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FIELD SURVEY PROCEDURES 

This chapter summarizes the field survey procedures and techniques 

employed for the Hudson River thermal and ecological surveys. 

A. SURVEY DURATION 

A program of temperature surveys was instituted on July 19, 1969 

and continued for three months. On August 6, 1969 a program of 

temperature and ecological surveys was initiated on a regular 

basis of once a week (Wednesday) for an eleven week period ending 

October 15, 1969. 

B. SURVEY EQUIPMENT 

1. Sampling Vehicle 

A fairly large boat (16 ft.) equipped with a 65 HP motor was used 

for the temperature measurements. A considerable space was 

available for the convenience of a three to four man team and 

equipment storage. 

A smaller boat (12 ft.) equipped with a 6 HP motor was used for 

the ecological measurements as well as temperature measurements 

in shallow areas. 

2. Temperature Survey Equipment 

Six channel and one channel tele-thermometers (Yellow Springs 

Instrument Co., Inc., Yellow Spring, Ohio) and thermistors with 

cables with their appropriate probes (up to 30 ft. in length) were 

used for temperature measurements. 
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These instruments were reg,llarly checked against two liquid-in

glass precision thermometers certified by the National Bureau 

of Standards. 

The maximum observed correction to standard temperature readings 

using these thermometers was ~0.02°F. These thermometers were 

carefully compared with a National Bureau of Standards certified 

standard in accordance with methods recommended by that institution. 

The 30 ft. probe was used to measure temperatures at different 

depths. A Kemmerer water sampler was used for measurements at 

depths greater than 30 ft. A weighted cord was used to insure 

that the temperature measurements were at depths perpendicular to 

the plane of the water and to avoid stressing the thermistor 

probe. The probe is loosely affixed to the cord by means of a 

plastic tape placed at measured intervals corresponding to fixed 

depth readings. 

The location of the boat position in the river was determined by 

using a sextant and known landmarks. Sextants readings were 

always accompanied by detailed physical notes relating position 

to landmarks. 

A stop watch with a second hand was used to determine the time 

of measurements and the fixed time interval between different 

stations. 
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Various other equipment such as anchors, ropes, prepared data 

sheets, tidal current and stage charts, USCGS and USGS maps with 

the locations of landmarks shown on them, clipboards, etc. A 

makeshift plywood table that stretches the width of the boat was 

found to be convenient. It provided a safe stable place for the 

thermistors and facilitated the actual writing down of the data. 

3. Ecological Survey Equipment 

These included several fish nets (both seine and fyke), bottom 

samplers, water samplers, maximum-minimum thermometers, necessary 

chemicals, glassware and labels. Discussion of this equipment is 

given in ChapterV. 

C. SURVEY PERSONNEL 

A three man team is required to perform the field work (both 

thermal and ecological). In special cases extra men may be needed. 

The three men must know their respective tasks. In conducting 

the temperature surveys these tasks are: 

1. One man (the operator) steers the boat at a constant velocity 

(both speed and direction). His task, when the boat stops 

for a position fix, is to hold the boat as steady as 

possible using the motor, anchor and/or attached line. 
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To facilitate moving in a straight line the operator 

should employ two landmarks, one from which he is pro

ceeding and a forward landmark. Due to tidal currents 

and wind, one usually cannot determine a straight line 

by pointing the bow of the boat at a forward landmark. 

This must be compensated for by crabbing the boat 

(pointing the bow at a greater angle to the direction of 

the flow). 

2. A second man (the recorder) is responsible for data 

collection. Once the temperature run has commenced, he 

takes readings at equal time intervals and records them. 

Five or ten second time intervals are appropriate. 

Since this man has the most intimate contact with the 

data, he is responsible for the direction in which the 

boat is to proceed. 

3. A third man (the sextant man) takes the sextant readings 

and makes sure that the weight and the accompanying 

temperature probe are properly suspended in the water. 
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Due to pressure drag the weight will rise in the water 

depending upon the speed of the boat. To insure that 

the thermistor is reading the surface water temperature 

while the boat is in progress, the sextant man must 

maintain the weight at 6" to I' below the surface. The 

proper length of cord to release is easily determined by 

trial and error. He must also make sure that minor 

river effects such as waves will not cause the probe to 

break the surface and read air temperature. Errors of 

this sort are readily detected by illogical temperature 

readings. 

When the position is known, such as at the discharge, 

the sextant man by shifting his weight can stabilize 

the boat's position in this turbulent area. The sextant 

man is also responsible for recording field notes and 

meteorological conditions, keeping the probe free of 

all foreign matter, such as grease from the boat 

operation, or weeds or algae from the river. 

D. TEMPERATURE SURVEY PROCEDURE 

The following procedure was followed in almost all of the 

temperature surveys. Minor modifications, however, were in 

some cases necessary. 
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1. Check All Temperature Instruments Against the Precision 
Thermometers. 

If it is determined that recalibration is indicated, follow the 

procedure outlined in the manufacturer's manual. The temperature 

instruments should be checked prior to and after each run. 

2. Establish the Index Error of the Sextant by Sighting on a 
Distant Object. 

Check this at the end of the surveY,also. 

3. Establish the River water Ambient Temperature. 

continuous temperature readings must be taken. Start some 

distance from the plant, beyond the heated zone determined from 

previous experience, and move in the opposite direction of the 

prevailing tidal flow, and towards the opposite shore. Several 

temperature measurements at different depths must also be taken. 

The establishment of the ambient temperature is particularly 

important and one must be aware of the following: 

a) Temperatures in the vicinity of creeks or tributaries, 

and near facilities which may be discharging heated 

water or industrial waste, will be higher than normal 

river ambient. 
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b) On hot summer days, due to solar effects, the surface 

temperature will increase during the day and will be 

higher than the deeper water temperatures. 

c) Measurements should not be taken in the wake of a 

passing boat. 

d) Different sections of the river reach under study may 

have different ambient temperatures due to channel 

geometry variations and turbulence effects. The ambient 

temperature, for study purposes, should be selected as 

close to the plant as possible. 

e) Due to wind and solar effects the daily ambient temperature 

changes during the day. Therefore, establish this value 

before and after each run. 

4. conduct the Actual Temperature Run. 

The procedure varies with the tidal condition, location and 

orientation of the discharge channel, meteorological conditions, 

etc. Basically, it consists of running a criss-cross pattern 

through the effected area. The origin of the criss-cross 

pattern is normally taken at one end of the temperature spectrum. 
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The discharge channel is usually used for this purpose. 

Start the temperature run by taking temperature measurements at 

the discharge at several depths. Make continuous surface 

temperature measurements at equal time intervals (every five 

seconds) while the boat is moving in the direction of a known 

landmark at a constant velocity to some fixed station. Determine 

the location of this station by either taking sextant readings 

or known float position. Take several temperature measurements 

at different depths at this station. 

Repeat the same procedure while moving to other stations, i.e., 

take continuous surface readings at equal intervals and depth 

measurements at these stations. When the recorder indicates 

that the ambient temperature has been reached, stop this 

particular leg of the survey. The operator stops and steadies 

the vehicle, the recorder takes his final reading and the 

sextant man establishes the boat's position. 

Commence the next leg of the criss-cross pattern, in a similar 

manner, in the direction of the hi.gher temperatures, i.e., 

moving from the previous ambient location to the shore either 

upstream or downstream of the discharge channel, depending upon 

the prevailing tidal condition. 
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Start another criss-cross leg beginning with the previous shore 

location and moving towards a new location of the ambient 

temperature and so on. The run ends when the ambient temperature 

is reached in the longitudinal, as well as the lateral directions. 

The shallowness or steepness of the legs of a particular run is 

determined by the recorder on the basis of the previous leg 

readings. If the temperatures are changing rapidly, the recorder 

will have to take his next series of temperatures very close to 

the previous leg. If the new leg temperatures are not changing 

a great deal, a shallow angle will be sufficient. Typical 

tracks are shown on Figure 2 of the next chapter. 

Place more 'emphasis on depth temperature measurements in the 

vicinity of the discharge and shallow areas. 

5. Obtain Plant Operating Data During the Survey Hours. 

To illustrate the criss-cross 'procedure outlined above, three 

typical temperature run results corresponding to three different 

tidal conditions are plotted on Figures 2, 3 and 4 of Chapter 

II of the report. 
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E. ECOLOGICAL SURVEY PROCEDURE 

Three ecological stations were located in the cove south of 

the Danskammer discharge. These consisted of three locations 

50, 390 and 800 feet south of the discharge, in which decreasing 

temperatures could be expected as you proceed south of the 

discharge. These stations were located on the basis of 

expected temperature rises obtained from the July surveys, 

which are shown in Appendix B. 

The following general procedure was followed in almost all of 

the ecological runs: 

1. Calibrate both temperature instruments. Take continuous 

surface temperature measurements starting from the heated 

effluent discharge to south of Station #3. These measure

ments should reflect temperature distribution outside 

the cove. Top to bottom temperature measurements should 

be taken at at least two stations along the way. 

2. Anchor the boat several yards north of the station and 

perform the following: 
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a) record air temperature, wind speed and other 

meteorological conditions. 

b) take mid-depth (or top and bottom) water samples 

for salinity and DO determination. Fix the 

Dissolved Oxygen at the site. 

c) take top to bottom temperature measurements (every 

foot) . 

d) measure water depth. 

e) take bottom sample for bottom organisms count. 

Prepare label showing date, time, plant, station 

number and other necessary information. Wash 

down the sample in the proper jar using river 

water. Preserve the sample using a mixture of 

formaldahyde solution and river water. Clean 

the sampler and jar. 

f) set seine net (two persons are needed). One person 

should go way out with the fish net (a maximum 

distance of 50') in the vicinity of the station. 

Always be on the outside of net while pulling the 
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net. The second person should move outside of 

the net towards the first and takes his place. 

The first will then move a distance of 50' parallel 

to the shore. Both men will move towards the 

shore stretching the net evenly and pulling both 

the top and bottom together. All hands should 

meet along the bottom of the fish net. 

The third person will prepare a jar of formaldahyde 

solution, label showing date, time, plant name, 

net used, station number, and collection number. 

D-S-S-3-1of 2, 50'X50' on one side anc 9/10/69,11:09 

on the other, for example, indicates: Dans-

kammer - Station #3 - collection #1 of 2, 50 'X50' 

procedure, collected on 9/10/69 at 11: 09. Preserve 

fish in the appropriate jars. 

g) raise and empty the fyke net and preserve the con

tents following the procedure outlined in f above. 

Reset the fyke net: at its proper location. The 

location should be few yards south of the station 

marker. 
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3. Move to the next ecological station. Take continuous 

surface temperature measurements. Repeat step "2" 

at this station. 

4. Repeat step "3" at other ecological stations. 

5. End this run by taking continuous surface temperature 

measurements within and outside the cove. Take top to 

bottom temperature measurements at several stations. 

6. Conduct temperature runs at the selected tidal current 

conditions. (See the temperature survey procedure 

outlined in item D). 

7. Take DO and salinity samples at the ecological stations 

at a different tidal condition. A total of 3 samples 

per station taken 3 to 4 hours apart is satisfactory. 

8. Obtain plant operating conditions during the survey 

hours. 
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The following Appendix contains the results of temperature 
surveys made by Quirk, Lawler & Matusky Engineers during 
the period of July 18, 1969 to October 15, 1969. The sur
veys are divided into each day's runs containing the follow
ing information: 

1. A summary sheet of data extracted from the tempera
ture data collected. On this sheet is found: 

a. Tidal phase of runs made. 
b. The electrical output from Danskammer Plant. 
c. The percent of Hudson River surface width 

bounded by a temperature rise of 4°F or 
greater. 

d. The percent of Hudson River cross-sectional 
area bounded by a temperature rise of 4°F 
or greater. 

e. The total surface area bounded by a 4°F or 
greater rise. 

f. The longitudinal extent of the 4°F tempera
ture rise. 

2. Several graphs containing plant operating data as 
measured by plant equipment. These graphs contain: 

a. Tidal current during day of survey. 

n -I C), 

b. Electrical output of Danskammer Plant, all units. 
c. Input and output cooling water temperatures 

over day. 
d. Temperature rise of cooling water through con

denser during day. 

3. Surface isotherms drawn from data collected during 
the surveys. These figures contain: 

a. Surfaqe temperature isotherms. 
b. Tidal phase with period of survey marked. 
c. Weather conditions observed during run. 
d. Plant operating data during run. 
e. River ambient temperature during run. 

4. Cross-sectional area isotherms showing variations 
of temperature with width and depth. 

The figures are in the order listed above and sectioned by 
date. An additional section titled "Tidal Average" follows 
the daily data. This section contains a lateral average of 
all runs as well as an average of each tidal phase (Maximum 
Flood, High Water Slack, Maximum Ebb, Low Water Slack). An 
average cross-sectional graph was constructed from all sur
vey data and included at the end of this section. 



TABLE Al 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4°F OR GREATER 

Total river cross sectional area DATE: July 18, 1969 
at critical section - 142,000 ft. 2 

Total river surface width at 
critical section* 3,420 ft. 

~D~~~OND;TION -I ELECTRICAL OUTPUT I % WIDTH % CROSS-SECTIONAL! SURFACE AREA LONGIT'L"DINAL 
I I (MVlE) AREA! (ACRES) EXTENT 
!; . 

I 

Late Ebb I 492 19.3 0.73 154.5 

I , 

i 

Maximum Flood i 

Low Water SlaCk! 

I 
I 

I 
I ' 

494 7.6 

504 18.7 

" 

I 

L ! _________________ . _____ .. ___ ._. __ . _____ .. _--1-__ _ 

1.20 29.7 

0.62 51.5 

3765' 

1300' 

1340' 

1 

I 

*Critical section 390 ft. south of discharge. 
CP 

I 

f"0 
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TABLE A2 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4 0 F OR GREATER 

DATE: July 30, 1969 Total river cross sectional area 
at critical section - 142,000 ft. 2 

TIDAL CONDITION ELECTRICAL OUTPUT I % WIDTH 
(~) j 

; 

, I I ! I I i 
I 445 ! 5.5 
! I 

i 
Early Flood ! 433 20.5 

. I 
Hlgh Water Slackl 

,; 

to Early Ebb 438 10.0 

l_ 
----'---_ ... _---- _ .. -- ----_ ... _-----_.-

Total river surface width at 
critical section* 

% CROSS-SECTIONAL SURFACE AREA 
AREA (ACRES) 

i 
I 
i 
I 0.73 j 11. 0 
! 

1.43 14.6 

1. 06 78.0 

3,420 ft. 

LONGITUDINALi 
EXTENT I 

I 
I 
I 1070 

7750 

*Critical section 390 ft. south of discharge. 

(J) , 
(j) 
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TABLE A3 

PORTION OF HUDSON. RIVER AT DANS~~R SUBJECTED TO TEMPERATURE RISE OF 4
0

F OR GREATER 

Total river cross sectional area DATE: August 6, 1969 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 3,420 ft. 

TIDAL CONDITION fE.LECTRICAL OUTPUT I % WIDTH II % CROSS-SECTIONAL I 
J__ (MWE) 1 AREA! 

SURFACE AREA I-~ONGITUDINAL I 
(ACRES) I EXTENT I 

Early Ebb to 
\ Water Slack 
j 

IMaximum Ebb 

! 
I 

High! 

Low Water Slack 

455 11. 7 

493 9.7 
j' 

494 19.0 

-- ---_ .. __ ._------------. 

1.19 79.8 5470 

> 217.5 10,00'0+ 

2.79 205.5 6000 

*Critical section 390 ft. south of discharge. 

OJ 
J 

J: 
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TABLE A4 

PORTION OF HUDSON RIVER AT DANSKfu~ER SUBJECTED TO TEMPERATURE RISE OF 4
0

p OR GREATER 

Total river cross sectional area DATE: August 13, 1969 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 3,420 ft. 

TIDAL CONDITION I ELECTRICAL~UTPUT ~ WIDTH! % CROSS-SECTIONAL !SURFACE AREA j LONGITUDINAL I 
I (MVIE) I ! AREA i (ACRES) i EXTENT 

Maximum Flood 

, 

1 High Water Slack 
i to Early Ebb 
I 

I 
i 
!Maximum Ebb 

I 
I 
I 
} 
L ___ . _ .. _ .... ____ . _____ ... ______ ". 

461 

470 

.' 
470 

., . 

26.3 1.63 25.3 

16.1 0.81 44.0 

9.1 0.95 176.0 

I , 
! 
I 
I 

I 
. I 

I 

I 
I 
j 

I 
f 

I 
I 

2205 

5080 

8340 

*Critical section 390 ft. south of discharge. 
OJ 

I 

l./I 



TABLE A5 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4°F OR GREATER 

DATE: August 20, 1969 Total river cross sectional area 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 3,420 ft. 

TIDAL CONDITION r ELECTRICAL OUTPUT ! %. WIDTH % CROSS-;E~;IONAL r-~URFACE AREA LONGITUDINAL! 
I (MVlE) 

-- -- -- AREA I (ACRES) 
.~--------~-----------

EXTENT 

Maximum Ebb 463 9.7 0.72 33.0 5000 

Low Water Slack 458 9.1 0.49 46.5 4330 

Maximum Flood 424 4.1 0.52 8.4 5000 

i 

j 

I 
! 
i 

L __ _ _ ____ . ___ -.-1__ ___ __-'--___ _ 

*Critical section 390 ft. south of discharge. 
OJ 

()' 
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TABLE A6 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4
0

F OR GREATER 

DATE: September 10, 1969 

-

TIDAL CONDITION ELECTRICAL OUTPUT % WIDTH 
(MWE) 

I ! 

High Water Slack I 
I 
I 

393 i 10.5 
/ 
I 

i i 

I 
I 

Maximum Flood 434 i 11.1 , 

I I I , 
Maximum Ebb I 408 

°1 
9.1 

I 

! I 

I 
! 

! 
I 
! 

I 
I 

j 
----. 

Total river cross sectional area 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 

% CROSS-SECTIONAL SURFACE AREA 
AREA (ACRES) 

i 

I 
! 1.49 , 27.8 I 
I 
I 

0.97 t 9.95 
I 
i , 

0.76 I 26.1 

I 
I 
I 
j 

I 
I , 

I 
I 
I 

3,420 ft. 

LONGITUDINAL 
EXTENT 

i 

I I 

I I 3280 

I I 
! 

133.0 i 
• 
! 

4080 

I 

I CD 
I 

-3 
*Critical section 390 ft. south of discharge. 
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TABLE A7 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4°F OR GREATER 

Total river cross sectional area DATE: September 17, 1969 
at critical section - 142,000 ft.2 

TIDAL CONDITION ELECTRICAL OUTPUT 
(MWE) 

L __ _ ~_____ _ _ _ _____ _____ _ 
r~ ~~--~--~ 

I 
\ 

% WIDTH 

Total river surface width at 
critical section* 

% CROSS-SECTIONAL SURFACE AREA 
AREA (ACRES) 

I Maximum Flood 487 11.1 1.63 13.5 

I 

I I Low water Slack 499 10.5 1.57 
! I 

. ----~----~ 

I 

I 
I 

I 

I 
I .----L-. _____ .. 

.. ----

25.1 

3,420 ft. 

LONGITUDINALl 
EXTENT [ 

2150 

2400 

*Critica1 section 390 ft. south of discharge. 
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TABLEA8 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4°F OR GREATER 

Total river cross sectional area DATE: September 24, 1969 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 3,420 ft. 

TIDAL CONDITION II ELECTRICAL OUTPUT! % WIDTH I % CROSS-SECTIONAL! SURFACE AREA I LONGITUDINAL. I 
I (MVlE) , AREA I (ACRES) !. EXTENT I 
I . ! i I 

Maximum Flood I 354 ! 0 I 0 3.33 II 910 
I ! I 
! l! 

. I !. I 
H~gh Water Slack I 406 i 7.6 0.65 13.9 2630 
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*Critical section 390 ft. south of discharge. ~ 
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TABLE A9 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4
0

F OR GREATER 

DATE: October 1, 1969 Total river cross sectional area 
at critical section 142,000 ft.2 

Total river surface width at 
critical section* 3,420 ft. 

TIDAL CONDITION ELECTRICAL OUTPUT I % ~IDTH· % CROSS-SECTIONAL SURFACE AREA LONGITUDINAL-II 
(MWE)! AREA (ACRES) EXTENT I 

! 
Maximum Ebb 435 9.1 0.52 30.6 5070 I 

Low Water Slack 458 15.2 0.65 75.9 60.00 
; 

j I 
Maximum Flood 445 I 10.5 0.65 8.5 1555 

I 
I r 

I 
• 

L--. J 
(]J 

*Critical section 390 ft. south of discharge. 0 
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TABLE A10 

PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4°F OR GREATER 

DATE: October 8, 1969 Total river cross sectional area 
at critical section 

Total river surface width at 
critical section* 

- 142 ,000 ft. 2 

3,420 ft. 

I TIDAL CONDITIO~~LE~TRI~~L--;UTPU;r % WIDTH % CROSS-SECTIONAL I SURFACE AREA /' LONGITUDINAL! I ! . (MVIE)., AREA! (ACRES) , EXTENT I 

\ Maximum Flood 271 1. 0 I 0 4.93 1890 

High Water Slack 

Maximum Ebb 

, L-__ 

268 

t 

258 
J 

i 
I 
I 
! 
I 

I 

13.3 0.87 20.1 2710 

10.4 0.32 15.9 3520 

-+--- .-- .. ________ . __ L __ . ___ -'--________ ~ ____ ____l _____ _1 

*Critical section 390 ft. south of discharge. 
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PORTION OF HUDSON RIVER AT DANSKAMMER SUBJECTED TO TEMPERATURE RISE OF 4
0

F OR GREATER 

DATE: October 15, 1969 

TIDAL CONDITION ELECTRICAL OUTPUT % WIDTH 
(MWE) , 

i I I .1 
I 

i Late Ebb 409 
I 

10.4 i I I i 
I 

14.0 I Low water Slack 398 ! 
j , 

I I ~ I o ! Maximum Flood I 382 t 
' I 

I 
I 
I , 
i 
i 

I I -
I 

I 

I I 
I . I 

I 
I 

I I 
-.----.- 1--

Total river cross sectional area 
at critical section - 142,000 ft.2 

Total river surface width at 
critical section* 

% CROSS-SECTIONAL I SURFACE AREA 
AREA I (ACRES) 

I 

I 0.68 41.2 
I 
! 1.22 17.6 

I , 

0 
! 

7.8 I 
I 
I 
I 
I 
I 
I 

i 

j 

3,420 ft. 

LONGITUDINAL 
EXTENT 

I 

I 
6870 I 

I 
I 

I 

246,0 I 
I 
! 

1165 

I 

I 
Q 

I 

*Critical section 390 ft. south of discharge. ~ 





F IG-URE. B-1 h 



LARGE 
DOCUMENT 

• 

,I 

,I 



LARGE 
DOCUMENT 

.. 

.' 

.' 

'" 



ri 

LARGE 
DOCUMENT 

,I 

,I 

.' 

" 

~ 





.~-l~:·i·J·!; :-~ tF~'~ !j":"13T -r-j=F tt1}: - t!t +- - - _ :t,-. - .8_'1--"':' ·~,1,.-;,:t,,~ of, ~,+,:!,'; :B,.:;-, _;~ t-t-±t.~ .. t ':;':1' i.i :';, I !~, :)t·,t ;rH, - _. :"j,r-r _: __ , . H-ttH-t-I-t-t-t-H-t+-t-1-t-t , ' _ • 

!:!:Hl:lifl!:!liU: lili ifJ! ii!! IfI:1 111---:"- T- -'Ii _. ~- "::-"::: .:}J :-, il:::T i; iii1:;j; ;,!!~ ~~-~1 
::L' II! i Li !;:, , I I' j 'I-II ','fj'" r :Ii I 1:11.,. ! \'! .. : \"" :, -I -::. " 1- -,. , ,- -I' :,1, it,:j':: ,", ',L"'-I',I!" "', ,I,"", ,I, I' ~,' i :, ','" ;, -,:, :",',',:, '.: ,i ',', ',', f,', ::L!,jL";!,: :;;: k,' F, 1i\ I, i,: ,j, -r'- .,' " Iii.. . 

, "'''''' , ,'" 1 'I' I'" I I ' ' , , "I' i' (' I ,i_I, IJ' [I i I J'I II-t" '\\ I J U 'I' "'1'1 I' '-" " ....... , ;,'!,,:!I'_,i,, ',:',',r i"I,:,','I','",,-j,':,·L,.,i,.',:: i,"1 ','_,'ll,:,,!:1{ '1"I!,'1"t":~,:I' ,::,', 'i .', -: "'1 ..... J','I' -" 'I' 1',;:: ;i,;,:nl: i::~ ::.:1 I' '1, . -, ' ., :' ':I:""'" i i ; Itl ,'", "i+ 









'" J 

... 
"-
.~ 

i:!'·li':.i t-'-;-· "·-'t-I::j·t,1I i RI -. ·-Ui--UI·---I ,-- .,-- T - "[--·:·i' l·r fT LU:WrI-r·:-:'I:::, Ti:i:!!+nfi:I:~:~f:!:i J-:IJ P:I· - :: i:l:t,t~il :;::-::-> '- ::1:- . -------- - .:: -:f:lH: II] t!~LH1i~: 
i!:I':il_Hi: -lil!::-~iJif; f:rEII:T' 1:11 :1--: IJ--Itrtl·:::.- ::~ ----::- -- :-:::-- -I jLJ}'-~li im\:ri-~~-ttr:ll: 
~,--!I·!·: ,,·,··1+,·' ~I-, n-I:il,... FI-I +1--· -I-1·ll· I-LH - - '/ .- -. - - .. --. - - . ·1-· lll-! '·Ir -,.; ,c.l:rr . 

UJ+ll;-~!nJjli-h !l!:: In: m! ,.-rJmlf:.m Tltmm :: f, 'rl : -f:: -. . -; f:::;:~ -- -:-l~ -J l Hll Hi) 1:1 ~dt :~l' 
il:.! I::j L~ ::ku i-I ~-f:L ·1 ~:~I' H:II:~iW l:tl'··~-tLl:± +'-IT t :i:lll FI ~:Lj, Ii I l:: : --: .. - -- : :I:-:Il- :: -+t :: + VI:I:I. ;, Ii i -1_: ~ i+~+ Y :!1 . . ·,1,.-,-: ·-,,;·h· :I-,--Hct,--rji, rl.II-· ~m: Jt:/·,·il'l· - . -·1: -I- . -+1 -, ~H '-:II~O'I,,-r !---, 

@Jf
':.;!;:I.:;II;;-i::Fliijlj:llml-liil il-l-I-t,.tl ·IJ:r 1

1! .-,it .:1- 11:-.:: -.. - :: I· j- I:. -j I: I'· Lh:lrttt li:i:jiht.c1ql: 
t" '\."": r IITi T jill Ii' i Ih -n --Itl:!: - I-I 11- -- - . T - -1- :. :t !=. - FII ! Ii!!! i: _ :-l~! t.-1; ;;:. ;-~:tt i';;: ;:;.1' '::'1";-'1· L!: ::-·:~·I tt ::11 .il! .-: -- IJ j 1- -I::~ I: . I i r '! FI: 
;' '!~F:!:lhil l!ll-H:ilmi!)::i~t::I:.tl-I:1 ·.11 -:1 t .: -. E- :->. fj:-: '. ~Ei- --t! IllifJ,lcn:lliH. 

I:"'. ,I: ~: ': ~·I ~i:i:: !-hL,~~l-i:·n :~I:r' -~-":ll- - liEf· _.I, .j:.' i- - :- - -. .- }:'t- -, 1:1.; Iff, I 1-;~Tt:::r -~-l'-l'-; I:-I-'.I,-.o...i;,·"-J:i itt!lm-n~::i- T-!·:j --!=l= ttU:i -- 1-- -lr -I!-j 'I-~ rr ~I"C., c.-+± :·:·:·:~·:·~:;-~.:I-;·::-; : .. -;- ,: ,1- t •• "_: -- - • -'-L~'_I-- -: Of .. - - -1, __ -t-o r~.-~: :It :-~: 
.I'·j'U- I:·i', .".1 1 rl-lil, I:~ it, If H IJ-!I~, -- fill - - - -:-- - _:- - -_ --I-rl ----- - Ij - till 'II' ,i~lllll··f-f ........ III. 1-·I- li · , ... ·,1 - - - - I --- - -'" I' I' ,r1111 . ocL (.I"L:L7~ , ~- III, I - :- - - - - - , - -'" -+4 ~ a . r'. • . , 

!:W CL:i\"r ii TfTTI11l-![ _I Iii-I! -!--I-: It -:1 II/I - - II 11-llllli: I!!: il~ijl'l ii',I-

tE
~'!!1 1111 III . 1I1I , I-II! - I· --- -- I-I II , .. ..: ,.IIlt! , .,1. 

,~::., ,i' ~lil!III:: 'I'I!,II I I 1/1 I II _ -t - I,,!: 'Ii! ! iIf; it'l l ~_~_ o-:...:...:..:-I-il!l.I-!! II 1 t II 1- - - - i 1J H" - , - - 1/;' ,II I, ~ : I , : ~ 
I ~ 0::: ' .111: I: I: I';! I . ni i- "I t - It'll -I II - - It :'! I ': ~-;-:-;, !': ,-
, ~ I. I' I II .. I: , . II I I Iii :1 I I! J" II, I II ,I ill' 411 .: I III I 
L-:::S:::--,-,-, ., I .', I'! :,,' , I , I - " M' . ~H I, " 

!
.cJ) ~:rrr.:, iii: li!ll) Ii 11111!ll! I~" [i W I d: il ' !:~:iii ::: 
-z «---~--r-;- i1l' I i~ I' !I"IIII ! 1 Lilli 'i II I I I' I"" r- -:;~ . 'I' t" ~<t:: w_~~Jil tid Ilff iii 111 ,I r ii' Ii :.1 ,i Ii, II I ,i:ll,:iJi..~ 1::1 il! 
lOa: I i:J' III !. i' Iii I I, I' : I !, ! : 1 ,I I I 111I i II I !tl ! I I' I " I I I I! I I I I :; ,~~ .' I! t ; I II 

i ~ ,~:. i:-'~ I:~~-I-I.!~-l~ ~'~j !j~!- Li-!J~ !ll] 1 . -niL111 1+ f--' I Litttt',! -'Tt+,ll--~- LlIJ~: .:~~ ~:..: lL~l$ j.< if>t! :,,':' I::: ;'11 iT,llj':1 I!~ !i!! I!fl Ihl I HI I:! II I It II liT II! 'II~ 1'1" .. , ':.; !~l! I,','! 
1- - Z ___ -'~L I I . I· ,I.., Y i I· II, I I ' , II I I , " I II I ,,' I " '-ct) ". ,.. I I 

i a: :>;'. ;"8' :!II!ll~:!1 ill,: Will I'll':! !illl;:: II ill! I!fl' ' II - I II11 1111 ii~. :i< ;!'ilT::! !l'I'1 ! uJ 0 ' . ..!...L'" I " li...!. " I -W" I,] ,of II II !! I l/it , .,!, ,I,! ' I' ., 

:- > CJI:-:~I. "I;IITn~IT nTn'J;[~-lil !II~~- .1\111' III! .. 1, III 1';·1 Iii' 1m ;r~ ill! [lTll-j 1- _ -r-: __ __ .. . :...j -'-Sil . . ':' .," " I III Ii. , ,II II I .. I I I , !~ r I II , -'-(oJ ',' . ,,1 t 

" 
a::. ~" i "'I', :1,:1: ~.li'~lli !:III'llli1111i 111,1 1 III IITI! I , I II I! II~ij Illi ;!.: Ii:: :W'j:iI!lill :z I. ' '1' "I"'I~ 'I I "I, 'I~I' "-1 I Jill j II II' "', "I, ,tIT' i 0 ~ .. -i -:: ; i-i-I; 'I"i"i ,- III ;-11; 'TI- --1'1'-1;- -;- -~Il i -1-1-1 'I I-I' I r - I I TIl: ~r ~r ~r-II~' I' . 

: I' I.;'.···, :.1. '. '!I[11 ~III I:: I tlli I .1'1 ' 1'1 lilli, .;i, I II II 
I /,f) O-------~·--.:....:....' ..... -!....J...:...- ___ .. _,1 I 1111 ... I II' Ii I ~ I 1: " '" I II 

I 0 Q 'i;': 1 1 : ~I' ::: : . r [I :: I! III [_1.11: II II! ! 'i~! U: II I Ii! I ,i 11' I i illli Ii! 'I 1'- ~: ': iil!!1 I'I! i 
I 

I , , ,1'1', ,I 'III I I 1"'lt Ii, 1111 I t+ ~ III. "I, II .. II, Ili:1 
:::> 0.'- ,! - I' :-:-; :I'~ -:- . i : 1:- i : l-:TI-I- --rr! rH tTl' I :- -II i'IIT I I rl-I ~ I' T 1, I·' + !Tn "I rH- ,',' H--m- -fT;-' '; :-:- T~ -;-1~1 rtt; 

I :r: en 'I' I:'·,' '. I.II!'I Ili::I:, '" 1,1, 'I' I I 11'/1 1'/ .!,' Ii' I'. "." 1"11'1, t' . j I I, I ~, I • , ;1· t I I II! I,', "" II II .~ ", ;.1 '111 

:-- I I---.-----I--;--r;ro ' I OI'I:I:I:O'III;r 0:,,11 ;o'il I ml:'1 1\1 01 11 1!,Q;III'i'O i! ',0- ;.', II;: :il' 
I : . . I, : I -: • C'\J: '1 11 I ~ :: ,; i ~ III I; I ,LL': Ii: i o..g 11: I:' ~ I, I ',I co· .; ;:, cSl ,-. '; :!: I' / illl r -, ! - i -----! .-~ i" .,: -:-;- i ;-'~ ·1 :4-:-1 :-'-" ::':- :-I-i-I ;ITl-;rlJ.~im tTf' 'I ilifm-tl'-[ 'I-H-',' 1 i hTn [Tnl'- l,'Ti

l
" 'IS, :~~, t-;T ~r:rrlill 

: .--'---_I ____ ; ___ . ___ I,·,·L:.:..~-i..~~ .;-.:.~_~ l'I+~il-, !"J~J...I YJ_ I! 1111 II, ,I !!r 'II. III ,:!J~_:l: :il! ';11 :.i. 
r ;:. I . I~ '. I ., ' I ' ' iTiTIt-I' I I rl ' me·; . I H (, "cf3 0, 'I! I! II i ,I I I Ii I' 'i I' I',:· r-;-7 , ,., I I , I ' , ; !. ~I 
I I ' I" ; I I ",,' 'I 1-1-: '" ml ' I . . I ,. " . , I ' I " . 'I ' , " .. , :;. : ., ',: I:" .,' i· 'I,· I:" ' I, II:, 'I' : I, I ' 'I' II" .', '. " " " .. ,: I : , .. , 'I t I 
I , ' .':.,!.,., . .': I '-I!':' I :" r 1 :,' ,i' I I;,., ,; I;:: I I ~ I f I, t t m! I I 'I!!;: ':' .:".,;,:,'), I 

r-·,;H ,;':i~::-:I:G' ::,-;ITi-·I-:~;-T~·: ii:·I: "I'-i;:','i-:n iF,:TiTlllT-!, j-1Trn T II- T:-:-:Ti'0 :~fT;".liiT0rm.;IT-, 'I ,' .. ',,, " .. i' , '. 'r·· "'. ": j' ! " 'I, ," I il . "" :,., , II .", ' : , ... ',... I ,I. I '_'._. __ ... _. __ ' __ ' __ L __ ~.:...t,,:1 t' i I;, liL.i..J...:...'" I ! 1::. "I, ! ,I~I ,I" :':. I,; .; , ;' .,f' ,.1 I t 



F'~IJRE 8-IS6 
:lJJ1::l~:r!I:\:t~t.~~~_ ~::.:~: ::·;~:~n .~.: f.r::-::.. ... --- .. :. ff:- :. + t:J: ~\: ~Jr~iiHi! illHfil~ 
i:~ ::~)#:~!~~,l§J'f.~~ l=f:-: : :l j~t· ~. d;:' " ~ _ .- : :. ".: ~. . l tJ: ~ {llrH Tt~tj 'L!:T; :U;-g . .." ± I • , 1 r • ~ .I;~ ~.!".- , ~ 

.: : i j ": ",:! ;.;:j: /1-il::1' i::i!lli:i:ii jHH'!=1:r J: f· :. ::::.:: .: :~l l J~ . L i;!:l,:q'l Tl fP'!.fH)~~£t: fitl: 
': .!. ;: 0;1; •. 1 .. , :-1--1-,- 11"!- Itl-iil-~~l'l -~IJ -':+"111- - --, -- -- ._. - ri -~.:- ,--\- II tj !--t'j !!ll ":;1 •••• :"! 

:::;lj:·i:I~·;:r::Ti-J i=flt:iJ:trH!j:ltfl' H:nJll:r:·:<::. >:'"1= ~:,f' :::. :·l .. -li"JfFflum 1Jllf+~1 nil til] iii: \+:1 
:;'Ii!:iil!:;, iiii 11i:',:!.it'I' '.i,ill· Lt.' 11 :llft·flj li·:'I·:<':I.·'·!:!\ 'I.·II~ '11 i'f r"llii,; Ii Ill,' ii:; I;::: !;:: ::!j I:;! 
';;' ,." ,! .. !,.J ·1·I·tl ',. " ,I', I ii, .1 .... -. ",··III/. :. J I., ' .Jl:8: ,:;;. 'ii I,I! Iii: "If 

:;:' Ii i i ;1! i if il t: Ii it! I '11"1 il' I i j Ii 1:'·1 '·1 .11
1
" -.: I! Ill: " i,i I' II I,' I' II I:::'!, I, i: ::; ',' : ','!: 

'! i I : I" ;',1 11::1 'lit;"I\ . ,Ii I . !: \ , r I . II U: I • i ", "" r, ,,', 

il!:I::!! ilil ii/! iLj! i Ii .11':U! .. ~~ . '1' :.~ :I~ . . I ~ i :~'lIi: lIi.it. Ij.p 
~f~h;i'l i:.ii !ir;.:!:'i-~ I:;'::: . "': ... '... . :. ;: .. ;.: 1+::. . - I,Iliilili:!! if I ill:; 
! ! ' II , , ,! 1'1 i I' iT ·,1 :1.1+ l.. ·1· . . .. -.... . . ., I I ',I!' 

!ill):!!! \\'Ii.ltl:1 J:lt:I:~ n·::::,::. -.·r: ... _ .. - .:" ." _ ..':.> :~~ :': :.:; !m 1'·itJrl.t·U 
ill! iiil ill-! 'n :i:!·>tl·l·r···· ..... -:." ::: .-. ::.-:.".: .. '~: ':~::··::;:::HIT]II:!HltV1 
:i!:liiii I·!i'l !Ii.) : I . :It .: : :(. .. . .. ::: r . I! iiTI ill! iii! II: 
1:'1\ :,iL\IIII:;I-.I!J,·1 '1.:1:1::::._ .. <:.:: ':""':'.: ··.·.·:··.1·.·.· .. · ........... :::-:::.' Inl'lllii i,!lr: I. : : .,-:~. il··~!- I- ·llt+·~---T---· • --- - - _. -- '.-- , :!' Ihll I ~ 
li .. il··1 !ii!!i:i:I:Ll·I·,t~l ::1.:. " .. : . = .. - . ..'.: ... , . . .. " . - . II li'-iil.tl·::1 F~!: 
::r.,:,Ii:Ci:il~;.:q-E!: r:l:H':-:' . ::.. ....--.. - .':.' . '::Il,: :: :: :.: --.-.. - - . ~ :'11 l·ill'ftt1· u'r+ 

IT", ,,.ilil-!J ,'-Lilt ...... - ',--' - ..... ""11I .. ' - .. t···· I 1"111:Gt TI--C' . 
if::I: !H:,Til j:1Ti ''=i:~:::-:: :', ... : .. r::-':'.:.,::: '11::::: . ..... ::-: .. ':: : :::1 ,':inhti i:ITt:- ., 
I:: i'i!I:II·f i'i:i:-~I:L J.=l: 1'1 1:1: .: .. =t:. ":-:-F:: ... ':'. ::.:' . . -. --. '.' ·f::i Ir.: Liu. Hb(I.!Jij 
: i': I:::.:: 1fH+~:'t'rl: 'i1:. ~: . ~ '1+ : ': :1: '.::.. :'.: --: . -- ....... .I!!' : :1: 1-1::-' ;Tn+:~r 
i':;!:::: hil iii !il:l=.:.:.:·fhHI::: ::: .:. · ::: :::~ .. i .' .:::. ""': ... ·fttll !~'ffi nJl+= 
: :: J ! : i I!! i I 1111.1, '1'11111 1:1 1 \ .' 1:,1'. It.· I' 11':-:" I· '.:: ' .. =.\ .: -. . I: .. ':1 i 1'"i Ii I, [~ III I ~: T'[ ',-I I 1111·i· II·· I:.! I~~· - . \. II ,I~!lr'-
:: : : Ii; ,i i':! i : I : t ,'It! II !I.ll' .- 1\' 1:1, " .' I~:: . . I:: ..... . ... .. \:.. :." ":.', 'Ii j '1111 1 Ii;; l\[li lL •. ' :1' 
, " ': I r, • '. t ; L r, 'I ,! - - - !: . - 1 i t ! I"! t; 1::: .! ~, 

J;:J'i) ifililil! .ill ttttill Iflill .. ,t.. ( .. . WI! I ill'" !ikHI!-illl 
'-:'--!·LL,ITTlllllilllll: ,'I li'll .\ .' ~ I TIl'! mli~r!I!TITfl'i 

I ~, " , I I ' I' I, " .I~ ,,:1 , I, 

f~~~!lll'iif I! I I I I . I <1\ •. .. .. 'II I rilill "iii!: tit "'1 '-.-!1"'II'f':t·~1 .. u· -tL .. "j' . r .. " ... '--" . - I '1:1~1+:Ht~~~:l:tl· 
. :;.:: !tJ.I:j: 'IF!=1 ilr'·' .. ,:It -y!-:.: ':::'li:~':' ,I·· . - -. :-"~-I-~i FtJL):It!.II=t:;;JIi 

'on'I'! II'· I"i.!: ... . ~'I ,I, . In····--"" "" ... . .. I iI-II i,LL li!:l' 'n" , '~!'l' "I~ ,'11\ I 1'[1' l· . .... .':: .-......... :.' :'r III I;:;;; tiC:! . '.=W ... ,"" 1,1, 1'111 I" '" .-. , .. ", t 'i~ 'n~F;· 

1
:<::,",·0"1:: II': ',i!l LiI!I', '\'/1 illl.I:\· II" ':.. .: ..... ,.. :T',':' li' l ii,1 !'I~" t'\.l\ljl.: ... ~. J, I: I ,! I 1'" "1 IT'" , " I - . ., ,,,, '! Z r 'n!::: 

r2I~:i::'::I: :;;: ;:;:1 ' . .1'H: ;'ii '.j ,I' . ... ' ... ~ --. ..:: .:'.; '; :~ :;all;:;;:"r 
I' . ai,'· I'" "'I -lll . d i+1 :+1" I· .. n" . L..... ". .... . .. I "j' I;a:: ili! tal: 
.~ '<:(.'0:3':: '::': ';:. ':,i .'11 .. _ .. ' . :f .. ... +.-:: ... '_~t ;::'·1.~;IJoI~,;:',. 
~~rl:: !;.rL inlliti lH·l:P:(:·:lrM:)kO::H (.::: . :.': ......... ~.::ijfl rt~lr'LdH:it1t 

. Z:~;I:: iii! rilL tlt'·i. i·J1H:I=ii .... ~. 'IJ:=' v .'~ .:' :.: .:.: ... : .. : :.' ". '::I'::ff-l:ilr'T'1 ~f~ Ul1:I:~~ 
~<c_.«I:!::,:i~.: 1:;1::;,1 ffl.7rf:H::'·:~I:~ ,,',:.:11':"::::' :':. ~::.'::::~: .:. :"~~:-';~: .+;T;,"" ~::~;~t:~ 
i ~-~ : 'iT! !1: :lii:!! ~t! Irr;I~ITlJk f~i~rl· r ... · 'I~I •. fin · .1[1 1 Tii ft f ~l! l,n't;;' lW '~ :~.:~ ~,: 
t·~:tn.~~p+ :::! ;::: :~~hi% ;::: ii)!!i!!iJ:' III qi "I i l ii}i !I;I ;1

1 ;;::Iit :':+'+~'~;~: ~;;; 
L;v ..:...,..t, .. ",,,,, !'i' ill, t,.' ,I: ,'I!.' Ii,; II" I 1 ., I "1'" I II! I . II I'. I ',tI ,', .... '" ":1 i," u- ?,.! ,--""- ,I ~ I;!; :~'I _I-I !- :_,~ !!!I ,,~t ._ I· , . I I -I, ,., ,II l· t ,.~' .A' ~,., "',; t~ 

l
UJ-~:':.;i.:.:::. :lil :!I!tn~ ~Ii ,:lllli\ iillif i "I ···1 I' II· III Jf 1i!'1 iiii ;w:;: ii.i l. ! .. !~i "/, dl':-::i~i·:l;++I+H+: i f+,:' ~: l"mi ! '1-

1 
+i-W- 1

-1 1 : i . r r 'I . 1 J I I' ! I if III i ii-~~~· ;L :::: : :.H - '0' ;11'l i , -,m.!11 I I I il!1111 II .. \. - --- , _. \- i :Ij· I.,: Iii! .~-ce, ;::':i:,:\11::I;II\" 'i,1 '. III I, '.. , '.: : . 1'1, ,II! :ii~ :::; I,,' ;i:,j 

"Z":-l-":I:',:I:::!lilil'illi,"J "I iii I "!IIII-/' r .... " .. '1' '!Jil: :~1: 11;1 !iii ~m 
1:0, U:1~-:1~WIF,;I!I-!-1'1ilriil'~;~' j"llitl :m1'j;lll! II' \ ",1 ' I I \I.:'d lil!! .. iiirlii{~:t. 
I <.J1 I , I I , ' I ~.L!..!+ ! " ,I , : I , '; I I r . , "., , ' I 1·\1 IIH! 
r'o--~-, 'TT!TI:l!li: ' Ii liiill,11 III ~'II~'1 I I I II r 111\ illl \1.1\ IHI. !:\I:~ 
:, ~ , -.:. .. ~:--..!... . .!..:'~"!m+I: '-i-+-4-U -m- 1m Ii! . 11 ~. I i ' llU, 1111 t" 'I i! dt ~ -J 0. '\ ':', ,:,,', , ",1'1:" \ \1, '1 'II' /. I 'I, "I p'" II" :--:r 1'\'; !,\.\ I,·i 
! -,.- , - • I • ,,1 I ,I, t r I ,'" I I' I' , f I i fl' 1 - I' 'f I . !.j - "{ f f-' !-,-:::r': J, " -: i [I , ' :, -: ii, ' : , ' ; , : ", '! I! " II :, , I! , ' ,I,,!, , ,: I:, : I I '" ::: ~' ii' i:" 1 i i 

11:- : ...... ··[-'-:i::0T0.rY'.O.iiill :iiO:ii 1!!;p,III'llli:~I!! ,'liQl! j~:~l!l III tnlll !!I~mttiil! !I~I'!I ii:~i,: i:: ;;i J !il! 
, ./. " .. " ... j::, " ,. -. " I, po, ~"(j..I" 'm~" "', III ,"I'" ,Ii~'" " .~ '" ,. '" 1,,1 I, 

i' . '.: 1;;--'1 ..... :·~II~·-~:f-;Ti 'I ~il: ~'.i':il r ii'rl' 'fl'C-.'II'1 ;,TI'; I" lIT! ~II ![Ir 'fT, ~i 'II '11.1: rlllTI~, il TI~'\-T-.II'; i' , 'In': I:I! FI' rjiol i II :'~~h .• !'F ~i. : i i!1 i! 
'. . :, '.': . . , , Ii'" ::, I "!: ".' !:: ' ,I I , !I' .'. I' . I I I I I, ,', , ' " , , i: '.' I : I. 'iffi' I i ! ' .• ,- ! .. ,." ,: 1 i ,1. 1 , ,;.! !" 11 r ! I ,I r ,I! .:1 ,'U_ I -:: I ' .: .. II [i ': , •. , -: ' f I 

l--· ..... -;-:-;'l·:···-·'--:-~\-:'-:-::I·;:-Ij:tmnill· T1illTITI'I"II! 'Iil i I ii' :VII 3' }fUJ:

r

' ;n.lil'l!lUt~ i,I',: !III! 1:1'; ,:, Ii: i" I;!' 'ii:I!:j' , , " " '" :":,,i :lI!,"I' I:' '.'Ii '; 'I i 'I . :1" Iii' 1 ",' , I': :il , 'I' "!I ,I , . " ,,;; :il~ ," ! • !, I ' • I . ! i.' ' . I ~, I ' . I ,. I! 'I ! i!; I I J, I .". I!! I ,t I ' ! I; U II : ' t r I I",! "i' " r :. • , : 1 .' : . r 

, " "'j: ";"'J" '.'.:1:' ",":':'j:,ii!"""'lt: ;'illl':~ '1"1:: i '.'1 i":-i l, 'I ;"ii ;;1, !'II'ij"ITrli i:'I: Il '"rr ii i.'· ';; .. :' ·:':·.:T~~ I'1TrT ; I' I ,'i:: :': i'''I:i;i !:i~II:'i ,III ,I ,'I"lllllill II~!: I'ii' i illill' I II "ii I," ,>: i::: :: :;': :':' ::1! i'll 
_._._~ .. ______ .. _L. ~":":,,,,,-..'...~_;'_".U .. J":"":":." u...!..L..LL.:..J..W..ll., ii, i! I. :11 . lilli,', :'i[ 'it ;,. ,. "" ",I :'Ii 



':fr-:-:lii :):, I;;: i:' i'i'r!:i:J; liiiT~:I:~';i,;-I·.::li'lil':i'I::;:I:; •. !" !n~_.:_"l-'-, -i, -r'-'-'T"-:'--; 
;~.; ~--i"'" ,-:- ... 1 , ... ; : . ;'1: '~' .. 1. 'Ii. ITii:T. iU,-:.;.i '~~ t ;·,'1 ,., i. ' .. , .1; :': '"7 .... ,-:-;-. :1; .. ! '.:- I: ". :1. :, -: ..; 
~ . •. ~ " , .: , ,. !,. .,! 1 , I. I ! II ' ., .. I ! : I. .. , !. :.. ".: t • • , ."., II ,;i·, I' 'II"'! rli 0 'pt EETI.,li!i"i l:::, I, 'I'" . I;·!· " , " .. 1 

: : : II : ; : 1-· -. • ..:...-~~ :~';.': ~rn+- , ' " ';', ;'" ,,:: : m' -: -, , I~~~ -'-:-:-:1-.• ' :- ~-; .... L!--f~-'-:-':-·· !- ....... .-J __ . - --.: 
:i:: !ii;,;1 :!:i :'::,! 11!: ill: ii!l il!! :t}i:.f il: !iiil;lil;!;!l: :' :::.j ':1,:::1. i! ,! ' : I:: I :1-:-, I-~+-- -- ·--'-ft ,' .. ~ ih;f. ·tT~ -'-'Ii L .. ·ri+ ~.t- d-,; f-01~l- "~J;TIT. ; '1-":-;- (p-'-:-,' -N-.... :·_ .... _···: - -0 ,.. .':.: ....; I~nt , ' , .. " 0··' (,{) , ' 100, I· I II/I ;i:'1 '/ I' : IS': ! I', , : ' I ' . " ,. 0 ,! o· . I 0 , . . . i : 
"I. ,... ,. ·1 0 ., 0 "I·!, 0 I , ! ~> 'I .' '0:' ' '0 ! ,0, " ,. "'" .1 ' 
;::; ,:;' ';;,'0',' ,., ,i:1 ;,:; I';; I';: ,,: !;,;' 'I ;:;'1;:.;:1.1':'::' ··1".:' : .::'~:.... i .-- ..... --;., .. - -', 

h+.~~:.:: : . .:.~-;.: :~-H ,l·+~+LH·~~I+H+,I, !~i I !~,' mil' I rrl :+tl!'~'lu~ : LLI :I·il~~:rllt,,~. ·AJ·-H+,· mil \I! ;1··j~I:-:i I "fT'. :! ~c._.:.1 ," '(~: '1: .: £ ~-! 
"1[1'" ."'., ,., 1"1'·'1111/, i!III' I 1111 11 ' '1 11 1', ,'." II·· ,. '00' ,!. ""', ,... .,,: 'i ':': 'j' I , j ii ,I II· '" ,I:, ,;.: illi ,.:, :, I , , ., I :, , :"; :": !;:; .::; : , :- ~ : :; :':, ~ I ! ~ '!!;, J II); . J ;: ; :': ~ ;;.' ,.:;, 1 1 I : ;, :. ~ : 1 : ( ~, ; .• : ~-. -: if) ... ' -I 

