratio of f to g 
over X, (c) additive utility functions commonly utilized in the theory 
of consumer's choice, max XE V1[f(x)] 1 + V.2[ (2L)]62, and (d) max x 

The method for solving problems of the formi of (2.7.1.1) is to 
first solve the parametric objective function problem 

(Pa) maximize ctf~ + 
xX 

for the parametric sol ution vector- x*(ct) , O<a<l .If the functions f 
and g are strictly concave on X the solution vector x* (c) is unique 
and continuous over (tf[O0,l], as w:;.s discussed in Section 2.6. However,
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~-nehoandiexactness ,are -discussed.  

-27.1 :Parame-tric :Objecti ve Function Method 

-;Consider. a -bicriterion objective: function qrobl-em whi1ch hfas -s-ome 
Snc re asing-uti ity fu ton-whose -doma in :is th npae~o betv 

Sfucton. The trbe -tkes the" form, 

maximize A:_ 

Z- IsubJect-to X I: 

--He ,,,.,,a :real-val ued inresigfuniction -dfie o the,.nutcome~s 

..-of the con- tinuous :concave .obiective functiom Ja-,f. g,. nd i 
;a,. ,-decision. vector--constrainte-d -to-be ;V rm~ cne e X 

A-aitof-probleims conform. to: -the gee-structure of problem 
I{22fl~l) -Several problTems are JdsJuse i epaper:9 b 'TofTri on 

116]an ewoAhese -are: ( a) the."Chebystay problem of max
imizinn~h ±10 tiIir a ue ~~-~- *; 

-VAI-C 1 CJU'9VW A~ Ikfl gertrlie fractional 

*of consum i-'schoice, max~ V1[f(x)]8l + V 1g:x~J2 and(d mx 

- The method for sol vinrg problems of the fortmo f (..1)is to 
first solve- the parametric objective 1:unc ti on priabl1em 

(Pa) maximize af~x + (-~yx 
XE X 

fo r the parametric solu tion, vector, x (U), O<a<l . if the functions f 
and g are strictly concave on X the solution v eto r x*.(ci) is unique 
and continuous over a-O1,zs w.;discuissed in Section 2.6. However,
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if the functions are not' strictly concave over X, then multiple 

optimal solutions for fixed a can occur. The idea is then for fixed 

a to obtain the function 1l1ca] which is the solution to (2.7.1-.1) for 

x restricted to the set x*(ct), 

(2.7.1.2) H[az] =maximize H[f(x),g(x)].  

_EX (a) 

Then solve the one-dimensional maximization problem, 

(2.7.1.3) maximize H[at].  

o~c~ 

Now, consider the optimal value of ai, ai*, for (2.7.1 .3), the original 

problem (2.7.1.1) is solved by any x E X*(cz*) such that H[f(xI),g(x)] 

Hi c*] 

The, developmient of the itethod is ba sed on the vector maximization 

problem for two citerion func tions f.i(x) ,i=l ,2, 

(Pv) maxi mize (f I(X) j 2(xQ0 

A point x 0is said to be efficient for (Pv)if and only if\there does 

not exist anoth~er \+oint X I E X such that f i(2i ) , f1( 0) i =12, 

with s -trict inequality holding for at least one i. Two basic l'emmas 

provide the motivation for the solution method of Geoffrion [1967y1.  

Lemma 2. 7. 1.1 At least orie point at which H[f(x ),g(x )] achieves its 

maximization over X is efficient.  

Proof: Since X is a compact set and H, f arid g are continuous 

functions over X, then (2.7.1.1) ha s a least one point in X, x 0 

at which (2.7.1.1) achieves its maximum value. Consider the problem
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(2.7.1.4) maximize f(x) + gx 
-XEX 

g (?0 > g (X) 

Suppose x 1 solves this problem. Then x 1 is efficient for (P )since 
V 

if not the' e exists a pointi x 2 X such that f(x 2)>f(x I) and g(x ) 

> g(x) with strict inequality holding for-at least one constraint.  

Thus, x 2 would achieve a larger value for (2.7.1.4) and x'1 would not 

be optimal.. In addition x 1 mfust also solve (2.7.1.1) since f(x 1) 

1 0 
f(x0), gx)> gx)arid H is increasing which impl ies 

H~f(.?L1 )],g (-Xl1  = Hf(x0 ),g(x 0)M.  

Q. E.D.  
0 Lemma 2.7.1.2. If x is efficient, then there exists a scalar 

c [0,1] such that x. is an optimal solution to (PaO) 

Lenunas 2.7.1.1 and 2.7.1,2 imply the sol ution method previously 

given. A part6al converse to Lemmria 2.7.1.2 is that every poi nt of 

X*(a) is efficient if ctc(O,l), arid some point of x*(ci) is efficient 

when a = 0 or 1.  

The method of solving for HI[a] in (2.7.1.2) requires l ittle 

effort beyond solving for [he parametric optimurn.solution x*(ci) of, 

(Pa). In fact, Hl[a]1 = f[x()]qi*)] at every point of contin

uity of ai in [Ul.At a p(J- it 0 FC dscon tinuL.i ty.of cin (0, 1) say 

a then one of two possible one--dimensional maximization problems must' 

be solved. If x(c) arid x*(-aO) represent the left and right hand 

limits, respectively, then,
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(2.. 7. 1..5) H[ce'] mnaxiuinli {fAx*(a') + 0 _?*a 

AL[O,1] 

glxx*(ci' )a 1Ax* ] 

an []=maximum,, H(Af[x*(a'] +l-X X 

A g + 0( X) glx*(a')I}.

Ex ampl1e 2.7.1.3 

Consider the example problem. fromn Geoffrion [1967], 

maximize [32-40x2 + 23x3  7x 2 3[32-10x1  4x2 + 7x3  7x] 

subject to 

2x + x 0O.37x3- 0,37x +4 U 9.08 

1:3x 2 - 0. 91iX 3 - *91. 5x 6 =8.44 

x x 2  0 .9/X 3  010UXx4 + x 5 - x 6 =1.88 

*2 0.19X4  + x6 =4.04 

Let f~x 32- 40x 2 + 23x 3 -7x 4 

9(x) =32 0- I~. 4x 2 + 7x 3 -7x 4 

and FI[f,g] 

The parametric progrdvi (Pu) Ihecorr,2s a parametric linear programmi'ng 

problem with objectLive fiuction, 

max' a[,32 -40x,. 23^-- 7;.] + (1--a)[32 - lOx - 4x + 7x -7x4.] "3 'P1 2 3 

=max [32- lOx1  4 4x Tg -~ 7x4  + C(FiOx- 36x2 + 16x3] 

The-optimal paramnetric SOlution is given in Table 2.7.1.4. Since 

H[f,g] is un-imodal, only a port ion of the parametric solution is, 

requi red.
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Table 2.7.1.4 

Parametric Solution For Example Problem 2.7.1.3 

2 3i C% a 
cx0 .0278 .053 

x l(c) 132/50 60/35 0 

x2(x 30/50 0 0.  

X3(t 0 0 .60/19 

X4(t 0 60/35 144/19 

X5(x 32/50 20/35 4/19, 

x() 40/50 2 98/19 

Taking advantage of the unimodal nature of H[f,g] to reduce the 

search, space and realizing x*(u) is constant over each region of , 

evaluations need only be made at the critical points of a..  

Ho] Hff[x*(czlI],glx*(Ctl1 (8) 23(16/5) 12.8 for cxcTO,0.0278).  

since 

1 30 

1 =32 10(132) 4 ( 30 + 7(0) - 7(0) _16 

H[a] =(20) 2/3(?0 ) =-21.1 for cxE[0.0278,0.053), 

H[ax] (51.6) 2/3 (1.05) = 14.55 for cc[0.053,0.0736)_ 

Thus, H~ci] achieves its maximum either at a= 0.053 or 0.0278. Nlow 

either of the one-dimensional search problems (2.7.1.5) can be used to 

interrogate the discontinuities. The optimal solution is H a 2] 22.J-3 

with x* = 0.747. The optimal solution vector is 

2 3 
x* = 0.747 x*(a ) + 0.253x*(u~ 

=(32/25, 0, 0.8, 3.2, 0.48, 2.8).
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Problem 2. 7. 1'.1 

Prove. Lemma 2. 7.1 .2 (Hi nt: The proof is an application of a 

separation property of convex sets, page 217 of Karlin [1959].) 

Problem 2.7.1.2 

-Prove' that every pointlof x*(a) is efficient if cE(Q,1).  

Probl em 2.7.1.3 

Assume that H is quasiconcave over the smallest convex set 

containing the admissible payoff set. If x() is any optimal.  

solution function of (Pa) on [0,1], then H~f[x*(a)],gII?*(a)]1 

is uiiimodal on [0,1]. (A function z(x) is unimodal if x~ <x0 < 

implie s z.(x) > min {z(x1 ),z(x )1.).  

Probl em '2. 7.1.4 

Solve the problem of maximizing H[f,g] 

subject to 

<3 
x:+ x2 2

-2x I+ 3x 2  6 

where f(x X 21  7 2x 2 
x,+2x2  1 2 

g 3x + 6x2 - 2x2 
31  2 X1 2' 

fo r each of the forms of ,H[f,g].  

(a) H[t,g] *2 (g 

(b) H[f,.g] f f' (g) 

(c) H[f,g] =(f)(g).  

*(Hint: The parametric solution was obtained in Problem 2.6.5)
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.7. 2 Parametric Constraint Method 

An alternate solution procedure for problem (2.7.1.1) which utilizes 

parametric constraint methods is that of Hocking and Shepard [1971].  

Instead of solving a parametric objectiye function problem'which 

could have discontinuous optimal solutions, the parametric constraint 

approach utilizes the optimal solution value z(a) and the parameter .  

Since z63) is always continuous on the interior of the feasible 

parameter region,no auxiliary one-dimension search at discontinuous 

~solution points need be made.  

The basic apprcach is, to solve the parametric problem 

(Ps maximize f(x) 

IE X g(x) >, 

for cin the critical region [ l' 21 This region is defined in 

Lemma 2. 7.2. 1 bel ow. Denote the optimal value of (Pj by z(fl) and- the 

optimal solution vector by x*(fs). If solving the one-dimension 

maximization problem 

(2.7.2.1.) maximize H[z( ), ] 

yields a solution 3..2 then x*(0 is optimial for problem (2.7.1.1) 
0 

and the optimum value H[z(o ),'P is the same as the optimal value 
0 0 

fo r (2.7.1.1).  

In developing the solution procedure, it is necessary to establish 

[~] demonstrate that for each ef ficient point of P. (Section 2.7.1) 

there exists a such that the solution satisfies (P ),and show that 

an optim,,al sol ution of p'oblem (2.7.1.1) is found among the optimal 

solutio ns of P,.,, These results are given in the following lemmas.
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Recall from Lemma 2.7.1.1 that a least one point which solves (2.7.1.1) 

is effi'cient.  

Lemma 2.7.2.1., The interval [~8]to be considered in problem (P) 

is determined by (i) a1, g(x ),where x Isolves 

(2.7.2.2) maximize f(x) 

XEX 

and (ii) a82 is the optimum value of 

(2.7.2.3) maximize g(x) 

XE X 

Proof: Let X be the set of optimal solutions to (2.7.2.2) and 

consider the p'roblem 

(2.7.2.4) maximize g(x) 

XsX 

WDenote ias tile solution value of,(2.7.2.4). If < c i, (P) has the 

same solution as (P )and thus it is not necessary to consider values 

of 3 j .Now a1 from (i) is less than and any value for 8 

is acceptable as long as it is less than or equal to 8..The upper 

limit 82 is the maximum 8for which a feasible solution to (P) 28 

exists.  

Q.E.D.  

Lemma 2. 7.2. 2. If xo is efficient for (Pvthen there exists a 

08 
0 

Proof: Let a0 g(x0) and consider (P x 0is feasible in (P 
O 60 

and therefore it is optimal for (P8  since it is efficient for (P ).  
0V 

From Lemma 2.7.2.1, 8 < B2 Since x 0 is efficient, 6 0 >1 for 
o 1 1 

otherwise g(x ), g(x ), x1 from Lemma 2.7.2.1 , which violates the
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I0 
efficiency of x.  

QE. D.  

It remains to be shown that a solution to problem (2.7.1.1) is 

found among the optimal solutions to (P ).However, from Lemma 

2.7.2.2:efficient points are in the set of optimal solutions to (P,) 

and by Lemma-2.7.1.1 this result is established. However, as was 

stated 'above, the optimal solution can be found by solving (2.7.2.1).  

It remains to be shown that the solution to (2.7.2.1) solves 

(2.7.2.:5) maximize H~f(x), g(x)].  

Theorem 2.7.2.3. If g maximizes (2.7.2.1) then it also maximizes 

(2. 7.2-.5).  

Proof: Since. f(x) is constant on x*( ) for fixed tx*(0) solves 

(P~ ), and H is increasing, problem (2.7.2.5) can be replaced by 

maximize g(x) 

(2.7.2.6) XEX f(x) > za 

g(x) >.  

Denote this solution value by w( ) and define H[6] z()w6] 

Since g(x) o , wG ) > and H[z( ),w4B)] >H[z(f3), ]. However,'if 

g(x) = ,then H[z(i3),w([3)] =H[z(f), ]. Suppose g(x) > pin 

problem (P )the parameter (j can be increased until a w (a) withoL t 

changing z(rf). Thus, over [ ,wo(rf) H[zO3),w( 3)] is constant and 

H[z( ), ] is increasing with equality at w() Thus, if 6maximizes 

(2-.7.2.6) w =(I% and the theorem is proved.  

Q.E.D.
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Thus, the two solution methods, Sections 2.7.1 and 2.7.2, can be 

used to solve problem (2.7.1:1). One-dimensional searchs are necessary 

in both methods to find the optimum value of the parameter.. It was 

stated in Section 2.7.1 that if H[f,g] is quasiconcave., then H[at] is un

imodal, thus allowing for a more efficient search procedu re. The 

.same result is true for H~z( ),I3] being unimodal when H[f,g] is 

quasiconcave (see Problem 2.7.2.1). 'The same example problem as was 

utilized in Section 2.7.1 is given to demonstrate the technique and 

also to facilitate, comparisons between the procedures.  

Example6 2.7.2.4.  

2/3 maximize [f(x?)] [g(x~)] 

subject to 

2x + x2 -0.37x 3  1.37x4  + 4x6  9.08 

x1  x2  O1 3  -.91 x4  +x6=.4 

- 1 Ix2  0 .07x3 .+ 0.93x 4 + X5 - x6  l.1.88 

* + x '0. 81 .9 + x =4.04 

X \ 3 .1 3 + .9 4  6 

x 0' 

and: f~x 32- 40x2 +.23x -7x 4 3 

gx) 32 -lOx 1  4x2 + 7x3  7x.  

The parametric problem (P.) is the linear parametric resource problem,

maxi mi ze 

subject to

f x) 

Ax = b 

g(x) >- 1 

x >0.
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The parametric solution is given in Table 2.7.2.5. Using this parametric 

solution -and maximizing H[z(s),s] with respect to , the maximum value 

is 22.13 with ~=2.4. The corresponding solution,'vector is 

=(32/25,0,.8,3.2,.48,2.8)., which agrees with the solution-for 

example problem 2.7.1.3.

Table 2.7.2.5 

Parameter Solution For Example.2.7.2.4

[20/19,20/7] 

20 

4 

11- 73 

5 

7-2

[20/7,1 6/5] 

27 

-5 +7 

0 

16 -5;8 

12 7 

120 -35 B

Problem 2.7.2.1 

Solve by the parametric constraint procedure,.  

maximize k2x 1 + 3x 2  2x 2) (X + 4x 2) 

subject to x1 +x2 < ~2 

1 0 0x 2 > 0.  

Problem 2.7.2.2 

Prove thatif H[f,g] is quosiconcave then H[z(6),,5] is unimodal on

[0,20/19]

xi(a 

z(8

* I0 

10 

10 

60-8.08
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2.7.3 Approximation Method Via Contraction Maps, 

Frequently occas ions arise when certa-in portions ofia mathematical 

.programming Piroblem are not known in precise. form. -If the particular 

imprecise or unknown functions can be evaluated for given decision policies, 

it is sometimes possible to take advantage of the, remaining known structure 

of the problem, along with measured values of the unknown structure, such 

that a solution to the problaii can be obtained. The'auxiliary problem 

which is solved generally does not yield the exact solution for the true 

problem. However, the optimal solution to the auxiliary problem is obtained.  

The approximation method to be discussed is appi icable in many 

problem situitions and particularly when the evaluations of the unknown 

functions are results of simulation methods. Thus, the procedure could 

be considered as a guide for selection of simulation runs so as to 

obtain a good, if not optimal, solution. Other advantages of-this type 

of procedure are (i) the avoidance of handling extremely complex structural 

forms as opposed-to readily solvable forms, and (ii), in accord with 

the emphasis of this material, the procedure utilizes parametric 

programming methods and. characteristics without the necessity of 

actually obtaining the parametric solutions. Thus, the method effords 

.the problem solver some of the'power of analytical techniques for 

problems that. otherwise might be solvable only by exhaustive enumeration 

methods.  

The mathematical characterization of the conditions for which the 

method converges to the true solution a'nd some measure of the closeness 

when it doesn't obtain the true solution is taken up in Chapter 4. The 

cmphasis in the section is on the conditions for which the auxiliary 

hproblem can besolved and the method of obtaining this solution. Generally
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in actual applicatiohs, there' are usually current or util ized 

solutions. for the problems being studied. The emphasis is then on 

improved solutions and the improvements are measured against the current 

solutions, If simulationimoidels can be used to describe certain operations, 

*the accuracy of the mathematical optimization with respect to the true 

*system being 4pproximated is be~tter and it is easier to demonstrate to the 

user that the model is an appropriate reflection of-the actual process.: 

The use of submodels, either analytical or simulated, are common in 

'applied optimization. The nonlinear decomposition method by Rosen has 

.,been successfully applied to optimization of chemical processing operations.  

*[Lasdon, Chapter 7,.1970] although the convergence of the complex 

*mathematical structure has yet to be proven. However, in most applications 

that use complex submodels within an optimization framework, numerical 

* approximations to derivatives are obtained by repeated evaluations of the 

submodels for small perturbations in the. decision variables. In the 

following approach, measurements from the s ubinodelIs. are utilid ina 

essential way in the optimization method and numerical derivatives are 

*not required. In fact .the structure studied allows the decomposition of 

multiple decisionvariable problems into a series of much smaller problems-.  

The interlated effect of the subproblem variables enters the problem 

* through the simulation measurements.  

Simulation moJels and mathematical subriodels can all be thought 0 

mathematical mapping with complex relationships. Even if the exact functions 

* are not explicitly known, knowledge of the properties that these fun~ctions, 

* must satisfy is useful in the development of solution procedures for the 

W associated problems.,
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A relaxation prpocedure-for solving certain forms of nonlinear 

programming problems is the: topic of this section. The procedure is 

based on constraint relaxation, parametric programming for multi-criterion 

functions, and contraction mappings., However, it-is not necessary to 

solve the general nolna aaerc programming problem since the 

technique u tilizes only selected values of the general solution functions.  

These. values can be obtained by merely, solving an associated numerical 

nonlinear problem.  

Consider problem (2.7.3.1). The problem as stated is not separable 

in the objective function but. is separable in th e con stra in ts. It is the 

purpose of this section to develop an approximation solution for the 

problem and to demonstrate that the approximation problem's solution can 

be obtained by a decomposition procedure. Three Ideas are basic to this 

method: relaxat ion, general parametric' solutions, and contraction maps.  

N1 2 
(2.7.3.1) minimize f {g.(xf.i(x.) +[I-gi (x)]f i-(x ) 

h(x.)i < 0 for i=l,"-,N.  

where x =( 1 ') ~iis a vector function each component of which is 

convex, the feas ibl e region 7X = x I h(x.) < 0 for all ii is nonempty and 
2 11 

bounded, the functions d~ and f~ are strictly convex, over X, and the,_ 

functions gi are continuous over X.  

Problem (2.7.2.1) can be restated as problem (P )which is the form 

that will be. addressed in the remainder of this section.  

N 2 
(P ) minimize E {yif 1.(2.) + (l-y.)f. (x.) 

subject to, h.( < 0, for all i, 

- -1x).
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WBefore proceeding, two basic lemmas from mathematical analysis are needed.  

Lemma 2.7.3.1. If f is a continuous mapping from X to Y and if g is a 

continuous mapping from Y to Z, then the mapping fog from X to Z is also 

continuous .  

Lemma 2.7.3.2. (Brower Fixed-Point Theorem) Let f be a continuous 

mapping of a'compact convex subset X of R n.into itself. Then there is a* 

point x c X such that f(x) =x 

To:'obtain a separable form of problem (P ),relaxation is utilized for 

the equality cons traints y=,q(x). Then each subproblem (2.7.3.2) is a 

convex program since 0 < ~ 1 for all i.  

w(2.7.3.2) minimize yf(x.) + 1~(i 

subject to h.i(x) 0 

Theorem 2.7.3.3, below, establishes under certain assumptions the 

existance of a solution (x,.)to problem (P ).However, the solution is 

not. necessarily optimal. The parametric solution to subproblem (2.7.3.2) is 

*denoted by ?xi*(y.), While the solutions of the total collection of these 

problems is denoted by x*(y). Several additional restrictions need to 

be made on the functions of the problem, these are: 

(a) if y,1E[OlI] and x*(y.) is an optimal parametric solution to subproblem 

(2.7.3.2), then the matrix who-se rows are gradients V h'q(2x), j such 

that h' (x )=O, i s of maximal *rank, 

Nb~ fl ~, f. are analytical on some open region containing X, and 
1 2 

(C) V11 , vf1 V2 are. bounded on X.
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*Theorem 2.7.3.3.. Problem (2-,7.3.2) has optimal solutions which can be 

expressed as continuous functions of y ,xt(y1) Also there exist a 

feasible solution (x*(y.),y*) to problem (P ) 
y 

Proof: In Theorem 2.6.3 it was shown that there exist unique optimal 

solutions x4*(yi) to problem (2.7.3.2) and that x~(yi) are continuous 

solutions:. Thus, (x *(y) y) , where y.=gox*(y), is feasible in (P V.if a 
y 

solution to y =2ox*1(y) exists. Since x* (yj) is continuous, and q(2x) i s 

continuous then by Lemma 2.7.3.1 gox*(y) is a continuous function such 

that .gox* S +S where S is *the domain of y and 'is. a compact convex set.  

Thus, by Lemmna 2.7.3.2, a solution to jqox* exists.  

Q.E.DJ.  

The characterization of the general form of the optimal parametric 

Wsolutions to (2.7.3.2) was given-by Geoffrion [19651. Under the restrictions 

imposed on the functions, these characteristics are: 

(a) i(yi) is unique and continuous for y..E [011 

(b) the solution x1y)consists of connected segments x y- which 

are analytic over their range of validity, and 

()the number of segments, xi(y.), and hence the. number of points 

of. connection is finite.  

Theoptimal solutions x*(y.) of problem (2.7.3.2) can be shown to 

satisfy Lipschitz's condition under the additional restrictions that 

gradients of the functions are bounded.  

*Lemma 2.7.3.4. The optimal solution 0~(y.) to subproblem (2.7.3..2) satisfies 

* Lipschitz's condition for y. E [0,11, whenvx 1 X) 

vifi(x.), and vx h.(x.) are bounded.
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Proof: Let x.(y.) be the segment./of x~y)which is optimal.,when the 
71 1 i 

constraints indexed by s are strict equalities and all other constraints 

are inequalities. By Theorem 2 Geoffrion [1965], xs,(yi) is analytic. Thus, 

SS 

.Since x't(y.) j x(y.) for the range of y. where the indexing set s 

*remains valid, xt(y.) is analytic except possibly at the points of y. where 

S changes. But by Theorem 3 Geoffrion (1965), there are only a finite numrber 

of points of change on [0,1]. Hence xt(y.) is analytic a.e. (almost every

where)'..  

Since x.) is analyti c on each region o0f [0,1] where s remai ns 

*constant, then is bounded there;' Thus,. 1 is bounded dyi dy.i 
except possibly at thle poi nts of change. Therefore,.  

dd~x (yi)) 
dy 

yi 

measure zero. Further, d(xqk(yi)) is measurable and Lebesque integrable by 
dyi 

Proposition 4 [Royden, 1963], which states that a bounded'function over a 

closed and bounded region which is Rieniann integrable is measurable and 

Lebesque integrable.* 

=f~ d(x*(z)) Ddfine xt (y) dz dz + 4*(0) 
/0

and hence by Theorem 13 [Royden, 1963] ei(y.) is absolutely continuous.
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*From Ijiman, 1963] a f unction w h ich is absolutely continuous and has 

*a derivative' a.e., such that the derivative is bounded,, satisfies 

Lipschitz's condition.  

Therefore, 

H1 xt(y) -xt(y )! I < a ljy - for allI i and 

hence 

e(Y_ ~ ~ ~ y H. YY1.  

Q.E.D.  

Lemma 2.7..3. 5. If the ieae coktait (?) satisfy Lipschitz's 

conditions with a 'constant of 3,,then the composition function .aox* satisfies 

Lipschitz's condition with a constant ca8.  

Proof: By Lemma 2.7.3.4 and the assumption on _~) 

H ~ 1  2 1 2 

Consider- 22*(

8f x* ) - ( 2 (y 1 2l 

x*(y )20 qI qy. H 

Therefore aox,,satisfies Lipschitz's condition with constant c8 

Q.E.D.  

The framework has now been established for the development of a 

solution procedure for problem (P ). The method consists of three steps
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and the proof of convergence of the method is given in Theorem 2.7.3.6.  

Again it sh6uld be emphasized that the procedure converges to the solution 

x*(y) of the problem 

N 2 
minimize (Y fy ix + (l-yi)f.(xi.)Y 

(P )subject to 
Ch(.<0 for all i 

with gfx*(y)] =y. The solution (x*(y.),y*) to this problem is of course 

feasible for problem (P ) but it need not be the optimal solution (Problem.  
y 

2.7.3.1 gives a contradiction to the uptimaflity of(x(jy)) 

Iterative Procedure 

k k Step 0: Set k 1 and select an initial y such that y E (0,1) for all i 

and establish an e convergence tolorance.  

Step 1: Sol ve. the subproblems (2.7.3.2) for the optimal solutions where 

y_ is a specified numerical vector and kA designates the interation number.  

Step 2:. Obtain. Y-k+l a (ed); if y jk+1 y k c1 convergence has occurred, 

otherwise set k =k+l and repeat Steps 1 and 2.  

*Theorem 2.7.3.6., The iterative procedure converges to the unique solution 

of problem (PC ) if the product _gqoe i s contracti ve.  

Proof: By Theorem 2.7.3.3 a solution to problem (P ) exists since (P ) is 

merely the explicit statement of a solution pair (x(*,.)which is 

feasible for '(P ). Since Raoe i's contractive,.ui <I, then by the Banach 

* Fixed-Point Theorem [Saaty, 1967, page 54] there exists a unique -solutionyj 

*to 9ypx*(y) = y and the sequence fy where yk~ a (Xk). Since x*(.*) 

0 are optimal solutions to subproblems (2.7.3.2) which satisfy the relaxed
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constraints yj thenx(~)y* solves (PC).  
Q.E.D.  

Example 2.7.3.7. Consider solving the problem 

2 2 
+Y2(x201) + ( -y2 ( 2 ) 

miniizel-yl)(x-) 

<22 

O2(x 2 <4 (-2)x 

+ 3. Y33 (6 

2 1 

Relaxing f th eq6lt osrit ftefr n ovn 

1 1 2 18 

Ot rai ning h scmst on cts.prm ouin dntn h pe n 

=* .(yi y i + * bi (-b )fo1l 
i=B~
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wi th

B

-10 

-1
--3

and d .91

This system of equations has a solution and can be solved by the iterative.  

*procedure ILuisternik and Sobolev, 1961, page 29]. Starting with 

=(1,1,1) ,in 21 iterations the answer is 

[1.4201 .0.580' 

*x*= 2.009 J 0.498 

4.056 J 0.648J 

with the objective function value of 6.296. The convergence criterion 

used was a -change of 0.0001 units. in the objective function value. The 

true optimal solution to this problem is x* (1.578,2.855,4.138) with An 

objective function value of 6.246.  

Problem 2.7.3.1 

Show that the global solution and iterative procedure obtain different 

solutions for 

minimize A~x) + (1-y)(X-0.5)2 

x .0 < I 

y= T 

*Problem 2.7.3.2 

Prove Lemma. 2.7.3.1.  

Problem 2.7.3.3 

Solve by the iterative procedure,
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minimize y(x2 '20x + 102) I+ (lI-y) (x2.-40x + 402) 

subject to 10 < x < 20 

y =g(x) 

where

(a) g(x) = 

(b) g(x) = 

(c) g(x) = 

(d) g(x) =

I 

x 
25' 
x2 
S25 
5 
x

global 

global 

global 

global

solution x* = 15, 

solution x* = 14.44,

solution x* = 15.7013, 

solution x* = 17.5.752.
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:1 ~ Cb~eptcrl .~.. .~. ~ 

Classificatory problems arise within all branches of rcience.  

Some of the classification problems are gpecific to particular disci

*plines, others are-more general and abstract and have'very similar 

*characttrist.cs in practically every area of researebh..Abstract problems 

deal particuarly v-hth reto ad the analysis or tho evaluation 

* . o*c vlassifications. The creation of classifications involves both clas

nifying objecto e% novo and extending a given clesdification to new 

2 3 
objects on the basia of constrained or unconstrained optimizatiol 

4 
criteria. Via quantitative analycis of cle-ecificctions has been de

veloped m~ainly ala~ three-approaches dealing respectively 1) with the 

problem-of the rando~ueso of clatssificction3, 2) with the relationships 

* . between "clusters" and clarcifications, and- 3) with the identification 

* of dimensions of classifications.  

The rando--ness problem involves testing the hypothesis that a 

classification arises by random allocation of objects to classes.' 

The evaluation of classifications is clearly related to the 

so-called "cluster analysis." The objects in a classification can be 

thought of as i,;.ints (see pa~,e 6) in a multidimensional space, and the 

clusterino of scme of. these points indicates-homageneity of the corre

sponding objects, and is therefore a basis of classification. The 
* . ;.
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Wtd YOf clunters has been developed for detrinn on pr aiisi 

grounids xAhcther givan clustere could hnwe aricin by a randon alloeztion 

5 oepnnocd for optimclly extractinC clustras from a distribution 

V ~ ~~o *fpinto.  

.Recently, raltiple diacriminant functions vere used in order to 

analyze classification: by identifyinS their "dimansions".l, The tech

r .nqeinvolved is simil r to that used in compoaerut analysis for identi

fying dimensaions of varicbility.  

The dietinction betw~een the creation of or the extension and 

analytic of clacs'-ficzetions is &omnewhet artificial. Ietually, the xane_ 

% techniquea ca.- be used for bath purposes anclin practical uork. they can 

be tiiLly lz~rne.ined. For inatence an evalu tiono .csifctn 

7;n -~utd for inveticein- and criticizing tile cV'ssificatory rnethiod 

.. uced, and tho cisesificxtion then c"n be modified on the bais of recults 

of this evaluation.  

*The present study deals both with creating and with analyzieS 

. claificeations. It proposes a new tool for evaluating clascific-ationa; 

*a tool based upon discriminent procedurea, usually eoplcyed for extendin3 

-Iclaac.ificationa to new objects. The discussion provides an opportunity.  

* .for analyzing the links between creaticn ex novo, extension, and evaluation 

of classificationsa. The structure of classifications is iaxvestigixted by 

-. . . identifying wihat will be referred to as "cores of classifications" and 

.........limtiting classifications." The effect of random factors on clessifica

tions vill be treated by restricting the bases of classifications to
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4~ 
.~4, .. .  

;j~ -3.o iy .t .3 i o j.rti 9bi ch C= e t r .. a-. C: 9z;V~ prrcip a 

airtaacierzl n "ors or cla sificationa acqtzIre a pvecisa wevi~~J.  

* .Diciminaint 

itertions5 (DI') ard based on di c rbi na-t 

proceduresOr aD'). A discrizinaut proceeura ia ;a set of rulos for allo

Y cztins a nei object to one of, the clemser. o. L itL The n., t 

cc~~e -tere nre fut~u 4; th~a Cl&G -2 1. bC t L r to ! 7 

rie obect ADI io the epplicrtO 1
~c 1 the ob5Octa of taa 

CISSCif1'Cction to Vaich the M? Is functici.aU.y rolati?,&. A DI ren-locz-e3 

*the objecto ia a clancifictiof to' their origin-al. clcor V-OVea thea

to ~ l snte al.O Consequently, it generatC o i~fica~tiofl on Vaich 

a rew DI ca.n b e cp-!. Ied. And so on, iterativocW. The nert few cection3s 

contain an articula~ted and more precise pren;en tQ tC'U of the concepts 

introduced above.. 
.  

~~.. 'Assume ~Chapter 11 ... 
*..  

Cler!C etO (Van ntitativ'C rttn, ~..  

Assum a claF.scificatiofl of n objects or ttena (&real unitoe fo r" ;.  

instnce)into i~classes. Each areal. unit Lu 1meatured uith reepcct to,'
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.1

xh± -jhil' jhizs. 00 Xhitj

Cal X, 

the elements of X.  

so that

xthe vari&cbles 

Pssume that the

whose0 values for- the n item: constitute.  

t variables have betca orthonoruaalized 9

Each class in the cl&9zi:Lcation is

I if i .j

o if i. A 

associated with a vector of the mean-

ure'a with respect to the t variables. This vector will be referred to as 

the "representative vector" of the class. Call Xh the'representative 

vector'of the hth class .

* S

w -' '--r-~ ~ ~ SWY'Y~7'~ * - *******~**" -*

* .. -... A 

V7S 

t rpeta.- Thrfo* ezh*2ai hec 

pro ertes Th ref r~eac it~ n te c asif-ication is cosociated vi th 

a-vector hcvirmg as eleiuents the vleofte tvrals, ~ihcrepn 

toue tof th tr~!s vaibe 5 - .. *h-* . ,*. 

.6" t5 th- t, P S 

call x the i=trix of the values of the t variables for 

the n itcms. xhi in the value of the jth variable for t Ihe ith itIezi. The 

subscript h iic t emc that the ith ite3 belong to the hth clago.. Indicate 

byZ the roi vector he-ving as elevaents' the valuegs Of the t variabr~es 

-for-thu ith ito-m in the hth class &nd by X the, colui= vector the ele

mento of tviich are valuea:,of the jth variabla for the n objects in the 

c1ascification., Mat in
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Pt .  

In a pnrticularly istortzint c.ase. the elcz'auta of are equal' to the 

arttLzetIC* avarcgoi of tba corapa'rin e1.eanto f t!~e vectoa 

for all the il'in the lith clasa. nthat ic.  

* L Eb .7 

whore nhis the m.brOf CleMentS in the hth Clc~o M10 entire ClAS

G ification La associted ritk.a representetive vectorX 

1 m [xlIs K.. 2 9 z.].  

that iu the special ease indicated above is obtained Iy tuking the 

£a rithmetic averepe of the 7h Is for all Vso. 

Define a linecr trana~formationn T idenitified by a =-etrlz B of order 

I txd, w~here daft, which associates a new vector'of tzrnforn-ed eeeure 

*'to any object in the cisesificAtion Lnd to any representative vector.  

Termn the, row vector astociated to the ith object, which is luclueed 

iin the hth clasa.  

-. ~~hi. -XI [Yhili yhi2'1 e ThItt 

* Term Y the matrix of order nxd, in ubich Y coztIteates the ith row 
hi.  

Y.-. )M
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I

-tru T the vector associated with the representtive vector of te.  

Classification. obtained by applying the transformation T on X 

digsg 

Th objects ad the classesi of a clescificationia as ll as the 

vclaesification itoelf, cz n be thought of as points in a probl= space 

[4: and in a discririnant space. . In both spaces thc poaitions of the points 

are deterained by coordinates with re~spect to rts which are orthogonal 

if he riinal data ricorthogocl. Abe vectors ~ ~ identify 

S.respectively, 
in the problm space, the points correvponding to the ith 

objects, to the hth clazo, and to the entire clastificztiol. The pointo 

Xh.. and X will'be referred to as representative poin.ts of the hth 

class and the representative point of the cleszificaito. The vectors 

T. Y Y identify in the diecrizineat space, respectively, the 
Ui. h.. * 

point correeponding to the Ith item and' the reprecentative points 
of the 

t 
hth class and of the classification. The transformation T me-ps the 

* roblema space into the diveriminant space.  

Discriminiant Proceduren 
Discrimihntit procedures were defined as uet. of rules or ,aperations 

by meanls of which additional objects are assigned to one of the classes 

ofacasfcto.Bsial l iciiatprcdrsalct e
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obob ect to thek ls Mh*GQ .6reposeftrtivOPoit in a iO icii~~l 

spaco 7 ?I.i~~ Z. A 

spao i neres tothe point associated with the obje~ct. ''DiscriMi .7t~ 

natprocaduras can differ however.  

