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I. BASIS FOR ANALYSIS

Transport of any substance in a tidal estuary is governed by the Law of
Conservation of Mass. Figure 1 illustrates the application of this law in an
estuary. After discharge to the estuary, waste particles are carried down-
stream, in the movement of upland runoff toward the ocean. This phenomenon
is known as convection. The rate of convective mass transport across any river
section is equal to the product of fresh water runoff, Q, and contaminant con-

centration, c.

Besides com}ection, particles are transported in an estuary by longitudinal
mixing. Longitudinal mixing, or dispersion, is a complex function of reversing
tidal currents and salinity-induced circulation. Dispersive transport occurs only
in the presence of a concentration gradient of the material being transported.
The rate of dispersive transport is equal to the product of the dispersion coef-
ficient, E, and the negative of the longitudinal concentration gradient, dc/dx.

The dispersion coefficient, E, is a measure of the estuary's ability to transport

- material in the presence of a concentration gradient, and is a quantitative func-

tion of tidal current and salinity-induced circulation.

The concentration profile in Figure 1 indicates how convection and disper-
sion distribute estuarine contaminants. Since only contaminants that decay or,
at best, are conserved, are being considered, the maximum containment concen-
tration must occur at the point of introduction of the contaminant to the estuary.
In the case of saline contamination, the salt is introduced at the mouth of the
estuary so that the maximum salinity occurs here; in the case of discharge of
radioactive contaminants at Indian Point, the maximum concentration of radio-

activity will exist in this vicinity, as shown on Figure 1.

The concentration in the region downstream of the point of discharge,
(x = 0), decays less rapidly than does its counterpart in the upstream region.
This is so because in the downstream region, dispersion, in moving material in
the direction of decreasing concentration, aids convection. More material is
transported downstream than upstream, so, at the same absolute distance from
the point of discharge, the upstream concentration is lower than the downstream

concentration.

A mass balance over the incremental volume, AAX, in Figures 1 is written:

Inflow - Outflow + Production = Accumulation . .. ... (1)
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Algebraic summation of the individual contributions; shown in Figure 1 to

Equation 1 gives:

[Qc - EA d—c} - [Qc - EA g%] - KCAAx = 5 [CAAXJ . @)

dx X X+Ax
in which:

= contaminant concentration, ML-3

= distance along longitudinal axis of the estuary, L

time, -T
= cross-sectional area of the estuary, L2

c
X

t

A

Q = fresh water flow (upland runoff), L3r-1
E = longitudinal dispersion coefficient, L2T-1
K

= first order decay constant, T-1

The production, or in this case, decay, term is the rate at which material
is produced or consumed by physical, chemical, biochemical or nuclear reaction

within the volume element.

For decay according to first order kinetics, the usual kinetics of radio-
active decay, this rate of consumpiton of contaminant is equal to the product of
the unit rate, Kc, times the volume, AAx, within which the reaction is taking

place.

The accumulation term completes the inventory by accounting for the net
rate of increase or decrease of material upon summation of the rates of inflow,
outflow and prdduction. This is equal to the time rate of change of total con-

tamination mass within the reactor volume, AAx.

The parameters, Q, A, E and K, in most estuaries are functions of space
and time. To avoid tenuous mathematical complexity, these parameters are
often considered to be constants. This approach, justification of which appears
in a later section of the report, has been selected for the analysis used in this
report. For the case of constant Q, E, A and K, Equation 2 rearranges to:

dc dc Q c|x +AX - CI dc
E|= - = - = - = = ...
|:dxlx + AX dx XJ A lj Ax X Kc at (3)

AX .

The bracketed terms are average rates of .change with respect to x. The
limit of Equation 3, as Ax approaches zero, is as follows:



d2c dc _ de
dez-de—Kc—dt ...... 4)

U is equal to Q/A and is the average fresh water velocity. Equation 4 is
a linear partial differential equation in x and t and is often referred to as the
convection-diffusion equation for non-conservative substances. It has been se-
lected as the defining equation for all subsequent analyses presented in this

report.

At this juncture, it is important to note that the concentration, ¢, is actu-
ally a tidal smoothed, area averaged concentration. This means that rather than
attempt to define local behavior at any point within a cross-section and during
a tidal cycle, the analyst looks at the average concentration over an entire
cross-section over a full tidal cycle. Justification of this procedure is given
by Kent (1), Harleman and Holley (2), and Lawler (3).

This justification proceeds by starting with the equation of continuity of a
single chemical specie (4), in which contaminant concentration is -a function of
three space dimensions and real time. Dependence on the lateral and vertical
space coordinates is replaced by dependence on total cross-sectional area by'
integrating over "the total width and depth. The resulting equation is then inte-
grated over a tidal cycle and change with respect to real time replaced by

change with respect to tidal cycle units of time.

In the course of these integrations, several new terms are generated, all

of which contribute to the dispersion phenomenon. These are eventually re-
placed by the overall dispersion flux, E -ch(
Once contaminants are dispersed over the river channel, the various con-
centrations at specific points within the cross-section and tidal cycle can be
expected to be less than 20% of the tidal smoothed, area averaged value. Fig-
ures 2 through 7 illustrate this for salt. The actual variation of salinify across
various cross-sections within the reach between Indian Point and Chelsea is
shown on Figures 2, 4 and 6. Figures 3, 5 and 7 show the sinusoidal variation
of the area averaged salinity at these sections over a tidal cycle, as well as a

linearized plot of this variation.
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II. SELECTION OF NUMERICAL VALUES OF PARAMETERS ' ‘

Numerical values of fhe parameters E, U and K, which appear in the de-
fining differential equation and therefore control the distribution of any contam-

ination in the estuary, must be chosen for the Hudson River.

1. FRESH WATER DISCHARGE

Fresh water velocity, U, is obtained by dividing fresh water discharée by
the river cross-sectional area, A. Fresh water flow into the Hudson is meas-
ured at Green Island, at mile point 152, where the tributary drainage area totals
8090 square miles. The drainage area of the Hudson Basin, tributary to the
entire River, is approximately 13,370 square miles. Over 95% of this area is
located north of Indian Point. Because of the inability to measure directly fresh
water flow in tidal waters, the Green Island gage is used to establish lower
River discharges. The ratio of tributary drainage areas between Indian Point
and the gage is 1.57. Analysis of data developed by the United States Geological
Survey (USGS) indicates a most probable value for yield factor of 1.22. All
values of lower River flow referred to in this report were established using
this ratio, i.e., lower River flow is equal to Green Island gaged flow times 1.22. ‘

The pattern of the long-term monthly flows, shown in Figure 8, is indica-
tive of the general variation of River discharge. During the months of March
through May, the flow averaged 29,000 cfs or almost 3.5 times the average
discharge during the months from June through October. This is equivalent to ‘
the statement that the volume of fresh water discharged during the spring months
is in excess of twice the volume discharged during the subsequent five-month
pei‘iod.

Figure 1 and Equation 4 indicate that as fresh water velocity decreases,
given a fixed value of the longitudinal dispersion coefficient, the dispersion ef-
fect increases. Therefore, contaminant concentration values in the region above
Indian Point can be expected to increase as flow decreases. Furthermore, due
to increased salinity intrusion during periods of low fresh water flow, the longi-
tudinal dispersion coefficient, which is strongly dependent on salinity-induced
circulation, can be expected to increase in the upper region of the River. For
these reasons, analysis of the effect of pollutants on the River require that _
drought flows by selected in assigning values of U. .
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Figure 9 shows a statistical analysis of Hudson River drought flows for
the years 1918 through 1964. For drought durations of one week (seven consec-
utive days), and one month, a plot of flow versus the percent of the time such
flow can be expected to occur is given. For example, Figure 9 indicates, for
a duration of one week, a flow of 2630 cfs can be expected to occur 5% of the

time or once in 20 years.

It should be noted that the response of the Hudson to area-wide droughts
is significantly different from that of individual, smaller-sized basings in the
region. The difference can be attributed to the size and number of sub-drainage
areas within the overall basin and the degree of regulation obtained from up-

River storage facilities, such as the Sacandaga and Indian Lake reservoirs.

2. CROSS-SECTIONAL AREA

Figure 10 shows the variation of cross-sectional area with distance above
the Battery. Variation is erratic and as such is not amenable to simple math-
ematical description; i.e., as an elementary function of distance. Between
Indian Point and Chelsea, the area varies from a minimum of 120,000 square
feet just north of Bear Mountain Bridge to a maximum of 175,000 square feet
at -the mouth of Newburgh Bay. The average area over this 22 mile river reach
is 140,000 square feet; this number has been selected as the value of the con-

stant parameter, A, in Equation 3.

3. LONGITUDINAL DISPERSION. COEFFICIENT

The value of the longitudinal dispersion coefficient at any point within the
salt-intruded reach of the River can be conveniently obtained by analysis of
salinity profiles. The limiting form of Equation 2 for the case of a conservative

substance such as salt, and non-constant values of Q, A and E, is:

1 d de _ de
K&[EA?E_QC}—& ...... 5)
If the variation of salinity with x and t is known, the derivatives g_c and
: X
z—f may be obtained graphically or numerically. Equation 5 can then be used .

to compute the value of E at any point within the saline reach of the River.

This procedure requires that a number of profiles be available so that the

time derivative, ?ﬁ, can be computed and also requires that the value of Q, now

a time and distance dependent function, controlling the intrusion, be known. This
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latter requirement poses some difficulty in evaluating Hudson River dispersion.
Fresh water flow can only be measured at Green Island, above the tidal region,

and the attenuating effect of tidal mixing on time-variable flows is not known.

These difficulties have been avoided by recognizing that drought flows in
the Hudson remain relatively constant for extended periods of time; Q, and
therefore U, are known and the steady Q gives rise to steady salinity profiles
during these periods. Under these conditions, the net flux of salt in the River
must bé zero since there is no sink or source of salt within the estuary. Equa-
tion 5 then reduces to:

de _
de -Ue=0 L. (6)

Rearrangement of Equation 6 yields a solution for the dispersion coefficient.

-1
E-U [2.303 d log C] ...... )
dx .

dlog c
dx
of a semi-logarithmic plot of salinity versus distance. U(x) is equal to the flow

Numerical values of may be obtained by graphical differentiation

associated with that profile, divided by the area, A(x), at the point in question.
Typical steady state salinity profiles are shown in Figure 11. Values of E,
computed as described above, are shown in Figure 12 for these and several

other drought profiles.

Figure 12 indicates that the dispersion coefficient at some points may in-
crease as flow decreases whereas, at other points, the reverse may occur. For
example, at mile point 20, the value of E, during the 1964 drought flow of 4100
cfs, was 12,000 sf/sec and, during the 1959 drought flow of 8700 cfs, was 6000
sf/sec. On the other hand, at mile point 50, E in 1964 was 4200 sf/sec and,
in 1959, was 5000 sf/sec.

These phenomena can be explained in terms of the mechanisms contributing
to longitudinal dispersion. In the lower part of the saline region, under drought
conditions (less than 12,000 cfs), salinity-induced circulation, which depends
strongly on the salt concentration, is the predominating mechanism, whereas,
toward the end of the intrusion, this saline effect is less predominant and also
less variable. The relative contribution of fresh water flow to the dispersion

characteristics of the River increase as the absolute contribution of the salinity
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decreases. Thus, increases in fresh water flow can, under some conditions,
outweight the corresponding decrease in salinity, the net effect being an increase

in the dispersion coefficient.

Under other conditions, the reverse is true and a decrease in the disper-
sion coefficient in the presence of an increased flow will be observed. Details
for these phenomena and a quantitative method for the prediction of E(x) in the

Hudson River as a function of flow are more fully discussed in previous reports
(5), (6).

The determination of E as a function of x has been presented to justify the
use and selection of constant values of E in this report. A choice of E equal
to the maximum value of E(x) within the reach between Indian Point and Chelsea
will result in a conservative analysis for the following reasons:

(1) As Chelsea is approached, the true value of E will fall below this

maximum, causing the actual contaminant concentration to be lower
than that predicted by constant parameter analysis.

(2) The predicted downstream flux will be less than the actual downstream
flux because the true E values, in this region, are larger than the
constant E. Thus, the predicted value of the fraction of total contam-
ination discharge moving upstream will be greater than the actual
value of this fraction. '

These qualitative statements can be seen more clearly by reference to

Figure 1.

Figure 12 indicates that maximum E in the reach between Indian Point and
Chelsea occurs between mile points 45 and 50. Accordingly, the values of E
for this analysis have been selected by obtaining the average E between mile
points 45 and 50 for any given flow. A second choice of E has been made by

obtaining the average between mile points 43 and 65 (Indian Point and Chelsea).

The average value of E over a finite length of River is obtained by appli-

cation of the mean value theorem for derivatives to Equation 7. This yields:

[g} ) [2.303 A log c}'l ...... ®)
Ulavc AX

-1
EAvVG = Uavg [2-303 912_151 ...... (9)

A correlation of all available Hudson River salinity and flow data is shown

on Figure 13. Values of E used in this report have been computed by application
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of Equation 9 to these data. For example, at a flow of 4000 cfs, the computa- ‘

tion for average E between mile points 43 and 65 is:

£ - | _4000 | | 2.303 (log 7000 - log 2200) -1
141,300 [-43-(-65)] 5280

2830 sq. ft./sec
8.74 sq. mile/day

1l

Correspondingly, for the same flow, the average E between mile points
45 and 50 is:

g [_4000 ] [2.303 (log 6500 - log 5400)] "
~ 123,500 -45-(-50)

= 4640 sq. ft./sec
= 14.3 sq. mile/day

Figure 14 shows the variation, with flow, of average E, computed by Equa-

tion 9 as shown above.
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III. EFFECT OF CONTINUOUS DISCHARGE ON CHELSEA INTAKE

This section analyzes the effect of a continuous discharge from Indian

Point on water drawoff at Chelsea and is subdivided as follows:

1. A steady state of equilibrium analysis

2. A transient analysis or approach to steady state

1. ANALYTICAL DEVELOPMENT FOR STEADY STATE CONDITION

Figure 15 depicts the problem. The defining differential equation is given
by Equation 4. Since this equation does not include discharge at Indian Point
or drawoff at Chelsea, it will not define behavior across these two planes. For
these reasons, the Hudson is divided into thi‘ee regions, one above Chelsea, one
between Chelsea and Indian Point and one below Indian Point. A solution for
each region is obtained by application of proper boundary conditions to the gen-

eral solution of Equation 4.