~
'·I' ',t' .," "Ii ::" ,i'l 1'11111"1111/111 Ij I '1 11 ,1 [TI,! t'I·II'!'; ./I!, II· ii'"~ ,j" :I!'I;I~'~ , I,' :/,.. U? ! I· .,' .',. ...11 /'II!.1 It! . I t'i l ", " I 'II' "'ili ' .. , " .. t :~:~~ 'i" ..., ... 0 ' ,; :'~ ~-&. '~ .. ~ ~~ .':, I ' :' . ,:1. I. :::' _ ',: ! :. 1-4J+ !-2 __ ~ : :.: I; ~ ;; I i ~+- -H-+H~.:. . ~_~ ! .. ~~.!~t _. ~ 

fL::',·. 1'1"'·' ,,;ll·!II!/i·j jl I .,-I!]I. 11.IJ-· . Llj'I'IIILI ,,1, HIL! .til !II,ITllI-· 'I·;; Bil: I'~' ' ';';;'If~ll . '.Cf> z~ ':':1"""" "I 1!"liI "'q ·~t1' "I!:j I' Hlrill ji,t 'iii It:! I !/"1il111 I' Ii"~'. .,. I:~' . " . , 
'~tl :;:. ~:.;: ~,. ;1

11
,. ! '~: , . .1 : '1'$',· .. 'rr+ J:W',' ·I.t·!' ·:'It' -ltlil''-'; :: : ;~ ~j Ifi;/i i ll·j:; ii'l; i ';' ;'1 i:'~; :,.:: .• fi1_. -" 

~I..""L. .. J ',1.,', i" "1'11+'111· !tH·t.d + .. mt.-lj·:L.I.!IifH!;·'1 l'll :J.'mH,",I:. i' -1'" ,.,'0.:::0, " 'L'I::;:: ": .. ', ··1 ... " ...... -,' J':"~.'. , '.',' ",.~" t., ",t ' ., ,/-, _ ; 
;' .. ,'"-:. :--:-Y-:-;T7 .-:--.': ., I ' .. 1 - i ..... ..'. .. -'.. ~ .. q - .. _. I , ... J .• ttH ,- ,'" ill ;--;-rT .• , T~-:--·:-·--:-:-r--t·:· ._, .,.1~, ',I' !L •• ,," '111lilll ·ii J IHJII, n··~j~·VII :ltl !lli:l:!· ,tl 1T1T 111./1,1 ,:i'~'li i'! I':'i'- '<1 
l~(: i;;; !:;i,W':'.:::;; ,:~ Ir. :. ,,:JI!11' :, il·l! \1 ::: ::ti; ~:;!_,< :'.'1' ;I:i '::I:i;,'U!:-~~:O __ [Tl~ 
~l:1·1. 'j!: : ::'.1 ~ 'I!, '1. i I! Iii jl U I!,. III II· I I!' .I.. ·r:1 111-1 i /.11 I III I; i I:; l1"ill' '1+1 ,I; Iliii '.' i !::;!; 4 ..• r:n , L. I", ...:~i.:.L ,.1 '1"_' tll/· " i' I. lill·:: Ii tlli .. IXi: I. I', II, .!,' 'I, L-'-:":~'_....:..I~c:..J~.~ 
~ I 1 I •• I • : I • " :' 1 J I I I ,. i . . .1 . . . J Ii: i: I l! .,. 'I 1'1 i' i "I j 1 J :'. I iL, ',II ;."/,, "illilill" j ' I.i ,'·1· ,i 1'1' l'l'lll I[il I Iii·' 1·,I,I} .ill 1!llill illlll'I', ;1". ," II,." . :1' ..... » : 
.:', ~;i' ",1 ';": :, III !.! II II'· '·11 II ' 11,1, 1.1, illl ,!II '1'/1111:', i':I;;'·i'~· ~i 

1
'1" .. ,., , .. , ',' .. ". III 'ill,., ,. 1 fJI "1·," II "II I ill I!' 1111"'1 '1'1" ',i: I,., ,.-,. ,., ,0--; , .. 1 t 1. "~I' ,II.,. "11' • - .. "1 I . ,.' .•. , ,., ' ., . II 
I" J,. ':' . , " I.j ,·1 jI i I: t I ' ·1· . il I' I J i' I .. , ,; I, I ::.. ;,' ::i"': L...:.. r-, I 
;11',: o~~:-,": :';: .;' ". ":.. ,:. .: 'II ... '.;, :;' -~,I; ,~,' ~;,: 't-~+;"':"':--~~i!'-'....J 

111~llli"'"-': I·J: '1·li··H·,1 '1IiI!! .. Ii: .... II I .. II I .j II '·j!!'I' I II i11·IIII"I'1 ii"~ !;'.·I:.":'·':'.'I"11,:;1> I 1f.J· 1.'·"-'1' ,' .. , . 1.1'1"1' .... ... ...., ,. '1-· I "J I .:. I'·' 'j 1.,1· , ... ,. i·" I . .. 'ti + Ili· V !·· ) .. ','" '-,! '1" t-· _ ..• - ." -, ._. 1- 1.111 ~ .. ,. t t!!' 11· II': ;:;! I:' .1: .', 'm-~ 

.",L ""fi!" ,. '1':1-·:'/1., 'Im·',r· j.j ..... 1·l t·· - 1..1-1' .1 1 f~j "',.,"'j' /'\1\.1.11 ,1 "'il l'i·II,. ', .. ' .. ' , , ,·,'1 :Ii., '! "~I' : ., .. I··' ,. . ·t· -I. 'j." +. ··'/1 ... 1.: -I. 1·' \'\11 I"· ,·t'· ,,' I·,! I ':H' :''''.1 •. , ",., "", ., i I i.. \1 i· 1- '1': .... .. .. .,:. ''j .. j. j'+" r···· I ,". "f", '11.1 ... , ,., ., V 1'1 
,. J' ,.',.' ,i:.!..~. . 'II' H',·, II . . H" ., ',' 01-, '. t· I:" ,I' .' .. -,. '~" " ,.! 1! :" ": i.:·" I_~. __ , .:, 
.,., ,,,,7'1·'1'" "'114'·'!~t·· ·'·I.J· .,. ·It·· ·Il·~· - "1 "I/:ljl.\t-'·111:j'·'· '·'-II·lI-J"III'I~·1 .... , ,I . , ,~. y;::: 
J:j, "'.,r:: "'. ·"I··j·I/. l'i jl.J· I· .. . .. -- .1"1 I"" '" I/!· '11'1+ ··1· ,i·! "'!..r ,.:.;., :,i', ." !".,.,: ~! :::1 :;:(l;;, .:fl,I"111/!'·· .: . i. I' ill ,I, 'i' '11:1 ill ,,:' "!i, Iii! iii !;'.,p....-, 
', .. ii' , ,. ,". "I· 'I' :j 1 i'J I Ij I' .. I j ""1 '! I 'i, "II'} II'" II'IJII·I J 1/'1' ·"1' 11·/""'1 ii ',.:;. ;,-0-',:3;.-:-1 : : .• : . ';' 1:: :'. .•.•.. . t .1 .. - .•.. 1'1 I! I , . --j ··1 ... ,... '·1: II' ;t I' j .. _. J • 

.Ii , .J!'~'" 'I, I11I i·tltl ,. .. . .. i· ,I '" II', , .. "jh 'I, 1:1 . 'ilillii ,·11.1 ,.J, j. 1"i'~'~'1 :.;;1 ;,:r-1-!~~:~' ::: 1."'1 i ... ~··· .. '. -:.~' '~~-". I .JI 1;' .. 1 ;·.:t !J! '_'~' J •• : •• -. '~ I ,d:
J 

.;~;·;-·i ~!'.". ':. ;;1; .::~ :.~-: 
·"Jt ... !."",u" ,.:, .,': L!i, fj .... It, ... ·1···-- I·· . ij.·I·,I!JIII ~'IIIJ,+! ··11111'! 1'1, ,}.; '-"I ,I;: 1'1: '.1,1:: 1 '1"7' rn I ·t·I ", "., ~ " ":' "I' ,," .... ...... .. .,., I l' . .. Lf"'III' I I II' i .,., ' ; ,I, ... ~ , I 

! :: ; ~ I . "'" ' '-3' . 1 .: -. f I I t· _ .. - . . . '., .' -. - i·! I· ,~:. ,'. i . i.. _.. ., I ; ).!.:. f 1-1 I. I· .. , ~" --". I 

·'·ltl .. t·~~ .. ll·' '., 'I·"·'m·~·' , ...... , "~+I' 1:j",i·'··±i··I · .,. -i "j····I"·' ·'j,'·'i·t . ·"·i·1 i" '~"".lB-""""'-:-; -f .. :;".,." , ,.,. ',''''. -. --- - '.', '+H' "'[if ·!f~.···':fL!. :l1··J ·I··i' ,1·,..;./, '8"1-;'1" ·'·!~'·I,·'·:·'.'--l'i'·'.·' +I .[ .... j-. ,./ .. , .. ':·!Tl l . ., , -. . .. ,', - .. ,. Ie "1::\ +1' '1"" .. _···t -1. '·r·/·" , .. r ' ".,. 
+I.' .t .• ,!<. I" .l.. 1·1·,... + . .... -. ·I++~··, , .. , .. ""r'," 4· -- ~.1i' '"'j-:.-J-, ., ... : .!..:.l.;o'" ,., 
Ft±Hj.ii:j!<":.i :1:·' :'~:I:'~TLi ..•.... l' .. :: ,~+ ·"It~ :/:t:l:+-. H:I:l:I.r+t'i~l!iJ:'''''~!IHi"!I':i:l:·:.::r:::M"\.li:':1 
~ ..••. :JTI'."" ·j:~1.1:til . I' "'r' .. , ..:q: ·li";:I:I"':I. [~~jl:F - nli iU'1:j'llIH iF ,i:I:;;"I'i',-
.,_:: : :':: ';,a :~.~.' : I-I ',' +:. __ - __ . _ . ~ I~. ~.~j.', :. ·,-~,.I· -, . ',~' . '~_' .·i.·; :.J~. ~!"_I~' I'.!;' ·t·,,: : .. :: J: ~:; ~~ 
J""l .+.: ji'" I'" "J~ i~ 1:1 .. ..... . 'IJ'f' VI. -- ~1¥t· .. 1 1· 111 t····.I+,: ·I:t' ff· ·fi J : lilill ., IHT ! f , : ,: .: r3: .... ,., "1 • .1 ,." 1 , ' , • I·, 'i .., .. , '. . . ".,. -., ... , •. 1·[" ·:-1" . I·· ,," .,' ' , ., ' . ,', . . I·' ... 

j I 'oi: "4 f ... ,'I':-f' - J-- -- -- .J. \_. -- '.- - .. J - -i'f-" ''''1- .~:: II"!.! ~.~ ·:n·I·I!.;!I ___ ~ 
'·m't if,,~7tf 1'1' ":111111'1 ,- -- .... ~ 1'111' .... -..... if~" 'J. ':." '1 1 .. , 1"/'11 "". I·I',·:'·I'M"·' ,·,1 '-+ " . r= ' , I ' . . '[ :.. . . '. . . -, .. . ...... -I- II !'.-I .. -. ":i - , ... ,' 'i·J '''i I· .,t.".. r .' .. I·': i: , I J.,_ ... . ,tt i ~Tl,o'! ',,,::: I!J-i , --.' :-' •. :Ft·: l· I, I':, ' .. :. -::. ',,:1-' .. ;'" r::·; .rfir i:!Til:\. 'tTi!,: 'i;' .j-r.: 
::tlll!!f2:i IT:: !Jr!:·:d:::· ; . ·J:i1·~· ··I,IJ,' ·It·I:i:i :i:. :lfl: ::-11·1' t:JI'II!llj:I~lt li:i! ::'ij~:!Tii' 
,:1: ,.r,T~!1 'I! 'h: ·:n . ::-.-:~ .': .. :::.: :11.jl . :r·: t:1 H. Tit:.·: ·di: ·1 ~-l.' Fr~·! Ti i,.'I·i':'~. Ii.: ·!"I!!·I"'· -""i1-f;rl-: "'il '11 ., ."" .. , ··i·· .. It·, I· . ·ll lj ... 1:1" , .. I· ., .' ..... ".1:1.'1'.1' .. i'I" : .'f7'-~ .. ,., 1i'I'" ..... , .. ·1·- '·1' ., Ii" 'Ii' ..... '.'1.11..'11 '·11 ·"~I·'·· . ·1 '1'1-" , "'1" ... --. .. 1" ... . ,... I·,··' '1' I· ,. ,I ,:" i 'I: I . ",., 
.. ; ,,-. I ....... ·,1· . f· : ,- . 1 -II' I!.. I • : I i I :' t· I':" .. I"': I 

, , tZ~~ :OJ' j .... ,.. ',.1'. 'II" ... i i·1 '\.1 I' 1111 l·II'I· i':I'!'i,o\;,' I' !,! . _., -. - . I·f-- I-t· .., Ii··' 'II ,I (" . t:1" ,;,1 I I . ..-. .../ 11."11 . 1 :I·! !'·I Jlim'·:":r:-=-' " 
.t.. T!:V~ ~tH :;: ~ I I . '. -1 1 .' .~1 ~.. I·

j 
:', .; . !l i ,.I

T
' I " ·LM-; f ~+T~_~.-:-L~++ 

f1t1+1 "', F'l :: :'" ! t i' III I,· I" .. . '1 !. I I I . I I'f II' i I I;.. ·.I:!I' !I /' I' II'; r, , ! ' :., ' r!! II ,', ...... , ... ". I! . . . I' I' / .. '·i· I . I" , .. , i" ·1' j." ~·I . , 
!!. :11'J~~ -: Iii! !:. 1 .•. , i·t~·, -I ,-,f r!! ;,1 I. I !':~_~ 

"" .", ~" ....,. '1/1 iJ I 'I ' . . j. ~. ,. I" j' ~ I II I ,.ii): 11\' 1'1' , "! ~ I ., , i j ii',' : ",. , ' : ii' ". ... , . - I' .. : j I' .., l . j' 1" 'I! j ," I ' " ,., ---- '" I · ,I· i I! ,.' ", J. I i - ..... .... . .., . - ,.; i, I 'I I '~M' I ,...,.,. , '1.: : ~; Hi- ~~. . !.: , t - ... - -.. .. I . -I - ....- , ~t:~ I, I ! _ I I: -=! I":'r' _' ' 
.,-J.:'.II·I,·mill· j ' 1'1' '1".1 1'1' ,. T'" , •. I" .! ·1 .~,!. i-t ' . . 'It· "I' IJ"1 Ii: =it, 1-r-;'iG"lI~ ":j;!!: i·I.'H'!,: II 1. i' '1·.1: ' .. '-: ... : : ... 1"1- :1: :· .. ;i l·· - - : .. .:' 'j·1 T I' /1 ,:.In-I!):r_. t. ,;. . I I "" - I il··, , " .! j., .. ... -.. • . ,I . ' . !. ! I -.' .. ,., '·'·1 '1-' r, " :, : r .'," ;", 
;!'I' !.ill :';1 rliIIIIJ':'·I!·"1·11:h·'~.·J":··:· ,,::··I.I·:·I·I;,i\·, .... jj. "1 ' . ':. I: JUI 't'i'" l·t, r·;-:.!i"~~·lp;:· 
J. + "i' II if I' I' 1'[ I ,rf·· , ., .... .. . , . . . ., i-~ . , .. i:!" . . 'f- .·Wl: ,! ':d: '," 'TI' ' ...... I . ,.J :Ht 1'0 I ," I; ;.- ._. 'J_.- - - -- _ ....... -'1' ,-1-1- .. - -,-_. 'f' \··H·t· . t- 1 -, ,-II "'~I 

+,", "'1'1 l+"i "f, '.j--'J" !·I·'·· '11" ........ 'I· Tit ·n·j·t ... :1- ,1. -.' ,. +,11, . ., .. ". '1'.II·:}:'·"1 . -.t.. ••.. -I .. J ••• 111' ! l _. - . I •. - - - • ---... _._ ... + - _. -H-- -'- _. 1_:. - -1'...J. '1-' 'I L T , 1-' I' ., l' 

1 .. 111-+ i I·" dr·' "., "+ .. ·I·!.; ill:L .. . 1'" . ..... .. 1. i .. . .. I' .. j .. , j- :tt .:t 1 .!". , ~ II"'"(../")' ,·1,·, 
+L'r '0_,': 1', I .......... .! t- -- I' +- 1 . - - '.-'" , -. . . - -- .! .. - 1- ' .. t··· -j -1- .. - t, • - • •• 'j-; I I l... , : , , ;10 

+Ji' "~'I "11 V<' i.'1 Itt+'lr1- '11 It· .. , .. 'I ~·I:j··t· . '·r ., .. i-li: r.14~ 11::l'i-:-;- ·il·":'I'·'·I·'~·'·I'l;·.1 i:fH IUi I!~H i; j: :.:\ I:tlll ~I:tl:::- -:,jT:I( -. ->.' :.:' I:' !}-~:: r ':._.::.:If :Hf:J '1:'±!ri-:I:I:i~:i~ IHJir·n~~ :]:;:i';! 
Jj'M: Itit··jIH'.' ;". ,/ E'· 1.1.·'j'I:I:-1'· fW··. . ·f··· '1·" .. : ._- '1:1" It l ' ". ,.,+- ... "t" -1 +i· .I:l~\" iff -I +1+ '~*j"' :-:·1'·'· '-i·H Hf±l, 1-··j· . ., " . , ... ·Ii·· .. '. .. ,-- ..... . ... - . ~ . .. ~'·I+ .. .. I j: 'Uj ,.,. - ·1·P"· -'-,., '·rl!±f:;t:I 'rl-' ~·I 1 .. 1. "" " .' .:.l., •.... "j'" -- , ... -- "".:)' .. j , T ··'r· -""t·1. . +:; """""j"','. 'T"j 
: .... ; . ..; ....... - :.- . _:.1, - , "r' - - . -- - _. - _.. . . .. _. ,,-j. _. " '1-.-" -:-1'!- '-,·t·;·II··;·!+ :.,.:" 1-1-r--

1'r 'j..:.,. ,+-1, I - I " 111:tt' j t~ l.tt IJ 'It ' . . "_. llt ·Al··· Ii i:.l"' j H~: t/'IW: I~+j'i !l'+ : ,+-1;"'" 
itH :1m tIi·:;i Ii j:l=tl:ltt:t~ w' Itt· '{E .. -it :'. d:': :: t: ,·r-tr· -.. ~' . Ji 1:. :,:~L m: :):I3J Tt.J:I·'~:1{ii:!tS ~;~:.:iTi+ 
·ti7lrtfi" '+H::t·j+'" .L'."·ll-'-I··t. ·=t;t·· :-.. ti - 11'- .,.1. +I~j· ~tJ'f "±~"IH+' '1++i'+J-'~'H +"'"p;t:{i+i, .... H+' ~+t:-: .. L_ . .l.·T1-:((~h:.t~·LT:t-.'· -:1- .:t-.. . _.·_It-J __ J __ .-I:._::+--+J -:r·':":_t: ... :-:;":t·J:-. .rj.-Ji·j' rl:tr :.::-":-::,Tr=;: 
L,.' I. .. ,., ,,1, -. ··:·1.·' t-. ,., ... r:. .ft j:f , .... j·I:~, t, 1 1 . . + " t, t .rrfi ., .1+ .j:j·H .!.j., :.,." I i·;',.· .. t·'-.l,. 

..•... ·t·· ,,,,W. ''',' ' ., ii', l·f·i" .' + . r·r·I., 'Il"" t . ~llt ,- "j: 'H" ... ;ILI".j Ijil' ':I'.j 'u .. '·"·:i:m1',···J·i"'.I ... 
'-'J.:' :'." t·'.··i ,.,. :, .. , f'·:; '!!i l-· , . ·1-+· ·1; '." ~I- ..... ' 1.1 'i" ·1'i.III:·I·;'··I· "'1' ,., ,.1: i·;" !."".;.;,.:-[;. 
:-:;,~ ;;; i.tl; i;': ·'il·r:. !iillT II: :l·ti: it·::. .... '·I:flt·I:I·,ill,T:·jli:j:jLjj:ll "I-: Ti:;;:·~I-;:n~ 
t. , •• ; 'j'" ," ,I:, "11.1' !'III··n ""JII' n Hll:1 / 111l1~'~ -'.';. ····:trf. 'IMIH' I·j', ,'I.'··I'r-II· r·'·dlll'·1 1,1., "1-1.,[:;::=;:, .• :+,. •. ,1_·1 __ , .J. ',.' .. , ... ! 1 ..... -1- .• ,_ ... - i"- ·1-+ 1- .- - II _d..J.· ---:. .I-!l~·· "'1 ""1"tl'! ;t···,· .. ·~ 
····'t .1.". ,., .. "···'i:" "I j .• , •.. JI· ., II' , ... r .. 1i ·]·/1 'I /",1 ,/ 111;:" ·i,·, I', ;Irl :-:"""'. I'hc' 
o .......... ' • _. • •• ., • I ,t. j I· '.' .. .: I, ' I, : ~ . ., 1 I ,.~. I.! ,I" .. : 0 t· I. If.'", f I'j ,.:: .. :_.: 

::;: :::: ::;:1:"':: :;, .jlli ··'·IH~"~.' ·T-n+~:· ri ll .. 1 1-'/11 ··I·tJ· 1···-1··-.ji:·j-j .1;,: 'l'li·i,i IViIJi;.i·:·!:!:!:; 1;·.~·: :~:;t-;:,·~;· 
j .•.•• "', ,.. "" .. ' .. lj ,I ,1 itl ~l'lj 1-1 . "1+ ~ .. n-I· . :Iil ~:+1 . t~· '1 -,. -:j::1·hr .; ii, lJL, t'-t l I·:j:.'jj+ "!:i' hi-! +,' . +,. 
~:':.;' -:~:.: ,'~~': :::: ::';'!'~:-:; :',' ~-:t···;~ .:~ +oo .. -- _' .. '~'. _.'. _! ' ••• - .. __ ~ .... ~.1. i.'·~' .:;;~ i:,.·~-~ -~·!·.i:~ 1.]~1·:··:-.~j~:· :'~l=: :.;'~ ;~~·~:l.;.~;~~ 
'~""h: . . .. ;. .. l . ,. j.J [iii. J. r t' ' ,.1:1: I'U-H. ::J- .j] . t"Ll i)",:! H 1 ,~."., I ".:, '~T;· :·i·o '. ;.; ..... , ',.,.,., ··:r~· 
:::::;1:: : .::: :".: :::I~:, !-Lj.j. I:.'I! .. : ·tt .. " ,11-tt··t:I.· .. i:p:,:I::j-r:1i-,:.I!.' iJ~! if:j·J:L) t.p~l!:p;. -, .:::, ;,:::: 
'" ' ' .: ::i; ;.:: " •. : •. I:1j:I· ~'It'i .. + . ... - . . : ·f· . . . ,: . ·ti .ij~· . :I~:i:t '~" , ~: ·j·I:·l .~::: ·::t"·: ., :it' :,; .i .. ; ..• : '. ' I :.'.::. I·:r:: ":-'. --·H· -1'" ',..;\ .l 1·1- .. rt l . Itt: 'J:.I -- 'I-I+t..,.· ';.J..~ ••. I.;-J-. "':"1' " .. ,. " .. 

-+"1 ••. ' .. l .• - ........... -. t- 0 
.... - J-4+ j - . t+, -_. 1-1-"1"-- -11-/- - '"""1- " -1..:t:I t· ... -,+t-~ t-H"'~ I.~, •..... :.!.; .... 

I:;:$:i$$='i-----' +-, . .L ·,it . I.:J: . ~t i 11#t-i: #R:I:j..t'::~ " 'ffiffiiH-,. C' ,., ...... ,.;-+., '. - ;-:; I8t=b~:j:: :. . . --''> - . .!- j-; .. j-f- 't+ . T.t:l:b±E;~~ 

L 91 - fI S lin "'::1 











ci 
u 

'" w 
u. 

" w .. 
-' 
'" ... 
"-

P IGUR€ 8-/62 

~'!"':'~!"-!I~"";~'!' LI'!,II!,ll'irl[~:I:r~ . .. .. .. . .... ffll l!iI II!! Ilnnl 
I;::: :::i i l ,; . , !. " , . 1·1 " iT! mrrIil i!!l ii : 
;HL\:: i l Il:lfFi .' I: H +\'1' : 'i fi.l' : .. . . .. . .. ... LI 'I II II \'.j ! i, !I! :.,!t I. I: i i 
·.J·I! .:,.,. iiil-!1-·, . J·lfFH·-[-, , .. ",!" ·1 .. :" .. - ., " '," ,", ,01 

!·i';;:I:!·; F+n·jt",·II::jIJ::' 'ft'J·I!. .. , r·~jl:·::·:i :"'I~l: '''1'1 :Itl. lli!.1 i.iTll,! "i,,"\:,: 1,'.,,1,.: .. ,:., 1;';:"1: 
l.1 -, -: "! .1. r ~ .. 1-1 0

' •• ~"!" I .- t I-I r II! . , !t! It 'A 

I H;·: !.Ii j.Hi! ,'JJj'·J.!lll::i:1 '1'1 : I':! I" I' .1. .. ·.l :, I. .11.1 'r I I it I . ·r' I!:I : r; I :i l' i ill! tt'i·1 
I;i~!· ,.1 ,.I,!, '!, ... lll:~t· ," . ~i .. II II· !ll iI':III: ':1 ,II 
i·i. " ;1 !,:!. , .. 1, i.-it:. "j':!!:j' It ir:ll!"'lt

l
:: ~ >. :1.1 j"" I,' :lli,. . .. i II, :I! IIj ',i ! Iq ',Ill !f l': i ;1'1 

!-t.. I.,. ·'1·1·,· . I! . +il, .. r . . . .. i·· I . ,. •. [. . .. l' II . , I r! , ! L~ t;,; ! I j IT I 
j:;ii.l!l!I.L :':+~li!.iII"LU·:i.l: .. :1'·Flt·: ··I:li:1. :[ .. :: ... :·1 .. . . 'J.! IIL[II'~lf iH,i ~.L1lf, I· 
I:;;;!!·:I' !.l41:~IT! ~tf· ·Il: ..•. :<1# .: •. ' !-to .~ .::: .. '·1 .. :~, ' ,! 1111'1 -ltt::- r 
i:I:~!'~H·Hft:f'd~:j:j#tt· :.::::< ..... :: .... ':"::'.: ... , .. 1 .... : .. :.< ,': .: ..... · .. ·: .. : .. · .. :.· ...... -":· .... :.:.· .... 1 r~L.,il .. IIIY.·rir.·' .~ ..... . 

• 1 .. I.: -l~f.·~! ;-f-,- H-.:t:l- -h r- - . -.. - . - - -- - . - - _. - - . -. - - . -- . ....... I-~: r r-





o 
u 
<r 
u 

" '" w 

F'&IJIiB B-1 & +. 
! :::1 In! ::H:f -:: rill >~I"fr: - -: -~-. -. :~-- . --. - . --- --- . -- ":if -'1J1-I'IIIII,VHfl . 
Jill 1111 Ji:·:J:lr::;: H<:-::- :::.::-:-:::::::--. - -. . --.-.. -' --->,I-,! !111!;1 iU !id .< 
; 1'- "1'1,' 1-- T - 'f- "'1 ,'- .-.. . "" - -.. .. " I 1 ' , 
I, :!,',i ii'I"':,' .: :1. ,,:.' ,-.' .' .: -. . -_ -_ .',_ .: i:_' .:, ,. .._. . . - - . _' -. ',~,' ,',- I ij ! i \' 1'1,; :!, i! :: r i ft: .- ... -. I . ,t"1 !1 ; ,'l! :t:: ::.; 

Pij!','UJlf1,-I:,::I:·,·,j:r'l:ll.-:- --.-. -. ..:~ ,111"'1' 1!II'I"IIll 1!1', i1U;;;! "!" 1", .iIi \' ' ,1,1 .... 

I 
\' 

" 



'.. , 'I n " ! ' .. 'I I I ------:-r-ll--~--T-----"J-: -- ---------, -,-- ---- - -----
"I" , ii'''' I" """ '1,,"1 I" I' I , , ' 

, " 'I ' , " "I, ' I' I " --;-: --t-- ,- -.. ' -I ' - , ,- : -I ';. ;,' , : ! i "-I i ' : :' ,I " : , ' , I : 

Il~ __ ~.J ___ ,1 ~ ____ I __ ~I~.:_~' ' _!Jl is _~Ep'},H/_ FE_E~--' _ J _,: _J ,_: ' : ____ i __ ' ___ .1_ 
: I: I' . 'I !; Ii,!:" :",jl ':: 1"1' .'1' ,I 1111· 'I I I ' , ' i 8++-~~- :~~:~l:' ':"'-:'I~'-' I :,1::111).: ';LJ.~~: l-~ :-::-:'-;J:L'::!!-!-~l,-': :-~.,.I~,··_L !~ 0'--'-': -j 
I ! 1 I .! I! .' \olI" ; CX) , ! ~:::." :. "I g-" I : t ! ~ .: I! ......., j I ~ :!.: ! ; ;: : ! . . ; 

"" '- i' -. 0 -, 0 . "0" ,I'O!' !IIO'I' "!O • 1'1!0, 11,;;0, 0., ,-: ·1 ' 
: : ;: ~::: ;:. ,0-' ,:. ." I "'!,: ' , ... ' . .:: .: . I. I ~. _____ 1 --i-~-~---~ __ ; 
",' 'II;' ~ ",I $'1' II' 'I' 'II" 'I ,,', "II' ,,' I,' I 'I I~' ,I I I "-'.I' I j l i !:". • .. . • I! I I I ; , ; I I I I ! I \ I ! ' 1 \' II' 1 ,I I I 'I, I, I I I II : ,'- ' ) -.t. l .• J .(, I II I 1,.1 .,. I I I I I 11'1 1 j I' I 

IJ -~ --- - ,-. -,-, - '"--' .c.w--l IJ-.w -r-W-L:- J--I.;.J. -'-- ---'- If:i ~~ --.--1-, - -. i.ll --- t'- -, -" --1- - - txJ c ' ;-:'!.; :;i1 ~:;~ ;.~ :~: !!j: ;:1: ::!1 1!'l 111!1 ~!II J~!, " i 'I'! ,1\ 1 'I ],l; ;11'j" ' I' 1,1 j l . 
:1";:1

"
1";' 'I:' ':I"I! lil!lllli II' 1'1,1'1, I' '1 1":1" "'" 'I" "I I • 00. !t!!:.:';1 I II I'I'I,I:! ~!ll!! ! 1111:1 I" I 'I ,., • I. I . ls-J I 

~' '] '" 'I', 'I" 1
1

'1 'II' : I· I II ITI I" I ,"'" II" 'I' I' II" I' "t- ',........ " I' '--, I ,..-~ , [',"" ' ,:, I" III I II' II 1'1 1'1: '['I' " , " ,'I :,' 'I ,:~" 'I ''''[ (p V~ , 
1-- j ,;' j~ :, '. i ' " " 'i i I I II Ii, : I ' : II' "- I' i ,,': " , ": \ '~:, : II !", I , ' '0 i 

fff mr ~- ~ --II ~ ':'-,1 jltl '" • '! I .1 [1:: I t - - J j-l t I I II '111 I!': '111:: II : 1 . I -.: iJiJ Iii! ;;~i" :: Ili[' ,:/1 iiri- : J- -, II [[I: [: II ii'ij-!llllt' :'1,1 'i,~I:i Iii I' 'I': ,: ,:I.f) Z 
· I.. It· 1 ~.~ _ ., III I f-j-n" " - 1·1. t I ; I r ITt t I I I • I I I , '\i ! 1 I!. . •• -rn......: __ 
'H-f-1' :1.1'1 l'l:i, i': 1~I':1 :'It ~ 1- ' -::- 1_ ': -ill_ - ill! __ 1 I III-jill Iii' ,!ii ,Hti>J!I' '11 ii, I' I ,r:->:JJ. " 
.11 Ii t I I " "_ ' " , ,I il ~ - I : I I I 'i t ,I I II 'I', ' [T:N j I, " --=--__ .'. I-\_-j 

- '~!l" '1-" "-j ·",1'11 :1 1' I' - - 11 1- 1- -- "'j" H!II ..... I,,' -'I' H ,TTl" ",J---:-:-ti
l
_ ~, 

• •• L I I. . I' :!t!l t' . .. -... I ~I' ,t t-l' [. , , I , -,t ,. ''1-; ·j'I' ,-.: ,; III !.l i 1 111: tl - It . 1 . I L 1- i Fl - I-II II t... II II I!' I. !11 '1 [""'" I"., (:) ..,., 
"' "I -j j • ~ . J. J .,: ., I f"·N t" t t 11-' Il - "I· I J I I :1 ~" ,,! ,I t J. :.: \_ . ! ., "", . L •• I 4 I I . 

F1Wlil·r ! iii! ;,',il! jJj: li'llll-I·-:tL 1---- --- 'tj: - tHII!;A ':1 111 .1 Iii' :Lj! 1111 Fir ::t::;~-;-C::O I 
rlft!lhLr ii!: -i'i: 'i-il-,I)l III!IW-· I-Ii, ... -: t_ - jJj,V;ij -- .!!111~: ;Jil 11:: i!i; :;::~!:~.:.j .: 

I ~tl ,+1.1. .Lt, 1-"-1 l-~"H -I-m-'--r lmff W::t- ,-- -... - .- , ~ftj,. . lXi, I !Jl'J - -l"jllli-J~ !=I-H- -t;I-'13'-' ""I"W~I · . -l-t- i J L.t L ... -1- r' ..... - - - . . - - - - . ~ - . . - . . - , .. ,1- • __ •• _ _ I':' ._1- - - , - , - - - -!. '1' -:' , 'I I ,- i:r'-I ,--,-; J;,; ,..) _.1 -- - t~: - - -. - ,-,- J ,.~J-I:tt1, -·-1-: I--! '-.-,~- --I"-'-I';-!": ',-:'~" H; 
I:, -, I" ~l-l't- 4 ...... ~.-. 1+ - - ---It-,·· --, J_ - I-j·t l , .. _, +I~l-I-l"~-l .. t"l '1-'11' I'i"-~ ~: 'r,-,- :!,:.,' :~' •• ~_I-----:..! 

[fr.:!: lm : f iJjj]i ::H!~:H jilt j=l:,:r }j:lttb' _ -t: '- rU UJtHi lji -++!:Jj ut:M -,I : -Hi' rJ+I':!_i-L!i i. :-;.< I ;:: T:,: 100: ~f±-i' , ! j, 1-, ,., ' _ ,di:p ,m l!=-; ~i111l' .- -t - ,1-i:1 ill I Lj,.: f -!:11 Ill-,· , , , I 'j,- ,1,-",:1 " _~~~_ "'!--.._ 

--!--'--'I'H.'~JH- ,," ,,-;.J.-m' -j- i-+'j-+'-;-J Iti--~-I-I-f-'- -j- 'l-~fl-tJ'II'!I-,]/ti-:-IJ~:i-I'--I'-I~-I-f H'I'I'!:, 'l't.II·;:";" '-;.-::!- '-. ---'1'1 ~ . _:I __ ~·L' ~1"":::'" "'I ,-door - +--H'-h-' + --. -+11.- - -- -1-1,' I.", --1+' .c~l·" "'-1-'- ,I,·, -'- . "-j' .. --'-" -- . ,- , _.;--:jii'-"-'-' ','. '!-c·~,-,-", -n--l- r T-[-ll1" I- ---'I '·'i, - -i=l-I -, JT; -:J' "-':1',;' -'-'I,'I''1'''!'' ,,-, 
-tl~):' :~::~-:+~: :~~;--'-:~;'1'~ ·:.~-~l·~~_!~ ~.~. '-;~~.,.,--- :,- -I ~I'I -::':! :;-:. ' .. -~ ;';'~r ; .. ';~ ,;.: ':1:; ;~:.;-; ;.::, .~:,:' .~~-;~.,.:-';----:-Tr-n--U;~; 
JHL +;':P:;!; :--, !'-i~-ifJ!+ ~I:j:, l-jr.~-::t ·-l-:; 1111 Iii !l'/Po-'d:, ,-li-!\i-Ij':':' i:j"i;, ';\1'\" : "fT'l-' 
::~:~! : _:~ ~ ;:: :, :J~:,-i:~~:~:= _,-Hi : ~:.~: : _ - : I~ - l =\ ; ,i • ~T~' I' '. :fi=:!~: j~:q il' :\:~~; 'j-f::_ ;~_: lin ;;:; I ':; ; ::~ H-/'~ 
:ll--Lj_ i-'-~ 11 -" ,I-if +-1-" ;-irl-il:.,l -If <R= -t i + -11,rllii/;. ,: - 4i-:)11~ fft-l -f'! I "1"-1 -, i-'~j!,-, I"!: "., 1-' ,-, I .. J> ., 
:I:~;-:l:t~ hl::I~ '; :: :-;: l~:t~:~~iT J~1;1 ,-_,_ ,_i-r.: t !:l :1:-; !/ll

j :!-:t-1:1:!=!:;:: -,:,~j +: " h, '; '-': :!;_!_ :';,: ':Icr~~ 
1-'-"I:;'I:!J~'-' ".; -11:'11:)1! 'HJ Ill, Llj· -I' - --t -11.1+ ,1jJ ,I i - tJI~I-iI1 i~-H .II-·!-I-[ ;,-1, ,;1 II-I! :"'1·-·,1 31 H:1:1ITrr-II-ri:! I!;~ :-q:hhJ!-!--::i-!qIJI-++:-:- :-- --~-:: In 1['1 f::~ Ij , ~:rllli--l :1+1:1 --Llij~,j i;~i :1'1 ,i",i I"~: !i::q_rrl~j 
j-t!=! ';;-'P'j 'I" -'HI-' I l:i:1 'hll-ji~-" -- .. ill! il/lil: rIJj--j- !111\ - j-li-I -ili-lHf I'I;I"'T:,.'~, : I~ht:l~:~!~i, !Ii: L~L+:Ti' ~r:~dH1Ii:- -.: - -- - li-l1 'ili r Ifl-f t::lf, VI!": 'l[II-/Tn Iii; I'!~ 1:'I:',I:z';:O: 
~ ,_-_:~',':_ ::.; .:-~: ~_~~.: -1--1~'~. ~I. _4~" ____ .. -.. - ~ ---..... _1- 1 : ,I ::- _:_-~ _~~~.- ~; __ ~~:-_' .1_._ • I~: I~;._;. _~:_~.::~: ;_;1.; _I~.:: ~ 
'11+ -,.,.1j. (-l'" I'-i-,, ,11-, H-' tt 1:1- -Ifll):): - rr- - - .. - - -, 1'1-1 1 

M. ~ - - r:j: i- l. .I:'-j:i: fIt:1 -j-'1 LF111- .j- -j-'-I-I- -, 1,1 +'-1-; :-"!' I '. ' ·-':W i, 1"' , :n,,- r'-llll'l 'HI -,-IT -- Jtl - -- - ... . 1- J::. --I- 1:[ 11 -! 1-- _ .. +/~ -1'-' ", ""'IH'''-' -,-,-,--~j" !--i' '-,- -i+' ,- - - .- - '- -- - .~:' ·1- I -.-- - -'- -'-'-,- '-'-MI ·,·i·'; ",,1"'- ... ---,_,_.,! 
", - ...l • ..j ;.! ;.; - .'. -- + • H - -_. - . - ,- -: .... -, -- -- -, __ i. 1--1- .J. ' .• ',-- .!I.: :J

1
·lj,:I-1 i 1 IT!;r.!,,,!!1 '1~~I~-t-UI1-l in -j - , - - 11' .. iltl 1-' I:l-J~:l -1:1111:,'--[' IrHil:l-1 tj.;:-'-'i ';"1"'1j;X)·",'1 

1:f.- 1, ': F-IJ 'I "I: :: 11"1"11"11 I. - -1:11 - .' : - : :l! ,! !, .' 11:,! . - ':i:l1 -~j rttl Ii ",-I,T: -I-1:i !:-",,! ", rt1 __ J-1.-..:J 

f';t' -,,'- -+ - 1 ,," 1"1-1 ,,- --1-'- -1-- - --- -- .' IITT1 if -'- '1 ·t'll 1"'1 1 'Ii'll I' '1' " "'; .. "';"i'"c- ' , " l:htllif ,~1!!!!: ;il1"11lj j'-:-:-::--:~: :-:- :1-11:- till : __ ,--Jrfll:I-!-li i!(!I!!!il-!1H :'::1 ,::!r :) 
r\~~ 'Tt;'1 "'i 1'\III1:!1 r 111 "11"1-- - ,. I-I! II 11'11 'll- - I!--I 'ill .'" 'il iill 'I ;~-" :C3._,_-:-~:_!. I " ' I" I I, - .... -. ---. 1- -- ) - - ,., ,. - -, .),. I' ,1'1 'I . 1-" '!' ,I·, ,.1..:....: ' , . I'!' i ,:rIo:, ,:! I I 'I j I -, -. ,- - - 'I ,'- I' , - -.. -- i' I H " ; I' I' " ," Ii,,·,: i (71 .: :: , I·t~. ,·!,rw: 1 6...".,'" '-. - I II ·1- II " 1 II:' !: I' ~~ -,,:_, _:-! 
j:jii !;:,~:! -;-;'-: illl III!I '- --- :- II, II I Ii: :1-lli.i III il:1 Iii ilil 1:1';i:,I::;"1 :ll:Oi,':1 

II j/! ;.f'~ I I I, I, : II! !II I· " 'II II' i ,- II ' II !' U' I I, Ii 'I I ii' "I, , i b ' I ; , I 
.1.:1) 1:;; -+t-t-H-4: ,_I ... ' l.i_L • - __ ,_~ ." ~ ;: - 1'1' j-~- '_::,,1 -1-J. '.:.1 -;'1 "1

1
; ~~~-!-!~TI-~~I~ 

dj-II :ll'~IjII,,; 11111111111!! - - -1- I I --jl 1- IILI ,,- 11
1 

__ I Ld lill , -II'III!, ";ii""f"I,, I 
1;11"1 >:c:' i" JI,II~;III'_::1 ,j-.:~ -:: :' --,OJ ;--1:', - ::':, :"[illlll-:-: :i:; ;::11::0':":-<-:1, 
,II! I"I'~~H!~I 11111-'111, - - , -- - IJ -.II ---Iii' !J_II_I'" II~-- -I-I' Ii! [Iii II, 'I:; ,;!:I,,;,f::- ' 'I I-! i" " , .... ' '" 'j- !II 11 ,- -- -- - -1· - II q, I " I! 'I TI 'I I -II 1" ,,'" I ' .• tJ') I . 
I;; :~I-:O.~:: I'; -- ._- - - l· -.;- .. ,"- ~ i~'- ':': -. - I~.- -.: -I"~ 1:1-; '; ;h-~-i-t-I-~:.r-t-t->':-··~--l 
Li" ' 'p r;;,! I" I ill. --,-- -- I 1"- rill !TI I' illill i I -1.1 1' -,' 1"'1 :'-; III" ;"1"1;<'1;-'-,:_ ',' , '" '", ,- III - --. - - "-, , -" Iii I" --!lll' j '.' , - [ 'I 'II II' . i' " ,- ...... , .. , 
.;'; . :; -- I -:. il • ""1 : - --'-.j '1 ,,:. I-i~: . ., :~-I' ;,. f!"; :;,~~,::;>~ 

1:!I-i:,I' ;il.,m-"Iiil' 'I' 11-' - ---,- -. , - 1--- -'-III-~ , -111'i' III il!II".'I'I"'I'I-n.li ::'.:'."I! ~ '". rn' '1+1- " ,,[ -, -- "- - ", I:~ II ' I' I ' I "I,. t:.:' '!' .' 

I,; I' -Hfm7rI' II~I'; : I 'I :1 --- I' - ";1 'I-j-j I I': ; I-i-H+
I
' 11·11-~i+rIt-~it~~.I-:ml::: :' "I;~I "" 'I i I I,I~ - I II, 1111" ,,,,m, ",. ;if 'i ,i" ..... , '" i ,~ ," ,I .,!, ""~L':~ 

fr';'1 li'l: Ili,i rill'l'. Ij:II' il' 1- -I' 11- '1 1 -j",' 11'1\ 1
1
'1. II :'i:lili;k--t,i.:i;:' , I I-ffi I f !, . . I 'j III [ I , : II ,I . , , ; , I 

illll: jt J11 IJ I I I ,- III_~! _ I II i- I II! D:!JIilt~~<i.~~~ 
111, Illi itlll ~";I' I J i IJ.! i I ~Il ! I JIIII!:'I'I'~' N i,:: II:, ' ,i "I' !, I I I ' '" i "'.' I : 'II' 
[ I'_L'_;J .1

1
,- -:.1;1'. I'H- ,-'--- - ,..., -- - -l' - -In. - --'-, -rr'll - ~llj._".:_'+I':_!.' -k4 ..... ,I,e.;:1 tIn ,\1 'I TI ' I ' I I 'I I I I [I I I 'lIT I Tnl 'I" ;': ,. f"" 

I, III - : : I' ! I - - - I - i i f: i II , ! I :, I! : :: II, :.; i': ' ! .1, .. ,1" _,Iill ,I '1 - - - , .. - ",-'1 I" "'~'-""I 

·1J -"J1!j iL'! ~':L!" ~ 'Ii--::I-I--- -- _I:: -- -,:I. ---:'-:- -, 'IL !11-jl~···I::' :!- .. tj:~1 i':;I~!I:1 i;: I'~ t~-I-i!jj i~_I! 11:1 11.( ,--!I - II - ,--:1 - - -!J --.,,::lll:, illil~H :::111;:: fl,;:"!-j 
-H-~-':~.:'I."" "-'1 ' .. '. "f'- -1-- ,- -1-' -'-j- - -,- - -11-11:1-1-1-1 II' 'II"II--!' -II-f! '-;"'1'1'-1 ,;;-r~:::1 ' '1' ,], - 'I III 1 ,; 1-"1 - -.. I I .- - I-!- I 1'1-' '-'-I I, -, - --dtl-' ,',' ,,- . -.' , '., 
:,: ,iI ,. 'ii-I :. I '. 1- [- r -- 1- - :. - - - . - - I , 1- - j:I' -,I ill 1 j . 1111, I l;!; I ; "i : i .; !: 'i 

;;;: :::, ::,' ~Cii" t+t '1;!:)1 "'1'· ',' '-i :··:I!:! .1111' ;'I! IJ!;lifll -:! iiil ::<1';;' ;;: 
,'" '" '!" -'." ,:1, l-l!' "II II 'I I 11 -. -I Iii II,! II: :1'11 I'!I.I'; '-I,ii"'-I "i !",-
" .. ,,-, "j' ... "." ",I. .II -j -', -" -11- 'IT ," - - .. ,' I, ":1,,, ""~ 
;"'. ,;,., :1-'; 'i~ s, '1'1 ,,' 1111 j- "-- 1-- -, - I' "1' l' '!i,'·- - - it'!: ,1"'1-'1 1 .• --I' --; .:.;.1 :"1 ' j. ;'" j'l •. :1 lit " ,. -- .-. -. _. - , 1-11', -I -, -i" ., - ;" -,. ; ': 
"'-; '-!', I'-'!' " :! I'!' ,,! II I" I', I· I 1 I :111 I:: III 1 dill,!!, i II I _: -lilT!f!! I !! " ": ,:! 
;;:; ';;1 ,:i; ~, ,;" :;;;::1';;· "', '; , iii ,'I· j :-11'1:1:'-11 '\i' il;: i':' i,i; !i' 1'-;: :::1 .:; :: :-1 
"f, .,,' ,'-,: I,,! !'I· II!; III' II;i j _11 1iltll -J- _ :1-1-. ·I!-II'!' ,!!I III' ,:-IU I , -':, ." !.,,: ~ .. j,: : :' 11'1 1.,1 III :: IIII ' !lll . . . II t " '11 il. ",1 t _L~~! 

: j :: : ': ::::: ' :: I: II'!!: ! I 1111 I' II i i: ' I'" iT Ii Ll i 'Ii I ii' i :! iii i I qll t I 11 i!: i :: i 1 iii! i : ; ; : , , ., .,. , . .'. , ,J I I I ! , i I I I ' II I1II I I ' II "I ., - ,!, I , , ! L, I "I, -.,: .'. I , 1 

~ I : i .:",: :: i I :! I I I ! I Ii 1 1 'I II - [ f- ~ II . I- ]' - i; I j! i: 'Iii!. 1 II I! I I:!I; !: i; ::::, 'j 
:ii' "" ",' 1';1 ',,! 1;1' 'Ii Ll -., 1· 11·1 .' d, lUll IU ITli ,I,.: I,' "': ' . ';; ;; -7-itt !: ':;! I I 11 _ _ . _ . I _: ,- -I '~-!f j I '1: - I ; :'1; I;; i T.;~!-:-i 
Ill: I ill It i I I [I! I "I II i'll iii I III i. II:,: - ,- -: -1:1- -- ! L ·t-I-I ::: I [~ '·1 Ii! I II! 11_ I J:iL'i I' I-I' ',':!' i' " . '1 11~ll- -" ,I ifj !JJ I~I~· Ii -~1-- -- .. -I~I~ - !-t - 'flt" ... li·t-· III .1 - t1-tl-t. -~rI t ,,' ":1 

,,5'1-F:l illln'9/:J 







? 

APPENDIX C 

VARIABLE THERMAL STRATIFICATION 
FACTOR MATHEMATICAL MOPEL . 



\ 

. QUIRK, LAWLER & ~lA1TSKY E~r,JNEERS 
DATE/l.l---il ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET No.LOF' __ _ 

CHKD. BY __ DATE __ _ 505 FIFTH AVENUE 
JOB NO. Ll' -0 

~. NEW YORK, NEW YORK 10017 

~ rde~HII~' ~fJe.-""L,--________ -. SUBJECT ~AI.' 
c..fse r/ /?~/p!'-.lJ. .IJ~be7llS/QA/ iliA £ /,./c,eea..r~N'~ TJ"F 

, I ' 

7: I ~L l -,; --¥~l-..Lj~-+-+--;~-+-+-+-I 
: : : :!. ' :. . . i . I '. ;. I • 

: :, '. . : -j-- l-- --+ : I· 'i~--i--I' -+--+-+-i-: -+---+--+-+--1 
. .! I : I j: I . : i : ; : ; ................ , .~ ...... : .... '''~~''j'''' ........ ; .......... ~ .... '"1''' .~ ..... , .. ~ ........ I .... ·!·· .. ~ .... ~ ..... ! .................. ~ .................. .. 