1) * itrenforrtiofl3 genaratin3 the discrim~inanlt 
apaco f rcmth 

2) in rules for deteraining representative 
points, or,. Vhich ii tlie 4 

same thing,, in the relationships between 
class representative 

4points and points 4orretponding to the objects in the classes, 

3) in the distance function
1  adopted for.measuring the "nearness"' .  

of points- in the diccrininent space...- ., . .  

The. diocriminant procedure used in this 
paper villi be referred to as 

disCrinainant-functionGisdiscriminant-procedure 
(DFlDf).- -The Dl'tP v: 

1) use claau centera of gravity and the 
claocification-center of 

gravity, respectively, as class and claccification representative 

I points, 2) are based on Euclidearn distance functions and .  

3) are based on a lineaxr tranoforiation identified 
by a matrix 

whose colununs are formned by coefficients of linear discriminantt 
func' 

12 

tions. Linear discriminiant functions were reviewed 
in an earlier paper 

-' to which the reader is referred. In that paper it was noted that rein

tive to tiormalized and orthogonalized data the =.atrix of the discrirai

13 

:P nant functions represents an orthogonal 
trnsformation, a tranforma

-. tion, namely, that preserves distances-, 
Therefore, .when the data used 

are orthogonalized and normalized, and 
provided that all the discrimi

n.ant functions are used, the DED? is identical to a simpler DP' 
to be 

called distan~Ce-discriminant-procedure 
(nf?)*. The DDPi also u .sea centers .V



V 
.......'..  

.-of Grvity =nd tba zuclid4a&u distance functiont bant 
differs froa the DD 

tgr badrin an ~tt transfC?.;jiof as the txzn:=forI~tion CCncrating the 

-dijrmO.rat EllaO iron the problOA spce. InOthe- -3-do bhe DIM7 has 

a ~ '~1~Zt p~O danticzl to th rb~a'c nd, thcrefore, allo

.:catee items to claasea ,Aioce ccuters of. gravity ara noarest in thea 

..:problea apace. DFDP and Do?, however, are not identical if we 
disrggard* 

the ID?' aasociated eith the smanler elgenvalues, 
which account for a 

mall. part of theo diacrinine~tionh between classes, and that within a 

probabil'atic frzi~evork ara interpreted as 
errors. Even in this case, 

* hoiievzr, the tuo proceduroo are still likely 
to'be very similar, that.  

* in$ they are alro civilar the vmeller is 
the fraction of the diccrimiuaflt 

powr of the initial variables contained in the LUT'c being dieregarded.  

DFD? is preferred to DI)? 1) bacause it yields approximately the 

asse results an does the DDC?, but usinR a much srailler set of derived 

variables, and 2)bacausa the derived variables 
that are used identify 

14 

Mathematical and empirical dimensions of classifictionsf. 
The inter

pretetion of the DP~a will be extensively discussed in a later part 
of 

*this paper. 1~Eoever, it is perhaps useful. to introduce now the 
rationale 

behind the use of DP's. Why shculd DP's be preferred to a random 
alloca-.  

*tiofl of new objects to a class? The use of DP's is an orderly allocfition 

of the new objecto, and consequently has 
a mieaning only if'it is assumed 

thatthe classificaiol in question is based 
on "principles" which should 

be applied on the new objecto, so 'hat the "structure" of the classifica

* inis not obliterated but preserved. The DV a reflect such rationale 

* . . .
..i C



gearch~~~ diece to i iv* n uepeit ito 

.lrcfctr .tutm .in 
I r..

d 
..

ro.' * ^- e 

tse rom dire ct i d obj~es Te alloctin thf objects~l of U . i 

guided by an initial structure, while no "in;itial" condition, at any 

stage, controls or affects optimal claccifications proce~dures. - .  

Discriinenft iterationsl 

Again-cest=0 a claazifCtO onobct into, m casS 

Define ?~so the ith object, vhich is located in the hth class. Call 

a an additional (ri+l th) object which belorigo to -o. oze of the, 

CcaSsee (that is, it belonga to the zeroth class).. Inicate by D a 

discrim~inanlt procedure. Th e allocztion of the additioT~l object a~~ 
. I.l 

j to,say, the hth clasi by the diascriminant procedure D can be written 

&a follows: ., 

Da 
0 n+l "h n+1 

D can be applied to any of the objects in the classification, -which in.  

*this case is either reallocated to its own class or-caved to another 

class. ror example the ith obhject .in the hth class can remain in h or

be sent to, sy, class P,.  

Da~inf~hi or Dahiai 

Indicate an "linitial" classification by As. A claui~f ication, is a set 

of n objects each assigned to one of m classes. Mhitefore 

A
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-:%Ora a -rpesns h ith'object v~hich in taclassifica~tion A 
Got,, o.  

Is ocated' I as t 

nie appliction of D cm all the objects in A0 :yields 'a -new CUDc

aifc~t.~ ofc~eoct MaTo transiorzation of-A into A b G+s~ 
t a operator D eta T.e written cas followz: ..  

DA ia 3t Da 0 , 2 a* U3 D~ 

- A 

a+ 

Clactificaiitcns A ance A8+ are equal, that is A WA ASif a81 1, 

a~ S -~ oti 

a 
G+l't,i for i-l,u.  

WClazgifcction3 A and A are not equal if a a for at 
a +l a tji s+l, t1i .  

* . . et, oae i.  

Clearly D caen be epplied-again end again on claesifications 

obtained fromi an initial cla.ssification by somae operator D. The repeated

("itcrative") application of D can be represented as a power ef D. For 

instance 

* .L A 1 A2 
22 

DA D(DA )D A, 

* . .. DA U 1  A A DA 1 

The classification A~ is obtained froma A 1 by iterative application of the 

discriminant operator D or, more concisely, by discriminant iterations.



][=.n SieSao of 'ltiict~ of a fiit W 

v Vpi . 444V .  

mm .iterains fro ACn~C ofa isc:siiai fefnt ro 

V 0 
such~~~A r,.a the - tthen fteeune (A ) iotaiS by dicria 

A' . if1 

A Ah Ai i 

Thi deFIITition in1lisifthat.te nital laimilication ith lii 

hemasfiinitenw1Th poitvein evinzno the oinithol clci4et 

Ai pueyabir -. A clsificaiov i caldii'z ante l 

Thdefnition it les tat ctol ipitialen cl assificatio n of ianlii 

nocifeatian tedhoens. Itisevdtentathato osee initial classifications 

canpureld absa. Aii clazification Hoevr thle initit hn otrue.an 

Tisa vibe hown ay pnaoknlyifthe limingt caeiictinca b eahe -.  

cADM el I Ane iitclassification. canothve the thaoe imint t. A 

"I 
.r



-7 &!-a CE Cze ft 0 Maita .1c343 to a coJntradic ioR pce t'tA 

cad A (wberea r> v) aeboth limit of A. By the _oiitim~iif A adA r 01r 

Cera limitsS 

A A A *~A A(2 
*;. ~* ., ;V w 1 

imt both (1) axd (2) crno be true, a~nd therefore A and-A both caaaot 

L-nt3 CEAC.  

*I iinvbe shoim that a limit clasaification can begenersted 

t'rc al clt2.c cl 4P f cQ of a fi Ito a~bor of objqcto by a fiefte 

na~ba: of diacrimn=t itcratioztd.: The proof of thisa proposition te,"ires 

the follo~da:; rer,;.lt: The vithin-clacs variebility of a clascification 

jgenerated by a DI frcm~ en iritia1 CUificetion is Ealler than the 

I7Ui &'cs rirbilit7 Of thd initial,. ciacf"Cia. Mhe folloiiM3 

defixitt~o ad notationo arn rap~ired.  

1) Inditzte by A i a clascification of a item. iuto mclasses.' ~Zch itC= 

to . i defLM*&,d by a vector of t Valuea of t var-labica_.  
2) Tern - i thc value of tba jth variable for the ith itema. 7ho subscript 

h I indicated that the ith item-bolonga to the hth claaa.  

3). Term , tho averaga of the jth variable over the hth cilzc.  

4) Term the deviation oftevle of the jth varieble for the ith 

I .ite fromi the avaege of the jth variable over the hth claus. That is 

5) -Indicate tha total Uwithin-clazies variekace of A by vA where 

VA .tZ~bij



iteration * 
2 thi3 to 1lwithira-cla58CS variance of ~ 

~rrt~z- ii Bis a linit clsciffCtieOac~J8 

4 V 

??7 1.1 If N is a lim~it classificaction U-A ed than 

B3 A

SappozS6 instead th.at U , A.  

2.1, Torm the diusiance of the poizit ixsge of the ith object from 

the center of Cravity of its clcij. Then 

2 2 

2 1 

2.2 Clenrly tvA d ..  

A1 

2.3 B ~&A implies- that ileu A is opernted upon by a disriin&11t ic 

jtiont socie of the ite-z are reuoved frcn their class in A mud 

allocated to the clage 'cuhose centr of aravity in nealret...  

2 f .24 Suppose that the ith ite= corresPonda to one 
of these, pointa, and 

call b the distence of the point from the center 
of gravity of the 

class to which the item in Accignc4., 

2.5 Therefore b 1 ~d



22 2 .  

_"d so biod>O lo <d 

b a to tbho ditacs d to for all the Ltn reallocated by the dia 

^2 2 

'..Ualso YA ~ZA . ,. .55 

itiA1OV2iblt oten~ clazzifica

frc~thea in A and w ee .. .hr m izzvath of p oin s fro tei r cld d eti~ t f 

terellocation to ether clacees changes. the pacitioi of the 

Ca. ctro ell GravIty cf- both leSDOOrgnadetimo.  

2.tT~cf w in alco tba a&'?t?8ea of distenccc of -the pointtS it. each' 

cs:fcaacemtral point v:i Lch i ant h ceatrold Of the clava..  

2.10 tat tha cwtreid of a sat of Pointc is the point tmhtettea 

of ita a 4:-3red dietancaa to the point-af the set is a riniwvin. In 

clajsficatic2 Dl the average of the distanc'38 of ihe pointo -in each 

*cas frca the. centere of gravity of the Clasaes 15i y sqn~o 

2 A 

A2 2 

* A2 

v. Sc: vA 

the follouing Corollary 

Coola3I: If A A 2, . . . toi a sequence of classifications of sae 0I
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15.,, 
..

d fA D A%~e ,-q , ti nt4"sb.:t 

2 2' 

P q 

q Ap 

*~ ~ ~ ~ ~ 7 2. 2zit i OtracitiOc2.  
A q 

-The co~o11liry of VTherre 11 chw thzt tho Uccriwin?= ttertiono do 

ntproceaed "circulnrly" in tt a Gene* thzt if C C6Sir-C,=iOi D Va 

* c~enerato f r= A, OiCbom~ t ci~p*~la theat rci cifiC.Lcn A 

be obtftned from C 1-y DI'v. It ia now possible to prove the propOeitic!1 

*that a li~lt claselliatiom ecn Ue genertcd fr=c ia ir-tia1 Ceieftcai

tion of a finito nu-, jr of object@ by a Aftnitc vx~rof DI'o. Lno 

pI"poitioLa is EtI Odif\d in thc* f o110oLng thearti.  

SIII: if A0 A, 2... 1. 9L eecufnca of c1agoifications of U 

* . objecto into is clas ses (iaere a n O)eeratod froo A~ by rcpsated 

*application of the cicrineut oerator D), thmA A o 

x. ;;! 2 
.. I .t~ 

1)the umber of possible clessificatiofl5 of a objects into n claixes is 

... .. .. , W
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-- C.

* . -firet 9 Dl'srAiae ana of th* z-1 poscibi lastittf.  

4)&snA 1 0 A~ l"ds to a contrzaictiC~m. All Poecible caefC 

andit tbeutr Az 

ticI £ob~O~drnd1A~tnpeeSthct 
A

Cer B *Et this 4a ivrpoaaible b7 the cOroI1tXy to T=2E4 I 

C0 ,~enty te ~ A *A lea to a eoutradicti~ui.  

5 epBe -~tA ,A for h z.vhich id eKuivuant to cyT8ta 

* -th li~t liaifC~iei &t&ca~ at ch hth iteratio01. a this 

i~ t. io trua tilgit -A 'for z I ad thercfore, R f'rt!07ift 

forz a by t1he gaftiionv of a lim~it c~conifictiofl.  

Thc T~'s oncdotd t ths oiut cn be called lincr becAuse 

* tey rc ~edoi)~? vbch ~ea lae-t tuiforuiation for genratinfs 

will "~t ba treated here for"MallY. The intereeted readcr is referred to 

* . *. Ch~apt~t 3 of a* in Ptternf rec~iitl~ofl, by C. S.  

* . obaetyez, rhic'i deals itih 'Teu-Lirtear )4etbodo in Clasnifictory Manlylis." 

* lb folleir3 inforjaal diccuaviCa of comae aspects of the non-linelt 

* ... .ra~cfru~i~n ofpt~lm spaces into discrinirllnt spacesi ugtd 

.:~by their bearing upon the interpret&tiofl of the rae~anS of non-liuear and 

* . ade classificationls.
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SUPOMStha.tthe Piroble- spaces ic turnad into the divcr d~nit opace 

'by a (r.~a-1in_-wr) polyu*dal trazneformntion such that 1) cPny' co

tioa of tho coordinates In t~ta prol~ apace (t7or icutence in a 

qu~adra tic two-dimence=1 ca.  
2 2 

......... r. + az + a 
vi~er art ym 1  222 12 1 2 1 1 2 *.. .  

aare 3c- xrcdnt2of 'the problem cpace.) arid 2) theat the 

icacfficieua of the 1ZraforQ~.tioa are ch~osen no as to Pei iiZ* the 

ratio of betrasew clsase tol itin-cl7assa variancez in th* diecrizai

saut space. Mao trc for "-tiva correipoads to a stretching raid 

co roe cina-vi tbout- tesriz of tho problem eptca, vc as to cluator thc 

imt L=Qs of objectc in c~a cleczes, and to aeparate the cluatere 

' rreponding to Zifferer-t classes;. Suppose aleo that the diverizi

uant apace is divided into uo many regions as clste3, each clas 

*being associated to tho rw-ien foro~cd by all point's which arc nearer 

to thin class rapreseatztiva point than to any other representative 

Point..  

The etreight linens eparetir" the regiorno in the diecriiuat 

Cpace will correspond in the .probln opece to curves of a deCree e~quai 

' to the degree of the hi-hest of the coordinate tranefonaiona involved.  

For instance if y 1  f f1 (-1 2)9 y2  f f2 (x I x2) ea two quadratics, it is .  

coaur thit tho strai'sht liua b..v +A b -v + c -0 in the discriminant

-space corresponds to a quadratic curve 

The non-linear transform.ation i 

bkhieve uaxieun separation of different

* 5-.

- T V~' ~ * "-5-. . .-;.:~p

in the problem space.-, 

a by definition derived cc, as to I '.  
classes in the discriz.inant 

-- n



ther..or that~~ t.h cur 
-. fiz's 

.toce t n th ight lin oundaries- Sin the discrnt O'e epacaSe, 

piwcts accordinS to class am~bership Of the coxvreiP-0ndinS objects, a 

asol ir a~ isps~ yacr'Of the degree ~vn 

- Axa1Z a ? ca6yi of rcv tIti es to represeflttiv O 

Po~tz.the Euclideani digtanCe function, and a polyncaial tranfo!Un~tiOfl 

Of, 44Ly, second degree. Clearly a DI based'Loc this D? will tend to 

alloc&te to the initial clazsea 
a larger portionl of the points 

than a DI 

*. based an a linear transforcfltion. 
Regionls in the problem spga, 

w~hich 

aeLuddby cuadratic curycO 
developed so as to achieve opt1irSl 

clas 

sepac~tion, can obviously -incluide a greater proportion of the points 
in 

tht clacc associte:d vith theni 
than regions bounded by etraight lines.  

The sae reasoziuS can be repated for 
a cubic DP' ith respect to a cmuad-! 

ratic, and so on. This suggetst that quadratic DI'a can reach 
£ lisidt in 

a maller umzber of iterationis than linear 
DT.'a and, in general, nth degree 

DI's reach a lisit in a "MIller 
number of steps than do DI'a 

based on mth 

degree trAinsforations w~here 
n .n. This &loo suggests that a finite 

numiber of points enn be sep . rated acc .ording to 
class imemboxchip, irre

*spective of their arrangemenit, provided 
that curved boundaries of de~gree 

I' .sufficienitly high are used. Therefore, any classification 
is a limtit 

proidd ha aD &baed on a trnsforation of sufficiently 
high degree 

Le used.



UprS thta lnzI r . a. ~s a.cuco 

o.). ..tch fal.nad h tattliebudr fioii 

cjaza.~~ ~ ~ ~ .h .nrasi h ereo hetaeovteta ao 

clases. heroe heamcy linear 's cse 0 transfe ofla cltrof' 

poinet c fro cals toniothr this cghtblinerproed oa iodicaion 

of a o deg r d ncrnacinearth 1-egr-e of he rcifcati Th trnsfer of 

th cas oudayi Rcctle tno thl inear fa i dgre orth 

stered oite bordec d interica, e wit Lonsbeogn t ce 

Uhauseis therefore thn lie pr !gI'caset rnfr of~arn" clazifc tr ofsa 

Apurety fr one allaton nothera ti caosbe wourpld erca dclain 

fatlowha d c olinbe arity ~t cla sificaton wthe repco o 

bsted r. nt in teaindia o-iert of aveyhrdge. highray thgee oarhe 

*ich stesa hn, h rsneo rando-aeta classificatinste"lrth r of est 

IDI vi th respect to which tho clzasification is a limt. These considera- 

tious-,pec the interestin3*problem of dete-zixning hAe.er the difference 

betueen a clascification acd its lisait can be associated to lowr degree.  

non-linearity or to high degree ttrandom" non-linearities.  

I The Stability of LhitClstntificatioaz 

u objects can be clcanified into m classes in C) ways. Some 

.~of thes (;) different classifications are limit casuificatons vith 
* .  

I rOSp3Ct to a given DI. The num~ber of limit classifications ia determained 

by the arrangement of the points in the discrizxinanL space (see page 25).
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The .-1zI t CICOcifiCctionO ccen be divided inoa roupings3 each includina 

all a tnr.-lIinj t c I-ai of J est jc that vould ganerato by diacrimThcait 

4tat~zti the az~a li-alt claccification. Lot uo c--y that a lim~it co

cificatiou is. the m~ore stable the greater is tho unrber of non-limit 

* clasuificsztions in its SroupinAg. Then the degree of attbility of a limit 

cl~cfeziclcan ba iccured by the ratio of the nuber of non-limiit 

clecsific~rtions aseociceted rith it to the total umr~ber of non-lioit deas

Uas ad notanizga of li~.1t claccificaLtion stsbility'czn be better 

discrcoad aftear invectigatin- tLe geometric interpretatrion of DP'a, Dl'a,.  

."limit clactific-aticne, cd &trbility. Thic invetig avic= is carrid out .  

in the fcllawin- section.  

The PGzan-trv e9 th't D1Pcr!=ir.nt itrations 

In the previous eection it vxas notcd that the itena in a claccift

cation, as veil as the reprecentrltive pointo of the clacces 
and of the 

* class~ficti.on,cau be thoupht of as points in a t dibnenaiona4 
diocriiminant 

spaca. Meo classes can be associated with re-ions that rartitiol the dico4 

crininft cpace. For instance. the resions Rh correeponding to the hth: 

class cx-n be defitn~d as the set all points of the dizcriminant 
sprce Vhiich 

arc nearer to tho reprazentative point of the hth class than 
to any other 

* dlass-rpr5Cfln.tive-Poit. In set notation 

vhere x is a point in the discriinant space and d(xri is the distance 

*between the represtntative point of the ith class (r ) and x. -The



tw-ce,-30 ac.tho'cficrimiannt zpaea Is divid.ed ixto t~v rc* 4 coe......  

b1o~und,3j4 b) a utraCf&t live parpeatcuzlar throigci tha Mid o~t of the 

seeet connecting tha tma repreestativa Points. In a to-dimanstaonal 

thr~e-eiasses casetbQ diecriniuani spaco is divided into thrac resionsz 

by perpandiculcra thr",rgh the aidpoiate of the three xegmtntc coatecting 

th~e reprosentative noizta, as in Figure 1. -

*Figure 1 

AlloatiC anew item to a classification by a discrininant 

S procedure D is equivaleat, frcoi a geotaetrical point of view: 1) io 

dividing the discrininunt space of the claccificetiou into regions &cvo-i 

, -ciated wit~h the reprceenta'tive points of the claaaea and 2) to azaigmizg 

the ite= to the class associated with the regions in. uiiich the points 

i nage lies. A diacriniu&ut iteration Da.- ia geometrically 

S equivalent: 1) to partitionin~g the discriminant spae on the bacs of.t~ 

Aand 2) to generating a new. claosification by assigning each point t 

the class associated L-ith the region in whidch the i~zxge of the point lies.
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sin the-lco ae 

I~ A 

Figures ~ bad ac Flusrte 2he Fplc'iiio ligur 2c-r~ 

ClaIitacsifiatonisrerionedi Aiur 2la.siiTinubr 1,3 

caedb R~nn erl). Inrgue2c the' ite_' ar2eloatdt .h 

Thliitial sification is re predswenthed pint iges of the nuberts 1n,, 

cls adniyre fundci~1~e% r ofl i the f sitecd nd thir cla. Frinaec 

Figue 2 ahe ficariAinnth espae abodved iwol hrveena limitby linen 

pepeniflriue toth egan 2cwerecingherrcnttica, hc h poine thi-g, 

catf byi.mnr~rl)n Figure 2 the rgos1 InII otsae resllctedy onl the 

ration cn es) inwhich gethi al po -aes l "ie.atFortheritesatbondaroild 

an of.lii classf to ier s ea ed en thear poitings pofithens obge in3 

- cassarefoud oly n te rgios ssoiatd wth hatcl~s. or nst1c
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illuetraitc3 thic miraticu of boundariao end repreaent.tive points 

to ai limi.t in ti~pla two-dzaniOfl t100.Clasa CaoC. " 

.. .. *9- t: 

0- 11 and c 12 ar th ersnaietinao 
h w ~ 

whic geerae t'L b~edary , &d s on In he i ,=ratheimiing 

bou- ar ad rprcetrivapont ae rt ad0 

diferntictl parctoninat clcs i nl onietdb thei blzi on in 

nan c1 1e asd the re tre Crupren.~ F pintnofthe to dilasioeu 

pointnr nma t iere:ntoivce pnd arCeal re~edt as lyC itc31, 32.  

tion one th.er oflss ~zifiction etof and tjeaclss to r te 

by th e bbecoundary ties.jc-ng2&ecute nosfiinl 

j.difeetictdgrauighr i4 oFyoelii ~?igure io 5 n



4lf~ rno3o rui.a ~ teohrb~~ oc o 

I A 

c 1~ael irc rulnto3 or 4 riappl~ in thcs ofhe odua oni.tco

f 0 

9L'~trSCdL xUe cy~ietry. ror intiaaregular point 

-~~~- -outni i~e7&~e~ tua o 1?1 def ined clusters butclry dit patr i x 0hceal djt
.4 0 

. U

* 

* 0

FiGure 7

the t-o ttca-clae clacificaticois indicatad by that boundary' lines.. in.  

the procetditiz. section~a measure of the stability of a limit clasaifiza

tion i idic2ntad ae the fraction of tiz =on-liltit clecoifications 

associated vith it on the total umber of non-limit clazsificationp.  

L .* . crtmarieon be.itn tw*Cl s8-liait--clecaification of the point config

urstiona in ritures 4 and 6 illustrates the geoeketrical meaning of 

stability. The configuration in Figure 4 admits only one- limit 

7...................................
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- Lgure 10j sdLL ea ~**-' 

Figure 10). Asimilar low stability characterizes limit clAccificationo 

into v-. claosci of points grouped into p clusters w-here c#p Thece gaoietric

I

U';

............................. *'~'*-T~~*~ ~ ~ WV I

A

Clactificcation allocatizg the tw-p~lot cluster3 to tuv..clmt~c&.- This.  

J lTA't ClaCgifiC~tiOn POCZeeS0sthoreforesths hichast poccible de?,rOG* 

of stabIlity. The point configurction in F!Gura 6 inatead adsaits a.'A 

large nl-ber of liuit twt> clave cltioitic~tions Identified by boundary 

linesouch as those in iue8 

Figure 8 

All these lin't clascifications are associaet'd w~ith appromir= tely equal 

fractions of noa-liuiit cltzesificationso Therefore, the stability of any of 

these limit claccificationa io very lowi. An initial claccification such 

as that indicated by the boundary lineC,( in Figure 9 Vill have aliait 

A I C( I 

* .. q 

*. *** *~ *' S 

FLSe 9.: Fiur 10~* .* 

clacsiicatio a' an Slgl ifrn loiiain(ie i 

*f--n lii ca sifcto (ln '



7.il tti0clarify VhY tho ra QEf ctability of limit clasific~tiOmnD 

in'dicatas to utiat 0=61ct 4 clascificzt-IOU into V. rivau nu~ber of classoo 

i ta sitcid to objecta bevin- a given configuration of point i=CQ5s 

* ~y ic it prefercbla to allocate an item usin a P her than 

V 'allocatin3 at ranid=? Tho reply to this quastion is tho key to the vagning 

F ~of tbo D". 0. Ven a new itCM is allocated at r~zndc=, Cny clQG3 in Gqal 

* .. lilmly to be choen. .7herafore, the allocation by DP'a is juerified 
When 

the clirsea are different from each 'other and it, is desired to preserve 

the distinctive peculiaritios of the cl~sses by associating 
the new £toava 

-..
vith the itC=2 m!ore uimilar to te.i 

*.The 
peculiaritics of the cleces that the DP's are deeigned to 

preserve ccn be called rationale, principle, or spirit 
of the clesificatio 

The elusive a~d vague connotation of principles and 
rationalea of 

*cloPtaif icztiaia perhaps cran be explained in term~s of the non uniquenesz of 

the DP's. The DIP aerec rbitrary veta of rulev, leading to "interpretntoI2 

*.of principles of classifications wihich are related, but 
are not identical.  

- .. Therefore, the wiord,"principles" coverz a variety of 
distinct and related 

*interpretatiora. A situa~tioni of thiP type is not unique. For instcnce, tht 

*variability of a statistical distribution can be erpreased by 'an 
infinite x 

of measuras (that is, rules) wrhich in fact identify distinct tnd related ii 

tions of variability. ,The concept of variability appears more precice 
and 

Ithan that of principles of classifications only because in the f onner case 

4
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azotctblich-CA UCC-.-6 htn 3:C~titC0 i.~ a un 4 ' r_ qy~ct!e~~~r~ 

few mzasuro (t~ oiertt~ )Of V=i1IAty: ~ .. '-,*~ 

!Z-3 Iteat "i.zt- eef Irnd ar thi-1 p~ctOn f 

M6 ete"~r~~t uro en all t a n obi-ccr Ln a -CI AL~cW-i6JZL .'C 

praeratir.j--Q new gitif Jctiou from thea inittal 01. - aa1cnt ojct 

consistently wi~th en Ir-tepctation of th* PriuciPleus if ann v.hicb 

aclaccifi &tion i s~cd Cr.ciequently, the raw cla Lific~tion tiearatod 

fromi at initili clettification by aDP~i ls o bc lntep~cpea of 

thw n l.sifictio-A* If eha initial eUx*1 the' derived'clacifC icaia 

. qual, the iritial clacificcxtion conatained ather olcv~zat 

together Vith the "prim cip~en.t  The elc -cnt wich is- nflt tran~f erred to 

the darivad clcocif ic.-:ioii(at lea-st IM itf] entirdty) caa +2interpreted.' 

* to a c~cocificaotory error btcause of the Very frc tbt it Ia not a 

ci~eilcttoy r~n~po. the ClaCeeific.tjcaS obtinc_ L7 rep .ted 

applicetions of DI. a f rc' on initia~l cUciftrtiona tend to ba tzore end 

vorae clcusivaly baved on the principiea that in the initial clascificationa 

were prertieily oblitereted by "crrorv."# A limit clecalficae~2n -e 

interpreted .3 btin- entirely purified of the errors contained in the initial 

classification, and ea bein3 an expreccion of the retioneale. of the initial 

clarogific.ztion ea revealed by the DP. ..  

* (amntric Inte retrntion of PrincipThR of n Q-cifij~1ction. .  

Vague expreations such as "principlea of a claccification' and 

"claccificr-tory inconcistenciea and errors" Ihve a definite aeo ttrlc . -~.  

meaning* Groupings of a classification ccn be conceived a8 5tuarTms 

of pointG in a discriminant space. A given allocation of items is-justified
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P.42CIPIC3 'C- crro to related! to tutc acvoclatioa bWtvao point i mgee 

of eiz £tc W_. I a CI=8 &-, a r~szien in the' dicri4 r:"t crnce.' 2'ca twaor 
10ctiica ttMi2 cociation ie,,t!: r.7rc- C vcn clcaoificito ca aerlateo 

to claccificatory pritcIples rather the=n i~o claosifteatory errors. This 

patiini~oft1edici zczt epace int reiona such that th* points 

of a claco aro kdCinnV4U-t in a ra-ion can be equated to a for~ulation of the 

pric'P1ICS of a claaciiication. Iiioreforetho dicziinazt procadurea that 

.,perfora cuuprfinn o h icliet epace. lead to a foriuletion 

a f tbe principlco oil a claificzin. Th tianin7, of the discriminpent 

epacas or fo r~lation of. the pcftciplcas of a clacci iccion, Luvolvez objective 

Am ubjoctiva Pkst&P. The i~cidenc* of the -poiritg in a claag over a 

reGion of tho discriminant apaco "-ere the points in a tiven cleas are 

-r 4P~-i forn the objoctive ban' o of tha partitlo-!ug. Hoever, tho actual 

dlitit~tian of ragiozis in the discriv-iant gpaca requaires the &pplic~io2 

of rule: oeciL-fed ina r ivc~n diecrinincent procedure. rut very ray seto 

of rules arc paccible t~ich &in ct dividina the dicr "uent epece into, 

* rcfons charectorit~cd by the dcinance of the points in a clazzs. Thrfr 

the selection of a epecific, act cf rules 'x arbitrary and forma the -'ibjectivz 

elsmat in tha forr~lction of the principlec of a clascification..  

Viecriniwt procedures partition the discriminant space into regions 

accordinS to rula: tkat idcntify a particultr forumuletioci of the principles 

.of a clesification. That is to Oty, tha deoninance of pointo ageociated 

with a Sivca clan over areas of the discritninent spize is tranaleted into 

a specific delimitation of regiont-by the rules embolied in a given DP.
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Cu iCation are ,elvayv c&Arcterizd by 0=0 d.inarC, tno 

~ sit r=7 ba, oftepi1 nCach clacsoe cecre ntedicilf3 

sp epC This is trU* evor~ic classifi-ution-£0 based en a :.1d 

Sllctfiof points to clc.rG5bocus 
i Cis 1AY8 possible to fird 

..  

Po prtiOng Oof the diacr1=1flnt GP~co 
bhere the points bClongifla to a given 

~ cBSCar prvaent Thrcore8 lasifi~tn i aways based on "principles;' 

the difference between good 
and bad Clasgiftextions consisting 

in the degree I 
of do~inazce of the principlG39 

or, in other words, in thre extent of overlap 

and intertixture of the siiarms of points ass6ociated 
irith tbe classes Ofa I clastification.  

All clgsificLctions generated by discriminanft iterations~ 
are ba~sed 

on the principle:z of the initial 
clAssificatiob htio"tedia~ 

f the F'warns of pointSV in tile ciao8es of the initiA.a, l&3z~ification over 

-A rci resOf the drcrIIn =nt CPa1c0. The ancr~fft, iter-tiofl2 

Sremove errors and inconaisteflciea 
from the initial c asgf-tc.tiofl because 

Sthey generate a limit 
clescifict~tion e~hich is 

in r-greeflet vith the partition 

of the discri1minent space 
based on it, In the lirit clascificatior. 

the 

objects in any claes hav 
on images lying within the region of h 

*~discrid.1lft. epnce belonging 
to the class. The errors and ,inconituie 

;in the non limit claosifications 
correcpond to the fact that 

somc points 

-na class lie outside the* region 
of the discriminant spice 

assacizted with 

that class.  

The distancaC between tw,) 
poiints in the discricn.nt 

space can be 

.~interpreted as a measure 
of similatrity of the objects associated with 

the 

points (Barry 1960). The discriinlant 
procedures allocate items 

to the 

nearest representative point 
of a class, that is, to the clusto utich the
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Ltei L ~e f..ir Ia rcvioutO Gctica of ti cc ~~ hw 

that vaeo~lthe ccntr .0~ of claC94'- -re chasen to rrenZtative poisto 

* *the 
crl-CzoLfiCatio-a g ayztd by 1DIIo from An initial ciocifictiou Ix ba 

a asl~rviti~ cC&1 vr~bi±s thrit the init1tl cai ficatiol. In 

* jturn. ezallr varibility corrcpnda to &L aollr averi-;e ditanfce Q'XO3 

= the points in the seine clses. Therefore, DI'S F.ene.tneclsictis 

iniich the iteas in -the s~ie. classes are more 1homogeneous, 
that is, more 

Similar to each other.  

Thin. interpretation of tha DI's 
is clearly coneictflt with the 

previous intcr-prttl.on: eliminatig errors and discrepancies 
is the eaza as 

* ncrc~ci~g the deree o' hoooeneity -f the clcce8. Limit clazzifiCaticas 

posses a greater within classes 
hooeet than any other of the clricuificatj 

*of vhicht they re the liit. By comzbining the "sitilarity" rd tprirciples" 

*Interpettious, 
liit caaficaitiot2s can be aid to =:xanrc the within 

* clases boefleity, subjct to 
the prerervtiofl of principles 

chracteizing 

the clagsificCations of which 
it is the limit.. Geomietricrallythis nracns 

* tht limit clacCifiC2Itiond Psseva 
iniEnm~ vrane w-ith~n SZoupiflg ditnces 

*compatible with the preservatiop of the 
do-aintflce of the clpacees itear.  

.over given erea of the diccritaindtt space.  

Her-ni of "Stailit 

In previous section* it van pointed 
out that 1) the degree of 

tftbility of a limit clasgmifictiofl is measured by the number of 
non-limit 

classificntions of which it 
is the limit And 2) a limit classifiation 

*and the on-limit classificatic)z asociated 
with it are based on the cc-e 

*Clsificatory principle. Therefore, a limit clasuificatioi 
ii the cre 

*staible the larger in the number of non 
limit classifications witth %inch
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* it LAO in cc~ ~3c in~r )icpe.In tumn, tL~ ube f 

W cc.-etiGn tred'can a colt of principlen miacurad th* ca.1'tblit7 

b et2Cnf PrinlC'&PlCs and the eonflgurctiol of point I=Fa~c repreaeutins 

*h eb1joeto.. tie iUitcr tin aazlEr is in propartion to thte total nzzer 

of tiita.tiCZ6 t Q r c thei principloo ara saitwl to tho objects:-, 

cicgcici@ed. IiIa u~opt stable likkit claccif icatio (rmd its-principles) 

it Ibet imited to tho confiC~cratio!n of point irnaeca reprecentiflg the 

objets ia th Prol= cd tho diEcririinant space.

Stability cem also be uced Cor cacpring cleascificat.fl of the 

6(tre ab je ct a into differcrnt num.ber of claeses. Suppoze'that the best 

[ ir-it, cltnoificmt-ioas of m.Objecto into 
1,2,3....m3 cleases are c&,zpzred 

Iv ith reey~ect to dere of atmbility. In a Previoug sectlon it war. indicate"' 

that high stabilit- tend*e to be anined 
1) vin the point ir-Sca are 

to cr-Ie e"tcut clustered, and 2) w~hen the 
clas8e correopond to the clusters.  

'The beat lfnit cl~scificati'n, therefore, will have classes correspondils 

to thd ioll differentiated clusters 
of point infe. When a efinite 

differentiation into clusters ia 
lackin-, the best of the best limit 

clascif icat.ons will dif fer only clightily f rom the 2nd, 3rd beet etc.  

The clessificatio~s into one and Into 
ua clavva3 thould ba disreg.rded 

becatise obviously they aluays have 
raximmu ambility.  