The steady state form of Equation 4 is:

2 .
Ed%¢ _Ude we-0 L., (10)
dx2 dx
The general solution of this second order, linear, ordinary differential

equation is:

c = CyelX + Cgekx . (11)
v/ U2
in which j _ U +A/Ué + 4KE
2E
K = U -4/U2 + 4KE
2E
Cy, C9 = arbitrary constants

Equation 11 is the form of the general solution for each of the three re-
gions. Designating River velocity above Chelsea as U; and below Chelsea as

Uz, the general solution in each of the three reaches is written:

c;  =cCpeltX s gyt (11a)
11 = C3 ej2x + C4 ekzx ...... (llb)
CII = C5ej2x + Cf;ek2x ..... . (11¢)
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CONTINUOUS DISCHARGE OF RADIOACTIVE CONTAMINANT
EFFECT ON UPRIVER WATER INTAKE
I. THE THREE REGION SYSTEM
qe I
REGION I REGION I i REGION II
' |
Q | Q2 Qs
—_— | | —
| — '1
|
'x:a l——ex (POSITIVE
INTAKE . DISCHARGE DOWNSTREAM)
2. MATERIAL BALANCE ABOUT POINT OF DISCHARGE
9 Cn 9:Cx +9, Cp |
| ? |
| ' ;
| - 4c
Q:Cx-EA SEF —uy —e QyCpy -EA 5%
REGION I I REGION II
A
X=- é‘} ax ﬁA-!x' T’(
3. MATERIAL BALANCE ABOUT POINT OF INTAKE
. 9 Cq
|
| ! |
| ) ]
| |
Q,c,-Ea S — l ——0,Cx-EASSF
REGION I | |  REGION I
= e n
o ) AX
x=a- A—z"- x=a+ S~

Figure 15
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in which jp] = Uy £4U12 + 4KE
: Ei 2E .

1_2_} = Uy *,/uy? + 4KE
k2
2F

To evaluate the six arbitrary constants, six boundary conditions are nec-

essary.

1.

These are developed as follows:

"The contaminant can be expected to reach negligible concentrations be-

fore passing out of the estuary into the ocean. This is not due to any
diluting effect of the ocean, but rather because the distance between

Indian Point and New York Harbor is sufficiently long to permit vir-

‘tually complete disappearance of contaminant originating at Indian Point

by the time this contaminant reaches the Harbor. This means that the
downstream end of the estuary has no influence on contaminant distri-
bution in the estuary. The estuary may therefore be considered to be

infinitely long and the first boundary condition may be written:

Cu =0 ' BC #1
In the upstream region, convection opposes dispersion and the distance
from Indian Point to the upper end of the estuary is even greater than
the distance from Indian Point to the lower end. For these reasons,
the statements concerning BC #1 are even more applicable here and

the second boundary condition is written:

o =0 BC #2

X= -o

Although Equation 10 does not define behavior across sections at Indian
Point and Chelsea, and discontinuity in some derivatives will occur at
these points, the contaminant concentration itself is continuous, and
therefore single-valued at all points. This fact gives rise to the third
and fourth boundary conditions:

CII =CII\x=a BC #3

X=a

CIle=0=CHI|x=0 BC #4

10



4, To describe the behavior at the boundary between regions II and III,
a material balance about the plane of discharge is constructed as shown

on Figure 15. The steady state material balance is written:

d EA dc —
[QZ CH - EA ﬂ] + qr CII + QIP cip - qr CII - [Q3 CIH - ﬁjl :‘Kc AAX
dx X = AX dx X = A_)_(
2
‘ e (12)
in which Qg9 = River flow above Indian Point

' qp = volumetric discharge from plant
Q3 = Qy + qrp = net River flow below Indian Point
cp = concentration of plant contaminants prior to introduction

to recirculating flow

qr = recirculating River flow through plant

Simplifying Equation 12 and taking the limit as Ax—0 yields:

deyr _ deqnp
q Cip - C =EA| 2 - Wy (13)
IP[IP Iﬁxzo [dx & ). . .

In reality, virtually all of the flow from Indian Point is recirculated from -

the River. Therefore qyp <<<Qg, and for all practical purposes Qg = Qz. Call
(qu . cIP), W, the continuous load on the River, take the limit of Equation 12
and obtain for the fifth boundary condition:
W=EA[E-@]‘ BC #5
dx dx
Notice that the first derivatives of the contaminant concentration are dis-
continuous at the point of discharge. This behavior is shown clearly by the

contaminant profile in Figure 1.

5. The behavior at the boundary between regions I and II is developed
similarly. A material balance about the plane of drawoff is constructed in Fig-

ure 15 and is written:

|:Q1cI—EA F’ﬂ] -qecy - [Qz e - EA H} -KcAAx =0 ... (19
dx AX dx 1, . Ax
a-7 2
in which Q; = River flow above Chelsea
gqe = drawoff at Chelsea
Qg = Q; - qc River flow below Chelsea
¢, = contaminant concentration at Chelsea
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As Ax approaches zero, ¢y = ¢y = ¢3 and Equation 14 becomes:

dCI

deqy
dx -

dx BC #6

X=a X=a

Notice, in the case of drawoff from the River, the concentration of contam-
inant in the withdrawn flow is identical to the concentration of contaminant in
the River at the point of drawoff. In the case of discharge to the River, the
contaminant concentration in the discharged flow is much larger than in the
River at this point. Thus, in the case of drawoff, the defining differential
equation does not hold across the point of drawoff because the River flow is
changed, while in the case of discharge, it does not hold because of the impo-
sition of a net load on the River.

Substitution of Equations 11a, b, c¢ into these six boundary conditions yields
values for the six arbitrary constants. The explicit solutions for contaminant
concentration becomes:

w e (g - 1) a+ipx

CI = A—E—(jl'—-—k—z')- ...... (15)
T . . j2 - k k
o L W[ _ei2% gy - gyelz - KDarkex) (16)
I " AE |ig-k2 " (g - ko) G - kp)
. . . jo - ko)a
W - ko) + - e(JZ 2 kg x
I = A (]1' 2 _02 i) :le 2X L. a7
| G2 - k) (1 - ko)
For the case of no decay, K = 0, and:
. Uy
= =
1 E
. Ug
lg = £
2 E
ky =

For this case, the concentrations at x = 0 (Indian Point) and at x = a

(Chelsea) are, respectively:

Ug -a U2 -a
W (Up e = e =
C.=~|—= (1-e " E)+e E | ...... 18)
Y Q1|:U2( Ej| (
c..w U22 |
aTQ E e (19)
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For no drawoff at Chelsea, Equation 18 and 19 reduce to the simple case
of discharge of a conservative contaminant at x = 0; i.e., Ui = Uy, Q1 = Q=Q

and:

The ratio of concentration at Chelsea to concentration at Indian Point is:

CcChelsea _Ca 1

Cndian Point Co g . ﬂ( -Ug-a >
e -1

E

Ua
For the case of no drawoff at Chelsea, this reduces to e g .

2. TRANSIENT CONDITION

Subsequent to commencement of a stea.dy,‘ continuous discharge, a time lag
occurs before steady state profiles, described by Equation 15 throvugh‘ -'21, are
established. To determine concentration build-up as a function of time as well
as of space, an unsteady state analysis of Equation 4 must be made. Such an
analysis has been judged necessary in this study, not only to establish the rapid-
ity of approach to steady state, but also to serve as a basis for a computer’
solution of the maximum permissible continuous release when radioaétive decay

is taken into account (7).

Analysis shows that the 100 mgd Chelsea draw has only a slight effect on
equilibrium concentration at Chelsea. The same can be expected during the
 approach to equilibrium so that transient analysis without consideration of draw-
off was used. This has been developed previously in considerable detail (8). _
The final equation for the distribution of contaminant upstream of the point of
waste discharge is:

W
cyx,t) = 2Qvi_+KE— E x li—%.< ” 4KE>{I ERFC<_— 4/ +4KE t>
U2

- 2
U 4KE X U4 + 4KE
- EXP [ﬁé- 1 + U2>X:]- ERFC<4Et + _4E 9

13



The corresponding. steady state solution, given by Equation 16 when j; = j2

U_. 4KE
\' 2E [1+ I+ Uz]x
cc=qgVi+aE® - 1 4, (24)

U2

(no drawoff, Uy = Uz), is:

[\

The ratio of the transient response to the equilibrium response is:

alet) N \[02 + 4KE t
CI(X,oo) 2 NAE t 4FE

U 4KE X U2 + 4KE
- EXP[——E—AII = x] ERFC[MEt + /\’ iE t]

For the case of no decay, Equation 25 reduces to: " ° """~ (25)
cy(x,t) 1 X U2t [ U -x T2t
o=y 2| PRFC e - VTE| - BXPlE X ] ERFC|EET * V' 4E

...... (26)

14
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Iv. INSTANTANEOUS RELEASE

This case represents the condition of an accidental spill of radioactive

. contaminant to the River. A slug of material is released over a short time in-

terval, which for practical purposes can be assumed to be instantaneous. The
object is to determine the time of appearance of and the value of maximum con-

centration at Chelsea.

1. PREVIOUS STUDIES

Studies of the effect of instantaneous release of conservative substances at

~ Indian Point were conducted on the Hudson River Model at the Waterways Ex-

~ periment Station, Vicksburg, Mississippi, circa 1962 (9). Figure 16 is a re-

production of Plate 30, reference 9, and shows the distribution of conservative
dye, released over a single tidal cycle at Indian Point, for a River flow of
12,000 cfs. Notice that the spread is asymmetrical, favoring the downstream
direction. This documents the variable nature of the dispersion coefficient and
the fact that it increases in the downstream direction, as shown previously in
Figure 12. A more detailed analysis of these data, in terms of the mechanisms

which cause E to vary, may be found in references 5 and 6.

The occurrence of maximum upstream E values between mile points 45
and 50 is demonstrated by Figure 16. Within this reach a decféasing slope,
particularly for tidal cycles 15 through 30, can be seen, indicative of greater
spreading or longitudinal dispersion. For a flow of 12,000 cfs, salinity is well
below mile point 55, the approximate location of the mouth of Newburgh Bay,
and therefore not available to induce circulation, i.e., increase E. Below this
point the channel narrows, the velocity is higher, and the downstream-directed
convection stro'ng. However, the rate of tidal energy dissipation, besides
salinity-induced circulation, the other major cause of dispersion, is relativelyi

high and dispersion is enhanced and the dye moves up this far.

Tidal energy dissipation in the larger expanse of the bay is relatively low;
without salinity-induced circulation present, dispersion becomes negligible and
is overpowered by downstream-directed convection. Thus, at the flow of 12,000

cfs, dye does not appear above mile point 55,

At drought flows, of course, Salinity is present for north of this point;

significant dispersion, at these times, can be expected in the vicinity of Chelsea.

15
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2. CONSTANT PARAMETER ANALYSIS

Drawoff at Chelsea is not considered; the results of the continuous analysis
indicate this is not a serious omission. Detailed analysis of the instantaneous
release for constant River characteristics has been developed previously (8);

a brief outline of the development is given here.

The defining differential equation is Equation 4. The initial and boundary

conditions are developed as shown on Page 9 and are:
Initial Condition: C|i_ =10, - © =x= o

Boundary Conditions #1, #2: C|x = 40 = 0, all t

Boundary Conditions #3: Clx 0" C|X -0 all t
- +
Boundary Conditions #4: AE ‘—;ﬁ . = f(t), t> 0
x -—0 X+ —0

f(t) in B. C. #4 is the delta function and is written:

M

0, At<t=sw

in which M = Mass of contaminant released

The Laplace Transform Solution of Equation 4, subject to the above condi-

tions, yields:

2

-U

M i (x t) Kt
4Et

sANZET . Rt L 27)

To compute the dilution effect only, set K = 0. Equation 27 becomes:

C(x, t) =

M _ (X - Ut)z
et =5 Ee © 4Et ... (28)

The maximum value of C (x,t) at a given x is desired. Differentiate
Equation 28 with respect to t and equate the results to zero to determine the

time at which the maximum concentration occurs. This procedure yields:

E U2 x2
teritical = —5 |- 1+ j[1 +
crt U2 E2 | ...... 29)

16
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INTRODUCTION

The hydrological features of the. Indian Point site have
been studied in three categories; the Hudson River, ground
water and surface water feservoirs. Flow data and the flood
history of the Hudson River in the vicinity of the Indian Point
Plant are discussed. Ground watér sources within the area are
generally used for industrial or commercial purposes with some
limited residential usage on the west side of the river. The
surface water reservoirs in the éurrounding area that are
used for water supplies and sources of alternate water supplies"

are also deséribed.
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HUDSON RIVER

General

The Consolidated Edison Indian Point plant is situated on
the east bank of the Hudson River below Peekskill, just above
Verplancks Point. In the general area of the plant,water from
the Hudson River is used only for industrial cooling purposes.
The nearest community utilizing the Hudson River for a public
water supply at the present time is Poughkeepsie, some 30 miles

upstream from the plant site.

Flow

Fléﬁ data for the Hudson River were abstracted from a
previous report of Mr. K. Kennison, submitted to Consolidated
Edison on November 18, 1958 (included as an appendix to the
séction on hydrology). Flood data were obtained from the Survey
Division of the Corps of Engineers in New York City.

In the vicinity of Indian Point, the width of the Hudson
River ranges from 4,500 to 5,000 feet with maximum depths of
from 55 to 75 feet. Cross sectional areas of the river from a
point three quarters of a mile upstream from the plant site to
a mile downstream are in the order of from 165,000 to 170,000

square feet.



Flow durationlrecords of the Hudson River for a 17-year

period preceding 1930 show the followlng:

Rate of Flow ‘ ~ Percent of Time
c.f.s. ' ‘ Exceeded
26,000 | : 20%
15,250 ’ " - Lo
10,500 | 60%
7,000 o - 80%

4,000 - . 98%
It is evident that even the highest rates of flow expected
will influence depth of flow in thé river to only a small degree

in the vicinity of the plant. This i1s due to the relatively high

avallable flow section and the width of the river. River depth

~ 1s affected more by the tidal .influence than it can be by any

S-5

anticipated flood flows.

. The Hudson River is tidal as far upstream as Troy, éé;e
100 miles from Indian Point. The elevation of the water surface
in the vicinity of the plant i1s so responsive to the tidal cycle
that average rate of flow has little effect onvdepth of flow

or vélocity of flow.