1// : ih: -,.. r.L : -+-+ :_+_+.--L--: : 
r< ~: ~ -: J ~ T.....: : I: : 

1.002: I" 1~~-+-+~~~~~~~~~~-~-~i----~~'~~-4-+-
/,rI (!-=p I'" 

. 1 

lj 

1 



-r1JL ,Q QUIRK, LAWLER (j \1ATl"SKY ENG1NEERS 
BY _~ DATE 1""1- I ENVIRONMENTAL SCIENCE &- ENCINEERINC CONSULTANTS 

505 FIFTH AVENUE 
CHKD. BY DATE __ _ 

.? NEWYORK, NEW YORK 10017 

SUBJECT Ailettllt.<. ~ rtkL,.."" ttolJEL. 
C4se ~ ______________ __ 

SHEET NO. ~ OF __ __ 

JOB NO. //' - 0 



QUIRK, L\\\1LER [) \lATl'SKY ENGINEERS 
BY ____ DATE ____ ENVIRONMENTAL SCIENCE & ENGINEER[NG CONSULTANTS SHEET NO.~OF_----'-
CHKD. BY, __ D"TE __ ._ 

505 FIFTH .... VENl:F. 

NEWYORK, NEW YORK 10017 
JOB NO. ____ _ 

SUBJECT ____________________________ _ 

I. /: , .1 / II :..j , 
~~~;- . ~ ~ "7~ ~II:_ ~- -.; ~~.:..1I 1(. :~~7 ~~~'''~ ,,~~- IA -&. j 
'/~?~~' ~j'" ~·Z ....... :~ ......... ~~ ....... ~.... ~ .. t·' .. ·I .... )~.. "'T" ~ .; .. : ........ : ................... . 

~f" d J'r ~" ~"f.- I ~/ ~_ i d' i'+: I/~A )-1[1. ;7- =- Gl 
~~'~ -·l~r~ , i~~ I--~r J:F.A'" .J 

1~,~~~~~~~-+~4-+4 

. i~.~+-~~-+~4-~ 

............ v.:.~);,~. z-~e-~:.t'"r·" .... 'ld· .. /.;:..··7· .. ··~;;.iT· i4:i4-I 

••. ( •••••• '" ••••• ~~ •• ~~ ~ :~;; ····I'-u 
.tII!~4. ~ ~ I /~~.k.~ ) .. ~ C'T -J J 

i ' 17 
I 

J L.--

................. i:j .................... : ............ I"~~i1.~~.. . .... :.M~~:' ,._: .. ~~ -.... :.~ ..... ~~ ~~ 
I :' i "': , -+-~-- e.---T--t --:--I: ,-if-+-+--t-~+-t--t--t----1 



QUIUK, LAWLEU & MATl'SKY ENGINEERS 
BY ___ DIITE ___ ENVIR.ONMENTAl SCIENCE & ENGINEERING CONSULTANTS SHEET ND. L OF __ _ 

505 FIFTH AVENUE 
CHKD. BY· __ DATE ___ _ 

NEW YORK, NEW YORK t0017 
JOB NO. _____ _ 

SUBJECT _________ _ 



QUIRK, L\\\'LER [) \U.Tt'Sl\"," E~GINEERS 
BY ___ DATE - __ ENVIRONMENTAL SCIENCE 6- ENG1NEERf"-lG CONSULTANTS 

-
SHEET NO.~OF_~ 

CHKD. BY __ DATE __ _ 
505 FIFTH il,VENUE 

JOB NO. ____ _ 
NEW YORK, NEW YORK 10017 

SUBJECT ____ _ 

: : : I': 

,I---+-+--+----+-...;..-~ --i----i-, _ ~ , ~ _ ,_~X! ___ L._~~d·rK! ""~.1~ ,.,~" 41€ 
............... 9.;r. .... t··p··~··~~I····'r····· :=:::·~··l··i .... ' .... : .... ;:-:-:-:~ .. ~ ............ ) ........ .......... (i .... ............. .. · i I. .' I ' • I • • : I!: :; i 1 : I : • : 

· r T· . -- , -+-t-- --t--: I . . 
• ~ , : \. . I • : Ii' • • 

. :- I I : ---l--+ :--+--+- I . : : : 

.',~ 'tI"r;;.. i d i I ':: ~. f * .j.Oi ~ • ! • • • 
1 ~ , ~_I I :: 1 4L~~* I; ~,~ ~ ~~J; ,~~.J~'7t)c 

.. : ........ ..... ~.IZ .... F.. ,iCP.r·~·r.I~.¢:'L.!fc. .. !!"~ ··1· .. ; ................. . 
: i : 1 +---+- I: ; : . i: I: : . 

If--if--+-+--+---+·--f------fr--+- . 1 I i -j---; ~-- r-~ .. ~--;. !: . 

If--f-::-~-+--+-I---+-~1---~'"---+--!-i:i~;··~tlifH." .. ~-!-:--+-+-f-+-:; I ,~ . 
...: _ 101':'- - , . , ~. 1 ~ I .' '. I • _-+--+-+' -+--.....;..-+-+--+--+--1 

: I -;- I : I ' .' I; I' ! -~,:-i--:~~~:--t--!· i-·--t : !i ii ; 

I -+-+--+--+--!-. --+---t-. ' ," ':, I • " l' 
r- ~. : -r- ~ : : - - -~ ~m :---t--------:---j--i--f-- : , : .............. ~ ... + ·i .. ..l.~;· ... i·~~ .. i .. (ir. ... r..! ... f .. f'l·f· .. ·t .. · .; ... .1.. .. j .... J. .. .!, .. ; ....... l .. j .... Tj .... j .................. . 

• 1 I I" • ii' . + I , I. i I • 

1---+-1--1-+--':'-: 4. -i+---; : I I ~ ! I ~-+-- c- +---: 7 I : 

./ ).': '; .:... I: :... -' i : , !.. ; ... ' : : 
.~~ JY: =-1 A (!~-~ Il II ~d' 47i ~ Tel. IJ7';r~ J T ~ 

. i ( ___ ~_! _ 1_ _J. i ! 0' K _I i 'j I'L CJlt J" i= Q ~ · !., +-. , . ,--~-. : . . I • , • 

: iii : ~1:J.! : i i : i : i. : I I : i 'l I , : 17 j 

............. ·~"(·1 .... ·~' .... i· .. i/i;,.· I· .. · . ··"di~:~ .. ·, .. tm:~·~~·~·'JJl6iir .. -1;;/:(11 .. ··1(· .. · .. ........ 

~ lib E , : T 1/ : / ~ : 1_: -1- : __ ~! ~ -' I: 1 
/ I i I ~ 1. ~ 7 - , U' r- ~ i 1 i !<7~ l' c:; r ~ J -I' =J 

· . · . · . 

7 .' / 
'.I, "~" ,', <:t:-, _/~~ i;t' . i.!' ;,.., "'~ . - J- ~~ ~1.. i 



QUIRK, LAWLER (1 MATFSKY ENGINEER.S 
BY ... ___ DATE ___ ENVIRONMENTAL SCIENCE iii ENGINEERING CONSULTANTS SHEET NO. ( Of' __ 

505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
CHKD. BY __ DATE __ _ JOB NO. ____ _ 



QUIR.K, LAWLER & \L\T{'SKY E\lGINEER.S 
BY ___ DATE ___ ENVIR.ONMENTAL SCIENCE & ENGINEERfNG CONSULTANTS SHEET NO.-1--0l'_--

CHKD. BY __ DATE __ _ 
505 FIFTH AYENlJE 

NEW YOR.K, NEW YORK 10017 
JOB NO. _____ _ 

SUBJECT ________________ _ 

j 

; "J -'.. : 1'1 

........... .. I' :' '712'11£1.' ....... ,... ..' .... r.: :'.li~ 

: : I 

.... ........ .. ' ..... 

-'1 , '1 

... , ..... ~~ .. ?I.~ .. ~ •. ~~ 
~ ! . 

, . , , 
. 

. - i 

. . .. . ... ~ ... . ... J .... : ... L ... . ... : ............ .. 

~: c: 
: : r : 

: : ; 

~' 
I"" .. ' .. ··1··· ...... · ... : .... 1... .... .. .. (... ,....... . ... t ••• • ....... • .. ·f .. 

1/ . 

, 

........... 

:' . 
, 11 A 

... ........ .... ·1· .... : .... 



BY 

QUIRK, L\\,\'LER [) \tATt'SKY E~GINEER~ 
__ ·OATE ______ . ENVIRONMENTAL SCIENCE & E~Ci";EfRr.'-JC CONSULTANTS SHEET NO'~OF __ _ 

CHKO. BY· __ DATE 
505 FIFTH .-\VENUE 

NEW YORK, NEW YORK 10017 
JOB NO. _____ _ 

SUBJECT ___ ~ _______ _ 

-. 



r, 
QUIRK, LAWLER & \L\lTSl\Y ENGl~EERS 

BY ___ D"TE __ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET No.1oF __ 
CHKO. BV· __ O"TE __ 505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
JOB NO. ____ _ 

SUBJECT ___ ---:-_______ ~ __ _'_ ________ . __________ _ 

-------,-------------

1-1 



QUIRK, L\\\LER [) \lX1TSKY E~(;l\EERS 
SHEET NO. ~ OF __ BY .. _._,,_. __ DATE ___ . _____ ENV[RONMENTAL SCIENCE & DiCi'.;HRiNG CONSULTANTS 

503 fiFTH AVENl:F: 
CHKD. BY ___ DATE .. __ .. _. __ 

NE·"'YORK. NEW YORK 100[7 
JOB NO. 

SUBJECT _________ _ ----_. __ .. - ... _--_.- .. _-- ._--_ .. ------_._--_ .. _- ------.-.... ---



r . 
QUIRK, LAWLER & MATlJSKY ENGINEERS 

BY ___ DATE ___ ENVIRONMENTAL SCIENCE lit ENGINEERING CONSULTANTS SHEET NO.~ OF __ _ 

CHKD. BY __ DATE __ _ 505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
J08 NO. _____ _ 

SUBJECT _________ ~--_-------,__----------

I 

:' :: : : .. ~ '~A") .. J. . . .... .... ... .... ..... ~ .................. (.~, ... ~ .. ~ ... ~ ... (; ... ~ .. ~ ..... ~ .... : ............ t- ...... ·:i.,jf'~~· .;~~;: 
<:~_ r - <>" ~.. J '({ , IJ; /I I If.. :7 ~ i 1",,1.: ~~ ~ x 

~ : I: 1 : : kt....!-t t II-S ,. ~ 
.•• ..... ... .... .. ... ~... .. ............. ~ ................... ! ................... } .................. !.... .... .. ........ -+--. 1--+.-...+0 ....... 

: . .,: : : : : 

.. .. .. .. .. .. .. .. . .. . .. 
: : : :" . : : .................. , .............................................................................................................................................................. .. 

,~ '-. ,/ : ..: ; ; ~.. ~ 

1f-t--f-t-+---:-+--+-+-+--+-+-+-+-+-~f---4-+-+~--+-+--+--+-,-t:.-;-, +-+-.J--t--~-+-+-+---.:t 'i 
o· ... 

.. .. .. .. .. .. 
.. 10 .. .. .. .. 

~~ .. : ~: Ii: : .: : 
.. ;. rj .. 'i~~l; "~~;;e .... ,;i;.:" ', .. '~J;(;""l"""" ............ 1 ...... , ......... "'1"''' ............. ~ .. ; ........ '" ...... .. 

. . 
.: : 

.................... I .................... : ........... _ ... I!ioooIII!!l-~~---+ .................... -+-+ ................ '" ...... .. 
~r~ T7J~ .-1,1-: lu ':'r~' -j 

.[1 1"1 

.. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.... .... ...... ........ ........ .. ...... i .. .. .... ...... ........ ...... • ••. :. • •. ...... ..... •.• • ••• .:.... ••• .••• ••.• •.••.•••• .•••••..••... t •• • :. ~ • • • • • •• • •••••••••••• -:. • •• •••• • •• ..... • .... . .... 

: :::.: 

r p - ,.- ------



,. QUIRK, LAWLER & MATUSKY ENGINEERS 
BY ~ __ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS 

505 FIFTH AVENUE 
CHKD. BY __ DATE __ _ 

NEWYORK, NEW YORK 10017 
JOB NO. _____ _ 

SUBJECT ____________________________ _ 

"- ~ 
7 -~ "'~ ~ ~ ,'T 

_I 1 
L~ L'iL 

~ 
, : 1= U .. 1-~ ... -- 1.. ..... 

. ~. ~ ~ , .. : .... ~ ~~ ~ -... .... ... ..... 7' . .. 4. ••• .... : .... .... . .. . .... .. ... ! ..... .. ... ... . ..... . ... 
r2~ ~/.4 

: J 
: 

~: ~~ 

"t.J tl,..: F: ~ ~ 

~ 
,.. : V' . .... .... ... .... .... .... .111'; .... ... . ... .._. .... .... . ... . ... .... . ... . ... . ... . ... . ........ .... . ... . ... ... 

~ 
I( 

~~ ~ .::: 14 'r ~j ,..- : 
/if" ,..: 

ld~ ~ .A ~; ~ I/~ ~ IIJ~ 

V it' t.1.~ 
7J 

... .... ... ..... .... 'O •• ~ .... .... .... '" ... " .. ~ ..... .., . ... .... ····1··· . ... . ... . ... ... j .... . ... .. , . ... . ... : .... .... . ... . ... ... 
.... ., ~ ). .i 

-'5 ~ "lit. ~ - - ~F M ~ :S~D ~ .3 Vs '/(1- ./'. ~ 1'1 ~ ~ "jJ r· 0 

/ / -' ~ 

I~ : : ~ -" "'~~ ~A l4 h" 
" ... .... .... 'l l'''(~ . ... /~ ~~ L .... .... .... . ... .... . ... . ... ... . ... . ........ . ... ... .... .. . 

~ ~ J, ~ "/ .. .;. 
r 

i 

-" ~ W!J, r;:!!' d 
"" : ~ ./ ~ 

.. 7.. ~~ ~ J L .,.~ ~ lr" L . .A.~ .. :~ III . .A ~'.!. ..( .~ ~ '._J. fIrzL .-.~ ~ :!.~~ ~ I . . ~ . .... .... .... ,-~. r.":"~ ... "' .... .,. .. .~ .... ..'!"'.E:":' .. . 'i" j . ... .... 
,A :6 

,r' ., 
~~ rJ.~ , .L ~'F .;~ /, rt.r /, L-1. ",' ~" ;" . , , 

.;t. "- I~ ~ :d ~ .. :~ ~ = a~a A ~9" /' ~f,!.I~ ~ ?'Z3y CJ. ~, ~, 
: I" , , 'tI,=.j ) .... (:2 ~ .. ~Z~ .tt: . :s.: .... .... ..... ..... . ... ..... ...... : ..... ..... . .... . ... .. .. t .... ... ..... . .. . ... ... .... . ... ... 

~~ &'C -I : : : ~ 

~~ ~ fG I=' 1,2 11 ~ ~ 
, : 

~ / ,: 

~ ,. : = ~~~ II .... #. . ~ .. ~2 $.?: V.L. .. .... .... ... .... ! .... . ... .. .. . .... 0.'- • ......... .... ... .... .... ." . ... . ... ,. 1~ ~j, It }o , 
~ VJ :~ ~ d: II' ( , /. ~. 

, 
:; ~ 'lfl ~ ~ j~ ~ M~ ~/ P' L ~~(;. ,~ ~ A ~),I! ~ ~ / ~~ It. ~ ~I ~J: e-li. ~ .. I~ rw~ II "I , 

(~: .. : ' 
~ .. 

• 

t ~ :4 ';J. tL .... ... ~.~ ,~ ~:.~.:;; ... ~ 
~ ... V.2t if .... :;h 

.... ~.) ..... ~. ~ 
. .... ~; ~~ 

.... .... J d /,...- , Iu' ~ 9'-~:~ -4 ... 
"W , 

-J 

4 V l..o\ r l 
~ ~~ , 'I ~ " ~ :' ~ ~ I' 

" 6 ,. 6 

~ ..a 'A I/I¥ '1 ' ~ ~I : I ro I ? )!j' ~ ( ,1 ~r.J lA ~~ ~ ~ ~ ~- 1 " 
~; ... -:~--.. 

;, c1 ~ It::) r;, ~.( (' ~~ ~~ ~ : 

....-:. I~ 1;.., ~~i ~'f ~ ~~ V# ~ I .... 
(! tIJ I~ f9 J Ii.l .. ~ ~ ~SLh .-/. ,,~/~ J. 1- oJ, V " '-'1 - ;/ 't'I~ I/l~ ~ 

e f' :./ k-l ~' /J ~ h ~ ~HJ( tI4 , ... /...., 
-IS 

- 1 



( 

.' 
QUIRK, LAWLER 0 \IXITSKY ENGI\fEERS 

BY ___ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET NO. ~ OF __ 

505 F[FTH AVENUE 

NEW YORK, NEW YORK 10017 
CHKD. BY __ DATE __ _ JOB NO. _____ _ 

SUBJECT ______________ ~ ____________ _ 

: ' 
If----+--+---+-+---=---

1) 

1/ V'I"l<i ~ L7 : 
: -,j~ : ''r' 'v { : : : --+-1---1----:--: -+-+--+-_~ 

........ -............. ~ ................... j ................... ~ ........... t ........ ~ ........ , ........ ·j .... l .. · .. · .......... ~ .................. , 
· . . · . . · . . · . . 

: :~ f/ l" 1l 7ft . /'.L. -----r--
~ -+- ~ rl;7: ~ l -~-- -+--~~ ..................... ~ ....... ..... RW:): .. K .. l ... . ~ ................... (" ............... j ................... ~ .... ····I···t .. · '" 

'/ ~ I _ j ~ ~ / _ ~ ~ ~ ~ J-J-f-.r 
1011 ~ ,,-v.f1- . __ :_ e-~-L.l- '(:::: ~;..l~Jb~ /~ O~ i/O•II 

II--f----+-+--+---·'-----I- -: ___ I---f------:--- 1 1 __ . _ ~ , ... _'-:·,.,o-j..--1-i+-40--+--~ 
....... ·········1:·.)··· ' ........ :~.~.~.~ ............... ~ .............. ··I~· .. ·f .. ·· .... i .. )e.'·+ .. ~·· ...... ~.~.~:[Y.t~~ .. .. 

II--I--I--+-+--+--+--+-I--I---+-' --+-: :": +--I----±: --:a..-I--+---:-i--II ~ _ ~ 11-- ~ i j e-t---r ~ , .:~ ~DI 4~ 
L - --e-;-- --"---r I 

~_~Il' .. I~. ~p /I' I- ~ (~lrlltl ~ I- -! ~ - T-+-----:~=-------+-+--+-+---l 
i I ~ i --l------I-J.-I--- ~-- i ~ 1'--..................... ~ ........ 1~·~~1· ~·~1~~ .. ~J ........ i. ........ --.J ...... ) ...... ..J.v~ .. J .. ~ .... ... j ..... ) ........... , ...... .. 

• ~ ". : : : ~ : -t---I-!--: I : 1- I 
~,;<I/<I """1 ~ _~~t--,-~f-- V -~h-I .~ ~'[,- V :, ~' '), ' 

....,.p;hJ .. e 1/1 ~ J ~t;.2"" ~ 1 11J.-II ~ IJ( b I( A ,.. I ::: K • ( .~ r Ii .,bld~ 
t r7 .. : ~ 1Jr:i J.~fh"T' .: 1_ 'I j., ~ :.~ - 1-4 

d ";.,...:.i,,' . .1. .... .......... ) ............... r .. ..j. ... I~ .. :~ ..... . ·.~r ....... ........ t ... +~.~.1. .. ':: .~.~ ~~~.~l. .. .... ~ :~.'''' ?,r:'ll .. .. .. /..... ~ \ -. . . . : . ~r:r, 
I . '-f---' ·-I-c---. 1_ ~~ ~lll2.. 

/ " 



.r 
QUIRK, LAWLER (1 MATUSKY ENGINEERS 

BY ____ DATE ___ ENVIRONMENTAL SCIENCE {, ENGINEERING CONSULTANTS SHEET NO.~OF __ _ 

505 FIFTH AVENUE 
CHKD. BY __ DATE __ _ 

NEW YORK, NEW YORK 10017 
JOB NO. _____ _ 

SUBJECT ___________ --.:_-------------------

: .~' : : : : .... jjlt· .. ~'f1f;d·"'io~i .... .... ~~,.i~ .... ·;( .. i~~'f.~~ )b;~" .~ ..... i;.b· .... '" ......... ~ .................. . 
: ': -~I V: ~ .... ': : 
: ~: ".a, : : 

.......... , ~ ...... : .... ~ ...... ~~. ~.?f... ,;, ...... ::~ ... : ..... ~ ... ~,~ . .... =t .. ..... 1 ........ ~.~.I-r. ....... '(!~ ... ~ ....... -A. 'r-' : ~ ~: ~ t: : ,..f::' -: ~ I/. po. • ,~~ Ij' 4'JI 

: :.,: : : : ~ 
., 

: . 

.... 1 .. · ............... ·1·· ................. ~ .................... 1 .................. ·1 .. ·· ..... ~ ......... 1· .. · .............. .. 

........ .... .... .... I .. · ................ I .................... ! ................... I ................. ·l .. · ............... l ................. . 

. . . . . . 
.................... ~ ................... + .................. ~ ................... j ................... ~ .................... L ......... , ...... .. 

. . ,: . . 

. . . . . . 
.... '" ............ 1 .......... : .... , .. -r ... ................ 1 ................... ~ ..................... ~ ............ · .......... 1 .... · .............. ;. 



QUlR.K LAWLER 0 ~L\TUSKY E\lGI:'-JEER.S 
-- DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS BY SHEET NO.~OF __ 

505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
CHKD. BY __ DATE __ _ JOB NO. ____ _ 

( 

( Q'~ : : : 

........ .. ,r:/ .. +~~ ... ":j1("'4"~ .. 1. .~l.. .. ~.!~I.1 .. ~. ',6 "'f~ '" ............. j ................... + ................ . 
j 1- l l -r-r~+-r'~-~~l-r~+-~-+~~~ 

I~~ : ~r _: ~J 
II ! ~Il ..o() I - J d ~ G~ ~ 111 

: =' /-"'"'. I /I.,-! ~ /,: L. ~r-IIF :, r<"V: . .... .... .. , .......... : .... .... ~ .. .J ...... ~ .......... I~. ~ ... ~ .. ~~.~ .... .... ..;1.'.1 .... . ,/I~, o.i ... ~r.-: ............ ~ .................. . 
. ': ~ .,.-: : : : : 

: : I#': : : ............ ~ ..... T··· .. ·· ............ ~ ................ .... i· .. ····· ............ ~ ................... + .................. ~ ................. .. 
1/ A ~ -..;. " j.-r--11 .l-::-r--' ~' r;-'· 

]J" . . . '.' 
#' -~ --f,-._- -: I --t-- I ;. ~';;- .:~ r"7 !+-.t-'.J- : . 

........ . '" ........ t .................. ,L .............. ,~.r.(.: .. ~ ?P./~ .. r.'v..~ .. 41.0(0 ... 1...+ ..... ' ........ ~ ........... 1 ....... . 

: : '--~r--~.: -: : 
.. ro :. ~ L-r-- - r-- ----L+--t---lr-t-:--+-+--t---l.......;.-+-+-~-t__I 
, :-- V 1/'7: I ,~I!- : t--: -w-!--+-+~-t-+-1--t--!--+---t-+-t---i 
II~ , ~~.I'{,p J 'JL1,7. __ 'u. :1.:~~T?[ .~.-~-~r-_J._-~~r--- ___ --+-..:.....-+---4--+-+-~ 
G' . I . ,. . . 

.... / ............. ~ .... i· .. · ........ · .. ·l·· ................... \ ....... j ........... + .................. : ................... + ................ .. 
whOI (I:: I J ,() 11----j1---+-:h.:-+---7--+-~. . --I---' ... -~. -- . . ':--l--4--4-+--I 

,,- ... ~ .1- i / ~-- ~. : ~ ~ il' :: I J ~ 1-- . 

lkij"Ji.'\<.,') ~ I VAl ~~ A ~ 'f'M'f1.::I"/'t/,,? -=-' -~ II 
,~l : I: :.: ; : 

.... l~.~ .......... j ...... T~=~: .. \ .................... ~ ................... l ... : ............. ~r·-.. +-... --+ .. -... + ... -... t--... ...;. .. j.-.. + .. -... t--' .. -+ ... -... + .. -I .. 

~ --L ~ ,~ 'T'"j ~ ~ j"1 ~ V V<--
/ J')fAfJ. rJ'l 1fM.? ft, r...tl.fl ::::: K ~ 'L1~ .~ f~'~ . - _.--·-+---t"~~~~~4""~~......-+--+-+-t-H JI .: I ;, I-r~ 

I n", I J ~ ---rl -+-+---t-;-,~-P.-A ' v~: ~ S ~ !f..1 j 

# /~~~ 
117; :;- /*f;C-!/ / 



QUIRK, LAWLER [1 MATeSKY ENG1NEERS 
BV ___ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET No.LL OF __ 

'CHKD. BV __ DATE __ _ 
505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
JOB NO. ____ _ 

SUBJECT __________ -,--________________ _ 

........... ~ ..... ~ ....... ~ ... ~. : ... ~~~ .. ~... .... .... .... . ........................................ :;:::;- '''i;'~rr 

_JI!J~ ~""'~II~I7A ,~ 'V ~ 4'''''V1~,f;~ 

....... ...... J~ .. (.!.V.J:.fJ • ~~~?~ .. ~((~~.~'" .... ~: INy 1(f?.!.7V~ .......................... .. 
. ~~ , 

'~Vl"" I )~,~ ~ ~ AIJ-3 
I ~:.' /' ~\ /' J , ~/ I ~Z'?..'J/Y .~~ 

4:.r,:~'f.. .. a.tl\~A1/~~~fr;.r~(Ji.. ...... ~/" I,=~ .)'f... ) .. -r.. ..~-r~~Ab.~~IK; 
O<~. ~ ,;, ~ -= . " 

........ ·iV.' ····t··· .... :~.~ ....... : ..................... ¥ ............ ~ .. ~.; ...... , ........ .. ·t· .... '" .......................... . 
". J" /II WI... 

I .......... :.: . 



QUIRK, LAWLER &, MATUSKY E~GINEERS 
BY" ___ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET NO.i.l-OF_--

CHKD. BY" __ DATE __ _ 
505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
JOB NO. ____ _ 

SUBJECT __________ ~----------_~------

J 

, : 

) -. ............. ~~* ... = .... ~~ ... =' ...... IVa =,. ~1 ........ , .......................................... , ................. .. 
. r-j= u " 7 .' 

,I " / / , 
'Il 

•••••••• '0' ••••• • ••••••• '" eO' •••• •••• •••• •••• •••• •••• •••• •••• •••••••• •••• • •••••••••••• 0, 

Kl.,i ,i.r 

.;~ '.~ ';~1' ·;· ... ,~ .... Zf·I·C: .. ·(~ .. l .. · ................ I .. · ............... , ................... : .................. . 

or-

/~. .-
... .... ......... : ........ f~I!~ .......... ; :.-~ ::.. .... V :.:.:.:. ...... Ea ...... · .... .. ............ . 

~ t. ~ -.- 'l/:: C ~ J1 ... ,w"" :::: ){" /if!. e. ~ 

............... ~~.4~ ... ~~~~~ ... ~ ........... f ......... ct.) .... i . .J ........... ~ .. ~ .......... , ..... ~ ................... .. 
. : l.t III ... : • 

/ 



QUIRK, LAWLER & MATUSKY ENGINEERS 
BY ___ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET NO.~ OF __ _ 

505 FIFTH AVEN UE 
CHKD. BY __ DATE __ _ 

N EW YO~.I<, NEW YORK 10017 
JOIINO. _____ _ 

SUBJECT _____________________________ _ 

:-,- ~ . .....,--.... .... ... .... ......... . ........... ~ ... o.'iJ,~ J(~il, ........ ~ ..................... : .... i/' ............. ~ ................. . 
~'R"'-7f l I..~ 

:7 

............... ~ ........ ~ .... Lj~~ .... ~~ .. ~1tr7~ .~r!.' :,i .... .... ........ .... . ............. . 

r1 ...... ~ / 1/ J I 

..... ~ ............. , .................. ~ ...... , ............ ! ...... ~ (.~ ..... I ......... G~1.~ .. ~I '" ........ : .... r:I."- ...... . 
7.~f-1~rt 

(if:; .:::- ~ ~r ~1'. ~<:l IU, " ." .... ...... ~ l.... .... .... ............ ~I,-r r-. ...... J ~ .... .... .... .... ... .... .. ........... . 

<..r7:~ ~ <:.'Ii' A~" (I ,. 

. ./; V 

...... <I!? .. 2.~.:f. .. II ............. : .... I-(:~. ·· .. 1 .................... ; .................. ~ ................................... .. 

~ .#~r,;' /,~ ~~: j':::. - ~ f- 1. =:- 1/ r~lt7i. ~/ 
............... •• .. 1 ................... : .............. ~ ..... ! ............... (. .. l .. ·.~ IL ........ : ......... ~~ ......................... .. 

: ,.~ ; ~ . if.. /.. i J' : ,~ ,.) ~ 
~ -" ~nr-;,';; , ~i~ ~ ~ ~~~ '11 v, .... --" I.... ":~/ .... .,-.I! I k f,;, J,. • 

, :IJ~ i~4 I:'! "1.,1 
.. t.~J" /r.l!l.~~ .. ~~~,.~~.~~~,. I.~'_ ~~~:~. ~tl!:~~: .. Jf 1.1:/: ..... ~:f~/LLlf. .. ~~~. 

N • '7 I : ~ 



BY 

QUIRK, LAWLER Ei \L\lTSI{Y E?\Cl~EERS 
.-- DATE ~ __ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET NO. iL 01' __ _ 

505 FIFTH AVENUE 
CHKD. BY' __ DATE __ _ 

NEW YORK, NEW YORK 10017 
JOB NO. 

SUBJECT _____________________________ _ 

( .j~ ~~~ U:r.t.i7;t~t: IL ... ~ In8~AI1ZII.i!e"i~v.: € {fl ~. i'~cEU. Iu.. ,~ 
J 

I- ~ ~ :, ,,: ~ : ~ ~ ~ I J 

L jr- ~ .::!- l.d 17 A ~I (/f\ J 14 ~ f .,4 f,J/~ --;;z;-;, lot ~ lr II.~ A~! j : jV"~ ~ )( f 
." 11 ..•. .... ... .... .... .... •... . .................. , ...................... , ..................... :. .... .••. •••• . .•. !, ......... '" .••••••• 

- ~ 

.................... :.'~ .... )P.:~j~.j1.~. " .. t~.I~~.(~} ~ .... .... .... . .................................. . 

= 

. ~ 
.................... ,. ••••• , ••• , •• 0 ••••• ~ ••••••••••••••••••• & ................... ~ ••••••••••• ~ ••••• { •••••••• '0. • ••• : ••••••••••••••••••• 

1f----l-+-1001~-.-:··~- 1-. -- : ~ II j JiLl: ,/ : \ [7: .-..., "I I-

(~~ .:~, ~ ~ rIlV').-~·i _," 'tltA"IJ~ oil'rA.~ " 

......................... "",,':':;~"'\ 'l!- ; .. ~~ .... . ............... 1'; .... ~ .... .. ................................ . 
~[e r ~ ~VJr4" ,. ~,.e 0 ~J~~ 1~ =:: .;"t f'o 1 

-' I : ' 

............. G' ~! ~!,.12 .... ~ .... ~ .. ~t~)~/{(l.f. -- r~.} .... .... :::.~ .. j2 ............................... . 
:0 , /i ~ \ 

foOl? ~ I/~ -I-- !..rI.i'iI I~ IJ .: p I I'-'~ ~" v 
;/ ., 

.................... ; .... ~ ·1···· .... j:; .. ~ .... ····r~r .. · ... "·i·)~I.f~J ............ : ........ ~ .... .. ............ . 
11/:/,,1\ 



QUIRK, LAWLER & MATlJSKY ENGINEERS 
BY ____ DATE ___ ENVIRONMENTAL SCIENCE it ENGINEERING CONSULTANTS SHEET NO.~OF __ _ 

505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017, 
CHKD. BY __ DATE __ _ JOB NO. _____ _ 

SUBJECT _________________ ~ _____________ _ 

IAll". : ~I~ 

JI"'g,,11~J I ~ I" IIN.,---' ." .... 1.\ ..... L. '" ..... ~; .... ;1. .. , ............... ~ ................. .. 
SL .. V .~~ V ~ " ,~ '1-

., .. I?lf;ic~4.<t. .. ~~.~~4~ ... l~~· .JF.i ~'11"'~ 4: 4f..r, ....... , ....... ). ................. ) ............ , .~ .... . · . . . ." . · . . . ~ : 

: iIo. :::,: 

. . ~ ': ~ ,IJ~J.Il ~ : : 
.................. ; ... 1\, ...... I .;.;.~ ..... \i.w' .1.::"~ ... (,.Jl,.;~~7..~.; ............... ... i .... .... "', ........ ~ .................. . 

· I ~ II' I ': '" i--"~: : : : 

,,l '" ................ ~...,...t::t==H-t-r+-r . . . : ................... = .................. ~ ................... : ................. .. 
Ira ~ :: ' 
f.J 1'10 : 

. .,f;~~.~.~~ .... ..:,':+ ...... ~ ......... + ................. ··1 .................... j .................. + ................ ,L. ...... '" ...... .. 

, : ! 
;' / 

" 
.................... , ........ , ........ ""--+--+----+- . ~. . . ••• "0 "!o ••••• o ••••••••••••• ! .......•... '.~'O ••• ~ •••••••• '0' •••••••• : •••••••••••••• 0 ~ ••• 

: :. .' ~.: : ' 

;" . .. ," ...... 

", 

...... ,. ','" ......... ~ .................. { ........... ~' ..... 1 ................... 1 ................. ;.~ .... : ............... ~ .. ' .......... ,. .. ~ ..... . 
. : :. · . · . · . 

' ... ' 
:/ .. ', .1

'
," 

• , -'.:." ," L:-':~-J' :.: 

: : : :. " : ......... -_ .... : .... ; .... '" ......... -.. ~ ......... ,,' ......... ~ ................... ~ ....... , .. ; ................. ~ ...................... . 
, . 

1-:-, .. ; .... ' 

. .: () , ' 

" 



QUIRK, LAWLER & !vL\Tl~SKY ENGINEERS 
BY ___ DATE ___ ENVIRONMENTAL SCIENCE & ENCINEER[NC CONSULTANTS SHEET NO. -l.L OF __ _ 

50S FIFTH AVENUE 

NEW YORK, NEW YORK 10017 
CHKD. BY __ DATE ~ __ JOB NO. ____ _ 

SUBJECT " 

L:itj~srlr;A7l!: 6~~~4~ UrSE. d$1A/, ~$Y'HD1bT1C.·6J ~Il ~ 
"-, , , I I' 

': 

................... > ............. r~ .. ~(~ .............. +;(~.~ .. ~r).'~·f·· ., .............. 1 .................... -1-- ................ . 

~ ~ ~.I~. ~ 

I f' 7 ~ : : 

.: .. ····v~~·lf··r ·····v.jt.-r.r··~~··I~ .. ~ .... ~~.~~,.~~ .. ?~.j ... f? .. :~ ... < .................. . 
, ; r~ ~ ~ ~ j"' 

. . . . 

.... : .. 4~~.~ .. tf.~~.t;··P.:~~~.· . .;~ .. ~~.~~ .... ~~~ ··1··/~·· ·j.~ .. ~t .... ........... .... j .... ............. .. 
· . ~ . . . . 

: : /: : 

. .. . . .. .. . . .. .. . .. . . .. ......... ~ .................. ~ .......................... or··' ................. "1·· "I: ',.'" .............. f'······· .. , ........... ~ ......... '" ......... ~ ......... '" ........ . 

..., i " / .. 

........ .... .... ····1··· ................ : ................ ····i········ ............ , .................. , ...................................... . · . . .. . . · . . . . . · . . . ... . 
',-- I ,= .. ' • ~. . ,i 



QUIRK, LAWLER 6; MATUSKY ENGINEERS 
BY _~_ DATE ___ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS SHEET NO. Z ..... OF __ _ 

505 FIFTH AVENUE 
CHKD. BY~.----:-_ DATE. _,.--_ 

NEW YORK, NEW YORK 10017 
JOB NO. _____ _ 

SUBJECt: __________________________ ---

.. II' .- .- . . 
J :.J. U c . ~ ~'l .... ==; . ~ ~ rJ .. 

. ~ I 
-~ 7 - i ... ,t v.. ~ tol 

.- .. ~ '}. ~ L~ .... .... .... ... .... ,,:,: .. ;-::. .... 1" ;'" . ......... ... .... .... .... : .... .... ... ..... . .. ~ .... .... ... . ... ." .. 
J 

I~ ~i~' =- I. ~~ 'Ti-.! /, ft/.. 
.. :1 
:.# ..4 ~ / - Ii -.4 ··4 (.J. 

.it ........ ~L" ~ .. l ~ • .~ ~~ .'fJ.. .. '. ~,~ ~I .tt .. ~ .:~ r. r; t.l .... .~. i~' ~. " • !": :'I!".~ ••• ~~ 
, .... , . . ... .... . ... . .. 

• . . 

/ 
j I:".' 

-' 
, 

I ." 

j , 

12 .. .I J 
... .... ... ..... ..... " ... .... .... . .. . ... ~ .... ... . ... .... ····1··· . ... .... .... .... } ... . ... .... .... . .. ( .... . ... '" . .. ~: .... .... . ... ,. . .. .. .' . - ,..-' 

'. . .. 

:.. :. : ~ 
[.. ~~1 ?, lri t (' /: /- e::; ~( .L:. .... fJ IJ l' L ~ I~'" 'I .,. .~ -7~' 

~ 
--,.-

I. - . ' . 
... ~ 1- ~~w. 

'L 
... 1 , .. . ... ... . ... . ... . ... .... . ... . ... .... o 'OJ .... ... .... ......... . ... . ... ... 

.A 
. . 

A '/ J /) ~ ~ ~ J ~. 

) .... #~~( ~ 7 " •. , ~ ~: ~ ~ ',A :f" ,.~ r>. -- V n:I--.... L0- r ". r .. .... -. V .... 
f' A . I , :4J ~ J 

, 

. ~.t. ~.J. ~.~ (.~. :.I'i"": ~~ ~ . !f..,. ~ (I.; 
, . 

~ ~ ~.;r .tf.! ~ .r¥~ d. ~ ~ ~-...... ,.!: .. ~ ... ~ .. ~ ... ., .. .. f: ~ ':':',:r. .• '" .... .... 
" • ....;. 

4/~ ,J ~ LA!'" f' ~ :~ '/7, II ~~¢A I It ~, J-i/. ~- J ..) L~, 7 ; 11:.-. ,./ #It fa. ~ ~. 

.# : 
.J 

~ i' 
.. 

~ ~ r-It ~ l.i ~ 

I 1 
! .... ... .... ..... ..... } ... t ••• .... ... .:: .... .... "/': . ... ..\1 .... . ... .... .... . ... , .... . .. . ... .... . .. , .... . ... ... .... .... .... .... .. , .... .... 

~ .I ~ 
. ·l 

~ ~ ~, ~ ,/jl/ l..l 'Tl. - K. { VI I.{ J I,. .... Ir~ A.! H it] r. Q~ ~ II 7 
4 

,/-~ 
I' , 4 , 

I .... 
IJh ~ ~~ ~, rJ' ';/, ~~ I' 

.~ t rAt r: FJ rL ~ , r: ... 
.... 
~ .. .. . ... ····1···· ~' .. ,,:. . ... .... : .... ..~ j li~ 

t .. ~·· .. ... .... t: .. ~"1"~' 
... . .... ...... . ........ .... ... . .... . ... ... .... .... 

d. , : J , .III '~ Y ~ ... : '-ro, 
.: , , /) . .-... .. ~~ .~ '~ -~ ;;-' l 

t ,.-1 L~ 6. 1-'1 r- o' :/, '1. JI j ,j, r ~ ~'. :T , 
. .: 

.A tl. ~ ./.!.!f. ~ ~~ 
L ,L: .- .~ .;.;. , f.!t' lJ.'C. p..~ 2i Q'-:l 

,., /., ~'i":'l' ~~ :£..,:~. ~ ... .... .. ~ .. . 1- . .... . ... .... ..... : .... . ... .... . ... . ... 
~ ·~.LQ 

:/ I 
' : 

~ , 

A ': fA • ..t' 1 J - !: r. .I oJ- ~~ .~ 't'J -: 
, 

~ r. ii« i/ I/J r f ., ~I t. .,,,1 ~a 1'1.. , . J :' --, 
~ . .-: 

lA ~ ) ~~ 
,. 4,r J '} I!. ~ ... ~ ~l tI. ~#j J{j- ~ ,7. ~8 'lJjJ~ ;j. () i7 ?f ~ 

, ~d vJj 11 ~ 'IJ 
/1" "." " ·77 f -~~. e!) ,d'f'l -. .---~-



BY _________ DATE ______ __ 

CHKD. BY ___ DATE ______ _ 

QUIRK, LAWLER [;) MATUSKY ENGINEERS 
ENVIRONMENTAL SCIENCE & ENGINEERING CONSULT ..... NTS. 

505 FIFTH AVENUE 

NEW YORK, NEW YORK 10017 

SHEET NO.~OF ___ _ 

JOB NO. ____________ _ 

SU~ECT ______________________________________________ q __ ~~. ________________ ~~-----------------



"",,,·4,,--QUIRK, LAWLER & ~L\'Tl!SKY ENGINEERS 
BY ___ DATE __ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS 

505 FIFTH AVENUE 
CHKD. BY· __ DATE __ 

NEW YORK, NEW YORK 10017 
JOB NO. ____ _ 

. SUBJECT _____________________ -'--___ _ 

J.e~) 
S(£.,{~ - X )A,"' <L. J ~ I;;! III D 

K" (~ :(. ~ /( a' f- .L 'A': ~~~ ~ J. I" 
I,If C. i' f: i 

: 

/),);- : , 
~ 

) '2, 9.-~ ~ ~ /} ~ 7 ~, t rJ /, ~ 'I.~ W, I/. 1( /,J '/, 
7 

I-;r' 'J. 1:1 .... ......... 
~'4 , ... , .. ......... 

~ .. .... .... . ... ~ .... 1; 5: rJ ...... ~ .... /.' 34 ~'';' 
. .. : .... 

~~ .3" (i 
.. , . ~ .... 

f·" f/~ 
.... 

t ~ ... / , J ~ 
, , 

~ 

, , 
I ~ 

/,01· p if ~~ r,~ " ~t ' . r~ '8 d, I/~ ?1 J. ~ ,/ 4- 31 J I ~iZ , , 
~ " 1~~7 lA. r. :~ 

"J 
~, .. ..L~ r.!. ?f. ?~ ~~ ~~ 1. ~y. .1. ?f. ~.J ~ .. .A -< ~t. 

, , ..... . ... .... ·; .. 1 ... ..~ ......... .. ~ 
~ :~ ~ 

tJ,?J( V. I' ~4 .~ ~' ~t I, 1'; rl /?, l1J '1 V. "1 .,.. 1,1. b~ fJ j J ~~ 
# , , , , 

I. .. 
~/?.J I. rj ~.J ~.~ 7 :L. I 4 '0 ~ ~, ~ 1/ ~~ ~I t¥4 , ~. ~, 19' J .= I--~ • , , 

~,Bi 
. " ~: .. ~ .. ..... · .... tt .~ 'r ... "'T~ .., PI ~ . .... ! ... tf t9 "''Li ;) ~J ~ .. ···i···· 14" ilj t3" 

.... : .... 
'} .. ~ "(: '" 

• • ,~ : , I)" 
: I , - ... 

~.f( ~j ~,. , '1 :~ ... J ~ 
, :t. 

' .. J 
.{' fJ :/. 0 IIJ ~, 7t b J: /:, I 

~ 

I 
I ... 

~.8/ ~ .. :-"': :1. r. .. .. ).t!. ,,1 ~'t ~. .... L .. ~ ?': .~ "':} IQ. .'!.~ "3 ~!. ~? 0 /!. .. ~ 3 .. ~ , · .... 1./ j~ .... : ... ~ ...... . ... .... : ... . ... . ... 

~ ~: : 

~,~. A. "'" , iA1 '-' I/A ,). tL.- I ~ ~~ .; .. l I'~ ~, 

~ I 
7 ~6l l~ .. ~ ), ~l~~ ). =, ~4..~ 

....., 
·l ~I ~1. ~r 

... 
... ~ :-4f.; V .... .... .... .1 .... : .... ... ~ . ... .. ~ . ... .. ) .. ( .. ~~a ,/ .. ; ... .... . ... 

,,~ t!J ~). 

/' i1~t:J 1- ~ ), '7.<, ::: " '.-D l S-. II 
..... J , 

/ 

Z. ;,,~f1 .A~ 
~~ I/, ~ P- ()~ A. 'II!:. :/. .J r.I ~ : 

In .... 1"."7 ru == :-r " '''-
.... ; .• ! -.... .... .... .... .... .... . ... .... : .... . ... .... .... ····i···· . ... ."Z . ... .... I· .. • '" '''j .... ......... ... . ... . ... .... .... '" .... .... 

~ /-
~)(. J - ,~ ~ ;~~ ,'.~ ~ :CII"'~ y- .~~ V I....:: . ..,. :... 

: ~71- :~ 1/ ... 
: ,",:''JI' :, / , - O"L" . : .- ..;.. 

~ .~ ~A l'j ~. il.l .?J .. ~ .. ~. 7t1 ~ ...... .... . ... .. ./ ~ .. ~f.,.,. .. \'1' .. ;.~ '1" ... 'J -. .... 
~ . . - .. , ..... . ... ... .... . ... 

1:1 

.... ... .... .... ....•.... '" . ... .... . ... : .... . ... . ... . ... . ... .; .... .... .... .... ......... . ... . .... . ... . ... : ..... . ... .... ..... .... ... . ... . ... . ... .... 
: 



QUIRK, LAWLER & ~L\TUSKY ENGIN~S 
BY ____ DATE ~ __ ENVIRONMENTAL SCIENCE & ENGINEERING CONSULTANTS 

(i)-' 505 FIFTH AVENUE 

rfj) 
SHEET • ." lid OF __ _ 

-14 
CHKD. 8Y, __ DATE __ _ 

f. I NEW YORK, NEW YORK 10017 

SUBJ.JCT ~ "". ~ • 

JOB NO. _11-____ _ 

. -" 6~ ~7ru.",-~ -'~ ~'f/cr-'rl/... 7.V~n~~ J 
I, 

• ~. ..,..~ 

! 
; ~ 
; ; ; [I 

:' 
: . 

"',1 ... .. .. .... ~ .. \. .. .. ........ .. .... /. .. .. ~ ... ...... .... i· .. ............. ~ 
: : 

~f ~ 

:-i' "'; ~ 

./ i "'~ -y , 
.. I .... !~ I~ ... ~ ... ; I .. .., i' ... 

: 
'. .. .. 

-~ f4i~ 111 I" 
: I~ ~ 

: ,1 l~ i' ; • ; 

. , 
f" ... ~ ~ ... .." . .. , .... .... .... .... ... : 

........ / ... f· .. f .. • ... ~ ... ...... 

.1 ! ~ 
-:- 'U ,J. 'I,j ! 

; 

. / 
: ....... : ......... . 1/;, N 

'"'d''' ........ , .... :... .... '''(,,' O~ 'i'" i'~ .. J .... ..' 
; '; / r 

i : : : i, / 

........ : ... ,.. .. ... ~ ; .. ~........... .. .. I .. · f .... ~ .. • .... Jrr .. JrI .. ' 

; <l jPJ' [7 I 

.. .. .. I· .. ...... r'~. ,.... .. .. ,...... .... I ~( , ... V ... ~ ... ~ .. 
,~ ~r- / :' .. t· 

...... ... .. . 

ol\ .... I ... ' ..... 

: 
; 



.--._-- -- --- ---.--.----.-~._ ... _""''i;:=.',_~--,------.-.-.---.. ---._.---._-._---._.-

IWPENOIX 0 

THEORETICAL ANALYSIS' OF SUBMERGED 
':\ . JET .DI~CIiARGE . 



QIJIlU{, L.\WLER [., fvL\TTfSKYENGINEERS 

THEORETICAL ANALYSIS OF SUBMERGED JET DISCHARGE 

A. Introduction 

The characteristics of any hydraulic phenomenon, such as a hydraulic 

jump or a submerged jet, may be analyzed by application of the 

fundamentals of fluid flow. The applicable principles of 

fluid flow include: 

1. The principle of conserv.ation of mass, from which the 

equation of continuity is developed; 

2. The principle of kinetic energy, from which certain 

flow equations are derived; and 

3. The principle of momentum, from which equations describing 

dynamic forces exerted by flowing fluids may be established. 

In the case of a jet submerged in a quiescent body of liquid of 

the same density, the pressure distribution is assumed to be 

hydrostatic, and, if drag forces are neglected, the momentum flux 

in the direction of the expanding jet remains constant. Assumption 

of a particular velocity function (such as the Gaussian frequency 

distribution) then permits evaluation of the rate of jet expansion 
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and the accompanying distribution of the turbulence characteristics. 

The following description of the fate of a submerged jet of heated 

effluent may help to clarify the complex inter-relationship 

'between the different principles outlined above. 

B. Description of the Problem 

When a jet of heated effluent is discharged into a receiving water 

body at some depth below its surface, it rises, as a plume, to 

the surface, and then spreads laterally and'longitudinally at 

the free surface. This rising behavior is caused by both initial 

vertical momentum flux (which is present unless the jet is directed 

horizontally), and the net buoyant force due to the lower density 

of the jet. The initial vertical momentum flux is due to the 

fact that the jet has a higher vertical velocity than the sur

rounding river water. The buoyant force is caused by the difference 

in density between the heated effluent and the surrounding ambient 

river water. 

Reduction in temperature occurs by entrainment of the river water 

into the jet as the jet of heated liquid works its way toward the 

surface. This dilution proceeds until the relative velocity 
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between the jet and surrounding water is-reduced to zero. This 

phenomenon is called initial jet dilution. Further dilution 

occurs by turbulent transport mechanisms. 

The relative motion between the plume and the river water develops 

shear stresses. Turbulence is generated and mixing takes place 

first around the periphery of the column and finally throughout 

the whole column. This results in a continual growth in jet 

size, a decrease in jet temperature, and an increase in density 

of the heated jet as it nears the surface. 

Entrainment of horizontal momentum possessed by the river itself, 

as the jet entrains the rive~ water, causes the plume to move 

upstream or downstream depending upon river flow direction. 

In estuaries, the introduced heat is ultimately lost to the 

atmosphere and flushed from the estuary in the seaward directed 

flow of the surface layers. 

The purpose of this theoretical analysis was to develop a mathe

matical model and computer program, suitable for the prediction of 

the coordinates of the axis of the jet, and, at any point on this 

axis, for the prediction of jet size, velocity, dilution, density 
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and temperature. Model inputs include port size, initial jet 

velocity, jet orientation, discharge water salinity, maximum 

plant temperature rise, river ambient temperature, river water 

salinity and river runoff and/or tidal velocity. 

c. Formulation of the Mathematical Model 

In this section the basic equations for a circular jet discharging 

into a river are developed in terms of the known above mentioned 

design parameters. 

The problem is formulated based upon the following assumptions: 

1. Initial jet momentum is conserved, i.e., dragforce is 

neglected and the jet, at any point, will contain this 

momentum as originally distributed in the three 

dimensional system, as well as any momentum picked 

up from the river itself. 

2. The jet is axially symmetric along its entire length. 

3. Jet expansion continues indefinitely. 

4. Boundary effects are neglected and an infinite source 

of water is available for dilution. 
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The first assumption has been adopted in submerged discharge 

analysis by many investigators. Field and laboratory measure

ments have shown the second assumption is valid in most practical 

cases, at least until the river bottom or surface begins to 

interfere. The effects of drag force and boundary interference 

are discussed in Chapters III and IV, under verification and 

application of the model. 

Figure 1 ~hows the coordinate system chosen for the analysis. The 

"x" axis is horizontal, perpendicular to the longitudinal axis of 

the river (this is the liZ" axis), and values of "x" increase 

positively as one moves away from the outfall (x;O) laterally into 

the river. 

The "y" axis begins at the outfall (y=O) and moves vertically 

upward toward the river's surface. values of "y" increase 

positively as one moves vertically upward. 

The liZ" axis begins at the outfall (z=O). Values of "Z" increase 

positively as one moves downstream along the river's longitudinal 

axis, which, of cour.·;e, is normal to the lateral, or "X" axis, of 

the river. In tidal rivers, the river itself possesses a positive 

"z" momentum during ebb, and a negative Irzlr momentum during flood. 
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The momentwu in the lateral or "x" direction is considered to be 

constant. This implies that the buoyant forces, produced by 

differences in the mass density of the effluent and the receiving 

waters, will cause the plume of diluted effluent to surface before 

t~e lateral momentum is diminished by the effect of viscous or 

frictional resistance. 

vertical or "y" momentum, at any reference point in the plume, is 

equal to any initial vertical momentum from the outfall, plus the 

total buoyant force occurring at the point. Notice that this 

recognizes the addition of momentum to the system, as the jet 

becomes exposed to the influence of the river. 

Momentum in the longitudinal direction is equal to the component 

of initial momentum in this direction, plus the added amount due 

to the exchange of momentum from the receiving waters entrained 

into the jet plume. This recognizes that the entrained river 

water is part of the river's flow and, as such, possesses a IIZII 

velocity and, therefore, a liZ" momentum. 

The origin of this coordinate system (x=O,y=O,z=O) is actually 

the vena contracta of the jet as it emerges from the submerged 
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outfall. For sharp edged ports or slots, this will be slightly 

beyond the opening itself (and slightiy below, if the jet is 

directed downward at some angle from the horizontal). For 

rounded openings, the center of the opening is the origin of the 

coordinate system. 

1. Development of the Momentum Eguations 

Consider the flow path shown in Figure 1 in which sections So and s 

are normal to the centerline of the jet at the outfall and at any 

arbitrary section beyond the outfall, respectively. 

Adopt the following nomenclature: 

Ao = Cross-sectional area of the vena contracta 

A = Cross-sectional area of the jet at any point x,y,z 

C3 = Slope of the jet boundary 

x = Lateral distance from point of discharge 

y = vertical distance from point of discharge 

z = Longitudinal distance from point of discharge 

s = Length along centerline of jet from point of discharge 

Do = Diameter of the jet1s vena contracta 

D = Diameter of the jet at any point x,y,z 
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Vo = Initial average jet velocity = Qo/Ao 

v = Average jet velocity at any point x,y,z = Q/A 

vr = Average river or tidal velocity (positive = downstream) 

Po = Mass density of effluent 

P = Jet mass density at any point x,y,z 

Pr = River mass density 

Mo = Initial jet momentum = PoAovo2 

M = Total jet momentum at any point x,y,z 

Mx,My,Mz = Meos 9x ,9y ,9z 

ex,9y ,9z = Direction of angles between a tangent to the center

line of the jet at any point x,y,z and the x,y,z axes 

= Effluent flow rate 

= Flow rate of the jet at any point 

= Incremental volume of jet over an incremental 

distance 6s 

Momentum balances are written for the three directions using the 

control volume approach. This is particularly suitable for the 

system under study, since the discharge is c;:ontinuous, and for 

this study, assumed to be operating at steady state. 

We are dealing, therefore, with rates of momentum flow, i.e., the 
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momentum per unit time flowing past an inlet or outlet section of 

the jet volume chosen for analysis, and the basic equation is 

developed by inventorying the momentum as it flows in and out 

of this volume, and is produced by development of buoyant forces, 

lost due to viscous drag, or added along the length of the volume 

element due to entrainment of river water possessing a momentum 

of its own. 

This inventory equation is written on each of x,y, and z momentum 

over the jet volume between the sections So ~nd s as follows: 

Rate of 
Momentum Input 

Rate of 
Momentum Output 

Forces Acting on Jet and + 
Momentum Flow Gained or Lost 

= Time Rate of Accumulation of 
Momentum within Jet •••• ' •••••• (1) 

For the steady state condition, the only one investigated here, 

the right side of Equation 1 is identically zero o 

Consider "X" momentum. Since drag is neglected, the third term in 

Equation 1 is zero and the momentum equation in the "X" direction 

is written as follows: 
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-- o 

- •••••••••• (2) -

Consider "y" direction. In the "y" direction, the vertical momentum 

flux (flow) increases due to the net buoyant effect. Application 

of Equation 1 to "y" momentum over the volume between 0 and s yields: 
S 

t1., COSBy.. /1CO.5 By + .,/ v-trY III cis = 0 

.s 

110 CoS ey.. 1-.,1 Vj'r) ;Ilch •••••••••• (3) 

Consider "z" momentum. In the "Z" direction, the rate of change 

of momentum flux along the jet is equal to the rate of entrainment 

of river momentum flux, which is inherently "z" directed. Since 

the jet entrains river water, and since this water has a liZ" 

velocity, . which we assume will not be lost or decreased, the II Z I1 

balance must include the introduction of river "z" momentum into 

the jet. 

The magnitude of this rate of momentum introduction will be the 

product of the entrained mass flow, PrdQ, times the river velocity, 

vr . Application of Equation 1 to "z" momentum, OVer the jet 



QURI{, L\WLER 0 MATlISI{Y ENGINEERS 

-11-

volume between So and s then yields: 

..5 

-- 1'10 Cc.r8xo I- /;,.1/,. if cis •••••••••• (4) 

(J 

We are in the process of developing a system of simultaneous 

equations to provide a unique solution for a number of unknowns 

(P,V,A'~x,ey,ez). The unknown p, which appears in the integral 

in Equation 3, and dQ/ds, or dJ~A), which appears in the integral 

in Equation 4, are complex functions of s, i.e., of location. 

Analytical solutions of this eventual system of equations, therefore, 

will be virtually impossible to obtain. 

A numerical technique, suitable for high speed digital computation, 

will be used to solve the equations. The development.of this 

solution begins by breaking the jet plume into a finite number of 

sections, each of length b.s, along its centerline (see Figure 1). 

Equations 3 and 4, describing the balance of "y" and liZ" momentum 

over the jet lengths, are rewritten for incorporation into the 

numerical solution technique as follows: 
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:;: CO~ ey., - JVt,-, LOSB",_, I- ~,--!.J I J!;, •••••••••• (5) 

/J 

H" COS e;2" - 2, fr Yr t1 Cli 
e~/ 

~R 

JI'/" COS B",,'1 = I't-, Ct,J 44-/ r /'- tI,. "9" 
•••••••••• (6) 

The following definitions apply: 

Mn = the momentum flowing out of the segment n. This 
is equal to the product of the density, velocity 
and cross-sectional area of the jet at the down
stream end of the volume segment Vn . 

Cos9Yn = the lIy" direction cosine of the tangent to the 
jet centerline at the downstream end of the 
segment Vn • Cosezn is defined similarly. 

Vn = the volume of any jet segment n. This is equal 
to the average cross-sectional area of the segment, 
An, times the segment length ~s. 

~Qn = the incremental river flow entrained into the 
segment n. The total jet flow leaving the seg
ment at its downstream end includes this flow, 
all previously entrained river flows, Z IJ fjJ. ) 
and the jet flow, Qo • (C/ L 

The final momentum relationship, which will be necessary to pro-

vide sufficient equations to obtain a unique solution, is written 

by recognizing that the total momentum at any point is the vector 

sum of the momentum in the x,y and z directions. This is written: 
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-
If • •.••••••• (7) 

or, in terms of the scalars which appear in the individual 

component equations: 

· ••••••••• (8) 

Since each component momentum scalar can be written in terms of 

the product of M and the pertinent direction cosine, Equation 8 

just requires that the sum of the direction cosines equal unity. 

Thus, we have: 

-- • ..•••••.• (9) 

and 

· ......... (10) 
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The fo~lowing definitions apply: 

Pn = mass density of the jet, at the downstream end of 

the segment Vn 

average jet velocity, at the downstream end of 

the segment Vn 

An = cross-sectional area of the jet, at the downstream 

end of the segment Vn 

Note that the average segment density and area, pn,An , which 

appear in the previous set of definitions, are hatted to dis

tinguish them from Pn and An. 

We have now developed five independent equations, namely equations 

2,5,6,9 and 10. Observation of these equations show that ten 

unknown variables have been generated, namely the total momentum 

Mn' the three direction cosines ex ,9y ,9z ' the geometric quantities 

An and Vn , the mass quantities Pn and Pn' and the flow quantities 

vn and lIQn. 

Thus, we will have to develop at least five more equations, and 

more if any new unknown variables are introduced. The following 
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sections consider the geometric and flow relationships available 

to do this. 

2. Development of Geometric Relationships 

Extensive literature on the expansion of submerged jets shows 

that the slope of the jet boundary generally is in the range of 

1 to 4 to 1 to 6. Actually, most authors recognize a core flow, 

or zone of establishment, in which the boundary increases at a 

slower rate, say 1 to 6 to 1 to 10, for a distance of about six 

port diameters, followed by a zone of established flow where the 

expansion rate is of the order of 1 to 5. (1), (2), (3) 

This fact has been utilized as a key element in the solution of 

the present problem. We have insufficient field data to establish 