IThe conceptual definition and practical identifiction- of "natural" I cleificatione hea been of concern in mzny fields of cience. Stability 

can be interpreted as an indict-tion, of "rnturality"l in clascificdtionn 

A classification is generally considered 
nzaturnl when it is based on
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!)Leariiay bC., 't" 12ez ca ~on an arbitr 7 chotco ic unavoirzl 

r- lit3' Cr'Ieod ou a i~;icwpoint w~ach to Cri.&r.Y. r~ut 

VdA* f,~'pi it 3c iibi to cdirtitVaiah b~tw'cl erbitrzr7 Qui 

Snticra~l cliIf iczatious, the letter once "ein- charaecterized by opt&i'.il 

hoccct -ithin tkze cl&oases. Ta a &Sre of eltability of a limit ciocelfica 

r. ,MurtI2 to %4=t C='.Cnt t-.0 clceefiecatiGol is cuitod to objects baV-In5 tba 

- carCt~rJ!itics =pjroaeed by tto point i,313 com, ifration. corracpamdift 

to t~. 74refore atteble Vci-d naturail can be considered equivalent 

Iconaotbticz- of tcrificZtiofls, 

* . . CuS-bjactiva rnd objective A.~iGI i cfc~if~3cr ~~c 

*in tVO dii ferant W"70. Any CiaCoifiCt~tion ic baced on characteriLtico or 

aspecta1 of obiecta vlaieh cre re±mults of an arbitrary choice, and in 
this' 

Ber---e rnny cit cificttion ic rArbit cry. Vhen the capects to be concidered 

ara giver., the objects cen dsjplry varioua degrees of aimilerity. 
This 

co-.espr1':3 to the dagrea of clustering of their point im.w'-es in a Space 

iVhoze Arzic are rplated to thwoe of their characterictics 
w aic re being 

-conoldered. Vhren loua or no clustering exietz1 any clazoificatiol is arbitrar 

* Inztnead clacsicatioflo that fgrot'p into the Same ciacces objects vihoso 

JI mages ea in iczs c .luctetf ten~d to be natural and ctabic, not'arbitrary or 

Within a probailictic frtiework distinct clugmters correspond 

*. toL aiotiaCt populations. 'Thercfore, the connotations of Bs~ility d 

naturaity can be related to classificttions 
the clasees of which correspond
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Evalvneticn of Ole Irclrtivf- OU1it 

of a~ Clagifctic'n

A~~±c~nga cleacification with respect to given data and DP 

involves determeining to w~hat extent the classification is based on the 

principlew inte-preted by the DP. This is equivalent to deter-aining the 

respective roles pleyed by these principles and by the random or non

linear factors which the DI rejected. A convenient basis for thia 

assesr.ent is provided by the relationchips between the classification 

and its limiit. This can be investigated by considaring: 1) the number 

of DI's required in order v0 generate the limit ciasailicatiorn, 2) the 

difference between the classification and its lioit writhi Tespect to 

ratios such as the within-class to the total variability, or the between 

classes to the within-clasces variability and 3) the item dispacement .ultich.  

generated a limit from the. initial classification.  

The number of didcriminant iterations which transform a classification

1.  

**~***7* . '~ -~.-...,....vr---* ~ , V ~?. ('y~VVYW~? I- ~**IW*~ Y~ 
4

3*1.  

*to statistically identifi~ble populations. ..  

Mtc o f- ~, rf~-v .,ntcn 

Discrii=t itertioza can bo used 1) for accessit- the relative 

quality of a classification. (4Zuality relative t iven variibles and to 

a given diacrininant proceciure),2) for dctercining sand analyziig cores 

- of clavsifications (for inztance, cores of eystc=-oof re~ions),cnd 3) for 

decidina Vaether cuhd to what ctent different toe of variables cupport 

a cltasification (for instance, is a given regionalitation equally valid 

with rezpect to phycical end =conomic data?).. Thieve uses will be 

discussed in this chapter.

I.

I 
I 

I 
-1 

i 
'I 

-9 
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into a HIiJt cagi ~e~1catiofl are comzhow Ludicntive o f the "dictaace" btte 

r '7 tt3to Cujgfictinfs, and of the weight, of rarndom and/or non linzar 

Ql~~uQ~ccn n tlie originar lesfctton. Tha clacsiAcztion .1te~rer li 

to ite livit La "battair' %eth rtv~cct to eivsn~ivariabloc =3~ to a giver, 

di,crirn~ n~cdr.~vvr hsdc~ce thould ba uced only for 

co-01parin3 different clacsifictioflm of the scae ob6jects into the sana number 

of ciassez.  

noe rtio tof the within claszes to the total variability is 
a 

MAsuvt of tizo bcnagencity of the itema in sea-a Sroupinl~s, s~aller valt.ez 

of Rt correnc,,,nd to hirher homoeeraelty. Clearly Ri Is the sn'.ller 1) the 

=-ro tha itco -are clustered and 2) the nare the groupines coincide u.4t1h 

the cluster'. Therefornia imdicates to .hat eatent~ r.Pein classificationl 

ic suited to given cbject,- and it can be 
used for cmt--parirng which one cf 

several clzcvificationo io better edsptced t o the objects. In contract 

with S i~ch hrs purely theoreticz3l value due to the 
difficulties involved 

in ito cormputatiol, ftcan be-easily obtained.frC-a 
the eigenvalue output 

of discrivinen~ft iteration3 rcutine3 based on diccriinanft functions. The 

eua of these eigenvalueG (2Et) ic the ratio of the between* to the within 

classes veriability.. Therefore Rl-(l+ZEr)
1  Call 2 VI adV 

respectively, the between classes, within 
classes and total variability.  

Then R" -.uV /V2 is .&asily proved. By definition, 

22 2 

2 VI, V1 1  Considerin~g that V~+ V21  V fit is clear that 

l/ + Li2 t1 (+ fV2 1 )YhV2/V2..  

*1 .The 
ratio R of the between classes to the within classes variability 

(where' Ri -5E) is also a measure of zhe quality of cla ssifticitions, for the

-' rB~ '-1- - - ~'5'B *f 7~?.' rve'~ '**' -
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*rasons djecluced for-e,' R ca'n zcsuazie .vlueo frc-n zero to infinity'. "1311I 

valuca cor-repondins to poor claccifli fl (lbn loe aailtH 

Io 3 varicbil~ty) xnd, curnveraely,.  
ler*-l tb op to thn -a I 

1c~ t 1uoc iCctngr- r,0,0& Clacilicctiona The values Zero and-Laflilty 

I R becaucti the rcnga of values 0 to infinity 10 los coavenieflt 'th2an that 

of frc 0to1. 

d. The differences bcve the clZcc locatica of the items in a *.  

* .Clansificction-and in its limilt are useful for ivtitigthe extent 

end niature of the changea caused by the DI's. 
. * 

IA ciurple tool for neasurin- tilece changea is the ratio V of the 

n'=-ber of itcms not in seze claeses in the initial and lim~it 

* .claesificr-ticn, divided by the total numiber of the items. V is a measure 

Of quality Of the in~itial clacsification. The emaller the valua of V, 

* the fewter are the ite.ms displteced, and therefore the stronger ia the 

systen~atic cleueificetory elmient in the initial classification that ic 

"interpreted" by the P P in the DI's.  

-The differencea in the items' class location can be used foir 

* .evaluating on a probabilistic basic the comparative roles, within theI 

initial classification, 1) of the systematic classificatory 
elements 

* "interpreted" by the D? used tn the DI's, 2) of the systemiatic 

clacnificatory elem~ents that would require aDP of a 
higher degree, andy 

*3) of the r-ndcs clacsificntory elcm~mts. To thic effects tva tests can 14 

* be used. Theae will be referred to as test I and test-11. Test I is 

designed to determine at a given significance level whether the difference
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boue ~ ntclCCS~CtjOU and ito I 1r4t is. due to an error.Te 

uinit clir icaition la bneed entirely on tho pr7inciples of the initial 

classification as they are intcrpreted by the ilo. 7hercfor, tho null 

hypoheac t-~~ cbt iitil catfication 
end its Hr.'it ar ot 

Qanfi~tlY diff ert in fract is th2 hypotheois that the principles 

domiinanlt in the limilt classification 
are also the dominant elen~rts in 

the initial clacsificctiol.* Rejecting 
the null hypothe~is is equivalent 

to asserting that in the initial classification 
there are significanlt 

clavaiiicataryelements later removed by the DT's. The limit classification 

can be concidere] as expected and the initial classification as obs~ervationl, 

and the null hypothesis tested by chi square. The teat can be applied by 

ucinS the differerce between the 
nu~ber of item~s predicted for a grouping 

(that is the nwtxber of item's found in the grouping in the 
litait classification) 

and the znmber of items predicted 
for that grouping and actually found 

in it (titat io the number of core .itei~s for that grouping). An example, 

of application of test I is discussed 
in next chapter.  

Test 11 is intended to differentiate 
between two situations which 

can be considered &3 the extremes 
of a continuum. In the first extremle 

the itans P-re allocated to classes at random, no that the point images 

of the items are intermingled and 
the association of these classes 

with 

certain regions of the problemn space 
is a very vague one. In the second 

extreme. situation, inctead, the points in different classes are 
not 

intermlingled and the association 
between classes and regions in the problem 

-.* space is very distinct one. DI's,for instance line ar DI's in the first 

situation, eshuffle the classes 
in such a way that. any itemn in any class 

has an equal probability of being 
tent to .any other class. In the second
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q..Untt 
Er tO 4OTbd 

ec'_"gea to tbechC 

OcuP7 couatiJou1z C~in in tha problem§ GP~c3. T%.e firat Citttiou 

i~ntft~ ~c~ r Iibdare nn linar 
clacsficz~ny fctor 

1 

Th e-l~ctLtic-' Ir.tea, cr4Of to OU anre non li 7O1tiea 

Thediiferetiton bOLVC4 th t~IO Casee cznf be obta~~e by teet3 h 

by~thcis hctthe iteQ'8 movingS out of any class of the initial clbcsi' 

fication hrave an , ual proba i i Y o 
o i~ i t cy t her l c5 Cituatn o 

andfaiiti t reject tha hyothei Zidcae 
reOpO~i~Y iiainlo 

the second ad of tho 
firct lUind.  

For datermir2!ng tha rrobabilittes 
aoe oeacrpit r 

needed. The Gamplet aiPt~'f iatn l laioocp ppotIIt 

equal-portion3Of tho 
problem spac. In thig ccOO the probabilit 

fa 

item f ron clcCdg i being allocatedtcls 
isf(1)Ur nite 

number of the. clsce. 
This assumlption, hoeer, hs an indesirble 

rigiity nd erhave it ig better to ucc somie 
'e.Sure of clC iefor 

aseessing the portion 
of problem space occupied 

by-each Cla900. in the 

application of test 
II in the followding, 

chapter, it wasc assumed tha.t the 

numer f iemsin the classes 
of the liit cIasificction meauLz 

he 

portions of problem 
space occupied by each 

class.  

Test 11 was constructed as followsl. Call n,,f2'..n the 

numer f ie~ n cass 1,2, *69m Of a limit classification. 
The 

probability that an 
item removed from class 

i is allocated to class 

jcan be indicated bya 
where 

(psi)

- *

)



W hesub ~t of Mi'~ indicates thAt the tua-atiofl i0 persor.,ed 
for all 

the valucr of p ith tho exception of i. Th ari azzr 

in tse p:j cipal djco-orl, and obv~ouslY 
1 

.Ca. V& 
n~jt

2 ~~si} vector in uhich th 
.CZ n indce tes 

te nzo itct.0 rc.oved froaclas: 
J. of the initiCl~csficstion 

Calt h iubro tm llocted to the ith cl so 
of the limit 

clacif ication under the null 
hypothesis that any item movedoto 

n 

clece. had an equal probbility of being allocatedt nohegrui.  

Teim0 t tLhe vector 

t -i(ti*t) 

Clearly 
dA t ..  

Wt is thne expectation vector opposed to an observation 
vector 

* 

in which 4~ is the t~ber of non core items 
in the lirit clcsfCtO 

Then tha null hypothesis 
can be tested by 

t t!) t~ for 

U-i degrees of freed=~.  

* Core of Ct5sificntiofl5 

in SeogrepbY the part 
of a region wheiC the 

characteristics which 

* . .differemntiate 
the region are particularly 

evident is referred to as "core" 

*of the region. By analogy the core of ai 
classification can be defined\ 

t as the items5 displayina most distinctly 
the peculiarities of the 

groupings 

*Of the lOsificfltion. If the items are thought 
of as points in a t 

2dienional 
space, the cores of a grouping are formecd by the items which 

are nearer to the center of the grouping.  

Often classifications 
are obtained: 1) by: 

gelectiflg certain items

- . -......- 
-',~~g - - *1



or o iSO t:t nCtA , ca.' , io ~ .~o 

tbL c1 "r.if 4cac oi arld 2) b7 1oci t1- :0-, A V raia I t~'

Prol"tly tk mn>7t o 
a~~~~ ~ ~ ~ ~ r 

.o-et:Aa~r 
0UC 

1~35e 1) for C Zm e tttt ~termirtit,. of -tbe care- 02, a cleruification &nad 

2) for detorziir.-, vhether a clcasfiecttioa, of a eubgat of tha ite=3 

lcocifiatd by G; is a corr of C.  

a ~i core3* of a cl&czificatiol cre de-fined. here cc the Cato of ..-.  

itcms fond in tho c~z groupiags Ln tral~ fct~n nd in tiie 11 t . .. ~* 

clcifiezttion Beaorated f ram it by diccricminant iteraitiefl3. In othtr.

words, Sivan two clcccificztions, C of n itzoo 
and C' of k of tha a itcr= 

(kn) G' ic core of G writh res-ect to a Sivcn di cTL=!ir t proced-are if 

* C ic thd olct O f SCtO Of itCeGo f 0 Un in &ar-e SOUniCS3 in an 

in' its Ilimit. The relcltionheIiP bttieeri G anid G' czn Laenprebsed by the 

ratio VI of tba nui;7ber of itcao in GI dividad by the total ntza CAf items 

in C. V' measurea the vai.Pht of the core in the c~nosificetiol 
and is 

the larrar tho nearer. the clascif icatiofl is to its lim~it. V1 [ ine'.  

related to the coefficient V nu!acuring the dictnce 
betueen a claacific.ation 

and-its limit.- That is 

.V, -V 

Clearly a limit claccification is equal to its own core. The 

core can be useful to identify, the distinctive 
features of the clascificetio23a.

The core items~ are vivid picture of the principle3 
of the clascil'ctions~ 

ts they are formuleted byL a given discrititia'St procedure. Fur th rnotCre 

when G has been obtained from a cisesif [cation 
R of r of the a items of

.9

-. .... I>I: 

.1-id' 
-'a - -~



UY b, c=-, cr--pi rj c 1or r-Qn m piricn~l procedure the 

l~~Li~ - c: a to t ?t3ilIc c 'ca .ar r, , of tha cores of

C..f c h isliht on tLa coiid4 tions and3 lir-ito of V=lidity of tha 

CiTrYWet~. ICi proCvdUrG 414 et oubaet ot better 

tn-4 ffzc .It I ted it"a can det-ru,*ne tho Structure of' a classification 

'Itovhich tho rezzininlZ itc~g will fit without substantia~lly chan-ins 

thic Structure. Iftegop~oi h oe f R are subzatO of the 

not ccn~od~haIf o gropan inoG nKee c the uore ofoi 

. 1o-pitic; in the core of G9 the principles of tha cla3eificztofl were 

p'rocedura uss"Juctified. A stront- difference betwreen the cores of G and

H would indicate, inotead, that -when H was expanided into G the prireiples 

*of tbi: cla~cificcatioa wera Oubcnticlly chan-cd, in which CZ09 the 

clasoificr-tary procedure us~ed vac not juatified.  

't Cir-sr ~to D2ifferent ntofr i 

The discritminent iterations can ba enployed for deciding7 whether 

and to %i'aat extent a cgLa&rc.ficatiofl can be associated with different cets 

-*ofvaiele reacurin- different chnrecterictiCe of itecis. Su ~ose that 

*the Same discrimIiatnt iterations, beced on the same discriinarnt procedure, 

*are applied on a clessification G by txsins different seta of var-iables.  

The variables in one set uay bo only partly 
different from those in the 

other set, or one of the sets may be a subset of 
the othe~r, Each set 

of variebles will be associated with a lim.it 
generated fromi G by DIl's.  

*The tet(s) of variables yielding the lic~it claiosification(s) 
nearest to 

are optizally associated with G. ty using the procedures outlined Iin 

thin chapter it can be decided with respect to vhat 
sets of variables a 

*given classification is random, and with respect to what other sets of
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Vt~13it rhII-- Strons non 1incr fctoirge Cposo t~et G' nd" 

ar ~ i~i lci iC4tons en rarted f r.i G by t o d~ifferen~t Bet"o 

intecacicuof G, nd V1, thet in the groupifl8 
o;: i t S 

nof 
.1J orcpv~3Crui"0in G1 tsid 4a 

Gis optiinll gsociat'md Lvith both sets of 
variabies. Sul a ratio ~AOf 

the number of itema in the intersection 
of G' end V1 dividad by tho total 

wz~e o h ieax~ecres to w1At ettboth sets o'xetbf vribls, support" 

o11ejugtirfy"* the clatsifiti~l 
If V(c-G') a'nd VC" r 

core-weirht vaesur6O -V tor G, 
G1 and for G,0"iticvdubyte 

definition of V8 and I that* 

a.~eiYhl:~te both atos of variblLO support G to S&nO c 

TheC nore the tiuo cets of vtrirL-lee difl.:ri in their support of G, tho mt-,ller 

is If in relptOf to the ri-ht-aidns of the inequaliti~s. 

The tcl-niqueg discussed in thic. cbepter ca~n be vieuv~d as toole 

for applyingS scientific nttl~odology to the anal-sic 
.jf clasification.  

Initial clecaificationa ccn be zonsidered 
as emtpirica~l datta to be evaluated 

against .odels. A modeI is generated f':oam Q clc5s2ificatiofl by a Drir 

rules (discriminanlt iterations) end 
ssumpticflS (the ,-tsocia1tion of act(s) 

of vaxritblea to the classification'). 
The co-epariSOn of the wiodel 

(liiic 

cleacification)ylith the initial 
cluaification is bae~d on 

rulei and 

* tecinliuez designed to give me&niflS to differences 
between e~ipirical 

datun end model., The analysis 
propofled reaches concluoions 

re-ardiflg a 

1clasifictio"n, its ccres, and its association with aets of varialblea.



whs olo hen certae-n procedureou end t&scurptions are accepted.

2.-.* .. Chater V 

D a c At~atot n ,1.8 SOf ClitiC TDt 

* *A 4-iscrZiuttt iterationx 9rilyzid %MDs Attcn-tcd On throo claccificatio 

of VortL Aaaricoan cliciatic, CtatiGUS by uzinS ZhQ Diccr~in=Mt IterAtLons 

* ror z(ee .Lpudix 1). The cliz~atic ataticF-m vae orir,rC11y coelated 

vith. 24 variables (iontly ayrrczos of tepercature and precipitation).  

*The inforzmionc contained in the initizI2 variablea va-a candersed illto a Cnalle 

rtmbor of orthornorazl vcriables by the comronent'analysia prar, c IMD 02 

(i~oifi~4 o n to Cp~ lzCled OrthonM~l acoreo on card o~a) h 

scores %Ath ragpect to Cho ffrst cix cooponents fornacd the inUVt of the 

0 . 'Diacrimin.t !terctions Proeran.  

The DI eaalyciz mao performed: 

1) On a miodified VLc'ppen c1tscificetiol of the cliv'atic atrationc.  

* .2) On a 'dizordcredt claseification obtcied fro-a the cla~c~iEicqtion 

above by chan-inS at rande~m the position of the cards separating 
the 

Stattond in SEine cliratic regions.  

* 3) On a "shuffled" claccifice-tioz obtajined by shuf fling the input cards.  

*and by 1ocAtinS the ceparating cards at ra~ndom.  

The disordered and the shuffled clasifications are based on random 
factors, 

in contract to the climantic clejLafficatiofl which iz dcninated by syster~atic 

classificatory factors. Therefore the DI technique was tooted in situez~ions 

spanning the two extrenl of the continuum which links random and "!reaaona'1,de4'
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nsCc on G-tlizzc tLm atnicturo Q. coca., of CIO di a 

itcretionsf c I 0,tzter PrOCUr3. For "writa uP" Md text of tho proc.:.  

see tha Appe-dii:. The discritila'.t iteretiou- prcor=. accept-d a~ 

* - iPut undo up Of a n=3e follewed by a aeqruance of u~p to tcnv1ua 

The Z=e identifiC12 ozo of tho objecto in the clavelfic2ti.on, end 

the valueo are orthonorl1ized iiasures, thkt is orthomormzI1 coordinztes 

associatiu- the object to one- point in th~e probl1m space. !a~ tThe 

input tho czrd5s corrariloradino- to objects in a vz~n- clr.uc are separetca 

by saboct oarAa froa the ecar63 corresponding to the 1nreceo'ir3 an~d 

f o11 vvi r, clars. Too proGrckn perforac in cetquence the follo-rin3 

stepD: 1) !zitatple DI~crimi2ant r7uxctiorns arae caputed trc=- the inpiut 

end are snbseclemt17 c--ioyc7d for deterrir4=3 thc coorC~inatev 
(Ccoreo) 

of the objects in the diccrimnannt spece, 

2) the Euclidea~n dictataces -of each object frcni each claca' center 

of 6ravity are calculated from the coordinates of the obj~cto in 

F the diecriminarit space, 

3) for each object the "nearest" class is determined, 

4) the objects arec llocated to the nearest clacses. .The data are 

reordere-I in conformity to the new clasaifica"tion. *The reorered 

data fern a ueui input, on which the operations in steps froi= 1 to 4i 

are performed agaitn, iteratively. The computation is ended if a 

*imuit is reached, that La if any object is reallocted to the class
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to vuch It W1-r-a or am~ to ri ni air of- ite.'toeinino 

! Th2 pr4 zatc~v vsich ic irzorta.nt for intcrpretim,- th a rcoults 

*Q2~ th dcrlIcnzt i.=1y;ia ic 1) 0-0 "aQcZlt"1 C. C "IZ' L~z -ric a 

* 2) Ciet fiL of LL* ci talu 4 g, 3) ths "eFinal T~blezw".  

*The resu~lt Mtrim cottcdn- the loadings of the initici veriablea 

-a- n cach discriuit fuiaction, each colum being actociated vith a discrirminnat 

- Nnctim n zd "~ch rcm vith em initicl variable. The ftX nmatrin contains 

tha scoras vrf eachx ojoct vith retnect to each discritmirant function.  

Tho ~Esult and 3l M ar1 accllcdndried out at each iteration.  

They cza be uccdc for dctemining for &ny claccifications the dimensiona 

-of 4iscrirviuatipn (see C -i~~tti 1S64).  

Thcet unOf the cicenvalues P. (cec pzgev34-35) required for calculating 

thca diccri!oant functions is aaleo cca,:uted and printed out at each 

iteretioa. R. eraualo the ratio of tha botL-en cleeroz to vithin clacdez 

variability of the. c~tstifiection, It vmz, eho"n that R i a neasura of 

qusa Ii t o f claccificatioro bacaiuro in "better" cleecificationc the betueen 

clsm vaeriability occupico a larger thare of tho total variability. Via 

increzzaa of the R's corrteponding to an initial classification and to.  

classifications Seuereted fra= it by Dl's* mecaure the improvement in 

quality obtainod as a result of the iterationa.  

The Final Table, uhich i-- output after tha lest of the iterationz, 

indIcztea in w~hat class ech object ic located in the initial clzbeifica-tion 

and in all the claocificrtiona genzerated from it by DI'a. In the Table 

* __the D~es of the objects are ordered and divided into classe3 the same-
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r. row of inte-ers it'i'dca t~ i I r VUch clace the objects vare'1ocato-3 in 

th tbfirst, ceca~id, ... nth iteration, in that order. 'Ziercfore the f irdct, 

- ocand,... rith coln;, of the 77ble correepoaid to tha first, Qeccsd,.',.ntb 

clcGsief1cc ton ~eo~ed by DI'n.- Fron the Final Tabla it is easy to 

separcte i re" cnd "non core" objects, For instance an object locrted in 

the £i class of the initial clceificiition is core or non core'reopectively" 

if the last digit in it: row in the Final Tible is i or not.  

Data 

The diecricincant iterations analysia wa~s atterated on-clatisificatiofl5 

of Vorth Aw~aricrn clic-atic atationz. Some 70 cliniatic otations located

Sin the Unltcd Stntez caz Carnac-z vae used. Each stetion. wMa initially 

associated wi~th 24 vaaurea correrpondiz- to average prezipitation 
er-d 

temperature, by enoath, publithed in YKendrew,l961,p.
4SC-4 3, (Table 1).  

- -.. ,~ 4~A-A 4-~ n-der tol colla5ce
A comiponenrt cnalycia or these meaure ws erW 

the infornittion available into a smialler number of orthonorr-rlied 

variables required by the disciiinant iterations prograu. The main 

resultz of the analycia are sho-am in Tdblesll, III, rnd-IV containing, 

reopectively, the variance accouinted for by the first six components, 

the lozding: of the variables in the first sir, components, 
and the.  

stationa' scores with respect to the first six componentz. The component 

analysis revealed that 93 per cent of variability of 
the 24 initial 

variablea is concentrated in the first three principal components. The 

first conponent, which account2 for 60 per cent of the total variability, 

*The cor~ponents referred to in Tables Vt,III and'IV are orthogonal but not 

orthonormal. See note at page 54.

S..-.. . .. I-,

I.  

I '.~' 

~~'7.4

t 

1 
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W rk~tz tLAA Gtata accordin- to pracipttic1 and tea.rattir levels.  

alro 46tw s cccuota etations characteri,-&d by ac.~nty precipittion' 

crxd low. t=Per1,1turo H i h nagativa ccoreo c4enoto cburid~nt precipitaltion 

cxd L C; tc.. rztav Rap 2 r410--. tha c-- ~;tiva iecorce, Idantfy a be~lt 

acwa th2 tVcct end Eact Co.-zt, r-n d tha~t poilciva scorea 4curce tho 

Forth md the interior of the continent. Thoe econd ccQ fonnt (22 per 

c~~u -oth rWility) identiffea a continuum withacr-ld clirnitcs at 

ose c3~trct m- Wch Pocitive c,lea Ca8oci~tQd With JoU PreCipircti 

andbft tcz-4r&;t% .r) end cliiottic cc.-aditioncs azarecterized by low 

tecutpratura and high precipitation et the other ertrema(high nentve~corec, 

see Mtp 3). Zia third ccopo2nnt (11 per cent of-tbe varicbility) 
.  

Ueantifiao ccntinuu- ct the c"tree of whicli are Vact Coact cliv-4te, 

(h poc-itiv.: cccres cusocictcd titb precipitcatlcm znd relative high 

teeretre in V.1inter cend Spring) and Z&st Cc-act :itsCnirh nogotv 

scores r~ssociatcd vrith high precipitc-tio.2 End tcejberature in SvLzer, see 4 
Ra8p 4). 

* 

nte eta.tions were gror-ped to form 1) a classcification of the U.S.  

and C~aada into climatic reGioris,2) a disordered claosification and 3) a 

thuffl-'.d clascification, 

The clascification into climantic regions riflecrs the climatic 

clcsoificaticn embodied in the map at page 9 of Goode's School Atlas 

reviised by E.fl.Uspeohade Jr.,1949, and is b&aed on the modifications 

made by C.T.Trcinrtha on the Roeppen-clesaiftcation. The clim~atic region6 

considared aro thoas referred to by syirbols Do Caf, Cbf, Ca, Daf, Dbfo 

Dcf, 'nd Et. Subclcsuificetions were iGnored and undifferentitted .igbland, H, v-as not used. Stations in H1 were allocated to the nearest
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clmtic reCriono. th M'1regioni was disct"'-1rdedbcusoft l.te 

U13 ditor_-n.cs C1C'1Ct aB obt ined "- e'a* dc cf Z1:1 

cards ccmtztaing-,, thO Climstlc clClscification. by rc--viao and reallocaiug 

,at random thi- carezs ertaratir-, th* subsets (climatic ragioaa).  

The shuffled claifieztiofl vaslobtained from the cliux-tic ..  

Claccificttionl e.rd deck 1) by removing Che cards separating the eubzets, *I 

2) by ahuf flir&3 the deck, ane 3) by reallocating- at randam the subeet . .  

partitions. E~t ust ~r vided. The three clacificztiolo, were 

used as input to the discrir-itet ite:c4tiong program.  

'"The portiozz of the camputer output that were used for interpretlng, 

th resultc of tho DI's are riven in TzbleV, VI, V11, and V111, 
and in 

rLapo derived frc-: them. T"-bler. V, V1 and V1I are the F~inal Tebles 

for the clinatic, disordered, and shuffled clasificioe,rCectVloy.  

Some, of the inforncticn containe-d in Tables V, VI, V11, was trznsferred 

to saps. In H~ap 5 each station ic associated ~-oith tuo digits ineicatin3 

recpcctivaly tho um'-ber of the subset to which the station balongs -in\ 

the CU1EtiC cle.esific-atiofl and in the limfit classification generated 

from it by D1's. Naps~ 6 anJ 7 giva same information ior the disordered 

and the shuff led classificntiona respectively. In Haps 5, 6, and 7 the 

stationo acsociatod with trio emiual digits such as 11, 33, 55, etc,* 

indicate "core" stations, twhIch the DI's did not remove from their 

initial subset. The cores are shown by a Ifne sur:otnding the core .  

stations. Ian - 8 and 9 thestations aeassociated with the nube 

the subset to ihich they belong respectively in the climatic classification 

ad in Lts limit. Similar information 
for the disordered and thuffled 

'in

at.



elz~ L~ .Lis t.r WUt-13 IG eoC-tzSd in "IP3 fr=o 10 to 13, 

T-L~ &~i ~ ~ c~ to &l f6-ma~t gubinat cjnd 'Vach

b-c 7z 4 '- T-'rj~T zma c2 ct ai in 11--pa 0, 9, 11 ar-I 13. In t~apa 

10 '.L 1 Tsr, Lil ar-7,a A t r ci.-!f~eztc vz,) roemscnzo 

ba'i Lst~ffed beeguee of tbc prevalence of'rmen-m factora. Table VIII 

awti t~a ratio o4 tba betecen to the vithini cloa vcrica for the threa 

ir4.tifiini-L-fGza and for th a cla c e ca i ons obtainad Ercm them 

* .Tna~prpoga of th .;Z's cualycia to 1) kaecairn 'the quality of 

rtvcz ftitia1 ci 'ci-ftcation to nI- ~C. of d-t- a'~ D ? 2) lzprovina 

an fitt.l c1lcziftcztion frc--. tho visepoint eazbod-fed in a nivcn data 

end ri?, by - rrti!Z a lim~it clascification thet prevervea its rationale 

W.And sit V 6 tiEc! i in optit:-nl crrecaent uith the ciata gnd the D? 

UsGe., 3) id :tfyirg corea of cigzrev, and 4) deterairing, whether the 

* e1d-ffceca be~tween r~n initiel clasrification £end ite li.2it io to be 

accointeJ, for in te-.Am of non lizie~r or raneci -l:acoificctory ekleztc.  

Tha clirvtlc, diuor,2red, end sh-':ffled clesocfctt.ons on whiich the DI 

snalynia un perforE-ed provide a good tect for the techniqudes propozed 

in this paper becaue they mre arran-ad co as to contain a~n CM-ount of 

noise Incretzina frcn the firet to the last, For siplilcity, the cimatic, 

.. disordered, and zhuff1.ed initial clazzificztionz viii be henceforth referred 

* to as CL1. CL2, CL3.  

Ta~bl1 VIII chow3 that CI is&'eaer'! to iuz nii trso 

*f**terstions tl,!n T.2, anid CL13, in agrec~eut vith the tend--ncy for cicesficationa 

richer of random elc'qe!-nt3 to be f~arther from their limit. The ratio R.
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whc i n niitono tequl L f laoficioishgIs 

for hthei trindcarbi clof h ulcyo sificationt eeatdf C I, CL2 andheCO 

by D1 tan hewnito ~,~c that the trtoo rn bu imyovte~tzlcono-~et 

*cl2ad CLcaorropoatd I uon i Tfer mi c daecsticgo toke tby aoaocizkcd 

Oe- in all 1iteclihood duo to coaputation~l. (ricund off) errora.  

The core itmare 46, 36, end 20 In number (oni a totcl of 

A 63 items) respoctively for CIA1, CL2, and CL3. TIs confinr-a that the 

uizo of the corea of cleclf ications ic ir-versely prc-portional to tho 

* weight of rendon (and in feneral non linear) clacsificatory elemtents.  

* From liaps 5, 6, and .7 it io evident that the corec identify hom-0-encous 

act& of stationa irretpective of the weight that random and linear 

clascificatory el-nntz have in the Initial clazzification. The cores 

in the shuffled clausificetion (map 7) are smaller for the number of 

-' stations and areas involved but aenot less homogeneous than, tay, 

thoze of the climatic clascification. This conferms that the DI's 

single out the "sound" ospect3 of a clacsification even when they are 

hidden by a prevalent noice., In the cores the same stations tend to 

appear associated to-ether. .This probably reflects 

the existence of well identified cluaters in the point configuration * 

corresponding to the etations and tothe data used. A comparison of 

* Map 10 and 12 with Haps.11 znd 13 chows that the DI's genera lk 

limit ClassifiCationa doinated by systetnatic elemients which were 

completely obliterated in the initial classifications. Maps 10 andL



12 dwmta clearly that r.'oacl&Ociffictory 'ele,&t r rsn 

in ho-712 . , - V3 nd f rcrn l!.gpt 11 rand 13 it in equally, ccar that th* 

4 ite cP CL2' and G1O arc d-.zinaited by ayntemntic clacoLf icztcry eldent.  

Lctcfly 11 ex -1 ir 13 1) th'e retetiorAD bcloang~ to cr.= c1erzes 

ar cnt~uw~c~ ct idly ~ ~ttc,:ed ad int ct-~zlod u It h etations 

*in other claoso, 2) regions including stations 
located in the a rnt 

*cice;z zen be d~liuited by relatively sinpie (thrt. is, 
low degreri) curves, 

*. *and 3) tho b~adaries of regions tend to follow U-S and U~Z SWv directions 

of WAPS 0 and.9 doem not i&ug~e~t. the presence in CU. of a strong rendom 

clagtificatory faetor, but rether indicctes 
that CL1 end its lirit differ 

by same low degree noni linearitc., Nps 9, 11, and 13 prescnt 
traits, 

strikin,.'17 si~ilar. 7herec are groupings of stxtior';-, for inctaco, on 

the West Co&5t, on the SE Coact, in Alasks, 
in the Southern Interior of 

* the continent etc., that arc loca~ted together-in G=-- class in the limits 

of CL1, CL2, &nd CL3I. 7accoe cimil~rities, as those noticed in the cores, 

probably reflect peculiarities of configuration 
of the points which era 

the inagea of the atations. Certain groupirnIC of ctationz correspond 

to 'wall defined ciusters in the problem~ and discriminanlt spacea, which 

* expleino both their appearing in the samte classes and the similarity of 

* the boundaLries in the lim~it classifications Maps. Possibly the three 

* limit classificationo corresnond 1) to different 
regroupings of w~ell 

identified poiht clusters %hich behave as 
units in the-sense that are 

* not divided among different classes and.2) 
to af different apportionment 

of the points which do not formz well defined clusters, among clusters.  

WTests I and II were applied on CIA, and CL2 and CL3. The results



ro eive- Lu Trabla iZ. Tahla* X Ghz~e th. 0~Dd ,t'e 

i~arc~s±Bracuizcd for T'_ r. t I 

Tcb1-7, 1nd ctcS t""at t U711 LntL IGZain ttaat t!in iLt-al 

claC.tfcton --L~ilvit Qre fl -riLz~t~ f~rczt (T-stI 

Ccnn.ot bo r j e cted fo ~,bti o o rejected at thn lewl of .~ 

for CU2 and CL3. hisa confi via that Teat *1 actuallly difierentictes 

b at a a lelcificatiorma dz~ivtcd by eyetQ~rtic Ol~ents, endv clacgif ications 

dozine ted by "noice." The null hypothasis that the latatiom- Owoinz out 

of Lny claza of the initial clasification -had an equal prolbthility. 7A- .  

of being allocated to any other claca of the. llit clascificatiol 

(Teat 1i) Lo rejectcd a~t the level .05'for CLI, and csnaot I>- rcjectcd 

for CL2 end CL3. This mans that the differericco between itltinl tm.d 

P lict claciflcatioas are duc to non lintariteo in CLI, ent-j &To inz-tead 

e to rdnCMxo PCrtur_:b-_&ion: in CL2 end to a larger e:;ttnt in CIA. Itho 

results are con-eiictent with Vat ic hnouwn about the ruatura of the 

three clerficeticne.

I 
I 

I

ConCh! to n 

The discritiriant iterctien £nalygi fcaciiain of Vorth 

Amer icon climuatic stations demonstrates the potentialities that the 
methods 

proposed have for evaluating classifications from the viewpoint 
embodied 

in given data andLDI's. In the earth sciences and particulrhrly in geogra~phy, 

a wiealth of uceful and valid clascificationa have been developed, modified, 

and ituprovcd by Gendra.tions of researchers. Thic paper is anL attempt to 

contribute tools and to charpen concepts that, could be uced to invastig;ate, 

criticize, anid improve these claoificatiofls.