Flood History

. Tide elevations vary both daily and seasonally and, in
addition, can be affected by atmospheric conditions such as can
gxist during extreme storms or hurricanes. The atmospheric con-
ditions can cause a surge which, added to the normal tide,

establishes water elevation.



The highest water elevation at the U.S.G.S. station at
Verplancks Point, one-half mile below Indian Point, was 7.4 feet
above MSL (mean éeavlevel) recorded in the year 1950. A higher
surge occurred in 1960, but the normal tide stage was such that
actual water elevation was somewhat less than the 1950 record.

In an earlier period, before 1935, the highest recorded elevation
was 4.75 ft. above MSL at Verplancks Point on August 24, 1933.

Mean water elevations at Verplancks Point are just below
1.0 (MSL). The mean range of water depth stagés is about 3.0 ft..
With high runoff in the Hudson River Basin, the mean range at
times averages a half a foot higher during the spring period.

The highest river elevation, recorded in 1950, was about
6.5‘feet higher than average river levels, or some 5.0 feet higher
than average high river stages. Considering past flood history and
the fact that flood stages are primarily the effect of tidal 1in-
fluence, flooding of the Indian Point plant site appears to be
a highly unlikely possibility.

Contamination Potential

S-6

The hazards of contamination of water supplies by discharge
of.water borne wastes from the Consolidated Edison IndianvPoint
plant are almost minimal. In the reach of the Hudson River
that could be affected, river water is used only for industrial

cooling.
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‘ It should be mentioned th@?, the City of New York is now
in the process of constructing a river water pumping station at
Chelsea in Putnam County below Poughkeepsie. The intent is to
pump vHix.dson River water into the City system.



WELLS' AND GROUND WATER

General » ,
Within a five-miietradius.of the plant the only public

water supply using groﬁnd water is the Stony Point system of
Utilities and Industries located in Rockland County across the
river from Indiah Point. Reports on ground water resources within
this five-mile radius indicate the existence of numerous other
wells. These wells are for industrial and commercial usage and
for 1ndiv1dua1 water supplies for private residences. Residential
usage, however, is almost entirely confined to the area on the

west side of the Hudson River.

Ground Water Geology

Water bearing strata in the area within a five-mile radius
of Indian Point can be divided into unconsolidated surface de-
posits and consolidated bedrock. Unconsolidated deposits cover
most of the bedrock in this area and range in thickness from a
few feet in the hills to several hundred feet in the larger
valleys. Unconsolidated deposits range from clays, which produce
oniy meager quantities of water, to coarse sand and gravel
capable of yielding several hundred gallons per minute to a well.

.The bedrock underlies the unconsolidated deposits and,
where these are absent, crops out at the surface. Ground water

in bedrock occurs principally in fractures and solution channels.



Thus, the water bearing characteristics are generally
similar, although the rocks differ widely in mineral composition
and water yield.

Bedrock in Westchester County is, for the most part, meta-
morphic in character and includes schist and gneiss, with smaller
amounts of limestone, quartzite and slate. Small injections of
granite can also be found. Only minimal yields of ground water
can be obtained from bedrock formations in Westchester County.

Consolidated rocks are the chief source of water in Rockland
County. Principal rock units include the following:

a) Newark Group - sandstone, shale and conglomerate.

b) Palisade Diabase - diabase with some basalt.

‘ ¢) Cambrian and Ordovician Rocks - quartzite,. limestone
~ and dolomite.

d) Precambrian Rocks - granite, gneiss, with some schist
and diorite. :

The Newark group provides the greatest source of ground
water supply in Rockland County. The other units of bedrock
yield only minimal quantities, as in Westchester County.

A small area of Orange County lies within the S5-mile radius
being considered. Wells in this area have been drilled in bed-
rock formations similar to those in Westchester County where the

water yleld is small.
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Well Supplies

As mentioned before, the only public water supply served
by wells in the 5-mile radius of Indian Point is the Stony Point
System. This system serves the Villages of Haverstraw and West
Haverstraw as well as portions of ths Towns of Haverstraw and
Stony Point. The Stony Point supply wells are located in strati-
fied drift, an unconsolidated formation. These wells are rela-
tively shallow, the greatest depth about 35 ft. Total yield of
the wells to the system averages about 550 gpm.

Other wells in Rockland County, in the area being considered,
include some wells for commercial and industrial use and many
private wells serving individual residences. These wells are
located in bedrock for the most part and range from 100 to 300 ft.
in depth. Consumption of water from wells serving private homes
will vary from 100 to 1,000 gpd (gallons per day), depending on
the number of persons using the supply and the facilities using
water. '

There are only a few wells still in use in Westchester
County within the 5-mile radius. Almost all the wells within 2
to 3 miles of Indian Point have been abandoned and connectioné
have been made to public water systems for supply. At the
fringes'of the area a few private wells are used for individual
residences. These wells are mostly in unconsolidated deposits
with depths less than 50 ft. Some wells exist in bedrock with
depths varying up to several hundred feet.

5-10
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A small portion of the community of Fort Montgomery in
Orange County lies within 5 miles of the plant. Homes in this
community are served entirely by individual private wells in
bedrock. Depth of the wells vary up to several hundreds of feet.

Contamination Potential

- The bedrock formation is such that it is highly unlikely
that wastes percolating into the ground from the Indian Point
site will reach the water bearing formations used for water supply
on the west side of the river in Rockland and Orange Counties.
Most of the wells in Westchester County are shallow, in uncon-
solidated formations with ground surface elevationé considerably
higher than at the plant site. This situation would pfecludé
the possibility of 6ohtam1nafion of the supply through ground
water flow. Bedrock wells in Westchester County are similarly
at highér elevations and, for fhe most part, are drilled in

different rock formations than exists at the plant site.
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SURFACE WATER RESERVOIRS

General

The major sources of water supply in the Indian Point
area are lakes and surface water reservoirs. The reservoirs
within a 15-mile radius of the plant site are tabulated in Tables
1-7 along with the users, capacities and distances from Indian
Point. A detailed analysis of the reservoirs within 5 miles of
the plant describes alternate sources of supply to those communi-

ties served by the reservoirs.

City of Peekskiil-Camp Field Reservoir

The S54-million gallbn Camp Field Reservoir of the City of
Peekskill system, located 2.9 miles from Indian Point, is a raw-
water receiving b;sin for the water treatment plant. Water 1s
pumped 1hto this basin from Peekskill Hollow Brook. For the
most part, the water supply is the continuous flow of this
brook. At times~of low flow the supply can be supplemented by
releasing water into the stream from holding reservoirs in
Wicopee (Putnam County) some 11.7 miles from Indian Point or
from the Catskill Aqueduct of the City of New York, located a
short distance upstream from the pump intake.

The City of Peekskill system 18 divided into two service
pressure areas. Water for the low-pressure area flows by gravity

from Camp Field Reservoir through a bank of slow-sand filters
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into the system. No additional storage is provided for this
section of the system. Water for the high-service area flows
from the reservoir through two diatomaceous earth filters by
gravity and then is pumped to a pair of elevated storage tanks
with a total capacity of 800,000 gallons. The high-service
system serves approximately 25 percent of the Peekskill area.
The remaining area, including Standard Brands and most of the
other industrial consumers, is served by the low-pressure system.

Total water consumption in Peekskill averages about 5 mgd.
The iargest single user is Standard Brands, at an average rate
of 1.5 mgd. All water is supplied from Peekskill Hollow Brook.
Two connections to other systems are available for ehe:gency 1
conditions. One is the above-mentioned Catskill Aqueduct con-
nection which discharges into Peekskill Hollow Brook. Thig flow
must be processed'through the two treatment facilities for use.
The other emergency connection is to the Montrose Water District
system‘which can supply betﬁeen 1.0 and 1.25 mgd from the
CatskillHAquéduCt to the low-service section of the Peekékill
system.‘ |

Since no piping 1sv1nstalled‘to bypass Camp Field Reservoir,
contamination of this basin would deprive Peekskill of 1its
normal source of supply. Installation of a bypass would involve
some 800 1lin. ft. of 24-in. pipe between the inlet force mains
and the outlet lines to the two filter facilities. With such a
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bypass, it would be possible to take water directly to the
filters from Peekskill Hollow Brook after the passage of con-
taminaéed water in the event of prolonged contamination of Cemp
Field Reservoir. It might be necessary to accelerate flushing
out of the brook and the impoundment at the pumping station in
such a situation by rgleasing water from either the Catskill
Aqueduct. or the»ﬁicopee reservolirs.

Peekskill most likely could not depend on the Montrose
connection alone. This can supply less than one-half the normal
demands of the low-service system even with the assumption that
Standard Brands would not operate during the emergency. The high-
service system has only 800,000-gallon storage, which would last
less than 24 hdurs ﬁfter shutting down the Peekskill Hollow Brook
supply. _

As presently arranged, the City of Peekskill would be
practiéally deprived of a water supply with elimination of
Peekskill Hollow Brook aé a source, A study will soon be made
under the auspices éf'the Westchester County Water Agency and
the State of New York to determine the feasibility of conneéting
the Peekskill system to a proposed transmission main crossing
northern Westchester County from the Delaware Aqueduct of the
City of New York. This proposal could furnish an independent
source of water in sufficient supply to serve all the needs of

the City of Peekskill in the event of an emergency.



Palisades Interstate Park Commission - Queensboro Lake

Queensboro Lake, some 5 miles from Indian Point, serves as
the year-round water supply for Bear Mountain Inn. The inn
facilities include the offices of the Palisades Interstate Park
Commission as well as a hotel and restaurant. Three other lakes
feed into Queensboro Lake through stream flow or by pipe con-
nection.‘.Only Queensboro Lake is connected directly to the water
system and no bypass is available to route water around the lake
from a more distant location.

In case of contamination of Queensboro Lake, Bear Mountain
Inn would be deprived of its water supply. A neighboring com-
munity, Fort Montgomery, is served entirely by individual private
wells. This would seem to indicate that installation of an

emergency well supply for Bear Mountain Inn would be feasible.

Stony Pbint Water System -'Utilities and Industries

The Stony Point supply of Utilities and Industries, an
investor-owned water company, serves the towns of Stony Point
and Haverstraw as well as the villages of Haverstraw and West
Haverstraw. Total average consumption is about 1.8 mgd with
1.0 mgd from a surface sﬁpply and 0.8 mgd from wells.

The impounding reservoir of the surface supply of 4.5
million gallon capacity is located some 3.5 miles from Indian
Point. With contamination of this supply, the system would be
left with only the wells which furnish about 45 percent of total

consumption.
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Negotiations are now under way for purchase of the Stony
Point supply by the Spring Valley Water Company, an investor-
owned utility serving most of thevrennining-sreas of Rockland
County. - This company derives water from a well system of 13 to
15 mgd capacity and up to 7 mgd from De Forest Lske outflow some
10.8 miles from Indian Point. Plans have been completed for
construction this fall of a connection between the Spring Valley
Water Company system and the Stony Point system. This connection
will furnish well water from the Spring Valley supply to the
Stony Point network.

"As ‘far as can be ascertained from public fecbrd@, the
above three systems comprise the only surface water usage within
a 5-mile radius of the Indian Point power plant except for in-
dustrial cooling water usage of the Hudson River. All other
supplies are reported &8s originating in wells or from surface

storage outside the 5-mile limit.

S-16
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Code
w-8

W-18
W-14
W-13
W-13
W-1

W-10
W-11
w-11
W-5
w-6
w-1A

WITHIN 15 MILE RADIUS OF INDIAN POINT

Reservoir
Indian Brook
Pocantico Lake
Fergusons Lake
Tarrytown Res.

Open Res., - 2

‘Croton Res.

Whippoorwill Ia.
Byram Lake

Open Res..

Lake Shenorock
Open Res.
Amawalk

Camp Field Res,

*# Estimated

WATER STORAGE RESERVOIRS

WESTCHESTER COUNTY

User

Ossining WB.

New Rochelle Wat. Co.

Pocantico Hills Est.
Tarrytown
Tarrytown

New York City
(See List)

New Castle Wat. Co.
Mt. Kisco

Mt. Kisco
Amawalk-Shenorock WD.
Lincoln Hall School
NYC (See List)

Peekskill

Capacity
Million Gallons

101
200
4o =
313
1.75 & 1.10
65,300 (Inside 15
mi.)

25 *
950
10 *
90 *
25 #

10,000 (Included in
W-1)

54

TABLE 1

Distance Surface

Miles Acres
6.5 17
11.9 63
13.5 28
4.0 85
4.0 : 1
ko059
13.3 8
15.0 133
1&.0; 2
11.1 16
11.9 6
11.6 588
2.9 11
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WATER STORAGE RESERVOIRS : TABLE 2
WITHIN 15 MILE RADIUS OF INDIAN POINT
PUTNAM COUNTY

: v _ Capacity Distance Surface
Code Reservoir User Million Gallons Miles Acres
P-20 ‘Lake Mahopac - See List - 5,000 #* : 12.7 577
- P=10 Oscawanna Lake - See List 3,500 * ' 9.5 362
P-21 Pelton Pond N.Y.S. Fahnestock 125 * 14.0 11
_ Park
P-6  Cold Spring ~ Cold Spring 150 * 13.0 25
B-3 Cargill Res. Beacon ' 160 15.0 22
B-2 Mt. Beacon Res.  Beacon 180 4.5 17
B-1 Melzingah Res. - Beacon 60 13.3 8
W-4 Wicopee Peekskill 1,200 1.7 166
P-5 Lake Secor Carmel WD #5 350 # 10.8 50
# Estimated
]
()
o
]
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Code

0-11

o_u -

0-12

0-20

0-16
0-16

0-17
0-10
0-2
0-5
0-1

Reservolr

Lusk Res.

‘”Intake Res.

Bog Meadow
Little Bog
Jims Pond

Turkey Hill La.

Nawahunta la.

Silvermine la.
Queensboro La.

Lake Stahahe
Summit Lake
Barnes la.
Te'ata lLa.
Upper Twin La.
Lower Twin lLa.
Massawiepa la.
Lake.Tiorati
Cromwell Lake
Walton Lake
Lake Mombasha
Echo Lake

Or "~ Res.:

WATER STORAGE RESERVOIRS
WITHIN 15 MILE RADIUS OF INDIAN POINT

ORANGE COUNTY

Sterling Forest

Capacity
User Million Gallons
U.S. M.A. 50 %
Hiﬁhland Falls 2.5
" 80
" ”"
" " ‘ll(; -5
Palisades Int. Park 150
1" " 1" 22
Palisades Int. Park Le5
1" 11 n 56
Palisades Int. Park 230
Palisades Int. Park 110
Pal.Int.Pk. & U.S.M.A. 24
Pal. Int. Pk. 77
" " " 10
" N " 8
" ”" 11 104
Pal.Int. Pk., Tiorati 1,500
& Cohasset .