empirical expansion coefficients for the Hudson River, but have 

recognized that any jet will show a volume expansion. The 

expansion coefficients, or slopes, used, therefore, have been 

taken from the literature. Evaluation of the sensitivity of the 

results to choice of slope has been made and shows that this 

approach is an acceptable one. 

The slope of the jet cone, relative to the jet centerline, is 

assumed to be fixed and is given by the coefficient C3" The 
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diameter of the downstream end of any jet segment Vn is written: 

•....•...• (11) 

In the programmed solution of this problem, the existence of two 

zones of different slopes is recognized. C3 is replaced by Cl 

in the zone of establishment, which is stated to exist for a 

total distance 8 2 • In the established zone, instead of using the 

value o~ Cl , C3 in Equation 11, is replaced by a larger constant, 

designated C2 • 

Equation 11 introduces one more equation, but at the same time one 

more unknown variable. Dn' of course, can be computed directly 

from Equation 11 without recourse to other equations, but this 

calculation removes Equation 11 from further use and we still 

need five more equations (11 variables, 6 equations at this point) • 

Once the jet diameter Dn is known, however, geometric relationships 

for An and Vn can be introduced, and we will have two more 

equations without introducing any addition unknowns. 

The area An' is given simply: 
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--
......••.. (12) 

Each segment of the expanding jet is the frustum of a cone, the 

volume of which is written: 

z 

111 == !fdf1~1-(/JrlGdJjA)ff4-Lt;t11""""'(13) 
We now have 11 variables and eight independent equations. One 

additional geometric relationship can be developed. 

If we consider the case of a constant density, constant temperature 

system, relative velocity is the only difference between the jet 

and the surrounding medium. In this case the volume of any seg-

ment Vn is equal to the volume of the preceding segment plus the 

volume of river water introduced by entrainment. This is written: 

•••••••••• (14) 

This, of course, is trivial for the constant density case and new 

information is not provided. For the case of discharge of a 

fluid of one densi~y into a fluid of another density, but at the 

same temperature, the mass occupied by the volume segment Vn , can 



QUIRK, LAWLER ~) MXHlSKY ENGINEERS 

-18-

be obtained in terms of the mass occupied by the previous volume, 

Vn - l , and the mass introduced by entrainment of river water. This 

is written: 

......•.•• (15) 

In other words, the mass in the segment n is equal to whatever is 

in segment n-l plus that which is added by entrainment of river 

water. This incremental mass, of course, must equal the river 

density times the volume increment, V -v 1. This equation n n-

provides additional information for a constant temperature system. 

For our case, since temperature and density both vary, the mass 

relationship will still hold, but it cannot be expressed as 

simply as is done in Equation 15. Vn must reflect a certain 

shrinkage, due to the fact that the average temperature within 

Vn is not as high as that within Vn- l " In other words, were a 

volume of average density Pn-l and average temperature Tn-l mixed 

with a volume of average density Pr and average temperature Tr , 

which is cooler than Tn-I' the resultant volume would be smaller 

and the density larger than would occur if both temperatures 

were equal. Thus, Equation 15 is incorrect since (Vn-Vn-l) no 

longer represents the exact volume of entrained water. 
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Recognizing the temperatqre effect on the density, the equation 

of state for water is then introduced to provide additional 

information on density. This is written: 

-
....•..•.• (16) 

This function appears in the programmed solution as a least -squares 

polynomial fit of tabulated density-temperature relationships for 

waters of various salinities. Actually, the program incorporates 

the entire density-temperature-salinity relationship, as well as 

an equation of continuity on salinity, so that it may be used 

in situations in which the effluent salinity is different than 

the river salinity. 

Equation 16 introduces one more unknown variable, Tn' as well as 

one more equation, so that three equations are still needed. We 

know, however, that a heat balance will eventually be introduced, 

even if the equation of state had not been, since a knowledge of 

Tn is one of the solution ohjectives. 

Equation 16 was introduced at this point because an alternative 

approach, and in fact our original approach, is to use Equation 15. 
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This approach, however, introduces substantial error in the 

location o·f the surface boil, because the buoyant forces, which 

control the upward movement of the jet, are, of course, strongly 

infl~enced by the jet density. 

Actually, Equation 15 is quite useful 'and does appear in the 

programmed solution. A trial and error solution techniq~e has 

been used and Equation 15 is employed to obtain an initial 

estimate 6f jet density. This estimate then becomes the point 

of departure into the trial and error solution. 

It should be noted that there is a slight anamoly in the solution, 

since the jet slope is held constant and was originally defined' 

as a measure of the entrained water. The incremental volume in 

segment Vn , i.e., Vn-Vn-l' now represents the entrained volume 

less the temperature-induced shrinkage which has occurred. The 

volume change due to the temperature effect is insignificant, 

however, and there need be no further concern on this point. 

Recognition of the temperature-induced effect was necessary 

because of its effect on density. Although equally small, the 

change appears in the (Pr-P) buoyancy term, where small changes 

in p cause large changes in (Pr-P)' since P is numerically very 
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( 

close to Pro 

We now have nine equations and twelve unknown variables. conti-

nuity and energy relationships are now developed to provide 

additional information. 

3. Development of the continuity Relationship 

Application of the inventory equation for mass, similar to that 

given by Equation 1 .for momentum, gives: 
S 

A A I r . ffts ds _ jd 10 liD - Iv' n ~ + ! /r CT. o 

or s 

/ V IJ f = /- Yo 110 + fir 1; Js •••••••••• (17) 

using the segmented approach, Equation 17 is rewritten: 

11 r ~ It, ==- f v:. 40 + I /r Ifli 

or, since the river density is usually assumed to be constant, 

or, in terms of the characteristics of the previous segment 

.••••••••• (18) 
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No new unknown variables have been introduced, so we now have 

a total of ten equations and twelve unknown variables. A heat 

balance over the jet will provide an eleventh equation, as 

shown next. 

4. Development of the Heat Balance 

An inventory of thermal energy over the jet is written in accordance 

with the principles of Equation 1 as follows: 

.J' 

/0 tI., Ie ~ Ilr: -! V Il c, liT! ~ jir y, AT,: if /, 0 
or 

J' 

/;,/4 Cj, liT / =;: v;, I/" 1. IT" + ~ ~ "f ~ j:r- ........ (19) 

.f jr dS 
II 

In Equation 19, CPo,CPr and Cp are the heat capacities of the 

effluent, river and diluted jet waters, respectively. These 

vary only slightly with temperature, and from this point forward 

are considered to be constant and equal, with a value of 

Heat losses have been neglected. previous work has shown that 

only negligible losses occur in the near vicinity of a heated 

discharge. Loss along the submerged boundary of the jet is 

totally insignificant, and even at the surface, significant heat 
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transfer to the atmosphere does not occur until the surface area 

affected by the heated water is much larger than that associated 

with the jet. In other words, atmospheric heat transfer does not 

become significant within the zone of initial dilution. 

In segmented form, Equation 19 may be written: 

11 

;, Ii, It !1 r,; = /" It I/., II To I- ;; /r A 7; If r;.. 
or 

or 

Ii, /J II == j} JI II.. tlr I- p,-dt: IJ tf,. .. 0.00.000 (20) 
/" "ffA r,; 1"-1 q-, 1/-1 'I-I /' r II 

Any reference temperature may be chosen to define the datum for 

the various 6T. In this work, Tr , the river ambient temperature, 

has always been held constant. If Tr is chosen as the datum, the 

terms in Equations 19 and 20 containing 6Tr vanish, and the heat 

balance becomes simply: 

or 

••• 0 0 •••• 0 (21) 
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Notice that the ratio, 6.Tn /6.To ' is just equal to the flow dilution 

factor, PnVnAn/PoVoAo. This factor is included in the computer 

output printout and, as will be shown, is used as a primary con

trol in the interpretation of results. 

Equation 21 introduces a new unknown variable, Tn (6.Tn , of course, 

is just equal to Tn-Tr ), so we now have eleven equations and 

thirteen unknowns. 

5. Nature of Average Density and Temperature, Pn and Tn 

Two of these unknown quantities are Tn and Pn , the average tempera

ture and density in the jet segment Vn . These must bear some 

relation to the segment outlet temperature and density, Tn and Pn. 

These quantities only arise because the numerical solution tech

nique requires that the segment volume be finite. 

As this volume becomes increasingly small, Pn~Pn' and Tn~Tni in 

the limit, the defining equations are differential equations, not 

difference equations, and Pn ' which appears in the equation for 

tty" momentum, does not appear at all, being, for point behavior, 

identical to p. The average temperature Tn' of course, appeared 

upon introduction of the equation of state for Pn . The point 

temperature value, T, would be required to evaluate the point 
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density, p. 

The computer solution employed is an iterative technique and 

requires relatively small segment lengths for rapid convergence. 

For small segment lengths, Pn0Pn and Tn;~Tn' and, for this model, 

have been set identically equal to the segment outlet density 

and temperature, Pn and Tn. 

6. Model Development Summary 

At this point, we have succeeded in introducing sufficient 

equations to permit a unique solution, given numerical values of 

The solution proceeds by solving for the various outlet section 

variables for the first segment, n=l, in which the inlet section 

variables (the n-l subscripted variables in the various equations) 

are the known parameters in the jet's vena contracta {po/To,vo,Do' 

and the equations are now solved for the outlet variables p ,T , 
a a 



QlllRI<.I.,\WLER fj MATlfSJ{Y ENGINEERS 

Va' etc. This procedure is usually continued until vn = v r ' 

although, in interpreting results, a number of controls have 

been instituted, as will be discussed in latter sections. 
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In the actual solution technique, Dn,An and Vn are obtained 

immediately from Equations 11,12 and 13. The remaining eight 

variables, Pn,vn,Tn,~Qn,Mn,8xn,8Yn and 8zn , are obtained_by a 

trial and error solution of the eight simultaneous equations, 

2,5,6,9,10,16,18 and 21. 

D. Submerged Discharge Computer Program 

The foregoing procedure has been programed in Fortran IV for 

solution on RAPIDATA time-sharing facilities. Chart I is a 

schematic diagram of the relation of the model, the solution 

technique, the program and computer input and output. 

Plate I is a listing of the input or data file for the program, 

and includes a description of each item of input data and its 

location in the data file. This facilitates use of the program 

by personnel previously unfamiliar with it. The main program is 

TROUT3, standing for the third modification of our thermal out

fall routine. The data file is designated THOUTA. 



SUBMERGED DISCHARGE ANALYSIS 
FLOW SHEET 

Analytical Framework 
Conservatl0n of Mass 

Conservation of Momentum 
Geometric Relations 

l Solution "TeChnique I 
~~ 

Computer Program 

C \.-\ A R -, II \ II 

.1~~_~~U_T----------------------;i~\ COM:UTER I~~O_U~T~P_U~T ______________ ~~ 
.Port size 
.Jet initial velocity 
.Depth of submergence 
. Orientation of por t 
.Maximum temperature of 

heated liquid 
.Mass density of effluent 
.Port coefficients 
.Ambient temperature 
.River velocity 
.Mass density of river water 

.path of jet 

.Jet velocity 

.Jet size 

.Mass density of jet 

.Dilution ratio 

.Jet temperature 



PLATE. 1. 

SUBMERGED OUTFALL \NPUT DATA FILE. 

OLD 
l\H~':.t:: TH 0 lJ III. 

,ci.J::i\DY 
LI~T 

i'nOUTA 

10UU 
;;000 
4UOO 
5000 
6000 
10000 
10100 
10200 
10300 
10400 
10500 
10600 
10700 
i0t100 
10900 
11000 
11100 
11200 
i1300 
i1400 
11500 
11600 
1 i 700 
11800 
11900 
12000 
12100 

uYE 

1 J: 56 

1,,100 
.1".16".8"62.,,12.,,.05 
10."8.9".1U11".0,,.1071 

';)2.,,72.,,2.,,2. 
TilE; $l!.:uUE.NCE OF ~AitA£(~E'l'EH DEF! Nl T 1 ON~ \'Jrli Cli l"OLLO\o)!:;; I oS THE 
SAME A's,TrlE ,SEQUENCE OF DATA \',iHICH J.W;J£ArlS ABOVE. 
Nrl.UNS (Ii OF INDEPENDENT rtUN!::i)"i{l'CK,T*DS=PrUNTOU1' INl'ErlVAL) 
DS (INCHEMENT ALONG JET CENTEhLINE)CFT) 
C1 JET SLOPE ~HTHIN CO~l.w,FLOW 
C2 JET SLOPE BEYOND COl~E FLOl-j' (AFTEh. S2) 
sa LENG'l'ii OVErt \vrlICrl C1 1$ APPLICABLE (f"l') 

YLIM DISTANCE OF SUl~FACE-FitO~1 INI'l'lAL JET'CEi-H'EitLINE (F'O 
DDWl INITlAL INCJ-;.Er'~ENT OF }t-LO\'j Af>D£D TO JET 
DO INITIAL DIAL'I~ETEH ().{ JET (POli'!' DIAiviETEid (rn 
VO INITIAL J£l' VELOCITY (FT/!:)EC) 
CO!:;;X ANGLE TriE JKl' CEN'1'Ei\.LIi\E i'lAKE!) viITH +XAXI5 (LATt;nAL) 
Co.sy ANGLE THE JET CENTE.ltLI NE 11A}(ES l'il TB +Y At. I ;;> (\li:..~'n CAL) 
GOSZ ANGLE THE JET CENTEhLINE i"lAKE5 viiTli +ZAAl.':) (LONGiTU1JINAL) 
VTMAX MAXH1ut1 VE:;LOCIT'i (TIDAL) (F'USEG) 
V~IV RIVE~ VELOCITY (~T/SEC) 
ANGT ANGLE INWtEMENT ADDED TO INITIAL ANGLE FOrt MULTI-A~GLE rtlJNS 
ANG I N 11'1 AL S'l'AJtT I NG ANGLh; (i 1 NE C UliVE) ( DEG) 
TO INI TIAL JE1' TEl"j~Eh.ATUI~E (F) 
T.rUV INITIAL n:IVErl. l'EL"Jr'EriA'l'UrtE (F) 
SALO INITIAL SALINITY OF JET (PPT) 
SALIt I NIT I AL SAL I N 11'Y 0 F .i-t I V El't ( ~? T) , 

OFF AT 14:U1 

..... 

( 

--
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Numerical values of the jet slope and port coefficients (1) used 

in the program (line 3000 in THOUTA) are summarized below: 

Coefficient Circular Port Slot 

Diameter, Do Do 4Ao/TT 

Jet Slope, C3 

Zone of flow establishment, Cl 0.16 0.15 

zone of established flow, C2 0.20 0.25 

Length of zone of flow establishment, S2 6.2 Do 5.3 X width 

Plate II is a listing of the main program THOUT3. This program 

is reasonably general and can be used to evaluate a large number 

of submerged outfall situations. 

For example, between lines l440C and l680C, the river velocity at 

any phase of the tide is computed, given the runoff velocity and 

the maximum tidal velocity. The computer is then directed to 

print results at any desired number of ~qually spaced time 

increments over the full tidal cycle. 

Between lines 1800C and 2l02C, the density is given as a function 

of temperature and salinity. Coefficients employed were obtained' 

previously by a least squares polynomial fit of density-temperature-



ULD 
:,,;\i<t: : LtlOLJ l'j 

.~J:.Ani 

Ll.:)}" 

SU8MER~ED OUTFALL PROG.RA~ 

l\ST1N~ 

1LiULJT3 13:41 

1UOO 
1020 
lOee 
1U40 

. 1060 
lU62 
lOdQ 
11UO 
1180& 
114U 
1 i 60& 
1180 
1200 
1220 
1230 
1240 
1260 
1280 
1281 
12<12 
1283 
1284 
1286 
1288 
12<)d 
1300 
1320 
1340 
1360 
IJ80 
1420(; 
1440C 

I NTEG£li "In I OF21 j)j!.L~C'! 
C.4LL OYENF(ll"THOUTA") 
CALL Q}.Ji!:NF(21 "IHOJIO") 
IF1=1 
OF1=66 
OFd=2 

10e FOrt~AT(IH 15F10.2IFIO.4//) 
III FOn~AT(1rl 18A;~hD~;8AldHC1IdAI2riC218~12ri~21 

6X I 4HYLIMI6XI4rlDDul/) 
112 FOu.L"lAt< 1 H I b.l'12HJ)OI8AI 2HI/Ol6AI 4rlCO::;AI 

6XI4HGOSYI6XI4HCO::>Z/) 
192 FOl'{f1AT(1li 117l-iI'OO·V.ANYCUT!;) •••.• 11413AI6H1HJu = 

:~EAj)( IF 11) NrtUW:i1 KT 
NJ·t=O 
DTOL=I.E-OS 
?I=3.141~9265 
PI l=~I/U:SO. 
TOL=O.3 
ITOLI=1000 
C01'=2. 
NCLJT,s=50 
J!tHO= 1 
[{dO u.= 1. i!:-2 
TBOUNj)=lO. 
J::>OJi.l·"f=O 

200 .-{£AD(lF1 1 )D::>,Cl,C2,,s2,l'LIM.,r)1)1..l1 
rtEAn(IF1,)DO,VO~CO~A,GO~rICO~z 

d.EAD(IFl,)VTMAA~VrllV,ANGT~ANG 

HEAl>( I r-l, ) 'ro, TJ~I v, !:)ALO, :;)ALn 
TAi~G=360 • 

TlDAL niVEH. VJ::;LOCIT¥ FUNCTION 
1 LI60C 
1480 1091 Vzt= jRl V+Vlt-1AX*::>IN(ANG*"'I 1) 

1500 
1580 
1540 
i 560 
15bO 
1600 
1680 
1640 
1660 
1680C 
1700C 
1 '180(; 
1 '/4U 
1760 
17dUC 
18U0C 
lo~OC 

Ib4U 
1860 
1 i5bU 

~'/l{I'l'E(OF1~312)· . 
312 FOrl~AT(lH 17X,3HANG,HX~2HVrl/) 
Jl1· FOd.:vlfYf( lH ,~FIO.2//) 

\~lUTE(OF1,311 )ANG,Vit 
DU=O. 
DJ)\:.L= J)])bl I 

ITOL=Il'OLl 
L=U 
J=U. 

CO=(~./~.)*(10-38.) 

en.=( 5./Y. ):;:(T.rtIV-38.) 

COF1=~.9916J~~-Ul 

CO~·~=~.1364~1~~-a4 

COFJ· -7.676d~1JJ::;-U7 

1f'l(J.j) 

PLATE II. 

I OFS 

....... , 

. () 



( 

1 'JeU. 
1 <) flU 
1 ')60 
2UUJ 
~020 

~U~O 

~U6U 

20t.10 
210U 
c1U1C 
G1U2C 
clu~e 

e lULJe 
clO!)C 
;2106C 
~l~U 

2121 
2141,1 
c160 
cl~O 

8200 
228U 
8240 
2260 
c2dO 
2300 
2320 
234(J 
2360 
23(10 
2400 
cLJ2U 

J )j~U ~r~=C U1-1 +CO j'e *.'::>,c\L;.+ C U1' j * ~J'\Lj~* *c~ • 
j. 1 = 1 • U U 0 U !:> 1 2 
Fc=3.S7G46d!:>K-O~ 

FJ=-6.b01c~1LJ~-06 

Y4=C!.bl171J8~-Od 

lH:..NO=I" 1 +1'2 *CO +1" 3*GO* *2. +!,"Li*CO** 3. 
J)E.Nlt=l--l +r',~*ed, +F3*Cj~**8. +F4*G~,**j. 

.~JiO(J = I • ') 3 d 69 62', * ( fH':i..JO+ J )~\O~U - • ') ')') 1 ) 
H.HO!~= 1 .l) Jb 69 62 7 * ( J)l:':i'>u~+ j)j~O ::;'n- • ';)';) ';) 1 ) 

JA~lOU.'::> l~l~lAL VALu~::;' 

AU=. ~'o !)'l'i,nO*DO 
vOL=AO*D.'::> 
U,'l ENO =j{,iOO*AU * V 0 * iJ I) 
i;';"'; 0:: or~ S[" 0 * C 0 SA 
't ,'.0 =OL>'; ,'>N 0 *G O.s y 
2:1'10 = O.'} i1"~,lrJ*COSl 
m~OM=O • 
,tl'~ O:vJ =L:L'<O 
t30UY=Q. 
B=O. 
:;)=0. 
X=O. 
y=o. 
K=CJ 
Z=U'. 
D=DO 
V=VO 

2440 A=AO 
2460 rlHO=ririOO 
2470 rKi'1~2=TO 

8472 ~AL2=SALO 

24~0 113 FOd.l·~Arc lrl I csA I 2HTOI 6AI Ljri'fhI VI 6AI 4rlSALOI oAI 4ri::;,AL!U) 
2S00C 
8S20C ~rllNT 00T IN~UT DATA 
cS40C 
2560 WrtlfECOF1llll) 
2500 
2600 
2620 
2640 
2660 
26/j0 
2700 
2710 
87cO 
c"22 

WrllTE(O~~,10~)D~IC1,C~,~2IrLIMIDDuI 
v}.dTECOF1 .. ''i 12) 
WriITE(OF111SS)DOIVOICOSXICOSYICO.'::>~ 

155 FOrt~ATC1ri I!:>FIU.2//) 
\'J!{JTECOFlI113) 
\'i!(J TE C OF 11 1 Sb) TO I Tl-d V I :;)ALO I ::;,ALn 

15~ FOrt~Ar(lrl .. 4FIU.2////) 
i'ln.! Ti::( Of 11500) 
\>ilU TE( or 11 SO 1 ) 
,'mITiCUr'2 .. d16) 

b16 FO~I.,V;Ai'(//I/ .. ll'i 17XI1'i~)I'~".ll£'iDILJI>I')r1J)llI.EC'nONI 

bri CU~:.l! N ~~I 4i..1 21 £'i.HUH u::;, t' .. OJ C;C II ON.'::> l)i,,) 

'.',~d '1'1::< 01'2 .. d 1 7) 

, . - """-

2 of 5 

i::! 72L1 
8726,Sc 
2720 
-.:.730 
c'14ue 
c'/6UC 
G70UC 
~()OO 

~oU2 

~bU4 

81)80 
~d4iJ 

b 1 7 lo'On,l"iiYL'( 1 ti .. 1 Sil.l 8 (2.11.1 oM,\-kii. 1;:;, .. 21 ... 6rlt-AAl::>1 G .. ·.I 6.rlt.;-All.l ~) /) 

c: l) I.) (j 

::;,=::;,+D~ 

r l!..i'l~ 1 = T E~'lr2 
~AL1=::;'HL2 

Al =i\ 
ndO 1 =j\.(-l U 
Vl=V 



r-

~'-;iL!O 

2';J6U 
2 'J (~u 
3UUO 
jUdu 
JULIU 
jU6U 
jUbU 
3100 
3120 
;314U 

J160 
Jl!jU 
3800C 
3220C 
;3240(; 
3~60 

3280 
32tH 
3282 
3283 
38!j4 
32dS 
3206 
38~7 
38!jb 
3ddS! 
Jc90 
;32')1 
3292 
3293 
3294 
329S 
J296 
3300 
3320 
33£10 
3360 
33!:1O 
34UO 
3420 
34LJO 
3 L160 
3LHjO 

3~OO 

3::;20 
3540 
'3560 
3 SC$O 
3660 
36/jO 
~noo 

:3720 
3721C 
3722C 
:; l~ 3C 
.:S74UC 
3760C 
3-/!jOG 
37tS2C 
37d L!C 
3766(; 
3bOU 
3t~20 

GU (;:3=(;1 
GU TO e3 

21 CJ=C2 
2 J J)J)=C3*2. *lJ,:;, 

JJ=D+Jm 
A=. 7t1 SLI*r>*D 
VDL=. 261 d *j)~* (fH:J)+J) 1 *n+J>l *D 1 ) 
j~I';t);v;=alv:Ul/, + m'i Oi'j 
;:)=32. ~* (."'i.:!u,-{-, ... ri ")) "- VOL 
bO U'( =1.)0 U'l+i> 
,.dO::: C .. HO 1 *vOL 1 +nhOH,* (VOL-VUL 1) ) I vuL 
yrv:=YMO+BOU'{ 
AM=XMO 

TnlAL AN)) i:.;li!f.Ori. !:)OLUT10N FOit i:,;NTrlAI NED FLO ','j ltAT£ 1 NC~~. 

70 D\:J.=nW+J)D~ 

1=1+1 
JJ=l' 

2D 50 Tt:r't!P2 = C-tnO 1 :i<TE;r.k-> 1 * Ii 1 *A l+l{riOl~*Dl:.!* '1'1 ... 1 oJ) I ( ( V 1 *A 1+ [)"") *ndO) 
TC2:::(5./9.)*(rEM~2-32.) 

!jAL2= (!:>AL 1 *V 1 *A 1 *nnO l+!j.ALn*n~*nriO~\) I ( (V 1 :i<Al +Di:.I) :i<liliO) 
rlriOC=Fl+F2*TC2+F3*lC2**2+F4*TC8**3 
D40=COF1+COF2*SAL2+COF3*!:>ALd**2 
j-.HOC= 1 • 93669c7* C nrlOC+lh1.0-. 9991 ) 
I F(AB,sC!(rlOC-l{HO) -l{HOTL) 20UUJt 8UOOJt 20 10 

2UIO 1FCJJ-JrtriO)2930Jt2UdOJt2020 
2030 JJ=JJ+l ... 

i>HO=i{rlOC 
GO TO 2050 

2020 ~hd TEC or'l Jt 2021 )l{rlOJt d,HOGJt TEC'<rJ2 

'3 OF S 

2021 FOrtMATCIB ,5BdrlO= JtE1S.9Jt6HrlHOC= JtE15.9,driTE~~2 = Jt~15.9,111) 
GO TO 9iO 

2000 lihO=i{rlOC 
m10M=nHOri.*V~{*DQ 

Zf:>l=rti'>1OM+DMOM 
TM=S~"I(XM*XM+tM*YM+ZM*ZM) 

V=SW~T<TX/CrlHO*A» 

DuG= < rltiO *V*A-xtrlO 1 * ,'1 "'ill) llirlOxt 
T=AaSCJ)w-D~C) , 
1FCT-IOL)40Jt40,50 

50 IVCI-ITOL)70,70,51 
51 IFeJ-NCUTS)52Jt191Jt191 
5~ D~=O. 

J))Xt=DDW/CUT 
ITOL=ITOLI*DDw1/DDU 
1=0 
J=J+l 
GO TO 70 

40 1=0 
DDl.i=DDU*CUT 
J=J-l 
I TOL=! TOLL *))J)(,H I DD\;.t 

i!:ND OF Tn-IAL AND EliliO~1. LOOi' 

CO:Vlr'u'l'AT ION OF ANGLi:.,:j i-~Nn DI :::>'1. FO.,,;, JE l' C1:.Nli:. .... LI NE. 

ANGA,ANGf,ANGZ •• ArlE DlrtECflONAL CO~lN£S OF ~O~~Nf0~ 
V£C'fOl" ANn r'O~Ii1Vi!. (+) ,,-,'( AL~D t. ;:\ld~ ~'~'::>l"'i!.CTlilu..Y. 

flNG.i\=.t..fV fM 
i-ll\i lit = liv; I 'fL" 

... -•... 



Jd44 
3b46 
3U6U 
3btiO 
3'JUU 
3,)U8 

!.li-\Nl:iY =~lM rc 1 • -Ai\jll'X' **c) 
!.lANllL=~Url~(1.-ANGZ**2) 

jM =AN liA * J).::i 
DY =~\NG,{ *D~ 

( 
3904 
;3906 

DZ=ANGZ*D,s 
~n,OJltX=~f\NGi;'*( D/2.) 
P~OJrlY=~ANGY*CD/2.) 
P .... OJH,L; = SF.i'>iGZ * ( ])/2 • ) 
A=/\: +DX ( 3';;lcO 

3';14U 
3';)60 

y=t+DY 
Z=Z+J)Z 

<. ~':.ib0 i{=K+l 
LJOUO 
4uUIC 

DIL=1i*Vh.HOI (.Lhi:;': vO*nHOO) 

( 4U02C 

( 

c 

c 
f . 

/ ( 

4003C 
4U20· 
4040 
4060 
L!U80 
4110 
L! 11 1 
Lll15 
4116 
412U 
4125 
4130 
41 L.O 
4150 
4160 
4170 
L! 1 dO 
4190 
4200 
4210 
4212 
4214 
4220 
L!230 
4240 
L!241 
4242 
424L! 
4246 
L.24b 
4249 
4250 
4251 & 
4252 
4254 
4856 
425d 
4LJ60 
L!4GO 
4500 
4j80& 
..:.!:>4U 
46UU 

fnIL=TO/DIL+(l.-(l./DIL»*l~IV 

F5=-1.53U3679E+05 
F6=3.1249029E+05 
F7=-1.5864127E+OS 
SALJ=(SALrt*(A*V -AO*VO) +,sALO*AO*VO)/CA*V) 
DEN=ii:rlO/l .93869627 
TE~T=F5+F6*DEN+F7*DEN**8. 
DTEST=1.E-02 
TEST1=TEST-TBOUND 
Di!:NCr=1 
Di!:Nl=COFl+COF_*SALJ +COF3*SALJ**2. 

410 DEN2=~1+F2*TE~~1 +F3*I~.sIl**2. +F4*f~ST1**3. 
lirlOT= 1.93869627* (DEN2 +J)l:::N 1 -0.9991) 
Dl F=ABS (.ti.rlO'[-IUiQ) -
IFCDIF -DTOL)40014001401 

Lll) 1 1 F C TEST I-TESi'-TdOUNJ) 40 S" LlO 5" t./O 6 
40!:i TEST! =TE~T1 +JHE,sT 

GO TO 410 
406 DT~ST=DtE.sT/2. 

DENCT=DENCT+l 
IFCDENCT-10)42214221972 

422 ~EST1=TES~-1. 
GO TO 410 

400 TrtHOF=C9./S.)*TESTl +32. 
IF(JSuHFT)uOO,,~OO,,810 

BOO 't TEMJ"'=Y+ (D/2. ) *,sANGY 
IF(YLIM-YTEM~)ti081~02,,810 

802 JSULtr-T= 1 
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salinity tables. These relationships are used later on in the 

program in solving for density. 

Between lines 2520C and 2730 the computer is instructed to print

out basic input data, so that output can be readily interpreted 

by the engineer, in terms of the input or controlling system 

parameters. 

The program then proceeds through an iterative solution of the 

previously developed equations, segment by segment. 

Plates III and IV are typical solution printouts. Plate III 

includes the input data, identified in Plate I, and basic output 

information. The first four output items, s,x,y and z, locate 

the position of any point on the jet centerline, which is a 

distance s from the origin along the centerline, in terms of its 

x,y and z coordinates. Units, which will be included in a print

out revision, are FT. for each of these four variables. 

"D" is jet diameter in FT., measured normal to a tangent to the 

centerline at the point x,y,z. "v" is average jet velocity, across 

the jet section, normal to the centerline tangent at x,y,z. 
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"TEMP BY DIL" is the calculation of the jet temperature using 

Equation 21. To check the numerical consistency of the program, 

temperature is also computed (after the solution is complete) using 

Equation 18 and the program solution value of p. This value is 

"TEMP BY DEN. Differences are virtually always less than lOF 

apart. 

"TEMP BY DIL" is the correct value of jet temperature at any point. 

There will genera.lly be a small difference between the two values, 

due to the trial and error nature of the solution. Temperature 

computed by Equation 21, which computes "TEMP BY DIL", is less 

sensitive to density errors than is temperature computed by 

Equation 18, and is the choice to set the jet temperature value. 

"DIL" is the jet dilution factor, PQ/poQo. The second line of 

output data includes jet temperature, salinity and density for 

the x,y,z above it. Temperature is merely a repeat of "TEMP BY 

DEN" to greater precision and is included to identify the line 

with the line above. 

plate IV is additional printout, which includes the "S" and "DII 

for identification with output data on Plate III, and gives 

the direction cosines and the projection of the radius on each 
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of the three cordinate axes. This information is used in com

puting the size of the jet isotherms, particularly as they 

appear at the surface. 
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SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

1. Central Hudson Gas & Electric Corporation is planning to build 
a 1200 MWE fossil-fueled electric generating station at Roseton 
in the town of Newburgh, Orange County, New York. 

At rated capacity, the heated discharge will raise the tempera
ture of the 650,000 gpm cooling water flow by l7oF. 

This cooling water will be withdrawn from the Hudson River, 
circulated through the condensers, and then returned to the 
river downstream of the intake structure. 

The outfall will consist of a 12 foot diameter underwater pipe 
terminating in an end section and provided with eight horizontal 
discharge ports. The port section will be parallel with the 
river"s shore. and the jets normal to the riverts longitudinal axis. 
The upstream port will be located at about 500 feet downstream 
of the intake. The effluent will be discharged through these 
ports at 20 feet below the mean water elevation. 

A multi-port sheet piling design was originally proposed and 
discussed with the New York State Department of Health personnel. 
However, during the course of additional detailed studies of 
this design, a modification to a multi-port underwater pipe 
design was found to be necessary. Several structural, esthetic 
and economic factors led to this modification. 

For the purpose of illustrating the merits and mechanics of a 
submerged type of outfall and since a considerable effort was 
expended on the original design, we have chosen to retain the 
detailed evaluation of the sheet piling design in this report. 

The results of the evaluation of both designs are documented in 
Chapter IV. 

2. Central Hudson is required by the New York State Department 
of Health (NYSDH) to evaluate the effect of the Roseton thermal 
discharge on Hudson River temperature and ecology, prior to 
NYSDH action on an application for a permit to construct facilities 
to discharge warmed water to the Hudson River. 

A program of engineering and biological surveys in the river 
in the vicinity of (1) the existing 500 MWE Danskammer plant, 
located about ~ mile north of Roseton and on the river's west 
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bank, and (2) the proposed Roseton plant, commenced in April, 
1969. 

Engineering field measurements included temperature, dissolved 
oxygen, and salinity. Biological sampling included trapping 
fish in fyke nets, seining fish in the very shallow, near shore 
waters of a cove, into which the Danskammer heated water is 
discharged, and collection of bottom sediments. The results 
of that study are presented in this report. 

3. A conservative mathematical model has been developed to estimate 
the expected effect of the proposed plant. This model is an 
improvement on previous thermal models, in that it recognizes 
.that thermal stratification increases, as distance from the 
plane of discharge increases. 

The first stage computation associated with this model predicts 
the average temperature rise across any cross-section of the 
river, above or below the river cross-section, over which the 
heated liquid is discharged. We recognize that temperature 
rises are actually distributed over the river decreasing from 
a maximum value at the point of discharge, to zero as one 
moves toward the other side of the river, toward its bottom, or 
upstream or downstream of the plane of discharge. The area
averaged temperature rise, 6T, however, provides a convenient 
means of characterizing the overall effect of the heated dis
charge on the river, and is a necessary first stage in a three 
stage development of the temperature rise distribution. 

Also part of the first s.tage computation, is the prediction of 
the average temperature rise across the surface of any cross
section. This parameter is designated the surface average 
temperature rise, and is written 6Ts • Due to the lower density 
of the heated liquid, it will always rise toward the surface, 
and the surface average temperature rise, for a given cross
section, will always· be greater than the area-averaged tempera
ture rise for that section. 

These two parameters describe, rather completely, the overall 
effect of a heated discharge on the temperature rise across 
any section of the river. The ratio, 6Ts/6T, has been coined 
the thermal stratification factor (TSF) and is equal to the 
ratio of the mean depth of the river section, D, to the mean 
thickness of the heated layer, DH- In other words, the effect 
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of a thermal discharge can be considered to be represented by 
an elevated temperature, 6Tsl located at the surface of the 
river in a layer, DR thick. The river water below this layer 
is unaffected by the heated temperature; i.e., does not suffer 
a temperature rise. 

A comparison of model predicted values of 6T and 6Ts with 
field observations of the same, for the generating, hydrological 
and meteorological conditions at Danskammer this summer, is 
shown in Figure 8-1. The agreement at the plane of heated 
liquid discharge is rather good. Furthermore, the shape of the 
distribution of these parameters along the river's longitudinal 
axis agrees with the qualitatively observed decay of these 
values with distance. The measured values, however, clearly 
decrease much more rapidly than do the predicted values, and 
for this reason, this model is considered to be a rather con
servative description of the effect of a heated discharge on 
river temperature rises. 

4. This model was utilized to predict the overall temperature rises 
which can be expected in the presence of a 1200 MWE waste 
heat load from Roseton. 

Thermal stratification decreases when a submerged discharge is 
used, due to the introduction of the heated liquid well below 
the surface and to the intense mixing which is caused by the 
high velocity jets. The T8F for the Roseton discharge is 
expected to vary between 1.5 and 2.0. 

Figure 8-2 shows the predictions for the area-average and 
surface-average temperature rises caused by the Roseton discharge 
as well as the measured temperature rises at Danskammer. As 
indicated earlier, the predicted distribution beyond the plane 
of discharge is very conservative. In the case of Danskammer, 
for example, Figure 8-1 shows that the computed values are 
more than five times greater than their measured counterparts 
at a distance of one mile downstream of the discharge. 

The maximum area-average temperature rise occurs at the plane 
of discharge. The critical section for the maximum surface
average temperature rise occurs some distance beyond the plane 
of discharge. Growth of the surface average temperature rise, 
however, is more than offset by continuous reduction in the 
thickness of the heated surface layer, as indicated by the 
continuous reduction in the area-averaged values. Danskammer 
measurements (Figure 8-1) show this effect also, although 
much closer to the discharge than was predicted. 
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The results shown in Figure 8-2 are summarized in Table 8-1. 
For a stratification factor of 2.0, the heated effect in the 
immediate vicinity of the discharge is represented by a 20 ft. 
thick layer of water raised 1.50 F above the ambient temperature. 
At a point some 4 miles below the discharge, the effect is 
contained in a layer less than 2 ft. thick, elevated by 3.4oF. 
Of course, comparison to the measured .results indicates the 
actual maximum Roseton surface effect will occur much closer 
to the vicinity of the plant itself. 

5. In accordance with the New York 8tate water Resource Commission'S 
(NYSWRC) criteria on Thermal Discharges, specific attention was 
given to determining the zone of the river, within wh~ch tempera
tures may exceed 830 F or a 4 0 F temperature rise above ambient. 
The maximum ambient temperature observed during the survey was 
77.50 F. A maximum summer ambient condition of 790 F has been 
established iI) previous studies. At this level, the 4 0 F rise 
criterion is equivalent to the 83°F criterion, and the pre
diction of the zone of the river, within which temperature 
rises exceeded 4 oF, is the object of the "temperature" por-
tion of this report. 

The maximum percentages of the cross-sectional area and 
surface width bounded by the 4 0 F isotherm are given in Table 
8-2. Two values, corresponding to the stratification levels 
discussed in item 4 above, are shown. 

Ranges of these parameters for'the tidal average condition, 
as well as for the tidal phase for which each parameter reaches 
a maximum, are given in Table 8-2. 

Figure 8-3 shows the predictions for the percentage of surface 
width and cross-sectional area bounded by the 4 0 F isotherm 
for the tidal average as well as the critical tidal phase 
conditions. These were obtained using the conservative 
mathematical model and the rated capacity heat loads of .both 
Danskammer and Roseton plants. The maximum percentage of 
either parameter is clearly less than the 4 0 F criterion. 

Figure 8-4 shows the surface temperature isotherms obtained 
using the conservative mathematical model. The maximum 
temperature of 70 F is the maximum surface temperature expected 
to occur in the presence of the submerged outfall. The ex
tension of this value some distance beyond the outfall 'in 



TABLE S-l 

SUMMARY OF OVERALL ELEVATED TEMPERATURE EFFECTS AT ROSETON 

ELEVATED TEMPERATURE EFFECT 

At the Discharge Sec·tion 

.Area Average Rise, 6T, of 

.Surface Average Rise, 6Ts' of 

.Mean Depth, D, Ft. 

.Mean Depth, Heated Layer, Da, Ft. 

At the Section of Maximum Average 
Surface Temperature 

.Area Average Rise, 6T, of 

.Surface Average Rise, 6Ts ' of 

.Mean Depth, D, Ft. 

.Mean Depth, Heated Layer, DH, Ft. 

THERMAL STRATIFICATION 
TSF = 1.5 TSF = 2.0 

0.94 
1.4 

40.0 
27.0 

0.27 
3.0 

40.0 
3.6 

0.77 
1.5 

40.0 
20.0 

0.16 
3.4 

40.0 
1.9 



TABLE S-2 

PORTION OF RIVER AT ROSETON AFFECTED BY TEMPERATURE RISES IN 
EXCESS OF 4°F FOR THE TIDAL AVERAGE AND THE CRITICAL 

TIDAL PHASE SUBMERGED DISCHARGE CONDITIONS 

E X P E C TED RAN G El Thermal 
Parameter Tidal Average Critical Tidal phase criteria 

Maximum % Area 6-8 8-10 

% width at the Discharge 12-13 16-18 

Maximum % width 29-35 40-47 

1 These values were computed using a conservative mathematical 
model and a TSFo of 1.5 and 2.0 and a TSF growth coefficient 
of 0.5 and 0.6/mile. 
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Figure S-4 is considered to be conservative. We anticipate 
that the maximum rise beyond the immediate vicinity of the 
outfall will range between 3 and 50 F. 

6. A mathematical model describing the behavior of a submerged 
jet in the Hudson River was developed and successfully pro
grammed for computer solution. Previous applications of this 
model showed that the computed results agree reasonably well 
with measurements made in an undistorted Hudson River hydraulic 
model, and in the vicinity of the submerged outfall of Orange 
and Rockland utilities' Lovett unit #4, located at Tomkins 
Cove on the Hudson River's west bank. 

An outfall design consisting of a 12 foot underwater pipe and 
provided with four 5' diameter and four 4~' diameter ports, 
spaced 3~' centers, submerged 20' below the water's surface, 
and discharging at about 15 ft/sec. normal to the river's 
longitudinal axis, was selected. 

computed results for this design and for a condition of a 
maximum ambient temperature of 790 F, and a maximum condenser 
rise of l8oF, showed that the maximum surface temperature rise 
can be expected to be 6oF. 

7. The measured Danskammer temperature distribution, the computed 
overall effect, and the submerged outfall design support the 
following conclusions: 

1. The effect of the Danskammer discharge on the Roseton 
intake is negligible. The observed area-average temp
erature rise at the proposed location of the intake is 
less than .050 F. Elevated surface temperatures are 
prevented from influencing intake temperature by the 
presence of a 5 ft. skimmer wall. 

2. The effect of the Roseton discharge on the Danskammer 
and Roseton intakes will be very small. Table S-l and 
Figure S-2, which represent the conservative mathematical 
model, show that the area-average temperature rise in 
the vicinity of these intakes is less than lOF. The 
submerged discharge model shows that there will be no 
effect at these locations. 
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A plant temperature rise of l80 F above ambient, reflecting 
a lOF rise at the intake, and the l70 F maximum condenser 
~T, has been used in this report, so that any slight 
intake effect has been accounted for. 

3. There will be no measurable effect caused by rated 
capacity operation of the Roseton plant on the New York 
city water supply pumping station at Chelsea. This 
station is located on the opposite shore of the river, 
some 4000 ft. north east of Roseton, and its intake is 
located close to the river's bottom. 

4. All the NY8WRC thermal discharge criteria for estuaries 
will be met. 
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SUMMARY OF BIOLOGICAL STUDIES 

A. Abundance of Bottom Organisms 

The bottom organisms are more abundant in the area influenced by 
the heated effluent from the Danskamrner Power Station than in 
the adjacent area where the proposed Roseton Power Station will 
be located. 

B. Relative Abundance of Fishes and It's Relationship to water 
Temperatures 

The abundance of various predominant species of fish in the Hudson 
River is closely associated with habitat preference. Increased 
water temperatures, even as high as 91 degrees F., do not appear 
to influence abundance. 

whether abundance is maintained by a constantly emigrating and 
immigrating population, or a stationary one able to effectively 
adjust to the higher water temperatures, or both, is not known. 
Preliminary holding experiments suggest that these fish can live 
in water temperatures in the low 90's without apparent ill effect, 
for varying periods of time, depending on the species. 

c. Distribution of Larval Fish 

Concentrations of fish larvae obtained in the Cornwall area from 
late April through mid-July, 1968 by Northeast Biologists were 
analyzed to determine the effect of the Roseton intake on fish 
larvae. Consideration of channel and shoal geometry from 
Danskamrner Point to Cornwall, and of the types of fish species 
taken all along this reach indicates that the Cornwall data is 
indicative of the distribution of fish larvae in the Danskamrner
Roseton area. 

The maximum Roseton intake flow is 1,460 cfs, or 1% of the 
average tidal flow in the Hudson at this point. The cross
sectional area between the west bank and the 30 ft. depth contour 
on the west side of the river's channel is 4% of the river's 
cross-section. This 30 ft. contour represents a conservative 
estimate of the boundary of the zone in the river in the vicinity 
of Roseton, within which intake water is withdrawn. 
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Since the tidal excursion is 4 miles, waters will be withdrawn 
from the zone between Marlboro on the north and Newburgh on the 
south. These represent outer boundaries, and most of the waters 
withdrawn by the plant are within a very small region in the 
near vicinity of the plant. 

Based on the Cornwall data, the percentages of larvae within this 
zone of the river, which can be expected to be located west of the 
river channel's western 30 ft. depth contour are 11% of striped 
bass larvae, 12% of white perch larvae, and 15% of the larvae of 
remaining species. 

These percentages were based on a schematic representation of the 
river's cross-section, in which the 30 ft. contour bounded 7%, 
rather than the actual 4% of the river's cross-section. Therefore, 
the percentages of larvae given above are about 75% higher than 
estimates' based qn actual cross-section data. 

Only a very small fraction of the larvae estimated above to exist 
with the 30 ft. contour will be influenced by the plant intake. 
Comparing the fraction of the river's cross-section bounded by 
the 30 ft. contour (4%) to the fraction of the average tidal flow 
withdrawn by the plant (1%) suggests that most of the water will 
be withdrawn from a zone well within this bounding contour. 

Secondly, as shown on Figure 19, the larvae tend to concentrate 
at the surface and bottom. 

The intake is provided with a skimmer wall to a point about 
5 feet below normal low water level. This wall will effectively 
block the withdrawal of the surface fish larvae in this area. 

The slope of the modified river bottom running out to deep water 
in the area of the intake and the low velocities at the bottom 
layer will reduce the withdrawal of fish larvae in this area. 

D. Effect on Chelsea Pumping Station 

The QL&M studies have shown that there will be no measurable 
temperature effect due to the Roseton plant on the Chelsea intake. 
In the absence of elevated temperatures at this point, the Roseton 
plant will have no influence on the river biology in the vicinity 
of the Chelsea intake. Furthermore, Item C above shows clearly 
that the Roseton intake will not influence the eastern shore 
biology. 
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I. INTRODUCTION 

Central Hudson Gas & Electric Corporation, with its principal 

office in Poughkeepsie, New York, is planning to build a 1200 MW 

electric generating plant at Roseton. The site is located near 

Roseton in the Town of Newburgh, Orange County, New York. The 

property lies along the west bank of the Hudson River, some 65 

river miles above New York city Harbor. The site is sit~ated 

directly south of and adjacent to the Danskarnrner Point Generating 

Station of Central Hudson. 

Central Hudson, Consolidated Edison and Niagara Mohawk will own 

the plant as tenants in common. Central Hudson, on behalf of the 

tenants in common, will arrange for, supervise and effectuate the 

design and construction of the plant. Upon its completion Central 

Hudson will also operate and maintain the plant. 

The plant will have an aggregate generating capability of 1200 MW, 

consisting of two 600 MW units, the first of which is expected to 

be ready for commercial operation by November 1, 1972, and the 

second by May 1, 1973. 

The plant will be a stearn electric fossil-fueled generating 

station. Spent steam will be condensed for reuse by circulating 



QUIRK, LAWLER & MATUSKY ENGINEERS 

-2-

cooling water through the system to remove the waste heat from the 

spent steam. The cooling water will be withdrawn from the Hudson 

River, circulated through condensers, and then returned to the 

river downstream from the intake structure. Maximum cooling water 

flow is 656,000 gallons per minute. 

Should the plant be operated at its maximum capacity, the waste 

heat will, raise the temperature of the cooling water flow by l7oP. 

The outfall will consist of a 12 foot diameter underwater pipe 

terminating in an end section and provided with eight horizontal 

discharge ports. The port section will be parallel with the 

river's shore and perpendicular to the river's longitudinal axis. 

The upstream port will be located at about 500 feet downstream 

of the intake. The effluent will be discharged through these 

ports at 20 ft. below the mean water elevation. 

The New York State Department of Health, by virtue of the New 

York State Public Health Law, is empowered to review and issue 

permits to construct and operate facilities which discharge wastes 

into the waters of the State. In reviewing applications for 

permits to discharge heated liquids, the state Department of Health 

engages the State Department of Conservation as a consultant. 
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The state Department of Health restricts permission to discharge 

wastes to situations where said discharges will not impair the 

best usage of the receiving waters or any other State waters 

into which the receiving waters may flow. 

New thermal discharges are evaluated in accordance with the guide

lines and provisions set forth in "criteria Governing Thermal 

Discharges (Heated Liquids)" adopted by the New York State Water 

Resources Commission on July 25, 1969. 

Por estuaries, these criteria state the following: 

"The water temperature at the surface of an estuary shall 

not be raised to more than 90 0 F at any point provided 

further, at least 50 percent of the cross-sectional area 

and/or volume of the flow of the estuary including a 

minimum of 1/3 of the surface as measured from water edge 

to water edge at any stage of tide, shall not be raised 

to more than 4 0 p over the temperature that existed before 

the addition of heat of artificial origin or a maximum 

of 830 F, whichever is less. However, during July through 

September if the water temperature at the surface of an 

estuary before the addition of heat of artificial origin 
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is more than 830 F, an increase in temperature not to 