I...  

\ 
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A DL3 

ATLII4 22-60 7 10 21 ';3 43 SI51 r 53 46 '37 24, 14 
B .. ANFF . . 4.521 13 1~ t, Z 7 46 5 Z 58 56 4 5 39 20 26 

r AOrY . 3540 18a 17 24 9 56 62 60 5 G 42 ZO01 

CO. Z*. R- C PI KS 13-19-21-14 1 22 'S9 4 9 736 1-41 

DAb$0>Ga CITY 1.0-2-1 6-11 6 20 47 67 0 55 43 27 Z-1.3 
- ED c.TOR4 2219 0 11 23 40 52 5cC 63 60 51 '.1 214 12 

*V..F GOOD HOPE .'.214-2 1- 19-0 e 14 39 56 60 53 41 2-05-19 
m. ALIFAX 99 24 23 31 40 50 50 0 5 65 59 50 40 Z9 

'HEBRtU 49 1-03 10 23 32 40 50 50 41 34 26 14 

L!LLOZ:T .840 26 32 45 51 59 66 72 70 62 51 39 29 

*..LONDO.4 912 23 22 32 43 55 65 70. 60 65 N-9 37 26 

N ED1CIchE HAT 235 14 16 29 44 55 62 7;. 67 56 46 2919 
HOP.ITREAL 107 15 IS 20 42 56 66 70 68 60 43 35 2.1 
MOULD DAY 50-29-33-25-07 12 31 39' 34 ?o0 1-15-26 

OTTAVA 339 12 13 241564966 58 46 33 17 

*.PORT XRTN2U1 644 0 10 21 35 47 57 63 62 53 43 27 14 
* PRIIUCE GrO,'GE 221G 1.5 19 S0 k41 r;0 56 C 0 50 1 S 41 2 G 13 

v.PPINlCE kUP1flT 1700 36 37 39 4 9 53 56 57 56 48 .237 
GUZ5EC 256 12 13 25 30 52 62 68 65 57 45 32 1fl 

ST JOXN 243 24 22 28 35 43 52 6 0 6.1 5446 38 30 
k .* . . OOlO379 25 24 32 44 55 66 71 69 62 ~039 2 

VAN~COUVER 22 39 40 44 50 56 61 6 4 6 4 59 52 44 6sO 

].F VERI4ILLION 950-09-04 11 32 49 57 62 50 46 34 11-05 

. . VICTORIA 220 39 42 45 1:9 54 57 f.0 t0 57 52 45 41 

~6'WIN!PtG 786 L 4 19 38 52 62 4-0 66 55 43 '1 ?. 8LA~ 72 43.4 96 37 35 o2 

*BARROW 22-16-19-':5 ' 1 20 35 40 39 31 1~ 1-10 
OSE2844 29 BS 43 50 5S 66 74 7Z'62 ~2 41 32 

* OSTON' 124 28 29 36 46 57 67 72 70 63 tl . 42 32Z 
*.CHA(ILEST~k 9 50 52 !,8 06,5 73 79 e2 CI 77 t8 52 51 

CLEVLAND571 26 20 34 '.6 53 67 71 70 6'. 54 4 1 31 

DENVER 5212 .10 32 S9 47 56 67 72 71 S3.51 '0 :12 

DES kOItNES 800 21 2'. 36 50 61 71 75 73 65 53 39 26 
* DULUTH 1125 8 12 24 3? 47 53 64 63 55 44 30 16 

. ~ .. EUREKA 60 47 47450 52555656 5 140 
GALVE'STON 95 66 9 a 3C O7415 

.. HARRI56URG 3130 30 40 51 62 70 75 73 66 55 43 S3 

INDOIANAPOLIS 718 29 31 41 52 63'72 76 74 67 56 '42 2 
LAS VEGAS 44 !0 55 63 70 E0 65 84 76 65 53 45 
LIITLE '(CCr. 35,7 43 145 53 62 70 73 Cl 60 74 4,4 52 44 
MIAMI! 25 C8 5 _ 71 74 77 808 281 78 73 69 

. .KONTSOMIERY 201 49 51 58 65 73 60 82 01 77 66 56 49 

NEW ORLEAMS .3 55 5' 63 69 75 81 G3 e3 79 71 62 56 

* E OK314 31 31 38 49 60 69 74 73 69 59 44. 35 

ROME 13 4 6 9 20 34 46 50 &9 42 29 16 0 
OMAHAk !103 2226 37 516271277 7 66 c5439 27 

PIKES PEAK 14111 2 4 B 13 23 33 40 39 32 ZZ 11 6 
SPETTSBURG14 749 31 31 40 51 62 70 74 72 67 55 43 34 

S PC4R7Lf.N 3 154 39 42 46 52 56 62 66 66 61 54 47 41 

RALEIGH 390 41 43 50 59 68 75 78 77 71.61 51 43 

SSACRiA" ENTO 69 46 51 5'4 59 64 70 74 73 70 63 54 46 .1...SALT LAKE 26 0 26 33 41 50 59 67 77 75 64 53 38 .31 

.1. SAN(T ANTONIO 701 53 S6 63 69 75 81 53 04 79 71 61 54 

* . .. . . . . SAN DRIEO 1955 5557 0961 6467 6967 64 CO 56 

-SITMA 15 33 34 37 41 47 52 55 56 52 46 3S9 35 

*ST LOUIS 568 32 35 45 56 66 75 79 78 71 59 4 6 36 

ST PAUL 840 12 16 29 45 53 67 72 69 61 4a 32 19 

SANTA FE 7010 29 33 40 47 55 65 63 67 61 50 S9 30 
SEATTLE 125 40 42 4.5 50 55 60 63 64 59 Se 46 42 

*VICKSBUFZG 247 48 51 59 66 73 79 C2 01 77 66 57 50 

WASHIN3T3N 72 34 36 44 54 64 73 77 75 68 57 46 37 
FORT YVKCN 417-19-16 1 22 4, 53 61 55 43 21-05-20 

YUMA 141 54 59 64 70 76 85 91 go 55 73 62 55 

00069 CARDS
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4 - '- - *5 3 

B 
-7:t..i 

A; r it A A S 0 u D 

ATLIN 12 7I 4 3 4 8 12 10 11 16' 13 10 

'1BANFF . 0 11 10 11 17 26 16 20 16, 15 13 16 

* ICALCAPY 6'71 1.5 19 35 24 20 le' 9 86 

CH~!CllL 3 7- 7 8 14A 25 24. 19 15 0 6 
& 4.C1L ~' 7 6 9 1517-1312 6 6 

q a 8 11 3- 23 12 a 9 

--DUOP 7 22 86 58 32 35 30 12 127 10 60 
01 GO414651-0 

* 
OT AXTU 22 164 0 2 2 43 &1 5 33 45 2S62 

20C E~6 91 13 10 159 ?12 22 1 21 21 

* ST JON 35 1 2 62 30 3 31 3 1 40,2 37 28 57 60 

HEI:NEHA 7 7 6 1 143 17 14 17 13 6 7 8 

35~lI~ 41 3 22 12 1 0 5 7 134 29 348 

M M 1 3 iT 12 2 26 27 25 2 1 11 1 

MOLBANY I' 42 62 53 632 72 

BOTN3233 5 3 3 3 3327 3F 30 

OTTAA 20 20 26 286 43 3 2 3 26 24S 20 

PORTLARTHUR 26 1 27 21 264 2 37 31362 ~ 

19UT 1. 10 10 5 22 41 3 2 3 1 215 1 

EURNE RPRT 9 75 65 5263 518 47 55 2012312153 

QALEEC~ 35 28 25 35 36 35 41 34 4237 40 33 4 

TAR03TOUR 30 2731 302 27 37 35 241 37 230 20 23 

FELEPMLA C 79 6 i4.1271917 812 6 7 8 

VCOI413 22 10 10 39 45 3 , 33 32 28 33 308 

1IWEAPOI 28 21 25 32 26 7 61 63 10 12 292 

4LN HYL 246 241 51 263 3 35 4 36 31 28 25 240 

BARROR 51 55 63 47 3 41 87 50 31 24352 

N01E 9L~i 46 42 4 48 45 55 66 5 48 35 3874 

BOSTON~ 36 3 38 331323323323336 

CHARLESTON129 
83631. 2 7 8 28 477 , 16 2 2 1' 

OCHAG 702 921 27 3746 4 334 33 23 2 90 

CLEVELAN 27 25 27 26 2963 28 2763 2 33 30 

D~EV E 165 1 2 20 3 16 4253 17 14 16 7 

DULUTH8G 30 2610 3 0 321 3,42' 32 5 26 2352841 

GALVET0N 3540 3954 35 33S 35 33 3 532 3245 39 

HARRISUG36 2 38 38 45 3 35 4134 37 2o 29 

HALENA 38 28 28 151 212 1 1 3 12 9 3 8 

IAA4T 23 215 25 320 280 81 63 810 12 14 14 

SAONTOERY 514 18 63 32 32 2541 4 31 22 19 16 

NSHVILEO 19 21 515 73 3 1 10 16 13 4 2 0 

SN CRLANSCO 47 8 31 5 75 16 51 18 35 1082 46 

NITd 2OK32. 38 5 32 3 3524 34 3 39 0 25 

N OUIS 91 1014 24 32 617 3 2 316 12 1 

STAHAUL 91 18 57 537 463 44 34 30 27 1 92 

VICKSf3URGH3 30 36 33 31 37 42 3 37 29 26 2 

POASM? [T0 4 394 35 33 33 33 32 32 32 35 3 

SUA FRCIC 4 3831 171 1 2 2 64 

SITKA 78 ~0064 CA5R4D3S 37101CI29 

7.2 
5 5'84 , 53 22 82 

STPU 01 43 4 52 1Z 31 

VICKBUR 51 5 5 53 3 3 44 4 3 27 1 5
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YU ~-0*.2 0o3644 0.2056 0.OV'..2 0c1595 0.0663 
o3A~F0,3*L 060491 000163 0*.318 0.0561) 0.0C337 

C. LCAIIY 0 a3S 01263 -0cOQ12 ".0L531 -0&a#&4 00*011 

k -t' C1- ' AT 0. -Z'4 002t91 -0.0191r 0.C*(o:407 -0.036-1 

0.O2 003Z 9 002331. 04c;375 0 40 c3L6 -000 
I0Z, .0 0 3 4 .49 0O.CZ54 C0 -0.307-3 -d37.5 

0.:23 062622 G.U3115 0.C0 -0.a0 1 c0 -0.09-42 4PJVCS r.-AK 0,69 -0.4450 -0,0701. 0003m -0931C?2 0,0023 
S .fA AftTOM1b0 -0.*4- 2 5 0.4421 0.39' 0.-0771. 0.0331 -006613 

SAR DIEGO .-0.0358 0.4962 0,4079~ 0.13w2 -0.0&37 0*040Z 

CHARLESTONt -0.6414 0.1103 -0.2615 0.0600 -0.0585 002537 
-GALVESTON -0s665. 0.1873 -0.0421 0.1116 0.0763 0.0248 

* MC.9,EfY -0.7C30 0.0170 0 00 2 6C -. 0 -C.0705 C*0613 .1NASH',/I.L. E -0.05 000210 -0.0221 -0*1600 -0.h0 G 0940 
* * (Eld O LMH -. 39 .01 -0.1S04 -000559 -000079 0.09)77 

r. f.LE!1- -0.5290 0.0027 -061 53 -0.0721 -0.1044 0.0490 
vICSrA.'71G -0.6997 .0.0198 0.0503 -00l9ai5  -0.0505 -0.0133 
WSASHIhCT0H -0.3566 0.0247 -0.1224 -0,0409 -0.0167 0.0094 

. vAhicol;VER -0.3729 -0*3743 0.4664 -000595 0.1091 -0.0"526 

4P21MCE r:UPER -0.6971 -1.0639, 0.24,99 000461. 0*13--0 -0.0C-52 
VICTORIA 0.0202 0.0717 0,4219 '0.1035 -0.0010O 0.6037 

£E P;- .A -0.1049 -L.1620 096623 -0.0.- '4 -0.2212Z -0.0314 

SITKA -0.5664 -0.9976 0.1191 0.24&6 0.2024 0.0710
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p.  

0
CHICAGO 

DES F4001VES 

* SALT LAKE 
ST LOUIS

* -0lT hRTHUR 

O TTe4WA 
K0NTREAL 
ATLIN 
QUfE EC 

* HALIFAX 
* ST JOHN4 

ALBAtMY f NY 

DULUTH 
OSVEGO 
PITTSDOURqH 

* POPTLAt.0 
* ST.PAU'

* COPPERME 
F GOOD HOPE 
DAkWS07 
-RIflCE GE0PG 
F VERMILLION4 
CHURCFILL.  
FORT YUKON)~' 

HIEBRON 

1BARROW 

IkOULD CAY

-0.1423 
-0.0702 

-0.1191 
-0.0946 
-0. 1292 
-0*2327 
-0,.z9 74 
-003IT9' 
-00 i160 
0 * 0.430 

-0.3664 

0.3348 
0*3024 
0.1733 

-00*1119 
-0.0424 

0*0246 
-0.1100 

0.5399 
-0,0744 
-0.2563 
-0. 1508 
-0.1206 
-0.2139 

0.1747 
-0.0540 
-0.2212 
-0*2712 
000490 

009562 
0*71721 
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J_* Etc-0*4 at l 141, 1943;' _' 3r ry 1 Zb(n), 1960(b), 1961; S tone 1960; 

2) bL5- l-"G; Drri 1947;' Fichcr 1911, 1931; Von Ili coa 1945; for a 

* bt~ioRGaphy onccLi~~ teu tn-w ao 110 a 1955.  

3) Ficher 195.l~ 

4) GCso ra1 .hical region: aea n cz-z.?1 e of clazeificatiofl9 based on optir~a1 

* . critori'l zebJect to a cawotrint. 7r, a are_- units 0-0re vi~ilar to each 

*. . othr (t 2z Ii t y critrion) re included~ in v'a= regions; provided tbat 

*5) Clark and Evans 1954; Clark 1954,1956; Decey 19518 a,b~c. .  

6) 14c~dty15;C.ze 94 Peters 1956; Tryon 1955; Fruchter 1954; 

Fwo 194Z; Olson and 'Hillar 19S8. 4 

7)Coolcy cud Lohnes 1962,p.11
6 fgg 

8) rulo 1946, 1948, 1950; r~rry 1959; Creig-Smiith 1.957; Tompson 1956.  

9) Thne ortho-onali:Ctiofl of the data can be obtained 
by a variety of methods,.  

for inctcnce by th- Grrw-Sch-midt process (Dirkoff znd D1c Lane 1953,p. 192; 

Rlao 15,p.345; 1Eohn 1953, p.2 0
3), by the principaLl caonernt riethod 

(-endl1 1957, p.10; Rnrrnnn 10162, p.154 ), or by t'he "reduction" procces 

(Vz.o 10,52, p. 3 4 7 ). Non orthooonal measures czn be considered3 as coordinates 

with respect: to axis forring. to each other angles other than 90 (Berry 1959,.  

1960, p.114; Stone 1960, p.5). The orthogona1izatiofl is a transformation 

yieldin3 coordinates with respect to orthogonal ax~is.  

10) The functions satisfying the distance axictns 
are generally referred to 

to distince functions. If a distencc frfr. A to D3 is denoted. by d(AI) 

the distance A-iocis can be written as follows: 

d(ALA)n0, d(AD))O, , d(tAZ)- d(DA), d(E4dtC~(C See for instance 

.Birhhcof and lic Lane 1952, p.1190 . A discussion of several distance functionsf 

-.can be found in Bellmsn 1961, p.
99 f;g.; IKolmogarof and Fotnin 1957, p.,16 fjgg.  

11) The Euclidean distance betw~een two points A and E i n a t-dimensional1 space,
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12) Casetti 1964.  

13) Birhoff dand Me Lcue 1962, p.
25.  

14) ror a discu&6iOn o f these 
points see Casetti 196.4.  

15) 1%here ic no naelute criterion 
for detcri~~ 1> i~a t t~o 

* clc&sc 1 are. siilcrity iz rait~tlve to - vIe rrJt..vc~pi~c~it 
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can be rejected at a convefliemt 
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Rco 1962, p. 2 36G fgg.).  
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S pace the quadratic average 
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1) thecenter of gravity of 
the points' in S identified by a vector
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-- .5,AG,1~t 226.2 010 Cni Of S~bZ2t C~rdCO DOOl h-v3 v.  

a 9 ptnc~ in co1r, 13, 14, 15 atsd the c-a oi - t6 cz 

should Lava a 9 in co1s 13, 14, 15. 19, 2-0, 21..  

Vote: A- varieble fornat ctt.-zeft v~ich 
inetructc the cozpitor to reed 

the. o'-;ervaticaF3 nocci~v%-t, x.-ith eachitc-a- frosi n carea rectiiE3 

tli~~t C..2Ch c~~d O0 Babnet caricnd the endl'f~aacndb 
o1~ 

by n-1. blt~nc card. .

2) title c..rd .-4 

4) data c~.rdot let ,ubiset cardi 
end Of 2tUbECt CeRrd(r.) 

2nd cubct c, -er 

end of vuboat card(c) 

end of data cczrd(s) 

V ote:. Any nvuzber of prablcr~ may be consecutively 
eracuted by repent ifl 

steps 2 and 4 incluciive of atiove.  

ITha asaietemce of M~rs. Dl. Be~nson, who iiroto the firet draft of 

S thisP~t pr *_- ir. gratefully al-o-iledged. The prog--rtr ures the cub.toutifleg 

*IIDIAW and DIMV"1 published in 1962 in Ilultivr-ti(nte Prcern o 

i viors.l Scc.'cefl by W.W. Cool---, tnnd ?.l.L Loh=C:3, pp. r(i=- i 205.A~ 

and reprittd in lititn1C D! rctrAn.-t 'uLtACS b Cetti, *'ChAiC~l 

report ~~_ U01,O"1-akCerc 
1223 Z26), Evanciton 1964, 

* at Pases 58-61.
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127 F 0,%MA T ( J2Xt 9HI T E RAT IO~ll 13) 
READ IfeUl TAPE 5 #10l,NVARvPROPTvMAXITevFM4T 

101 FORMhAT (12,F1.O,12t646)
.-. C 
C

C.  

C 

.C

E"D. AN!D PRINT DATA 

VrATE OUTP'UT TAPE &t!03 

103 FCRMAT (/40X, 4HOATA4O'X4---)

3 VRITE OUTPUT TAPE 6o'04ttl 

104 FORMAT ( 1"6HSU[!SETt 13) 

KPREV=K 
4 R~EAD INPUT TAPE 5,FMlT,(,4AE(KJ)J=192)t(X(KJ),J=l,NVAR) 

IF ('^ (K,3I -99. 6o7,6 

6 WRITE OUTPUT TAPE 6,1G5P((NAMEUP(KJ),J=1,2) ,(X(KJ) ,J=19,NVARI 

105 FORMAT (3 13s2%'j2A6, 1't 0cll.4) 

GO TO 4 
,.o END OF.DATA SUBSET 

1 WRI.TE OUT1PUT TAPE 6 9 9 1 (NAME(KJ)J1,t2),(X(KJ),JNVAR) 

NROW(l)= t(-1I1PREV 
IF (X(iK,2)-999 .) 89,8 

GO TO 3 

vaEND OF DATA 
9 )NAXRO = r,- 1 

00 10 K=l,flA)RO 

DO 235 li= 1 vN 
235 NOR IGtt)=NROW(M)

*e(REENTRY POINT SUCCESSIVE ITERATIONS)



'u QAYE "4 iE W 
51. Do 1 -= 

............ 1,. .  

. . . . .  

D .2.  

20 C0 11 1 -zI 

J) SUMSETBMvJ.  

I I SUMS ET (fi FLJ)WR 
'2~41 XBAR itJ) S tS T' 

-A 12 SUMiTOTIJ) SU(ArOT(J) 4 S rUSET1J 
-A13 XBAROV(J)=SUH-(j) f FLOAT(iAR 

.0) 

~ C ~ PRIN~T AVERAGES 
WRITE OUTVtUT TAPE 6,106 

106 FOCRR4AT (//40 ttiAVERAGES140Xv-H-- --- )

Do 2J F4 M1rJ At4J)q~pfV 
20 HRITE OUTPUT TAPE 6 t1Q7rf1v("DRMJ),=,tVR 

107 O4T(gSUS~ 34, U) 

WRITE OUTPUT TAPE 60 loop( x~.ROV(J)s9j~ttvRVA) 

108 F0RHAT (SX97HOVE-ft"LL9 ~4F14

C oeo DEVELOP, D MATRlIX 
00 *v-.*- ri= sH,.  
DO 14 J=1, -VAR 

14 D(M-IJ) -J :4C1.! XGARGV(J) 

c *o* DEVELO? V K-ATRIXA

DO 45 =r 
fR=N RO 0 1)f1 
IF MHR) 45,45,44 

44 DO 16 11;t1R.  
K=K+l 
DO 16 J=Id3IVAR 

16 V(KtJ) = X(I'tJ) - XCAR(H,J) 
45 WaITiUE 

C ae TRANSPOSE D AND V MATRICES 
0O0.15. 1=19H.  
DO 15 J=1,NVAR 

150DT(J,I) = D(19J) 
DO 17 I=lUI1A'fRO 
DO 17 J=1vHVAR 

17 VTC.JI = V(I,J) 
C 
C ** DEVELOP DO, VV MATRICESt AND PRINT' OUT If

DO019 I=1vNVAR 
D0 19 J=1,NVfa3 
DDtUvJ) =0.0 
vv( ItJ) =0.0 
00 18 K=1,N 

18 OD(IJ) = DO(I,J) +or(IK) * O(KIJ) 

00 19 K=1,MAXRO 
19 Vv(iJ) =VV(IJ) +- VTtIK) * V(KJ) 

IF (PROPT) 201,201,200

r-P-..~ ~*.

4 

4 

~ I



-C. 
4 

GI.~EOUT TAPE 69109.  

22 1': CU T L T tAPE 6gX0VCIJ *J1,FoVAR I 

.201 C4LL DIRNH(0D,!ARvvvTAESFRooTR) 
f . . C oeo PR1(T ROOMR 

DO 67 1=104 VR 
--- 7 VRi!Tr-. eUTPUT Tr-:E-6q1L71sP.03TR[I) 

117i FOR"A41 (5YX15, F2O.O) 
C .PR11 fT PESULT MATR IX 

H~RITE OUJTPUT' TAtPEr 6,143 

143 FOR T I 

65 E-1IIEOUTP~UTL .2 r 6 v1 10s(RES(I#J)vJ-1.NVAR) 

C * 0. OPU TE XRt 

* 00~D 205 K=1,fAXR 
DO 206 J=LtWAR 1 

KtVJ )=.O 

D1'- '06 L=1,1!:\ft 

j J206 -XR( 1%J) = )R(K,J) *X(KL) *RES(LvJ) 

* C: 1~ NRI T XTl I F 

L. IF (Ps-OPT) 203o2 3,207 

21-, R T E OU T PUTi T -!,I)C 6,lOQ,TITL 
WRITE OUTPUT T!MP- 6,127oIT 
WRITE OUT PUT TA 11 r 6,144 

14 4 F0 RHA T (/4 9 HSA T RIX X R/ 
K=O 
DO 85 Pl= 19 f1 
WRITE OUTOUT TAPE 6,104,H1 

IF (N~R) 85v85084 

*64 DO 81 I=1,NR 
K=K+l 

*81 WRITE OUTPUT TAPE 6s105v1(.tNAME(K*J) 9J=1v2)v(XR(K,J),J31,tVA 

* CJ85 CONTINUE 

* C ' COMPUTE XAVR 
* .1208 0082 M=,N 

* . * D0 82 J=LtNVAR 

1 XAVR('12J)=o.o 
0O 82 L=1,NVAR 

*.82 XAVR(M,J) XAVR(M*J) XI3AR(MrL) *RES(LtJ) 

C.  
C * PRINT XAVR IF 

rIF (PROPT) 210.,210t209 

*209 WRITE OUJTPUT li4PC 61145 
145 FORMAI t//4OXt11MAfRIX iXA.R//) 

. DO 83 M=1,N



83 URITE OUTPUT TAPE ,0,o(AWR)J1,hA.  

__ SaT rcakAJ CO1TaCL FR-z TIS V110TH 

210 I F (V-4d 213,213i214 
213 1 F rT =1 

GO TO 2i7 
4 

214 IF (! )2159215;216 .~ 

G 0217 ..  

C *'COHPUTE DISTIAICE MATRIX 

217 DO 211 t=1rMAXRO I 

Do 211 f4P=1 9 
DIST(I(,pm) =0.0 ....  

DO0 212 L=1,N'!AR .  

212 DISTIK,H14) = D[STit-,ktl) + R1(K,L )"VRWMNL) 0*
2 

2101S"V,901 ) = SQTF'DIST(- tMR) V COMPUTE R.A~ (1-IHICH COL OF GIVEN O HAS LEttTVLE 

.c *so STORE RAN'S IN TEIAP VECTOJR 
00. 224 K(= 1 v,ARO0 

D00 2 24 H2t 
IF (D'.ST(KliP) -DISTLO) 223t2249-224 

223 DISTLCIT h)V 
IRTEHP(8%)=M 

224 C 074 T I fUE 

eeCo PRT DITNE MATRIX, AND CURPENT f! t t,"KS 

c 00D TITLES 
:1WRITE OUTPUT TiAPE 6,100,TITL 

WRITE OUTPUT Tfi.PE 6tl27l'3.T 

WRITE OUTPUT TAPE ~1tc1M~~4 

* 121 FOR(tIAT (//2CX,37;DISTANCE FRMAEAE ~SUBSTS./ 

GO TO (21 8 v2 199220),lFHT 

218 WRITE OUTPUT TAPE 6,151, 
GO TO 221 

219 WRITE OUTPUT TAPE 6,152 
GO TO 221 

220 WRITE OUTPUT TAPE 6,153 

151 FORMAT (67'% 14R'NK) 
152 FOR HA T (92XAHVAN K) 

153 FORMAT (122X#4HRZANK) 
.  

j~c * DO. BODY 

221 K=0 .. ..  

O C 229 H=1,pN 
* . WRITE OUTPUT TAPE 61104,M4 

NR=NROW(M) 
IF (NR) 229t229,222 

W222 0O 228 11I,NR 

* K=K+l 
WRITE OUTPUT TAPE 6,154,K, (NAME(KJ) ,J=1,2) ,(OIST(KMM) 

,MMl,*N)



42 f-Z2 

225 WRT t JPU 1 Ti ~ W 

226 V2dt GlJTqu7 TAPE 69'2 mTFVpv 

* CU TO. 2 

163* 

226 CC!T ifi~l 
229 CO0!. UE 

'K> c 
C...~ ~ ~SCRAM!LE' TEMP RANKSo STORE PEPt O HSIE 

DO E;0 r H AX R 

50) 1 R I6 (L9 1T) IRTEI9P(I~ 

.25 IF IT-MAYI T 26s,70,o70 

C -A(E R~ESULTS TAIS ITER SAVE -AS PREVIOUS 

26 DO 27 klAR 
I .. 

K. s. t ,IT) -IRILK,%IsT-j1) 
24,27#24 

27 CO,,-T I~U 

cREAR'~ DATA !rITO N~EU SUBSETSeIrl ALTERN~ATE T4G 

c_ KEE C31' OF RO0.4S E4rH t-E W S U0oS ET 

DO 23!4 

IF (IRTEN;U)-) 23)4*Z319234~ 

* ~231 ~wI~~~WM+ 

DO 2:2 Jzul,NVAR 

232 XtALTEt['U9J) = )UKtJ) 
DO 233 JzI.,2 

233 llfJ!PAL(RNUvJ) -NMMJ 

* * 1DALT(rNU) =INK') 

234 CONT INUE 

C . CO?Y REIf.RRARGED DATA BACK 
INTO WORKI NG LCAT IONS 

Do 35 rK=lflAlRO0 
DO 34 J31.,NVkR 

DO 35 J=1#2 

35 NAKEiK#J) tNAMALTtr~sJ) 

C o* PROCESS NE14 DATA FROM SCRATCH 
I T=ITtl 
WRITE OUTPUT TAPE 6ol00,TITL 

WRITE OUTPUT TAPE 6.1.27,iT 

II) .. GOTo 5



ac 

70 WP I' TEOTU .N:610yS 

.7CR cU t Z 6921i 
123~ FO MA 5" 10S 11 ,ATIGeS 5A 

% :& S 04- , 1391 

CR *oo ITC, Z!' I TPS(0I~SOlC~ECrG 
120 rfIT N 4 ~ T (42OXt~ ... t..  

C ~ SWr.T 'AMES BACK INTO ORIGILRlS
DO 36 K=LIvKAXPO 
L=IDU~ 

.6DO 36 J=1*2 NAEKJ 
36NANIALT(LoJ) =NMMJ 

C 
C' *. PAINT TABLE OF RANK~S FOR ALL ITERATIOMRS ..- 1

Kz0 
DO 73 14-19H.  
VIR1!E OUTPUT TAPE 6cl64oll 

164 FO-EMAT (fOX,(zHSUBSET,I13) 

0O 73 1 1~ 
K=K+.  

73 VIR I TE CUTOUT T4PE 
125 FORMt&T (2e2-Xvl.I .62A6o2Xu2Ot3) 

GO TO 2
II

.1 

I: 
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I.,



-02~~ r c- ac.

Re .. ..- 2 

BoZrry? D.J.L., t2-t-e~. er h P~' r1L.: 
tica L_ -t itxsxct V 5...fJ 

Coolc t.J.., Ilcz FT .  

D~~ce.Cy 11?. L''~ r.r t -)v'I ny I'nvqre~r o 

j~Ifl ~per~o9,fc.P~..~fIoriy,~s ciencey 13(1956):, 19153.



m C a '-,va 
I

S.Z~T" APe-~* ~ M____ fev *-' ; 

.A a FAIIE, CO,

Fieber RLA., 7z11-SttitCl r-!~ t t f i'~T -- ~ nn u~i 

S(1933): 3G$$ 

School O1k i'latil "6"IY, 'l0.  

Grico kmith P., ^-&ttvaPz- 
Aac&(e~ic Prea_ Thc., WE;.-" York, 1957.  

r.- -man ui . , Lvrt~~t9Lr, The Uni-,mrsity of Chicr-g0 Proce, 

£Thjca-0, 1963.  

Uo~~tnn J.!3. 
R eport no. 1, Suirvy of Dicn11 gflorry 

Roh n .U' 1 ~ z n A ll A .^brn, K cmillafl, F~ew To r21, 1948.  

1otclliml' 
Mii ., Anayi5 of a r~1 of Stnt1isti.ca Vnrtnblcn into 

'Princrirc~c] 

417-441.  

Ual&1 !.. Thto Geo!!rgihcal Maitribntiofl 
of CroD Prouctivly in.  

rnrjndJoutmul oi i~a--tv4 

Kenda~ll fl.G., A Cou~rro 
in 1xtivnritc Anlcs Griffinl's Sttitstical 

flono~rLailB, no. 2, C.Gritiifl, Louc-2,19/ 

Kendrev W.G., Th it of th Continnts, Clarendon Prevs, 
0O-oforid, 1961.

r ' L.Z~, T eD1w i4'thod Of aniv i T Dit ibuti O, ect i C L 

U port uO. 3, C 1 Ct L 4 i5 & ) uaverity 04 tenjyivcfni ( 9 9)a-I

rKoi~ocorov A.M. VO' in S.V., =Z-1-tO h Tu f hntcr ~ cn 

~~ A~Y~~2~ ol. I U-etricndr: p1C, OiCt, 

(ryoc . ?eS c'v7

.4 

4. .  

Ii 

.4



94 

t:Qe 2 ~y z If. ca ' F 

164-16~4.  

K...er o I ?'U .C. LT'VO cVfrr'3 t.? ra: in !--4Jourval~ and 

Y~~j~ - Inj - I.n 0 

Lecorel~z c: L~ LU.a L ol Li.± 1p.  

*Ial1en bla r.C., Dg-agiol-- the i~nnicticfl of S-tticticl 1Votho

.*-: cwubica P.C., C ~ 7csa n I :-tsrci4 of GCotin DIver..e, Journal 

ViC 0Q-tty L.i. , ri~7v~~:iA-zalnc for 0 ottv Otooma 

Ijilcr fl.L., r-glin S., 1nictiel Annvcir in the G-olo,,dcnl Sciences, 

Hics R. Von., Ci tb'- o !fet~( ~f Obervtiof Datc into Distinct 

IOlipon -. C. , !-iller R?.L.,I hl?5l Ttrnticon, tUnivcretty of Chicngo 

Fenrove L.S., Svr Une on Dlciizin Ann. EugeniC3, 13(i1;47): 220^-237.  

Peter* VW.S A ltethoci' of 1vcn' Gcgrcnhic ?ntternz of ArociLtcd 

*r-so C.fl., 7ot v-ith tiocririnc-it INunctiofl9 i 11I'utivtriLte Aalvaic~ 

P'no C.R., Till Utli:-atioC~n of lltiple I iasuret-tet ir. Probleiu3 of Dio7ic!El 

K ~ ~ /- C~ i f j~cfl Journn-I of the "~yaIl~t~iCJ 'occty art. Ii.1 

R~ao C.IR., Tests- of Sc-nificaflce in YultivariteC Lnlo5 iometril=, 

.Uo C.R., Stt~ stl1cfl Thf'ercnce Anlied to C r.sificetorv Problem~s, 

Sznlzhya, (t 

Ra1~o C.R , Mvce StatiticzI Mntho. In io~tric Reseacrch, Wiley, 

I!sw York, 1952.



W;,') 2~-2* 
f.~ 

Stoneo R., A 1
f!s" 

ct1_cr!C 7
JP~ 

Cot~ ~ of .P ~t~ Ou-.l o iegiorai Scie-LIC, i) 1~..  

*- 
T -.L- 

-.- 
-c

..T d C Id zti i nt o .p31 r 
-t 

of Cal~- im. 1 2&c. -

Turm-mi u.1. it~om n int-rocjtiof to the ~h Orv 04 224 c~ 

Hatriccp, Dover, New~ 

Zoblr L, Th Ie of Culti:(i. Datr to Stntisticnil7 Vddtc ?yra 

Zob.3.3.3* L. To

Y7(I-C- AC 

zobler 7 4 CM

14 0- 1 4, .

0 3 3 .

3 . - . .3 3 . .* .

'A u -ZI ;j r-r.. Lcr', 4 kLv ),. .



.1r1? Of I.77SKl TI3 Li 

23*D. C. 2;...j 

- -a-A:!.jL .a WAXOT 

WKI C 

* -Z (.f1.In OFT=Y* 
CU) 3D. 1C22k L

= LCIV? or C. LZ A= 

wi=LROO. 0. C3. 2X.2 

CWCM? F RAII C? RA-: n /Of 93 
vL1K3b~13S, 0. 2.01-'s 

cw= OF X'T171 GVA.ia3T /Cp ,iJ 

li OM 0 VL AM~At~Ot 

Z. C. -=O25 

* V.3. waIL rizlo r5CW7.?=&.T' cmm 

W.ZC22CW* i. C. 20025

-W, ~C~'P 1122 AMDS DOC 
Oi.* ? Ct Qi I VzJk 

-.2 C iL 

tz=7?TSzz C7MW :'~w 
EJC. 9'S .3. r£1. It=C 

LC.LCvz1441: 

KIL 13.W 1. IM71.C 
&-flZ C? CL11C? 

U.VS Z. t.C."4 r 

am7 3-r.U ZJ P67-c TCCU DYC 

a* P2..T 1)3 vr_3T VT1I 

EXA~b{!tr, 0? 1': VX 

u-sami7. D. ... a.322 

* ' ar1± OUALw:C WS=g 

OFa? 0? £SC1, U.S. AXll 
* 52n1 LCC?7= ?£.: Vi3.D, . 4.  

UADC.13 V. C. 2W16 

CM=13 0? AS!,-. C4I STNI? MR4 1JC0ly1CC 

on--.* C)'= C? ThA0£2ACI 

L*2 =L5 WCLZC.C 
cC.1.V 5&%7.&a3. ?mXm ium

WAI:rJrLY ELF?"?~Y StATICS P 11 C ft. K(R 
irra cr.-L&I ?:"Ycx C. V. mn-.v~ 
U.S. )-,a 322YiS O? IE~i23 VIj 
Tzcr.i.r. !.AAa 

D~sita . C. MC2.2 - ?ft113I C' 

U.S. CI3V ? &L Czx=X ra.  