. Woodbury : - 80
Chester 300
Monroe 1,750
Arden Farms ho %

60 *

TABLE 3

Distance Surface
Miles

7.5

o ‘
= UV O\ o~

NON~OW M 00 =0 Fukwm

NN~ ®O®

o
\,

11.2
14.6
13.0
9.5
13.7

Acres

16

43
2
16

58
16

84
37

90
34

18
32
2k
26

29
296
55
129
324
30
42
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ORANGE COUNTY (CONT'D.) TABLE 3 (CONT'D)

Capacity Distance Surface

- Code Reservoir User Million Gallons Miles Acres
0-8&9 Tuxedo Lake Tuxedo & Tuxedo Pk. 2,500 14 .5 294
0-3 Aleck Meadow Cornwall ' _ .23 ' 9.2 9
' Arthur'e Pond Cornwall 115 9.2 20

* Estimated

-gT-
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Code

R-14

R-18
R-13

R-3
R-1
R-7
R-6

WATER STORAGE RESERVOIRS

WITHIN 15 MILE RADIUS OF INDIAN POINT

Reservoir

Lake Sebago

Lake Welch
Breakneck Pond

Sec. & Third Res.
Open Res.
Hillburn Res.
DeForest Lake

ROCKLAND COUNTY

User

Sebago Lake, Pal.
Int. Pk.

Welch Lake

Breakneck Lake,
Pal. Int. Pk.

Letchworth Vill.
Utilities & Ind.
Hillburn

Hackensack Wat. Co.
Spring Val. Wat. Co.

Capacity

Million Gallons

TABLE 4

Distance Surface

1,100

1,000
100

100
4.5
1.0
5,500

Miles Acres
10.8 300
7.2 209
9.2 - 63
8.5 4o
.3.5 5
1.7 4
10.8 960

.61 -
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TABLE 5.

MULTIPLE USERS OF WATER SUPPLY SYSTEMS
WITHIN 15 MILE RADIUS OF INDIAN POINT
WESTCHESTER COUNTY

New Croton Aqueduct (New York City)

Ossining Water Board

Sing Sing Prison
Village of North

Tarrytown

New Rochelle Water Company -

Village
Town of
Village
Village
Village
Village

of Bronxville

Eastchester

of North Pelham
of Pelham

of Pelham Manor

of Tuckahoe

Village of Irvington

Village of Briarcliff Manor
New Castle Water District #1

Village of Tarrytown

0l1d Croton Aqueduct (New York City)

S-22

Ossining Water Board

Village of Ossining

Town of Ossining

Sing Sing Prison
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TABLE 5 (CONT'D.)

Kensico Reservoir (New York City)-

City of White Plains

North Castle District #1

Westchester Joint Water Works No. 1
Village of Mamaroneck -
Town of Harrison
Town of Mamaroneck
City of Rye
City of New Rochelle
Village of Larchmont
Village of Scarsdale
Village of Pelham Manor

‘ ' Harrison District #1
Catskill Aqueduct (New York City)

Grasslands (Westchester Co.)
Hawthorne Improvement District

Hawthorne

Town of Mt. Pleasant
Valhalla W D

Valhalla_

Town of Mt. Pleasant
City of Yonkers
Village of Scarsdale

New Rochelle Wat. Co. (same as Pocantico Lake)

$-23
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TABLE 5 (CONT'D.)

Amawalk Reservoir (New York City)

Yorktown WS DD
Amawalk Heights W D
Town of Somers

Town of Yorktown (13 Water Districts)

Peekskill System (City of Peekskill)
City of Peekskill
Village of Buchanan
Town of Cortlandt
Indian Brook Reservoir (Ossining Water Board)

Village of Ossining
Town of Ossining
Sing Sing Prison
Whippoorwill Lake (New Castle Water Co.)

Town of New Castle (Part)
Town of North Castle (Part)

Pocantico Lake (New Rochelle Water Co.)
Village of Ardsley
Village of Dobbs Ferry
Town of Greenburgh
Village of Hastings
Village of Scarsdale
Village of Eastchester:
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TABLE 5 (CONT'D.)

Tarrytown Reservoir -

Village of Tarrytown
Glenville W D

Town of Greenburgh
Eastview

Town of Mount Pleasant

Village of North Tarrytown

-23-
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TABLE 6

MULTIPLE USERS OF WATER SUPPLY SYSTEMS.

WITHIN 15 MILE RADIUS OF INDIAN POINT
PUTNAM COUNTY

Lake Ospawanna

Hiawatha Improvement Co.
Hilltop WD
Wildwood Knolls W D

Oscawanna Lake (Private Homes)

Lake Mahopac

Lake Gardens

Lake Mahopac Woods

Mahopac Hills

Mahopac 0ld Village

Lake Mahopac (Private Homes)
Lake Mahopac Ridge

Lake View Park

Mahopac School

-24.



TABLE 7

MULTIPLE USERS OF WATER SUPPLY SYSTEMS
WITHIN 15 MILE RADIUS OF INDIAN POINT
ROCKLAND COUNTY

De Forest Lake
| Hackensack Water Co.
Spring Valley Water Co.
Town of Clarkstown (Part)
Town of Ramapo
Town of Orangetown
Nyack
Village of Nyack
Village of South Nyack
Upper Nyack
_ Town of Clarkstown (Part)
Stony Point Supply (Utilities and Industries)

Town of Stony Point
Town of Haverstraw
Village of Haverstraw

Village of West Haverstraw

5-27
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KARL R, KENNISON
CIVIL AND HYDRAULIC ENOINESR
381 CLINTON AVE., BROOKLYN, N. Y,

Mr. G, R, Milne Nov, 18, 1958
Mechanical Engineer -

Cons, Edison Co. of N, Y.

4 Irving Place

New York 3, N, Y.

Dear 8ir :

You have described to me the general features of
the atomic-energy power’plant which you are plenning to conéfruot
on the east bank of the Hudson River bélow Peekskill. I under-
stand that you wiahvmo to reporf on such hydrologio features of
the site as may affeét your plans,

From the information that you’have made aveilable to
me I conclude that the moe£ useful information I cen give you is
that which relates to the amount and character of the flow in the
river, At the proposed site the fiver has a width of about 4500
to 6000 feet, a maximum depth of 55 to:7§ feet at less than 1000
feet off shore, and a croesesectional area of about 165,000 to
170,000 square feet. Sheet i shova a number of cross aect;ona
of the river, plotted from the ﬁ.s.c.&o.s. chgrta,_gt ihtorials
of 1600 feet, from 3750 féet upstream to 65260 feet downstream
from the proposed plant. ,

At this site the effect of the tides 1s all important
and so far outweighs eny other consideration that, at least for
present purposes, the information already available on the day-

by~day variation of the runoff from the tributary watershed is

adequate,

On Sheet 2 I have plotted an approximate flow-duration

ourve from data I had already calculated covering a period of



17 years.
An average rate of about 26000 cfs may be expected to be

exceeded 20 £ of the time
" " " " " 15250 1] " n 40 % " " "
L] " " ] " 10500 " 1 o 60 % " " "
" " " " o 7000 " " " 80 % n " 1]

For aﬁy 2 % of the time the rate may be as low a3 4000 cfs

However qﬁ above indicated the ebb and flow of the
tide is tﬁe'nll important consideration. The river 1s tidal to
as far upstream as Troy. Its hourly behavior in the tidal range
varies throughout itg length. The U, S. Coast & Qeodetic Survey
has tabulated a great deal of information from which a general
pictﬁre of conditions off the shore at the proposed site can de
obtained.

On Sheet 3 I have plotted the data, as they are ap-
plicable to this particular site. This indicates that the
elevation of the water surface is so responsive to the tidal -
cyclé that the average rate of flow, or runoff from the tributary
watershed, has relafivelyvlittle effect on the velocity past the
site, T conclude that it is this veloclty end the resulting
volume of flow available for mixing and dilution in which you
are‘primarily intereéted. In the limited time at my disposal
I can only draw general conclusions., These may be adequate for
present purposes., You could obtain better information by running
a series of tests on surface and sub-surface floats, at varying
distances off shore, throughout the tidal cycle,

| The velocity recorded by the U,S.C.4&G.S. is that in
midstream at or near the surface. In ordeér to be on the safe side
in drawing conclusions, I have assumed that 80 % of thia velocity

represents the average vertically from surface to bottom, and

s-29 that 80 £ also represents the average horizontally from side to



side, hence that roughly 64 % represents the average over the ‘
entire cross section. I have also assumed that 15 £ of the total
oross ééction. or a stretqh about five or six hundred feet wide
off shore, is all that should be used in. considering the initial
mixing or diluting effect, In making this assumption I am governe
ed to some extent by Hazen's studies reletivo to the ofr-ohoro
distance of Poughkeepsie's water 1nt&ke to avoid direct contami-
nation by its sewage. I have further assumed that the veldoity
in this off-shore stretch is only 60% of the midstream velocity,
henoce thaf roughiy 48% represonts the average over the cross seoc-
tion of this off-shore stretch, | ‘ |
On Sheet 4 I have shown the result of these assump-
tions, which, as above astated, are believed to be on the safe side
in conaide'ring the direct effect of mixing or dilution of your ‘
wastes., ‘Thia emphasizes the all-important effect of the tides, |
the Quantity available for dilution varying in about three hours
from a meximum of eight or ten million gallons per minute to |
nothing. |
Although you will have to put up with this variation
as rar as your continuous cooling water circulation 1s concerned,
it does point to the desirability of incorporating in your design
a method of controlling the time for the dlacharge into the cool-
ing water outlet of any and a}l waatovthnt is to any extent radio-
active. I would say that this should be done in any event for
the drainage from your routine and ehergency demineralizers, and
it might well be done also for—drainage from all areas llable to
accidentai contamination, ‘

S-30 From your estimaté of the extent of dilution alreidy
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accomplished in the demineralizqr}wagte overflow, I trust you
can get an approximate figure fot,tha‘dilution that may result
in the river off shore, and can compare this with what you may
find necessary or deairable'rqr adequate protection of fish life
or of the fish eating public. | |
| Ae far as the effect on public water supplies is con-

cerned, the use of the Hudson River for ﬁater supply, other than
condenser cooling, is very iimited. The nearest municipality
involved 1s Poughkeepsie, 30 miles or more upstream, and even at
that distance threatened at times with the problem of sslinity.
There is no likelihood that in the future any nearer municipality
will take 1ts domestic water supply from the Hudson. In fact
the tendency is the other way, and the mofe remo te municipalities
of Catskill and Hudson have abandoned earlier supplies taken from
the river. |

» v | As far as the erfect on ground water 1s concerned,
yéu haQe acquiréd an ampie Areﬁ of éurrounding land. I can see
no possibllity of any deleterious effect.

I trust that this information which I have assembled
in the limited time available will be helpful to you. If from
these approximate figures there appears to be any question as to
the adequacy of the safety factor in dilution, you may, as above
stated, require additionai information from float tests.

Froﬁ what you have told me about your proposed de-
signs and methods of operation,:I suspect that there is no real
question of safety but only one of public relations - the avoidance

of even the appearance of danger,

Verytité;t;i::;; /QE? ’)7/ : .

5-31 L e



KARL R. KENNISON
CIVIL AND NYDRAULIC ENGINEER
361 CLINTON AVE., BROOXLYN, N. Y.
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1, Introduction

1.1 Description of Topography

Indian Point Park, site of the proposed power plant, is located
some two miles SW of the ‘town ‘of Peekskill which is the moét densely popu-
lated area in the immediate vicinity of the site., Indian Point, itself, is
on the east bank of the Hudson River which runs NE-SW at this point but
makes & sharp right angled turn some 2 miles NE of the Point (see Fig, 1).
The west bank of the Hudson is flanked by the steep, heavily wooded slopes
of the Dunderberg and Ramapo peaks (heights close to 1,000 ft,) which extend
further to the west by other names and gradually rise to slightly higher
peaks,

The general orientation of this mass of high ground is NE to SW.
One mile NW of the site, Dunderberg bulges to the east, and north of Dunder-
berg and the site, high ground reaching 900 ft, forms the east bank of the
Hudson as the river makes a sharp turn to ‘the northwest, To the NE of the
site, the narrow beds of the Cahapus and Peekskill creeks lie generally in
a NNE to NE orientation, To the east of the site peaks are generally lower
than those to the north and west, Spitzenberg and Blue Mts avefage about
600 ft. in height and there is a ﬁeak, poorly defined series of ridges which
again seem ﬁo run in a NNE direction, The river south of the site makes
another sharp bend to ﬁhé southeast and then widens as it flows past Croton

and Haverstraw,

1,2 Meteorological Effects of Topography

The site then lies in a bowl surrounded on almost all sides by
high ground ranging from 600 to 1000 ft. Although the heights of the
orographic features are relatively small when compared to classical Alpine

or western United States valley studies, the topographysurrounding the present
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site is nevertheless pronounced enough to decisively lnfluence the
meteorology of the valley. We may expect the topography to exert its influence
in the following ways,

a) The orientation of the ridges serves to channel the air flow
in the valley into preferred directions, We would therefore expect the fre-
quency distribution of wind direction to be more peaked than it would be
over level terrain,

- b) The ridges act as a barrier to the descent of faster moving

air to ground levels and for this reason wind speeds in the valley
should be lower ihan over level terrain,

¢) The differing radiational characteristics of the valley,
valley sides and plain at the mouth of the valley combined with the
sheltering effect of the ridges give rise to thermally induced local air
circulations. These circulations, if present, shocld have a well marked
diurnal period and should be seasonally dependent, When present in a pure
and highly developed form, the thermally induced currents have well-defined
vertical branches with systematic ascending or descending currents along
the valley sides and center,

d) When prevailing winds are strong and normal to the ridges .
some sort of quasi-stationary eddy wind system may develop in the valley,

This type of wind system may be very turbulent and in a rough statistical

sense may also have preferred regions of sustained positive or negative.

vertlcal currents,

e) The effect of these valley systems on diffusion rates are
largely unknown, Moreover, the vertical circulation branches - if they exist -
can redistribﬁte diffusing material in the vertical in a manner uhich is
quite inconsictent with values of the traditicnal fefticcl diffusion co-

efficients derived from studies over level terrain.
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1.3 Objectives of Project

The objectives of the present study are to evaluate the effect
of “topography on the diffusion oclimatology of the site, This involves
collection of data describing the wind distribution in the vertical and
horizontal, temperature gradients and interpretation of this dats in terms

of diffusion from a ground and elevated source,

2. Equipment .
2,1 Wind Measuring Equipment

The project has on hand now five Bendix-Friez Aerovanes, the
outputs.of which are recorded continuously on twin chart recorders and are the
primary source of our climatological wind data., Two highly sensitive
Beckman Whitley anemometers are used for low level wind determinations and
for special studies., Two very sensitive bivanes deviloped at M,I.T. (see
Fig, 2) are used to determine the three dimensional wind direction. The
bivanes when used with the Beckman Whitleys form a compatible system for
quantitative determination of vertical currents. The output of both the
Beckman and bivane can b; recorded continuously (but not regularly) on
standard O-1 ma Esterline Angus recorders, four of which are in our posession
now,

Also available to the project are two theodolites for use in double
theodolite

/pibal ascents, It is hoped that the angular readings of the theodolites
when following balloons can be recorded photographically at discrete inter-
vals, thus making possible regularly scheduled ascents despite manpower

limitations.