exceed 1.SoF, at any point of the estuarine passageway 

as delineated above, may be permitted. II 
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A meeting in April, 1969 was held between Health Department staff 

personnel and central Hudson Gas & Electric Corporation, _to dis

cuss procedures to be followed for the evaluation of the discharge 

effect prior to formal submission of an application. During this 

meeting Central Hudson described the proposed Roseton circulating 

water system. Central Hudson consultants presented a preliminary 

description of the expected temperature effects, including those 

of both Danskammer and Roseton plants. These effects were based 

on some field measurements and a conservative analytical mathe

matical model. A discussion of the biological factors involved 

in the thermal discharge and intake problems were also outlined. 

At this meeting, the State Department of Health requested central 

Hudson to present the following: 

1. A prediction of the maximum temperature expected to 

occur at Roseton and the size of the heated zone. 

2. Separate evaluation of the Danskammer plant effects. 
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3. A prediction of the mixing characteristics in the area. 

4. A listing prepared from existing records, of striped 

bass, white perch and "other" species for the reach 

of river under study. 

5. A tabulation of bottom organisms in the vicinity of the 

existing Danskammer discharge and the proposed Roseton 

discharge for spring, summer and fall conditions. 

A program of temperature and bottom organism surveys in the vicinity 

of Danskammer plant and the proposed Roseton plant was then in

stituted. Five ecological stations were established in the cove 

immediately south of the existing plant and an additional five 

sampling stations were located in the cove south of the Roseton 

plant. 

Temperature measurements were made on five occasions during the 

period April 17 through August 13, 1969. Bottom samples were 

taken at two week intervals at all of the ten ecological stations 

on six occasions during the period May 7 through August 13, 1969. 

These results showed that relatively small portions of the River's 

surface were subjected to temperature rises in excess of 4 oF. 
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Surface temperature rises of no more than lOoF were found in the 

vicinity of the proposed intake. However, no temperature rises 

were seen in this area at five feet below the surface. The 

ecological surveys showed that the productivity of the bottom 

at both sites was satisfactory. The productivity, however, was 

somewhat poorer at Roseton. 

These results were then presented to the State Department of 

Health in August,. 1969. At this meeting, Dr. Alfred Perlmutter 

proposed an ecological study of the area to determine the ability 

of fish and other life forms to live in areas of elevated tempe

rature. 

This ecological study would include the trapping of fish in fyke 

nets, the seining of fish in the very shallow waters of the 

Danskammer cove, 'and the collection of bottom sediments~ as well 

as the observation of aquatic vegetation. 

Measurements during this period of biological testing would also 

include additional information to support the biological sampling: 

i.e., temperatures obtained coincident with biological sampling, 

other physical and chemical water tests to describe environmental 

conditions such as salinity and dissolved oxygen, observation of 
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prevailing meteorological conditions and conduct of sampling 

during all tidal and intertidal stages. 
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The State Department of Health accepted this program and requested 

additional temperature surveys in the vicinity of Danskammer to 

support the mathematical models of temperature distribution and 

to be used in predicting the temperature effect of the Rosetbn plant 

cooling water discharge on Hudson River temperature distribution. 

The purpose of this report is to present the results of this 

study. Results of the original ecological and thermal surveys 

are also included. 

The report is formated as follows: 

1. A discussion of the measured temperature data and a 

statistical analysis of these measurements are given 

in Chapter II. Results of physical measurements 

other than temperature are also presented in Chapter II. 

2. A detailed description of the field survey procedures 

employed for the temperature and ecological surveys is 

given in Appendix A. 
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3. All of the temperature and engineering measurements are 

presented in Appendix B. This Appendix is in the form 

of a separate volume. 

4. Prediction of the effect of Roseton plant cooling water 

discharge on Hudson River temperature distribution and 

a comparison of this effect to the estuary criteria of the 

New York water Resources Commission's Thermal Discharge 

Criteria are given in Chapter III. Details of the theoret

ical model used for this purpose are presented in Appendix C. 

5. Evaluation of the proposed Roseton submerged discharge 

design is presented in Chapter IV. 

6. Theoretical analysis of submerged jet discharge and a 

set of computer printouts of Roseton plant submerged 

discharge are given in Appendices D and E, respectively. 

7. Chapter V presents the results of the ecological 

program outlined earlier. 

The engineering and ecological program measurements and results 

presented in this report were conducted by Quirk, Lawler & Matusky 

Engineers and Oceanographic Analysts, Inc., respectively. 

Quirk, Lawler & Matusky temperature measurements are used in 
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chapters II and III to predict the effect of Roseton discharge 

and determine compliance with the Thermal Discharge criteria 

and the size of the heated zone, and in Chapter V to assist 

Oceanographic Analysts in their evaluation of the effect of 

the heated discharge on the area's ecology. 
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II. PRESENTATION AND ANALYSIS OF DANSKAMMER 

PLANT ENGINEERING MEASUREMENTS 

A. Presentation of Temperature Measurements 
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A program of temperature surveys was instituted on July 8, 1969 

and continued for more than three months. A preliminary surface 

temperature survey was conducted on April 17, 1969. 

The original ecological program, consisting of bottom sample 

collection only, started on May 7 and continued until October 22, 

1969. 

On August 13, 1969 a combined thermal-ecological program was 

initiated on a regular weekly basis. Ecological sampling at three 

seining and ten bottom sample stations and temperature measurements 

in the vicinity of Danskammer and Roseton plants were made once 

a week throughout the daylight hours on Wednesdays, for an eleven 

week period ending on October 22, 1969. Figure 1 shows the 

locations of the two plants, as well as the ecological stations 

and the critical temperature section at Danskammer. 

Table 1 lists all the temperature and ecological survey days and 
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TABLE 1 

DANSKAMMER PLANT THERMAL & ECOLOGICAL SURVEYS 

Average Range of 
Electrical Output 

During Temperature 
Date Tidal Phase Runs, MWE 

4/17/69 EF,MF,EE,ME 
LE 

5/ 7/69 

6/ 4/69 

6/18/69 

7/ 2/69 

7/16/69 

7/18/69 LE,LWS,MF 

7/25/69 

7/30/69 EF,LF,HWS 

8/ 6/69 HWS,ME,LWS 

8/13/69 MF,HWS,ME 
(EF) 

8/20/69 ME,LWS 
(ME) 

8/25/69 

492 - 504 

428 - 441 

455 - 494 

461 - 470 

424 - 463 

Remarks 

preliminary Temperature 
Surveys 

Ecological Survey (Bottom 
Samples only) 

Ecological Survey (Bottom 
Samples only) 

Ecological Survey (Bottom 
Samples only) 

Ecological Su!vey (Bottom 
Samples only) 

Ecological Survey (Bottom 
Samples only) 

Temperature Surveys 

Depth Measurement 

Temperature Survey 

Temperature Survey 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Ecological Survey (Control 
Experiment) 



TABLE 1 (CONTINUED) 

DANSKAMMER PLANT THERMAL & ECOLOGICAL SURVEYS 

Average Range of 
Electrical Output 

During Temperature 
Date Tidal phase Runs, MWE 

8/27/69 

9/ 3/69 (ME) 

9/ 4/69 

9/10/69 MF ,HWS ,ME 393 - 434 
(LE) 

9/17/69 LWS,MF 487.4 - 496.2 
(LWS) 

9/24/69 MF,HWS 354.3 - 406 
(MF) 

10/ 1/69 LE,LWS,MF 435 - 458 
(LE) 

10/ 8/69 MF ,HWS,ME 258 - 267.6 
(HWS) 

10/15/69 LE,LWS,MF 382 - 399 
(LWS) 

10/22/69 (LF) 360 - 370 

Total Runs of Temperature Survey : 35 
Total Runs for Maximum Flood : 9 
Total Runs for High Water Slack : 6 
Total Runs for Maximum Ebb : 6 
Total Runs for Low Water Slack : 6 
Total Runs of Ecological Survey : 18 

Remarks 

Ecological Survey (Control 
Experiment) 

Ecological Survey 

Ecological Survey (Control 
Experiment) 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Temperature & Ecological 
Survey 

Ecological Survey 
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the corresponding tidal current conditions. 

During the survey period (April 17 through October 22, 1969) 

there were 35 and 18 actual temperature and ecological runs, 

respectively. These runs reflect behavior corresponding to four 

specific tidal phases and several electrical output ranges. TWelve, 

thirteen, six and five temperature runs were conducted during 

ebb, flood, low water slack and high water slack conditions, 

respectively. 

Danskamrner plant output, which controls heat load, ranged from 

258 to 504 MWE during the survey period. 

A detailed description of the field survey procedures employed 

for the temperature and ecological surveys is given in Appendix A. 

Temperature survey results are presented as 15 separate sets in 

Appendix B, each set representing one day's effort. Each set 

consists of the following: 

1. A table delineating the portion of Hudson River 

subjected to temperature rises in excess of 4°F. 

The effect is expressed in terms of river surface 
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width and cross-sectional area at the section of 

maximum severity as well as river surface area and 

longitudinal extent enclosed by temperature rises 

in excess of 4 oF. 

2. TWo or three" figures showing the plant operating 

data and tidal characteristics that prevailed 

-12-

during each run. These figures depict the variation 

in the tidal current, plant electrical output, intake 

and discharge temperatures and maximum plant temper

ature rise during the survey hours. 

The plant operating data were taken from the plant 

records. Differences of up to several degrees 

between these records and QL&M survey readings of 

the discharge and intake temperatures were observed 

on several occasions. In general, the recorded 

temperatures were higher than their survey counter

parts. This is due to the fact that the recorded 

temperatures were measured at just one point by less 

frequently calibrated instruments. Recorder tempera

tures are included, however, since they are more 

numerous and show temperature behavior at the plant 

throughout each survey run. 
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3. Two to three isothermal maps showing the surface 

temperature distribution for the individual tidal 

phases. The corresponding meteorological conditions 

(wind speed and direction, sky cover, daily average 

temperature, daily precipitation, dew point, 

barometric pressure and average temperature during 

the run); tidal conditions (tidal current and stage); 

plant operating data (heat load, cooling water flow, 

intake and discharge temperatures); and the river 

ambient temperature used in the data reduction are 

shown on each isothermal map. 

On some of these maps, the actual raw temperature 

measurements and the traverses followed during the 

run are also shown. 

Temperature measurements coincidental with ecological 

surveys are shown on the corresponding isothermal maps. 

These measurements include the surface as well as the 

cross-sectional temperature readings at the three 

seining stations. 

4. Several river cross-sections depicting the temperature 

distribution across the section of maximum severity, 
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as well as other sections in the vicinity, for the 

various tidal phases. 
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For the Danskammer plant, the section of maximum 

severity is usually located some 400 ft. south of the 

discharge. This is also the location of the second 

seining station. This location is shown on the plant 

layout in Figure 1. 

These c.ross-sections represent only part of the total 

river cross-section. Temperature rises beyond the 

cutoff point were not measurable and, therefore, the 

remainder of the river cross-section was not plotted. 

The surface area and longitudinal extent parameters were in

troduced for the purpose of determining the size of the zone in 

the River's surface subjected to rises in excess of 4 oF. This 

information was specifically requested by the New York state 

Departments of Health and Conservation. 

Three typical isothermal maps and cross-sections for the maximum 

flood and high water slack and maximum ebb of August 13, 1969 

are shown in Figures 2 through 7. These measurements reflect 
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the temperature distribution resulting from a four unit operating 

heat load of some 740 MWE. The actual raw temperature data and 

the criss-cross traverses followed during the survey are also 

shown. 

Although shown as typical, these three runs actually represent 

the most severe obs"erved condition for river surface area, cross

sectional area and surface width subjected to temperature rises 

in excess of 40 F temperature rise, during the period 7/18 

through 10/15/69. 

Table 2 lists the most severe observations for the 4 0 F surface 

width and cross-sectional area, as well as for the 4 0 F surface 

width and longitudinal extent, for each of the four tidal phases 

(flood, ebb, highwater slack & low water slack). These table 

values reflect the effect of four unit operation on Hudson 

River temperature distribution. Details of these sixteen 

conditions are presented in Appendix B on the figures whose 

numbers are shown in Table 2. 

The surface width and cross-sectional area parameters were 

used to delineate Danskammer plant effects with respect to New 



Tidal phase 

Maximum 
Flood 

High 
Water 
Slack 

Maximum 
Ebb 

Low 
water 
Slack 

TABLE 2 

HUDSON RIVER AT DANSKAMMER 

LIST OF THERMAL CONDITIONS OF MAXIMUM SEVERITY OBSERVED AT THE CRITICAL SECTION 
DURING THE PERIOD 7/18 THROUGH 10/15/69 

CONDITION OF MAXIMUM SEVERITY IN TERMS OF PORTION OF RIVER SUBJECTED TO 
TEMPERATURE RISES EQUAL TO OR GREATER THAN 4 0 F EXPRESSED AS 

Description __ % Width % Cross-Sectional Area Surface Area,Acres Longitudinal Extent,Ft. 

Figure # {Appendix A} B-29 B-32 B-5 B-29 
Date of Occurrence 8/13/69 8/13/69 7/18/69 8/13/69 
Electrical Output, MWE 461 461 494 461 
Magnitude of parameter 26.3 1.63 29.7 2205 

Figure # {Appendix A} B-30 B-66 B-12 B-12 
Date of Occurrence 8/13/69 9/10/69 7/30/69 7/30/69 
Electrical Output, MWE 470 393 438 438 
Magnitude of Parameter 16.1 1.49 78 7750 

Figure # {Appendix A} B-20 B-34 B-31 B-20 
Date of Occurrence 8/ 6/69 8/13/69 8/13/69 8/ 6/69 
Electrical Output, MWE 493 470 470 493 
Magnitude of parameter 9.7 0.95 176 10,000 

Figure # (Appendix A) B-2l B-77 B-99 B-21 
Date of Occurrence 8/ 6/69 9/17/69 10/1/69 8/ 6/69 
Electrical Output, MWE 494 496 458 494 
Magnitude of Parameter 19 1.57 75.9 6000 
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York State Water Resources commission criteria for thermal 

discharges. 
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Figure 8 depicts the average surface temperature distribution 

of the 31 temperature runs conducted during 7/18 through 10/15/69. 

This average condition was obtained by taking the lateral and 

longitudinal averages of the average specific tidal phases. 

The average profiles corresponding to each of the four specific 

tidal phases are shown in Figures 9 through 12. 

Figure 8 may be interpreted as representing a tidal average 

condition for normal summer daylight four unit operation of 

Danskammer plant. The average plant output during the survey 

period was about 428 MWE. 

Figure 8-a shows the portions of the cross-sectional area at the 

critical section encompassed by various temperature rises for 

the tidal average, normal summer operation condition. 

variation in the tidal average summer operation measurements 

with heat load is presented in the next Chapter. 
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B. Statistical Analysis of Danskarnrner Plant Temperature 
Measurements 

-17-

Tidal average behavior and the most severe observations for the 

4 0 F surface width and cross-sectional area, as well as for the 

surface area and longitudinal extent were presented in the pre-

vious section. These observations reflect the effect of the 

plant during a specific and occasional set of conditions. 

A more practical and comprehensive evaluation of the plant's 

effect may be obtained by statistically analyzing all of the 

measured temperature effects for the observation period. 

Such an approach is necessary for the purpose of determining the 

probability of occurrence of temperature effects resulting from 

any electrical output level and during any specific tidal phase. 

Statistical analysis results will also determine the probability 

of occurrence of the Danskarnrner effect used in predicting 

Roseton plant effect. Discussion of the latter purpose appears 

in Chapter III. 

As in the previous section, four temperature parameters were used 

in the analysis. These include the river surface width, cross-
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sectional area, longitudinal extent and surface area subjected 

to temperature rises in excess of 4oF. 

Since four tidal phases were taken into consideration, the 

duration of any observation is roughly equivalent to a three 

hour period. 

The observed temperature data were grouped in two different ways. 

These include temperature effects corresponding to the following 

electrical output and tidal phase conditions that existed during 

the runs: 

1. All electrical outputs and all tidal conditions. 

2. All electrical outputs but evaluating the four tidal 

phases separately. 

Evaluation of data collected during all observed tidal phases 

reflect the thermal effects during any three hour tidal phase 

condition. Analysis of those representing a specific tidal 

phase gives the effects over a duration of that specific three 

hour tidal phase. 
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The 1969 operation of Danskammer plant'may be considered as 

representing a normal summer condition. The observed heat 

loads, however, were probably higher than normal due to a 

high electrical demand caused by failures of several power 

stations operated by other electrical companies during the 

survey period. 

For convenience, these two conditions will be designated in 

this report as follows: 

1. Normal summer operation during any three-hour tidal 

phase. 

-19-

2. Normal summer operation over a duration of a specific 

three-hour tidal phase. Specific phases are ebb, 

flood, high water slack and low water slack. 

The object of the statistical analysis is to present the pro

bability distribution of temperature effects observed for these 

two' conditions. However, the frequency of the appropriate 

loading and tidal phase condition itself must be established 

before presenting the distribution of the temperature effects, 

i.e., analyses of the several sets of observations made for 

each condition. 
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Since the measurements were made only in daylight hours and 

since heat loadings are always substantially lower at night, the 

two loading-phase conditions will be seen at best 50% of the time. 

This is due to the fact that there are roughly two three-hour 

tidal phases of a given kind in a 24 hour day. The daylight 

three-hour observations period represent the most sever conditions. 

Also, since there are approximately four tidal phases during the 

daylight hours .of a day, the probability of occurrence of any 

specific tidal phase in a survey day is 25%. 

The probability of occurrence of the two loading-phase conditions 

may be determined from these frequencies as follows: 

Condition 1 (all loads, all daylight tidal phases) = 50% 

Condition 2 (all loads, specific daylight tidal phases) 

= 50o/~25% = 12.5% 

Interpretation of the results of the data of these two conditions 

must, therefore, be related to the frequency of occurrence of 

both the values within one data group, i.e., temperature para

meter, as well as the group itself, i.e., loading-phase condition. 
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statistical evaluation of the data is presented, in terms of 

portion of river subjected to temperature rises in excess of 

4oF, in the remaining part of this section. 

1. Hudson River Surface width at Danskammer Subjected to 
Temperature Rises in Excess of 4 0 F 

-21-

As indicated earlier, Danskammer plant temperature measurements 

showed that the maximum river width and cross-sectional area 

affected by temperature rises in excess of 4 0 F usually occurs 

at some 400 ft. south of the discharge. On a few occasions, 

however, a more critical surface section was observed downstream 

of this location. This may be due to the meteorological con-

ditions which prevailed during some of the temperature runs, or 

may be the result of thermal stratification. Discussion of 

this latter supposition appears in Chapter III. 

Figure 13 depicts the variation in percentage of total Hudson 

River width at the critical section enclosed by temperature rises 

equal to or greater than 4 0 F for all observed tidal conditions 

and heat loads. Values ranging from 0 to 26.3% of the total 

Hudson River surface width at Danskammer were observed. 

The tidal average behavior is shown in Figure 14. 
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Figure 15 shows the frequency of occurrence of percentage width 

bounded by 4 0 F temperature rise for the normal summer operation 

during any three-hour tidal phase condition. 

Figure 16 depicts the frequency distribution of 4 0 F surface width 

for the four daylight three-hour tidal phases. 

As indicated earlier, the probability of occurrence of these two 

sets of data is 50 and 12.5% respectively. 

The tidal cycle variation in surface width enclosed by 4°F 

temperature rise for a 50% frequency of occurrence was obtained 

from Figure 16 and is shown in Figure 17. 

2. Hudson River Cross-Sectional Area at Danskammer Subjected 
To TemEerature Rises in Excess of 40 F 

The measured cross-sectional areas bounded by 4 0 F temperature 

rise at the critical section section are shown as a function of 

electrical output in Figure 18. Values ranging from 0 to 1.63% 

of the total river cross-sectional areas were observed. The 

tidal average behavior is shown in Figure 19. 
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The cross-sectional area measurements were statistically analyzed 

in a manner similar to that used in evaluating the affected 

surface width presented in Item 2 above. 

The results are presented in a graphical form and shown in 

Figures 20 through 22. Figures 20 and 21 depict the frequency 

distribution for the two loading-phase conditions. variation 

over a period of one tidal cycle is shown in Figure 22 for a 50%. 

probability of. occurrence. 

3. Hudson River Longitudinal Extent and Surface Area Subjected 
to Temperature Rises in Excess of 4 0 F 

Figures 23 and 24 show the measured longitudinal extent and 

surface area enclosed by the 4 0 F isotherm, respectively. Values 

ranging from 900 ft. and 3 acres to 10,000 ft. and 176 acres 

were observed. The corresponding tidal average values are shown 

in Figures 25 and 26. 

The frequency distribution of these two temperature parameters 

during any daylight three-hour tidal phase is shown in Figures 

27 and 28. The probability functions for the specific tidal 

phases are shown in Figures 29 and 30, respectively. 
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4. Summary of the Statistical Analysis of Danskarnmer Plant 
Temperature Measurements 

-24-

The results of the frequency distribution of all four temperature 

parameters for the two loading-phase conditions for 10%, 50% 

and 90% probabilities of occurrence are summarized in Table 3. 

The specific tidal phase values shown in the table cor-respond to 

that phase of the four tidal phases which exhibited the most 

severe effect. 

Table 4 compares the ten percent probability of occurrence values 

to the range of observed effect as well as the maximum allowable 

values set by the New York State water Resources Commission 

criteria for thermal discharges. 

Notice that, except for the surface area parameter, the 10% 

probability of occurrence of specific tidal phase values are 

higher than the maximum observed values. The 10% probability 

value is considered to represent a rather remote happenstance. 

Observations show clearly that the margin of compliance with the 

maximum limitations imposed by the Thermal Discharge criteria is 

very great. 



TABLE 3 

STATISTICAL ANALYSIS OF DANSKAMMER PLANT TEMPERATURE EFFECT EXPRESSED IN TERMS OF PORTION OF 
RIVER AT DANSKAMMER AFFECTED BY TEMPERATURE RISES IN EXCESS OF 4°F 

(ALL OBSERVED HEAT LOADS) 

PRO B A B I LIT Y o F o C CUR R E N C E 
10% 50% 90% 

critical Critical critical 
Any 3 Hr. Specific Any 3 Hr. Specific Any 3 Hr Specific 

Temperature Parameter Tidal phase Tidal phase Tidal phase Tidal Phase Tidal phase Tidal Phase 

Surface Width (ra) 19.5 26.3 10.5 13.5 6.8 9 

Cross-Sectional Area (%) 1. 55 2.6 0.75 0.98 0.36 0.6 

Longitudinal Extent (Ft) 7400 11,000 3000 5500 1200 3200 

Surface Area (Acres) 80 130 21 40 5.5 12 

Surface Area (ra) 18 30 5 9 1.3 3 



TABLE 4 

DANSKAMMER PLANT, FOUR UNIT OPERATION 

PORTION OF HUDSON RIVER AT DANSKAMMER EFFECTED BY 
TEMPERATURE RISES IN EXCESS OF 4 0 F 

10% PROBABILITY OF OCCURRENCE3 

1 
OBSERVED RANGE2 Any 3 Hr. 5 

Critica16 

Maximum4 Specific 
Temperature Parameter Minimum Maximum Tidal Phase Tidal Phase Allowable 

Surface width (%) 7 0 26.3 19.5 26.3 

Cross-Sectional Area (%) 8 0 l. 63 l. 55 2.6 

Longitudinal Extent (Ft) 900 10,000 7400 11,000 

Surface Area (Acres) 3 176 80 130 

Surface Area (%) 9 .68 40 18 30 

1. The critical section is taken at 400 ft. south of the discharge. 
2. Period of observations = 7/18 - 10/15/69 (daylight hours) . 

Duration of an observation = 3 hours. 
3. The 10% probability of occurrence is for the three-hour period 

corresponding to the loading phase condition in question. 
4. New York State water Resources Commission Criteria for Thermal 

Discharges. 
5. Probability of occurrence of this loading-phase condition is one 

out of two times. 
6. probability of occurrence of this loading-phase condition is one 

out of five times. 
7. Total surface width at the critical section = 3420 ft. 

67 

50 

8. Total cross-sectional area at the critical section = 142,000 sq.ft. 
9. Total surface area for a one mile reach of river one-half mile 

upstream to one-half mile downstream of the discharge = 437 acres. 
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c. Other Environmental Measurements at Danskammer 

These measurements were done in conjunction with the ecological 

surveys. They included physical and chemical water analysis as 

well as observation of prevailing meteorological conditions. 

A minimum of six salinity and dissolved oxygen samples were 

collected at the seining stations during each ecological run. 

Tests and analytical determinations were made in accordance with 

"Standard Methods for the Examination of Water and Wastewater", 

12th Edition. 

Figures 31 and 32 show the dissolved oxygen and salinity measure

ments at the three seining stations during the ecological survey 

period. Figure 31 indicates that there was no consistent corre

lation between the dissolved oxygen measurements and their rela

tive distance from the cooling water discharge. 

Particular note should be taken of the minimum single value of 

dissolved oxygen of 5.9 ppm and the 25 sample DO average of 

6.5 ppm, indicative of reasonably good water. 

Figure 32 shows that, except for relatively few measurements, the 
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salinity was essentially the same at all stations. Values 

ranging from 50 ppm to 380 ppm with an average slightly higher 

than 100 ppm were observed. These measurements indicate the 

absence of a significant ocean-derived salt concentration in 

the area during the survey period. 

The average salinity and dissolved oxygen in the cove 'south of 

Danskammer discharge, as well as the observed river ambient 

temperature and Hudson River fresh water flow at Green Island, 

are shown in Figure 33. 

The ambient temperature of the Hudson at Lovett ranged from 

630 F in late October to 77.5 0 F in mid-August. 

Figure 34 summarizes the surface weather conditions that pre

vailed during the survey period. More detailed meteorological 

data are given on all of the isothermal maps in Appendix B. 

The wind speed and direction are probably the major two meteoro

logical parameters that affect the river temperature distribution. 

The unusual behavior of some of the measured isotherms may be 

explained by these two parameters. The wind direction is shown 

on all of the temperature maps in Appendix B. 
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The meteorological data were obtained from Stewart Air Force 

Base in Newburgh, some three miles south of Danskammer. These 

measurements agreed very well with the meteorological field 

observations in the vicinity of Danskammer. 

Table 5 summarizes all of the engineering measurements during 

the survey period. 



TABLE 5 

SUMMARY OF ENGINEERING MEASUREMENTS AT DANSKAMMER 

SUMMER 1969 

OBSERVED VALUES 
Parameter Units Minimum Maximum Average 

Salinity ppm 50 387 120 

Dissolved Oxygen ppm 5.9 7.68 6.5 

Ambient water Temperature of 63.0 77.3 73.5 

Fresh water Flow cfs 2700 11,000 7000 

Air Temperature 56.5 86 75.5 

Dew Point 45 72 57 

Barometric Pressure in Hg. 29.22 29.65 29.48 
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III. PREDICTION OF THE EFFECT OF ROSETON PLANT 

COOLING WATER DISCHARGE ON HUDSON 

RIVER TEMPERATURE DISTRIBUTION 

-28-

The purpose of this chapter is to predict the effect of the Roseton 

plant on Hudson River temperature distribution and to compare the 

expected resultant distribution against the Thermal Crite~ia of the 

New York State Water Resources Commission. 

Tidal average results of Danskarnmer measurements are given first, 

followed by presentation of an analytical model describing 

temperature distribution from a heated effluent. Evaluation of 

applicability of the model in light of these measurements is then 

given. The Danskamrner measurements are then combined with the 

model predictions for Roseton discharge to delineate expected temp

erature effects at Roseton. 

A. Tidal Average Results of Danskammer Measurements 

Field measur~ments of Hudson River temperatures in the vicinity of 

the Danskammer plant were presented and analyzed in the previous 

chapter. Temperature rise isotherms across the section at Danskammer 

were constructed for four tidal phases. Three electrical output 
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groupings as well as an overall average electrical output during 

the survey period were considered. 

The tidal cycle averages of these measurements are presented in 

this chapter. These values are necessary for the purpose of 

determining the overall effect on the river and the applicability 

of the mathematical model used for Roseton prediction. 

The plots of the tidal average temperature rise isotherms at the 

Danskammer section versus cross-sectional area enclosed by each 

isotherm are shown in Figures 35 through 38. Figure 35 depicts the 

variation corresponding to all heat loads that existed during the 

survey period. These loads ranged from 258 to 504 MWE with an 

overall average of 428 MWE. 

The tidal average temperatures corresponding to the three individual 

heat load groups are given in Figures 36 through 38. 

The average temperatures over the entire cross-section are also 

shown on these figures. This parameter was obtained by computing 

the area under the curve in these figures and dividing this result 

by the total cross-sectional area at Danskammer of 142,000 sq. ft. 
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The tidal average surface widths bounded by all temperature rise 

isotherms were computed in a similar manner. The results for all 

observed heat loads and the three individual heat load groups are 

given in Figures 39 through 42, respectively. 

The variation of the average temperature rise over the entire 

cross-section and surface width at the critical section with heat 

load is shown in Figures 43 and tabulated in Table 6. 

The average width, cross-sectional area, longitudinal extent and 

surface area bounded by temperature rises in excess of 4 0 F are also 

given in Table 6. 

The statistical analysis of Chapter II indicates that the 4 0 F 

temperature rise parameter values appearing under all observed 

heat loads have a frequency of occurrence ranging from 22% for the 

surface area to 55% for the width. The frequency of the area 

and longitudinal extent parameters is 38 and 36% respectively. The 

overall average is about 38%. In other words, values equal to or 

greater than those of Table 6 are expected to occur 38% of the 

time. The 38% probability is for any three-hour daylight tidal 

phase period. This period itself occurs only 50% of the time. The 
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TABLE 6 

DANSKAMMER PLANT, FOUR UNIT OPERATION 

VARIATION IN TIDAL AVERAGE TEMPERATURE EFFECT DUE TO CHANGES 
IN HEAT LOAD 

All Observed 
Heat Loads LOA D RAN G E { M W E l 

Temperature Parameter (MWE) (258-272l * (382-440) (440-504) 

Average Heat Load (MWE) 428 266 413 473 

!J.T .111 .0527 . .116 .146 

!J.Ts 1.13 .768 1.00 1.60 

TSF 10.1 14.6 9.5 11..0 

4° Width (%) 10.0 8.2 9.05 12.9 

4° Area (%) 0.9 0.52 0.956 1.0 

4° Longitudinal Extent (Ft) 3941 2708 3888 4718 

40 Surface Area (Acres) 48.5 15.2 23.9 76.2 

* Based upon few measurements. 
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probability of occurrence of these values is, therefore, very small. 

Hence, the use of the table values in the computation is considered 

to be conservative. 

The tidal average temperature rises over the cross-sectional area 

and surface width at several locations downstream of the Danskammer 

discharge were computed in a similar fashion. The results are 

shown in Pigure 44. 

Notice that the area average temperature rise decreases rapidly 

from about 0.12op at the Danskammer discharge to about .050 p at 

the Roseton intake. Notice also that the tidal average surface 

temperature rise increases just from about lOF at the discharge 

to just less than 1.50 p some 800 ft. downstream of the discharge, 

and then decreases to about l.lop at the Roseton intake. 

Downstream of this location, both parameters decrease rapidly and 

approach zero some two miles below the discharge. 

Due to the Danskammer discharge orientation only a very small 

portion of the River upstream of the discharge experiences measur

able temperature rises. 
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The measured thermal stratification factor (surface average 

temperature rise/area average temperature rise) is shown in Figure 

45. Values ranging from about 10 at the discharge to 20 at the 

Roseton intake were observed. These high values indicate that 

the elevated temperatures caused by the Danskammer surface dis-

charge concentrate at the surface as the heated effluent moves 

away from the plane of discharge. 

B. Development of the Mathematical Temperature Model 

1 
An early model developed to describe the decay of the tidal-

smoothed, area averaged temperature rise, as one moves away from 

the plane of discharge of the heated liquid, recognized the role 

played by stratification of the thermal effluent as it entered 

the water course. 

In this model, the parameter utilized to describe this phenomenon 

arose quite naturally in the development of the defining differen-

tial equation; i.e., the ratio of the surface average temperature 

rise to the area averaged temperature rise appear in the derivation 

lQuirk, Lawler & Matusky Engineers, report to Consolidated Edison, 
"Effect of Indian Point Cooling water Discharge on Hudson River 
Temperature Distribution", January, 1968. 



n 

".I~" 
7 

3 

? 

.. 

" 

.. 

1--

, 



QUIRK, LAWLER & MATUSKY ENGINEERS 

-33-

of the defining equation and was termed the thermal stratification 

factor or TSF. 

In previous work, the TSF was as?umed to be constant, and the 

numerical value assigned was obtained from temperature measurements 

made at the plane of discharge. However, observations at several 

existing power plant sites show that this parameter increases as 

one moves away from the plane of discharge. In particular, this 

occurred at Danskammer, as shown in Figure 45, which appears after 

page 32. 

Theoretically, this increase in the TSF should be expected, because 

the surface should be the last zone to see elevated temperature 

rises before complete elimination of all residual excess heat. 

In other words, the heated surface layer becomes thinner as dis

tance from the plant increases, with the higher temperature con

tinuing to exist in the upper zones of this layer. 

The model used in this study to predict the overall temperature 

effect takes this growth of the TSF into account. Following the 

development given in Appendix A of Reference 1, the steady state 

defining differential equation for tidal-smoothed area averaged 

temperature rise in an estuary whose area, dispersion coefficient, 
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fresh water flow and heat transfer coefficient are constant, is: 

in which: 

b.T 

x 

E 

u 

Q 

A 

K' 

K 

p 

Cp 

- t/ cI tiT 
dx:. 

-
I 

K- TJf(x)« ,1T = 0 
••••• (1) 

= tidal-smoothed, area averaged temperature rise, of 

= distance from point of discharge, miles (position 
downs tream) 

= longitudinal dispersion coefficient, mi1e
2
/day 

16.4 (Q/A), freshwater velocity, mile/day 

= freshwater runoff, CFS 

= river cross-sectional area, SF 

= K/PCpD, temperature exchange coefficient, day-l 

= heat transfer coefficient, BTU/SF/Day/OF 

= density of water, #/cu. ft. 

= heat capacity of water, BTU/#/oF 
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D = A/B, mean depth of .River, ·Ft. 

B = River surface width, Ft. 

TSF (x) = 6Ts /6T, thermal stratification factor, dimensionless 

and a function of distance x. 

For this study, TSF{x) has been assumed to be an exponential 

growth function of distance and is given: 

TSr 

in which: 

TSFo = thermal stratification factor at X=O 

a = TSF growth coefficient, mile-1 

••••• (2) 

The product (ax) is assumed to be positive whether operating in 

the reach upstream of the discharge (negative x) or in the down

stream positive reach. Figure 45 shows that the growing Danskammer 

TSF is not exactly correlated by the exponential function. This 

fact, and its effect on the model's ability to reproduce measured 

effects, is discussed in greater detail in the next section of 

this chapter. 
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The estuary is assumed to be an infinite 'receiver, which implies 

that the values of the system parameters (A,E,U,K) do not change 

before the elevated temperature effect becomes negligible. This 

assumption is conservative. 

The model is developed in detail in Appendix C. After obtaining 

a broadly applicable solution for different values of (a)- in the 

upstream (I) and downstream (II) reaches, it is shown that, for the 

case of equal values of (a) in both reaches, which is expected to 

apply for the transverse directed submerged discharge, freshwater 

velocity has little effect and the solution for the downstream 

reach is: 

8zr ('1') --
••••• (3) 

in which: 

N2 = K/Ea2 , dimensionless 

K = K' ·TSF 0 

K' = K/r:c D ax 
p 

l' ax 
= e 

Ko = Modified Bessel Function of the Second Kind of order zero 
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= Modified Bessel Function of the Second Kind of order one 

= 

= 

H = 

D.T/b.TO 

H/pCpaEA 

heat load to River, BTU/Day 

The solution in the upstream reach, for these conditions, is 

identical to Equation 3. 

C. Evaluation of Mathematical Model Results Using Danskammer 
Temperature Measurements 

The solution presented in the previous section was used to determine 

the tidal average temperature rise distribution caused by four 

unit operation at Danskamrner for the conditions of the 1969 sur-

vey. Values of the parameters for the study area are summarized 

below: 

Electrical output(H) = 428 MWE (average of all observed loads) 

Heat Load at 38% Effluent, 15% other losses = .428XlO" BTU/Day 

Thermal stratification Factor at the Discharge (TSFo ) = 
10.1 (taken from Figure 45) 

River Cross-Sectional Area (A) = 142,000 sq. ft. 

River Mean Depth (D) = 41.5 ft. 

Dispersion Coefficient (E) = 6 sq. miles/day 

Heat Transfer Coefficient ( ) = 150 BTU/SF/day/oF 
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Mass density (p) = 62.4 lb./ft. 3 

Heat capacity (Cp) = 1 BTU/lb/oF 

TSF growth coefficient (a) = l.29/mile 

-38-

The rate of increase of the thermal stratification factor (a) 

used in the computation represents an average value over a 

distance of one half mile downstream of the discharge. 

Model results for these conditions are compared to river tempera

ture measurements in the vicinity of Danskammer in Figure 46. 

The predicted rises at the plane 400 ft. below the Danskammer dis

charge are very close to their measured counterparts. The com

puted area average temperature rise and surface average temperature 

rise at this point are 15% and 20% higher than the measured values, 

respectively. 

The close agreement between the measured and observed temperature 

rise parameters may also be interpreted as representing an addi

tional support for the selection of the ambient temperature used 

in the analysis. 

The agreement between the computed and measured shape of these two 

functions is also good. 
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The computed results beyond the plane of 'discharge are much higher than the measured values. Therefore, the model results are considered to be very conservative. The following comments apply to the disagreement between the measured and computed results: 

1. The computed values are based on a constant value of 
the TSF growth coefficient (a=l.29/mile). Figure 45, 
however, shows that this value is not constant. Actually, it decreases from 6.56/mile at the discharge to .85/mile at the Roseton intake. 

Had lower (a) values been used in computing temperature behavior below the plane of discharge, the area average rise would be larger and the surface average rise smaller. The reverse would be true. if higher (a) values were used. 

Measured (a) values are higher than the 1.29 mile-1 value used in the computation in a zone extending from the 
discharge to some 1500 ft. downstream, and are lower than 1.29 rni1e-1 beyond this point. 

The use of measured (a) values would therefore, lower 
the computed area average rises in the first 1500 ft. and 
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cause an increase beyond this location. In other words, 

the computed area average results would be closer to 

their measured counterparts ih the vicinity of the dis

charge but more conservative than shown in Figure 46 

beyond this point. 

2. The model assumes symmetrical temperature distribution 

downstream and upstream of the discharge. This assumption 

is valid only when the discharge plane is perpendicular 

to the river flow direction and the effect of freshwater 

flow is not significant. Danskammer discharge direction, 

however, is the same as that of ebb flow and the river 

portion upstream of the discharge sees insignificant 

temperature rises. 

Inclusion of this observation in the model would force 

all the model heat into the downstream reach, and would 

cause the computed downstream temperature rises to be 

larger than those shown in Figure 46. 

3. The computations were based on a constant river cross

sectional area and mean depth. However, the area in

creases and the mean depth decreases in the downstream 
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direction, meaning that substantially more surface area 

is available for heat transfer since the area average 

temperature rise is inversely proportional to the area 

and directly proportional to the square root of the 

mean depth, the changes in downstream geometry would 

result in a lower computed result. This would tend to 

give better agreement between the model and theneasure

ments. 

For example, changing the cross-sectional area and 

depth from 142,000 sq. ft and 41.5 ft., which strictly 

applies only at Danskammer, to the 150,000 sq. ft. and 

28 ft. values which exist one mile downstream, would 

cause a decrease in area and surface average temperature 

rise from 0.065 of and 2.50 F to about 0.030 F and 1.2oF, 

respectively. The corresponding measured parameters are 

.004o F and .6o F, respectively. 

These results indicate that even if the effects of 

changes in geometry, discharge orientation and TSF 

growth coefficient were taken into consideration, the 

model would still give very conservative results. 