UL-rxmS.:J t. C. 'Z'-= WA IC f SA~d ftd 

or LI.:2X. 1.t LCM! S.  
D~lTI . C. 2=5 V"? o .r G0)

oWC3CZ~l~ CF: 

M~.12Z 0?: r , J.', I! Z;! 

em? trt ryflm 
oa "'R~l .0lill 017r ml %: -s, 

1fl2r± ca XU 

DR . mr1. A9*±a XaAr £3 
0CCMA 0?~r m& UU I 

r-? . ica'C 3.% =T'c iLDA 

VDL~-I OFA. -t- Z'ala r.05 G 

VE~A CCiX? 
sc ; 7.1 ,

OCL 0ov C. ca.:Pr?50 
CCLI CT .-. .T'V 

* P.O. S.I :-n3 
fl5ra3-),£al7k.  

WLD2P31C 

L7J r-Sr. V--l 1351 i=7 

DRC. £-P7.3 '.  

*U.S. cznl_,, C!Z1. 1y'7 

"V0i 2. D=NCAX3 

M. FCM~ L. YW.L:3 
:17r C! cc.1U 

IIIIC. IZLLC W-37 

DR CL I.V1 A. fn7IS 
rinx a I . 03'.71.T 

C.X2AL LAU. rl.-Vr 

DR. jO3U W. S&Ll.ACR 
DD? C? CC.JI.T 

M*.- . CALLICAALA 

DRL Ti. q. To~ kCTL 
* - x~3rps im: -n-rmw er oaupixa.P 

* LA J W,". CLUIPC KI I 

="r Cr C.P.A.- 'a 

* - &A72rU, c--zr. --1 325 C AM 

* CrA. JTLLIAII 5c," 

IWATWI =17t C(TmiLXSI? 

M. -t~ :A51 J. ITC~S 

DEP V c. 51,XJ Xf 

WY= C?72v.1?Cll 
N~rL4 &.CLL LJ2I

ce~r? cv i 

Aa III? CC.?7 

1!t2 PL F.A~ M=..  

rsom CX 

ma R rrS 
CL'? C? r-Jlfi 

TP2 0 0.,--=sf~U 

Dl~. m . VYOm i 

V*.SrC a, . C. zs

m. tU.0S . lCT 

~2= C-A L.L3 
752C 3. VAMA 

ox.. C332?33S 
U.S %1-,L 

341. VrU. D.. 132=5.  
Z&S ca:=11C~. wntTC 

MW? C?1 EC3ACT 

E&S A5C3.L. CM19.I

DR. UMom F. iI~IJL 

ZYLsI3 u.~1~ 6oz21 

t--. VC,. Lm: U-.'! 

D3.C M S . 131 

U.S. C!:IS? £1 ~ zC. 5T 
WAS21CC3) -: C. C. 20r,45 

DR. ?JPlCF C. i3CC1 
m-C r? F -=p ez- "c '_1 scS 

r.3.)3C? C-CZ3 
CM:AoO, I).LIS 6CA)7

OTT1C.5 C? %L11 

cP53.Z IF x1.lj 

S0.  

V Cx
7

-rS 11 

VCFL.Z3. u 

ALI13C Ln3! 

* u~ TY-
033.7131T ?0 

* cmr:! er Gc 

U.S-Q. DA.  

X=.VXR CTDI 
?:&C 'CfC

* - SI



if 

m 
Wi 

* *..  

~..  

-J .: 

* .

/ I 

* I, ~ 
* I~ 

* .? .1

/ :1 
.1 .1

* . .  

I ~ -t 

'I 

..  

-I .  1~ .  

S N 
. .

*1 

I 
I 
.1 
I

p f7 rl*.  

%.. . . . . I.



~&

L 

F2.0;

A4



.. .... ...  

77' 

V..7



IBio:xI f.'ruics 3 ?, 529-534 

A Grit frion or Selecting V'aritaes for the Linear DiscriniaIuti e/111mn,01 

C. J. MLACHILAN 
D~epartmnent. of \ahrti.,Uniiversityv of Quteensland, St Lucia, Ait railia 40167 

Sumtmary 

This paper considers the problem of selection of variables for thc linear discrimina~nt func
tion (A nderson's classijication statistic, TV) in the case of two 7miltivariate normal populations 
with different means and a common, covariance matrix. The two conditional errors of allocation 
associated with the application o 'f 11' are averaged over the priar distribution. of the~ populations 
to form thc conditional risk. A4 method for selecting variables is then developed on. the basis o *f the 
conditional risk which is o -f central interest in evaluating the performance o *f the discriminant 
function formed from the selcted variables. . I tolerance interval on the increased conditional risk 
consequent to deleting a subset of variables from the linear discriminant fuinction is presented.  
The confidence coefficient corresponding to no increase in risk is consiclerol as an, indicator of the 
additional discrimination value of the sutbset dleleted. The proposed method can be used either as 
a step-down or a step-zip type selection procedure.  

1. Introduction 

The selection of the most useful variables in discriminrant anal Nsis is in1 importanit and! 
difficult prob~lem in practice. For examp~le, in the analysis of medical research data, it is 
usual for the investigator to attompt to reduce the number of variables measured onl each 
individual. There mayv 1) several reasons for this. The investigator may wish to imeasure 
fewer variables in subsequent studies, to reduce cost, or effort of nwasmrvinent Ieo ma X.  
wish to determine tho.5c; varialies iich are most relevant, in id'nt ifvi ng the' no erlYing 
biologic structure of thev problem studied, or lie may be essentiallY trYing to rcduc0 tire 
complexity of the problem.  

Theri! are a number,of statistical rnethods which have been suggestedl and rast-d as ruleos 
for the selection of a subset of vrariables. eiVner a nd Dun a[19t 661 comparetl some iii I it i1 
selection procedures with a stepwisc method and random selection for some medical data.  
Horton, Russell and 'Moore [196S] used a stepwise, method (lecrilled in Kendall [1957] 
to analyze somne soil data, which has heena anal 'yzed further recently by fcCabe [197-5] 
who gave an algorithm for compuLtinlg statistics for all possible subsets of variables. Urhakli 
[1971] proposed acritoriori for eliminating a single variabie and, in the context of a n emipir
ical proble'm, Eisenheis, Gilbert arnd Avery [1973] examined Several methods for selecting 
variable subsets. The situation where the variables fall into two subsets, those. which are 
easy or inexpensive to measure and those which are difficult or expvensive to measure, has 
been studied by Das Gupta, and P'erlman [1974] onl the basis of Ilotelling's 7v2 arid by 
Zielezny anid Duinn [19)751 who suigge.sted( a two-stage classification procedure.  

In tis study we-( shall p~resenit a tolerance interval oil the increased condlitional risk 
consequent to deleting a subset of variables from the linear discriminiant function.  

Key W1ords: Antdersoii's classification statistics; Conditionial risk; Selection of variables 
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2. iStateinenfl of the 1'roblcin 
The allocation of a multivariate observatfion x into one of two normal populations 

H1 , 112 with different nileatis p, .P e2 rtvey and c ommnon covariancc matrix I is 
considered on the basis'of Anderscn 's classification statistic 

lV = Ix- "(21 + ) '(x -,2) 

where 2, 22 and S are the samiple'nmeans and pooled sample covarianice matrix, lbasedl onl 
two saRmples Of SizS 11, n2 from 1I , 1 12 , respectively. The observations IZ is allocated to II or 112 according as IV is > or is < 0, and( thle conditional error .of misallocation for x 
coming from Il, is

Pi__ GX)Is _1- 2-) 

+A~ 2 )'S S '-(XI X) (i = 1, 2),

where Gr denotes tile standard normali distribution function01. It is assumed that there arc 
equal probabilities and equal costs of misallocation s', that tile conditional risk is 

2 (P. + 12) 

T le observation ve ctor is partitioned now into two subvectors, x' =(X,' , x,'), where 
x, has Pi components (i = 1, 2). The correspionding partitions of thev larameters and their 
estimators ar e ts ,' = (tifil, L'2) and V, = (1,',1') for i = 1, 2 and

= (~:: ~::1S. = (Si:', ;:.1,
The! conditionail risk fo.r the case where tile allocati oll is performed onl the basis of the subset 
of variables, x, , is denoted byv r, 

It is Well knrown that deletin of variables canl never decrease the ri-sk when tile paramieters arc known. However, when the paranmeters are estimated, the risk may indleedl be reduced onl elimination of variables, providling tile simultanCouls reduction of tile Mahial
anlobiS distnc betwe Ill Oal 112 is snml 

Since thle difference in thme conditional risks, r - r,,contains the uniknown parameters 
it must he estimated. We shlall estimate r by thle estimator 

Q (D. p) = 12 Q, (D, p) +. Q2 (D, P)L 
whbere Qj(D, p) is the asymptotic unbiased estimator of I, suggested by McLachlan [1974] 
and defined by 

Q, (D, p) =G(- ID) + g(- 4D)[ 1(1) - l)/D In i' ± (D/32)14(4p - 1) - D2 '] + 02, 

wxhere D = Of, 7 22 ''I 2) 1 /2, g denotes tile standard normal density function, Oj denotes the term of the ith order with respect to ( , 2 ,N ), N =n, + n, and 
P = PI + P2 .Tile asymptotic bias of Q, (D, p) is of the third order, although tile second order terml in its definition has been omnitted hlere since second or hlighler order terms are 
to be ignored in this study. The corresponding estimator of r, is Q(D, , p,), where 

D., = Jx, 1 2)'Sl1 '(1 1  -21)12 

By deriving thle asynmptotic distribution of 

d = Q(D, p) -Q(D. p.) - (r - r)
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.A CITERIION FOR~ S11J.IECIIMc \.xIH\IiI. .53 

we shall'obtain an criterion for. deti'rmiirrgl wit" i soiru level of COIirfICrii whether 
tihe ehiriiatiori of a subset of variables fr61n tlie obserVation vetor will riot increase the 
conditional risk..  

3. D~istribution of d 

Since r and r, are invariant uindeir anry rionsingrl ar linear t ranisformatiorn oif tire form 

fx tA21 AJ I j22x . B 

we may' suppoise that pa, =0, ts, = lI, andi~ 1 , wliiri' p,, is a vector w~ithi its first coin
ponerit A,., its (p) + 1) th comrponrent A2, and all other components zero, and 

A,' 2 I q - I1)~i(i - 12), 

and 

A2 = A2  A I 

= b'( 2 22 - 1.12; 1 1,2Y'by 

wvhere b p t 122 - 7 1:I i(L11 - t&12).  

Thie asymptotic (list ribut io n of (1 mayi b e iht aincd lby the( app licat ion of Thri irem I, 
given iii tie apiend~ix of McLachlanr 1197-.1. where it ~as,- tisid for expanIrding tHie distrilbut ion 
(of P1, - Q, (D, p)). SinillarlY, H ie (listr luit loi) of d (I l he expanrilil toi show t lent. on 
tihe term of the second order, (1 has a noirmal (distribution w~itli mean zero arid varianrie( 

or V(A) + v(A,) -2 !(~)A( A~() 

xvhere

VW I- 2 14i + 1/4n2 + A2/sN,).  

.4. Proiposeli Critliimr 
Since tire asymptotic dlistribution of d is 1%(0, 0-2), it follows th at 

Pr I r - r, > Q(D, p) - Q(D, , p. - zo] -~ a 

for z = 6 '(a), %%here ])r refers to the uircion(litionial prbblt.Hence I )y Setting 

Q(J), p)) - Q(D, , pl) - za > 0.

(4.1) 

(4.2)
a criterionr is obtained for dei rgif r- > r, with ain as.S0ia~ted( cinifidenice a eiqual t) t0re 
as.Nnmptit ic unconditional probianbility that r - r, excees th lf-and side of (4.2). On 
estimating A and A, lby D) and( D) , respectively, in o,, tire criterion becomes

C-= Q(D, p) - Q(D. , 1), - za-(D, Do,) > 0. (4.3)
Of course, one niax Nvish to test Whirilc r' - i, > e for E < 0 rat her thani = 0. This varia
tiont canl be easily acc~inirnodated( by replacirng zero with fi on the right-hand side of (4.3).  

T1he critenion differs from othier iet boils in that tie select ion procedurre is defined direct lv 
in terms of the estimated conrditiornal risk, which is of central interest in evaluating the

~M~4 ~ -
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performance of the( (liscriiniinant funid loll fomdfrom I ie( selected variables. Thel( criterionl 
may h~e umd~ As a stelHIOovn or, a step;-upi i~ye pro!cdure..  

Byv calculating the value of Z, andW hirc a, for whiclh le ft-liald side of (4.3) is zero, 
we obtain the approximate confidence ('oeficieilt, a1f , correspiondinig to no( incerease in the 
conditional risk, which my beC used as an idicator (of the WSWiIioa discri uimait W~Vle 
of the subse-t delevted. In deed, it is this last form of t ie criterion which would appear to) 
be more use-ful inl practice.  

5. 50?)ic Nume)rical J?c!suljS 

Wve now consider the (kitn 0f Zasavski an Svolweat 11965] related to thed(iagnolstics 
of stenocardia by mevans of 1:3 l~litcrlor~hclvariables and dleserjlbed in Urhakh.  
[1971]. li r~ttinlg A'2 13_q-' 0, Urbakh [ 1)7 1] jumuhe(1 otly gave a, criterion for tlhe elini
nltion of single variable, where A' alul S? are possible estimte ofa2 aiij resliec

tively; for ('xanple, 

A D - 1)(11n, + ll/n2 ) ( N - - ])IN I 

as Stlggesqte( by Lachenbrutch and AMickey L 19681. ( )n appjlyinig his (criterion1 to the data 
of Zaslavskj an(1Svchieva, and( cionsiderinog t lie 1:1 sulb'sets (If 12 variables obtdai nedl by succ('
sively excluin~ig each oif ilIn' variables, Urbakli .[1971] suggested that aiivy onec of flu' variables 

[3 4,8 or 10 nmy he omiAtWl 
We innxv consider the sugges-t ionis of lUrkli [ 197 1] onl t ie( basvis (If the(. criterion jI roplmsei 

i the jwrvii~us sectio. 11w (riti'iii is applied to I lie samec data (for which D'~ = 10.90 
and ni - 100, 12 .= 93), and the p~urpose' of IP application oif the criterion lore is to recport 
the significnce values associated "!itl the ('liiiiitioi (Ifa single Variable front iv'systeml.  
1%r each of thle 13 possible value (if 1)' formed by split tinig the 13 variables inkt two) subl
sets with 1) = 12 an fd /12 = I1. I it(! value (I a for wh C is zero is roinpited from (4.3) to) 
give, the apiproximate ('oifidelice ('oi'licienit. an , corrl-spoliding to rio iticrase inl tIll' cotidi
tional risk on (lelivIng A singl variale. IMP values 4~ o0 Qvlitael rn 1w ini- -Irter as a 
imensuri' of the reativo value oIf the individual VailialoI The ' are dislayed(( in Taible t 
along wi tithe( co)rresponiding varies (of 1), and1( Q(I), p) - ((), p,) . Notic that as the 
initial samills are large in Ithis ianniplo! [ (no 4- /2 - it - 0/i) =..j I lii :wprli'miiate 
Coll i(le' coefficienits in Table I should he fairly close to I Ie exact valuecs; sieo Laelo'Iilbrail 
[1965] for use of the expressioni (ai + it, - p) 1 )/p as an indlicator of largeness of sample 
size.  

NWe see front 'fable '1 thiat if allY one oif the( variables 3, 4, S oir 10 is (lilt('d, one can be 
reaisonab~ly conidtiflintht there is iio inlcrease iniiIlle cionditionial risk; inldeed, the confidence 
coefficient, associated withI thle ([(let Iin of Variable 8 is as. high as 0.99.  

Of c'ourse thle criterion canfi be appiliedl to the above dlat a to give the ol cofidencle Coefii'enit 
associaed wvithI thle s('le't ion of any subset of variables. For! exam ph'. following oi fromn I lie 
results in Tab~le 1, it is oif iiitrest to consider thle simulIt aneous elimin at ion of variables 
3, 4, 8 and 10 froin tHe systemi. O n sp)litting the 13 variables into two subsets wi thi p) = ) 
anld p2 =4 anid applyinig I le c'riterion!i it is oudt hat.I ilie apphroximiate conf'idienc(e coi'fliI'ieiit 
correspoi f~iig to iii) ific-riasi ini the conidit ionial risk onl Plimiait ing variables :3, 4, 8 and'111 
Simultaneously is given by a. 0.31; t lie estimiated difference. in thle conditional risks is 
given by Q(D, p) - Q(l), , p) = ' -0.0020 and Di*'- 10.17.

Un I 
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A (2BITERION FOR SEILEC'lING VARIAMISIVS 

Table 1 
LEVEL OF CONFIDENCE THAT riE CONDITIONAL. RISK IS 

ON I)ELETING A -GIVEN X'AIkRLE

Variable Di1 Q(b,p) -Q(DISP 1 ) a 

1 9.90 -0.0087 0.03 

2 9.81 -0.0097 0.02 

3 10.85 0.0008 0.83 

54 10.87 0.0009 0.89 

5 10.38 -0.0039 0.12 

6 7.85 -0.0352 0.00 

7 10.41 -0.0035 0.14 

S 10.89 0.0011 0.99 

9 10.72 -0.0005 0.40 

10 10.85 0.0007 0.78 

11 9.16 -0.0172 0.00 

12 9.10 -0.0180 0.00 

13 9.85 -0.0093 0.03

Un Critere Ae Selectioni de Variables Pour la Function D iscriin ,1aute Lineaire 

Dans cet article on 'consid~rc lc problene de se'lection deC variol~lts pour la fonction Unie are 
discriminane (avec Ia statislique de classepnent 11' d'.Inderson). On prisne un. itericale de 
tolerance de l'accroisseent dit risque conditioniel dz! Ia suppression d'un sous rnsemble de 
rariables dc la 'fonction discriminante tineoirc. ILc cociicient de coniance corrcspondont au 
nson accroi.scmcnt do risque est pris coinnie un indicateur de la valeur addilionnelle de discrimnina
fiondu sous enscmible snpprinid.
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Questions relating to:. -Texas Instruments.' Indian 
Point Impingement Study Report for the Period 
1 January 1975. through 3.1 December .1975 (November 
1976)

VI: 1

Response:

With respect to unscheduled screen washings to 
alleviate head loss due to high debris loading.  
or impingement, the comment is made on page 111-2.  
that: "When TI was notified of their occurrence, 
these additional washes and fish collections were 
treated in the same manner as the scheduled daily 
washes." -Provide dates and units when TI was so 
notified. Provide dates and units when TI was 
not so notified.  

Dates on which there w ere unscheduled screen washes 
and Texas Instruments' Impingement collection crews 
were so notified are listed in Attachment A.  

Dates on which there were unscheduled screen washes 
and Texas Instruments' Impingement collection crews 
could not be reached before the wash are listed in 
Attachment B. With respect to these latter incidences, 
it was sometimes necessary to immediately wash 
heavy loads of debris such as leaves and grass from 
the screens to prevent damage. If such corrective 
action is not taken immediately, screens can collapse.  
When this occurs,-the associated circulator pump 
must be taken out of service, an action which would normally 
result in the derating of the plant.

VI.



Attachment A 

Dates of Emergency (unscheduled) screen washes 
when impinged fish were collected in 1975 

Month

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.

x x x x x 

xx x x 

x x 
x x

x x 
-xx 

xK x x 
x x x X x 
x x x x 
x x x x "X x 

x x 
x xx x 

-x x x 
x x x 

x x X -x 

x 

x x X x K 

x x x 

x K X X x X IX x 

x x K 

x 

x x K K 

K x x X X x 

x

8.  
9.  

10.  

16.  
17.  
18.  
19.  
20.  
21.  
22.  
23.  
24 
25.  
26.  
27.  
28.  
29 
30.  
31.



Attachment B

Dates of Emergency (unscheduled) Screen Washes 
when impinged fish were not collected in 1975 

Date 

April 26, 1975 
May 4, 1975 
July 12, 1975 
July 13, 1975 
August 12, 1975 
August 16, 1975 
September 13, 1975 
September 24, 1975 
November 30, 1975 
December 3, 1975



vi 2. Provide'an explanation of why it is not possible 
to calculate the values in Tables A-6 and A-7 
(number of fish impinged per 106 M3 of water 
pumped) from the data in Tables A-4 and A-5 (number 

of fish impinged) and Tables C-i and C-2 (total 
-flow, in 10 6 in3 )' 

Response: Tables A-4 and A-5 of the 1975 Indian Point 
Impingement Study Report include all fish count 
data collected during 1975 from all the intake 
screens of Units Nos. 1 and 2 respectively. Tables 
C-1 and C-2 present the total daily flow for Units 
Nos. 1 and 2 respectively, based on the number of 
circulators operating and the daily operating time 
for each.  

In calculating impingement rates, only those days 
for which data on the actual circulator operating 
times and the corresponding impingement counts 
were used. This was necessary as occasionally, 
one or more circulators were operated intermittently, 
making it impossible to correlate a specific impingement 

count with the volume circulated during the period of 
operation. In addition, occasional unscheduled 
emergency screen washes, resulting in the loss of 
impinged-fish, also prevented the calculation of 
an impingement rate. Accordingly, the data used to 

calculate the rates of impingement presented in 
Tables A-6 and A-'7 were selected to include only 

data that represented known flow volumes-and associated 

impingement collections, and consequently, the values 
presented would differ from what might be calculated 
using all fish counts presented in Tables A-4 and 

A-5 and all circulator flows presented in Tabl.es C-1 

and C -2.



. .3.

Response:

With-respect to the 1975 monthly estimates of 
impingement rate (number/106 in3 ) for each of the 
six species in Tables A-6 and A-7, provide in a 
table the numerator and denominator used to 
calculate each impingement rate, and the impingement 
rate itself, rounded off to two decimal places 
(instead of no decimal places). Provide the same 
information for each of the six species for each 
month from 15 June 1972 through December 31, 1974.  

The data in Tables A-6 and A-7 have been updated 
since the printing of the Impingement Study Report 
-for 1975. The dat a in Tables 8 and 9 attached 
contain the information, in a corrected format, 
per your request.  

Tables 1 through 7 attached contain the requested 
information for the period 15 June 1972,through 
December 31, 1974.  

Note that the number of each species collected in 
a given month is the numerator and the flow for 
that month (Column 2 in the tables) is the de
nominator in the calculation of the impingement 
rate for the species in that specific month.



MONTHLY ESTIMATES OF IMPINGE

Table 1 

bTES (NUMBER/1 6m3 1972 UNIT I

ALEWI FE 
NO. RATE

BAY ANCHOVY 
NO. RATE

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

ATLANTIC TOMCOD 
NO. RATE

V I I t t

18 

6 

859 

433 

1 82 

8 

7

.92 

.16 

19.01 

13.62 

5.10 

.39 

.34

1 

10 

5325 

4871 

1666 

15 

24

.05 

.27 

117.85 

153.16 

46.70 

.74 

1.16

1 

5 

0 

34 

1373 

138 

8

.05 

.14 

0 

1.07 

38.49 

6.77 

.39

5 

51 

474 

355 

405 

140 

96

.26 

1 .40 

10.49 

11.16 

11.35 

6. 86 

4.66

i1l 

207 

5447 

24991 

6302 

82 

123

5.68 

5. 67 

120.55 

785.82 

176.67 

4.02 

5.97

WHITE PERCr' 
NO. RATE

193 

287 

1579 

1813 

11964 

5218 

2609

9.87 

7.86 

34.94 

57.01 

335.40 

255.84 

126.63

MONTH 
H

FLOW

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

19. 55 5369 

36. 530043 

45. 186185 

31.802516 

35. 671181 

S0.395506 

0.603041



MONTHLY ESTIMATES OF

ALEWI FE 
NO. RATE

BAY ANCHOVY 
NO. RATE

Table 2 

IMP INGEME!N1JI S (NUMBER/10 6m3 ) 1972 UNIT II

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

I f I t

22.623807 

2.670977 

39.293564 

12. 384499

11 

0 

UN IT 

UNIT

.48 

0 

0 

.28 

.08 

NOT OPER 

NOT OPER

1 

0 

92 

24 

if IN G

.04 

0 

0 

2.34 

1.94

0 

0 

0 

.13 

.73

.18 

0 

0 

1.12 

1.61

AILANTIC TONCOD 
.NO. .RATE

4261 

0 

0 

4651 

2120O

188.34 

0 

0 

118.37 

171.18

WH ITE PERC[ 
NO. RAT L

144 

0 

0 

202 

251

6.36 

0 

5.14 

20.27

FLOWMONTH

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC



Tabl -

MONTHLY ESTIMATES'OF IMPINGEME*V

ALEWIFE 
NO. RATE

BAY ANCHOVY 
NO. RATE

ES (NUMBER/10 6m3 ): 1973 UNIT I
1w 

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

NILANTIC TOMCOD 
NO. RATE

WHITE 
NO.

PERC[ 
RAT't

K I _________ L -~ ±

JAN 

FE B 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

960621 

16.087102 

4.403026 

1.319476 

1.154812 

11.396812

0 

UNIT 

UNIT 

UNIT 

8 

7 

0 

0 

0 

UN' UT 

U(NIT 

UN IT

0 

OPE 

OP E 

OP E 

.50 

1.58 

0 

0 

T0P~ 

T OPEl 

T OPEI

0 

ATIN G 

AT IN G 

AT IN G 

0 

0 

0 

0 

0 

ATIN G 

ZAT ING 

RATIN G

FLOWMONTH

0 

0 

2 

0 

0 

0

11.45 

2.74 

2. 27 

0 

0 

0

9 9.36 

2137 .132.84 

123 27.94 

0 0 

2 1.73 

I) 0

NOT 

NJOT 

NOT

NO 

NO 

NO

.56 

1.82 

.0 

0 

0



MONTHLY ESTIMATES OF IMPINGE

irajie 4 

I\TES (NUMBER/10 6m3): 1973 UNIT II-

ALEW I FE 
NO. RATE

BAY ANCHOVY 
NO. RATE

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

ATLANTIC TOICOD 
NO. RATE

______ I 1 4 I t 1

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

2. 050929 

13.9]11866 

47.088670 

25.059175, 

18. 0971 49 

46. 219674 

65. 810963 

81.163031 

46.443205 

54. 601137 

15. 3686 18 

9. 6406 42

0 

0 

7 

0 

6 

32 

368 

581 

51 

67 

58 

12

0 

0 

.15 

0 

.33 

.69 

5.59 

7.16 

1.10 

1.23 

3.77 

1.24

0 

5 

0 

0 

0 

295 

8421 

2724 

413 

12 

2

0 

.36 

0 

0 

0 

4.48 

103.75 

58.65 

7.56 

.78 

.21

0 

0 

2 

0 

0 

11 

12 

23 

67 

482 

204

0 

0 

.04 

0 

0 

.24 

.03 

.15 

.50 

1.23 

31.36 

21.16

49 

1 34 

502 

418 

9 

23 

28 

223 

21 

14 

113 

101

23. 89 

9.63 

10.66 

16.68 

.50 

.54 

.43 

2.75 

.45 

.26 

7.35 

10.48

971 

11 20 

400 

602 

211 

7918 

9188 

3390 

429 

1 

3 

43

WHITE PERb 
NO. RATE

473.44 

80. 51 

8.49 

24.02 

11.66 

171.31 

139.61 

41.77 

9.24 

.02 

.20 

4.46

1190 

9554 

30232 

17652 

3084 

679 

38' 

2277 

218 

43 

630 

1828

MONT H FLOW

580.22 

6 86. 7 

642.02 

704. 41 

170.41 

14.69 

5 .79 

28. 05 

4.69 

.79 

41 .00 

1 89.61



MONTHI V ESTIMATES OF

Table 5 

IMPINGEMENM ES (NUMBER/10 6m 3) 1974 UNIT

FLOW

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NO V

ALEWIFE 
NO. RATE

8.067330 

26.822815 

25. 717551 

30. 786502 

20. 010298 

47.063151 

44.059160 

50. 423321 

49. 390965 

47. 836320 

17. 556911 

23.050243

0 

0 

1 

0 

135 

1 84 

254 

190 

225 

1306 

123 

163

BAY ANCHOVY 
NO. RATE

0 

0 

.04 

0 

6.75 

3.91 

5.76 

3.77 

4.56 

27.30 

7.01 

7.07

0 

0 

0 

0 

20 

1839 

5 239 

4963 

3114 

1960 

2 

8

qw 
BLUEBACK HERRING 

NO. RATE

0 

0 

0 

0 

1 .00 

39.08 

118.91 

98.43 

63.05 

40.98 

.11 

.35

0 

2 

1 

24 

75 

417 

53 

91 

136 

7619 

6947

30 1.30

STRIPED BASS 
NO. RATE

AILANTIC TOMNCOD 
NO. RATE

t I. I

0 

.07 

.04 

.78 

3.74 

8.86 

1 .20 

1 .80 

2.75 

159.27 

395.68

67 

76 

128 

.349 

33 

55 

75 

104 

108 

154 

45 

371

8.31 

2.83 

4.98 

11.34 

1.65 

1.17 

1.70 

2.06 

2.19 

3.22 

2.56

16.10

192 

17 

9 

1 

469 

27771 

4702 

11238 

5090 

996 

21 

2941

MONTH

23. 80 

.63 

-. 35 

.03 

23.44 

590.08 

106.72 

222.87 

103.06 

20.82 

1.20 

127.59

WHITE 
I NO.

P E RCH 
RATE

4596 

6684 

6482 

8433 

1785 

1138 

236 

171 

446 

4534 

2360 

A1580

569. 71 

249.20 

252.05 

273.92 

89.20 

24.18 

5.36 

3.39 

9.03 

94.78 

134.4 

936.22

MONTHLY ESTIMATES 
OF



MONTHLY ESTIMATES OF IMPINEM

Table 6 

LI ES (NUMBER/10 m ) 1974 UNIT II

ALEWIFE 
NO. RATE

BAY ANCHOVY 
NO. RATE

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

t t I I

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

1.1-500782 

11.933550 

28. 189285 

55.492388 

90. 96]1079 

17.842025 

112.282260 

17.042844 

13.346937 

94. 089405 

63.971424 

45. 273062

2 

10 

409 

313 

574 

478 

288 

1246 

237 

2

.09 

.08 

.07 

.18 

4.50 

2.66 

5.11 

4.08 

2.54 

13.24 

3.70 

.04

0 

0 

0 

0 

154 

7035 

25806 

23182 

18318 

917 

31 

1

0 

0 

0 

0 

1.69 

59.70 

229.83 

198.06 

161.61 

20.37 

.48 

.02

1 

16 

5 

337 

1572 

776 

90 

249 

362 

6763 

11480 

9

.09 

1.34 

.18 

6.07 

17.28 

6.59 

.80 

2.13 

3.19 

71.88 

179.46 

.20

386 

414 

253.  

377 

912 

207 

313 

588 

427 

182 

252

220 4.86

AILANTIC TONCOD 
NO. RATE

33. 56 

34.69 

8.98 

6.79 

10.0 3 

1.76 

2.79 

5.02 

3.77 

1.93 

3.94

26 

9 

4 

2 

12824 

112926 

75116 

56252 

37831 

1754 

152 

617

WHITE PERCH 
NO. RATE

'2.26 

.75 

.14 

.04 

140.98 

958.28 

668.99 

480.61 

18.64 

2.38 

13.63

22107 

22954 

38982 

69740 

59371 

7434 

*713 

1224 

3502 

11366 

18110 

46094

FLOWMONTH

1922.22 

1923.48 

1382.84 

1256.75 

652.71 

63.08 

6.35 

10. 46 

3:0.90 

120.80 

283.10.  

1018.13



Table 7 

MONTHLY ESTIMATES O MPINGEMEN S (NUMBER/10 6m3): 1974 UNIT III

ALEWIFE 
NO. RATE

BAY 
NO.

'Rw 
ANCHOVY B LUEBACK HERRING 

RATE NO. RATE
STRIPED BASS 
NO. RATE

ATLANTIC TONCOD 
NO. RATE

.4- 4 -~ -t 4

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

UNIT NOT OPERP 

UNIT NOT OPERP 

0 0 

18 4.12 

9 6.74 

185 10.96 

11 3.14 

6 1.31 

2 .34 

58 12.32 

UNIT NOT OPER) 

UNIT NOT OPER)

TING 

TING 

0 

0 

0 

576 

713 

27 

8 

8 

*TIN G 

TING

0 

2 

0 

332 

2 

0 

0

0 

.46 

0 

19.67 

.57 

0 

0 

2.34

6.81 

4.57 

4.49 

4.98 

3.72 

1.97 

1 .89 

3.82

0 

1 

0 

20583 

2866 

428 

183 

29

0O 

.23 

0 

1219.63 

819. 39 

93.57 

31.36 

6.16

WHITE PERCH 
NO. RATE

. 4 

3060 

429 

1001 

14 

2 

9 

63

27.25 

6 99.89 

321.23 

59.31 

4.00 

.44 

1.54 

13.39

MONTH FLOW

0 

0 

0 

34.13 

203.85 

5.90 

1.37 

1.70

.146798 

4. 3721 37 

1.335489 

16.876433 

3.497710 

4.578820 

5.834814 

4.706009



MONTHLY ESTIMATES OF

Table 8 

IMP INGEMENT& 3 (NUMBER/10 6m 3): 1975 UNIT I

FL OW

14.572275 

14. 709126 

15.939789 

15.570711 

10.980992 

14.185143 

6.370336 

4.539557

ALEWI FE 
NO. RATE

BAY ANCHOVY 
NO. RATE

BLUEBACK HERRING 
NO. RATE

STRIPED BASS 
NO. RATE

AILANTIC TOMCOD 
NO. RATE

4 1- 4

7 .48 

~1 3.47 

8 .50 

1 .71 

2 1.09 

9 1.34 

0 1.57 

4 .88

JAN 

FEB 

MAR 

APR 

MAY

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DE C

OP ERi 

OP ERi 

OP ERj 

OP ERj

1 .07 

0 0 

0 0 

0 0 

0 0 

52 3.67 

121 18.99 

74 16.30 

(F IN G 

(F IN G 

(F IN G 

if IN G

.55 

2.04 

. 44 

4.82 

3.19 

1.55 

2.67 

.44

152 

693 

93 

103 

5 

0 

10

10.43 

47.11 

5.83 

6.61 

.46 

0 

1.57

7 , 1.54

584 

449 

52 

31 

49 

703 

119

40.08 

30.53 

1. 26 

1.99 

4.46 

49.56 

18.68

83 18.28

WHITE PERCH 
NO. RATE

9301 

15367 

5882 

11111 

777 

124 

61 

43

638.27 

1044.73 

369.01 

713.58 

70.76 

8.74 

9.58 

9.47

MONTH

UNIT NOT 

UNIT NOT 

UNIT NOT 

UNIT NOT



Table 9

MONTHLY ESTIMATES OF IMPINGEMENT& S (NUMB ER/10 6m 3): 1975 UNIT II

ALEWI FE 
NO. RATE

BAY ANCHOVY 
NO. RATE

BLUEBACK HERRING
NO. RATE

STRIPED BASS 
NO. RATE

ATLANTIC TOMCOD 
NO. RATE

-WHITE PERCH 
NO. RATE

I I I. + 1- t t

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

~JUL 

AUG 

SEP 

OCT 

NOV 

DEC

48.095076 

47. 433706 

28.20584 

70.45671 1 

101.794942 

134.94526 1 

126. 4129 75 

87. 074899 

115. 14878C 

72.519671 

103. 70861C 

102. 871081

2 

34 

6 

71 

354 

2343 

132 

184 

179 

715 

89

.04 

.72 

.04 

.08 

.70 

2.62 

18.53 

1.52 

1.60 

2.47 

6. 89 

.87

0 

3 

10 

1559 

14793 

38286 

?3368 

767!5 

2 

29

0 

.06 

.04 

0 

.10 

11.55 

196.13 

439.69 

202.94 

105.83 

.02 

.28

2 

5 

184 

241 

149 

1282 

1003 

656 

47308 

91232 

10273

.04 

.23 

.18 

2.41 

2.37 

1.10 

10.14 

11.52 

5.70 

652.35 

879.70 

99.86

162 

557 

59 

440 

59 

34 

1289 

938 

596 

220 

198 

359

3.37 

11.74 

2.09 

5.75 

.58 

.25 

10.20 

10.77 

5.18 

3.03 

1.91 

3.49

429 

265 

23 

76 

673 

28351 

15195 

12425 

16818 

283 

333 

1609

8.92 

5.59 

.82 

.99 

6.61 

210.09 

1 20.20, 

142.69 

146.05 

3.21 

15.64

31858 

24875 

13417 

67665 

12322 

1831 

1757 

134 55 

11054 

7152 

26901 

43933

FLOWMONTH

662.40 

524.42 

475.68 

885.01 

121.05 

13.57 

13.90 

154.52 

96.00 

98.62 

259.34 

427.07



VII. Questions relating to:. 'J. E. Baker, "Rearing of 
Hudson River striped bass at the Edenton National 
Fish Hatchery (1975)" (August 1976) 

VII.l. Provide an estimate of the rearing cost per 
fingerling for the 270,961 fingerlings mentioned 
on page 27. Provide a second estimate of-this 
rearing cost, including labor (i.e., the 441 Man
Days mentioned on page 28) . In each case provide 
a step-by-step explanation of the derivation.  