2.2 Temperature Measuring Equipment

Temperature is measured by Type A - Brown Resistance Thermometers.

When placed in specially designed wells, the time constant of these thermometers
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is about 3 minutes in a wind of 20 fps. The bulbs are placed in shielded,

gold leafed cylinders and are aspirated at sbout 20 fps. The output of the

ragistance buldbe is recorded on a L chamel Brown Electronik Recorder, while

differences in the output of matched bulbs are recorded on a 6 channel Brown
Eleotronik recorder. The recording cycle is' 2 minutes for the four channel
regorder (channels sampled at 30 second intervals) and 3 minutes for the six
ghannel temperature difference recorder, Four of these bulbs are now in our
pozsession, Ten others are still on order with delivery now expected by
midppoocmbcr.
2.3 SBmoke Oenerating BEquipment

The Chemioal Corps has kindly loaned the project an M2A1 asmoke
generator, The generator operates at & capacity of 50 gallons per hour and
gshould enable ua to collect smoke trajectory observations in all but the
strongest wind conditions, For use with the generator, the project has

ecqQuired a 700 cfin blower (at 1.5 psi) powered by a 7-1/2 hp 220 V, motor.

3. Observation Sites -

3.1 Meteorological Towsr

Figure 1 is a map of the area showing the principal observation
points. The underlined names are sites of more or less contiguous obser-
vationa, The meteorological tower is the focal point of all observations
made in the valley, The tower is a 310 ft guyed trylon type (sides about
42 inches) with an inside ladder. The base of the tower is about 110 ft
above river level, Seven 10 ft booms are mounted horigontally at 50 ft
intervals for support of the meteorological instruments, Aerovanes are
mounted on alternate booms at heights of 210, 310 and L10 ft above river

level while Brown resistance bulbs will be mounted at 50 ft intervals,

-(see Fige 2). A five inch galvanized pipe runs up one corner of the tower,
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The smoke generator and blower are mounted at the foot of the tower and

during operations the smoke is forced up the.pipe by the blower. Ports are
provided at about 300, 350 and 410 ft above river level enabling us ta vary
the height of emission of the smoke trall as conditions warrant, The qutput
of the meteorological instruments are recorded in the Trailer, shown in Fig, L.

3.2 Off-Tower Anemometer Sites

The U, 8, Maritime Commission has kindly granted us permission to
use several of the Reserve Fleet ships anchored in the Hudsen aff Stony Pt,
as anemometer sites, Usable observations have been gontinuoualy recorded on
the Hall and Jones (see Fig, 1) since 1 Sept., The anemometer on the Hall
was removed 1 Nov, for installation on the tower, The Jones anemometer will
operate continuously for the remainder of the project. It has a goo§ ex-
posure, close to the middle of the river, and presumably removed from the
slope currents of the Dunderberg peak to the west,

A Beckman-Whitley anemometer began operation 15 Nqv, an the roof
of a dock on the east side of the river, The Janes and Dock observations
(at about 70 ft above river) will fill in the details of the flow close to
the valley, '

An asrovane will shortly be moﬁnted on the roof of the main building
of the Peekpkill Military Academy (elevation about 200 ft). This is the
approximate site of a USWB station which mado‘regulgr hourly obaervations
during 1932, 1933 and part of 1934. ‘Reactivation of the ptation will enable
us to get the maximum information from the old records,

3.3 Okronology of Available Observations:

In summary, pertinent data available to the project for climato-

logical purposes as of 1 Dea, follow:
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Site Ht.(above river) Type Dates of Availability
Hall 70 Wind 1 Sept - 30 Oct.
Jones 70 Wind 1 Sept on
Dock 50 Wind 15 Nov, on
Tower - : 210 Wind 1 Nov,
" 310 Wind 1 Nov.
" Lo Wind 1 Nov,
" ~ T(L10-T(260)  Temp. diff. 8 Dec.*
" . T(160)-T(260) Temp, diff. 8 Dec.*
"o . at 50 ft intervals " " 10 Jan,*
Water 0 Temp, 10 Jan.*
Peekskill Military 200 Wind Jan, 1932-Sept.193L
" Academy - - 200 Wind 8 Dec.*

'ZEstimated:date of installation,

4, Discussion of Data’

4.1 Diurnal Variation of Wind Direction

The most strikihg_fbature of the two mbnths of Jones data which have
been analyzed thus far is the diurnai variation of wind direction, At sunset
There is a pronounced tendency for the wind to shift to NE, At sunrise there
is again a tendency for the winds to shift to SW. On some days th; shift 1is
very abrupt and occurs just about at sunrise and sﬁnset. On other days the
shift is not so abrupt and may not take place till after midnight and then only
after an hour or two of calm winds, NE windl,on occasion, persist until noon
before southwesterly flow begins. On still other days, of'courso, the pre-
vailing winds are so strong as to swamp any possible valley effect, and on
those days there is no diurnal shift in wind direction,

A northeast wind parallels the valley orientation at the plant site
and is directed down river towards.thc mouth of the Hudson, If we define the
axis of the valley as a line ruming OLO*-220°, and compute wind components’
along the axis of the valley and in the cross-valley direction, the diurnal
variation of wind direction becomes quité spparent, Figure 5 is a plot of the *

median values of the up and down valley component of the wind as a function of
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time of day. The down valley component reaches its peak median value at about
0600 while the up-valley component reaches its peak median value at about 1600,
The peak median value of the nocturnal down wind component is 5 mph while the
peak value of the daytime median wind is about 3 mph. These peak values ﬁ;rely
reflect the fact that statistically the night time northeasterly flow occurs

southwesterly
more frequently than does its/daytime counterpart,

This is clearly seen in Figure 6 where the frequency distribution (calms

omitted) of wind components along the axis of the valley (6a) and in the cross
valley direction (6b) is shown for night (solid line) and day (dashed line).
The distribution of the axial component is strongly bimodal for both night and
day, At night the most frequent component is down valley (northeast) about
6 mph, A secondary mode is up-valley at about 5 mph but its freuehcy is about.
1/3 the down valley frequency, In the daytime the principal mode becomes up-
valley but a.substantial down valley frequency is still observed, It is
evident thet two regimes are operating, one associated with the valley influence
under relatively weak synoptic flow conditions, and one associated with rather .
strong synoptic flow which alternately swamps the day and nightime valley
influences, A third and weaker regime also operates, namely, a tendency for
persistence of northeasterly winds until about noon on some days and a tendency
for northeasterly winds to begin rather late at night on still other days, The
latter regime is undoubtedly associated with cloudiness and other air mass
radiational conditions,

The distribution of the cross-valley component (Fig, 6b) is very
sharply peaked around sero at night indicating that during a great many
nights the flow is substantially along the axis of the valley, In the day-
time the zero peak is considerably reduced and the distribution broadens
indicating a considerable cross-valley component which is generally super-
imposed on the up~valley daytime flow, All in all, comparison of the two
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distributions indicate that night time stability conditions have the effect of
channeling the flow along the axis of the valley, while in the daytime the
channeling effect of the valley sides 1s not as evident,being partially over-
come by descent of air from above the valley ridge lines, This can be clearly
seen when we compare the r.m,s, wind component along the axis of the valley
with the r.m.s, wind component in the cross-valley direction, At night the
r.m,s, along-valley component is about twice the cross-valley r.m;s, vdlue.

During the day, the r.m.s, value of both components are about the same,

L.2. Distribution of Wind With Height and Across-Valley.

| The observations discussed above were made on boaid the Jéﬁes
anchoied in midriver where presumably the down valley wind should exist in
its puroﬁt form. There are two months of simultaneous data available from
the’Hnii, anchored close td the w;at shoreline of the Hudson. Although not

yet ready for ﬁresentation,‘preliminary analysis of the differences 5etveen

4the Jones And Hnli indicate'vefy little difference in the broad features of

the flow patfarn.

The projqct was fortunate ihﬁbeing able to acquire (from the U.S.
Ubaihér'Buroau) a 2-3/li year series of data made at the Peekskill Military
Academy, Jan, 1932-Sept. 193L. As néarly as can be ascertained at the present
tiﬁa,'thése observations were made at a pbint at leaﬁt 200 ft, above river
level and about 2 miles NE of the site, Essentially the same diurnal
variation of wind direction as discussed above was found with the old data.
Inkadditioﬂ to this,.proliminari examination of tower winds for Nov, indicate
that on at least some occasions the diurnal trend in wind direction is in
evidence up to 420 ft. above river level. The tentative conclusion is that
the down villey wind fills the breadth of the valley and on at least some

occasions extends to over 400 ft. above river level,
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L4.3. Seasonal Dependence of Down-Valley Winds

To 1llustrate the seasonal dependence of night time northeasterly
flow we have calculated the percent frequency that NNE to ENE winds were
observed at Peekskill Military Academy, 1932-193L as a function of tiﬁe of
day for the various seasona, The results are shown in Figure 7, A& was to
be expected, the diurnal variation of northeasterlj winds reaches a maximum
amplitude during summer and & minimum ampitude during winter, This result
can be explained as due principally to the generally stronger snynoptic flow
during winter than during summer, A secondary reason is perhépi the change
in oloudiness and radistional conditions from summer to winter. The dashed
line plot of Fig., 7 represants the percent frequency of occurrence of both
calm and NNE to ENE winds, The reason for this presentation is that calm' .
is an arbitrary designation depending on instrumental and observer thrésh-
holds, Considering the equipment in use in 1932 we believe that a large
number of the recorded night time calms were characterized by a slow drift
of air from the NE., This supposition is strengtHened by the factlthat a
similar count for the Jones Sept - Oct, data indicates a maximuﬁ night time

incidence of about 70€ for NNE to ENE flow,

L.k, Presentation of Climatological Data

The frequency distribution of wind speed and direction by wind
speed class and by night and day for the various seasons is presented in
Tables 1 thru . The data is from the.U.S, Weather Bureau station at
Peekskill Military Academy (1932-193L). Day and night were arbitrarily
defined with respect to sunrise and sunset of the middle of each month, It
is believed that in this form the interpretation of the frequency distribution
of wind in terms of diffusion parameters is facilitated, For example, the

night time class of wind from any direction with speed 1-4 mph is undoubtedly

Q=13
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characterized by a strong inversion, To assist in this kind of interpretation
we have also available (but not presented in this report) the distribution of
cloudiness for each class in Tables l-h; Before making definite interpretations,
howsver, we prefer to correlate the £omr temperature measurements with the

wind data we will shortly begin receiving from the Peekskill Military Academy,

S, Conclusions and Puture Plans

S.1, Conclusions

We now have a fairly good idea of the general flow patterns at our
observation points,  Still unknown, is the distribution with height of the
flow patterns we have discussed in the previous section, The meteorologically
unique feature of the valley is, of course, the substantial night time
incidence of northeasterly winds. This valley phenomenon is of great importance
to our study primarily because low wind speed and presumably stable thermal
stratification are associated with the night time winds. These conditions
usually result in a narrow plume of relatively high concentration. However,
because of the possibility - still unexpiorod - of sustained up or dowm
vertical velocities it is still too early to make statements about ground
concentrations,

In many ways it is fortunate that the night time winds are usually
directed down valley away from Peekskill, On the oj.hor hand, it becomes of

paramount importance to evaluate the effect of the bend of the river south

of the site on the trljoctofiea of sources emanating from Indlan Point Park,
It is also of great importmée to o'nlt'nto. the diffusive conditions' assoclated
with the day tin;e up-valley wiﬁda vhich have a tendency to carry diffusing
materials to Peekskill, This procedure must also be carried out for the
occasions when night time flow associated with general weather conditions

is directed up-iralloy.
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5.2, Future Plans ’

Our future plans tollaﬁ directly from our tentative conclusions and
these are generally to evaluate trajectories and diffusive conditions under
critical wind condition regimes, This will be done with the aid of our smoke
installation,and as far as i8 consistent with horizontal visibility conditions,
with quasi constant level balloon trajectories,

‘As winter draws on, it is apparent that our opportunity for studying
the up and down valley winds will be curtailed, However, the generally
stronger winter winds will afford us opportunity to examine the structure
of possible eddy winds in the neighborhood of the site, These winds - if they
exist at the proper height - may be instrumentel in carrying smoke to the
ground,

In the meanwhile we must complete our instrumental installation,
iron out the bugs in the smoke system, end continue Qith the accumulation

and analysis of climatological data,
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TABLE I - Frequency distribution of wind speed for winter months
(by day and night) as observed at Peekskill Military Academy, 1932-3L.

4

4]
&

e §eg”

TOTAL

Calm

DAY
Direction 1?5222.%%;%2 710  Total
.020 ,031 .029 = ,080
004k  ,003 ,003 .010.
Ou8 L7 035 .130
006 020 ,031 .057
- .017  ,009 001 027
.002  ,002 - <004
.021  ,006 ,001 .028
- .005  ,002 007
022  ,020 ,003 +0LS
005  ,028 ,011 -0l
LOL8 051 021 .120
002  ,015 ,012 .029
031,028 ,019 .078
001 ,028 .03k .063
01  .,0L8 103 165
002 021 ,L03L 057
.2L3 o362 L339 ~9LL
4056
Total 1,000

NIGHT
-4 510 210 Total
- 4009 .019 .021 .0L9
.00 .00L ,003 011
077 085  L,029 L1951
006  ,028 022,056
.038  ,006 = 001  ,OLS
JO00L 002 - 006
016 005 - 021
002,00k - .006
028 .016 .001 -0l5
005 .026 Oll 0u2
J0L3 .0LS .011 099
002 001  ,005 008
017 .020 0007 .olL
003 017 .025 .0LS
,013 077 .09L .18L
00k  ,021  .035  .060
$271 376 .,215 512
_.088
Total 1,000
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TABLE II - Frequency distribution of wind speed for Spring months
" (by day ‘and night) as observed at Peekskill Military Academy 1932-3L.