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The following points may explain the reas'on for the very rapid 

measured decay of the area and surface average temperature 

rises with distance away from Danskammer: 

1. Rapid dispersal and dilution of the heated effluent in 

the vicinity of the plant caused by very high local 

dispersion coefficient. Measured temperature distri

bution within the first mile above and below the plane 

of discharge indicates that the effective thermal dis

persion coefficient is much higher than the conventional 

one-dimensional coefficient used in the calculations. 

2. Very high heat transfer coefficients. The coefficient 

used in this study was developed from lake studies. 

However, in estuaries, due to generally higher wind 

speed, the surface heat transfer coefficient is probably 

higher. This observation is supported by the fact that 

reaeration coefficients in estuaries are generally 

somewhat higher than those in lakes. 

3. Heat losses to river bottom and other boundaries. These 

losses were not taken into consideration in this study. 
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D. Prediction of the Effect of Roseton plant Discharge 

The purpose of this section is to determine, for the condition of 

the Roseton plant loading, the effect of Roseton cooling water 

discharge on river temperatures, using the sectional and surface 

average temperatures obtained via the mathematical model presented 

above. 

comparison of Danskammer measurements with the computed results 

showed that the mathematical model behavior of both the area and 

surface temperature rises, across the plane of discharge, gives a 

reasonably accurate description of the actual behavior of these 

parameters. Also, the model values beyond the plane of discharge 

are highly conservative. 

This model was utilized to predict the effect which can be 

expected in the presence of 1200 MWE waste heat load from Roseton. 

Five different thermal stratification factor functions were used 

in the computations. Values of thermal stratification factors 

at the discharge (TSFo ) and TSF growth coefficients (a) ranging 

from 10.1 and 1.29 to 1.S and .S were considered. The upper limit 

represents a surface discharge at Roseton similar to Danskammer 
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and the lower one is indicative of a thoroughly mixed submerged 

discharge. The three intermediate conditions represent several 

ranges of stratification for both surface and submerged discharges. 

These five conditions and the corresponding model results are 

summarized in Table 7. The first three and the last two may be 

taken as representing surface and submerged discharges with 

different mixing intensities. 

The surface discharge conditions were considered for comparison 

purposes only. The value of TSF of 1.0 would be obtained if the 

heated discharge were completely mixed across the plane of dis

charge. This value represents a minimum which will only be 

approached. The fact that the Roseton discharge is to be sub

merged, and is twice the flow of the existing nanskammer dis

charge is' expected to drive the stratification factor down from 

10.1 of 428 MWE Danskammer surface discharge to values between 

1.5 and 2.5. 

The percentages of cross-sectional area and surface width expected 

to be bounded by temperature rises in excess of 4 0 F are also 

given in Table 7, and are shown in Figure 47. These values were 

obtained by using the generalized solution for exponential decay 



TABLE 7 

TIDAL AVERAGE 

AREA-AVERAGE AND SURFACE-AVERAGE TEMPERATURE RISE AND PORTION OF RIVER AFFECTED BY 
RISES IN EXCESS OF 4°F ISOTHERM FOR CONDITIONS OF MAXIMUM SEVERITY AT ROSETON 

CONDITIONS 

Heat Load = 1.2 X 10" BTU/Day, Maximum plant Temperature Rise = 18°F ( Including 10F 
to Account for Recirculation and Danskrunmer Effect) 

Dispersion Coefficient = 6 Square Miles/Day 

Heat Transfer Coefficient = 150 BTU/Sq.Ft./Day/oF 

cross-Sectional Area = 150,000 Square Feet. 

Surface width = 3750 Feet 

Mean Depth = 40 Feet 



Condition 

Surface 
Discharge 

1 

2 

3 

Submerged 
Discharge 

4 

5 

TABLE 7 (CONTINUED) 

TIDAL AVERAGE 

AREA-AVERAGE AND SURFACE-AVERAGE TEMPERATURE RISE AND PORTION OF RIVER AFFECTED BY 
RISES IN EXCESS OF 4°F ISOTHERM FOR CONDITIONS OF MAXIMUM SEVERITY AT ROSETON 

PORTION OF RIVER BOUNDED BY 4°F 
SURFACE-AVERAGE TEMPERATURE RISE 

TEMPERATURE RISE l 
OF % Area % width 

1 TSF Maximum at the at the 
TSF Growth Area-Average Sections Sections 

at the Coefficient Temperature at the of Maximum at the of Maximum 
Discharge (a), mile- 1 Rise, OF Discharge Surface Effect Discharge Surface Effect 

10.1 1.29 .351 3.55 7.66 2 37 100 

5.0 1.00 .461 2.30 5.60 2.6 21 99 

3.0 0.75 .613 1.84 4.3 4 15 50 

2.0 0.60 .766 1. 53 3.45 6 13 35 

1.5 0.5 .936 1.41 3.00 8 12 29 

l TSF = Thermal Stratification Factor 
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models developed previously.2 

The use of the exponential decay models in this case is supported 

by the Danskammer measurements of 1969. Figures 35 through 42 

indicate that the area-average and the surface-average tempera-

ture rises followed exponential functions. TWo typical correlations 

of the measured temperature rises for all observed heat loads, 

shown in Figures 35 and 39, with the exponential relationship, are 

shown in Figures 48 and 49. 

The area and surface temperature rise curves in Figure 47 were 

developed using a maximum plant temperature rise of 180 F and a 

surface rise of 7.50 F. The plant temperature rise is l7oF. One 

degree was added to account for the effect of the Danskammer plant 

and recirculation. These effects, however, are far less than lOF 

as will be shown in Chapter IV. 

The maximum surface temperature rise was computed using a dilution 

ratio of 3.55 and a surface temperature distribution following 

2Quirk, Lawler & Matusky Engineers, "Effect of Indian Point Cooling 
water Discharge on Hudson River Temperature Distribution", 
February, 1969, Figure 24. 
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a cosine function. This dilution ratio value represents the 

minimum expected dilution associated with the planned submerged 

discharge. Further discussion of this value is presented in 

Chapter IV. 

These values indicate that on the tidal average basis only 6 to 

8 and 12 to 13% of the total cross-sectional area and surface 

width at Roseton, respectively are expected to see temperature 

rises in excess of 4 oF. These values are considerably lower than 

the 4 0 F upper limit of the thermal criteria. 

As indicated earlier, the maximum surface temperature rise occurs 

at a plane located above or below the plane of discharge. The 

submerged discharge results show that at these sections, some 

29 to 35% of the surface width will experience temperature rises 

in excess of 4 oF. 

All of these values correspond to tidal average conditions. The 

tidal cycle variation observed at Danskammer, however, showed that 

the 4 0 F surface width and area corresponding to the critical tidal 

phase conditions are about 35% higher than the tidal average 

effects. The observed tidal cycle variation in these parameters 

is presented in Figures 17 and 22. The use of this ratio and the 
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tidal average results indicate that some'8 to 10 and 40 to 47% 

of the total cross-sectional area and surface width, respectively 

are expected to be subjected to rises in excess of 4 0 F during 

the critical tidal phases. 

The tidal average and critical tidal phase effects for the sub

merged discharge conditions are summarized and compared to the 

New York State water Resources Commission Criteria for Thermal 

Discharges in Table 8. 

Were a surface discharge planned for Roseton plant, no more than 

3 and 37% of the cross-sectional area and surface width, res

pectively, at the discharge, would be enclosed by temperature 

rises in excess of 4 oF. However, computed percentage of surface 

width would range from 50 to 100%. 

Figures 50 and 51 show the decay of the area-average and surface

average temperature rise with distance below the plane of dis

charge at Roseton, respectively. All five conditions are pre

sented. It must be realized that these values are very conservative 

since the model was not adjusted to account for variation in 

geometry and thermal stratification factor function. 



TABLE 8 

PORTION OF RIVER AT ROSETON AFFECTED BY TEMPERATURE RISES IN 
EXCESS OF 4 0 F FOR THE TIDAL AVERAGE AND THE CRITICAL 

TIDAL PHASE SUBMERGED DISCHARGE CONDITIONS 

E X P E C T ED RAN G El Thermal 
Parameter Tidal Average critical Tidal Phase Criteria 

Maximum % Area 6-8 8-10 

% Width at the Discharge 12-13 16-18 

Maximum % Width 29-35 40-47 

1 These values were computed using a conservative mathematical 
,model and a TSFo of 1.5 and 2.0 and a TSF growth coefficient 
of 0.5 and 0.6/mi1e. 

50 

67 

67 
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Figures 52 and 53 superimpose the Danskammer rated capacity effect 

on a surface discharge and the planned submerged discharge at 

Roseton. 

The effect of the proposed submerged discharge on the Danskammer 

and Roseton intakes is not expected to be significant. The highly 

conservative model results show that maximum area-average tempera

ture rise at these locations will be on the order of 1.SoF. This 

effect was taken into consideration in the computations by in

creasing the condenser temperature rise by lOF. In reality, 

however, much lower rises will be seen at these locations. Further 

discussion of this effect is given in chapter IV. 

Figure S3-a shows the predictions for the percentage of surface 

width and cross-sectional area bounded by the 4°F isotherm. These 

represent the effect of rated capacity operation at Roseton as 

well as at Danskammer. The values were obtained using the con

servative model. 
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IV. EVALUATION OF ROSETON PLANT SUBMERGED DISCHARGE 

A. Introduction 

Submerged outlets in the effluent pipe from the Roseton plant are 

planned for discharging the heated liquid to the River. This 

type of outfall was selected to insure that the thermal criterion 

of a 90 0 F maximum surface water temperature at any point in the 

River's surface be met at all times. The submerged outfall, by 

comparison to a surface discharge, will also reduce the percentage 

of the surface width subjected to temperature rises greater than 

4oF. 

A mathematical model describing the behavior of a submerged jet 

in an estuary was developed and successfully programmed for 

computer solution. 

Detailed description of this hydraulic phenomenon and formulation 

of the mathematical model and computer program are presented in 

Appendix D. 

Basically, the model consists of a set of twelve simultaneous 

equations describing the principles of the fluid mechanics of 
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submerged jets, and incorporates the effects of plant intake 

temperature, density and salinity, plant outfall temperature, 

density, salinity and flow, outfall geometry including port size, 

shape, edging, orientation, and submergence, and river velocity 

(both runoff and tidal), tidal phase, and ambient temperature, 

density and salinity. 

Initial jet momentum, induced buoyancy, and entrained river flow 

and momentum are the major controlling mechanisms accounted for. 

Drag force and the influence of the river surface and bottom on 

.the expanding jet are not included. However, a procedure for 

adjusting computed results to account for the boundary and drag 

effects not included in the mathematical model was developed. 

computer output includes the path of the expanding jet, and at 

any port along this path, the jet diameter, velocity, density, 

temperature and dilution factor. Stops are included to indicate 

when the jet boundary reaches the river surface or bottom and 

when interference between adjacent jets in a multiple-port design 

occurs. 
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Previous applications of this program3 showed that computed 

results agreed reasonably well with measurements made in Hudson 

River undistorted hydraulic model, and in the vicinity of the 

submerged outfall of Orange and Rockland utilities' Lovett unit 

#4, located at Tomkins Cove on the Hudson River's west bank, less 

than two miles south of Indian Point. 

This mathematical model was used to determine the most efficient 

design and expected effect of Roseton submerged outfall. Results 

of this evaluation are documented below. 

B. Roseton Submerged Discharge Design 

The effect of various submerged outfall designs and depths of 

submergence was studied in detail. 

An outfall design consisting of five slots, located along the 

river side of the sheet piling of a holding pond at a depth of 20 

ft. below the water's surface, and discharging at 15 ft/sec. nor-

mal to the river's longitudinal axis was evaluated in detail. This 

3Quirk, Lawler & Matusky Engineers, "Effect of Submerged Discharge 
of Indian Point Cooling water on Hudson River Temperature 
Distribution", October, 1969. 



QUl~K, LAWLE~ {1 MATUSKY ENGINEERS 

-52-

outfall configuration, originally discussed with New York State 

authorities, was based on existing hydraulic model and analytical 

studies for the Indian Point discharge. 

However, during the course of additional detailed studies of this 

design, a modification from the multi-port sheet piling configuration 

to a multi-port underwater pipe design was found to be necessary. 

Several factors led to this modification. The foundation conditions 

at Roseton were found to differ substantially from those at Indian 

Point site and the sheet piling design presented serious diffi

culties. At Roseton, depth to firm foundation material averages 

above 100 ft. from the river surface which complicates the sheet 

piling design. In addition, it was determined that the land side 

would require sheet piling as well as the water side to protect 

the railroad embankment. 

Large diameter internally braced circular cells were investigated, 

but did not offer appreciable construction advantages. 

An underwater discharge pipe supported on piles and extending out 

into the river's deeper waters was determined to be considerably 

less costly. The modified outfall consists of eight circular ports 
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submerged 20 ft. below the water's surface and discharging at 15 

ft./sec. normal to the river's longitudinal axis. This configuration 

was selected after extensive theoretical evaluation of several 

designs and was found to be more effective in dispersing the heated 

effluent than the sheet piling design. 

In addition, the disturbance to the river's bottom during con

struction will be reduced and the bottom ultimately taken up by 

the completed facility will be substantially less. Moreover, the 

discharge pipe will not appear above the river's surface at all 

and is thus esthetically far more pleasing than the originally 

proposed sheet piling design. 

For the purpose of illustrating the merits and mechanics of a 

submerged type of outfall and since an extensive effort was put 

into the evaluation of the sheet piling design prior to its modi

fication, we have chosen to retain the detailed evaluation of 

this design. 

The results of the theoretical evaluation of the underwater pipe 

outlet design are documented first. Following this is a description 

of the sheet piling design and a summary of its effectiveness. 
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c. Evaluation of the Selected Underwater Pipe Outlet 

A detailed study of flow distribution from the outlet ports for 

several combinations of port sizes favored the selection of the 

following design: 

Effective length of discharge pipe 
(distance between centerlines of the first 
and last port) = 210' 

Depth of centerline submergence below mean 
water elevation = 20' 

Number of ports = 8 

Port size = four 5' diameter and four 4~' diameter 

Orientation of ports = 00 , 90°, 900 with lateral, longitudinal 
and vertical axes, respectively. 

Port spacing (centerline to centerline) = 30' 

Flow distribution through the ports is tabulated* below. 

Port Size, Flow through Initial Jet 
Port Number ft. Port, cfs Velocity,fps 

1 upstream jet 4.5 208.2 17.5 
2 4.5 191.5 16.1 
3 4.5 177.2 14.9 
4 4.5 165.6 13.9 
5 5.0 192.2 13.1 
6 5.0 181.4 12.3 
7 5.0 174.1 11.8 
8 downstream jet 5.0 169.8 11. 5 

*computed by Burns & Roe, Inc., Letter of February 11, 1970. 
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Details of this design are shown in Figure 54. 

A previously developed4 mathematical model describing the behavior 

of a submerged jet was used to evaluate the selected design. 

The evaluation was based upon the following parameters: 

Maximum effluent temperature rise = lSoF 

o 
Ambient temperature = 79 F 

Maximum discharge temperature = 97
0

F 

Net river velocity (ebb) 
(flood) 
(slack) 

River salinity = 100 ppm 

= 1 fps 
= -.9 fps 
= .05 fps 

As explained below, these parameters represent a summer condition 

of maximum severity and were used because summer conditions are 

considered by many to constitute the critical biological condition. 

Expected capacity operation of two units at Roseton will result in 

a 17
0

F temperature rise in the 656,000 gpm cooling water flow. 

All results used in the computations are based on continuous, year 

round operation at lSoF and 656,000 gpm and represent a severe 

4 Quirk, Lawler & Matusky Engineers, "Effect of Submerged Discharge 
of Indian point Cooling Water on Hudson River Temperature 
Distribution". October, 1969. 
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loading condition. This heat load is 6% higher than that asso

ciated with the maximum possible 2 unit electrical output (stretch 

rating). Planned operation, however, is lower than this value. 

The use of temperature rise of lSoF will also account for the 

temperature rises that will be caused by Danskammer plant operation 

and seen at Roseton intake. This effect, however, is for less 

than IOF. Danskammer measurements, presented in the previous 

chapter, showed that temperature rises qaused by the Danskammer 

plant are only seen in the upper five feet of water. These 

measurements also showed that no more than an area average 

temperature rise of about .OSoF is seen at the Roseton intake. 

As will be shown later, the effect of the Roseton discharge on the 

intake is negligible. Roseton intake facility, however, will 

include a skimmer wall extending to 4.5 ft. below the water sur

face and is designed to withdraw water from this elevation to 26 

ft. below mean low water elevation. 

Taking a hypothetical case in which no skimmer wall is used, and 

the measured surface average temperature rise of l.loF is experienced 

by an upper layer of five feet in thickness, the theoretical 
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effect of Danskammer operation on Roseton intake may then be 

computed as follows: 

Net intake temperature rise = (temperature rise of upper layer X 
depth of upper layer + temperature 
rise of lower layer X depth of lower 
layer)/total depth of intake. 

This hypothetical value is only 20% of that used in the computation. 

The use of plant temperature rise of l8oF, therefore, represents 

the most severe condition that can be expected. 

The maximum river water ambient temperature used in this evaluation 

is 790 F. This value is considered to be the highest ambient 

water temperature that will be seen by the intake at any time. 

Ambient water temperature does not reach this value every year. 

For example, the maximum ambient water temperature observed in 

the vicinity of Roseton last summer occurred in August and was 

The net river velocities of 1.0 fps during ebb, -.9 fps during 

flood and .05 fps during slack conditions used in the computation 

represent a long term summer time average for the vicinity of 

Roseton. 
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A salinity of 100 ppm was used so that no advantage is taken of 

the high salinity-induced mixing associated with high ocean

derived salinity concentrations. 

computer printouts for this critical summer condition corresponding 

to ebb phase for the 5' diameter and 4~' diameter jets are shown 

in Plates I and II respectively. 

Figures 55 and 56 depict the details of the computed lateral, 

vertical and longitudinal location of the 5' diameter jets for ebb 

phase conditions. The corresponding locations of the 4~' diameter 

jets are shown in Figures 57 and 58. 

The jet boundaries shown in these figures represent the vertical 

and longitudinal projections of the computed jet sizes at different 

locations. The computed jet velocities and dilution ratios are 

shown in Figures 56 and 58. Stops indicating when the jet's 

upper boundary and centerline reach the river's surface, and when 

interference between adjacent jets occurs are also located on 

Figures 55 through 58. 

In order to minimize the interference between the lower boundary 

of the jets and the bottom of the river, the area bounded by 
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dashed lines in Figure 54 will have to be dredged, during construc

tion, to the depths shown in Figures 56 and 58. 

Jet interference between adjacent jets occurs when the plume 

diameter exceeds center to center port spacing, which, in this 

design, is 30 feet. The upper boundary reaches the surface when 

the vertical projection of the jet's radius exceeds the difference 

between the depth of submergence and the vertical location of the 

jet. The lower boundary hits the river's bottom, when the ver

tical projection of the jet's radius is greater than the difference 

between the water depth and the vertical elevation of the jet's 

centerline. The centerline of the plume reaches the surface 

when the vertical location of the plume is equal to the depth of 

submergence to the port centerline. For convenience, these four 

locations will be referred to, in this report, as the interference, 

surface boundary, bottom boundary and centerline surface controls. 

Dilution ratios for the two different jets, associated with these 

four controls, are summarized in Table 9. The values appearing 

under the bottom boundary control in the table were taken from 

the corresponding computer printout values. In terms of vertical 

distance, these values represent the characteristics at the 

location where the vertical projection of the jet's radius is 



TABLE 9 

SUMMARY OF DILUTION RATIOS ASSOCIATED WITH 
CONTROL LOCATIONS AT ROSETON 

(EBB CONDITIONS) 

Interference 
control 

BOUNDARY CONTROL 
Upper Lower 

Port Size: 5' diameter 

6.41 6.79 7.32 

Port Size: 4~' diameter 

6.98 7.76 8.00 

1. Location where jet interference occurs. 

2. Location where upper boundary reaches the surface. 

centerline 
Surface Control 

14.80 

16.69 

3. Location where lower boundary hits the river's bottom. 

4. Location where jet centerline reaches the surface. 
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equal to the difference between a water depth of 35 ft. and the 

vertical elevation of the jet's centerline. Such location will 

usually occur at a lateral distance of some 50 to 80 ft. from 

the plane of discharge. 

The jet interference control dilution ratios represent the absolute 

minimum expected dilution. On the other hand, the values associated 

with the centerline surface control, i.e., when the centerline of 

the plume reaches the surface, are indicative of the dilution 

ratios in cases where the influence of drag force and the river 

surface and bottom on the expanding jets are not significant. 

The values associated with the surface boundary and bottom 

controls represent two different intermediate ranges. 

For the purpose of showing the most extreme effect of Roseton 

discharge, the minimum dilution ratios associated with the jet 

interference control were used in this study. In other words, the 

computations ignore any dilution occurring beyond the location 

where the adjacent jets interfere with each other at some 70' 

off the discharge pipe. In reality, however, entrainment of 

the river water into the individual jets will occur beyond this 

location, due to the availability of large volumes of ambient 

water in the remaining portion of the river's cross-section. 
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The program results show that the absolute minimum expected dilution 

ratio ranges from 6.37 to 6.98, depending upon the size of the 

port, for ebb conditions. The ratios associated with other tidal 

phases are essentially the same as the ebb values. A weighted 

average dilution ratio of the eight jets is: 

6.5 = 

n IT 

6.37 X 4 X 25 + 6.98 X 4 X 20.25 
IT 

(25 + 20.25) 4 

The average surface temperature rise over the entire plume is then 

computed as follows: 

Average temperature rise = maximum plant temperature rise 
weighted average dilution ratio 

= 18 = 2.78oF 
6.5 

This value may be compared to the average surface temperature rise 

over the river's width of 3.50 F computed using the variable TSF 

model. 

A series of temperature rise isotherms may be constructed using 

this temperature rise value and assuming an appropriate temperature 

distribution function across the plume's surface. 
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Figure 59 shows the relative locations of the eight jets. The 

locations where the upper boundary and the centerline of the in

dividual jets reach the surface are also indicated on the figure. 

Since the jets are spaced on 30 ft. centers some interference 

between the jets is expected to occur. The computed size of the 

plume resulting from all of the jets is also shown. 

The theoretical size of the plume is very small due to the fact 

that the mathematical model does not take into account the 

boundary effects. A description of a procedure accounting for 

these effects follows: 

1. Move the near shore extent of the surface area expected 

to be affected by temperature rises in excess of the 

jet boundary temperature back to the location where the 

upper boundary of the jets reaches the surface. 

2. Assume that the shape of the affected zone is circular 

having a centroid equivalent to that of the theoretical 

area. 

3. Assume that the radius of the affected area is equal to 

the maximum computed distance between the centroid and 

the theoretical boundary of the plume. 



FIGURE SB 
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The modified affected area is shown by a broken circle on Figure 

59. Notice that this area encloses a zone greater than its 

computed counterpart. 

The maximum surface temperature rise may be computed by assuming 

that the resultant plume is circular in shape and that the tempera-

ture distribution between the maximum value and an ambient tempera-

ture follows a cosine function, or: 

2 
IT 

= 

Temperature rises higher than this computed value by about lOp 

may be seen at the surface. 

The computed longitudinal extent and lateral distance from shore 

bounded by the jet's plume indicate that the effect of the sub-

merged discharge on the Roseton and the Danskarnmer intakes is 

expected to be negligible. 

These predictions as well as the conservative variable TSF results 

also indicate that the effect of the Roseton discharge is not 

expected to be seen at the New York city pumping station at Chelsea, 

which is located on the opposite shore of the river some 4,000 ft. 

northeast of Roseton. 
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These results seem to be on the liberal side when compared to the 

prediction of the variable TSF model presented in Chapter III. The 

following comments apply to the disagreement between the results 

of these models: 

1. The variable TSF model gives very conservative results 

beyond the plane of discharge. In the case of Danskammer, 

for example, the computed results are more than five times 

greater than their measured counterparts at a distance 

of one mile downstream of the discharge. 

2. The submerged discharge model does not take into account 

the effect of drag force and the influence of the river 

surface and bottom on the expanding jet. Also, this 

model ignores the existence of a heated layer at the 

surface. The variable TSF model showed that there would 

be an upper layer having a thickness of no more than 20 

ft. and an average surface temperature of about l.SoF 

at the plane of discharge. The thickness of this layer 

decreases radically as one moves away from the discharge. 

For example, the variable TSF model showed that the 

thickness of this layer would decrease to less than 2 ft. 

at a distance of about 4 miles away from the plant. The 

surface-average temperature rise at this location would 

be about 3.SoF. 
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A behavior similar to this is to be expected since the 

elevated temperatures tend to concentrate at the surface 

as the heated effluent moves away from the discharge. 

The thickness of the elevated temperature layer decreases 

from a maximum at the plane of discharge to zero at 

some distance away where no temperature rise is seen at 

the surface. 

These points indicate that the variable TSF model results repre

sent a highly conservative picture of the expected effect. On 

the other hand, the effect may be expected to be somewhat greater 

than the submerged discharge model predictions. 

D. Evaluation of the original Sheet-piling Design 

As indicated in item B above, the method of discharging the heated 

effluent has during the course of detailed studies been modified 

from the multi-port sheet piling design to an underwater pipe 

design. 

Since the sheet piling design was originally discussed with 

several State authorities and since an extensive evaluation of that 

design was made, we have selected to include a summary of our 

evaluation in this report. 
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This design consists of five slots, submerged 20' below the water's 

surface, and discharging at lS ft/sec normal to the river's longi-

tudinal axis. Details of this design are shown in Figure S4-a 

and summarized below. 

Effective length of discharge canal 
(between centerlines of the first and last port) = 200 ft. 

Depth of centerline submergence below mean 
low water elevation = 20 ft. 

Number of ports = S 

Port dimensions = 3 - 6 ft. long and 3.S ft. high 
2 - 8.S ft. long and S ft. high 

orientation of ports = 00 ,900 ,900 with lateral, longitudinal 
and vertical axes, respectively. 

Port spacing (centerline to centerline) = SO ft. 

Initial jet velocity = lS fps 

This design was theoretically evaluated on the basis of the same 

critical summer condition parameters used in evaluating the under-

water pipe design. These parameters are listed in item C above. 

computer printouts for this critical summer condition corresponding 

to ebb, slack and flood phases for the S'XS.S' and 3.SX6' jets 

are shown in Plates I-a through VI-a, respectively. 
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00380 T= 
00390 
00400 
00410 
00420 T= 
00430 
00440 
00450 
00460 T= 
00470 
00480 
00490 

! OOSOO T= \ 

: 00510 
I 

ROSErON PLANT SUBMERGED DISCHAR(}E (S'lI8.s')PLATE [-, 
MOST SEVERE SUMMER CONDITION SHEET I(JF~ 
EBB ?iDE 
(SHEEr PI/./A/& /)#".$1(1;,41) 

15:47 RDS2 DEC El:1BER 2 .. 1969 
-

ANG lTd 
~. - - 0', .. .. - "- - - .. .- . _ .. 

90.00 1.00 

OS Cl C2 S2 YLIM OOQI 

0.10 0.15 0.25 45-00 20.00 0.0500 ...... - .. .• '- .. " , .. _- . 

00 VO cosx COSY COSZ 
. - . 

7.35 15.00 1.00 0.00 0.00 .. -

TO TRIV SAL 0 SALR .. 

97.00 79.00 OelO 0.10 
- - - . ~ . - -- .. - . '-.. 

S X Y Z 0 V TEMP TEMP OIL 
BY BY . 

DIL -DEN 
-

10.0 10.0 0.0 0.1 10.3 10.6 91.8 92.1 1.41 - - . .- _. .. -

92.0995= a.10RHO= 1.929 
20.0'-"-20.0 0.1 .... -0~5· 13.3 -8~3' 88.9 89.3 1.82 - -

89.352S= 0.10RHO= 1.929 
30.0 ""·30.0 0.3 ·· .. -·-1~1-- 16.3 -6~1- 87.1 87.6 2.23 

87.584S= 0.10RHO= 1.930 
40.0" ----39.9 0.5 - "-"2;0 19.3 ~S':1- 85.8 86.3 2.64 . - ~ ... -

86.3485= 0.10HHO= 1.930 
50.0-' .. - 49.9 0.9 -"--3;2- 23.3 -"4-~1' 84.6 85.1 3.20 .' . 

85.116S= 0.10RHO= 1.931 
60.0 ., - 59.7 1.4 ... " 4~8 28.3 -3~9- 83.6 84.0 3.90 . - .. 

84.0275= 0.10RHO= 1.931 
70.0 "'69.5 2.1 6~8 33.3 ~3.3· 82.9 83.2 4.61 



00530 
00540 T= 
00550 
00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 T= 
00940 
00950 
009-60 
00970 T= -

AT 

T= 

T= 

T= 

T= 

T= 

r= 

T= 

00010 
00020 
00030 
00040 
00050 
00060 
00070 
00060 
00090 
00100 
00110 
00120 
00130 
00140 
oOiso 
00160 

PLATE I-a 
" SHEET20F3 

83.269S= 0.10iliiO= 1.931 

NEXT LINE OF OUTPUT JET INTERSECTED SURFACE 
_ .. - , . 

I.e. Upper ho(.l n da...ry 0/ Jef rea.ched sur/ace 
73.9 73.3 2.4 7.7 35.3 3.2 82.7 53.0 4.89 

80.0 79.1 3.0 9.2 38.3 2.9 ;j~.4 e~.7 5.33 
- . - .. _. 

82.7l3S= O.lORdO= 1.932 
90.0 

. -
88.7 4.0 .' 12 ~ 1 43.3 ····2.6 b2.0 82.3 6.08 

82.2705= a.1ORHO= 1.932 
100.0 98.0 5.3 -. - 1 5.3 48.3 -2.4 81.6 81.9 6.84 

.-

81.908S= 0.10riHO= 1.932 
110.0 - . 107.2 6.8 19.0 53.3 -2.2 51.4 81.6 7.63 
." - ... -- _. .. -

AT nexf lIne Of ourpuf I ,/ef //1fer/erence occurs. 
81.619S= 0.10:tili0= 1.932 

120.0 - 116.2 8.6 -- 23. 0 5(-).3 2.0 81.1 01.3 8.44 
," 

81.3695= O.lOMO= 1.932 
130.0 -124.9 10.6 .- "-27~5 63.3 1'.9 80.9 81.2 
- .- .-

81.159S= Q.I0RHO= 1.932 
140.0 - . 

133.4 12.8 "'32.2 68.3 1.8 BU.S ~1 .0 

80.973S= O.lOMO:: 1.932 
150.0 ""141.7 15.3 -37~4 73.3 - r ~'r 80.6 80.8 
~ .. -. 

80.813S= a.I0RHO= 1.932 
160.0'-149.6 18.0 '--42.8 78.3 -1.680.580.7 

Ce;;feri,n'e- of Jefplume reaches '-sarfa'ce.--
0.10BHO~ 1.932 

S D DIRECTION COSINES RADIUS PROJECTIONS ON 
X-AXIS '. 'i-AXIS -Z~AXIS x":'AXIS Y-AJ(IS Z-AXIS .. 

10.0 10.3 0.99967 0.00536 0.02526 0.1 5.2 5.2 - .- . 

20.0 13.3 0.99865 0.01247 0.05042 0.3 6.7 6.7 -
'30.0 16.3 0.99692 0.02135 0.07547 0.6 8.2 8.8 

- - - - - --

40.0 19.3 0.99444 0.03198 0.10037 1.0 9.7 9.6 
." . , 

,--
50.0 23.3 0.98981 0.04442 0.13526 1.7 11.7 11.6 

- -



00110 
00180 
00190 
oo;;aoo 
00210 
002~0 
00230 
00240 
00250 
00260 
00216 
00289 
00290 
00300 ~ 
00310 
00320 -
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
001110 
00480 

PLATE I-a.. 
SHEET3 OF' 3 

60.0 28.3 0.98196 0~05918 0.119~9 2.1 14.2 13.9 

10.0 33.3 0.91190 0.07626 0.22268 3.9 16.6 16.3 

AT NEXT LINE OF OUTPUT JET INTERSECTED SURFACE 

ie.) Upper bOf.lndar!j 0/ J'e-" reaches surface. 
73.9 35.3 0.96140 0.08352 0.23909 11.1 

80.0 38.3 0.95911 0.09549 0.26426 5.4 19.1 18.·5 

90.0 43.3 0.94493 0.11654 0.30582 1.1 21.5 20.6 

100.0 48.3 0.92753 0.13894 0.34691 23.9 
... --.- •.• ""'~ .... _ I 

110.0 53.3 0.90826 0.16245 0.38558 11.2 26.3 
A+ ifex;f IInl[O!oiil'-ilf, ,- 'til infer-terence occurs, 

120.0 58.3 0.8~24 ~.18651 0.42402 13.5 28.1 

24.6 

26.4 

130.0 63.3 0.86260 0.21085 0.45984 16.0 31.0 28.1 

140.0 68.3 0.83661 0.23486 0.49490 18.7 29.7 

150.0 13.3 0.80931 0.25833 0.527:T@ 21.5 

160.0 78.3 0.18011 0.28085 0.55815 24.5 31.6 
Ceirferllne "of'j'e"f' plume -, rea.ches surface. 



ROSETON PLANT SUBMERGeD DISCHARGE (s-'xa.s,) 

MOST S£VEAE SUMMER CONDITION - SLACK TtD~ PLATE 11- a 
00980 
00990 
01000 
010l() 
Oi020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
01110 
01120 
01130 
01140 

ANG V!i. (SHEEr PIJ.IN& /)FSlCiN) SHEET / OF 2. 

o i i 50 
01160 
01170 
01180 
01190 
01800 
01210 
01220 
01230 
01240 
01250 
Oi260 
01270 T= 
01280 
01290 
01300 
01310 T= 
01320 
01330 
01340 
o i 350 1= 
01360 
01370 
01380 
01390 '1'= 
01400 
01410 
Oi420 
01430 T= 
01440 
Oi450 
01460 

100.00 0.05 

DS Cl 

0.10 

no vo 

7.35 

TO TBI \i 

97.00 79.00 

s x 

10.0 10.0 

92.099S= 
20.0 20.0 

89.351S= 
30.0 30.0 

40.0 
87.5825= 

40.0 

86.344S= 
50.0 50.0 

85.1095= 
60.0-60.0 

0.0 

0.1 

0.5 

0.9 

1.5 

1.00 

:::'ALO 

O.1U 

0.0 

O.10.iliO= 
0.0 

O.10,-:HO= 
U .1 

O. 10}t.H0= 
0.1 

O.10HrlO= 
0.2 

G. 10ltriO= 
0.8 

52 

1.J.5.00 

c:os'{ 

(}.IJO 

0.1 U 

D 

10.3 

YLI'" 

2U.OU 

\I 

10.6 

1.929 
-8.3 

1.929 
6.7 

1.930 
·5. 'I 

1.930 

1.931 
3.<) 

cos£: 

o.ou 

TEiv,s-
i:-'i 

DIL 

67.1 

01470 T= <34.0155= O.lUiI.HO= 1.9~1 

DDUI 

0.0500 

'rE:t·~ 

BY 
DhN 

98.1 

DIL 

1. La 

:';.<17 

01480 70.0 69.9 2.1 0.3 33.3 3.3 83.0 63.2 4.55 
01490 -- --
o i 500 At ne><f lIne of oufpuf. upper houndary of jet reaches su.r/ace. 
01510 "1'= 
01520 
Oi 530 
01540 
01550 T= 
01560 
U i ~rlO 
oi 580 
0\590 T= 

o3.252S= 
80.0 79.9 

32.6b9S= 
Ll. 1 

O.10.-;l-1O= 

0.10 ... ·10= 
0.6 

LJ. 1 GilliO:: 

1.9 J 1 
8.9-

1.9J2 
2.;:' 

1.938 

cl2.7 

De.U 68.:'; 

.'. 



PLATE II-a. 
~ 

SHEE 2 OF2 
01600 100.0" 99.8 5.5 -"~'O;8' 48.3 -l:r;3- 81.7 81.9 

( g::~g' Af nex/- lIne 'oj OfJfpuf/ ,ief";;'ferference--occurs "-,- ' 
01630 T= 
01640 

t, 01650 
01660 
01670 T= 

,/ 01680 
01690 
01700 
01710 T= 
01720 
01730 
01740 
01150 T= 
01760 
01770 
01780 
01790 T= 
01800 
01810 
01820 

81.9175= 
110.0~·"l09.6 

81.6415= 
120.0"'119.4 

81.4135= 
130.0 '''la9.2 

81.2225= 
140.0 - , 1 38.8 

81.0575= 
1 50 .0 ,- "I 48 • 4 

7.1 

11.2 

0.10RHO= 
.. - 1;0 

0.10RHO= 
1 ;4 

0.10RtlO= 
13.8 -""1;7 

0.10RHO= 
16.7 

53.3 

58.3 

63.3 

73.3 

1.932 
-2~1'" 81.5 

1.932 
-1;9' 81.2 

1.932 
"1';8- 81.1 

1.932 
-1.6" 80.9 

1.932 
-1"; S' 80.8 

01830 T= 80.9055= 0.10RHO= 1.932 

81.6 

81.2 

81.0 

80.9 

01840 160.0 "'157.9 19.9 -"--'2~3 78.3 -1';5' 80.6 80.8 o 18 50 - .. ' - , " 
01860 Cenferllne of Jet plume reaches sur/aae 
~'\le T= 

80.775S- O.IORHO= 1-.932 

6.62 

7.33 

8.04 

8.76 

9.50 

10.25 

11.02 

00500 
00510 
00520 
00530 
00540 
00550 
00560 

S D DIRECTION COSINES RADIUS PROJECTIONS ON 

( ,00570 
00580 
00590 
00600 
00610 
006g0 
00630 
00640 

( 

\. 

( 

00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 

< C'00810 
~~O~820 

X-MIS ?-AXlSZ-AXI5 X';'AXIS Y-AXIS Z-AXIS 

10.0 10.3 0.99998 0.00536 0.00126 0.0 5.2 5.2 

20.0 13.3 0.99992 0.01249 0.00252 0.1 6.7 6.7 

30.0 16.3 0.99976 0.02141 0.00378 0.8 8.8 8.2 

40.0 19.3 0.99947 0.03214 0.00504 9.7 9.7 

50.0 23.3 0.99897 0.04481 0.00683 0.5 11.7 11.7 

60.0 28.3 0.99815 0.06011 0.00913 0.9 14.1 14.2 

70.0 33.3 0.99688 0.07812 0.01142 1.3 16.6 16.7 
AI nex'f lIne' -Of oiiflJGif'/ upper"bbtiriiliir!l of j"ef reacniis surface. 

80.0 38.3 0.99502 0.09878 0.01370 1.9 19.1 19.2 

90.0 43.3 0.99240 0.12202 0.01596 21.5 21.7 

120.0 58.3 0.97827 0.20610 0.02251 29.2 

130.0 63.3 0.97087 0.23834 0.02459 7.6 30.8 31.7 

140.0 68.3 0.96184 0.27231 0.02662 9.4 32.9 34.2 
- .... ". . ...... - - ~ ... ~- --

150.0 73.3 0.95109 0.30756 0.02872 11.3 34.9 36.7 

-"-



ROSETON SUBMERGED DISCHARGE (.S Ix 8.S'') ,aLATE 1lI - a. 
MCST SEVERE SUMMER CONDITION SHEET/OF 3 

FLOOD TIDE (SH6'FT PlllN-G::- £)£SIGN) 
.... 

THOUTK 11:03 :,mS2 DECEr~BER 11 ~ 1969 
.-~ 

-, 

00010 ANG VR 
00020 
00030 270.00 -.90 
00040 
00050 
00060 DS Cl C2 ::;2 YLU/j DDQI 
00070 - -

00080 OelO 0.15 0.25 45.00 ~0.00 0.0500 
00090 - . --

00100 
00110 DO VO C05X COSy COSZ 
00120 
00130 7.35 15.00 1.00 0.00 0.00 
00140 -- -. _. ~. 

00150 
00160 TO TxIV SALO SALR 
00170 
00180 97.00 79.00 0.10 0.10 
00190 --

00200 
00210 
00220 
00230 oS X Y Z D Ii TB11-' TEl-'l1-' DIL 
00240 BY BY 
00250 DIL Di!:N 
00260 
00270 10.0 10.0 0.0 -.1 10.~ 10.6 91.8 92el 1.41 
00280 

.. - -. - . 

00290 
00300 T= 92.0995= 0.10RHO= 1.929 
00310 20.0 ,- 20.0 0.1 - - -.5 13.3 -8.3 88.9 89.3 1.88 
00320 -

00330 
00340 T= 89.352S= 0.10rtHO= 1.989 
00350 30.0 30.0 0.3 

.- ....... 
-1.0 16.3 -6. '7 87.1 87.6 2.23 

00360 -- - -

00370 
00380 T= 87.584S= 0.10RHO= 1.930 
00390 40.0 '39.9 0.5 --1.8 19.3 - 5'.7- 85.8 86.3 2.64 
00400 -- .- - .- .-

00410 
00420 T= 86.3485= O.tOMO= 1.930 
00430 50.0 49.9 0.9 - -- ;;'2.9 23.3 - 4. 7 84.6 85.1 3.19 
00440 
00450 
00460 T= 85.11SS= 0.10RHO= 1.931 
00470 60.0 ,- 59.8 1.4 

.- , ~ -~ 

-4.3 28.3 - 3'.9- 83.6 84.0 3.~9 
00480 -

00490 
00500 T= b4.0255= 0.10iiHO= 1.931 
00510 70.0 69.6 2.1 

, ... 

-6.1 33.3 -3.8- 88.9 83.2 4.60 
00520 

- . 

00530 
00540 T= 83.2665= O. lORnO= 1.93'1 
00550 



PLATE 1II.-a 
SHEET 2 OF..3 

AT NEXT LINE OF OUTPUT JET I NTERSECTED· -SURFACE 

/.e.~ Upper boundary 0/ je! reaches surface. 

00560 
0057() 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 T= 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 1= 
00940 
00950 
00960 
00970 

73.9 73.4 2.4 -6.9 35.3 3.2 82.1 ~3.0 

80.0 79.3 3.0 -8.3 3i::l.3 2.9 82.4 i::l2.7 
.... 

T= 82.7085= O.lORHO= 1.932 
90.0 88.9 4.1 ':'10.9 L13.3 2.6 82.0 82.3 

- -

82.2825= 0.10RHO= 1.938 
100.0 98.4 5.3':'13.8 48.3 ~2.4 81.6 81.9 

Af nexf lIne oj' OGlfpuf / /nterference 0/ clef occ~rs 
T= 81.9205= 0.10lmO= 1.932 

1 10.0- 107.7 6.9';;' 17.2 53.3 - 2~ 1- 81.4 81 .6 

T= 81.628 S= 0.10rlHO= 1.932 
120.0 - 116.8 8.7 ':;20.8 58.3 -2.0 81.2 81.4 
--

T= 81.388S= O.10HHO= 1.932 
130.0 125.7 10.7 ':'24.9 63.3 -1.9 81.0 81.2 

,-

T= 81.1755= O.lOilliO= 1.932 
140.0 --134.4 13.0 ';'29.2 68.3 -- r~ 7 i::l0.i::l i::ll.0 

--- , ~ 

T= 80.9965= O.10illlO= 1.932 
150.0 -142.9 15.5 -33.9 73.3 ~l.6 80.6 80.8 

.' - - -' 

80.8355= 0 .-t1)filiO~ 1.932 
160.0 -151.1 18.3 (~8.~/ 78.3 -1~6' 80.5 

Cenfe",-/Ine 'OJ ;Jei- plume ~eaches s~;face 
T= 80.694$= 0.10HHO= 1.932 

5.32 

6.05 

6.80 

9.19 

10.05 

10.94 

il.S7 



THOUTO 

00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00i80 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00860 
00270 
00280 
00890 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
003'70 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 

PLATE :oI.-a 
SHEET .3 OF.3 

11:10 RDS2 DECEMBER 11~ 1969 

S D DlfiECTION COSINES 
X-AXIS Y-AXIS -Z-AXIS 

AADIUS PROJECTIONS ON 
A~AXIS ¥-AXIS ~-AXIS 

10.0 10.3 0.99973 0.00536 -.08874 0.1 5.8 

20.0 13.3 0.99889 0.01248 -.04539 

30.0 16.3 0.99746 0.02136 -.06796 

40.0 19.3 0.99539 0.03201 -.09042 

50.0 23.3 0.99154 0.04449 -.12195 1.5 11.7 11.6 
-~~. ~ -. . ... --. -

60.0 88.3 0.98498 0.05935 -.16213 14.2 14.0 

70.0 33.3 0.97652 0.07661 -.20137 

AT NEXT LINE OF OUTPUT JET l~TERSECTED Su~FACE 
.. 

/, e:J Upper boundary ~f ;/e-f reaches surface. 
73.9 35.3 0.97870 0.08395 -.81636 4.1 17.6 

80.0 38.3 0.96615 0.09609 -.83943 4.9 

90.0 43.3 0.95391 0.11760 -.27609 6.5 

100.0 48.3 0.93892 0.14071 -.31405 8.3 23.9 23.0 
Ai jie)(f line (/1-oufIJur ,'"ii>ferPerence oP';,/ef ocl!drs. 

110.0 53.3 70.92200 0.16507 £~35025 iO~3 26.3 25.0 

120.0 58.3 0.90327 0.19041 -.38451 26.9 
- ~ ft • ~.. '" _. ,....... • • •••• ."..... .. .... ~ ." ••• _" ~-

130.0 63.3 0.88198 0.21613 -.41882 14.9 
-' . -' .. - . . - ~~ .. -.-. . ..... ~~ 

140.0 68.3 0.85988 0.24204 -.45062 17.5 30.5 

150.0 73.3 0.83445 0.26751 -.4817~ 

160.0 78.3 0.80837 0.29235 -.51095 23.1 37.5 

Cenferllne '~jj'ef plume '~aCJ,~s ~u.~j;'ce. 



ROSE TON Pl.ANT SUBMERGED DISCHARGE(~~/JI':;PLAT£ If-a 
MOST SEVERE SUMMER CONDITION SNEEr I OF .3 
EBB TlOE {,sHEET P,LING /)I'S/~N> 

, THOUTK 13:40 RDS2 D~EMBErl 2 .. 1969, 

00010 ANG va 
00020 
00030 90.00 1.00 
00040 -

00050 
00060 DS Cl C2 S8 YLIM DDQI 
00070 - ,. ,', 

00080 OelO 0.15 0.25 31.80 20.00 0.0500 
00090 

. 

00100 
00110 DO VO C05X COSY COSl 
00120 
00130 5.17 15.00 1.00 0.00 0.00 
00140 

. -

00150 
, 00160 TO TRIV SALO SALR 
00170 
00180 97.00 79.00 0.10 OelO 
00190 . - .. .. ~ ... 

00200 
00210 
00220 
00230 5 X Y Z D V TEMP TEMP DIL 
00240 BY BY' 
00250 DIL D£N 
00260 
00270 10.0 10.0 0.0 0.2 8.2 9.5 90.4 91.0 1.58 
00280 - ,-

00290 
00300 T= 91.0275= 0.10RRO= 1.929 
00310 20.0 -" 20.0 0.1 

~ ~ -. 
0.7 11.2 - 6.9 87.3 88el 2.16 

00320 
- . . 

, -
00330 
00340 T= 88.1485= 0.10RHO= 1.930 
00350 30.0 -29.9 0.3 - 1.5 14.2 - 5'. 5'· 85.5 ~6.4 2.75 
00360 ' " ,-.. --

00370 
00380 T= 86.4315= O.10RHO= 1.930 
00390 40.0 39.9 0.6 - 2.8 18.8 "4. r" 83.9 84.5 3.67 
00400 

,. 
" 

. 

00410 
00420 T= 84.5635= 0.10RHO= 1.931 
00430 50.0 49.6 1 • 1 ' - 4.8 23.8 -3. ~r 82.8 83.3 4.68 
00440 " .. " 

00450 
00460 T= 83.3555= 0.10RRO= 1.931 
00470 60.0 59.3 1.8 - 7.3 28.8 '2.8-- 82.2 88.6 5.71 
00480 ' .. . - -
00490 
00500 T= 82.5785= O.IOilliO:: 1.932 
00510 70.0 68.7 2.7 '-10.5 33.8 '2.~ 81.7 82.0 6.78 
00520 

.-

,00530 
00540 T= 82.0395= O.lOilliO= 1.938 
005.~O 

., 



00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 

.. 00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
009aO 
-~,0930 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00i40 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 

AT NEXT LINE OF OUTPUT JET INTERSECTED SUitFACE 
... 

PLATE Jl-a 
SfI££T20F3 

/. e . .) t./pper boundary off.let- reaches surj'ace 
71.4 70.0 2.8 11.0 34.5 2.3 1)1.6 82.0 6.93 

, '. . .'~ 

80.0 78.0 3.8 14.2 38.8 2.1 61.3 81.6 

T= 81.632S= O.10RHO= 1.932 
90.0 - 86.9 5.2 '18.5 43.8 ." -r.g" 131.0 81.3 9.05 

T= 81.298S= O.lORHO= 1.932 
100.0 - , '95.5 6.9 '-23~2 48.8 ~1.7· 80.8 81.0 10.28 - .-.... 

T= 81.038S= O.lORHO= 1.932 
110.0 -"103.8 8.8 " 88.5 53.8 -

r~6 80.6 80.8 11.58 
.~ ... -

T= 80.813S= O.10RHO= 1.932 
120.0 '-111.7 11.0 -' 34~2 58.8 -

1~5 130.4 80.6 

T= 80.626S= O. 10ffi-l0= 1.932 
130.0 '119.2 13.4 40.3 63.8 "1'.4 80.2 80.5 14.44 

A+ nexfllne .. .~ " . .- . -

of outptrf / :lef Inferference occurs, 
T= 80.4665= 0.10HHO= 1.932 

140.0 126.4 16.0 ,-- 46~8 68.8 ~1.4 ' 80.1 80.3 
- -

T= 80.3265= 0.10RRO= 1.932 
1 50 .0 -- .. J 33 • 1 18.9 --53; 7 73.8 -r~3- 80.0 80.2 17.70 
...... . ,.,-- .- -.. " .. - ..... ,-.. . -', - -~'-

Cenferllne oj,,;j£f pJurne r.eaches sur/ace. 
T= 80.202S= , 0.10RHO= 1.932 

,S D DIRECTION COSINES RADIUS PROJECTIONS ON 
X-AXIS "i-AXIS 'Z~AXIS X':'AX.IS Y-AXIS Z-AXIS . ,. ' -

10.0 8.2 0.99940 0.00581 0.03410 0.1 4.1 4.1 
.' .. - -- , -_. _ ... ..- . .' -

20.0 11.2 0.99759 0.01431 0.06793 0.4 5.6 5.6 
,< - - -. - ,. 

30.0 14.2 0.99451 0.02556 0.10152 0.7 7.1 7.0 
. ' .- .. , ..... -

40.0 18.8 0.98605 0.03978 0.16163 1.6 9.4 9.3 - .- -

50.0 23.8 0.97255 0.05735 0.82558 2.8 11.9 11.6 

60.0 28.8 0.95496 0.07792 0.28633 4.3 14.4 13.8 
- .. . -.-' 

70.0 33.8 0.93372 0.10109 0.34342 6.1 16.8 15.9 