Response: a) In Table X-of Baker's report (Attachment 1), 
materials and services costs (excluding labor) 
for Phase I and Phase II culture combined 
total $9,110.47.  

Under this amount, Baker calculated the "Cost 
per Fish (Phase I and Phase II): O019 per 
Fish". It appears that this price excludes 
labor costs. Baker probably calculated this 
cost as follows (see Table IX, Attachment 1).  

Total Phase I fingerlings disposed 517,727.fish 
Phase I fingerlings restocked for Phase 11-331,243 fish 
Phase I fingerlings distributed 186,484 fish 

Total Phase II fingerlings distributed 
and restocked 270,961 fish 

Phase I fingerling distributed (from + 186,484 fish 
above) 457,445 fish 
Total fingerlings distributed (Phase 
I and Phase II) 

$9,1l0.47- 457,445 fish = $0.0199 per fish 

*(Note: Baker probably rounded off $0.0199 to 0.019, and 
erroneously added q. after the value instead of s before it, 

b) Baker stated in Table X, "Total Man-Days used in 
Phase I and Phase II = 441 Man-Days (eight-hour 
*days)." No pay rates of employees were provided.  

However, in the "Statistical Appendix, Annual 
Report, Fiscal Year 1,975, Division of Fish Hatcheries, 
USD1, F&WS," Table 5 lists Pondfish Production 
and Cost Data - fiscal year 1975 for Edenton and 
other federal hatcheries (see attachment 2).  
Table 1 lists Pounds of Fish Produced - Species 
(fiscal year 1974-75) . From these tables, it is 
stated that at the Edenton Hatchery in fiscal year 
1975:
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a total of 8,295 lb fish were produced 
(Table 1) 

3,153 lb fish were produced per Man-Year 
(Table 5) 

Labor cost for this production was $39,606 

(Table 5) 

Assuming that the man-years of effort in the production 

of fish in 1975 can be calculated as follows: 

8,295 lbs T3,153 lb/man-year = 2.63 man-years 

and that the cost per man-day can be calculated as follows: 

*$39,6067 2.63 man-years =$15,059/man-year 

or $57.92/man-day (1 man-year =260 man-days) 

then the labor costs for Phase I and Phase II rearing 

might be estimated as follows: 

(441 man-days $57.92/man-day) = $25,542.72 

c) Total production cost for Phase I and Phase II rearing 

might then be assumed to be approximately: 

Materials/Services $ 9,110.47 
Labor 25,542.72 

$34,653.19 

d) Cost per fish, based on 457,445 Phase I and Phase II 

fingerlings produced appears therefore to be approximately: 

$34,653.19- 457,445 fish =$0.08 per fish 

e) Cost per fish for the 270,961 Phase II fingerling 

mentioned in the NRC question can not be precisely 

estimated. Baker did not mention how many Man-Days 

dpplied to each phase, and the only materials thati 

definitely can be divided between phases are fish food, 

peanut hay, some chemicals, saran filter tubes and 

brine shrimp eggs.  

An estimate of the range of costs can be developed, 

however.
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Estimate of lower range of Costs might be: 

Include the surplus Phase I fingerlings 

as above (d): 

$34,653.19~- 457,445 fish $0.08 per fish 

Note: Phase I fingerlings are less costly to 

produce than Phase II fingerlings. Accordingly, 

this cost per fish can be assumed to be more 

.than the, actual cost for Phase I fingerlings 

and less than the actual cost for Phase II 

fingerlings.  

Estimate Of upper range of costs might be

Exclude the surplus Phase I fingerlings from 

the estimate above (d): 

$34,653.19 270,961 fish $0.13 per fish 

In this case, Phase II fingerlings are considered 

the only final product.  

The above is largely theoretical yet provides 

an estimate of from $0.08 to $0.13 per fish 

as the cost to an experienced hatchery producing 

Phase II fingerlings of 5 inch mean total length.  

Note: It is doubtful that capitol costs, the 

amortization of the hatchery facilities and 

equipment have been considered in any of these 

costs.
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Table X 

REARING COSTS AND MAN-DAYS

1-0 rials/services 

ectricity 
(purping,feeders, holding 
house, etc.) 

Fish Food (Phase I & II) 

Peanut Hay -(Phase I) 

Superphosphate (I & II) 

Chemicals, (I & ii) 

Copper Sulfate 

Pota S's lum permianga nate 

Malachite Green 

* Forinalin 

* Salt (NaCi) 

Misc el1laneou s 

Saran Filter Tubes'(l0 ft.) 

Brine Shrimp Eggs

Units 

kilowatts 

pounds 

pounds 

pounds 

pounds 

pounds.  

pounds 

ga lions 

pou nd.s 

each 

can #10

Quantity 

53,440 

.18,748 

17,820 

1 ,980 

146 

350 

10 

25 

9,225 

23 

2

Amount 

$2,051.28 

5,339.20 

409.86 

119.60

70.81 

269.50 

65.00 

72.00 

268.50 

50.00 

346.15 

48.57 

'OTAL $9,110.47

Cost per Fish (Phase I & Phase 11) 0. 01O9 Sper Fish47 

Cost -per Pound of Fish (Phase 'I.& Phase II) -0.589(C per- pound-------..  

___-Total Man.-Days used in Phase I and Phase 1 441 MnDy egthu as 

..y an-Dys (ighthourdays



Table IX 

DISPOSITION OF HUDSON RIVER STRIPED BASS FINGERLINGS

Harvest inventory: 

Mortality in holding house: 

Weight gain in holding house: 

Total fingerlings avai lable: 

Disposition of Phase I fingerlings 

Restocked for Phase II: 

Distributed: 

Con Edison, N.Y.  

Fish & Game, Va., 

Na tal Parke, So. Africa 

Oak Ridge, Tenn.  

Total Phase I fingerlings disposed: 

Phase II 

Harvest inventory: 

Mortality in holding house:

Number 

533,243 fish 

15, 516 

517,727 fish 

331, 243 fish 

20,863 

164,971 

150 

500 

517,727 fish

271,640 fish 

679

we ight 

1,867 pounds 

667 

2,534 pounds 

1,468 pounds 

274 

789 

1 

2,534 pounds

14,059 pounds

Weight gain in holding house: 350 

Total' phase II fingerlings available:--270,961 fish 14,409 pounds 

Disposition of Phase II fingerlings 

Distributed;
Con Edison, N.Y. 1934* 

Game & Fish Comm., Ky. 91,363 

Restocked for future brooldstock: 250 

.Total Phase II distributed & restockad 270,961 fish

6,635 

35 

14,409 pound s

* Total distributed to Con Ed ison, N.Y. (Phase T & II) - 200,211 fis!
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UNtTMD STATES 
DEPART V,-T OF THE MTRIOR 

U.S. Fish & WIldlire Service 

Pounds of Fish Produced -Species (FY 1974-75)
Part B 
Table 1.

Station 

REGION 1 

Abernathy 
Carson 
Coleman 
No rshm 
Eagle Creek 
Entiat 
Haae rman 
Kooskia 
L5405 tan 
Lesve,4orth 
Little White Sal 
Quilcene 
quineult 
Spring Creek 
Teher-Colusa 
Willard 
Winthrop 

Sub total 

REGION 2 

Alchesal' - Wos.  
Dexter 
Fort Worth 
Ir.Ion Daon 
?M-scalero 
San M~arcos 
Tishoeningo 
Uv'alde 
Wills, Beach 

Subtotal 

REGIO-1 3 

Genoa 
Hebron 
Hiawatha Forest 
Jordan River 
Lake Mills 
14ev London 
Pendills Creek 
Senecaville 

Subtot al 

REGION 4.  

Carbon Hill 
ChattahoocheeFr 
Chera.  
Cohuita 
Corning 
Dale Hollo.  
ideotcn 

rrEr3n .- 
FrankifortI 
Greers Fe rry 

NeociSpring 
MicKinney take 
kierid ian 
A4Illen 
4atchitoche 3 
Norfork 
Oran~eburg 
Pisgah Forest 
Tuotelo 
WaihLla' 
Warm Springs 
Welsisa 

Sub total

r 1 1 -

bar-e I
rOCOA- Spce N,0-0 ,Vf7, al M4,C-Y *

6,837 
104,453 
21,L6 

53,817 
199,178 

72,987 
99 

39,291

*6,573 
142,726 
92,8).6 

37, 378 
165,2-7 

72,101 
190 

36,96 

71 L-'

31,,-)7.  

2.' .551 
173,07 
125,3579 

10, 5c 5 

722, aY9 
153 '95" 

1,902

29,811 
95.163 

291,50,6 
155, 153 
12,5.155 

45,238 

98 ,975 
153,011 

313,266 
5,642 

115,236

31,207 
105,759 
351,03L 
ifs5, 073 
125, 379 
5 3, &1 7 

19,5'55 
72,967 
72, 11r4 
1531,c 1 
121,-,(: 
142, 53L 
225,69C, 

1,871 
128, 1-2

333,993, 
364, *142 
1 55,053 

155,227 
45,236 
72, 101 
99,1( 5 

153,011 
1-1,34
163,519 
3' 3,2 " 
5,612 

118.2 ,

Avera.e Iroductl n

2,7(9 
19,954.  
18,178S 
23,212 I 
15, 751 
10,611 
25,90?3 
4, -, 

10,670 
11, 316 
17,e39 
22, 5z3 
27,C85 
21,L112 

107 
21,112

-- -- 5004,157 645,42 i,00X2,.5-k,015,(-- ,9,).2 u,12 1, 15, 9 

r. - - 161,700 I155,328 - 161,700 155,329 15,775 14,368 
3,000 3,901 - - - 8,0,0 3,001 1,115 926 
16,592 -- -- * -J 16,502 -- 3,950 
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part B 
Table 5.

FE:ION 
p excter 
rrks Damn 
TishomingIo 
Ujvalde 

Subtotal 

REGION 31 
,;no a 
Hebron 
Lake Mills 
Ne London 
Senecaville 

Subtotal 

R::Gior 4 
Carbon Hill 
Che raw 
Cohutta 
Corning 
Edenton
Frankf~0ort 
Mazznoth Springs 
McKinney Lake 
Merid ian 
Millen 
Natchitoches 
C-angeburg 
Thpelo.  
Warm Springs 
Welaka 

Subtotal 

REGION 5 
Bowden 
Harrison Lake 
Lamar 
Lee town 
North Attleboro 
White Sulph.ur Springs 

Subtotal 

RE-Gic" 6 
Cedar Sluff 
Garrison Damn 
Gavins Point 
Miles City 
Neosho 
Valley City(Incl.  

Subtotal 

TOTrAL

UNITD STATES 
DEPARTHErrr OF THEF ITERIOR 

U.S. Fish a" Wildlife Service 

Pondfish Production and Cost Data - FY 1975

Avg. Production 
- r acre

Nlo. 1000's) Lho.

?Yroauct'.on per 
Production Masn-Year

Lbs.
I_______ Production Costs

Total Labor I Per 000 Pe7r Lb

52.4 278 271,851 1.444 $ 53,386 .$ 41,964 $ 72.73 $ 13.618.  
28.6 1,423 329,496 I 16,383 35,967 34,29F ;1.09 1.22 
54.6 430 950,304 7 ,487 59,619 43,351 19,12 2.42 
12.4 35 235 '2 6.73,4 70,898 LO 875 87,96 3.07 
33.1 577 475,553 7, ' /7 $239,700 $16io46 $ 43.o4 $--2.47 

19.9 95 409,166 2,396 28,876 $ 17,435 $ 48.20 $ 10.04 
80.3 94 1,718,777 2,028 36,538 29,552 9.23 7.866 
6.3 11 471,2096 825 14,929 13,334 29.33 16.37 
8.1 20 935,i64 I2,403 23,c>66 13,9---0 27.10 10.54 

86.6 344 1L28 [4 ic 41,773 27 142 1.84.8L
2.6

9 .... 4 -~ 9

4., .05

343,965 
1, 722, 1 L2 

1,333.33 
174 C04 

520, oco 
959. 340 

1,143,076 
1, 000, 711.  
2, 54, 437 

818?,0951 
1, 2 46,8 4 2 

952,50

2,226 
5,076 
3,445 

1, 502 
2,254 
1,325 
3,9000 
5,884 
1, 559 
4,487 
1, 512

$22,781 
27,928 
39,638

;, 46 7 
36,409 
37,095 
31,277 
49,177 
36,619 
69,739 
35,876 
25,177

S~ll 423 

$ 16, 003 
22,299 
31.,652

$ . 01 

$ 57.09 
11.58 
21.05 
14.01 
I1P7 ;7

3.92 
6.05 
4.2o 
7 r;

4 'r~rw~ 4 + 4.

30, 5 5 
30,209 
28,077 
42,238 
26,29,
59,091 
28,346 
22,370 
LO. 234

44.23 
21.24 
14.03 
17.48 
8.48 

19.71 
15.14 
16.52

14.47 
0.03 

12. 10 
4.48 
3.68 

1C.35 
4. 20 

10.40

629 193 i,G0,[432 3,357 ,bo4,232 $479,312 $01 to. 41 C.9 

1.5 14 50,000 466 $ 937 $ 767 $312.33 $ 33.46 
95.6 446 1,177,005. 5,489 30,450 24,733 13.83 2.96 
54.0 459 ---- 331 116.12 .72 

-- -- -- -- 4,065 3,861 -- -

6.7 119 740,000 13,180 2,609 1,750 35.25 -.97 
3.0 10 ______2,0__ 0 184 184 jl_; 

5>9.9 310 9:,.7 5,101 $ 36,57b $ 31,4i4 $1.9 $31 

74.5 248 563,573 1,877 $ 66,117 $ 41,1-17 $ 40.31 $ 12.10 
50.2 40 1,6-E4,931 1,360 29,249 18,370 11.81 14.72 

75. 13-,7,63 2,720 44,458 27,236 15.42 8.93 
10.1 25 70,62-9 .174 27,L29 la,950 271.57 109.71 
82.5 62 4o2,439 304 6s527 5,843 39.55 52.21 

-- 60)ICS 809 1 o8o4,,,3-Q 12.17 .2 
1.4 .94 572,90o 1,306 0 4U ) loc5 4 3.3.T7 b~ 

47.0 20. 85., 3,787 _" C-'2,505 z i~ 4 L2.34 51

$145,167



vii 2. Provide an estimate of the total cost to Con 
Edison of the 179,348 fingerlings distributed 
to Con Edison from the Edenton National Fish 
Hatchery. Include in this estimate not only 
the rearing costs (including labor) requested 
in the preceding question, but also include all 
other costs incurred, starting with the collection 
of female and male adults in the Hudson River by 
Texas Instruments-to the restocking of fingerlings 
of Texas Instruments in the Hudson River. Provide 
a step-by-step explanation of the derivation of 
this estimate.  

*Response: The cost to Con Edison of the 1975 striped bass 
hatchery rearing and stocking program is estimated 
to be $136,839.00 Table 1, attached provides a 
listing of costs to Con Edison related to producing 
striped bass larvae and shipping, marking and 
stocking fingerlings.  

-It is important to note that costs incurred by 
the.Edenton National Fish Hatchery were not charged 
to Con Edison.  

It should be recognized that the Con Edison striped 
bass hatchery rearing and stocking program represents 
an experimental study. Accordingly, cost estimates 
of a hatchery rearing and stocking program as a 
mitigation measure may be substantially different 
per unit of production from the costs per unit of 
production which might be calculated (erroneously) 
from the data provided herein.



Table 1 

Costs Related to Producing",Striped Bass Larvae 
and Shipping, Marking and Stocking Fingerlings, 

1975 TI Hatchery Program 

1. Reimbursable Materials 

a) Production of Larvae 

Haul seine, gill nets, netting $1,571 
Brood fish purchase (from commercial fisherman) 250 
Chorionic. gonadotropin and misc. lab supplies 300 

$2,2 
Overhead @ 10% 212 
Subtotal $ ,333 

b) Shipping Fingerlings from Edenton, N.C. to 
Verplanck, N.Y.  

Trucking (7 trips) $14,000 
Travel expenses, oxygen 780 
*Misc. 200 

$1 4,980 
Overhead @ 10% 1,498 
Subtotal $16,478 

c) Marking Fingerlings 

Micro-magnetic nose-tagging equipment 
(4 mo. rental + shipping) $3,054 
Nose tags (200,000) 3,000 
Replacement parts 1,139 
Salt 1,019 

Antiiotc ad mic. uppies500 
Antbioic ndmis. spples$ 8,712 

Overhead @ 10% 871 
Subtotal $ 9,583 

d) Stocking Fingerlings in Hudson River 

Diesel fuel for Con Edison's Monarch 
"Torque-Wagon" $ 200 
Misc. supplies -50 

$ 250 
Overhead @ 10% 25 
Subtotal $ 275 

e) General Program, Facilities Modification and 
Expansion 

Office/lab trailer (9 mo. rental) $ 2,250 
Van rental (9 mo.) 3,150 
12 ft. diameter steel tanks (15) 5,870 
(fiscal year 1974) 
Hardware, plumbing, pump repair, shelters, paint 4,220 
Fuel, misc. 3,000' 

$18,490 
Overhead @ 10% 1,849 
Subtotal $20,339



Table 1 cont'd.,

2.Labor 

Month Man-Days Cost($) 

March 117 $ 4,845 
April 144 5,845 
May 416 14,127 
September 240 9,248 
October 273 10,391 
November 103 4,516 

$48,972 
Overhead @ 69% 33,791 
Subtotal $82,763 

3. Con sultant for Induced Spawning of Striped Bass 

Consultant's fee @ $250/day plus expenses $ 4,137 
Overhead @22.5% 931 

$ 5,068

TOTAL ............ $3683$1369-839



VIII.  

VIII. 1

Response:

Additional questions and requests for information 

Provide a three-dimensional drawing or a two-dimensional 

contour map with no larger than 5-ft contours of the 

near-field bottom morphometry of the Hudson River 

at Indian Point andRoseton. Consider a semicircular 

area with a radius of 1000 ft, centered at the Roseton 

intake structure and the Indian Point Unit 1 intake 

structure.

A) Indian Point 
Attachment A is a Hydrographic chart of the 

5 f'oot depth contours in the vicinity of the 

Indian Point Generating Station.  

B) Roseton 
Attachment B (Figure 3.1-4, in Roseton Generating_ 

Station. Nearfield Effects of once-Through Cooling 

System Operation On Hudson River Biota. July 1977.) 

is a map of the bottom contours in the vicinity 

of the Roseton Generating Station.



Attachment A

Hydrographic Chart of the Hudson River 
in the Vicinity of the Indian Point Generating Station
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Attachment B 

Bottom Contours Near the Intake and 
Discharge-Roseton Generating Station
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V!I1. 2 

Response:

Explain why the "adjusted" estimates of contribution 
to the.Atlantith striped bass fishery on page 4-61 
of the Environmental Report (March 1977) do not 
sum to 100%.  

The adjusted estimate for the contribution of the 
Chesapeake to the NRC Outer Zone, Table 4-15, page 
4-61 of the Environmental Report, was typed in
correctly. The correct value is 96% rather than 
94%. (See Table 7.10-6, page 7.218, FRR. The 
mean for the Chesapeake Adjusted Contribution is 
96.4%).



IX. Questions for Central Hudson 

Ix 1. Provide monthly estimates of imgingement rate 

(number of fish impinged per 10 cubic meters of 
wtrwithdrawn) as follows: 

a. for each of the following six species: white 

perch, striped bass, tomcod, blueback herring, 
alewife, and bay anchovy; 

b.. for each unit at Roseton and each unit at 
Danskammer; 

c. for each month during 1972, 1973, 1974, 1975, 

and 1976, for which the necessary data are 

available.  

In addition to each impingement rate (which is to 

be given to two decimal places), provide the value 

for the numerator (i.e.,number of fish of that 

species actually collected during the sampling 

periods during that month) and the value of the 
denominator (i.e., power-plant intake flow during 

the sampling periods during the given month).  

Response: Enclosed are impingement data for the Roseton 

Generating Station for the period 1973-1976, and 

for the Danskammer Generating Station for the 

period 1972-1976. These data are for the species 
white perch, striped bass, tomcod, blueback 

herring, alewife and bay anchovy.  

Impingement estimates are not calculated for 

individual Units at Roseton and Danskarnmer. Monthly 

rates are calculated by averaging weekly values 

for each month.
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IX 2.

Response:

Provide an estimate (and associated variance 
and 95% confidence interval) of impingement 
collection efficiency. Provide a thorough 
discussion of data used and assumptions made.  

Central Hudson has only recently initiated 
impingement collection efficiency tests at the 
Roseton Generating Station. Results of these 
tests are not yet available.  

No impingement collection efficiency tests have 
been made or are planned for the Danskammer 
Generating Station.



Questions for Oranqe and Rockland

X.l Provide monthly estimates of impingement rate 
(number of fish impinged per 106 cubic meters of, 
water withdrawn) as follows: 

a. for each of the following six species: 
white perch, striped bass, tomcod, blueback 
herring, alewife, and bay anchovy; 

b. for each unit at Bowline and each unit at 
Lovett; 

c. for each month during 1972, 1973, 1974, 1975, 
and 1976 for which the necessary data are 
available.  

In addition to each impingement rate (which is to 
be given to two decimal places., provide the value 
for the numerator (i.e., number of fish of that 
species actually collected during the sampling 
periods during the given month) and the value of 
the denominator (i.e., power-plant intake flow 
during the sampling periods during the given month).  

Response: Enclosed are monthly impingement rate data for the 
Bowline and the Lovett Generating stations for the 
period November 1972 through December 1976.



KEY 

#/MG x 263.99 = #/MCM 
MG x 0.003788 = MCM 

MG - Million Gallons 

MCM = Million Cubic Meters 

MO = Month 
Est. of-Tmpinge. = Best Estimate of Impingement 

SB = Striped Bass 
WP Whftite Perch 

ATC Atlantic Tomcod 
ASD = American Shad 

AW = Alewife 
BBH = Blueback Herring 

BA = Bay Anchovy
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BOWLINE IMPINGE2 ENT: 1976 
ESTIATED IMPINGFIIENT RATES

EST. OF 
SPECIES #/MG MG/MO. INPINGE.

January, 

February 

March

SB 
WP 
ATO 
ASD 
Ali 
BBH 
BA 

SB 
WP 
ATO 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AWd 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA

0.050 
0.233 
0.005 

0.073 
0.001 

0.1147 
0.359 

0.105 

0.210 
0.988 
0.00 
0.001 
0.009 

0.413 
2.6014 
0.001 

0.032 
0.134 
0.029 

0.002 
0.087 
0.012 

0.010 

0.006 

0.035 
0.112 
0.001 
0.008 
0.007 
0.003

12601.3 
12601.3 
12601.3 
12601. 3 
12601.3 
12601.3 
12601.3 

10600.2 
10600.2 
10600.2 
10600.2 
10600.2 
106'00. 2 
10600.2 

140714.6 
1)40714.6 
1407)4.6 
14074 .6 
140714.6 
140714.6 
140714.6 

21939.9 
21939.9 
21939.9 
21939.9 
21939.9 
21939.9 
21939.9 

229145.0 
229145.0 
229145.0 
229145.0 
229145.0 
229145.0 
229145.0 

23201.3 
23201.3 
23201.3 
23201.3 
23201.3 
23201.3 
23201.3

630 
2,936 

63 
0 

920 
13 

0 

1,558 
3,805 

85 
0 

1,113 
0 
0 

2,956 
13,906 

814 
114 

127 
0 
0 

9,061
57,131 

22 
.0 

702 
2,9140 

636 

146 
1,996 

275 
0 

92 
229 
138 

23 
812 

2,599 
23 

186 
162 

70

April 

May 

June
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EST. OF 
SPECIES #/MG MG/MO. IMPINGE.

July 

August 

September 

October 

November 

Dec ember

SB 
VP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
Wr 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW4 
BBH 
BA

0.003 
0.011 
0.009 
0.009 
0.015 
0.002 
0.015 

0.011 
0.1431 
0.026 
0.033 
0.066 
0.024 
0.091 

0.003 
0.058 
0.005 
0.002 
0.009 
0.024 

0.008 

o.ooh 
0.001 

0.001 

0.001 

6.0477 
2.11 

0.001 

0.003

28011.7 
28011.7 
28011.7 
28011.7 
28011.7 
28011.7 
28011.7 

25238.0 
25238.0 
25238.0 
25238.0 
25238.0 
25238.0 
25238.0 

26063.6 
26063.6 
26063.6 
26063.6 
26063.6 
26063.6 
26063.6 

12139.9 
12139.9 
12139.9 
12139.9 
12139.9 
12139.9 
12139.9 

14265.0 
14265.0 
14265.0 

14265.0 
14265 .0 
14265.0 
14265.0 

23061.8 
23061.8 
23061. 8 
23061.8 
23061.8 
23061.8 
23061.8

*Note: Less than 0.001 fish/million gallons

84 
308 
252 
252 
420 
56 

420 

278 
10,878 

656 
833 

1,666 
606 

2,297 

7-8 
1,512 

130 
52 

235 
626 
209 

0 
149 
12 
0 
0 

97 
12 

670 
32,966 

14.  
0 

143 
685 
0 

10,286 
149,371 

369 
0 

46 
146 
0
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BOWLINE IMPING:P4ENT: 1975 
ESTIMHATE'D I1.'2INGE'4ET PATES

EST. OF 

SPECIES #/MG MG/MO. IM4PINGE.

January 

February 

March

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
14P 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WIP 
ATC 
ASD 
AW 
BER 
BA

0.989 
7.187 
0.142 
0.004 
0.008 
0.016 

0.247 
0.368 
0.076 
0.001 
0.008 
0.026 

.o.6o4 
1.147 
0.026 

0.010 
0.001 

1.436 
5.113 
0.005 
0.007 
a-.050 
0.358 

0.010 
o.658 
0.009 

0.1 

0.012 
0.01 

0.001 

0.057 
0.452 
0.001 
0.021 
0.010 
0.018

24541.8 
24541.8 
24541.8 
245)41.8 
24541.8 
245141.8 
24541.8 

19984.4 
19984.4 
19984.4 
19984.4 
19984.4 
19984.4 
19984.)4 

21491.7 
21491.7 
21491.7 
21491.7 
21491,.7 
21491.7 
21491.7 

22200.0 
22200.0 
22200.0 
22200.0 
22200.0 
22200.0 
22200.0 

14420.0 
14420.0 
14420.0 
14420.0 
14420.0 
14420.0 
14420.0 

21535.5 
21535.5 
21535.5 
21535.5 
21535.5 
21535.5 
21535.5

2)4,272 
176,382' 

3,485 
98 

196 
393 
0 

4,936 
7,354 
1,519 

20 
16o 
520 
0 

12,981 
24,651 

559 
0 

172 
215 

21 

31,879 
113,509 

ill 
155 

1,110 
7,948 

0 

144 
9,488 

130 
0 

173 
187 
14 

22 
1,228 
9,734 

22 
452 
215 
388

April 

May 

June



SPECIES #/MG

July 

August 

September 

October 

November 

December

l~5I. Uf

IMPINGE.

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
W4P 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WF 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
le 
ATC 
ASD 
AW 
BBH 
BA

omo6 
0.073 
0.020 
0.030 
o.184 
0.026 

0.001 
0.16 
0.002 
0.001 
0.007 
0.001 
omo6 

0.001 
0.007 
0.001 
0.001 
o.oo6 
0.002 

0.009 
0.001 
0.001 
omo4 
0.023 
0.001 

0.077 

0.875 

0.327 
2.356 
0.002 

0.0148 
0.132 
0.002

214783.9 
24783.9 
214783.9 
214783.9 
214783.9 
214783.9 
214783.9 

27893.2 
27893.2 
27893.2 
27893.2 
27893.2 
27893.2 
27893.2 

27153.0 
27153.0 
27153.0 
27153.0 
27153.0 
27153.0 
27153.0 

147141.14 
147141.14 
147141.14 
1147141.14 
147141.14 
147141.14 
147141.14 

13651.2 
13651.2 
13651.2 
13651.2 
13651.2 
13651.2 
13651.2 

233014.6 
233014.6 
233014.6 
233014.6 
233014.6 
233014.6 
233014.6

*Note: Less than 0.001 fish/m~illion gallons

2 of 2

1)49 
1,809 

496 
7414 

4,560 
61414 

2,875 

28 
446 
56 
28 

195 
28 

167 

27 
190 
27 

28 
163 
514 

109

0 
133 
15 
27 
59 

339 
15

MG/MO.

1,051 
0 

55 
109 

11,9145 
0 

7,621 
54,906 

47 
0 

1,119 
3,076 

47

MG/MO -
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BOWLINE IMPINGE2MENT: 1974 
ESTIMATED IMPINGE14E11T RATES

EST. OF 
SPECIES #/MG MG/t4O. IMPINGE.

January 

February 

March

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WIP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WIP 
ATO 
ASD 
AW 
BBH 
BA 

SB 
WIP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WIP 
ATC 
ASD 
AW 
BBH 
BA

0.495 
4.137 
m14i 

0.020 
0.131 

m~46 
0.001 

0.982 
4.618 
0.022 

0.718 
3.668 
0.012 

0.007 
0.038 

2.090 
3.492 
0.003 

0.009 
0.67 

0.075 
0.346 
0.001 

0.007 

0.002 

0.003 
0.070 
0.312 

0.009 
0m48

14122.6 
14122.6 
14122.6 
14122.6 
14122.6 
14122.6 
14122.6 

10179. 4 
10179.4 
10179.4 
10179.4 
10179.4 
10179.4 
10179.4 

14092.0 
14092 .0 
14092.0 
14092.0 
14092.0 
14092.0 
14092.0 

16296.5 
16296.5 
16296.5 
16296.5 
16296.5 
16296.5 
16296.5 

8384.0 
8384.-0 
8384.0 
8384.0 
8384.0 
8384.0 
8384.0 

20328.1 
20328.1 
20328.1 
20328.1 
20328.1 
20328.1 
20328.1

6,991 
58,425 

198 
282 

1,850 
650 

14 

9,996 
47,008 

224 
0 

41 
0 
0 

51,689 
169 

0 
99 

535 
0 

34,060 
56,907 

49 
0 

14 7 
1,092 

0 

629 
2,901 

8 
0 

59 
335 

17 

61 
1,423 
6,342 

0 
366 
183 
976

April 

May 

June
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EST. OF 

SPECIES #/MG MG/MO. T2LPIGE..

July 

August 

September 

October 

November

December

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
Wr 
ATC 
ASD 
AW 
BBH 
BA

SB 

ATC 
ASD 
AW 
BBH 
BA

0.08 
0.020 
0.233 
0.007 
0.018 
0.003 
0.0)42 

0.006 
0.013 
0.010 
0.004 
0.032 
0.004 
0.037 

0.010 
0.017 
0.006 
0.003 
0.067 
omo4 
0.033 

o. o8)4 
0.111 
0.003 
0.085 
0.185 
0.927 
0.025 

0:085 
1.882 
0.005 
0.0)49 
0. 395 
o.)452 
0.003 

0.530 
3.199 
0.60 
0.001 
0.035 
0.019 
0.005

2667)4.1 
2667)4.1 
2667)4.1 
2667)4.1 
2667)4.1 
2667)4.1 
2667)4.1 

28639.0 
28639.0 
28639.0 
28639.0 
28639.0 
28639.0 
28639.0, 

311)42.6 
311)42.6 
311)42. 6 
311)42. 6 
311)42. 6 
311)42. 6 
311)42.6 

33308.5 
33308.5 
33308.5 
33308.5 
33308.5 
33308.5 
33308.5 

23039.)4 
23039.)4 
23039.)4 
23039.)4 
230 39.)4 
23039.)4 
23039.)4 

28163.)4 
28163.4 
28163.)4 
28163.)4 
28163.4 
28163.)4 
28163.)4

*Note: Less than 0.001 fish/million gallons

213 
533 

6,215 
187 
48o 
80 

1,120 

172 
372 
286 
115 
916 
115 

1,060 

311 
529 
187 
93 

2,087 
125 

1,028 

2 , 798 
3,697 

100 
2,831 
6,162 

30,877 
833 

1,958 
43 ,36o 

115 
1,129 
9,101 

1o,41)4 
69 

1)4,927 
90,095 
1,690 

28 
986 
535 
1)41
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BOW,,LINE IMPINGEINIENT: 1973 
ESTIMATED IPINGE-IT PATES

EST. OF 
SPECIES #t/MG MG/MO. IMKPINGE.

January 

February 

March 

April 

May 

June

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
W-P 
ATC 
ASD 
AW 
BBH 
BA 

SB 
VIp 
ATC 
ASD 
AW 
BBH 
BA 

SB 
VT? 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 

-AW 
BBH 
BA 

SB 
VIP 
ATC 
ASD 
AVI 
BBH 
BA

0.094 
1.121 
0.562 

0.002 

0.174 
1.3)4o 
0.151 

0.002 

0.073 
1.09 3 
0.005 

0.170 
1.751 
0.023 

0.032 
0.893 
0.027 
0.001 

0.005 

0.074 
o.oih 

0.002

1518 3. 4 
15183-4 
1518 3.)4 
1518 3.)4 
1518 3.)4 
15183.4 
15183.)4 

12077.)4 
12077.)4 
12077.)4 
12077.)4 
12077.)4 
12077.)4 
12077.)4 

4095.)4 
4095.)4 
4095.)4 
)4o95.)4 
)4o95.)4 
)4o95.)4 
4095.)4 

13651.2 
13651.2 
13651.2 
13651.2 
13651.2 
13651.2 
13651.2 

165o)4.6 
165o)4.6 
165o)4.6 
165o)4.6 
165o)4.6 
1650)4.6 
1650)4.6 

10927.9 
10927.9 
10927.9 
10927.9 
10927.9 
10927.9 
10927.9

0 
809 
153 

0 
66 
22 
0

17,021 
8,533 

0 
30 
0 
0 

2,] 01 
16,84 
1,824 

0 
2)4 
0 
0 

299 
)4,)476 

20 

0 
0 
0 
0 

2,321 
23,903 

31)4 
0 
0 
0 
0 

528 
1)4,739 

16 
66 
66 
83
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EST. OF 
SPECIES # /MG MG/MO1. IMPINGE.

July 

August 

September

October 

November 

December

SB 
WP 
ATC 
ASD 
AW4 
BBH 
BA 

SB 
Wp 
ATC 
ASD 
AW 
BBII 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA

0.028 
0.052 
0.027 
0.007 
0.715 
0.012 
0.051 

0.015 
0.172 
0.058 
0.003 
0.356 
0.059 
o.188 

0.001 

0.028 

0.001 

0.025 

0.022 

0.005 

0.024 
b-.037 
0.011 

m.18 
0.036 
0.001 
0.008 
o.169 
1.044 

o4 

0.090 
1.412 
0.001 
0.002 
0.132 
0.193 
0.001

13304.7 
13304.7 
13304.7 
13304.7 
13304.7 
13304.7 
13304.7 

15837. 3 
15837.3 
15837.3 
15837.3 
15837.3 
15837.3 
15837.3 

15858.5 
15858.5 
15858.5 
15858.5 
15858.5 
15858.5 
15858.5 

17141.8 
17141.8 
17141.8 
17141.8 
17141.8 
17141.8 
17141.8 

13900.3 
13900.3 
13900.3 
13900.3 
13900.3 
13900.3 
13900.3 

12790.1 
12790.1 
12790.1 
12790.1 
12790.1 
12790.1 
12790.1

*Note: Less than 0.001 fish per million gallons

373 
692 
359 
93 

9,513 
16o 
679 

238 
2,724 

919 
48 

5,638 
934 

2,977 

63 
285 

0 
412 
0 

349 

86 
326 
0 
51 

411 
634 
189 

250 
500 
14 

2,349 
14,512 

1,151 
18,0o60 

13 
26 

1,688 
2,468 

13



BOWTLINE IMPINGEMENT: 1972 

ESTIMATED IMPINGEMENT RATES

EST. OF 
IMPINGE24ENT 

1,688 

59,839 

8,676 

270 

135

*NOTE: Less than 0.001 fish/million gallons

December

SPECIES 

.SB 

WP 

ATC 

ASD 

AW 

BBH 

BA

#/MG 

0.100 

3.545 

0. 514 

m1 

0.008

MG/HO1 

16,879.9 

16,879.9 

16,879.9 

16,879.9 

16,879.9 

16,879.9 

16,879.9



#/MG x 263.99 = 11/1CM 
MG x 0.003788 = 14CM 

MG =Million Gallons 
14CM = Million Cubic Meters 
MO = Month 
Est. of Impinge. =Best Estimate of Impingement 
SB = Striped Bass 
WP W hite Perch 

ATC = Atlantic Tomcod 
ASD = American Shad 
AW = Alewife 
BBH = Blueback Herring 
BA = Bay Anchovy



1 of 2

LOVETT fl4PINGEI,;DT: 1976 
ESTIM4ATED fl4FINGEMDIT RATES

EST. OF 

SPECIES #/MG. MG/MO. IMLPINGE.