.Directioﬁ
SN
NNE
NE

ENE
ESE
SSE

SSW

NNW

TOTAL

| Calm

DAY -
018" 029 ,020 067
.,003- ,014 003 .020
.035  ,055 ,007 097
0oL .03 .026 060
012  ,013  ,002 027
,002  ,007 002 011
018  ,019 003 .0Lo
007 - LW ,006  ,027
.036 : .039 .OLL .089
012 .0L8 021 ,081
LOLs-  ,07L 010 2133
.007  .008 ,005 .020
.0L0 026 006 072
,005  ,028 .02 057
022  .0L6 .0Ls 113
.002 016 ,012 .030
272 L6 206 o9LL
_4959

Total 1,000

NIGHT
}:ﬁv §§§§%_£mg§%b Total
021,023  ,012  .0%6
0oLk ,009 ,001: 0l
JA27 - ,065 010 . ,202
.010 032 ,015 057
oll 016 00k  .061
004 006 - 010
029 +01L .002 .0LS
008 © ,019  ,002  .029
00,036 002 078
010 oLk .010 .06k
“W0k2 - ,037 .007 .086
_,002 .00l  L,002  ,005 -
019 011 002  .032
.002 ,010 ,021  ,033
012,023 .o .oLo
002 014 - ,012 028
.373 «360 116 .8L9
_.151
Total 1,000
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TABLE III - Frequency distribution of wind speeds for Summer months
(by day and night) as observed at Peekskill Military Academy, 1932-3l,

DAY

Direction 1- - 5-10 >10 Total
N .022 030 ,011 063
NNE .003  .008 - 011
NE 064  ,080 .013 157
ENE 008 034 ,016 058

E 014 .007  ,001 022
ESE 002 .00k .00l .007
SE .017 ,010 - 027
SSE .003  .009 .003 015

s 036 0L ,008 .084
SSW 010 060 019 .089
SW J069 078  ,006 .153
WSW .006  ,013 - 019

W 026  ,019 - .0US
WNW .00  ,026 008 039
NW .02  .063 .025 11
NNW .005 Ol ,013 +032
TOTAL 316 LS .12 935
Calm _s065
Total 1,000

NIGHT
Speed (mph

1< >. Total
025,017 .006  .0L8
002,007 - .009
200 ,078 006 .28k
010 021 ,009 .oLo
051 011  ,001 .063
o0  ,003 - .007
02  .015  .002  ,0L3
009  ,007 .00l 017
.00  ,031  ,002  .093
Ol 030 .05 ,0k9
Ol2 oLl .02 085
004 .001 - .00S
.018  ,005 - .023
001 .007  L001 009
Ol .okl 012 067
003  ,009  .009 021
L83 324 L056  .863
_ax
Total 1,000
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TABIE IV - Frequency distribution of wind speeds for Fall months
(by day and night) as observed at Peekskill Military Academy, 1932-33.

DAY
SEeed ngh)

Direction 1. 10 =10 Total
N 023  ,038 .022 .083
NNE .001 - .00l 4002

| NE .0L9 073  .031 «153
ENE .005 037 .02, 066

E .020 .00 - ,030
ESE OoLh .00k ,001 .009

SE Ol .00k 002 «020
SSE 001,013 002 016

S .02  ,031 ,0l0 .059
SSW o1 034 015 .063
SW 052 070 .01k 136
WSW 001  ,008 - 009

W .036  .025 00k <065
WNW 009,026 ,026 061
W 013 oLk ,063 .120
NNW - 012 ,023 .035
TOTAL 260  Lh29 238 927
Calm «073
Total 1,000

N IGHT
Speed (mph
-k 0 >0 Total
018 .02k ,008  .0%0
001  ,003  ,005  ,009
Jd02 092  .039  .233
.008 .038 .029 .075
052  ,00L - .056
.002 .00L - .006
«028 - - 028
.003  ,006 | ,002 011
.0L2 .oéh .010 076
015 .028 011 .05L
039  .032  ,005 .076
001 .07  ,002 010
Ol1l  ,020 ,005  .036
006  ,018  ,016  .0Lo
021 .055 oLk .120
2005 .009 2006 020
354 <36k .182 900
100
Total 1.000
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Fig. 1 Map of area surrounding meteorological tower. Underlined areas (Hall,
Jones, Dock, Peekskill Military Academy) are sites of anemometer
locations or sources of previous data.



Fig. 2 Photograph of tower. Note Aerovanes at 100, 200 and 300 ft. levels.
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Fig. 4 Photograph showing base of tower, smoke preducing apparatus, and
trailer housing recorders. Note Dunderberg in background.
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Fig, 7 - Illustrating the seasonal dopoxidonco of the diurnal variation of
NErly wind direction, Solid line represents percent time wind was
from NNE-ENE at the indicated hour, Dashed line represents percent

time wind was either celm or from NNE-ENE, (Data from Peekskill
Military Academy, Jan, 1932-Sept. 193L.)
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2. Diffusive conditions at site

2.1. Eddy wind structure in the valley

Meteorological conditions investigated were cases of daytime
strong NW flow breaking over the Dunderberg peak. Data sources include |
instrumented aircraft runs (through cooperation of Cornell Aeronautical
Laborato?y), and (through the cooperation of the Meteorology Group at
Brookhaven) comparison of three-dimensional wind vector distributions
taken simultaneously at Buchanan and Brookhaven National Laboratory.

Unfortunately, the aircraft runs are not yet completely reduced,*but
sufficient information is available to serve our purpose here. Following
is a schematic sketch of the envelope of turbulent fluctuations measured by
the airplane on a run at 1000 ft, starting just over the Dunderberg peak

and proceeding southeast over the meteorology tower.

/a | 1.5 % MILES

‘\-ﬂr s S \J ? |4'oo
OD3ON RIVER PLANT MET. HEADING
SITE TOWER

*The data have since been published in full in Lappe, V.0O., and
B. Davidson, 1960: The power spectral analysis of concurrent

airplane and tower measurements of Atmospheric Turbulence, Final

Report, Contract No. NOAS 58-517-d, College of Engineering, New York
University. :

(footnote added October 1965)
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‘ The very large amount of turbulence associated with the breaking of
air flow over the Dunderberg decays rather quickly downstream and the
turbulent field settles down to a steady rms level at the east bank of the
Hudson River, This uniform level is maintained for approximately five
miles sast of the site.

Comparison of an airplane run made at 400 ft elevation following the
east bank of the Hudson with a run made the same day over the Brookhaven
tower indicates that the rms turbulence at Buchanan is about 1.5 times
greater than that observed at Brookhaven. The larger Buchanar rms
value was due to the contribution of relatively strong, but highly inter-
mittent lultl.. Our conclusions are that the plant site is safely out of fhe v.ery

‘ strong field of turbulence associated with the Dunderberg range, but that
the site will be subject to occasional incursions c;f extreme gusts under
strong northwest flow conditions.

This conclusion is further borne out by éomparison of 10 second
mean azimuth and elevation angle fluctuations at Brookhaven and Buchahan
shown in fig. 2.1. The distributions cover about 3 hours of data taken
under daytime strong northwest flow conditions, The azimuth angle dis-
tributions are directly comparabie and indicate an rms azimuth fluctua-

| tion at Buchanan about 1.5 times that at Brookhaven. This ratio is con-
sistent from hour to hour.

The elevation angles were measured by dissimilar instruments

(ours having the faster response), but the 10 second mean should make

Q-28
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Fig. 2.1, Comparison of Brookhaven and Buchanan azimuth and elevation
angle fluctuation traces.
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the instrument readings comparable. There is a definite tendency toward
more extreme downward directed vertical angles at Buchanan. However,
this difference is not consistent from hour to hour, the major contribu-
tion to the difference coming from one hour of data; the other two hours

bhowed but minor differences.

2.2. Diffusion coefficients
Smoke experiments were conducted at irregular intervals with a
smoke generator source located 91 meters above ground. The behavior of

the smoke for a distance of 1000 m from the source was documented by

photographs usually made at 20 second intervals. The quantities abstracted

from the film included the rate of expansion of the instantaneous plume,
and a simple count of the number of times smoke was on the ground at
given distances downwind. By assuming an inverse square law for concen-
trations, i.e., dividing smoke frequency by distance squared,' we were able
to estimate the point of maximum ground concentration.

For radiation calculations, it is desirable to find coefficients to fit
a Sutton type concentration equation. This type of equation involves three
parameters, Cy, C,: and n. The diffusion coefficients at Buchanan
were evaluated in a number of diffe;-ent ways. All of these approaches
gave essentially the same answer. Since diffusion coefficients are fairly
well known at Brookhaven, the simplest method was to use the relation-

ship (see Ref. 8)
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4 Q.N.\n (:,'2) l-i
[(1 - n)(2 - n) \T Buch Cyz Brook 2.1

Buch C 2 =

LA Y S (__N)n (?)1'
L(1 -n)(2-n) \g Brook

where a'% is the variance of the azimuth angle fluctuation, and N is the

macroviscosify. Here a small angle approximation has been made for

sine, and the cgrrelation between u and e has been assumed zero.
Brookhaven fluctuation data were available for theirB condition.

Under identical wind speed and stability conditions, the Reynolds stress

(pu'w') was about the same for both sites. Similar stress values under
identical large scale conditions imply similar roughness (zo) values

Since _1/2
N = (u'w') 2

o
the above indicates similar N values for both sites. As a first approxi-
mation n is assumed to be the same and equation (2.1) can be solved for
Buch Cy2 in terms of the known Brookhaven coefficient. The process is
repeated using new valués of n, until the solution converges,

A similar equation can be solved for sz (here only the variance
in downward directed elevation angles was considered). Knowing the

distance of maximum concentration from observation, the remaining

parameter, n, can be determined from

1

. _[ n2¥n
dmax'(—

2
Cx
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For other meteorological conditions the same procedure was followed
this time using the coefficients established at Buchanan for the previous case
as known values. In summary we find:

Table 2.1. Summary of diffysion coefficients at Buchanan.

Condjtion Cy(m)n/2 Cz(m)n/2 n
L, Lapse (light winds 1-3 m/sec) 0. 60 0.48 0.20
L, Lapse (strong winds > 4 m/sec) Q.53 0.43 0. 30
N Adiabatic to isothermal tempera- 0.47 0. 39 0. 40

ture gradients
There was a great deal of variability in the coefficients determined for the
the A case mostly because of large aperiodic changes in the mean wind di-
rection.

The hourly lateral vertical diffusion coefficients (Cy) in Table 2.1 are
large compared to the established Broqkhaven values, The primary reason
for this is the large azimuth oscillations which are due to the hills and rugged
country surrounding the site. On an hourly baéis, therefore, smoke plumes
would diffuse more quickly at Buchanan than at most other flat terrain sites.
On an annual basis, howéver, the restrictive influence of the valley channels
the flow so that the long term annual spread is probably less at the Buchanan
site.

2.3. Inversion plume

A few smoke runs were made under inversion conditions. These runs

were documented by photographs from below and from an aircraft flying at
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3000 ft. The results indicate a half-angle expansion 'of the instantaneous
plume of about .05 radians with wind speeds of 4 mph. With wind speeds
less than 2 mph the instantaneous half-angle expansion increases to about
.09 radians. Under steady wind conditions azimuth angles fluctuate with a

o of about .065 radians.-
The plume holds together as a compact mass for several milea. The ratio
of width to height of the plume is on the order of 5 to 10. In general the in-

version plume trajectory tends to follow the river around the bends north and

south of the site.
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3. _Climatological Data and Diffusion Classes

Tebles 3,1 and 3,2 summarize the wind and temperature gradient data
taken at the 300 ft tower level (L10 ft above river) for the winter and
summer seasons, A similar yearly summary for the 100 ft tower level
(210 ft above river) is presented in Table 3.3. The temperature gradient
o-lassii‘ication is defined as follows:

For 300 ft level:

I =« Inversion class T300~T7 =0
N = Isothermal-Adiabatic class 0> Ty50=T7 2 =1.8°F
L = Lapse (unstable class) «1,8°F > TBOO'T7

For 100 ft level:

I = Inversion class TlSO-T§ 20
N = Isothermal-Adiabatic class 0> TlSO'T7 2 0.,9°F
L = Lapse condition -0,9°F > TlSO'T7

For visual purposes these data are summarized in Figs. 3.1 and 3,2,
(Arrows are flying with the wind,) There is a tendency for winds to be
along the axis of the valley for both the summer and winter seasons, With
respect to populated areas, wind trajectories are towards Buchanan and
Verplank for a substantial portion of the time, Wind trajectories towards
Peekskill (the major population center in the area) are relatively in-
frequent,

The diurnal wind regime in the valley at low levels was discussed
in some detail in NYU Report 372.,1. The height variation of the diurnal
wind regime in the valley is extremely complicated and quite variable,
Most frequently, the 030° night-time flow extends to about 2 to 3

hundred ft above river with a slow southerly drift above the down river
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TABLE 3.1. Frequency Distribution of Wind Speed
and Direction at 300 Ft, Tower Level for Winter Season (Nov-April)

According to Temperature Gradient Olass,

I = inversien,

N = isothermal-adiabatio

L « lapse condition

T300~
0> Tgoo-g g -1.8°F

20

-1.8°F > TBOO-T’?