". -- - ... ..... "M_ 



00230 
- 00240 AT NEXT LIME OF OUTPUT JET INTERSEC,}:ED.-SURFACE 

00250 
.. - -

00260 I,e,) Upper hounda r!j of .iet reaches surface 
00270 71.4 34.5 0.93049 0.10452 0.35109 6.3 17.2 
00880 -- -
00290 80.0 38.8 0.90861 0.18689 0.39810 8.1 19.2 
00300 - - -- - .-

00310 90.0 43.8 0.87879 0.15848 0.45888 10.5 81.6 
00320 -
00330 100.0 48.8 0.84655 0.17904 0.50129 13.0 24.0 
00340 -
00350 110.0 53.8 0.81046 0.80496 0.54877 15.8 26.3 
00360 - - -- -

00370 120.0 58.8 0.77848 0.28976 0.59202 18.7 28.6 
00380 - .-

00390 130.0 63.8 0.73315 0.25283 0.63132 21.7 30.9 
00400 Af nexfltne -PI otifpiJf / jef mrerf.erence oCl::ars. 
00410 140.0 68.8 0.69281 0.87358 .66781 84·9 33.1 
00420 
00430 150.0 73.8 0.65817 0.29170 0.69970 28.0 35.3 
00440 Cent-erhne OJ ~ef plume reaches 00450 surface-

PLATE ll-a 
SHEET 30F3 

16.8 

17.8 

19.5 

21.1 

22.5 

23.7 

24.7 

25.6 

26.4 
- --



00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
Oi050 
01060 
01070 
01080 
Oi090 
01100 
oli 10 
01120 
01130 
01140 

T= 

T= 

T= 

T= 

T= 

ROSETON PLANT SUBMERGED DISCHAR(JE(3.5~6J PLATE Y-a 
MOST SEVERE. SUMMER CONDITION . SHEET I OF 2 
SLA eK TIDE (SN£,'7 PIJjMl J)"rSltSN) . 

ANG···· VR ..... 

180.00 0.05 
'. -. 

D5 Cl -
0.10 0.15 - .. -. 

DO VO 

5.17 15.00 .. r. ". --

TO TRIV 

97.00 79.00 
.. 

s x .y 

10.0 10.0 0.0 

91.0275= 
20.0 

.... 
20.0 0.1 

.. -

88.1465= 
30.0 . -"'30.0 0.3 

86.4275= 
40.0 

.. 
40.0 0.7 

84.5535= 
50.0 -- 50.0 1 • I 

83.336S=· 
60.0 '60.0 1.8 

C2 

0.25 

COSX 

1.00 -

SAL 0 

0.10 

z 

0.0 

0.10HHO= 
.- 0.0' 

0.10RRa= 
.~ ..... ,.. 

0.1 
-

0.10RHO= 
" . ~,... o ~ I 

O.IORHO:: 
.... - 0.2 

0.10RHO= 
---~··0.4· 

S2 

31.80 
- .. -

COSY 

0.00 

SALE 

0.10 

D 

11.2 

14.2 

18.8 

23.8 
.. 

28.8 

YLIM 
-

20.00 

C05Z 
-

0.00 _. 

V TEMP 
BY 

DIL 

90.4 

1.929 -6.9 ,$1.3 

1.930 - 5.5 85.6 

1.930 
'"4.1 83.9 

1.931 
-3.3" 82.9 

1.931 
~E.1- 82.2 

82.5515= 0.10aHO= 1.932 

DDbll 
-

0.0500 

TEMP 
BY 

DEN 

91.0 

88.1 -

86.4 

84.5 

83.3 

82.5 

DIL 

2.16 

3.64 

5.59 

70.0 69.9 2.8 0.5 33.8 -2~3 81.7 82.0 6.57 
; - . " . , - "-. - - ~ , ~ .. . - -

01 i 50 
01160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
Oi240 
01250 
01260 
01270 
01280 
01290 
01300 
01310 
01320 
01330 
01340 
01350 
01360 
0137.0 
01380 
01390 
01400 
01410 
01420 
01430 T= 
01440 
01450 
01460 
01470 
01480 
01490 
01500 
01510 T= 
01520 

A-f nexf line of oClfpuf" upper boundar':! rea.ches stJ.tj'a,ce. 
T:: 82.0035= 0.10RHO= 1.932 

80.0' 79.8 4.0 "0.7 38.8 -2.0 81.4 81.6 

81.6005= 
90.0 .... 89.1 

O. 10ri.HO= 
1.0 

1.932 
-l.es 

7.55 

8.55 



PLATE E-d 
SHEET 2 OF2 

01540 
.. ,01550 'T= 81.2915= 0.10rlHO= 1.932 

01560 100.0 -, 99.5 7.4 1.:2 48.8 -1.6" 80. 9 81 • 0 

g~;~g Af -nexf line oj Otlfpllf~ jef Infe;';ence occ;';rs, 
01590 T= 81.0485= 0.10RHO= 1.932 
01600 110.0 - 109.3 9.7 --1.5 53.8 -r~S- 80.7 80.8 
01610 .' ,-

T= 80.8515= 0.10RHO= 
120.0 118.9 12.3 1.9 58.8 
.. ~ 

T= 80.6895= O.10RHO= 
130.0 128.4 15.4 -- 2~2 63.8 
- ' --

T= 80.554$= O.lORHO= 
140.0 -137.8 18.9 ~" 2 ~ 6 68.8 
.. 

01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 

Cenferltne of ;lef plume reaches 
T= 80.4315= O.lORHO= 

v-v-. ,'-" 

, 

1.932 
1.3 80.5 80.7 

1.932 
-I~2 80.4 80.5 

1.932 
-I .~- 80.3 80.4 

surface 
1.932 

10.59 

11.64 

12.72 

13.84 
-. ......... ,", 

00.480 
00490 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 
00610 

5 D DI l~l!;C '1'1 ON COSINES RADIUS PROJECTIONS ON 
X-AXIS Y-AXIS Z-AXIS X':'AXIS 'I-AXIS Z-AXIS 

10.0 8.2 0.99998 0.00581 0.00171 0.0 4.1 4.1 
-- - -
20.0 11.2 0.99989 0.01434 0.00340 0.1 5.6 5.6 

. - -

30.0 14.2 0.99966 0.02569 0.00510 0.2 7.1 7.1 ., -- -

40.0 18.8 0.99915 0.04028 0.00819 0.4 9.4 9.4 
-- , - " 

50.0 23.8 0.99820 0.05878 0.01157 0.7 11.9 11.9 
•. ' r. Jh.' 

--~1)Q620 60.0 28.8 O~99659 0.08111 0.01494 1.2' £4.4 14.4 
00630 

,00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 

" 007fW 

,,'-. ., 
" 

0'0730 
00740 
00750 
00760 

.. ". ~ .. 

70.0 33.8 0.99407 0.10715 0.01828 1.8 16.8 16.9 
Af next- line 01 oi.rfpilf, 'opper boundary re't2'Ches ~sur.lace . ... 

80.0 38.8 0.99037 0.13676 0.02158 2.7 19.2 19.4 

90.0 43.B 0.98518' 0.16972 0.02481 
~... . - ... 

100.0 48.8 0.97820 0.20575 0.02796 
At nexf ItneO£ OGifpu+, :lef Inferference 

110.053.8 0.96915 0.24450 0.03100 

120.0 58.8 0.95777 0.28553 0.03389 

3.8 
-'" 

5.1 
ocCU.rs 

6.6 

8.5 

130.0 63.8 0.94385 0.32835 .0 

Cenfer/lne o/J'ef plume reach'es sur/ace. 

21.6 21.9 -
23.9 24.4 

26.1 26.9 
--

28.2 29.4 



ROSETON PLANT SUBMERGED DISCHARGE (g.~'1f6') PLATE lL-a. 
MOST SEVERE SUMMER CONDITION SHEET IOF3 

FLOOO TlOE (SHEET ,P/t.I#6 DES/ifN) 

THOUTK 09: 59 RDsa DEC EMa.E:li 11 .. 1969 - .- -. 

00010 ANG VB. 
00020 
00030 270.00 -.90 
00040 
00050 
00060 DS C1 C2 52 l'LIM DDbll 
00070 
00080 0.10 0.15 0.25 31.tsO 20.00 0.0500 
00090 .-

00100 
ooi 10 DO vo COSX COSY COSZ 
00120 
00130 5.17 15.00 1.00 0.00 0.00 
00140 

_. 

00150 
00160 TO TR.IV SALO SALri 
00170 
00180 97.00 79.00 0.10 0.10 
00i90 
00200 
00210 
00220 
00230 S X Z D V TEMP TEiVIP DIL 
00240 BY bY 
00250 DIL DEN 
00260 
00270 10.0 10.0 0.0 -.2 8.2 9.5 90.4 91.0 1.58 
00280 

- . .- .-

00290 
00300 T= 91.0275= 0.10HHO= 1.929 
00310 :w.o -. 

20.0 0.1 -
-.6 11.2 -6.9 t57.3 88.1 2.16 

00320 
. . ., 

00330 
00340 T= 88.1475= O.10hHO= 1.930 
00350 30.0 

-. 
30.0 0.3 .' -1.4 14.2 -5.5 85.5 86.4 - 2.75 

00360 
00370 
00380 T= 86.430S= O.10R.BO= 1.930 
00390 40.0 39.9 0.6 -2.5 Ifj.8 4.1 83.9 84.5 3.66 
00400 

_ .. 

00410 
00420 T= 84.561S= O.lOHHO= 1.931 
00430 50.0 49.7 -1 • 1 -4.3 a;:hb - 3.3 82.9 83.3 4.66 
00440 
00450 
00460 T= 83.3515= 0.10h.H0= 1.931 
00470 60.0 59.4 1.8 -6.6 28.8 2.7 ts2.2 82.6 5.69 
00480 
00490 
00500 '1'= 1:12.5735= o. 10l-lli0= 1.932 
00510 7.0.0 68.9 2.7 -9.5 33.8 

- 2.4 d1.7 62.U 6.74 
00520 
00530 
00540 '1'= b2.0385= 0.10RHO= 1.932 
00550 

. ..~. . -



AT NEXT LINE OF OUTPUT JET INTErlSECT£D ':;)UrtFACE· 

/. e") 

00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 T= 
00780 
00790 
00800 . 
00810 
008:20 
00830 
00840 
00850 T= 
00860 
00870 
00880 
00890 T= 
00900 
00910 

Upper boundary cf J'ef reache.s Surface, 

·00'920. 
00930 

71.4 70.3 2.9 -9.9 34.5 2.3 81.6 82.0 
-

80.0 78.3 3.9 -12.9 38.8 8.1 81.3 81.6 -.. 

T= 81.636S= O.lORHO= 1.932 
90.0 87.4 5.3 ~16.7 43.8 1.9 til.() 81.3 

-

T= 81.310S= O. 1 0i-fri0= 1.938 
100.0 96.2 7.0 ':'81.1 48.8 - 1.7 80.8 81.0 

T= 81.0495= O.IOR-HO= 1.932 
110.0 104.8 9.() -85.9 53.8 1.6 dO.6 80.8 -

8{).8335= U.IU.i.HO= 1.932 
120.0 . 113.0 11.2 ~31.1 58.~ 1.5 80.4 80.6 

Af ~exf ilne- of Ou.fpufl Il?f~rJerence ~J J'el occurs, 
T= 80.6495= O.10RhO= 1.938 

'130.0 120.8 13.8 ~36.8 63.8 ~1.4 80.3 80.5 

80.4895= 
140.0 188.3 

o • 1 o iliiO = 
~42.b 

80.3585= O.10rlHO= 
150.0 135.5 19.6 -49.1 73.8 

- -

Cerrleritl'7e. of rfet ,o/(/nle reaches 
T= 80.232S= 0.10hHO= 

1.938 
- 1 .3 

1.938 
- 1 • 3 80.0 

sur/ace. 
1.932 

PLATE iC
SHEET20FE 

10.14 

11.39 

18.70 

14.10' 
~ - -, 

15.59 

17.17 



00010 
00020 
00030 
00040 
00050 
00060 
00070 
00060 
00090 
00100 
00110 
00120 
00130 
00140 
OOi50 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
004~b 
00430 
00440 

PLATE Ill-a 
SHEET.3 OF..3 

S D DIRECTION COSI NES H...c\DI US PROJECT! ONS ON 
X-AXIS Y-AXIS Z-AXI~ X-AXIS Y-AXIS Z-AXIS 

10.0 8.2 0.99951 0.00581 -.03069 0.1 4.1 4.1 

20.0 11.2 0.99802 0.01432 -.06117 0.4 

30.0 14.2 0.99548 0.02559 -.09145 7.1 7.1 

40.0 18.8 0.98851 0.03987 -.14583 1.4 

50.0 23.8 0.97726 0.05761 -.80395 11.9 1 1 • 7 

60.0 28.8 0.96248 0.07850 -.25973 13.9 

70.0 33.8 0.94437 0.10216 -.31261 16.1 

AT NEXT LINE OF OUTPUT JET INTER!.lECTEJ) SURFACE 

j, e:J Upper hO'lndarq Of \lef reaches StLrJace. 
71.4 34.5 0.94159 0.10567 -.31975 5.8 17.2 16.3 

.. -

80.0 38.8 0.92328 0.12819 -.36210 

90.0 43.8 0.89785 0.15575 -.41184 21.6 20.0 

100.0 48.8 0.86937 0.18404 -.45860 12.1 24.0 21.7 

110.0 53.8 0.83809 0.21245 -.50246 23.3 

120.0 58.8 0.80424 0.24009 -.54365 17.5 28.5 24.7 
Af neKf line Of o df"'pu'f/ Int-€ri!&ence o:C ··"'ef acC(.( rs 

130.0 63~t 0.76$25 0.26635~'.58211 ~Uj4 30.8 25.9 

140.0 68.8 0.73129 0.29082 -.61696 

150.0 73.8 0~69361 0.31298-~6488b 26~6"3Sd 28.1 

Cenferllne of :ie+ pll..l.cme. reaehes Surface. 
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Figures 55-a and 56-a depict the details of the computed lateral, 

vertical and longitudinal location of the 5'X8.5' jets for ebb 

phase conditions. The corresponding locations of the 3.5'X6' are 

shown in Figures 57-a and 58-a. 

The jet boundaries shown in these figures represent the vertical 

and longitudinal projections of the computed jet sizes at different 

locations. The computed jet velocities and dilution ratios are 

shown in Figures 56-a and 58-a. Stops indicating when the jet's 

upper boundary and centerline reach the river's surface, and when 

interference between adjacent jets occurs are also located on 

Figures 55-a through 58-a. Figure 59-a shows the relative locations 

of the five jets. 

Jet interference between adjacent jets occurs when the plume 

diameter exceeds center to center port spacing, which, in this 

design, is 50 feet. The upper boundary reaches the surface when 

the vertical projection of the jet's radius exceeds the difference 

between the depth of submergence and the vertical location of the 

jet. The lower boundary hits the river's bottom, when the ver

tical projection of the jet's radius is greater than the difference 

between the water depth and the vertical elevation of the jet's 

centerline. The centerline of the plume reaches the surface 
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when the vertical location of the plume is equal to the depth of 

submergence to the port centerline. For convenience, these four 

locations will be referred to, in this report, as the interference, 

surface boundary, bottom boundary and centerline surface controls. 

Dilution ratios for the two different jets, associated with these 

four controls, are summarized in Table 9-a. The values appearing 

under the bottom boundary control in the table were taken from 

the corresponding computer printout valu€s. In terms of vertical 

distance, these values represent the characteristics at the 

location where the vertical projection of the jet's radius is 

equal to the difference between a water depth of 30 ft. and the 

vertical elevation of the jet's centerline. Such location will 

usually occur at a lateral distance of some 40 to 50 ft. from 

the plane of discharge. 

The bottom boundary control dilution ratios represent the absolute 

minimum expected dilution. On the other hand, the values asso

ciated with the centerline surface control, i.e., when the center

line of the plume reaches the surface, indicative of the dilution 

ratios in cases where the influence of drag force and the river 

surface and bottom on the expanding jets are not significant. 



TABLE 9-a 

SUMMARY OF DILUTION RATIOS ASSOCIATED WITH 
CONTROL LOCATIONS AT ROSETON 

Interference BOUNDARY CONTROL Centerline 
Tidal phase control Upper Lower Surface Control 

Port Size · 5' X 8.5' · 
Ebb 8.44 4.89 2.92 12.08 

Slack 7.33 5.24 2.91 11.02 

Flood 7.57 4.88 2.915 11.87 

Port Size · 3.5' X 6' · 
Ebb 16.01 6.93 4.175 17.7 

Slack 10.59 7.55 4.13 13.8 

Flood 14.10 6.89 4.16 17.17 

1. Location where jet interference occurs. 

2. Location where upper boundary reaches the surface. 

3. Location where lower boundary hits the River's bottom. 

4. Location where jet centerline reaches the surface. 
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The values associated with the surface boundary and interference 

controls represent two different intermediate ranges. 

For the purpose of showing the most extreme effect of Roseton 

discharge, the minimum dilution ratios associated with the bottom 

boundary control were used in this study. In other words, the 

computations ignore any dilution occurring beyond the location 

where the lower boundary of the jets hits the river's bottom 

at some 40' to 50' offshore. In reality, however, entrainment of 

the river water into the individual jets will occur beyond this 

location, due to the availability of large volumes of ambient 

water in the remaining portion of the river's cross-section. 

The program results show that the absolute minimum expected 

dilution ratio ranges from 2.91 to 4.14 depending upon the size 

of the port and the tidal phase. A weighted average dilution 

ratio of the five jets is: 

3.55=('2. 91X2X8. 5X5+4 .14X3X6X3 .~5 ) 
2X8.5XS-f-3X6X3.5 

The average surface temperature rise over the entire plume is 

then computed as follows: 
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Average surface temperature rise = maximum plant temperature rise 
weighted average dilution ratio 

= 18 
3.55 

The corresponding maximum surface temperature rise above the river 

ambient temperature is therefore 7.8oF (5.08 X n/2). 

These values are somewhat higher than those corresponding to the 

underwater pipe scheme, i.e., 5.0SoF vs. 2.78oF and 7.8oF vs. 6o F. 

Therefore, the selected submerged discharge design is a more 

effective design in dispersing the heated plant discharge than 

the sheet piling. 

The higher dilution ratio associated with the underwater pipe 

resulted from the use of smaller part sizes (4-1/2 ft diameter 

& 5 ft diameter parts versus 3.5 ft x 6 ft & 5 ft x 8.5 ft slots), 

a larger number of openings (8 versus 5) and a more efficient 

velocity distribution. 

The river bottom shown in Figures 56-a and 58-a was based upon 

the USC&GS soundings. A local survey of the- river bottom in the 

vicinity of Roseton showed smaller depths. Dredging will be 

required as shown previously and results in less lower boundary 

control and a corresponding higher available dilution ratio, than 

was employed in the analysis of the sheet piling design. 
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ECOLOGICAL STUDIES RELATED TO THE PROPOSED GENERATING STATION 
AT ROSETON, NEW YORK. 

I. INTRODUC TION 

Ecological studies of the waters in the vicinity of the proposed 

generating station at Roseton, N.Y. were started on May 7, 1969 

and continued through October 22 of that year. The direction of 

the program was influenced by the presence of the existing 

Danskammer fossil fuel plant, a few thousand feet north of the 

proposed station. The heated discharge from this plant has been 

going into the river for many years. consequently, a study of 

the waters adjacent to the Danskammer plant, could be useful 

in predicting the possible effects of the thermal effluent of 

the proposed Roseton station, on the ecology. At both sites, 

there is an "indentation" of the shoreline to the south, in which 

the heated discharge water tends to accumulate, particularly at 

the ebb tide. 

Initially, the investigation was limited to a comparison of the 

abundance of bottom organisms in these "indentation" areas 

between the two sites. It was soon recognized that fish were 

abundant in the "indentation" area at the Danskammer station, and 

in close cooperation with Quirk, Lawler and Matusky studies were 
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designed to obtain information on the relationship of the various 

fish species to the heated effluent. Simultaneously with these 

field studies, another study was conducted in the laboratory on 

data collected by Northeast Biologists on the distribution of 

larval fishes in the Hudson River, to project, if possible, the 

effect of the new plant on the larval fish population. 

Procedures and methods, and results, are given below for each of 

the three major aspects of the investigation; namely, (1) Abundance 

of Bottom Organisms (2) Relative Abundance of Fishes and It's 

Relationship to water Temperatures 

Fishes. 

(3) Distribution of Larval 

II. ABUNDANCE OF BOTTOM ORGANISMS 

A. Procedures and Methods 

1. Location of Sampling Stations 

Five sampling stations were established in the "indentation" 

immediately south of the existing Danskammer Power Station (Figure 1) 

and an additional five sampling stations were established in the 

indentation immediately south of the proposed Roseton Power 

Station (Figure 2). 
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2. Depth of water at Stations 

Bottom samples were taken at depths ranging from 5 to 42 feet 

at Danskammer (Tables 1, la, Ib) and 3 to 27 feet at Roseton 

(Tables 2, 2a, 2b). 

3. Methods of Sampling and Analysis 

Bottom samples were collected with a messenger operated Birge

Ekman Dredge (5 kg. in weight, 15 cm. cube dredge box). A 400 cc. 

sample was removed from the dredge and preserved in 4% formalin. 

In the laboratory, the biota in each sample was sorted and 

classified. The depth of the water and the surface water tempera

ture (degrees C.) were recorded for each collection. 

4. Sampling Period and Sample Number 

Sampling began on May 7, 1969 and continued through October 22, 1969. 

During May, June and July samples were taken on Wednesdays at two 

week intervals, on May 7, 21; June 4, 18; and July 2, 16 and 30. 

During the remainder of the season, they were taken weekly, each 

Wednesday, on August 13, 20, 27; september 3, 10, 17, 24; and 

october 1, 8, 15 and 22. 

B. Results 

The data collected in the "indentation" of the Danskamrner Power 
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Station and the proposed Roseton Power Station are summarized in 

Tables 1, la, lb and 2, 2a, 2b and in Figures 3, 4 and 5. During 

the entire period at Danskarnmer eight types of organisms were 

collected including Annelids, Chironomid larvae, Polychaetes, 

Nematodes, Hirudinea, Copepods, Isopods and Amphipods. In addition 

invertebrate eggs were also present. In contrast, at Roseton, only 

three types of organisms were taken; Annelids, Chironomid larvae 

and Polychaetes. 

Annelids predominated at Danskarnmer and Roseton but were always far 

more abundant at Danskammer. The total number of Annelids taken 

from the five bottom stations at Danskarnmer on May 7, May 21, 

June 4 and June 18 was 23, 34, 78 and 88 respectively compared to 

0, 19, 25 and 39 taken from the five bottom stations at Roseton 

on the same dates. On July 2, 16 and 30, and Aug. 13, 20 and 27; 

75, 42, 69, 33, 14 and 40 were taken from the five bottom stations 

at Danskarnmer compared to 18, 29, 5, 20, 7 and 11 taken from the 

five bottom stations at Roseton the same days. On Sept. 3, 10, 17 

and 24, and Oct. 1, 8, 15 and 22; 38, 27, 23, 35, 25, 9, 23 and 10 

were taken from the five bottom stations at Danskammer compared to 

15, 13, 17, 9, 4, 6, 4 and 3 taken from the five bottom stations 

at Roseton on the same days. 
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Both at Danskammer and Roseton the abundance of Annelids increased 

in early May, reached a peak in June and started to decline in July. 

Chironomid larvae and Polychaetes, the two other groups of organisms 

common to both Danskammer and Roseton, were far less abundant than 

the Annelids. The Chironomid larvae were most abundant at Danskammer. 

Peak abundance in both areas was in late May and early June. Erratic 

occurrence at low levels of abundance was characteristic of the 

Chironomid larvae during the remaining period and this was also 

true of the Polychaetes, throughout the entire study period. 

The bottom at both Danskammer and Roseton consists of a loose, 

sticky clay intermixed with silt. There was no discernable differ

ence in this material between the two areas which might explain 

the relatively poor productivity of the bottom at Roseton compared 

to Danskammer. 

C. Conclusions 

In summary, in so far as the bottom organisms are concerned, these 

are more abundant in the area influenced by the heated effluent 

from the Danskammer Power Station than in an adjacent area where 

the proposed Roseton Power station will be located. 



III. RELATIVE ABUNDANCE OF FISHES AND 
IT'S RELATIONSHIP TO WATER TEMPERATURES 

A. Procedures and Methods (Seine Samples) 

1. Location and Description of Seining Stations 

Three seining stations were established in the "indentation" 

immediately south of the existing nanskammer power Station 
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(Figure 1). Seine Station 1, was closest to the outfall structure. 

Seine Station 3 was furthest from the outfall structure in the 

"indentation" area. Seine Station 2 was between the other two 

stations but closer to Seine Station 1 than Seine Station 3. The 

position of each station was determined to a large extent by its 

accessibility to a seine net. Seine Station 1, was a shoal beach 

which gradually sloped into the deeper outfall channel. The bottom 

appeared to be mostly sand, gravel and small stones. At inter-

mediate and low tides the net collected in an area from the edge 

of the outfall channel to the shore. Seine Station 2 was located 

off an area of cement spoil and consisted of a very small beach 

which abruptly descended into deeper water. The beach itself was 

made up of sand, gravel and small stones but at its edges, as it 

descended abruptly, the bottom became muddy and rooted aquatic 

plants, particularly Potamogeton were abundant. Seining was only 

effective in the area from the shore to the edge of the rooted 

aquatic plants. Seine Station 3 was in a small cove in the 
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"indentation" area. This was a shoal and the bottom was a viscous 

soft mud. 

Additional seine sites were sought in the "indentation" area at 

Roseton site. Here, the shore is rimmed with the remains of old, 

wooden bulkheads and docks and the water deepens rapidly immediately 

offshore of these structures. consequently, no seine samples could 

be obtained in this area. 

2. Methods of Physical and Chemical Data Procurement and Analysis 

These are described in detail in the accompanying report of Quirk, 

Lawler and Matusky (p. Al to A9) and will not be discussed here. 

3. Methods for Procurement and Analysis of Data on Fish 

Fish were sampled at the three stations using a 50 foot nylon seine 

with the following specifications. The mesh size was 3/8 inchi 

the top and bottom lines were of 1/4 inch polypropyline. The top 

line had plastic floats (2-1/2 inches in diameter and 1-1/4 inches 

thick) every 15 inches, while the bottom line had a No. 9 oblong 

lead every 15 inches. Centrally located in the body of the net 

was a pocket, of the same material as the rest of the net, which 

was 4 by 4 feet at its attachment and extended back for 6 feet. 
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The net was set in prescribed areas at each seine station according 

to a fixed procedure. It was pulled out into the water perpendicular 

to the shore for its entire length, if possible, or until a depth 

of four feet was reached. This was the maximum depth at which a 

man in waders could operate the net without getting wet. The net 

was then pulled out into the water perpendicular to the shore for 

its entire length. At this position, it was stretched parallel to 

the shore and then hauled to the beach. The product of the distance 

from the shore where the net was set and the length of the net was 

taken as the area seined. 

Fishing sampling was undertaken at all four stations once a week, 

each Wednesday from Aug. 13 to Oct. 22, 1969. Usually only one set 

of the net was made at each station on a sampling day. However, on 

some days, a series of sequential seine samples were taken at the 

same station, particularly at Seine Stations 1 and 2. The fish were 

preserved in 4 percent formalin and brought to the laboratory for 

study. 

At the laboratory each fish sample was sorted by species. The 

standard length (tip of snout to end of vertebral column) of all 

fish was measured by means of dividers and a steel rule. Measure

ments were to the nearest .1 mm. Since each seine haul was taken 
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in a designated area following a prescribed procedure the number of 

fish captured in the known area seined can be taken as a measure of 

relative abundance. Since the area seined at each haul could not 

always be the same, resulting in variable units of measure of relative 

abundance, the unit of measure of relative abundance was arbitrarily 

set at the number of fish per 5000 square feet of area seined and 

each seine set adjusted to this unit. 

B. Procedures and Methods (Holding Experiments) 

This experiment was run on September 4, 1969 after arrangement with 

the plant management at Danskamroer to adjust their flow of discharge 

water to obtain a maximal thermal effect. Three fyke nets each 

approximately 4' high, 4' wide and 10' long were anchored in 5' of 

water close to the discharge canal of the Danskammer Power Station. 

The fish used were collected at Seine Station 2 using the 50' seine 

described above. The water temperature at this station at the time 

of collection of the fish was 91 degrees F. After each seine haul 

the fish were stored in a plastic tub until a sufficient number 

could be taken to warrant the experiment. The fish were held in 

the tub for 1 hour. At the end of this time the water temperature 

had fallen to $4 degrees. Inactive and injured fish were discarded 

and each species of the remaining fish was divided into three equal 

or near equal lots by transferring each lot to a plastic bucket. 
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A single lot of each species was poured from a bucket into each of 

the three fyke nets and the mouth and bag openings closed. The 

number and size composition of each species of fish introduced into 

each fyke is summarized in Tables 13 and 14. Included are white 

perch, striped bass, pumpkinseed, bluegill, golden shiner (Fyke 1 

only), spottail shiner, goldfish, banded killifish and brown bullhead. 

The fish were introduced into Fyke 1 at 12:22, into Fyke 2 at 12:30 

and into Fyke 3 at 12:38. They were removed 1 hour later from Fyke 

1, 2~ hours later from Fyke 2 and 4 hours later from Fyke 3. The 

fish removed from each fyke were placed in buckets of water and 

then transferred to a holding tub and their condition observed. 

During the period in which the fish were retained in the fykes, a 

continuous recorder connected to a thermister set at a depth of 3' 

in the region of the fykes showed a temperature range of 92.4 to 

93.0 degrees F. Periodic check of the temperature at the surface 

and bottom in the vicinity of the fykes with a thermometer indicated 

that these were the same. 

C. Results 

1. physical and Chemical Aspects 

a. Water Temperature 

Data on water temperature at the seining sites at the time the fish 
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were sampled are summarized in Table 3. Only water temperatures at 

depths of four feet or less are given since these were the effective 

seining depths. computed differences in temperature between the 

surface and bottom water and the maximum and minimum rise in temp

erature of these layers of water over the ambient are given in Table 

4. Differences in temperature between the surface and the bottom 

layers of water at the seining sites ranged from 0.1 to 6.4 at 

Seine Station 1, 0.0 to 4.2 at Seine Station 2 and 0.0 to 7.1 at 

Seine Station 3. Large temperature differentials between the sur

face and bottom layers of water at Seine Stations 1 and 2 appear 

to occur mostly at flood tides and are apparently caused by re

tention of some of the heated effluent at the surface of the 

"indentation" area. At ebb tides there appear to be a good mixing 

of the heated effluent and river waters. During the sampling period 

the maximum rise in water temperature over ambient water temperature 

at seine Station 1 ranged from 6.5 to 15.2 degrees F, at Seine 

Station 2, from 0.6 to 14.2 and at Seine Station 3, from 0.8 to 

12.5. The average surface temperature was highest at Seine Station 

1 (89.1 and 77.8 in Periods 1 and 2) next highest at Seine Station 

2 (88.4 and 74.6 in Periods 1 and 2) and lowest at Seine Station 3 

(85.6 and 74.0, in Periods 1 and 2). During the period August 13 

to September 17 when water temperatures in the Danskammer "inden

tation" were mostly over 83 degrees F. the surface and bottom at 



-12-

the time fish samples were taken at Stations 1 and 2 were approxi

mately the same. It should be noted that during this period fish 

at these two seining sites were in water ranging in temperature 

from 85.9 to 91.0 degrees. 

b. Salinity 

There appears to be no significant difference among the seining 

stations in the salinity of the water (Table 3). Salinity readings 

(mg/l) were relatively low at all stations ranging from 50 to 360. 

c. Dissolved Oxygen 

Dissolved oxygen was always adequate at all seine stations and no 

significant difference in this parameter could be discerned among 

the stations (Table 3). 

2. Biological Aspects 

a. Species composition of the Fish Catch 

(1) Relative Abundance 

A total of 20 species of fishes were captured by the seine. A list 

of these fishes including the common and scientific names are given 

in Table 19. Information on relative abundance of each species of 

fish is summarized in Tables 5 to 7. In these tables, the catch of 

all species per single set of the haul seine is enumerated in terms 
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of an adjusted catch per 5000 square feet of seine area. Each table 

summarizes the data for a single seine station (Table 5, Seine 

Station Ii Table 6, Seine Station 2i Table 7, Seine Station 3). 

Examination of the data shows that 9 species of fishes predominate 

in the waters at Danskammer. These are the white perch, striped 

bass, brown bullhead, spottail shiner, golden shiner, goldfish, 

banded killifish, Jonny darter and pumpkinseed. In the period 

Aug. 13 to Sept. 17 they were 96.89%, 96.60% and 92.10% of all the 

fish taken at Seine Stations 1, 2 and 3 respectively. In the period 

Sept. 24 to Oct. 22 they were 98.01%, 94.84% and 38.06% of all the 

fish caught at Seine Stations 1, 2 and 3 respectively (Tables 5-7, 

Figures 6-7). 

The average number of all fish and of each of the nine predominant 

species of fish caught per individual set of the haul seine (adjusted 

to number per 5000 sq. ft. of seine area) during the periods Aug. 13 

to Sept. 17 and Sept. 24 to Oct. 22 is shown in Table '8 and Figures 

6 and 7. Looking first at period 1, Aug. 13 to Sept. 17, (Figure 6), 

the abundance of all fish was highest at Seine Station 1 (181.7) 

almost as high at Seine Station 2 (165.0) and was lowest at Seine 

Station 3 where the abundance was about 50% less (97.1). Looking 

at the individual species, the white perch was most abundant at 

Station 1 (67.1), somewhat less abundant at station 2 (50.0) and 
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at a considerably lower level of abundance at Station 3 (7.4). 

Striped bass was far more abundant at Station 1 than at Station 2 

(47.8 and 8.6 respectively) and was not present at Station 3. Brown 

bullhead were present in moderate amounts at Stations 1 and 2 (15.5 

and 9.8) and rare at Station 3 (1.7). Spottail shiner were most 

common at Station 2 (23.4), less common at Station 3 (10.3) and 

uncommon at Station 1 (2.2). Golden shiner were fairly abundant at 

Station 2 (37.2) and uncommon at Stations 1 and 3 (3.6 and 4.6). 

Goldfish were present in moderate numbers at Stations 1 and 3 

(15.3 and 16.3) but less common at Station 2 (5.4). Banded 

killifish were very abundant at Station 3 (45.4), only half as 

abundant at Station 2 (20.4) and uncommon at Station 1 (3.6). 

Johnny darter were present in moderate numbers at Station 1 (18.4) 

were less common at Station 2 (6.2) and uncommon at Station 3 (1.7). 

Pumpkinseed were not abundant at any stations but were most numberous 

at Station 1 (8.2) compared to 4.0 and 2.0 at Stations 2 and 3 

respectively. 

In Period 2, Sept. 24 to Oct. 22, (Figure 7), the abundance of all 

species was again highest at Seine Station 1 (810.2) and far greater 

than the abundance. at Stations 2 and 3 (171.0 and 156.0). White 

perch were very abundant at Station 1 (256.6) abundant to a much 

lesser extent at Station 2 (54.7) and only moderately abundant at 
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station 3 (17.6). striped bass were very abundant at -Station 1 

(495.6) abundant to a much lesser extent at Station 2 (58.8) and 

not present as in the previous period at Station 3. Brown bullhead 

was only present in low numbers at all stations (0.4, 3.5 and 4.0 

at Stations 1, 2 and 3). Spottail shiner as in the previous month 

were moderately abundant at Station 2 (23.7) and uncommon at 

Stations 1 and 3 (3.2 and 5.2). Golden shiner were uncommon at all 

stations (0.2,4.7, 2.0 at Stations 1, 2, 3 respectively). This 

was also true for the goldfish at Station 1 and 2 (2.0 and 0.5). 

They were somewhat more prevalent at Station 3 (7.8). Banded 

killifish were uncommon at Station 1 (1.2), not taken at Station 2 

and were in moderate numbers at Station 3 (13.0). Johnny darter 

were present in moderate numbers at Stations 1 and 2 (7.8 and 5.2) 

but uncommon at Station 3 (1.0). pumpkinseed were moderately 

abundant at Station 1 (27.4) but less so at Stations 2 and 3 (11.0 

and 8.8). As has been indicated above, during this period (Sept. 24 

to Oct. 22), the nine predominant species made up only 38.06% of the 

fish caught at Station 3. Much of the remaining portion of the 

catch was made up of blueback herring and to a lesser extent of 

alewife and mummichog (Table 7). 
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2. Relationship of Relative Abundance of Predominant Species 
of Fish to water Temperature 

The relationship of the relative abundance of each of the nine pre-

dominant species to water temperature is indicated from data con-

tained in Tables 3-8. 

a. White Perch 

Regardless of water temperature fewer white perch were present at 

Station 3 than at the other two stations. They were more abundant 

at Station 1 than at Station 2 although differences in water tempera-

ture between these two stations are slight. The greater abundance 

of white perch at Station 1 might be attributed to its preference 

for a sand-gravel-stone bottom as a habitat. Such a habitat is 

most extensive at Station 1, less so at Station 2 and almost non-

existent at Station 3. Most fish were in the young-of-the-year 

age group (0+) as indicated by length frequency data (Table 9). 

b. Striped Bass 

Again regardless of water temperature, striped bass were much more 

abundant at Station 1 than at Station 2 and were not present at all 

at Station 3. As with the white perch, the striped bass prefers 

a hard bottom and this is most available at Station 1. Fish were 

mostly in t~e 0+ age group (Table 9). 
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c. Brown Bullhead 

The brown bullhead appeared to be most abundant at stations 1 and 2 

at the season of the year when the water was warmest. Since this 

species prefers a muddy bottom its high abundance at Stations I and 

2., where the bottom is predominantly hard, might be attributed in 

part to the attraction by the warmer water. The fish were all 

in the 0+ age group (Table 9). 

d. Spottail Sh~ner 

spottail shiner were much more abundant at Station 2 than the other 

stations and no relationship to water temperature was apparent. It 

is likely that the deeper water immediately off the collecting 

beach, with its mud bottom and emergent plants, is a favorite 

habitat of this species, and that this population wanders into the 

limited beach area where it is vulnerable to the seine. Most of 

the fish taken were apparently in the OT year class (Table 9). 

e. Golden Shiner 

There was no obvi~us relationship between golden shiner abundance 

and water temperature. This was a relatively uncommon species in 

the "indentation" area and was taken only in quantity during August 

at Station 2. These fish belonged to the 1+ or older age groups 

and probably wandered into the limited beach seining area from the 
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deeper, weedier, habitat immediately offshore. During the same 

period, the fish at the other stations were mainly in the 0+ age 

group (Table 9). 

f. Goldfish 

No obvious relationship was observed between the abundance of this 

species and water temperature. During the period of highest water 

temperatures (Aug. l3-Sept. 17) goldfish were most abundant at 

Station 1 and 3. In the period of lower water temperatures, the 

abundance dropped at all stations but to a lesser extent at Station 

3. Station 3, which had the greatest overall abundance of goldfish 

during the entire study, is a shallow, mud flat, a habitat favored 

by this species. Age groups found included 0+ and older fishes 

(Table 9). 

g. Banded Killifish 

Again the relationship of the abundance of th~ species to water 

temperature was not apparent. This banded killifish was found 

most abundantly at Station 3 throughout the study period and was 

fairly abundant at Station 1, during the interval Aug. 13-Sept. 17. 

In the Hudson River, this species has been found most commonly in 

places with muddy bottoms. It's abundance pattern at Danskammer 

is therefore most likely attributable to habitat preference. The 
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sizes of fish taken are shown in Table 9. 

h. Johnny Darter 

Abundance of the Johnny darter was greatest at Station 1 and 

diminished progressively at Stations 2 and 3. It is not likely 

that the increase in abundance is associated with an increase in 

water temperature. Rather such an increase in abundance would be 

expected as a result of habitat preference. The Johnny darter, lacks 

a gas bladder and consequently, is primarily a bottom inhabitant. 

It is most commonly found on firm, sandy bottoms. Such a bottom 

is most available at Station 1 and becomes progressively less 

available at Stations 2 and 3. The size of fish caught are shown 

in Table 9. 

e. Pumpkinseed 

The pumpkinseed, like the Johnny darter, favors a habitat having 

a firm bottom. The abundance of this species at the three stations 

follows a pattern similar to that of the Johnny darter and also 

appears to be related to the availability of preferred habitat. 

The sizes of fish taken, both 0+ and older age groups, are shown 

in Table 9. 

To complete the picture on the fish taken by seine, the sizes of 
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the other fish present in the catch at the various stations are 

summarized in Tables 10-12. 

b. Fish viability Related to Water Temperature 

Results from the holding experiments are summarized in Tables 13 

and 14. In Fyke 1, after the fish had been held in water ranging 

from 92.4-93.0 degrees F for 1 hour, 3 of the 10 white perch were 

dead; the sole bluegill was dead; and 1 of the small pumpkinseed 

and 2 of the small banded killifish were missing. These could 

have died and been eaten or since they were small killed and 

eaten by the larger fish. In Fyke 2, after the fish had been held 

for 2~ hours in the same temperatures of water, 2 of the 9 white 

perch were dead, and 4 of the banded killifish were missing. In 

Fyke 3, after the fish had been held for 4 hours in the same 

temperatures of water, 4 of the 9 white perch were dead; the sole 

small striped bass used was dead; 2 of the 4 pumpkinseed were 

missing; the sole spottail shiner was missing; of the initial 6 

banded killifish, 1 was dead and 3 missing; 1 of the 4 brown 

bullheads was dead. 

Observation of the living fish in a holding tank for a period of 

one hour after removal from the net showed a residual mortality 

in uhree of the nine species. This residual mortality was most 
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apparent in the white perch and to a lesser extent in the banded 

killifish and spottail shiner. Whether the residual mortality in 

these species was due to their retention in the heated water or 

handling is difficult to say. It was noticed that those fish 

which were dying in the holding tank were severely scaled, probably 

by the webbing of the fyke net. The remainder of the fish, which 

were active and moved, normally, showed no scaling. 

D. Conclusions 

In summary, the above data would indicate that the abundance of 

various predominant species of fish in the Hudson River is closely 

associated with habitat preference. Increased water temperatures, 

even as high as 91 degrees F, does not appear to influence abundance. 

Whether abundance is maintained by a constantly, emigrating and 

immigrating population, or a stationary one able to effectively 

adjust to the higher water temperatures, or both, is not known. 

Preliminary holding experiments suggest that these fish can live 

in water temperatures in the low 90's without apparent ill effect, 

for varying periods of time, depending on the species. 
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IV. DISTRIBUTION OF LARVAL FISHES 

A. Similarity of the Danskammer-Roseton Area and the Cornwall Area 

The stretch of river extending from the Danskammer-Roseton area 

to the cornwall area is fairly uniform, and consists of rather 

extensive shoals on the East side of the river, a relatively 

narrow shoal area on the west side of the river, and a channel 

reaching depths down to 80' (Figure 8). Species of fish taken at 

Cornwall are the same as those taken at the Danskammer-Roseton 

area. At both places, either at the existing or proposed power 

station sites on the western shore, there is little shoal area 

compared to the extensive shoals on the opposite eastern shore. 

consequently, it might be expected that information obtained on 

the distribution of fish larvae at Cornwall would be indicative 

of the distribution in the Danskammer-Roseton area. Examination 

of all data obtained by Northeast Biologists during the period 

1965-1968, showed that the 1968 data were most suitable for such 

a study. Following is an analysis of these data to show comparative 

larval concentrations at various depth contours in terms of striped 

bass, white perch and all other species combined. 
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B. Data Analysis 

The average numbers of larvae along a depth contour presented in 

the next three items (C,D&E), Tables 15 through 18, and Figures 9 

through 19 were based on a simple arithmetic average of the magni

tudes of the observations at that location. 

The percentages of larvae in the area from the western shore to 

a given depth contour were computed by dividing the sum of contour 

averages within that area to the sum of all contour averages. This 

averaging technique gives an equal weight to the contour averages 

rather than to the individual observations. 

A more representative percentage giving equal weight to all of the 

observations may be obtained by dividing the sum of the individual 

values within the area of interest to the sum of all of the obser-

vations within the cross-section. 

The following example may help to clarify the difference between 

the two averaging techniques: 

The per cent of miscellaneous fish larvae found in the area from 

the western shore to the 30' contour at Cornwall during May 16-31, 

1968 is 20.7 using the contour average method (see Table 16 and 
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Figure 10). Using the weighted average method, this value becomes 

16.4%. 

Due to its simplicity the contour average method was used to pre-

sent the percentages corresponding to the different contour loca-

tions. These results are presented in items c through E. The 

weighted average method was used to compute the percentages of 

the larvae that were found in the area bounded by the west shore 

and the 30' contour only. These results are given in item F. 

c. concentration of Miscellaneous Fish Larvae Related to 
Depth contours 

The results of the study of the concentration of miscellaneous 

fish larvae (all larvae exclusive of striped bass and white perch) 

in relation to depth contours are summarized in Tables 15-18 and 

Figures 9-18. These larvae were most numerous from mid-May to 

mid-June with the average number for all depths along a depth 

contour, ranging from 8.7 to 34.9 larvae per 1000 cu. ft. of water. 

During this period, of all the miscellaneous larvae present across 

the whole stretch of the river, less than 21% were found in the 

area from the western shore to the 30 foot contour and less than 

28% to the 45 foot contour. Of the larvae in the area from the 

western shore to the 30 foot contour, from 52% to 67% were at the 

surface and 17% to 48% were at the bottom (Figures 15-16). 
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D. Concentration of White Perch Larvae Related to Depth Contours 

The results of the study of the concentration of white perch larvae 

in relation to depth contours are summarized in Tables 15-18. 

White perch larvae were most abundant from mid-May to mid-June 

with the average number for all depths along a depth contour ranging 

from 0.8 to 5.0 larvae per 1000 cu. ft. of water. During this 

period of all the white perch larvae present across the whole stretch 

of the river, less than 13% were found in the area from the western 

shore to the 30 foot contour and less than 20% to the 45 foot con

tour. Of the white perch larvae in the area from the western shore 

to the 30 foot contour, 23% to 50% were at the surface and 34% to 

70% were at the bottom. 

E. Concentration of Striped Bass Larvae Related to Depth Contours 

The results of the study of the concentration of striped bass 

larvae in relation to depth contours are summarized in Tables 15-18. 

striped bass larvae were most abundant from mid-May to mid-June 

with the average number for all depths along a depth contour ranging 

from 1.1 to 19.4 larvae per 1000 cu. ft. of water. During this 