January 

February 

March

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 
WTP 
ATC 
ASD 
Ali 
BBH 
BA 

SB 
WP 
ATC 
ASID 
AW 
BBH 
BA 

SB 
WTP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA

0.036 
1.-373 
o.o4o 
0.001 
o.008 

0.026 
o. i6o 
0.042 

0.056 
0.-356 
0.015 

0.002 
o.ooh 

0.013 
0.706 

o.olh 
o.oo4 
0.005 

0.003 
0.031 

o.oo6 
0.003 

0.001 
0.101 
0.004 

0.005 
0.010

8649.9, 
8649.9 
8649.9 
8649.9 
8649.9 
8649.9 
8649.9 

7905.8 
7905.8 
7905.8 
7905.8 
7905.8 
7905.8 
7905.8 

7561.7 
7561.7 
7561.7 
7561.7 
7561.7 
7561.7 
7561.7 

6749.7 
6749.7 
6749.7 
6749.7 
6749.7 
6749.7 
6749.7 

2890.1 
2890.1 
2890.1 
2890.1 
2890.1 
2890.1 
2890.1 

6041.9 
6041.9 
6041.9g 
6041.9 
6041.9 
6041.9 
6041.9

311 
11,876 

346 
9 
69 
0 
0 

206
1,265 

332 
0 
0 
0 
0 

423 
2,692 

113 
0 

15 
30 
0 

88 
4,765 

0 
0 
94 
27 
34 

9 
90 

0 
0 

17 
9 
0 

6 
61o 
24 

0 
30 
6o 

0

April 

May 

June
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EST. OF 
SPECIES #/MG. MG/MO. IMPING-E.

July 

August 

September 

October

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
A3DI 
AW 
BBH 
BA

0.003 
0.039 
0.001 
0.001 
0.06 
0.003 
0.010 

0.067 

0.001 
0.019 
0.012 
0.025 

0.003 

0.00 
0.010 

0.020 
0.0147 

0.007 

0.013

November SB 0.0142 
WP 2.158 
ATC 0.002 
ASD 
AW 0.002 
BBH 0.005 
BA* 

December SB 0.024 
WP 2.025 
ATC 0.057 

.ASD* 
AW m~o14 
BBH 0.001 
BA* 

*Note: <0.001 fish/million gallons

5660.0 
5660.0 
5660.0 
5660.0 
5660.0 
566(3.o 
5660.0 

8268.7 
8268.7 
8268.7 
8268.7 
8268.7 
8268.7 
8268 .7 

6124.8 
61214.8 
61214.8 
61214.8 
61214.8 
61214.8 
61214.8 

3560.14 
3560.14 
3560.14 
3560.14 
3560.14 
3560.14 
3560.14 

4726.14 
4726.14 
4726.14 
4726.14 
4726.14 
4726.14 
4726.14 

6501.7 
6501.7 
6501.7 
6501.7 
6501.7 
6501.7 
6501.7

17 
221 

6 
6 

314 
17 
57 

50 
514;) 
50 
8 

157 
99 

207 

214 

0 
149 

71 
167 

0 
25 
0 

146 
0

199 
10,200 

9 
0 
9 

214 
0 

156 
13,166 

371 
0 

91 
7 
0
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LOVETT IMvPINGE1MIENT: 1975 
ESTIMATED IMPINGEMEDIT RATE'

EST. OF 
SPECIES #/MG. MG/MO. IMPINGE.

January 

February 

March 

,April 

May 

June

SB 

ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 

ATC 
ASD 
AW 
BBH 

SB 
WP 

ATC 
ASD 
AW 
BBH 

SB 
WP 

ATC 
ASD 
AWl 
BBH

o.i148 
3.219 
0.222 

o.146o 
0.036 
0.008 

m.014 
0.002 

0m96 
0.639 
0.012 

*.0 

0.009 

0.157 
2.068 

0.008 
0.124 

0.099 

0.022 
0.017 

0.010 
0.101 
0.024 

0.018 
m14i

11236.0 
11236.0 
11236.0 
11236.0 
11236.0 
11236.0 

91402.14 
91402.14 
91402.14 
91402.14 
91402.14 
91402.14 

66149.8 
66149.8 
66149.8 
66149.8 
66149.8 
66149.8 

5736 .9c 
5736.9 
5736.9 
5736.9 
5736.9 
5736.9 

7936.3 
7936.3 
7936.3 
7936.3 
7936.3 
79306.-3 

91485.1 
91485.1 
91485.-1 
91485.1 
91485.1 
91485.1

1 ,663 
36,169 
2,4914 

145 
145 
145 

790 
4,325 

338 
75 

132 
19 

638 
4,2149 

80 
0 

6o 
147 

901 
11,864 

314 
0 

146 
711 

0 
786 

0 
0 

175 
:135 

95 
958 
228 

0 
171 
133
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EST. OF 
SPECIES #/MG. MG/MO. IMPINGE.

July 

August 

September

Octoabe r

November 

December

SB 

ATC 
ASD 

BBH 

SB 
WJP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BB

SB 

ATO 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH

0.028 
0.079 

0.002 

0.027 
0.162 
0.038 
0.001 
0.088 
0.002 

m.14 
0.092 
0.005 
omo4 
0.032 
0.011 

0.005 
0.115 

0.021 
0.-390 

0.051 
2.046 
0.002 
0m14 
0.304 
0.320 

o.o46 
0.545 

m~o6 
0.002 
0.019 
0.030

9735.9 
9735.9 
9735.9 
9735.9 
9735.9 
9735.9 

10134.2 
10134.2 
10134.2 
10134.2 
10134.2 
10134.2 

6973.2 
6973.2 
6973.2 
6973.2 
6973.2 
6973.2 

8491.5 
8491.5 
8491.5 
8491.5 
8491.5 
8491.5 

8124. 3 
8124.- 3 
8124.3 
8124.3 
8124.3 
8124.3 

8179.0 
8179.0 
8179.0 
8179.0 
8179.0 
8179.0

39 
273 
769 

39 
389 

19 

274 
1,642 

385 
10 

892 
20 

98 
642 

28 
223 

77 

42 
977 

0 
119 
178 

3,312 

414 
16,622 

114 
2,470 
2,600 

376 
4,458 

49 

155 
245

*Note: Less than 0.001 fish/million gallons



1 of 2

LOVETT IMPINGENIENT: 1974 
ESTIMATED IMPINGEMENT RATES

EST. OF 
SPECIES # /MG. MG/MO1. IMITNGE.

January 

February 

March 

April

SB 

ATC 
ASD 
AW 
BBH 

Sp 

ATC 
ASD 
AW 
BBH 

SB 

ATC 
ASD 
AW 
BBH 

SB 

ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH

0.286 
1.735 
O-74o 

0.005 
0.032 

0.227 
1.511 
0.076 

NS 
NS 
NS 
NS 
NS 

0.259 
1.977 

0 .026 
0.070 

0.019 

0.019 
0.077 

0.029 
0.154 
o.442 

0 .036 
0.030

11560.8 
1156o.8 
11560.8 
11560.8 
11560.8 
11560.8 

8401.7 
8401.7 
8401.7 
8401.7 
8401.7 
8401.7 

7887.3 
7887.3 
7887.3 
7887.3 
7887.3 
7887.3 

9527.1 
9527.1 
9527.1 
9527.1 
9527.1 
9527.1 

10102.3 
10102. 3 
10102.3 
10102.3 
10102.3 
10102 .3 

9860.7 
9860.7 
9860.7 
9860.7 
9860.7 
9860.7

3,306 
20,058 
8,555 

0 
58 

370 

1,907 
12,695 

639 
0 

344 
34 

NBA 
NBA 
NBIA 
NBA 
NBA 
NEA 

2,468 
18,835 

0 
0 

2 48 
667 

192 
6,243 

0 
0 

192 
778 

286 
1,519 
4,358 

0 
355 
296

May 

June



2 of 2

EST. OF 
SPECIES #1/MG MG/MO. IMPINGE.

July 

August 

September 

October

November

December

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
V.TP 
ATC 
ASD 
Ali 
BBH 

SB 

ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH 

SB 
WP 
ATC 
ASD 
AW 
BBH

0.007 
0.034 
0.412 
0.003 
0.014 
0.010 

0.017 
0.046 
0.285 
0.013 
0.026 
0.002 

0.012 
0.040 
o.o44 
0.003 
0.038 
0.007 

0.039 
0.412 

0.062 
0.153 
0.954 

0.038 
1.146 
0.001 
0.036 
0.044 
o.456 

o.o48 

m.18 

o.oo6

5419.7 
5419.7 
5419.7 
5419.7 
5419,7 
5419.7 

10703.1 
10703.1 
10703.1 
10703.1 
10703.1 
10703.1 

9888.6 
9888.6 
9888.6 
9888 .6 
9888 .6 
9888.6 

7090.6 
7090.6 
7090.6 
7090.6 
7090.6 
7090.6 

10256.1 
10256.1 
10256.1 
10256.1 
10256.1 
10256.1 

10229.4 
10229.4 
10229.4 
10229.4 
10229 .4 
10229 .4

38 
184 

2,233 
16 
76 
54 

182 
492 

3,050 
139 
278 
21 

119 
396 
435 
30 

376 
69 

277 
2,921 

0 
440 

1,085 
6,764 

390 
11,753 

10 
369 
451 

4,677

491 
12,071 

184 
0 
0

NS -no sampling 
NEA -no estimate available

*Note: Less than 0.001 fish/million gallons
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LOVETT IMPTNGD-IETIT: 1973 
ESTIMAkTED IM21NGENENT RATES

EST. OF 

SPECIES #1/MG. MG/IMO. IMINGE.

January 

February 

March

SB 
W-P 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW4 
BBH 
BA 

SB 
W-P 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA

0.010 
0.268 
2.222 

0.035 
0. 309 
1.882 

0.002 

0.050 
o.842 
0.382 
0.00o4 
0.001 
0.002 

o.o61 
0.744 
0.033 

0.012 
0.001 
0.001 

0.002 
0.250 
0.003 

0.016 
o.ooh 

o.oih 
0.187 
o.oo6 

o.oo4 
0.01)4

13192.8 
13192.8 
13192.8 
13192.8 
13192.8 
13192.8 
13192.8 

11601.3 
11601.3 
i16o1. 3 
11601.3 
11601.3 
11601.3 
11601.3 

13129. 8 
13129.8 
13129.8 
13129.8 
13129.8 
13129.8 
13129.8 

11517.8 
11517.8 
11517.8 
11517.8 
11517.8 
11517.8 
11517.8 

10813.8 
10813.8 
10813.8 
10813.8 
10813.8 
10813.8 
10813.8 

12018.0 
12018.0 
12018.0 
12018.0 
12018.0 
12018.0o

132) 
3,536 

29,314 
0 
0 
0 
0 

4o6 
3,585 

21, 834~ 
0 
23 
0 
0 

656 
11,055 
5,oi6 

53 
13 
26 
0 

703 
8,569 

380 
0 

138 
12 
12 

22 
2,703 

32 
0 

173 
43 
65 

168 
2,247 

72 
0 

96 
11 8 

168

April

May 

June

'I.
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EST. OF 
SPECIES #/MG. MG/MO. TrVPThGE.

July 

August 

September

October

November

December

SB 
WP 
ATC 
ASD 
Ali 
BBH 
BA 

SB 

ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA 

SB 

'ATO 
ASD 
AW 
BBH 
BA 

SB 
WP 
ATC 
ASD 
AW 
BBH 
BA

0.007 
0.062 
m.18 

0.118 
0.001 
0.026 

0.070 
0.-325
0.190 
0.008 
0.291 
0.008 
0.168 

m.16 
0.052 

o.1414 

0m18 

0.012 
0.010 
0.002 
0.002 
0.002 
0.015 
0.08 

0.076 
0.538 

0.010 
0.157 
0.593 
omo4 

0.102 
1.1475 

0.038 
0.170 
0.002

13181.1 
13181.1 
13181.1 
13181.1 
13181.1 
13181.1 
13181.1 

13590.2 
13590.2 
13590.2 
13590.2 
13590.2 
13590.2 
13590.2 

11544.14 
115414.14 
11544.14 
115414.14 
115414.14 
1i14.14 
115414.14 

9276.0 
9276.0 
9276.0 
9276.0 
9276.0 
9276.0 
9276.0 

11220. 3 
11220.3 
11220.3 
11220.3 
11220.3 
11220.3 
11220.3 

11723.7 
11723.7 
11723.7 
11723.7 
11723.7 
11723.7 
11723.7

92 
817 
237 
0 

1,555 
13 

3143 

951 
4,417 
2,582 

109 
3,955 

109 
2,283 

185 
600 

0 
0 

508 
0 

208 

i11 
93 
19 
19 
19 

139 
714 

853 
6,037 

0 
112 

1,762 
6,6514 

145 

1,196 
17,292 

0 
70 

1446 
1,993 

23

*Note: Less than 0.001 fish per million gallons



LOVETT IMPINGEMENT: 1972 p ESTIMATED IlMPINGEMENT RATES 

EST. OF 
MONTH SPECIES #/MG MG/MO IMPING14NT 

December SB 0.056 13,252.7 7142d 

WP 2.514o 13,252.7 33,662 

ATC 0.944 13,252.7 12,511 

ASD *13,252.7 

AW 0.001 13,252.7 13 

BBH 0.021 13,252.7 278 

BA *13,252.7 

S4



x. 2

Response:

Provide an estimate (and ass'ociated variance 
and 95% confidence interval) of impingement 
collection efficiency. Provide a thorough dis
cussion of data used and assumption made.  

Impingement collection efficiency studies were 
described in Section 10.2.3.1.3 pages 10.2-10
10.2-12 of the Bowline-rcenerating Station1 
Nearfield Effects of once-through Cooling System 
Operation On Hudson River Biota dated July, 1977.  
Table 10.2-4 of the report provided the data 
obtained in a series of efficiency tests con
ducted in January-March 1977. The efficiency 
of collection ranged from 81 to 980% and averaged 
8 9.4% 

The attached document titled 

Screen Collection Efficiency Studies 
Bowline Point Generating Station 

October 1976-June 1977 

also discusses the impingement collection efficidn
cy tests and presents the data collected.



SCREEN COLLECTION EFFICIENCY STUDIES 
BOWLINE POINT GENERATING STATION 

OCTOBER 1976 - JUNE 1977 

The special study was initiated on 27 October 1976 to investigate the 
collection efficiency of the traveling screens for tagged dead fish 
released directly in front of an operating screen. The study was 
performed once a week in conjunction with a regularly scheduled impinge
ment survey.  

Up to 100 dead fish, primarily Morone spp. (<10cm), were removed-from 
the discard wash, tagged with a latex dye injection, and lengthed.  
Release of the fish was performed at a randomly chosen operating screen.  

The fish were released by hand between the bar rack and the traveling 
screen. At screens 2 (Unit 2, B) and 5 (Unit 1, B) access was through 
service manholes in the floor, approximately 0.3m from the screen face.  
Access to the remaining screens was through service manholes on the 
outside walkway, approximately 1 or 2m from the screen face.  

Two modes of screenwash operation were used, continuous and intermittant.  
During an intermittant wash mode, screen rotation and wash was not performed 
until 4 hours after the release of the tagged fish. Sample collections 
were made after 12 or 24 hours. Any pertinent observations were recorded 
on the field data sheets.  

Collection efficiency was the number recovered divided by the number 
released, expressed as a percentage.  

A loss on a small initial population could result in a substantial percen
tage loss. For the analysis of the data, only sample sizes greater than 
50 fish were used. The majority of the samples consisted of 100 fish, an 
average sample size during normal impingement surveys. An additional 
survey (2 May 1977) was also deleted from the data analysis due to clear 
aberrations in the sampling procedure. The malfunction of the screenwash 
pumps combined with heavy debris provided for a non-quantitative estimate 
of recovery efficiency.  

A su mma ry of all the surveys is presented in Table 1 and 2. Using the 
data that meets the prescribed criteria, a mean collection efficiency 
of 83% with a 95% confidence interval of from 76-89% (Table 3) was demon
strated.
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TABLE VII (CONTINUED) 
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XI.  

XI.l1

Response:

Questions on LMS "1974 Hudson River Aquatic 
Ecology Studies - Bowline Point and Lovett 
Generating Stations (December 1975 

Tables X-27 and X-29 have the same numbers in the 
body of the table, although the headings for columns 
(3), (4), and (5) are different. Which is correct? 

Table X-29 is the correct table. Table X-27 is a 
duplicate with erroneous headings. It should 
be disregarded.



xi. 2.

Response:

What equation was used to calculate the impingement 
rates in column (3) of Table X-29, and where in 
the report are the values for number of fish impinged 
and associated plant flows used to calculate these 
impingement rates. If these values are not in the 
report, please provide.  

The values presented in Table X-29 for white perch 
impingement at Lovett have become obsolete in light 
of the data update and improved procedures. for the 
impingement estimate. The updated impingement 
estimate for white perch at Lovett is given in the 
data package provided in response to Question X.l
"Questions for Orange & Rockland." The same estimate 
procedures described in Section 3-IV.D.4 of Supplement 
I for striped bass at Bowline and Roseton were used.  
In essence, each month was divided into four periods 
(lst-7th, 8th-l4th, 15-21st, and the remainder of the 
month) and impingement rate (number per million gallons, 
No./MG) for each period was calculated as the ratio 
of the total fish collected during the sampling 
period(s) to the total volume (MG) of water sampled.  
The impingement rates for the four periods were then 
averaged to obtain the monthly average impingement 
rate (No./MG). Estimates of the monthly fish impingement 
(No./month) were determined by multiplying the monthly 
average impingement rates by the total monthly flows 
(MG/month).  

The number of fish impinged and associated plant flows 
from which the above impingement rates (No./MG) and 
monthly impingement estimates (No./month) were calcu
lated are provided in the data package prepared in 
response to Question X.l-"Questions for Orange & Rockland."



XII -

XII 1.  

Response:

Questions relating to the Texas Instruments' First 
Annual Report of the Multiplant Impact Study of 
the Hudson River Estuary (July 1975) 

Provide the raw data from which the estimates of 
July-August CPtJA and July-August growth increment 
in Figure VIII-4 were calculated. For each sample 
used in the calculations, include the date, time 
of day, location at which the sample was taken, the 
gear type, and the numbers and lengths of striped 
bass and white perch collected. For the 1969 data, 
indicate which samples were collected by NYU and 
which by Raytheon. Provide maps showing the stations 
from which data were used as well as any other 
stations at which samples were collected.  

Raw data from which the estimates of July-August CPUA 
and July-August growth increments as depicted in 
figure 10.5-1 of the McFadden 1977 Report which was 
an update of material utilized to devel op figure 
VIII-4 of the Multiplant Impact Report have been 
provided to the NRC's consultants members of the 
Oak Ridge National Laboratory staff on magnetic tapes 
pursuant to a reauest for all data by the Environmental 
Protection Agency (October 12, 1977 Motion To Specify 
Area Of Rec'uestors' Testimony 'To Be Cross-Examined 
During Initial Phase Of Hearing) 

Further, Section 10.5.1 of the McFadden 1977 Report 
has been revised since its release in February 1977.  
The following information pertains to the revised 
version of Section 10.5.1 which appeared in Supplement 
I to the McFadden 1977 Report (dated July 1977).  
Table 1 (attached) contains data used in the analysis 
of juvenile striped bass density collected in the 
Area of Indian Point, Hudson River.  

Figures 1 through 7 are maps of the locations of the 
sampling stations at which the data in table 1 were.  
obtained.  

Table 1 contains two sets of data for the year 1969.  
One set was collected by New York University and the 
second set was collected by Raytheon. Note that the 
weighted mean CPUA of these two sets is 71.4.



Table 2 contains a listing of the growth indices 
by year in addition to the abundance indices 
provided'as CPUA valbues in Table 1. In addition ' 
Table 3 contains length information used in the 
calculation of the growth indices in Table 2.  

This analysis has been updated by information 
contained in the document titled 

Relationship Between Population Density 
and Growth for Juvenile Striped Bass in 
the Hudson River 

This docu~ment was submitted into evidence in the 
EPA Hudson River case as Exhibit UT 49. A copy 
of this exhibit is attached.



1. Data used i~n the Analysis of Juvenile Striped bass Density 
Collected in the Area of Indian Point, Hudson River.

Collector/ 
SurveyYear 

1965 

1966 

1967 

1968 

1969 

1969 

1970 

1972 

1973 

1974 

1975

Sample Dates 
Used

7/19 

7/18 

7/17 

7/1.5 

7,17 

7/13 

7/12 

7/16 

7/15 

7/14 

7/13

- 8/16 

- 8/24 

- 8/21 

- 8/19 

- 8/13 

- 8/30 

- 8/29 

- 9/2 

- 9/1 

- 8/31 

- 8/30

Caugi 

11 

0 

37 

12 

93 

338 

986 

441 

1,803 

313 

282

Area 
ht Swept 

(ft 2 ) 

15,750 

50,275 

30,000 

54,700 

14,000 
weighted mean 

46,325 

266,420 

208,292 

174,384 

130,788 

125,944

Table

NYU 

NYU 

NYU 

NYU 

NY U 

RAY 

RAY 

TI 

TI 

TI 

TI

CP UA 

7.0 

0.0 

12.3 

2.2 

66.4 
71.4 
73.0 

37.0 

21.5 

103 .4 

23.9 

22.4
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Figure 2. NYU and Raytheon beach seine stations sampled from 1965-1969. Raytheon 
sampled durinq 1969 at the stations 31-39. NYU Station preceded by 
Roman numbers, Raytheon Stations are in arabic numbers.
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Figure 4. Texas Instruments beach 
seine stations sampled 
in 1972.
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Table 2. Abundance (CPUA) and Growth (TL) indices for 
Juvenile Stripod Pass during July-August, 1965
1975 (1971 excJludicd) , in Iludson River, Used in 
the Dansity-D pcncnt Groey.' Lh AniuiJyscs.

INDIJTN POJIh P 
YEAR _ _ _ _ _ _ _ _ _ _ _ _

ABUNDTAN"CH' II"TD2X, 
(C Ia) o

7.0 
0 

12.3 
2.2 

71.4 
37.0 
21.5 

103.4 
23.9 
22.4

GROWTH IIND2X 

(TI,) 2

27.4 

26.3 
23.6 

7. 9 
15.3 
21.2 
31.6 
20.1 
23.1

1 Catch-per-unit-area swept by beach s-eines from mid-July through 
August.  

2 Meani total length (mm) for fish captured in last half of August 
minus mean total length (mm) for fish captured in last half of 
July.

1965 
1966 
1967 
1968 
1969 
1970 
1972 
1973 
1974 
1975



Table 3. Data uted II. the Anuly~ll of d'-nt ty It. grVO.Lh In juve,,Ite striped hais cnlIn leIrd In the An., of Indian Point 
( Indian Point Area Version), Huds~on River.

~ L~ er~t.- Error (Au.; minous Jul) -a 
Fea

1965

55.20 70.90 1.51'

1966 NYU IIWI(4I).01c1(4II) 50

1967 Nyh -iIwl(41)

1966 NYU 111,11141 
J IIl 41j

1969 111111 IIWI(41). IIfL(41) _ 50

1969 RAT 3442 .35(43) 
344 :.38(401

1970 RAT 34(42) 31 3431.* 100 
36(441 : 38(401 

197n TI 8(43). 9(42). 100 
10(42). 11(40) 

1973 TI 8,(43) 9(42) 100 
10(425. 1 1(40) 

1974 TI 8(43). 9(42). 100 
10(42). 11(40) 

1975 n 8"43 9(42). 100 
.10(425, 11(40)

7118-7127 

0.38 in. 8/15.8/24 
stretch 
mesh 

7/17-7/31 

0.38 In. 8/14-8/21 
stretch 
mesh 

7/15- 7/2 9 

0.38 In. 0/12-8/19 
stretch 
wash 

7117 

0.38 in. 8/13 
stretch 
mesh 

7/13-8/2 

0.25 In. 8/11-8/30 
bar mesh 

7/12-8/I 

0.38 in. 8/1648/29 
barlelngs) 

0.25 in.  
ba( bag) 
mesh 

7/16-7/29 

0.38 In. 18/20-9/2 
bar~elngs) 

0.19 In.  
bar(bag) 
mesh 

7/15-7/28 

0.38 in. 8/19.8/1 
bar~wing) 

0.19 in.  
bar( bag) 
mesh 

7/1 4-8/3 

0.38 In. 8/18-8/31 
ber~wing) 

0.19 in.  
bar( bag) 
mesh 

7/13-8/2 

0.38 In. 8/17-8/30 
bar(wing) 

0.19 In.  
bar(bag) 
mesh

1966

14.0 48.6 25.45 35.50 2.15, 

16.4 65.3 47.52 61.76 4.02'

5 28.8 

7 40.0

33.80 45.43 1.50' 

53.611 68.99 4.57' 

41.02 54.02 0.70, 

43.37 56.82 1.30'

26.26

23.56 1968

1969

46.14 0.83 

67.32 2.00

42.03 0.84 

73.82 1.09

48.00 0.87 

K8.11 1.16

52. 68 1.2 

75.35S 2.26

15.34 1970 

21.18 1972 

31.79 1973 

20.11 1974

22.67 Il7s

8
thuse Standard tar are based on standard length% measured by tNe. York University (IIPU).  
lengths for 1965-1969 NYU data by equation: Total Length - 1.19 x standard length +5.21

Mean standard lengths converted to mean total

NYU * New York University 
RAT * Raytheon Company 

TI - Texas Instruments Incorporated

0. 38 In.6 8/16 
stretch 
Ie s



Exhibit ut£7 

Relationship Between Population Density and Growth 
for Juvenile Stripei Bass in the Hudson River 

Introduction.  

Many investigators have observed an inverse relationship 

.between popula4on-..ensity and growth rate in fishes, although the mecha

nisms involved may be complex and difficult to identify (Backiel and 

LeCren 1967). Beverton and Holt (1957) concluded that 'the variation of 

growth with density in fish populations is perhaps the best established 

of the density dependent effects which we consider in this paper 

The importance of density-dependent relationships between-density and 

growth is emphasized by Backiel and LeCren (1967) who conclude that there 

are two main-density effects operating on fish populations: density

dependent mortality and density-dependent growth.  

Texas Instruments (TI) has examined the relationship between 

population density and growth juvenile striped bass in the Hudson River.  

A significant inverse relationship (r = -0.866, p<.05) between density'and 

growth, (1965-74), holding constant the effects of mean daily-water 

temperature in June on growth, was presented in an earlier report (TI 1975).  

The density and growth indices.were calculated from data collected in the 

area of the Indian Point power plant during July and August. The results 

'of a similar analysis for the period 1965-75 were presented in McFadden 

(1977). Subsequent examination of the raw data inputs to this analysis 

revealed some errors which required several corrections including: 

(a) the density index for 1973 had not included all juveniles that were 

collected. Therefore, the negative correlation between density and growth 

* (r = -0.85, p<.0l) reported in McFadden (1977) was altered; (b) the index 

of density and growth presented in McFadden (1977) and TI (1975) used 

catch and effort data collected near Indian Point in seines during all



of July and August. Since few juvenile striped bass were collected in 

seines prior to mid-July, a better index of density would include only data 

collected from mid- July through August. *Similarly, a better index of 

growth would be the mean total length (mm) of fish caught during the last 

half of August minus the mean total length of fish caught during the last 

half of July. Thesemodifications revised the indices of growth and density 

and changed the negative correlation between density and growth from r =-.85 

(p<.0l) to r = -0.08 (p>.80). Density and growth were still inversely related 

but only weakly and not significantly.  

The purpose of this document is to describe the recent analyses 

that TI has completed to assess the influence of population density on growth 

in juvenile striped bass. The current relationship is based on a more "1river

wide" data base rather than a data base restricted to the area near Indian 

Point. We feel that a riverwide data base should more accurately reflect annual 

variations in the abundance and growth of young striped bass. When the effects 

of water temperature on growth are considered, our recent analyses indicate a 

significant inverse relationship between density and growth inyoung striped 

bass during July and August for 1965 through 1976.  

Methods and Materials 

1. Sampling Stations 

The riverwide data sets for population density and growth analyses 

in juvenile striped bass include seine samples collected from river mile (RH) 

27 to 105 in 1965, 1966, 1967 and 1968 in New York University (NYU); from RH 

41 to 87 by NYU and from RM 31 to 39 by Raytheon (RAY) in 1969; from RH 35 to 

47 by RAY in 1970; and from RM 32 to 43 by TI in 1972; and from RM 12-152 by 

TI in 1973 through 1976. The locations of the sampling stations in 1965 to 

1972 (excluding 1971: when no samples were taken) are given in Figures 1 

through 3. TI sampled with seines throughout the estuary between RH 12 and 

152 in 1973 through 1976 using a stratified random design.



In the years 1969, 1970 and 1972, sampling with seines was 

generally restricted to the area of Indian Point. -A riverwide density was 

approximated for juvenile striped bass in 1969, 1970 and 1972 by adjust

ment with a ratio between a riverwide area (RM 12-152) density index and 

an Indian Point area density index during three years when comparable 

catch and effoxLtdAat. for both areas were available.- 1973, 1974 and 1975.  

The four comparable TI and RAY Indian Point area stations for 1969, 1970 

and 1972-75 are shown in Figure 4. The density index calculated from these 

four stations in 1969, 1970 and 1972 was multiplied times the geometric 

mean of the riverwide area to Indian Point area ratios from 1973, 1974 and 

1975 t o approximate riverwide densities for juvenile striped bass (see 

Table 3 for details).  

Water temperatures were measured by the Water Works Depart

ment of Poughkeepsie, New York. The intake is located just north of Marist 

College approximately 1000 ft from the west shoreline. The water is with

drawn from a depth of about 45 ft, near the bottom; temperature measurements 

are taken as the water enters the treatment plant. TI received permission 

to use these temperature data.  

2. Sampling Techniques 

The data used to calculate population density and growth 

indices were collected by NYU with a 50 ft seine in 1965-69, by RAY with a 

75 ft seine in 1969, by RAY with a 100 ft seine in 1970, and by TI with a 

100 ft seine in 1972-76. Detailed descriptions of gear dimensions, deploy

ment procedures, and gear comparability are presented in Section IV of 

TI's 1974 Year Class Report (Texas Instruments 1976).  

3. Sampling Times 

Seine samples collected during the day in July and August 

were used to generate annual density and growth indices for juvenile striped 

bass. The density indices were based on samples collected between approximately



mid-July through late August-early September (Table 1).. Juvenile striped 

bass begin to migrate to the shorezone in late June-early July; shoreward 

movement increases sharply in late July-early August. Annual growth 

indices were calculated from differences between mean total length during 

the last half of August and mean total length during the last half of July 

(Table 1). 

The water temperature indices used were derived from daily 

temperature measured from mid-May through August.  

4. _Sampling Effort 

Effort was expressed in a comparable unit, area swept (ft 2) 

NYU measured the area swept for each tow 'of their 50 ft seines. Therefore, 

total effort for the 50 ft seine was simply the sum of all individual area 

per tow measurements.  

The average area swept per haul for the 75 ft seine used-by 

RAY in 1969 was estimated at 2725 f t2 , based on the assumption that the 

75 ft seine swept an area similar in shape to the 100 ft seine. Thus the 

area swept for the 75 ft seine was calculated as 

72" 
- x 4844 ft2 . 2725 ft2 

22 

measured by TI.' Effort for the 75 ft and 100 ft seines was 2725 ft 2and 

4844 ft 2, respectively, multiplied times the number of tows (see Table 2).  

5. Density Index 

Daytime catches of juvenile striped bass in seines from 

approximately mid-July through late August of each year were divided by the 

total effort (area swept in ft 2 times 10- 4 to yield annual density indices.  

Thus, each annual density index represented the number of juvenile striped 

bass caught per 10,000 ft 2 swept. For 1969, when both NYU and RAY sampled



the river, a density index was calculated from both data sets, then a single 

index was calculated by weighting the individual density indices by total 

area swept and combining the results (Table 3).  

6. Growth Index (Incremental)

Daytime catches in seines were also used to generate annual 

indi-ces of growth in juvenile striped bass. The sum of the lengths (mmui) of 

all juveniles caught was divided by the total number caught to generate a 

mean length. These mean lengths were calculated separately *for the second 

half of July and the second half of August of each year. The difference 

between the July and August means is the incremental growth index. In those 

cases where only a subsample of juveniles was measured rather than the entire.  

catch, the average length of the measured fish was calculated and multiplied 

by the total catch for the sample. For the NUY length data (1965-1969), 

which was taken in standard as opposed to total length, the mean of individual 

standard lengths, for each time period considered, was converted by TI to a . mean total length using the formula: 

total length = standard length (1.19)+ 5.21 

For 1969 when both NYU and RAY sampled the river, mean total lengths for NYU 

and RAY data (for duly and for August) were combined by weighting on total 

area swept (Table 4).  

Another index of growth, relative growth, was also in the density

dependent growth analysis (Table 4). Relative growth is simply the incremental 

growth index divided by the mean total length during the last half of July.  

No adjustments of the 1969, 1970 and 1972 growth indices were 

made to "approximate" riverwide growth indices. The geometric means of the 

ratios of riverwide/Indian Point growth (in 1973, 1974 and 1975) were 0.94 

Ask and 0.99 for the incremental growth index and relative growth index, respectively.



7. Water Temperature Index 

Water temperature can have a strong influence on growth rate 

in fishes, so selected indices of water temperature which occurred between 

peak egg deposition for striped bass (mid to late May) and the end of August 

were included in the growth versus density analysis. This time period 

includes the important larval stages through the summer months when juvenile 

density and growth were measured.  

Selection of a water temperature index was bas ed, in part, 

on the results of earlier TI analyses designed to determine the relationships 

between the density of juvenile striped bass and several biotic and abiotic 

factors. The rate of temperature increase between 16 and 20%C (degree rise 

per day) was shown to be an important factor explaining variation in juvenile 

density and may be important in growth also. In addition, the growth indices 

were correlated with mean daily water temperatures for several time intervals 

from mid May through the end of August. Those time intervals for which the 

mean daily temperatures were relatively strongly associated with the growth 

indices were considered for the growth versus density analysis.  

- Except for degree rise per day, 16-20'C, no other water tempera

ture index was strongly correlated with incremental growth (Table 5), so this 

temperature index was the only temperature index used in theanalysis of 

population density effects on incremental growth.  

Degree rise per day, 16-200C, was also used in the analysis of 

density versus relative growth, but several other water temperature indices 

were also relatively strongly associated with relative growth (Table 5). A 

biological rationale for further selecting temperature indices was lacking, 

therefore, mean daily t emperature for the interval 16 May - 31 August was 

selected as a second temperature index for incremental growth since the cor

relation coefficient was among the highest (r = -0.59) and the probability 

value was the lowest (p = 0.056



8. Analyses 

Multiple regression analyses were performed to determine the 

amount of variation in each growth index (incremental and relative) which 

was explained by population density and water temperature.  

Results 

Incremental growth was inversely (-) related to 

population density of juvenile striped bass (R =-0.537,F P<.10) 

(Table 6). The selected water temperature index (degree rise per 

day, 16-20*C) was directly (+) related to incremental growth. In 

combination, density and temperature explained 66.9 per cent of 

the annual variation in incremental growth and the regression 

equation was significant at A = .05.  

Relative growth was also inversely -(-) related to 

population density (R =-0.408, p<.10) (Tables 7 and 8). in the 

first multiple regression analysis, the selected water temperature 

index (degree rise per day, 16-200C) was directly (+) related to 

incremental growth (Table 7). In combination, density and temperature 

explained 52.1 per cent of the annual variation in incremental 

growth. The regression equation was significant at.A = .10 but 

not at~ .05. In the second multiple regression analysis, the 

selected water temperature index (mean daily temperature, 16 May 

31.August) was inversely (-) related to incremental growth (Table 8).  

In combination, density and temperature explained only 42.6 per cent 

of the annual variation in incremental growth. The regression 

equation was not significant, however, either atQ( .10 orce .05.  