~Wind Wind Speed (mph
Direction T-L G5 -8 9-13"215215‘2‘%6257 >27_ Total
I .,0053 ,0058 ,0086 0017 ,0005 - 0219
205-220 N ,0053 003k 0024 ,0010 ,0007 0002 013
L .0017 ,0005 ,0012 L0007 0002 - +00L3
I ,0053 ,0043 ,0067 ,0007 - - ,0170
225-24,0 N ,0010 ,0017 ,0034 ,0007 0010 - .0078
L .0005 00005 QOOIH 00007 - - 00031
I .0041 ,0048 ,0038 ,0012 0002 - 011
2Ls-260 N ,0005 ,0007 ,0034. ,0077 ,0019 0002 ,O1LL
L .0012 ,0012 ,0012 ,002L4 ,0002 - ,0062
I .003k ,0029 ,0038 L0017 L0005 L0007 .01l
265-280 N ,0014 ,0022 0053 ,00L8 ,0029 ,0017 ,0183
L 0012 ,0002 ,0022 ,0017 L0007 ,0002 ,0060
I ,0019 .0038 0050 L0017 .OOOS - .0129
285-300 N ,0010 0038 ,0188 ,0170 ,0089 0014 .OL89
L .0002 - L0048 ,0093 ,0038 - ,0181
305-320 N .00 L0074 0201 ,0321 0122 0026 0758
L .0017 .,0007 L0086 0127 0062 - .0299
I .,0029 .0026 ,0034 ,000S - - .009L
325-30 N~ ,0007 .003, .0173 .06 ,0103 .003L4 ,0557
L .0019 .0019 0036 L0081 ,003; .0012 0201
. I .,0026 L0060 0024 .0012 - - .0122
345-360 N ,0026 ,0065 0216 0168 0185 .0031 .0691
L .0017 .0043 0141 0065 ,0059 0022 0347

(continued on next page)
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TABLE 3. 1(Continued)

Wind Wind Speed (mph)

Direction l-l4 58 - - > ota
I ,0060 .0096 ,0067 ,0007 - - .0230

005-020 N ,0058 ,0175 ,.0302 ,0115 ,013L4 ,0002 0786
L ,002k ,0060 ,0079 ,0038 ,0012 - .0213

: I ,0031 ,0050 0026 - - .0107
025-00 N ,0050 L0077 .0105 ,00L8 ,0024 - .030L
L ,0017 ,0024 .0022 ,0002 0002 0067

I ,0026 ,0026 ,0002 0002 - - .0056
oLs-060 N ,003L ,0036 ,0053 ,0036 .0002 - 0161
L ,0005 ,0010 ,0005 - - - .0020

I ,0070 ,003k ,0002 - - - .0106

065-1,0 N ,0103 ,0080 .0048 0012 - - 0243
L .0010 ,0012 ,0012 - - - 0034

I .00L8 ,00u6 002k ,0007 ,0002 - .0127

5-160 N ,0026 ,0053 002, L0014 ,0002 ,0005 012k
L 001 ,0017 ,0031 001k - - 0076
I .0091 .Olhh .0122 .0019 - - 00376 }

165-180 N ,0098 ,0089 L0091 ,0079 L0029 L0017 .OLO3
L .,0002 .0080 L0065 ,0024 0007 - ,0158

I 00117 00108 00151 00038 00007 - othl

185-200 N ,0070 L0086 ,0115 ,0038 ,0007 .0005 0321
L 0010 ,0041 ,0026 ,0005 L0002 - .0084

Calm I .0005
- N .008L

L .0115

Total I ,0719 0846 0764 ,0180 ,0029 ,0007 2550
N .0580 ,088L4 ,1639 .,13L9 0762 .0156 .5L5k

L .0182 ,0316 ,0611 ,0506 0230 0036 .1996

25
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TABLE 3.2. Frequency Distribution of Wind Speed
and Direction at 300 Ft, Tower Level for Summeér Season (May-October)
According to Temperature Oradient Class,

I « inversion,
N = isothermal-adiabatic

L = lapse condition

0> Ty0-Ty 2 -1,8°F

T300-T7 20

-1,8°F > T300-T7

Wind Wind Speed (mph

Direction T T T —3Tr n S m—TenT
I ,007L ,0122 .0053 +0005 - - 0254
205-220 N ,0023 .0038 0058  ,0015  .0003 - 20137
L ,0066 ,00L8 .0033 .0005 - - .0152

: I 0084 L0071 .0043 .0003 - - 0201
265-240 N ,0010 ool1 .0038 - - - .0089
L .0018 .0038 .0038  ,0003 - - .0097

I 0064  ,0056 .0031  ,0003 - - 0154

2u5-260 N ,0013 .0018 .0033 +0005 .0003 - 0072
L .0028 .0028 .0038 - - - L0094

I ,0036 0025  ,0025  ,0008 - - 009

265-280 N L0019 .0005 .0031 .0033 .0010 - .0098
L .002k ,00L8 .00L8 .0005  ,0003 - .0128

I .00L3 .0028 .00L8 .0008  ,0008 - .0135
285-300 N ,0003 .0013 .0053 Oo0L8  ,0038 - +0155
L .0028 ,0031  ,0071 L0023 L0010 - .0163

I cm56 00038 00051 00015 .0005 - 00165
305320 N ,0010 .0028 .006L .00L6 0031 - 0179
L .0033 0041 .0061 0043 .0036 - 021,

I .00'69 om76 00028 .0010 - - 00183

325-3L0 N ,0008 ,0015  ,007h  ,0038  ,0018 - +0153
L ,003  ,0025 L0092 L0023 L0013 - .1889

' I ,0076 ,0186  ,01L0 L0010 - - Ol12
345-360 N 0013 .0031 0125 006k  ,0023 «0005 «0261
L .007h ,0081 ,0135 ,0043  ,0013 - <0346

(continued on next page)
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TABLE 3.2 Continued)

27

Wind Wind Speed (mph
Direction T <L ©5-8 1u-1§'l'21%.'2‘7, >2]  Total
I 0094 o2l 0196 .0005 - - .0539
005-020 N ,0025 .0086 ,0191 ,00L6 .0023 - .0371
: L ,0053 0122 ,0099 .0028 - - .0303
I 0122 .0089 .0036 .0005 - - .0252
025=-04L0 N L0074 .006L 0094 ,0033 .0003 - ,0268
L .006L 0056 ,0031 .0012 - - 016k
I .00L3 .0015 .0003 - - - <0061
oL45-060 N ,0023 .0043 0043 .0005 - - .001)
L ,0018 .0015 .0020 .0010 - - .0063
I ,0076 .0038 .0031 - - - +01L5
065-140 N ,010L .0102 <007L .0005 - - .0285
L .o00k3  ,0046  .0028 . ,0003 - - 0120,
I .0079 .0038 30071 00010 00003 - 00201
145-160 N ,0033 .0056 ,0058 .0056 ,0025 - ,0228
L ,0025 .0053 .007L .00L3 ,0015 - ,0210
I .0084 L0117 .0117  .0018 - - .0336
165-180 N ,00L3 .0059 L0145 0081 .0008 - ,0336
L .0076 00160 .01)42 0007)4 00003 - .Ohss
I ,0109 .0165 0140 .0010 - - 0oL,
185-200 N .00kl .0069 »0107 .0076 .0010 - .0303
L .,0081 ,0173 .008L 0020 .0020 - .0378
I o2l
Calm N ,0061
L »0020
Total N ,OLLO 0666 .1188 .0551 .0193 «0005 .3104
L ,0666 0966 0994 0336 0112 - « 3094
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TABLE 3. 3 Frequency Distribution of Wind Speed and Directlon
at 100 Ft, Tower Level for Entire Year According
to Temperature Gradient Class,

I = inversion ' TlSo"T? <0
N = isothermal-adiabatic 0> Ty50-T7 2= =0,9°F
L = lapse condition =0,9°F > Ty150-T7

28 -

Wind . Wind Speed (mph)
Direction 1< 0§ T -8 - > 27 ~fotal
I .0111 ,0138 003k - - - .0283
205-220 N ,00LL .0031 001l .0001 - - 0090
L .0039 +00L7 .0017 0005 - - »0108
I .0108 0061 .0016 - - - 0185
225-2,0 N ,.0027 .001L 0012 .0001 - - .005L
L 0003’4 .00111 .002,4 00001 - - .0100
I ,0081 .0059 .0030 0001 - - »0151
245260 N L0019 0016 ,0026 0011 .0001 - .0073
L . 0016 .00 27 .00]1& ° 0001 - - Y 0058
I .0086 .0060 .o0k2 L0009 L,000k = L0171
265-280 N ,0022 .0012 .0030 ,0012 .0002 - .0078
L .0017 0036 - ,0037 .0022 ,0006 .0001 ,0119
I ,0035 .0050 .0076 .00kl .0017 .0005 0224
285-300 N ,0017 .0015 .0087 .0052 0022 .0001 0194
L .ookLhL ,0036 .0088 0061 0009 - .0238
I .0036 0047 .0088 .00L9 .0016 .0001 0237
305-320 N .0007 .0030 .0128 .0108 0022 - .0295
L .0032 ,0021 .0092 0070 001l - .0229
I .0039 .0062 0067 0022 - - .0190
0 325-340 N 0019 JoollL .0105 ,0092 .0021 .0002 .0283
L .0035 ,0051. ,0075 0022 .0007 0001 .0191
I .0100 .007L 0034 .0005 .0001 .0002 ,0216
345-360 N L0031 .0081 ,0158 ,0100 ,0025 ,0002 »0397
L .0056 0132 .0120 ,0030 0007 - 0345

(continued on next page)
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TABLE 3.3 Continued)

29

Wind Wind Speed (mph) _
Direction 1-10 5 -8 o-13 T[-19 20=27 > 27 Total
I ,0173 0324 .0113 .0008 - - .0618
L .0072 .0128 .0078 .0011 - - .0289
I .0176 00303 00095 - - .05714
025-040 N .00l .0095 .0052 ,0010 - - .0198
L .00L6 .0051 0017 .0002 - .0116
I .0100 .0055 .0010 - - - .0165
oL45-060 N ,0021 0049 0027 - - - 20097
L .0024 0031 .001L .000L - - .0073
. I .0156 ,0030 .0010 - - - ,0196
065-140 N ,0106 .0052 .0007 .0001 - - .0166
L .o047  ,003L4 ,0021 - - - ,0102
I .o0ky  .00L7  .0006  .00OL - - .0106
145-160 N ,0036 .0050 .00L0 .0010 .0002 - .0138
L .00l .0056 .0072 .0024 .0002 - 0168
I .0105 0122 004k - - - 0271
165-180 N .0059 .0082 .0118 ,0012 .0006 - 0277
L .0071 .0138 .0128 ,0026 - - .0363
I ,0111 0172 0060 ,000L - - .03L7
185-200 N ,00L9 0054 .0050 .0001 .0002 - 0156
L ,0067 0111 .0047 ,0011 - - .0236
I .0188
Calm N 0052
L 0024
I .1l .1603 .0725 L0143 .0036 .0006 .L11s5
Total N .0583 0821  ,1053 .0L92 ,0106 .0007 .311L
L .06 0939 .0848 .0293 .00L6 .000L .2768
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‘Fig. 3.1. Wind rose (300 ft) according to temperature gradient (a) winter, (b) summer.
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flow, On occasion the 030° flow does extend to above 40O ft. (There is
a lag of 2 to 4 hours in the onset of the 030 flow from 70 ft to LOO ft
on these occasions,) The height to which the down.valley flow extends
does not appear to depend on the height or intensity of the inversion,
but ie probably related to very weak and unmeasurable prevailing pressure
gradients, |
For diffusion estimates, the following classes were defined:

Ll - Unstable Temperature gradient, winds < 8 mph

'Ly - Unstable Temperature gradient, winds >8 mph

N - Adiabatic-Isothermal class

I - Inversion class

The percent frequency of occurrence of each of these classes follow:

(300 ft data)
Winter =~ Summer
1, 5 17
L, 15 15
N | sk 30
I ' 26 38

A substantial portion of all hours fall into the adiabatic-1sothermal
class, As it happens, it is this class which is the most difficult to
interpret as far as diffusion behavior is concerned, Some hours which
fall into this class are charactefized by relatively shallow inversions
up to 50 or 100 ft with adiabatic gradients above, Under these circum-
stances, it is difficult to state whether or not smoke will descend to
the ground, However, this will not affect the  radiation calculations .

seriously, In view of the heated source calculations, the N class will
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not enter seriously into the calculations until wind speeds of the order
of 10-12 mph are attained, Study of our fluctuation traces at all levels

indicate to us that smoke will descend to the ground under strong wind
speed conditions,

Q=lk
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1. Introduction

A detailed summary of climatological data collected during
1956 is containcd in Technical Report No. 372.3 - Evaluation of
Potential Radiation Hazard, April 1957. The tower was run on a
skeleton basis during 1957. Wind observations were made at 100 and

300 feet (200 and 400 feet above river level), while terﬂperature was

observed at 7, 150, and 300 feet above ground. Because of the re-

lative infrequency of calibration and general maintenance during 1957
the 1956 data are considered far more accurate. The 300 ft 1957 data
were processed in the same manner as the 1956 data. In the present
report we summarize:

(a) The effect of climétological differences between 1956 and

1957 on the radiation calculations of Report 372.3.
(b) The local wind r‘ose as a function of height a.boye river, and
(c') The clombined 1956-1957 wind rose at 360 feet as a function

of stability and wind speed.



2. Comparison of 1956-1957 data

In Tabie I the essential features of the 1956 and 1957 300 ft
data are summarized as a function of stability class. All definitions
remain the same as in the previous report. In particular, Inversion
conditions (I) are defined to occur when T300 - T7 =2 0; Isothermal-

adiabatic conditions (N) when 0> T - T7 2-1.8°F; and Lapse con-

300

ditions (L) when T -T,<1.8°F.

300 7

Table I. Frequency of Inversion (I), Neutral (N), and Lapse
(L) conditions with associated mean wind speeds,
V (mph) for 1956 and 1957.