period of all the striped bass larvae present across the whole 

width of the river, less than 19% were found in the area from the 

western shore to the 30 foot contour and less than 34% to the 45 

foot contour. Of the striped bass larvae in the area from the 
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western shore to the 30 foot contour, 9% to 30% were at the sur

face and 65% to 75% were at the bottom. 

F. Conclusions 

Concentrations of fish larvae obtained in the Cornwall area from 

late April thru mid-July, 1968 by Northeast Biologists were 

analyzed to determine the effect of the Roseton intake on fish 

larvae. Consideration of channel and shoal geometry from 

Danskammer Point to Cornwall, and of the types of fish species 

taken all along this reach indicates that the Cornwall data is 

indicative of the distribution of fish larvae in the Danskammer

Roseton area. 

The maximum Roseton intake flow is 1,460 cfs, or 1% of the 

average tidal flow in the Hudson at this point. The cross

sectional area between the west bank and the 30 ft. depth con

tour on the west side of the river's channel is 4% of the river's 

cross-section. This 30 ft. contour represents a conservative 

estimate of the boundary of the zone in the river in the vicinity 

of Roseton, within which intake water is withdrawn. 

Since the tidal excursion is 4 miles, waters will be withdrawn 

from the zone between Marlboro on the north and Newburgh on the 
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south. These represent outer boundaries, and most of the waters 

withdrawn by the plant are within a very small region in the 

near vicinity of the plant. 

Based on the Cornwall data, the percentages of larvae within this 

zone of the river, which can be expected to be located west of the 

river channel's western 30 ft. depth contour are 11% of striped 

bass larvae, 12% of white perch larvae, and 15% of the larvae of 

remaining species. These percentages were computed using the 

weighted average method described in item B above. 

These percentages were based on a schematic representation of the 

river's cross-section, in which the 30 ft. contour bounded 7%, 

rather than the actual 4% of the river's cross-section. Therefore, 

the percentages of larvae given above are about 75% higher than 

estimates based on actual cross-section data. 

Only a very small fraction of the larvae estimated above to exist 

with the 30 ft. contour will be influenced by the plant intake. 

comparing the fraction of the river's cross-section bounded by 

the 30 ft. contour (4%) to the fraction of the average tidal flow 

withdrawn by the plant (1%) suggests that most of the water will 

be withdrawn from a zone well within this bounding contour. 
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Secondly, as shown on Figure ~9, the larvae tend to concentrate 

at the surface and bottom. 

The intake is provided with a skimmer wall to a point about 

5 feet below normal low water level. This wall will effectively 

block the withdrawal of the surface fish larvae in this area. 

The slope of the modified river bottom running out to deep water 

in the area of the intake and the low velocities at the bottom 

layer will reduce the withdrawal of fish larvae in this area. 
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Table 1 Abundance 1/ of Bottom Organisms in the Vicinity of the Danskammer 
Power Station; May-June 1969 

~ 
II) ~ 

-0 ~ til ..... II) ~ ,.. tIS 
II) e CI> ~ II) .0 CI> 

-0 0 -0 tIS -0 CI> c:: 
Surface ..... c:: CI> 0 .r:: 0 ~ • .-l ..... 0 tIS ~ t) 0.. ,.. -0 

Station Date Time Depth Temp. ~ ,.. > tIS ~ ~ CI> II) :l c:: ..... $./ ~ ..... 0.. > eo $./ 

(Cent.) c:: .r:: tIS 0 0 c:: eo ..... 
< U...:I Z ~ U 1-4~ :x:: 

1 May 1 10:35 5 25.0 2 3 1 1 
2 II 9:48- 10 24 0 0 21 
3 " 11 :00 33 24.0 1 1 
4 It 12:20 10 21.0 
5 II 12:01 33 20.0 

Total " 23 4 1 1 1 

1 May 21 9:00 5 29.0 8 2 
2 " 9:09 11 23 0 0 2 
3 II 9:18 38 1.1 9 5 
4 II 9:27 13 1.1 11 2 
5 " 9:40 37 :lJ 4 3 1 

Total II' 34 12 1 

1 June 4 8:38 1 29 0 0 17 1 
2 " 8:46 10 28 0 0 31 6 
3 " 9:02 28 23.0 4 7 
4 " 9:13 14 27 0 0 19 
5 " 9:19 42 2100 7 1 

Total II 78 15 

1 June 18 9:47 5 26.0 6 
2 " 9:56 9 25.5 5 
3 " 10:02 38 24.0 13 4 
4 " 10:10 11 21 0 0 52 
5 II 10:15 30 25.0 12 -Total " 88 4 

1/ Number per 400 ce. sample of bottom. 

11 Instrument inoperative. 
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Table la Abundance 1/ of Bottom Organisms in the Vicinity of the Danskammer 
Station; July-August 1969. 

;..;. CD CD 
GI -0 ~ 

'" '" C!I 
CD GI e GI 

og 
~ 0 ~ ell 

'" r:: GI '" og 
Station Date Time Depth Surface .-4 () o C!I og 0 

GI >. ~ > :I 0. 
(ft.) Temp. e:: .-4 '" ~ ~ 0 

~ 0 ..c C!I .... ell 
Cent. j:I., t)~ ::t: H 

1 July 2 8:40 5 30.5 16 
2 .. 8:52 12 28.0 6 
3 11 9:30 30 27'.0 13 
4 " 9:50 18 30.5 31 1 
5 II 9:40 34 27.0 9 1 

Total 75 2 
1 July 16 8 :50 6 31.0 10 1 
2 11 8:58 9 28.0 3 
3 II 9:08 31 27.0 2 
4 " 9:15 15 30.0 12 1 1 
5 " 9:21 29 28.0 15 1 1 

Total 42 1 3· 1 
1 July 30 9:14 6 31.0 9 
2 t1 9:23 9 30.0 4 1 
3 .. 9:28 32 27.0 23 1 
4 " 9:44 15 30.0 33 
5 " 9.:53 32 29.0 0 

Total 69 1 1 
1 Aug. 13 11 :45 6 30.0 13 "t 

2 " 11 :50 10 28.0 7 
3 .. 12:10 32 28.5 1 
4 II 12:15 10 31.0 11 1 1 
5 " 12:25 31 27.5 1 1 

Total 33 2 1 
1 Aug. 20 8:45 5 31.0 3 
2 II 8:50 9 28.0 6 
3 II .8:55 30 25.0 1 
4 " 9:00 15 29.0 3 
5 .. 9:10 30 25.0 1 1 1 

Total 14 1 1 
1 Aug. 27 10:40 6 32.0 19 
2 .. 10:50 10 28.0 5 1 
3 .. 10:55 35 25.0 4 
4 .. 11:00 10 24.0 4 
5 tl 11 :10 29 24.0 8 

Total 40 1 

1/ Number per 400 CC. sample of bottom. 



Table lb Abundance 1/ of Bottom Organisms in the Vicinity of the 
Danskammer Station: September - October 1969 

It). 

III "0 
"0 III ~ 10 0 

Depth Surface ..... CII CII "0 0. .... , ~ 0 eu 0 ..... 
Station Date Time (ft.) Temp. CII >'CII ~ "0 > 0. .c: 

"C:;: .... eu ............. 0 0. 

. Cent. c:;: o.c: .c:e~ II) ~ -< ~ (J uo~ H 

1 Sept. 3 8.55 5 32.0 14 
2 " 9.02 10 26.5 8 
3 " 9:05 35 26.0 1 
4 II 9:10 15 32.0 9 
5 " .9: 13 35 26.0 6 1 

Total 38 1 
1 Sept. 10 8:45 5 28.0 4 1 
2 " 8:47 9 26.5 12 1 
3 II 8.51 28 25.0 5 
4 " 8:55 10 27 .5 4 
5 ." 9:00 29 26.0 2 1 

Total I! 27 1 2 
1 Sept. 17 10:35 6 30.0 -. 7 
2 " 10:10 10 27.0 3 
3 " 10:20 35 26.0 5 
4 " 10:40 10 29.0 2 
5 n 10:45 30 26.0 6 

Total 23 
1 Sept. 24' 9:00 9 23.0 5 
2 " 9:08 11 21.0 9 
3 n 9:15 25 22.0 5 
4 " 9:30 14 22.0 5 
5 " 9:35 31 22.0 11 2 

Total " .35 2 
1 Oct. 1 11:35 5 27.0 14 2 
2 n 11:43 10 26.0 8 2 
3 II 11:52 34 22.0 5 
4 " 12:00 13 26.0 2 
5 II 12:07 31 23.0 1 1 

Total '11 25 2 2 5 1 
1 Oct. 8. 10:48 7 19.0 3 
2 II 11:03 10 19.0 1 3 
3 " 11:08 32 20.0 1 1 
4 " 11:17 14 20.0 4· 
5 " 11:23 35 19.0 

Total " 9 ·4 
1 Oct. 15 10:50 5 23.0 5 
2 " 11:00 6 21:5 6 
3 It 11:10 33 20.0 " 1 1 
4 " 11:20 15 21.5 11 1 
5 " 11 :35 41 20.0 2 

Total " 23 1 3 
1 Oct.22 11:25 10 16.0 2 
2 II 11 :35 16 16.0 3 
3 II 11 :40 41 16.0 1 .1. 
4 " 11:50 21 16.0 2 2 
5 II 11 :55 40 16.0 2 2 

Total " 10 4 1 

1/ Number per 400 cc sample of bottom. 

I 
'.' 
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Table 2 Abundance 1/ of Bottom Organisms in the Vicinity of the Proposed 
Roseton Power Station; May-June 1969. 

en 
"C) Qj ... ~ 

en ~ Q,l 
"CJ t'\I 

Surface 
... s:: Qj ..c: .... o cd u 

Time Depth Temp. 
Q,l ~ > l>\ Station Date a or4 ~ .... 

(ft) (Cent.) ..c: cd 0 
< U~ ~ 

1 May 7 }.2:37 10 14.0 . 
,·.2 " 12:50 25 14.0 
3 " 13:31 29 14.0 
4 " 13:58 18 14 0 5 
5 " 13:38 26 14.0 

Total " 

1 May 21 9:50 12 1:.1 
2 " 9:58 17 2:./ .1 1 
3 " 10:03 25 2:./ 8 5 
4 " 10:08 16 2:./ 10 
5 " 10:15 23 2:.1 

Total " 19 6 

1 June 4 9:39 5 .2Q.O 14 1 
2 " 9:46 17 20.0 6 2 
3 " 9:52 25 21.0 5 
4 1\ 10:00 14 20.0 
5 1\ 10:13 15 20.0 

Total " -25 3 

1 June 18 10:27 5 22.0 1 
2 " 10:32 14 22 0 0 18 1 
3 " 10:37 24 22 0 0 21 
4 " 10:42 9 21.5 1 
5 II 10:47 17 21.5 

Total " 39 2 1 

11 Number per 400 ce. sample of bottom. 

1.1 Instrument inoperative. 
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Table 2a Abundance 1/ of Bottom Organisms in the Vicinity of the Proposed 
Roseton Power Station; July-August 1969. 

III 
II "d 
~ ..... 

III Q,I a 
"d 1\1 0 .... .t:: .r;: Q,I 

Station Date Time Depth Surface .... 0 o til 
Q,I >. ~ > 

(ft.) Temp. r;: .... .... ~ 
~ 0 .t:: til 

Cent. Po. U~ 

1 July 2 10:10 4 25 1. 
2 " 10:05 6 25 1 -
3 " 9:58 20 25 7 -
4 " 10:20 10 25 2 1" 
5 " 10:25 20 25 8 1 

Total 18 2 
1 July 16 9:37 3 24 4 1 1 
2 " 9:44 5 24 9 1 
3 " 9:50 20 25 16 1 2 
4 " 9:57 10 25 
5 " 10:04 16 25 

Total 29 3 3 
1 July 30 10:05 5 25 1 
2 1\ 10:30 6 25 '1 
3 " 10:40 22 25 3 
4 tI 10:45 10 25 
5 " 10:52 20. 25 

Total 5 
1 Aug. 13 12:30 6 26 2 
2 " 12:40 17 26 7 
3 " 12 :50 24 27 8 
4 tI 13:00 10 26 
5 " 13:10 25 25.5 3 

Total 20 
1 Aug. 20 9:30 5 25 
2 " 9:15 13 25 3 
3 " 9:25 26 26 4 
4 " 9:35 13 25 1 
5 " 9:45 27 26 

Total 7 1 
1 Aug. 27 11:20 6 24 1 
2 II 11 :25 15 24 2 
3 " 11:30 24 24 8 
4 " 11:40 10 24 
5 " 11 :35 26 24 

Total 11 

11 Number per 400 cc. sample of bottom 
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Table 2b Abundance 11 of Bottom Organisms in the Vicinity of the 
Proposed Roseton Power Station, Sept.-Oct. 1969. 

q,~ 

'b~ q,<; ~"b 
. ~..., ~'l1 §' 

;:.0 'l1q, 
Depth Surface ~q, -:-,CI <,,0 <,,~ 

~ Station Date Time (ft.) Temp. ",.r.:> ~ ~...., v'll . v . 
Cent. 

1 Sept. 3 9:22 9 25.0 6 
2 II 9:25 23 25.5 4 
3 II 9:28 26 25.0 5 1 
4 II 9:32 15 25.0 
5 II 9:34 25 25.5 

Total II 15 1 
1 Sept. 10 9:05 5 23.5 7 -2 II 9:08 15 23.9 3 
3 " 9:12 23 23.5 2 
4 n 9:16 15 23.0 0 
5 " 9:18 25 23.5 1 

Total " 13 
1 Sept. 17 10:50 3 24.0 4 
2 II 10:55 8 24.0 2 
3 II 11:00 22 24.0 5 
4 " 11 :10 9 25.0 3 
5 • 11 :15 20 25.0 3 

Total 17 
1 Sept. 24 9:50 6 22.0 2 
2 II 10:00 16 22.0 5 
3 II 10:05 26 21.0 1 1 

.4 " 10:10 11 21.0 1-
5 " 10:17 25 ~1.0 

Total II '9 I 
1 Oct. 1 12:18 4 21.0 
2 II 12:24 14 21.0 2 
3 " 12:30 25 21.0 1 
4 " 12:37 10 21.0 1 
5 " 12:42 20 21.0 

Total II 4 -

1 Oct. 8 11 :35 6 19.0 1 
2 " 11 :41 9 19.0 
3 " 11:47 22 19.0 5 
4 II 11:55 10 19.0 1 
5 " 12:00 21 19.0 1 1 

Total " 6 1 2 
1 Oct. 15 11 :45 5 18.5 1 
2 " 11:50 7 18.5 
3 " 12:00 20 18.5 3 
4 " 12:05 10 18.5 
5 " 12:10 25 18.5 1 2 

Total " 4 3 
1 Oct. 22 12:08 8 16.0 
2' " 12:12 20 16.0 1 2 
3 II 1,2: 17 30 16.0 2 
4 II 12:25 12 16.0 1 
5 II 12:30 20 16.0 

Total II 3 3 

11 Number per 400 ce. sample of bottom. 
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Table 3 Physical Data: Danskammer, August - October 1969.11 

Ambient Temperature (Fahrenheit) 
Date Time Tidal Cycle Temp Station" Dep.th in Feet D.P. Salinity 

(F) Surface 1 2 3 4 (nlg/l) (mg/1) 

8/13 10:00-
11:30 Early Flood 77 .3 I 89.4 89.01.1 

II II II II 2 89.0 
II II II II 3 88.0 

8/20 9 :'30-
U:30 llax. Ebb 76.0 1 91.2 91.1 91.0 91.01./ 6.1 65 

II II II " 2 90.0 90.0 89.0 509 72 
II " " II 3 88.5 89.0 83.5 82.2 6.4 76 

9/3 9:30 Max. Ebb 76.0 1 90.2 90.5 90.52/ 6.4 76 
tI 1i:20 " II 2 90.2 90.0 89.5 6.0 58 
II 11:43 II II 3 87.0 87.01.1 -9/19 9:30-

. 11 :00 Late Ebb 76.0 1 88.0 88.0 88.0 88.0 88.8 6.1 58 
" II II II 2 86.1 86.1 86.1 86.0 86.0 6.3 126 
II " II " 3 83.1 80.8 78.0 77 .0 76.911 6.1 360 

9/17 11 :35- LO\-1 
12:50 Slack 75.0 1 86.5 86.4 86.4 86.4 86.4 5.9 162 

II tI II II 2 86.5 86.5 86.4 86.1 85.9 6.1 
II II II II 3 81.5 81.2 80.21./ - 7.3 67 

9/24 10:25- Max. Flood 
11:30 72.4 I 1 78.9 77.4 76.8 75.0 73.5 6.4 83 

'.,,' , " " II' 2 73.0 73.0 73.0 73.0 72.9 6.6 58 .. tI II II 3 73.2 73.2 73.0 73.1 73.1 6.6 140 
1011 9:40-

10:40 Late Ebb 70.0 1 8302 83.4 83.0 82.811 6.3 108 
n " 11 II 2 82.5 82.5 82.5 82.1LI _ 6.0 52 
" II II II 3 82.5 81.8 81.2 810211 605 50 -10/8 11:40- High 

12:40 Slack 67.5 1 80 0 3 80 0 3 79 0 5 79.2 7805 702 104 
" " " " 2 79 0 0 78 0 1 76 04 7504 7408 701 243 
" II " " 3 75.5 73 0 6 70 00 68.6 68 0 41.1 702 73 

10/15 10:40- Low 
11 :45 Slack 65.8 1 76.9 7607 76 0 7 76.5 760421 700 243 

" \I " " 2 7509 7509 7508 7506 7502 609 65 
" " " " 3 7506 75.6 7505 75.5 702 65 

10/22 10:06 Max. Flood 61.04/ 1 6906 69 0 0 68 0 0 63 0 5 63 0 2 706 
" 10:25 Late Flood " 2 62.8 62 0 8 62 0 8 62 0 811 707 
11 10:35 " II 3 63.0 6300 63 001.1 -

1/ Collected by Quirk, Lawler and Matusky 
1/ Bottom 
Jj Bottom; depth 3.5 feet. 
!il Estimated 
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Table 4 Changes in Water Temperature: Danskammer, August-October 1969 

T E M P E R A T U R E 
Difference Rise Over Ambient 

Date Station Surface Bottom Ambient Between Maximum Minimum 
Surface and 

Bottom 

8/13 1 89.4 89.0 77 .3 0.4 12.1 11.7 
" 2 89.0 11 11.7 -. 
" 3 88.0 11 10.7 

8/20 1 91.2 91 0 0 76.0 0.2 15.2 15.0 
11 2 .90.0 89.0 " 1.0 1400 13.0 
II 3 88 05 820 2 II 6.3 12.5 6.2 

9/3 1 90.2 90.5 76.0 0.3 14.5 14.2 
" 2 90.2 89.5 II 0.7 14.2 1305 
" 3 87.0 87.0 II 0.0 11.0 11.0 

9/10 1 88.0 88.8 7600 0.8 12.8 12.0 
" 2 86 .. 1 86.0 II ·0.1 10 01 10.0 
" 3 83.1 76.9 11 6.2 701 0.9 

9/17 1 8605 86.4 75.0 0.1 1105 11.4 
" 2 86 0 5 85.9 " 0.6 11.5 10 0 9 
" 3 81.5 80.2 " 1.3 6.5 5.2 

9/24 . -1 78.9 73.5 72.4 5.4 6.5 101 
" 2 73 00 72.9 II 0.1 0 0 6 0.5 
" - 3 73.2 73.1 " 0 0 1 0.8 0.7 

10/1 1 83.2 82.8 70.0 0.4 1302 12.8 
" 2 82 0 5 - a2.1 " 0.4 12.5 12.1 
" 3 8205 8102 " 1.3 12.5 11.2 

10/8 1 80.3 78.5 67 0 5 1.8 120 8 11 0 0 
" 2 79.0 74.8 " 4.2 11 05 703 
n 3 75.5 68 0 4 " 7.1 8.0 009 

10/15 1 76.9 76.4 6508 0.5 1101 10 06 
It 2 75.9 75.2 " o.i 10.1 9.4 
u 3 75,,6 75.5 " 0.1 8.8 8.7 

10/22 1 69.6 63.2 61.0 6.4 8.6 2.2 
" 2 62.8 62.8 " 0.0 1.8 108 
" 3 63.0 63.0 " 0.0 2.0 20 0 



Table 5 Number of Each Species of Fish Caught Per Set of the Haul Seine 1/: Danskammer 

Station 1, August-October 1969, 

Date 8/13 8/13 8/13 8/13 8/13 8/13 8/20 8/27 9/3 9/10 9/17 Total 
Time 9:25 9:30 17 :35 17:50 18:'00 18:05 10 :15 9:35 12:10 9:45 9:35 
High tide 13:10 13:10 13:10 13:10 13:10 13:10 18:10 12:42 18:24 12:10 16:30 No. r. 
Temp z./ 89 89 94 94 94 94 91 89 90 B8 86 
Area Seined 1500 1500 . 1500 1750 1750 1750 1500 2000 2000 1250 1250 

White Perch 186 200 40 20 18 8 100 44 10 28 84 738 35~79 
Striped Bass 24 56 2 - 20 2 2 244 176 526 25 0 51 
Brm-ln Bullhead 44 60 6' 8 6 22 16 8 170 80 24 
Spottail Shiner :2 2 - 20 24 1.16 
Golden Shiner - - 30 10 40 1.94 
Goldfish 20 6 18 6 32 64 4 10 8 168 8.15 
Banded Killifish 6 4 22 8 40 1094 

..., . 
""'"' - - - -Johnny Darter 14 30 24 26 28 8 40 4 24 4 202 9.80' 

Pumpkinseed 4 4 2 80 90 4036 
Bluegill 4 10 4 18 0087 
White C_~tfish 8 6 4 18 0 0 87 
Eel 6 4 2' 4 8 24 1016 
Alewife 2 2 010 
Blueback Herring 
Carp 
Largemouth Bass -Fourspine Stickleback - 4 4 ,019 
Crevalle Jack 
Total 292 366 74 82' 62 84 284 70 70 276 404 2064 100 0 08 

1/ In terms of number of fish per 5000 square feet of area seined. 
z./ At surface of water in degrees Fahrenheit. 



Table 5 (continued) Number of EachS'peciesof F'ish Ca'ught Per Set' of the Haul Seine L/: 

Station 1,! August-October 1969 0 

nate 9/24 '9/24 ' 9/24 ' '10/1 10/1 10/8 10/15 10/15 10/22 10/22 
Time 15:17- 15:'29 '15:37 '9:45 ' 13:30 9:55 9:25 9:35 9:15 9:30 
High Water .11 :35 11 :35 11 :35 16:55 16:55 10:50 15:20 15:20 9:48 9:48 Total 
Temp 1:.1 82 82 82 83 81 80 77 77 70 70 
Area Seined 1250 1250 1250 2250 1250 2500 1250 ·1250 250 500 No. '1. 

White Perch 16 24 28 '144 1052 18 88 76 1120 2566 3lo6~ 
Striped Bass 92 4 8 300 956 36 152 28 1080 2300 4956 61016 
Brown Bullhead 4 4 0.05 
Spottail Shiner 28 4 32 0.39 
Golden Shiner 2 2 0002 
Goldfish 12 4 4 20 0.25 w 
Banded Killifish 12 12 0 0 15 OJ 

Johnny Darter 14 16 12 36 78 0.96 
Pumpkinseed 24 12 52 22 40 32 12 80 274 3.37 
Bluegill 4 4 2 8 18 0 0 22 
White Catfish 2 4 6 0 0 07 
Eel _ 12 8 20 0 0 25 
Alewife 
Blueback Herring 20 24 44 0 0 54 
Carp 4 4 2 10 0 0 12 
Largemouth Bass .40 40 0 0 49 
Fourspine Stickleback 
Crevalle Jack 4 16 20 0 0 25 
Total 40 40 96 514 2096 56 344 196 1120 3500 8102 99 0 95 

1/ In terms of number of fish per 5000 square feet of area seined. 
Z./ At Surface of water in degrees Fahrenheit. 



Table 6 Number of Each Species 6f Fish Caught Per Set of the Haul Seine 1/: Danskammer 

Station 2, Aug.-Oct. 1969. 

Date 8/13 8/13 8/13 8/13 8/13 8/20 8/27 9/3 9/10 9/17 
Time 10:00 10:05 10:15 10:30 17:30 10:50 9:20 11:30 10:45 9:00 Total 
High Water 13:10. 13:10 13:10 13:10 13:10 18:10 12:42 18:24 12:10 16:30 
Temp. 1:.l 89 89 89 89. 90 90 88 90 86 86 No. 1-
Area 1750 1750 1750 1750 1250 625 1250 1250 1000 1200 
White Perch 12 40 12 22 48 104 72 16 120 54 500 29 0 27 
Striped Bass 2' 2 4 4 20 54 86 50 04 
Brown Bullhead . 14 - 64 8 8 4 98 50 74 
Spottail Shiner 2 18 6 8 100 88 8 4 234 13 0 70 
Golden Shiner 66 66 82 66 4 56 8 20 4 372 21078 
Goldfish 2 16 12 4 20 54 3016 
Banded Killifish 2 2 72 4 124 204 11 0 94 w 
Johnny Darter 6· 12 24 12 4 4 62 30 63 \0 

Pumpkinseed 12 4 4 20 40 20 34 
Bluegill 2· 8 10 0 0 59 
White Catfish 8 8 16 0094 - -Eel 8 8 4 20 1.17 
Alewife 4 4 8 00 47' 
Shad .-Largemouth Bass 
Crevalle Jack - - - 4 4 0 0 23 -Total 82 144 100 106 .248 360 148 184 168 168 1708 100000 

11 In terms of number of fish per 5000 square feet of area seined. 
II At surface of water in degrees Fahrenheit. 



Table 6 (continued) Number of Each Species of Fish Caught Per Set of the Haul Seine-1-/ 

Danskammer Station 2, Aug.-Oct. 1969. 

Date 9/24 9/24 9/24 10/1 10/8 10/15 10/22 10/22 
Time 14:37 14:52 14:58 10:20 9:35 ·9:00 .9:00 10:00 Total 
High Water 11 :35 11 :35 11:35 16:55 10:50 15:20 9:48 9:48 
Temp·l/ 82 82 82 82 79 76 63 63 
Area Seined 1250 1250 1250 1000 600 800 600 150 No~ '7. 

White Perch 104 164 100 40 16 6 8 438 32 0 02 
Striped Bass 8 8 8 4 126 116 200 470 34 0 36 
Brown Bullhead 8 12 4 4 28 2.05 
Spottail Shiner 8 16 166 190 13 0 89 
Golden Shiner 4 14 12 8 38 2.78 

~ 
Goldfish 4 4 0 0 29 0 

Banded Killifish 
Johnny Darter 4 38 42 3.07 
Pumpkinseed 4 12 12 14 12 34 88 60 43 
Bluegill 4 4 4 12. 0 0 88 
White Catfish -Eel 4 4 0 0 29 
Alewife 
Shad 8 34 42 30 07 -Largemouth Bass 4 4 0 0 29 
Crevalle Jack 4 4 8 0.58 
Total 140 204 132 84 150 68 . 156 434 1368 100 0 00 

1/ In terms of number of fish per 5000 square feet of area seined. 
2:../ At surface of water in degrees Fahrenheit. 



Table 1~' Number of Each Species of Fish Caught per Set of the Haul Seine 1/: Danskammer 

Station 3, Aug.-Oct. 1969. 

Date 
8/13 8/13 8/20 8/27 9/3 9/10 9/17 l'otal 

Time 
10:40 16:30 11 :20 10:20 11 :55 11 :00 9:50 No. '7. 

High Water 13:10 13:10 18:10 12:42 18:24 12: 10 16:30 

Temp. 2:./ 88 90 88 85 87 83 81 

Area Seined 2500 2500 1250 2500 2500 2500 1250 

White Perch 20 2 8 2 8 12 52 7.65 

Brown Bullhead 2 4 2 4 12 1.77 ' 

Spottail Shiner 40 8 16 
8 72 10.59 

Golden Shiner 
2 4 2 24 32 4071 

Goldfish 18 26 16 42 
12 114 160 77 

Banded Killifish 44 20 52 4 78 8 112 318 46.78 

Johnny Darter 
4 2 2 4 12 1.77 

Pumpkinseed 
2 4 8 14 2,,06 

Eel 

2 
2 0 .. 29 

Alewife 

4 4 0059 

Blueback Herring 

Nummichog 

14 ·24 38 5,,60 

Crevalle Jack 

l d ,10 1 .. 47 

Total 
124 62 100 58 118 30 188 680 100.05 

Jj In terms of number of fish per 5000 square feet of area seined. 

11 At surface water in degrees Fahrenheit. 

~ .... 



Table 7 (continued) Number of Each Species of Fish Caught per Set of the Haul Seine 1/: 

Danskammer Station 3, Aug.-Oct. 1969. 

Date" 9/24 10/1 10/8 10/15 10/22 
Time 14:15 11:05 10:15 10:20 10:30 Total 
High Water 11:35 16:55 10:50 15:20 9:48 
Temp 1:.1 79 82 75 76 63 No. 7. 
Area Seined 3750 3500 2500 2500 1250 

White Perch 9 21 42 12 4 88 11.28 
Brown Bullhead 13 1 6 20 2056 
Spottail Shiner 3 3 4 16 26 3033 
Golden Shiner 2 8 10 1 .. 28 
Goldfish 4 33 2 39 5 .. 00 
Banded Killifish 9 56 65 8.33 ~ 

Johnny Darter 5 5 0.64 N 

Pumpkinseed 13~~ 5 18 8 44 5064 
Eel 3 8 11 1041 
Alewife 3 60 2 8 73 9.36 
Blueback Herring 2 8 328 338 43 033 
Mummichog 19 42 61 " 7082 
Crevalle Jack 
Total 48 96 130 134 ~372 780 99098 

1/ In terms of number of fish per 5000 square feet of area seined. 
1/ At surface of water in degrees Fahrenheit. 



43 

Table 8 Average Number of Each of Nine Major Species of Fish Caught Per 
Daily Set of the Haul Seine, Danskammer, August-October 19691-/ 

Station 1 Station 2 Station 3 

Species 8/13-9/172/ 9/24-10/223/ 8/13-9/17~/ 9/24-10/22~/ 8/13-9/175/ 9/24-10/2261 

White Perch 67.1 25606 50.0 5407 704 17 .6 

Striped Bass 47.8 495.6 806 5808 

Brown Bullhead 15.5 004 9.8 3.5 107 400 
Spottail 
Shiner 2.2 302 23 04 23.7 10.3 502 

Golden Shiner 306 002 37.2 4.7 4.6 20 0 

Goldfish 1503 2.0 504 0.5 1603 7.8 
Banded 
Killifish 3 0 6 102 20 0 4 4504 13 0 0 

Johnny Darter 18 0 4 708 602 5.2 107 1.0 

Pumpkinseed 8 0 2 2704 4.0 11.0 2.0 8.8 

Total 
9 Species 18107 794.4 165.0 16201 8904 59.4 

Grand Total 187.6 810 02 170.8 171 00 9701 15600 

1/ In terms of number of fish per 5000 square feet of area seined. 

:£/ Based on 11 samples. 

'}j Based on 10 samples. 

!if Based on 8 samples. 

}.I Based on 7 samples. 

§../ Based on 5 samples. 
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Table 9 Length Frequencies of Major Species of Fishes Caught by Haul Seine: . 
Danskammer, August 13-0ctober 22, 1969. 

White Perch Striped Bass Brown Bullhead 

8/13-9/17 9/24-10/22 8/13-9/17 9/24-10/22 8/13-9/17 9/24-10/22 

Length Station Station Station Station Station Station 
(rom) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

20-24 5 1 .1 
25-29 16 11 4 5 
30-34 36 20 2 6 1: 1 
35-39 49 24 5 2 3 2 6 

,40-44 43 16 4 5 2 3 2 
45-49 41 16 1 8 3 9 3 14 8 1 
50-54 4 16 1 18 17 8 1 2 2 18 6 2 
55-59 10 8 3 80 30 18 12 4 10 4 9 1 
60-64 4 1 1 150 28 5 22 7 48 8 5 3 1 2 
65-69 2 106 13 8 27 3 110 14 2 1 1 3 
70-74 1 26 1 21 1 136 8 1 2 5 
75-79 1 9 1 22 1 111 5 3 2 
80-84 6 7 91 2 2 1 
.85-89 4 1 5 2 47 1 1 1 
90-94 1 2 15 
95-99 1 12 4 17 

100-104 12 2 5 
105-109 2 11 1 3 
110-114 5 1 3 
115-119 2 1 4 
120-124 
125-129 1 -130-134 1 3 

205-209 1 

Total 224 114 21 451 104 50 138 21 605 42 53 25 6 1 7 14 
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Table 9 (continued) Length Frequencies of Major Species of Fishes Caught 
by Haul Seine: Danskammer, August 13-0ctober 22, 1969. 

Spottail Shiner Golden Shiner Goldfish 

8/13-9/17 9/24,,:,10/22 8/13-9/17 9/24-10/22 8/13-9/17 9/24-10/22 

Length Station Station Station Station Station Station 
(JmI) I 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

25-29 1 3 4 1 2 4 
30-34 1 11 16 1 6 6 14 5 
35-39 19 9 11 3 5 2 22 9 
40-44 1 9 1 1 . 2 1 1 5 18 

'45-49 1 7 1 1 7 1 5 
50-54 2 1 2 2 1 2 5 3 2 
55-59 1 1 4 4 1 1 3 1 
60-64 2 1 2 2 4 
65-69 3 1 1 1 6 3 1 10 
70-74 1 1 1 1 1 2 1 6 
75-79 2 8 1 1 1 
80-84 3 12 1 
85-89 2 21 1 
90-94 18 1 
95-99 16 1 1 

100-104 11 
105-109 10 
110-114 2 1 

140-144 1 

215-219 1 

Total 
No. 7 51 30 8 8 11 13 113 15 1 7 3 54 14 50 7 1 27 
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. 
Table 9 (continued) Length Frequencies of Major Species of Fishes Caught by 

Haul Seine: Danskammer, August I3-0ctober 22, 1969. 

. Banded Killifish Johnny Darter Pumpkinseed 

8/13-9/17 9/14-10/22 8/13-9/17 9/24-10/22 8/13 .. 9/17 9/24-10/22 

Length ; Station " Station . Station " Station . Station . Station 
(rom) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

20-24 1 2 
25-29 2 5 20 8 1 1 1 1" 

30-34 4 8 27 2 27 5 .1 5 3 11 3 
35-39 3 11 31 2 25 6 1 6 3 3 13 1 4 

. 40-44 4 10 17 16 4 1 2 15 2 3 1 9 2 4 
45-49 2 4 14 4 1 5 2 r 1 1 7 3 4 
50-54 2 2 5 1 3 1 4 2 4 1 
55-59 1 2 1 3 1 2 1 1 " 2 
60-64 2 2 
65-69 1 1 1 -70-74 1 
75-79 l 1 1 
80-84 1 2 1 2 
85-89 "I 3 4 

"90-94 1 1 
95-99 -100-104 3 1 -105-109 

110-114 1 1 
115-119 2 
120-124 1 1 
125.;.129 2 
130-134 -"135-139 
140-144 1 

Total 
No. 15 43 1rs 3 34 67 13 4 22 7 3 23 10 5 57 13 26 
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Table 10 Length of Miscellaneous Fishes Caught by Haul Seine at Danskammer 
Station 1: August 13-0ctober 22, 1969. 

Length 
(rom) 
25-29 

.30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90-94 
95-99 

100-104 
105-109 
110-114 

125-129 
130-134 
135-139 
140-144 
145-149 
150-154 

165-169 

190-194 
195-199 
200-204 

250-254 

260-264 

320-324 

360-364 

390-394 
395-399 

440-444 
520-524 

",-,,," 
e,<b

"9",,"::> 

All B]j 

2 
2 1 

1 

1 

1 

2 

1 

1 
1 

2 

1 

1 

1 

Total 5 5 6 2 

II Period, Aug. I)-Sept. 17. 
II Period, Sept. 24-0ct. 22. 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 1 

1 

1 

1 

7 7 

1 

1 

1 
1 
3 
5 
1 

11 

1 

1 

1 

1 

3 1 1 

2 
3 
1 

6 



48 

Table 11 Lengths of Miscellaneous Fishes Caught by Haul Seine at Danskammer 
Station 2: Aug. 13-0ct. 22, 1969. 

..c ~ 
CD U 

'" ~ IH ..c 
~ ~ .... CIS :s Q) .... u Q) 0 .... 

'" IH m .... 
00 QI '" CIS 
QI ~ t "0 COli) > :s '" .... CIS W II) Q) .... .c Q) .... ..c CIS CIS W 
~ ~ ~ < CI) ~~ u 

Length All BJ:./ A A B A B B A B 

50-54 .... ..... .... 1 . -55-59 -- 1 1 
60-64 - "- 1 -65-69 
70-74 
75-79 .1 
80-84 2 
85-89 -1 -- --·90-94 :... "- .2 -- 95-99 :... 1 ~ 

100-104 - .1 - ....; 

105-109 
110-114 1 -115-119 - ;... -- -120-124 1 - }. - -- --125-129 1 - - --130-134 - - 1 - --135-139 - "- -- --140-144 1 

:"-

145-149 
"- 1 -150-154 

155-159 1 
160-164 - --165-169 1 -170-174 
175-179 1 -
Total 3 3 3 5· 1 2 2 1 1 2 

II Period, Aug. 13-Sept. 17. 

1/ Perio.d, Sept. 24-0ct. 22. 
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Table 12 Length of Miscellaneous Fishes Caught by Haul Seine 
at Danskammer Station 3: Aug. 13-0ct. 22, 1969 

, Eel Alewife Blu~back Crevalle 
HeJ;ring Jack Mummichog 

. Length All Bli A B B A A B 

30-34 4 -35-39 13 1 4 
40-44 25 4 1 
45:'49 26 ·4 8 
50-54 5 12 1 1 17 

·55-59 1 11 7 7 
60-64 1 13 1 
65-69 5 1 

130-134 1 
135-139 
140-144 
145-149 1 -150-154 
155-159 1 
160-164 
165-169 
170-174 -175-179 
180-184 1 

325-329 1 -330-334 
. - -335-339 1 

Total 1 5 2 34 87 3 13 34 

11 Period, Aug. I3-Sept. 17. 

11 Period, Sept. 24-0ct. 22. 
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Table 13 Fish Holding Experiment at Outfall of Danskamrner 
Power Station. September 4. 1969. 

Fyke 1 Fyke 2 Fyke 3 

Alive Dead Missing Alive Dead Missing Alive Dead . Mis~ing 
2.5 2.5 2.5 

O-hr 1-hr 1-hr +l-hr O-hr hrs hrs hrs O-hr 4-hrs 4-hrs 4-hrs 

White 
Perch 10 7 3 9 7 2 9 5 4 

Striped 
Bass 1 1 1 1 1 0 .1 

Pumpkin-
seed 4 3 1 4 4 4 2 2 

Bluegill 1 0 1 1 1 1 1 

Golden 
Shiner 1 1 

'-

Spottail . 
Shiner 1 1 1 1 1 1 

Goldfish 4 4 4 4 4 4 
'"":' 

Banded 
Killifish 6 4 2 6 2 4 6 2 1 3 

Brown 
Bullhead 4 4 4 4 4 3 1 



Length 

30.;.34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80:'84 

85-89 

90-94 

95-99 

100-104 

105-109 

110-114 

150-154 

Total 

51 

Table 14 Lengths of Fish Used in Holding Experiment at 
Outfall of DanskammerPower Station, September 4, 1969. L/ 

White Striped 
Perch Bass 

Fyke 
123 

1 

1 1 

142 

221 

323 

3 2 

Fyke 
123 

1 

1 

Pumpkin- Bluegill 
seed 

Fyke 
123 

1 

1 1 

1 1 

1 

Fyke 
123 

Golden 
Shiner 

Fyke 
123 

Spottail Goldfish 
Shiner 

Fyke 
123 

1 

Fyke 
123 

1 1 

1 1 

2 

.111 

1 

Banded 
Killi
fish 
Fyke 
123 

4 1 

2 1 

1 

Brown 
Bull
head 
Fyke 
123 

1 

2 

122 

1 1 1 2 

1 1 1 1 

1 

1 

1 

1 

10 9 9 111 3 4 2 .1·1 1 1 110 444 42344 3 

11 Standard lengths of fish found in the nets at the end of the experiment. 
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Table 15 Distribution of Fish Larvae at Various Depths 
of Water in the Vicinity of Cornwall: April 23-
May 15, 1968. 

Number Percent Cumulative Percent 

Contour ' / S.Bl:. W.P Oth. S.B. OL w. P. Oth. S. B. w. P. Oth. 

, \-115 0 02 003 4 I. 
.~ 401 4 00 11.4 4.1 4.0 1104 

W30 0.3 0.3 3.1 4.6 4.5 8.0 807 805 19.4 
~verage W45 0.4 0.3 1.9 70r 4.4 4.9 16 0 3 1209 24.3 

W60 0.8 003 2.2 13.8 4.8 50 7 30.1 17,,7 30.0 
all C75 003 0.4 108 508 50 3 407 35 0 9 23.0 34.6 

E60 0.9 0 05 2 I. 1508 7 0 0 6.2 51.7 30.0 '40 08. 0-" Depths E45 0.9 0.8 6.5 15.6 . H.1 16 0 8 67.3 410 1 57 06 
E30 0,,4 10 9 2.0 7.7 26.2 5.2 75~O 67.3 62.8. 
E15 009 1.1 602 16.0 14.7 16.0 91 0 0 8109 7808 
E5 0.5 1.3 802 9.0 18.1 21.2 100.0 100,,0 100.0 

2/ w. P .1:./ Oth.l/ S. B.-
Wl5 0.0 0 01 3.6 4.2 20 0 7 40.9 0.2 0.8 4.7 
_W30 0.1 0.3 4 05 25.9 31.3 47.9 1.4 2.2 8.5 
W45 0.0 004 2.2 4.4 30.2 29.3 1.7 - 3,,6 9.9 
W60 0.0 0.3 208 6.2 19~4 25.0 2.6 4.5 11 03 

Surface -- C75 0.1 0.8 305 201 320 1 3300 2.7 6.2 -12~ 9 
.1:60. Q.Q _ 0.2_ 205 - --

504 6.3 20.5 305 606 14.2 
E45 0.0 007 14.2 1.1 20.7 5500 30 7 809 23.4 
.E30 0.0 20 1 . 1.7 607 37.4 28.3 4.2 18~ 7 2409 
EI5 003 1.0 606 31.9 4607 53 0 2 903 25 0 5 33.4 

.. ES 005 103 8.2 10000 10000 iOo.o 18.3 / 43.6 2/ 54A6 
s. B.l W. P.- Oth.l/ 

.W15 0.2 005 502 9508 7903 
- -

59.1 3.9 302 6.7 
W30 0 0 2 004 208 63 0 0 45.5 29 08 608 - 5,,2 901 
W45 0.3 0.6 205 73 0 3 44~2 3303 12.4 701 10.8 
W60 0 03 0.6 2.1 4302 32.6 1808 1804 8.7 11 .. 8 

Bottom C75 0 01 005 1.6 23.5 2101 150 1 1907 90 8 1205 
E60 0 05 1.3 2.3 53.8 4908 18.9 28 0 2 13.3 1307 
E45 0 06 104 407 65.2 

-

43 03 1802 38 04 -18 01 16.8 
E30 003 . 204 205 73.3 41~6 4107 49.6 29.0 18.9 
E15 0.6 101 508 68.1 53.3 46.8 60 05 36 0 8 26 0 4 

-- -

E5 

1/ S. B. , striped bass; W. P., white--perch; Oth. , other species. -

1/ As components of the average~of-al1-depths, cumulative percentage. 



Contour 

W15 
W30 
W45 

Average W60 

All 
C75 
E60 

Depths 
E45 
E30 
E15 
E5 

WlS 
W30 
W45 
W60 

Surface C75 
E60 
E45 
EJO 
E15 
E5 

W15 
W30 
W45 
W60 
C75 

Bottom E60 
E45 
E30 
El5 
E5 

11 S. 
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Table 16 Distribution of Fish Larvae at Various 
Depths of Water in the Vicinity of Cornwall: 
May 16-Hay 31, 1968. 

Number Percent Cumulative Percent 

S.&11 W.P Oth. S.B. W. P. Oth. S. B. W. P. Oth. 

202 1.6 21.1 2.1 607 10 0 8 2.1 6.7 10.8 
10.4 104 19 0 6 9.7 5 0 8 10.0 11.8 12 0 5 20.7 
15 0 2 1.6 13.6 14.2 6 0 7 6.9 2601 1902 2707 
16.8 1.4 14 0 9 15.8 5.5 706 41 09 24.8 35.3 
19 0 4 1.4 15.7 18.1 5.5 8.0 60 0 0 30.3 43.3 
13.4 109 1603 12.5 7.8 803 7205 38 0 1 51.6 
12.9 202 14 09 12.1 901 7.6 84.6 47.2 5902 

909 3 02 17.2 902 12 0 9 8 08 93 08 60 0 2 68.0 
4.7 407 34 09 404 19.4 17 .8 9802 79.5 85 08 
1.9 500 27 09 10 8 20 0 4 1402 1000u 100 0 0 100.0 

S.B W. P. Oth. S. B. W. P. o . 2/ tn.-
0 07 1.0 22.1 30 00 3000 52.4 0.6 20 0 506 
103 100 3609. 120 7 23 0 2 62 0 8 109 304 11 09 
108 1.2 1804 11 09 1707 33.8 306 4 0 6 14.2 
104 1.1 33 0 7 8.2 1602 45.3 4.8 .5.4 1707 
103 100 29.3 6.9 12.2 3101 6.1 601 20.2 
1.0 ·.201· 3503 702 2107 4302 700 708 23 08 
200 2.0 2102 1502 22 05 3506 8 0 8 909 2605 
0.7 108 20 03 6.8 1902 39.4 9 0 5 12.3 29.9 
100 303 46 08 2204 3503 67.2 10 04 19.1 41.9 
109 500 27 09 100.0 100 00 100.0 1203 39.6 56 01 . 

S.B. W. P. Oth. S. B. W. P. Oth.l / 
1.6 2.3 20 00 70.0 70 0 0 47 0 6 1.5 407 Sol 
7.5 2.2 12 0 5 72.0 5104 2103 805 707 7.2 
8 0 6 209 1404 56.5 44.7 2604 16 0 5 10.7 90 1 
7.7 20 3 1400 46.0 33.5 18.8 23 08 12 05 10 05 
802 305 21.6 42.1 43 04 23 0 0 3104 1409 12.3 
6.4 3 0 7 1604 48.1 38 06 20 01 3704 17 0 9 14.0 
7.0 402 21.3 54.1 46.9 35.7 43 09 22.2 16.7 
605 5.2 16.1 6508 54.6 31 03 50 00 29 0 3 19.5. 
3.6 601 22.8 77 06 64 07 32.8 53.4 4109 25 03 

B., striped bass; W. P., white perch; Oth., other species. 

1..1 As components of the average-of-a11- depths, cumulative percent. 
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Table 17 Distribution of Fish Larvae at Various 
Depths of Water in the Vicinity of Cornwall: 
June I-June 15, 1968. 

Number Percent Cumulative Percent 

Contour S. El/ W.P Oth. S.B. W. P. Oth. S. B. W. P. Oth. 
'., 

W15 70 6 10 0 1507 70 2 5.3 10 05 7,,2 5,,3 10.5 
W30 12.8 1.1 1506 12.2 5.8 1004 1905 11" 1 20.9 
W45 15 0 3 008 8 07 14 06 4,,3 508 34.1 1504 26.7 

Average W60 16 09 0.9 90 3 16.1 408 602 50.2 20.2 32.9 
C75 1807 1.0 1207 17.9 507 8.5 68 0 1 25.9 41 .. 3 

All E60 1006 1.1 1006 10.1 6.0 7.1 78 02 3109 48.4 

Depths 
E45 9.7 1.5 12.1 902 801 801 8704 4000 56.5 
E30 7.9 2,,1 20 06 705 11 09 13.7 9409 51 08 70 02 
E15 4.2 4.4 2403 400 24.2 16.2 9900 76 00 86.4 
E5 1.1 4.3 2003 100 24.0 13 0 5 10000 100 0 0 100.0 

S.B. W. P. Oth. 2/ 2/ S. B.- W. P.- Oth.l/ 
W15 1.9 1.0 21.0 25.2 49 07 66.7 1.8 206 7.0 
W30 102 104 2904 90 3 44.9 6208 300 502 13.5 
W45 1.0 1.0 19.1 6.6 31.4 55.2 309 6.6 16.7 
W60 102 104 24.4 703 3206 5206 50 1 8.1 20 0 0 

Surface C75 1.2 1.8 37.0 607 29 0 0 48.5 603 9.8 24.1 
E60 005 107 3504 405 31.7 66.5 6 0 7 1107 28 08 
E45 104 1.8 2504 1405 30 03 520 6 8 0 1 140 2 33.0 
E30 102 .207 44.8 15.7 42.6 72.6 9.3 1902 4300 
E15 0.7 207 3402 1603 3102 70 0 2 909 26.8 5404 
E5 1.1 403 20.3 100 0 0 10000 100.0 . 11.0 5007 6709 

S.B. W. P. Oth. 2/ S. B.- 2/ W. P.- Oth.l/ 
W15 507 100 10 05 74 0 8 50.3 33 0 3 50 4 2.7 305 
W30 8 0 3 101 709 6407 33 0 9 16 0 9 13 0 3 4 0 6 50 2 
W45 704 1.1 708 48 0 2 3400 . 22

0
5 20 04 601 606, 

W60 602 007 703 36 07 1605 1507 26.3 609 705 
Bottom C75 4.8 107 10.1 25 0 8 26 07 1302 30 0 9 8 0 4 8.7 

E60' 3.1 009 5.4 29 0 2 16.9 10.1 3308 904 904 
E45 3.5 109 8.5 36 0 0 32 0 0 17 06 3701 12.0 10 0 8 
E30 Sol 20 8 13 00 64.0 43 0 6 2101 .42

0
0 17 02 1307 

E15 305 6.0 14.5 83.7 68.8 2'9 08 45.3 33 0 8 1805 
E5 

1/ S. B., striped bass; W. P., white perch; Oth., other species. 

1/ As components of the average-of-all-depths, cumulative percent. 



Contour 

W15 
W30 
W45 

Average W60 
C75 

All E60 
E45 

Depths E30 
E15 
E5 

W15 
W30 
.W45 
1Y60 

Surface .C75 
E60 
.E45 
E30 
E15 
E5 

W15 
W30 
W45 

. W60 
Bottom C75 

E60 
E45 
E30 
E15 
E5 

11 S. 
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,Table 1$ Distribution of Fish Larvae at Various 
Depths of Water in the Vicinity of Cornwall: 
June 15-June 30, 1968. 

Number Percent Cumulative Percent 

s.Bl! W.P Oth. S.B. W. p. Oth. S. B. W. P. Oth. 

3.8 107 607 900 1509 11,,1 900 1509 1101 
6.7 0 .. 8 407 16.1 7.0 7.8 2501 22.9 19.0 
4.4 0.8 4.1 10.5 703 6.8 35.7 3002 25.8· 
500 0 .. 6 3.2 1200 Sol 5.3 47 06 3504 31.1 
5.0 0 0 4 107 120 0 305 20B 590 6 3B.9 3309 
400 0.8 307 905 707 602 69 0 2 4606 40.1 
407 101 4.B 1102 907 B.O BO.4 56.3 4Bol 
402 10 3 506 1001 1200 903 9005 6B 04 57·.4 
3.3 2.0 1004 7.9 1801 17.3 98.4 B6 0 5 7407 
0 07 1 .. 5 15.2 1.6 13.5 2503 100.0 100,,0 100.0 

s. B.l:..! w. p.l:..1 Oth.l:..1 
0 03 2 .. 1 5.3 704 60 0 2 3906 007 906 404 
0 09 009 70 5 120B 3B 09 53 02 207 1203 B.6 
102 106 11.2 28 .. 0 50 00 68 03 5 .. 7 16 0 0 1302 
004 O.B 70 1 8 0 4 28.5 4401 60 B 1704 1506 
1 00 . 0 .. 7 3.3 1907 2907 3204 900 18.5 1605 
103 1.3 1005 33 09 2909 56 02 12,,3 20,,8 20,,0 
.0.6 101 905 13,,2 26,,7 49 0 2 13 07 23 04 23.9 
0.7 1,,3 . 10.5 15.6 32.4 6201 1503 27 .. 3 29.7 
005 1.5 l1~O 1607 37.2 53.1 1606 34.0 38 09 

.0 0 7 105 1502 100.0 100 00 100.0 1802 4705 64.2 . 

2/ S. B._ w. p.:?:.! Oth.l/ 
3.5 1.4 8.1 92 06 3908 6004 B04 603 6.7 
5.0 0.9 403 7409 3800 30 05 20 04 900 901 
104 005 20 1 3101 14 .. 0 1208 23 0 7 1000 10 00. 
106 0 06 306 3208 2204 2204 27 06 1102 110 2 
0 09 0..3 105 18.1 1400 14.7 29.8 H02 11 06 
009 100 308 22 .. 1 2205 20 03 31 0 9 1209 12 0 9 
108 0 0 9 4.4 37 .. 7 20 01 2208 3601 1409 140 7 
300 1.7 4,,2 70~4 43,,9 240 9 43 0 2 20.2 17.0 
207 205 90 7 83 0 3 6208 46.9 4908 31 06 2501 

B., striped bass; W. P OJ white perch; oth., other. 

1/ As components of the aveiage-of-a11-depths, cumulative percent. 
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Table 19 Common and Scientific Names of Fish 

Species Taken at Danskammer, Aug.-Oct. 1969. 

Blueback Herring Alosa aestivalis 

Alewife Alosa pseudoharengus 

American Shad Alosa sapidissiroa 

Goldfish Carassius auratus 

Carp Cyprinus carpio 

Golden Shiner Notcmigonus crysoleucas 

Spottail Shiner Notropis hudsonius 

White Catfish Ictalurus catus 

. Brown Bullhead lctalurus nebulosus 

American Eel Anguilla rostrata 

. Banded Killifish Fundulus diaphanus 

Mummichog Fundulus heteroclitus 

Fourspine Stickleback Apeites quadracus 

White Perch Roccus americanus 

Striped Bass Roccus saxatilis 

Pumpkinseed Lepomis gibbosus 

Crevalle Jack CaranX hippos 

Johnny Darter Etheostoma nigrum 

~argemouth Bass Micropterus salmoides 

Bluegill Lepomis macrochirus 



Figure 1 
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Diagram Showing Location of Bottom Sampling 

Stations at the Danskammer Power Station. 
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Figure 2 
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Diagram Showing Location of Bottom Sampling 

Stations at the Proposed Roseton Power Station. 
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Figure 3 Comparison of Relative Abundance of Bottom 
Organisms at the Danskammer Power Station 
and Proposed Roseton Power Station, 

May-June 1969. 
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Figure 4. Comparison of Relative Abundance of Bottom 

Organisms at the Danskammer Power Station 

and th~ Proposed Roseton Power Station, 

July-August 1969. 
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Figure 5 
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Comparison of Relative Abundance of Bottom 

Organisms at the Danskammer Power Station 

and Proposed Roseton Power Station, Sept. 

and Oct. 1969. 
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Figure 6 
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Average Number of Each of Nine Major Species 

of Fish Caught Per Daily Set of the Haul 

Seine, Danskammer, Aug. 13-Sept. 17, 1969. 

(In terms of number of fish per 5000 sq. ft. 

of area seined). 
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Figure 7 
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Average Number of Each of Nine Major Species 

of Fish Caught Per Daily Set of the Haul 

Seine, Danskammer, Sept. 24-0ct. 22, 1969. 

(In terms of number of fish per 5000 sq. ft. 

of area seined). 
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Figure 9 
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Number of Larvae of Miscellaneous Species 

(Exclusive of Striped Bass and White Perch) 

per 1000 Cu. Ft. of Water at Various Depth 

Contours: Hudson River at Cornwall, April 25-

May 15, 1968. 
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Figure 10 Number of Larvae of Miscellaneous Species 

(Exclusive of Striped Bass and White Perch) 

per 1000 Cu. Ft. of Water at Various Depth 

Contours: Hudson River at Cornwall, May 16-

May 31, 1968. 
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Figure 11 Number of Larvae of Miscellaneous Species 

(Exclusive of Striped Bass and tolhite Perch) 

per 1000 Cu. Ft. of Water at Various Depth 

Contours: Hudson River at Cornwall, June 1-

June 15, 1968. 
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Figure 12 Number of Larvae of Miscellaneous Species 

(Exclusive of Striped Bass and White Perch) 

per 1000 Cu. Ft. of Water at Various Depth 

Contours: Hudson River at Cornwall, June 16-

June 30, 1968. 
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Figure 13 Number of Larvae of Miscellaneous Species 

(Exclusive of Striped Bass and White Perch) 

per 1000 Cu. Ft. of Water at Various Depth 

Contours: Hudson River at Cornwall, July 1-

July 15, 1968. 
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Figure 14 Cumulative Percentage Distribution of Larvae 

of Miscellaneous Species (Exclusive of 

Striped Bass and t-lhite Perch) from the 

Western Shore of the Hudson River to 

Various Depth Contours: Cornwall, April 23-

May _ 15, 1968. 
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Figure 15 Cumulative Percentage Distribution of Larvae 

of Miscellaneous Species (Exclusive of Striped 

Bass and White Perch) from the Western Shore 

of the Hudson River to - Various Depth 

Contours: Cornwall, May l6-May 31, 1968. 
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Figure 16 Cumulative Percentage Distribution of Larvae 
of Miscellaneous Species (Exclusive of 
Striped Bass and White Perch) from the 
Western Shore of the Hudson River to
Various Depth Contours: Cornwall, June 1-
June 15. 1968. 
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Figure 17 Cumulative Percentage Distribution of Larvae 

of Miscellaneous Species (Exclusive of 

Striped Bass and White Perch) from the 

Western Shore of the Hudson River to

Various Depth Contours: Cornwall, June 16-

June 3D, 1968. 
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Figure 18 Cumulative Percentage Distribution of Larvae 

of Miscellaneous Species (Exclusive of 

> - Striped Bass and White Perch) from the 

Western Shore of the Hudson River to-

Various Depth Contours: Cornwall, July 1, 

July 15, 1968. 
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Figure 19 Cumulative Percentage Distribution of Larvae 

of Striped Bass, White Perch and Other Species 

from the Western Shore of the Hudson River to 

> the West 30 and West 45 Depth Contours Showing 

Relative Concentrations at the Surface, Bottom 

and the Remaining Combined Intermediate Depths. 



30 

20 

10 -

30 

t-
Z 20 
w 
U 

" w 
D. 

10 

0 

20 

LARVAE 
<?; • .o,?_a v e r :.. no. 

other 
d !..!!..!..!! $ 

STRI PED 
BASS 

WH I T E 
PERCH 

0.3 

OTHER 

3.7 

6.3 

1.5 

2 0.3 

"'::;;::;"';'~"~:';:;;:;:~"'';'' ~ .~:~,;;.",.:'.::.:::,,~,;~,":~=::;;::;;:.~,.,:,:,,- ;c .. ,,;;"~:~:~-ai,=:~~.:z,=a;:::!, 

W. S ., 0 R E 

/CON\OOU R \ 
~ 0 9.3 
5.2 

cum. % 

1 0.2 

1.2 

1.5 

1.0 

0.3 
1.0 

~ 

1 8.1 
1 3.3 

5.2 
3.1 

1 5.6 
5.7 



L 

'! 

~,.-

SEISMIC SURVEY 
WATER TEMPERATURE AND DEPTH 

MEASUREMENTS 
ROSE TON G2~\r2RA'l'IO~\ SITE 

NEWBURG:C:, NEVi YORK 

I 

-I 
I 
i 

CENTRAL HUDSON GAS & ELECTRIC I 
CORPORATION i.J 

J 

WESTON,GEOPHYSICAL ENGINEERS, INC. 

WESTON, MASSACHUSETTS 

.' 



~/) i j 

";.'. 

. .~ 

; fr) I )-

'-.'" .' 

:'.' 

f '".~ 
t,I:, 

': '! ;'.: 'f':', 
)i ij' 

.! ; 
'1 

,.:';, . 

.1';'} f i 



WESTON GEOPHYSICAL ENGINEERS, INC. 
POST OFFICE BOX 306 
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. , 
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July 19, 1968 

Central Hudson Gas & Electric Corporation 
Poughkeepsie, New York 

Gentlemen: 

A seismic survey I water temperature and depth measure
ments were conducted at the Roseton Generation Site of the Central 
Hudson Gas & Electric Corporation, Newburgh, New York during 
June 1968. 

Preliminary data have been submitted. This is a formal, 
complete presentation of our findings •. 

Very truly yours, 

WESTON GEOPHYSICAL ENGINEERS, INC. 

~~ 
~ Richard J. Holt 
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SEISMIC SURVEY 

WATER TEM~ERATURE AND DEPTH MEASUREMENTS 

ROSETON GENERATION SITE 

NEWeURGH,'·NEW YORK 

INTRODUCTION 

Field work including a seismic survey at the Central Hudson 

Gas & Electric Corporation,. Roseton Generation Site, Newburgh, 

New York as well as bathythermograph and water depth measUrements 

in the adjacent Hudson River, was completed during June 1968. 

The seismic measurements were made by means of a multi-

detector (twelve trace), seismic refraction system. For best results, 

the length of the seismic cable and the geophone interval were chosen 

in relation to the bedrock depths. 

The bathythermograph measurements were made. using an instru-

'. 
ment containing a thermometer and a pressure sensor which when' 

lowered into the water provided a graph of temperature versus water 
I . 

depth. 

PURPOSE AND LOCATION 

The purpose of the seismic refraction survey was to establish 

depths to bedrock in a portion of the site as generally outlined by 
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Mr. Stuart Laidlaw of the Central Hudson Gas & Electric Corporation. 

T,he seismic lines were oriented in the field to avoid Significant topo-

graphic changes produced by excavation in the clay pit area of the 

Jova Brick Works. 

The purpose of the bathythermograph survey was to determine 

water temperatures in the area of the Hudson River adjacent to the site. 

Measurements were made at the time of incoming and outgoing tides 

between the site and the disc'harge area of the Central Hudson Gas & 

Electric Corporation's Danskammer Station which is located less. than 

one half mile north of the site. 

The locations of the seismic lines and bathythermograph readings 

are shown on plan,maps included with this report. Locations of field 

data as well as topography were provided. by Hayward and Pakan Associates .• 

RESULTS 

Seismic Surv13Y 

The results of th~ seismic survey are shown on the profile sec-

tio~s of this report. The velocity with which the seismic wave travels 

through the various layers as'well as the thickness of the layers and 

depth ~o bedrock are given. 
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Tentative identifications of materials can be made based on 

seismic velocities and field observations but positive identification 

should be made by borings. The velocity range of l, 600 to 2,400 ft./sec. 

is indicative of an unsaturated loose overburden material such as the 

clays and silts existing at the site area. Along Line A, overburden 

velocities were as high a.s 3,000 ft./sec., which is probably an average 

, of overburden material consisting of strata unsaturated, partially saturated 

and/or saturated. The seismic velocities of 4,700 to 5,000 ft./sec. are 

indicative of water saturated overburden material, probably clays and 

silts. 

The seismic velocity of 16,000 ft./sec. is indicative of a com-

petent bedrock. 

An attempt was made to obtain seismic data in the area between 

the buildings of the Jova Brick Works and the Hudson River. Good data 

could not be obtained because of large amounts of fill material and the . ' 

influence of building foundations. Some seismic information was obtained 

along the river's edge but the data was poor and indicated th~t t,he mini-

mum thicknes.s of overb~en was fifty feet. 

Bathythermograph Survey 

The results of the bathythermograph survey are shown in the form 
, ' 

o,f temperature versus: water dept~curves inCluded in this report. The 

3 



horizontal line shown on these curves at 0 depth represents the adjust-

ment of the bathythermograph to the surface water temperatures. The 

distribution of surface water tempet:atures at the time of outgoing tides 

corresponds with visual surface effects. 

Water Depth 

The results' of the water depth survey are shown in the form 

of a bottom contour map included with this report. The contours 

respresent elevations of the Hudson River bottom with mean sea level 

as a datum. 

RECOMMENDATIONS 

When the final site of the power plant is selected, it is recom-

mended that some b,?rings be. taken for positive identification of over-

burden materials and conelation with the seismic data. . . . 
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