Discussion 

Growth rates in juvenile striped bass during July and August 

are influenced by water temperatures as one would predict, but population 

density also influences growth. The relative magnitude of temperature or



density effects on growth during any given year could not be 

the data set for 1965-76, although one would predict that it 

among years. Major fluctuations in temperature may strongly 

growth rates in young striped bass during one year, while in 

when temperatures were relatively norm al, population density 

factor determining growth rates.

assessed with 

is variable 

infl uence 

another year, 

may be a major

The inverse relationship between population density and growth 

for juvenile striped bass, with temperature effects on growth taken into 

consideration, offers empirical support for a compensatory mechanism in Hudson 

River striped bass. During years of high juvenile abundance, competition for 

resources may be intensified and growth rate declines. Competition for food 

and reduced growth rates may have an indirect effect on mortality by lengthening 

the time taken for the juvenile striped bass to grow to a size that makes them 

less vulnerable to predation. This size-related disadvantage may continue as 

the fish get older and relatively low survival rates may persist. Conversely, 

during years of low juvenile striped bass abundance, competion may be greatly 

reduced. As a result, food may be more readily available so growth rates 

increase along with survival rates. The detrimental effects of natural or 

man-related environmental perturbations which reduce the number of juvenile 

striped bass in a given year can be offset by the inverse relationship between 

density and growth, an example of a compensatory mechanism.
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Table 1. Time periods used to aliculate annual density (and growth 
indices for juvenile qtripcd bass, flUdson River estuary, 
1965-76 (except 1971).  

Time Periods Used 

Density Growth Indices 

Year Indices. July August 

1965 t9-July - 17 August 19-20 16-17 
1966 18 July - 23 August 18-27 15-24 

1967 17 July - 21 August 17-31 14-21, 
1968 15 July - 19 August 15-31 12-19 
1969 13 July - 30 August 17 13 
1970 12 July - 29 August 12 Jul-2 Aug 16-30 

1971* * 

1972 16 July - 2 September 16-29 20 Aug-2 Sep 

1973 15 July - 8 September 15-28 12-25 

1974 14 July - 7 September 14-27 11-24 

1975 13 July - 6 September 13-26 10-23 

1976 11 July - 4 September 11-24 8-21

no data



TablIe 2.. Sampling e-.TT5-rF(area swept in " 2 ).for seines used to generate annual river~i, 
density indices for juvenile striped bass, Hudson River estuary, 1965-76 
(except 1971).

SamplIe Area of2 
Year Investigator Dates River Seine Area Swept (ft) 

Used. Sampl ed Length 
(DO (ft)

7/19-8/17 

7/1 8-8/23 
7/17-8/2 1 
7/15-8/19 

7/17-8/13 

7/13-8/30 

7/12-8/29 

7/690 

7/16-9/02 
7/145-9/08 

7/14- 9/067 
7/113-9/06

27-105 

27- 105 
2 7-105 

27-105 

41- 87 

31- 39 
35- 47 

32- 43 

12-152 

12-152 
12-152 
12-152

50 

50 

50 

50 

50 

75 

100 

10 

100 
100 
100 
100

227,000 

216,750 

277,500 

389,700 

14,000 

46,325 

266,420 

208,292 
2,141 ,048 

2,853,116 

3,599,092 
3,322,984

no data

RM = river mile

1965 
1966 
1967 

1968 

1969 

1969 

1 970 

1971 
1972 
1973 

1974 

1975 
1976

NYU 

NYU 

NYU 

NY U 

NYU.  

RAY 

RAY 

TI 

TI 

TI 

-TI 

*TI



Tabl1e 3. Seine catch and effort data used to calculate annual riverwide 
density indices forjuvenile striped bass, Hudson River estuary, 

- 1965-76 (except 1971).  

Year -Number Area 2Swept Density Index 
-- Emqht(ft) 

1965 27 227,000 .1. 2 

1966 217 216,750 10.0 

1967 116 277,500 4.2 

1968 51 389,700 1.3 

1969 93(NYU) 14,000 weighted 32.1 (71.4 x Q*45*) 

1969 338(RAY) 46,325 average 

1970, 987 266,420 16.7 (37.0 x 0.45*) 

1971 * ** 

1972- 447 208,292 9.7 (21.5 x 0.45*) 

1973 6,127 2,141,048 28.6 

1974 2,713 2,853,116 9.5 

1975 6,574 3,599,092 18.3 

1976 4,241 3,758,944 11.3

*adjustment 

as follows: 

(1) Year

factor used to yield approximate 'riverwide" density 
Ratio of 

Riverwide Indian Point Riverwide/ 
Density Index Density Ind ex Indian Point

1973 
1974 
1975 

(2) 'Year 

1969 
1970 
1972

28.6 
9.5 

18.3 

Indian Point 
Density Index

71.4 
37.0 
21.5

103.4 0.2766 
23.9 0.3975 
22.4 0.8170 

geometric mean of ratios=0.45 

Adjustment Approximate 
Ratio Riverwide Density

0.45 
0.45 
0.45

32.1 
16.7 
9.7

no data



Table 4. Seine catch and length data used to calculate annual growth indices for juvenile 
striped bass, Hudson River estuary, 1965-76 (except 1971).

Last Half July Last Half August 
Incremental Relativ 

Number Mean Total Number Mean Total Growth Growth 
Year Measured Length (mm) Measured Length(mm) Index Index* 

1965 9 47.4- 9 71.1 23.7 0.50 

1966, 71 53.3 72 71.6 18.3 0.34 

1967 50 37.7 35 65.5 27.8 0.74 

1968 21 48.9 17 67.4 18.5 0.38 O NYU 55 54.0 38 56.8 weighted 7.9 0.16 
is average 

1969 RAY 182 48.7 29 58.1 

1970 604 46.8 185 62.1 15.3 0.33 

1971 

1972 148 46.1 66 67.3 21.2 0.46 

1973 792 42.1 1769 63.9 21.8 0.52 

1974 465 44.0 559 66.1 22.1 0.50 

1975 1501 48.4 1189 73.6 25.2 0.52 

1976 1208 33.1 11358.2 25.1 0.76

no data



Table 5. Simple linear corielations between the two growth. indices for 
juvenile striped bass and selected water temperature indices, 
Hudson River estuary, 1965-76 (except 1971).  

Water Temperature Incremental Relative 
Index Growth Index Growth Index 

r P r P 

16-31 May -0.38 0.,244 -0.59 0.057 
-~01-15 Jun -0.34 0.302 -0.59 0.057 

S 16-30 Jun -0.15 0.656 +0.04 01.905 
S 01-30 Jun -0.45 0.168 -0.55 0.082 

16 May-30 Jun -0.41 0.209 -0.58 0.064 
01-15 Jul -0.07 0.845 +0.09 0.790 

~' 16-31 Jul -0.13 0.707 -0.03 0.940 
o 01-31 Jul +0.07 0.836 +0.08 0.810 

16 May-31 Jul +0.34 0.306 -0.51 0.113 
01 Jun-31 Jul -0.25 0.466 -0.30 0.363 

CU 01-15 Aug -0.06 0.871 -0.29 0.393 

4) 16-31 Aug -0.44 0.174 -0.52 0.099 
>1 01-31 Aug -0.31 0.354 -0.46 0.193 

16 May-31 Aug -0.39 0.242 -0.59 0.056 
S 01 Jun-31 Aug -0.32 0.331 -0.44 0.174 

S 01 Jul-31 Aug -0.14 068-.2054 

Degree Rise per-Day, 16-20%C +0.52 0.097 +0.52 0.098

r = simple linear correlation coefficient 

P = probability value for correlation coefficient



Table 6. Results of a multiple linear regression analysis on-the effects 
of population density and water temperature on incremen-tal growth 
for juvenile striped bass, Hudson River estuary, 1965-76 (except 
1971).  

b (1) Correlation Matrix

Growth 

Dens ity 

Temperatures

IDensi tv
1.000 

-0.537 

+0.525

1.000 

+0.159

X 2 *

1.000

(2) R2 with X1on Y 0.288 (.10 >p>.05) 

(3) R 2 with XIand X2on Y = 0. 669 (p<. 01 

()Standard Regression Coefficients 

X= -0.636 

X= +0.625 

(5) Equation 

Y =16.469 - 0.345X 1 + 26. 885X 2 

(F =8.091 for 2/8 df, p<.05) 

degree rise per day, 16-20%C



Tabl 7..Results of a multiple linear regression analysis on the effects 
of population density and water temperature on relative growth 
for juvenile striped bass, Hudson River estuary, 1965-76 
(except 1971).  

(1) Correlation Matrix

Growth 

Dens ity 

Temperature 

(2) R 2 with 

(3) R 2 with

. X 1 -
Growth

1 .000 

-0.408

X2 * 

Temperature

1.000 

+0. 1591 +0.524

X2on Y =-0.275 (p>.10)

Xand X2on Y = 0.521 (p<.05)

(4) Standard Regression Coefficients

= -0. 503 

= +0. 604

(5) Equation

Y =0.323 - 0.009X1 + 0.818X2 

(F = 4.354 for 2/8 df, .l0>p>.05)

degree rise per day, 16-20%C

1 .000

Densi tv



Table 8. Results of a multiple linear regression analysis on the effects of.  
population density and water temperature on relative growth for 
juvenile striped bass, Hudson River estuary, 1965-76 (except 1971).  

(1) Correlation Matrix

Growth 

Dens ity 

Temiperature

y 

Growth

Xl1 

Density

1.000 

-0.408 

-0.590

1 .000 

+0. 232

x 2B 
Temperature

1.000

(2) R2with X 8 on Y 0.348 (.10>p>.05)

(3) R 2 with XIand X 2B *on Y = 0.426 (.10>p>.05) 

(4) Standard Regression Coefficients

XI= -0. 286 

X 2B = -0. 524

(5) Equation

Y = 4.242-0.005x 1 - 0. 177X 2B 
(F =.2.962 for 2/8 df, .20>p>.10)

mean daily temperature, 16 May 31 August



xii.2. Provide in detail the method used to calculate 
CPUA and growth increment from the above data.  

See also Questions V.3 and V.4, which are similar 
to the above two questions, but are in the context 
of the McFadden 1977 Report.  

Response: The material presented in the First Annual Report 
of the Multiplant Impact Study of the Hudson 
River Estuary (July 1975) represented an inter

mediate interpretation of data which was subject 
to modification as the studies progressed. The 

following represents the description of the 

updating of the calculation of CPUA and growth 

increment since the publication of the FRR.  

As a method of investigating intraspecific com
petition in terms of growth, ten years of data 

on relative abundance of juvenile striped bass 

(catch-per-unit-area swept in beach seines during 

July and August) were used as an index of population 

density and compared to an index of growth based 

on changes in mean total length between the last 

half of July and the last half of August. All 
samples used in the analysis were daytime beach 

seine samples, i.e., collected between - hr after 
dawn and - hr before sunset. Since juvenile striped 

bass usually are not recruited to the beaches until 

approximately mid-July, initial time periods for 

the density analysis were chosen as close to the 
15th of July as possible.  

The procedure used to estimate striped bass density 

(CPUA) is as follows: 

Daylight catches of juvenile (young-of-year) striped 

bass were used to estimate annual density indices 

from 1965-1975 (except 1971 when no samples were 

taken) . Each annual abundance index was calculated 

by dividing the number of juvenile striped bass 

caught, from approximately mid-July through August, 

by the total number of square feet swept. Thus, 

each annual index of density (expressed as catch

per-unit-area, CPUA) represented the number of 

fish caught per 10,000 ft2 *swept by beach seines.



For 1969, when both NYU and Raytheon sampled 
the river, individual CPUA's were calculated 
then combined'into a single index by weighting 
the CPUA's by total area swept.  

The procedure used to determine the growth of 
striped bass from July to August is as follows: 

The sum of the lengths of all juvenile striped 
bass caught was divided by the total number of 
striped bass. These mean lengths were calculated 
separately for the second half of July and the 
second half of August of each year. The difference 
between the July and August means is the growth 
index. In those cases where subsample of striped 
bass juveniles were measured rather than the entire 
catch, the average length of the measured fish 
was calculated and this number multiplied by the 
actual total catch for the sample. For the NYU 
length data (1965-1969), which was taken in 
standard as opposed to total length, the mean of 
individual standard lengths, for each time period 
considered, was converted to a mean total length 
using the formula: 

total length = standard length (1.19) + 5.21 

For 1969 when both NYU and Raytheon sampled the river, 
mean total lengths for NYU and Raytheon data (for 
July and for August) were combined by weighting on 
total area swept.



XIII. Questions relating to the Texas Instruments Bluefish 

Predation report (February 1976_) 

XIII (1) Provide as much data as possible from the August 

1973 "preliminary" study of bluefish predation 

(page 111-1). Particularly relevant are 

a. total number of stomachs examined; 

b. total number of stomachs containing food; 

c. dates and places of capture of the bluefish; 

d. sizes of the bluefish; 

e. breakdown of the food found; 

f. total number of striped bass, white perch, 

and Morone sp. found.  

Raw data would be acceptable.

Response l.a 

Response l.b 

Response l.c 

Response l.d 

Response l.e 

Response l.f

total number of stomachs examined = 59 

total number of stomachs containing food =33 

dates and places of capture of bluefish -see 

attached Table A.  

sizes of bluefish - s ee attached Table A.  

percent frequency of occurrence and percent 

frequency by number of each species found in 

the bluefish examined and which contained food 

may be obtained from raw data in attached 

Table A.  

total number of striped bass, white perch and 

Morone sp found: 

striped bass = 7 
white perch = 0 
Morone sp. = 2



Table A Bluefish Predation (1973 Sampi oltm rsn

Unident.  
Fi sh 

1/0.3

FOOD ITEMS (Number of Items/Volume of Item in ml).  

Blueback Striped ~ X r Clupeid Atlantic %orane Eoox Bay Cyuat .ra Pan 

herring bs sp. tomcod sp. sp. anchovy sp. rean

Adul t 
Insect Detritus

1/1.5

1/0.2 

*/0.0

*:umber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24

Pt1- S ite 

42-3 

42-3 

42-3 

37-1 

30-1 

39-3 
22-3 1 

12-2 1 

12-2 1 

-4 7-12 

47-12 

47-12 

39-3 

39-3 

39-3 

39-3 

23-3 

23-3 

38-1 

40-3 

40-3 

40-3 

40-3 

40-3

Da te 

8/14 

8/14 

8/14 

8/10 

8/17 
8/10 

8/3 

8/3 

8/3 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

8/16 

8/17 

8/17 

8/14 

8/10 

8/10 

8/10 

8/10

Length 

121 

116 

106 

121 

139 

134 

107 

150 

127 

133 

129 

114 

147 

153 

147 

134 

145 

136 

113 

127 

125 

126 

137 

127

1/<O. 1 

1/<0.1I

1/1.2

1/0.5 1/0.8

1/1.7

1/0.4

1/0.4 

1/0.3 

1/0.2 

1/0.3 

1/0.2 

1/0.4 

1/0.2

1/0.8

1/<O. 1

1/0.9 

1/1.5
1/<0. 1

1/0.lit

1/<. .1

table A )od Items Present



Tale Acontinued)

Number RM-Site

40-3 

40-3 

47-12 
39-3 

27-01 
27-01 
32-3 
42-39 
27-6

Date Length

8/10 

8/10 

8/16 
8/16 

8/15 

8/15 
8/14 

8/20 
8/17

117 

116 

ill 
153 

146 
135 
110 
126 
115

Unident. Blueback 
Fish herring 

1/0.6

FOOD ITEMS (Number 

Striped Lor:ocheirus Clupeid 
bass sp.

of Items/Volume of Item in ml)..  

Atlantic AMorone Esox Bay Cyatk ura Plant 
tomcod sp. sp. anchovy sp. remains

Adul t 
Insect Detritus

*/<01l 3/<0.1
1/1.2

1/0.4 
1/0.1 

1/0.2 

2/1.3

*/0. 1

1/0.3

*Indicates presence of a food item when a number cannot be assigned 
tScales match those of striped bass 

tlength is 56 mm.  

Tlength is 52 mmn.

Table A



XIII 2. On page 11-2, the formula for."percent frequency by 
number" appears to be in error. Is it in fact

Percent frequency 400 
by number

'Number of food items of species j (\contained in fish stomachs 
Total number of food items of all 
species contained in fish stomac

Response: Your interpretation of the equation is correct.



XIV. Questions for Niagara Mohawk

XIV 1.

Response:

Provide monthly estimatg9s of impingement rate (number 
of fish impinged per 10 cubic meters of water 
withdrawn) as follows: 

a. for each of the following six species: White Perch, 
Striped bass, Tomcod, Blueback herring, Alewife, 
and Bay Anchovy; 

b. for each unit at Albany; 

c. for each month during 1972, 1973, 1974, 1975, and 
1976 for which the necessary data are available.  

In addition to each impingement rate (which is to be 
given to two decimal places), provide the value for 
the numerator (i.e., number of fish of that species 
actually collected during the sampling periods during 
the given month) and the value of the denominator 
(i.e., power-plant intake flow during the sampling 
periods during the given month).  

Attached are data with which monthly estimates of 
impingement rates for white perch, striped bass, 
tomcod, blueback herring and alewife may be calculated 
for the period April 1974 through March 1976. Bay 
anchovy were only occasionally collected in the 
samples (less than 1% of the total impingement collection) 
and yield essentially zero impingement rates per 10 6 

cubic meters of water withdrawn. Bay.anchovy data 
accordingly have not been tabulated and listed in the 
attached tables. 'Impingement data have not been collected 
prior to April 1974 nor since March 1976.  
Whereas raw impingement data have been tabulated by 
individual screen, with one screen associated with 
each of the four Units at the station, the water enters 
a common phenum as it passes each screen and conser'uently 
may be withdrawn by any of the operating units. Accordingly 
an impingement rate by screen or by unit is meaningless.  
Rather, the impingement rate for the station (all units 
combined) is the proper value to evaluate.



Please note: Table 2 (attached) extracted from the 
Albany Steam Electric Generation Station Impingement 
Survey Report (April 1974-March 1975) and dated 
June 1975, contains monthly plant flow in million 
gallons per day for the period April 1974 through 
March 1975. Table 4 (attached) from the above
named report contains total annual impingement 
collection of each of the major contributing species 
as well as the percentage composition by month of 
that total contributed by each major species for 
the period April 1974 through March 1975, Table IV"C-16 
(attached) extracted from the Albany Steam Electric 
Generating Station 316(a) Demonstration Submission 
contains monthly plant flow in million gallons per day 
for the period April 1975 through March 1976.  
Table IVC-14 of the above named report contains the 
number of each of the major species impinged each 
.month for the period April 1975 through March 1976.



F' TABLE IVC-16 

NIAGARA MOHAWK POWER CORP.  
1975-1976 AQUATIC ECOLOGY STUDIES 

AVERAGE NUMBER AND BIOMASS OF IMPINGED 
FISH BASED ON PLANT FLOW 

ALBANY STEAM ELECTRIC GENERATING STATION - 1975-1976 

T TOTAL IMPINGEMENT COLLECTION 
MNH AVERAGE DAILY AVERAGE NUMBER ILMPIN'ED IAVERAGE BIOMASS IMPINGED i 

________PLANT FLOW (MCD) PER MILLION GALLONS (gins) PER MILLION GALLONS! 

APR 1975 415.92 1.40 50.05 

MAY 349.73 3.16 1882.99 

JUN 416.23 1.38 88.87 

JUL 333.69 2.55 73.43 

0 UG 417.82 1.49 15.15 

S EP 432.17 12.61 76.90 

OCT 385.39 1.20 34.1.7 

NOV 369.59 I0.84 21.54 

DEC 406.25 0.26 6.28 

JAN 1976 430.35 0.16 4.05 

FEB 375.66 0.09 2.21 

MAR 327.20 0.45 12.77 

Source: Albany Steam Electric Generating Station 
316(a) Demonstration Submission



TABLE IVC-14 

NIAGARA MOHAWK POWER CORP.  
1975-1976 AQUATIC ECOLOGY STUDIES 

ABUNDANCE AND PERCE-NT .COMPOSITION OF FISH IN IMPINGEMENT COLLECTIONS 

ALBANY STEAM ELECTRIC GENERATING STATION -1975-1976 

1 _____ ______ 1975 _ ____1976 _____ TOTAL APR MAY JUN JUL AUC SEP OCT NOV DEC JAN FEB MA R SPECIES NO. % NO. -NO. NO. % NO. %NO.T NO.1FY-O NO. ZT~ NO-. % No.~~F~.~ BlUeback herring 5 7219 _ -. 3 0 343-27 25.1 314 33.5 40 3.6 43 4. 7 4792 70.7 183 31 .8 -- - - -White pe~rch 2193 16.2 23 2.6 446 34.2 304 32.4 348 31.6 69 7.6 607 '9. 0 242 42.1 109 31.2 1 0.5 44 11.2 spottail. shiner 1796 13.2 562 64.2 196 15.0 131 14.0 89 8.1 133 14.6 269 4.0 14 2.4 112 32.1 20 0O.5 16 L7.0 38 67.9 216 55.1 American shadf 1418 10.5 421 38.3 403 44.2 576 8.5 18 3.1 Alewife 713 5.3 32 3.7 217 16.6 26 2.8 72 6.5 112 12.3 254 3. 7 Gizzard shad 378 2.8 1 0.1 2 0.2 13 0.2 48 8.3 87 24.9 159 B3.7 66 70.2 2 0.5 Striped bass 376 22.8 10 0.8 98 10.5 79 7.2 98 10.7 79 1.2 10 1.7 2 0.6 American eel 287 2.1 139 15.9 It 0.8 17 1.8 17 1.5 10 1.1 12 0.2 39 6.8 10 2.9 1 0.5 2 2.1 3 5.4 26 6.6 bluegill 154 1.1 1 0.*1 125 1.8 14 2.4 12 3.4 2 3.6 Tessellated darter 102 0.8 / 0.8 32 2.5 16 1.7 2 0.2 4 0.4 5 0.1 6 1.7 30 7. 7 Yellow perch 85 0.6 38 4.3 14 1.1 6 6.6 3 0.3 1 <0.1 1 0.5 1 1.1 21 5.4 White catfish 71 0.5 1 0.1 1 0.1 8 0.7 34 3.7 24 0.4 2 0.3 1 0.3 Pumpkinseed 42 0.3 2 0.2 19 1.5 2 0.2 1 0.1 1 0.1 11 0.2 2 0.3 2 0.6 2 0.5 Rainbow smnelt 37 0. '1 15 1.7 
22 5.6 Golden shiner 27 0.2 9 1.0 5 0.4 1 0.1 1 0.1 1 0.1 3 <0.1 1 0.3 1 0.5 3 5.4 2 0.5 R~ock bass 20 0.1 7 0.5 6 0.6 2 0.2 1 0.*2 1 1.1 1 1.8 2 0.5 Brown bullhead 20 0.1 3 0.3 4 0.4, 3 0.3 1 <0.1 2 0.3 2 3.6 5 1.3 Silvery mninnow 16 0.1 5 0.6 8 0.6 

3 0.8 Black crappie 16 0.1 1 0.1 2 0.2 3 <0.1 2 1.1 6 6.4 2 3.6 Coldfish 14 0.1 4 0.5 1 0.1 1 0.1 1 0.1 1 <0.1 3 5.4 3 0.8 Ilogchoker 13 0.1 1 0.1 4 0.4 8 0.7 
White sucker 12 0.1 2 0.2 3 0.2 2 0.6 1 1.1 4 1.0 Atlantic tomcod 11 0.1 4 0.4 2 .0.6 4 2.1 1 1.1 Others 36 0.3 5 0.61 5 0.4 2 10.2 2 10.21 1 -0.1 5 0.1 31 0.91 1 0.5 2- 3.6. 10 2.6 

TOTAL SPECIES 37 18 ~22 18 14 20 12 14 9 8 10 21 

TfOTAL NUMBER 1-3566 876 L1304 1100 912 1 6781 575 1349 - 190 94 56 392 

Source: Al1,bany Steam Electric Generating Station 
316(a) Demonstration Submission



TABLE 2 Mw 

NIAGlARA MOHAWK POWER CORPORATION 
ALBEN STAN ELECTRIC GEERTNGTATION 

IMPINGEMENT SlimY 
ESTIMATED IWPIN-GEmEiNr BASED ON 

COOLING WATER Fw

A BC 
D ) PLN LW(G)OBSERVED IMPINGEET RATE ESTIMATED DAILY IMPINGEMENT RATE ESTIMATED MONTHLY IMPINGEMENT RATE 

MONTH 
(NUMBER/MG) Unit 1 Unit 2 Unit 3 Unit 4 Av. Plant Unit 1 Unit 2 Unit 3 -Unit 4 Plant Av. Unit 1 Unit 2 Unit 3 Unit 4 Total Unit 1 Unit 2 Unit 3 Unit 4 Total Total 

(1974)
March 126.72 109.47 88.22 126.72 388.11 
April 78.21 126.27 126.66 118.54 448.44 
May 114.90 126.55 126.40 126.72 494.80 
June 126.72 126.72 126.72 126.72 506.88 
July 126.72 126.61 125.44 126.72 505.34 
August 126.72 126.72 126.72 126.62 506.78 
September 126.72 126.06 126.72 122.93 488.35 
October 126.58 126.44 124.49 105.87 483.37 
November 126.72 126.42 126.57 126.72 506.44 
December 126.26 126.52 126.72 126.72 506.23 
(1975) 

January 126.72 118.68 126.43 126.72 498.55 
February 126.57 126.72 109.03 126.72 396.23 
March 125.68 113.68 126.17 124.01 364.30

0.11 0.12 
0.08 0.02 
0.10 0.08 
AVERAGE RATE

0.74 0.66 0.51 
1.80 3.75 2.45 
1.04 4.65 2.54 
1.16 3.75 2.27 
1.42 3.75 2.29 
1.49 3.75 2.68 
4.11 4.70 5.00 
2.03 6.15 4.12 
0.33 1.42 0.91 
0.0l9 0.29 0.23 

0.14 0.18 0.13 
0.21 0.20 0.12 
0.24 0.40 0.20 

1.80

1426 
2430 
6293 
4740 
5580 
15,01 

25230 
16244 

3720

434 434 
280 84 

HO403 279 
MTHLY AVERAGE 

'rFARLY ESTIMATE*

14 14 
10 3 
13 9 
DAILY AVERAGE

1798 
10110 
10633 

8700 
8308 
9982 

19860 
19003 
3930

2015 
6840 
4061 
4410 
5518 
5859 

15540 
7843 
1260 
341 

558 
644 
930

2604 
13350 
18259 
14250 
14752 
14725 
17340 
20181 

5400

713 2015 
700 1344 

1550 2263 
26815

6138 
32970 
38967 
34530 
35867 
42098 
73260 
61721

BIOMASS OF FISH 
A 

BC 
D PLANT FLOW (MCD) OBSERVED BMIGXN1RT MNH(IOKASS1GEM)RT 

EST1IMATED DAILY IMPINGEMENT RATE ESTIMATED MONTHL.Y IMPINGEEw RATE Unit 1 Unit 2 Unit 3 Unit 4 Av. Plant Unit 1 Unit 2 Unit 3 Unit 4 Plant Av. Unit 1 Unit 2 Unit 3 Unit 4 Total itIUi 2Uit3Ut4Toa TotalUnt1Ui2Unt3Ui4Toa 

March 126.72 109 4.7 88 22 "1 1
300.*11 

448.44 
494.80 
506.88 
505.34 
506.78 
488.35 
483.37 
506.44 
506.23

118.68 126.43 126.72 498.55 
126.72 109.03 126.72 396.23 
113.68 126.17 124.01 364.30

7.*11 
22.22 
98.30 
34.38 
29.83 
30.81 
64.68 
69.66 
18.99 
6.45

.9.17 
123.98 
243.59 

81.00 
52.42 
31.72 
63.17 

102 .91 
25.30 
9.43

18.43 
42.34 
38.06 
43.27 
25.49 
16.99 
44.08 
30.95 
5.51 
3.45

2.07 3.59 3.73 
1.64 0.42 13.38 
3.38 2.71 6.43 
AVERAGE RATE

i4.26 
209.85 
451.90 
151.14 
116.24 
60.74 
81.26 

175.50 
39.06 
10.62

1o. 90 
88.13 

209.47 
84.70 
61.36 
35.06 
61.95 
88.58 
22.57

4.95 3.59 
6.24 3.68 

16.03 6.80 
52.64

902 
1738 

11295 
4357 
3780 
3904 
8196 
8818 
2406 

814 

262 
208 
425 
DAILY

1004 1626 
15655 5363 
30827 4811 
10264 5483 
6637 3197 
4020 2153 
7963 5586 

13012 3853 
3198 697 
1193 437 

426 472 
53 1459 

308 811 
AVERAGE

1807 
24876 
57265 
19152 
14730 

7691 
9989 

18580 
4950

627 1790 8132 13208 14 6'19 
791 1458 '5812 1490 40847 1988 2477 13169 9550 25149 

25625 MONTHLY AVERAGE 
YEARLY ESTIMATE*

4231 
39521 

103646 
42933 
31008 
17768 
30253 
42817 
11430

27948 
52135 

350135 
130699 
117182 
121032 
245887 
273344 

72192

31125 
469649 
955616 
307930 
205744 
124606 
238896 
403370 

95953

50408 
160884 
149134 
164495 
99121 
66742 

167575 
119442 

20922

56017 131168 
746269 1185631 

1775208 3213018 
574574 1287982 
456628 961328 
238418 550799 
299679 907598 
575986 1327324 
148490 342911 
41719 117542 

19445 55484 
22141 40828 
61624 76794 

784486 
10067149 gina 

10067 
kg

* April 1974 - March 1975

Source: Albany Steam Electric Generating Station 
Impingement Survey (April 1974-March 1975) 
June 1975

April 
Masy 
June 
July 
August 
September 
October 
November 
December 
(1975) 
January 
February 
March

126.*27 
126.55 
126.72 
126.61 
126.72 
126.06 
126.44 
126.42 
126.52

78.21 
114 .90 
126.72 
126.72 
126.72 
126.72 
126.58 
126.72 
126.26 

126.72 
126.57 
125.68

126.66 
126.40 
126.72 
125.44 
126.72 
126.72 
124.49 
126.57 
126.72

118.54 
126.72 
126.72 
126.72 
126.62 
122.93 
105.87 
126.72 
126.72



TABLE

SPECIES 
:Rakorde

YEARLY SAMPLE TOTAL' 
ABUNDANCE I

NIAGARA MO)HAWK POWER CORPORATION 
ALBANY IMPINGEMENT SURVEY 

MfNTHLY PERCENTAGE COMPOSITION 
ABUNDANCE 

MNTHLY PERCENTAGES 1974 - 1975 APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
lueback herring 
Fhlte perch 
pottail shiner 
lewife 
zqerican eel 
triped bass 
merican shad 
essellated darter 
hite catfish 
ellow perch 
umpki nseed 
livery minnow 
izzard shad 
olden shiner 
luegiul sunfish 
tlantic tomcod 
3inbow smelt 
31dfish 
rown bullhead 
ilte sucker 
Lack crappie 
)ck bass 
!ntral mudminnow 
'HIERS

27058 
18091 
15067 
10764 

6494 
5455 
3651 
1570 
1021 
687 
564 
526 
468 
429 
374 
369 
302 
291 
183 
167 
124 
119 
106 
604 
194

28.58 
19.11 
15.91 
11.37 
6.86 
5.76 
3.87 
1.66 
1.10 
0.73 
0.60 
0.56 
0.49 
0.45 
0.40 
0.39 
0.32 
0.30 
0.19 
0.18 
0.13 
0.13 
0.11 
0.64 
0.20

)TAL SPECIES

1.56 
11.90 
40.62 
2.29 

19.85 
0.03 

7.21 
0.06 
3.91 
0.91 
3.12 

1.28 
0.32 
0.01 
1.92 
0.61 
0.45 
0.74 
0.04 
0.23 
0.78 
1.58 
0.56

37.93 
14.16 
21.64 
8.32 
5.70 
1.87 
0.01 
4.24 
0.*07 
1.11 
1.29 
1.24 

0.61 
0.17 
0.02 
0.01 
0.13 
0.18 
0.26 
0.15 
0.20 
0.07 
0.51 
0.11

23.77 
22.35 
16.04 
1.33 
6.90 

22.26 
12.40 
1.34 
0.34 
0.74 
0.52 
0.22 

0.35 
O0.06 
1.66 
0.02 
0.12 
0.67 
0.15 
0.05 
0.17 
0.01 
0.92

3.84 
34.90 
13.03 

7.53 
5.71 

14.86 
12.27 

0.*68 
3.30 
0.37 
0.72 
0.04 

0.39 
0.15 
0.87 
0.01 
0.03 
0.13 
0.07 
0.11 
0.12 

0.74

3.33 
14.95 
11.59 
41.54 
3.05 
9.02 
4.14 
0.*36 
1.05 
0.*02 
0.24 

0.24 
0.02 
0.13 

0.02 
0.04 

0.02 

0.12 
<0.01

37 34 34 34 25

59.40 
13.47 
4.33 

11.24 
1.36 
3.*35 
0.85 
0.*10 
0.40 
0.01 
0.18 
0.02 
0.05 
0.*11 
0.56 

>0.*01 

0.02 
0.02 
0.06 
0.04 

0.24 

0.25 

31

45.68 
28.07 

2 *87 

8:*68 
9.12 
1.43 
0.85 
0.17 
0.*29 
0.03 
0.47 
0.01 
0.93 
0.07 
0.36 
0.06 

0.03 
0.*02 
0.04 
0.07 
0.03 

0.34

37 33 31

19.70 
25.42 
28.42 
0.15 
9.50 
1.11 
0.*46 
0.78 

0.12 
0.80 
0.07 
5.04 
0.44 
2.52 
0.29 

1.70, 
0.34 
0.34 
0.39 
0.39 
0.17 
1.17

0.*19 
0.58 

60.*17 

3.88 
0.10 

0.10 

0.78 
1.84 
0.29.  
7.75 
3.20 
1.94 
7.56 

5.14 
0.39 
0.39 
2.33 
0.58 
0.10 
2.40 
0.29

0.*34 
74.32 

1.86 

0.68 
0.84 
0.68 
3.38 
2.20 
0.34 
5.07 

2.36 
0.68 
1.01 
1.52 
0.17 

3.71

22 20

2 * 34 
78.*36 

2.63 

1.17 
0.58 
1.17 
0.59 

1.75 
0.29 
1.17 

3.80 
0.58 
0.29 
2.05 

0.58 
2.66

-- Species Not Collected

Source: Albany Steam Electric Generating Station 
Impingement Survey (April 1974-March 1975) 
June 1975

0.*45 
61.19 

2.54 

0.75 
0.*90 
1.79 
0.90 
0.75 
0.15 
3.28 
0.60 
0.15 

13.28 
5.82 
1.94 
0.30 
1.49 
1.04 
0.*30 
2.09 
0.29



xiv. 2

Response:

Provide an estimate (and associated variance 
and 95% confidence interval) of impingement 
efficiency. Provide a thorough discussion 
of data used and assumptions made.  

There have been no impingement collection 
efficiency tests conducted at the Albany 
Steam Electric Generating Station.



XVI.  

XVI 1.  

Response:

Question relating to the NYU special report 
entitled "Mortality of striped bass eggs and 
larvae in nets" (July 1976) 

Please provide, with adeo'uate documentation, the 
raw data on which this report is based. Please 
indicate not only whether a velocity reduction 
cone was present or not but also the degree of 
taper.  

Attached are the raw data upon which the report 
entitled "Mortality of striped bass eggs and 
larvae in nets" (July, 1976) is based.
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XVII.

XVII1 1.

Response:

Question related to the Texas Instruments "1974 
year-class report for the multiplant impact study 
of the Hudson River Estuary," May 1977 

Provide the values of the points in Table VI-l of 
volume I.  

Please explain the reporting philosophy which 
underlies the failure to provide the actual values 
of these points in the original report. Explain.  
why the 1975 data are not yet available.  

The values of the points in Table VI-l of Volume 1 
can be obtained from the next to last column in 
Table IV-2 of Volume 1. However, to aid the NRC 
in obtaining these values, see the modified version 
of Table VI-l below.  

Table VI-l, (modified) 

Letter Codes for 11 New Data Points Added to Ricker 
Type Stock Recruitment Curve for Hudson River 
Striped Bass (Figure VI-2)

Data Point 
Letter Code 

A 
B 
C 
D 
E 
F 
G 
H 

K

Stock Recruitment 
Years 

1942-47 
1947-52 
1949-54 
1950-55 
195 1-56 
1954-5 9 
1955-60 
1956-61 
195 9-64 
196 8-73 
1969-74

Striped Bass 
Yield per Effort Values* 
Stock Recruits 
(Parent) (Progeny) 
720 - 412 
412 - 725 
102 - 1159 
122 - 1864 
419 - 2651 

1159 - 2422 
1864 - 4665 
2651 - 2696 
4494 - 1528 
3663 - 4272 
4965 - 1429

*(From Table iv-2, p IV-14, 1974 year class report, Vol. 1)



To reiterate, the actual values for these 11 new 
data points were in fact provided in the original 
report, i.e. in Table IV-2 of Volume 1. The 1975 
data were not available when the draft version of 
this report (1974 Year.Class) was written. Since 
the purpose of the 1974 Year Class report, was 
primarily to analyze and discuss the data collected 
through 1974 and early 1975, the commercial catch 
data from 1975 were not included in the final version 
of the 1974 Year Class report published in May 1977..  
The 1975 commercial fishery data for striped bass 
were included in the report edited by James McFadden 
and dated January 1977.