Summer I \"A N Vv L v
1956 0.38 6.5 0.31 10.4 0.31 11.6
1957 0.35 6.2 0.33 12.8 0.32 9.7

Winter _

1956 ~ 0.25 7.6 0.54 12.6 0.20 8.5
1957 0.33 7.1 0.48 13.1 0.19 9.0

All seasons
1956 0.315 6.9 0.425 11.8 0.255 10.4
1957 0.340 6.6 0.405 13.0 0.255 9.4

There are minor ciifferences, but on the whole, the data seem com-
patible. There were slightly more inversion hours in 1957 than in 1956
with a slightly lower wind speed.' The yearly frequency for each temper-
ature gracient condition does not vary more than 10 percent whilst the
mean wind speed for each class is also within 10 percent of the 1956
figure. Almost all of the radiation calculations are inversely proportional
to the mean wind speed or to the harmonic mean. There is not too great
a difference between the two years and for this reason the total integrated

dosage for the area should not vary too greatly, say within 10 to 20 percent,



which is well within the range of uncertainty of the original calculations.
The areal distribution of radiation contained in Figs. 1.1 and 1,2
of the earlier repo.rt depends in the mean on the distribution of wind
cﬁrection. Fig. 1l is ; comparison of the annual distribution of wind
direction for 1956 and. 1957, Again the differences are not great; the
.1957 dintr1§ution seems a bit more peaked than the 1956 data. This may
be dt;e in part to systematic indiﬁdual dif.ferenﬁes in readiﬁg the charts.
Whatever the cause, the differences in the distribution a;'e well within

the limits of accuracy of the initial calculations.
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Fig. 1. Comparison of wind éirectlon distribution for all stability’
classes (1956, solid line; 1957, dashed line).
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3, Variation of wind direction with height

Some idea of the varjation of wind direction with height may he
g;iged from tﬁe 100 and 300 ft summer wind rose (Figs, 3.1 and 3.2
of the original report). To supplement this infarmation, we compare in
-Fig. 2 the distribution of wind direction for the 1986 summer season
at 400 ft (300 ft tower level), 200 ft (100 ft tower level) and 70 ft ahove
river. The 70 {t data were ohtained from an anemometer maqunted on
the ''Jones', a ship anchored in mid-river. The ship site is about 0,8
mile northwest of the tower (see map in Repart 372.1), It is evident
that there are systematic differences in the three distributions, The
most obvious is the build-up of southerly winds with height. The Jones

distribution is flat from 150° te 250°, while the 100 and 300 ft tower
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Fig. 2. Comparison of wind directjon distribution for all stability
classes, summer 1956, (Jones, solid line; 100 ft tower, dashed line;
300 ft tower, dotted line).




distributions peak fairly well at 170°, On the down valley side of the
distribution (about 020°), The Jones and 100 ft tower level distributions
are fairly well matched. The 300 ft tower level distribution does not
reach nearly the same frequency at 030° as do the other tﬁro distribu-
tions. Some of the essential differences in the two distributions are

summarized in the following table.

Percent time indicated wind direction ranges were observed at

Direction Range Jones 100 ft Tower 300 ft Tower

340-040 38 37 30
360-040 28 30 19
160-220 16 23 27
160-200 10 18 22

Part of the difference between the distributions can be e‘xplained
by the tendency for light southerly winds to be observed at the 300 ft ‘
tower level when the nocturnal NNE winds have set in at the Jones and
100 ft tower locations. The remainder appears to be a daytime phenomenon and
indiéates that The Jones distribution is affected by the proximity of the

valley walls in a rather complicated fashion.



4. Wind rose presentation

In Fig. 3 we present wind roses based upon two years of data for

inversion, neutral, and lapse conditions at the 300 ft level. The bars

here are flying with the wind and pointing to the indicated meteorological

wind direction. The length of the bar is proportional to the average fre-
quency of occurrence per year of the appropriate wind direction and
stability condition. For convenience in interpretation we indicate the
general location of populated areas surrounding the site.

An interesting feature of the wind rose is the elongation along the
axis of the valley during inversion hours. Wind trajectories towards
Peekskill, the most densely populated area near the site, are relatively
infrequent during neutral and lapse c\:onditions. There is a sizeable fre-
quency of 210° winds during inyersion hours. This trajectory would just
about brush the northern outskirts of Peekskill, but it is probable that
terrain effects would tend to curve the trajectory so that it follows the
river. In general, the inversion wind rose shows a high frequency of
up and down valley wind directions.

During lapse and neutral conditions, the wind rose indicates a
substantial frequency of northwest winds which are the prevailing winds
over flat land in this area. Under these temperature gradient con-
ditions, one may expect effluent concentrations on the ground. There
are a sub.stantial number of wind trajectories toward the villages of
Buchanan, Montrose and Verplank during neutral and lapse conditions,

and towards the village of Verplank during inversion conditions.



LAPSE

Legend: — less than 5 mph
==« 5-13 mph
''"" > 13 mph

Fig. 3. Wind rose at 300 ft tower level for inversion, neutral and
lapse conditions, based upon 1956-1957 data. (Bars are flying with the
wind). Calm: Inversion .026; Neutral .0107; Lapse .0052,

R-10
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Station: BEAR MOUNTAIN, NEW YORK

Orainage basin: HUDEON County: ORARGE
Lat. %1° 19'N Long. 74° 00'W Elev.(ft) 1301
Period of record: 1941-1950
Ouration (hours)
Month A
| 2 3 6 12 24
Amt. . 0.38 0.60 0.85 1.29 1.49 1.51
Jan. | pate 7/1946 | 31/1942 | 31/1942 1/1945 | 31/19k2 | 5-6/1949
Amt. 0.26 0.41 0.56 | 0.80" - 112 | 1.2
Feb. | oate | 1u/i94h | 14/10kk 1!;;19!;1; 14-15/194k [20-21/1947 [20-21/1947
amt. | 0.35a. | -0.57 0.78 099 | 1.19 | 1.1
Mot | pote | 212548 |- 3/19%2 3/1942 | - 3/1942 | 6-7/194k4 | 2-3/1947
Amt. 0.61 0.89 1.06 1.51 1.71 2,08
Apr. | Date | 30/2947 | 30/19u47 1/1948 1/1948 1/1948 [18-19/1949
Amt. 0.70 . 1.21 1.35 1.77 2.51 2.87
May | Dote 6/1949 | 20/19k9 | 30/1548 | 27/1946 | 27/1946 | 27/1946
amt. | o0.67 | 0.85 | o.88 1.01 1.50 1.82
Jun. | pate | 21/19k5 21/1945 | 21/1945 | 23/1942 2;191;6 1-2/1946
St Amt. 1.57 1.72 1.85 2.47 2.7k 3.98
" | pate | 20/1945 | 22/1946 | 22/1946 p2-23/19k5 F2-23/19'&5 18-19/1945
Amt. 1.25 1.4b 1.71 . 1.93 2.30 2.47
Au- | pete | 26/1047 | 16/1942 | 16/19k2 | 16/1gk2 9/1942 | 24-25/194%
. Amt. 0.81 1.21 1.71 | 2.08 2.28 2.80
SeP- | Date | 30/1946 | 24/1046 | 24/1946 | 2u/19u6 | 2k/10u6 P6-27 /1942
Amt. | 0.59 0.86 1.03 1.5%b 2.83 3,95
Oct- | pate | 10/1950 26/1943 | 26/19k2 | 26/19k2 P6-27/1943 p6-27/1943
Amt. | 1.18 191 | 2.22 3,14 3,65 3.65
Nov. | pate 8/1947 8/19k7 8/1947 8/1947 8/1947 8/1947
amt. | 0635 | 1.7 | 118 1.99 2.09 3.33
Oec. | pate | 25/1945 | 25/1945 | 25/1945 25/1945 P5-26/19k5 B0-31/1948
Amt. 1.57 1.97 2,22 3.14 3.65 3.98
Annual | pate | 77205 | 1178/ | 11/8p | w/Bp | 11787 7/18-19/15

8150 23/1949. |

R-13 14
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U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU

Station, Dear Meumtain County, .Qrange State, _New Yark
Latitude __Ll.l3 Longitude, 74400 Elevation, 1300 feet.
Data, _Preeipitation Monthly and pnnuale

Yasr Junwary, m Agrll, My, June, July, August, September. October. November, | December, Annual.
1939 | 3.81 | 3462 | 3,16 | 5.90 | 130 | 5.32 ] 3.04 | 3,36 | 3.C4 | 4.20 1,69 [3.39 [41.83
1940 | 5,58 | 3487 | 5472 | 6468 | 6.53 | 3412 | 3468 | 4,05 | 2.82 | 3438 | Lak8 3487 |53.78
198 | 2,77 | 2.87 | 2.22 | 2.00] 1,79 | 4.u6 ] 6.31 ] 3.33 | 0,25 [ 2.35 [3.18 [h.kT  |36.00
1942 | 3.98 | 1.85 | 5,67 | 0492 3.20 | 3,80 | 5,79 | 5.51 | holih | 3,61 |4a79 |Leb2 48,18
1943 | 2,36 | 1,19 | 2400 | 3.47 4.56 3.80 | 3,73 | 2.56 | 2.99 12,64 | 4,18 |2 1.01]kL.LS
1964 | 1493 | 2,05 | 5,60 | 5430 | 2.5k | 3406 | 2,03 | 2.42 | 5.9 | 2.12 | 5,09 |2.37 |40.50
1945 | 2,97 | 2ei6 | 1479 | 3479 | 7018 | 4428 | 16487| he73 | 5436 | 2413 | 6453 |Lokb. [62,55
1946 | 1479 | 1465 | 2497 | 1497 | 8,91 | 3.1 | 8,10 | 4e93 | 6.2k | 2,13 1,03 [2.48 [45.31
1947 | 2485 | 3439 | 3e48 | beT6 | 9eb9 | 6455 | 7438 | 2,78 | 2 1,99 2,69 18.50 |3.68 |57.u6
29u8 | 3,05 | 1,21 | 3,29 | 5,28 | 7,30 | L84 | 3,52 | 2,76 | 0,68 }1,92 | 4,90 16,1 JiL.S9
1949 | 5408 | 2427 | 1,88 | 5,47 | 6453 | 0,96 | 3.45 | 2.9k | 5.60 §2.52 [1,91 (2,79 [41.40
1950 | 2,81 | 4otb | 3040 | 2497 | 6,02 | 3,77 | 5,36 | 2.9 | 2.26 |25 |5.39 |6.20 |u7.87
(f51lbm |t vo | 2.9¢| Y1y (3.7 |52 8577 |z.at |53 |56 |56 55,00
p5r 453|520 596 |BSH|5.2959R15.23 |8.13 15,0/ 10.50 (£ 5 |5.0#162.07
1965 1675 | /. £5 |2/ | ¢ 22

Sums

Means

REMARKS
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U. S. DEPARTMENT OF COMMERCE
WEATHER BUREAU
NATIONAL WEATHER RECORDS CENTER

JOB NO. 6729

SURFACE WIND SPEEDS VERSUS

DIRECTION WHEN SOME FORM OF

PRECIPITATION 1S OCCURRING
(ANNUAL AND MONTHLY)

STATION: BEAR MOUNTAIN, NEW YORK

PERIOD: JANUARY 1944 - DECEMBER 1948

Sponsored by: Consolidated Edison Company of New York, Inc.

DATE OCTOBER 28, 1965

FEDERAL BUILDING
ASHEVILLE, N.C.

Book 2 of 2
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WHEN SOME FORM OF PRECIPITATION IS OCCURRING

SURFACE WIND SPEEDS VERSUS DIRECTION

JOB XO. 6729

BEAR MOUNTAIN, NEW YORK ANNUAL JANUARY 1944 - DECEMBER 194§
MILES PER HOUR '
Soeed 47
Dir. 1-3 4-7 8-12 13-18 | 19-24 | 25-31 | 32-38 | 39-46 | Over Total
N 16 61 106 71 54 41 17 1 1 368
NNE 4 28 58 57 24 14 0 1 4 190
NE 7 24 72 79 29 10 0 0 0 221
ENE 7 45 109 74 23 12 1 0 0 271
€ 17 103 314 316 101 20 1 0 0 872
€ESE 8 65 150 183 48 10 4 0 0 468
SE 8 67 147 104 16 13 3 0 0 358
SSE 1 30 97 82 36 16 3 4 0 269
S 19 78 181 162 98 43 17 8 3 609
SSwW 2 27 82 86 69 40 5 11 0 322
Sw 8 31 93 97 51 27 1 316
WwSw 4 21 51 53 35 17 1 196
w 7 32 34 41 26 16 4 175
WNW 4 19 45 46 66 43 26 7 3 259
NW 9 33 67 52 42 35 12 10 1 261
| NNW 15 43 65 71 49 22 5 0 0 270
CALM | 55 ‘ 55
| TOTAL | 55 136 707 1671 1574 767 379 116 57 18 5,480
o A

5,480 occurrences out of a posaible 43,848.
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U. S. DEPARTMENT OF COMMERCE |
- WEATHER BUREAU
NATIONAL WEATHER RECORDS CENTER

JOB NO. 6729
OCCURRENCE OF WIND SPEED -
AND DIRECTION DURING THUNDERSTORMS
(ANNUAL ONLY)
STATION: BEAR MOUNTAIN, NEW YORK

PERIOD: JANUARY 1944 - DECEMBER 1948

Sponsored by: Consolidated Edison Company of New York, Inc.

DATE OCTOBER 28, 1965

FEDERAL BUILDING
"ASHEVILLE, N.C.

Book 1 of 2

USCOMM-WB-ASHEVILLE
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- JOB NO. 6729
A ,
&
OCCURRENCE OF WIND SPEED AND DIRECTION DURING THUNDERSTORMS
BEAR MOUNTAIN, NEW YORK ~ : ANNUAL 1944 - 1948
MILES PER HOUR
Speed 47
Dir. 1-3 47 8-12 13-18 | 19-24 | 25-31 | 32-38 39-46 | Over Total
N 2 5 10 6 2 1 1 27
NNE 2 2 4 1. 9
NE 2 1 3 4 2 1 13
ENE 3 7 4 2 16
E 8 10 7 25
ESE 5 11 3 19
SE 2 10 16 16 3 ) 47
SSE 1 26 19 5 ’ 51
S 4 24 57 47 | 11 1 144
SSwW 4 23 26 12 1 1 67
SW 3 6 T 22 24 11 4 1 1 72
WSwW - 1 8 12 34 15 5 4 1 80
W 3 11 12 27 10 6 3 1 4 77
WNW 3 18 11 10 12 2 2 3 61
NW ‘ 6 17 4 9 6 2 2 1 47
NNW 5 12 4 8 1 2 2 34
[CALM |7 - - | R 7
TOTAL 7 17 102 258 240 101 38 16 8 9 796

There were no thunderstorms observed for the months November, December, January & February during
this period (1944-1948).
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED

PART I

INTRODUCTION

The following two parts of this report present the results and methodology
of projecting 1980 population and land use for an area circumscribed by a 55-mile
radius from Buchanan, New York.

Due to the short time available to produce the projections, complete
reliance was piaced on the aggregate population and land use estimates produced
by the Regional Plan Association of N.ew York. These were obtained as the
result of an intensive four days' perusal of their frequently revised projections,
and by making extensive use of their counsel and advice.

RPA estimates for 1980 population by county were used as the limits to
population growth by municipalities for the period 1360 to 1980. The 55-mile
radius from Buchanan, New York, circumscribed an area which was segregated
into rings-ande-sectors as the following "Key to Numbering of Zones" indicates.
The projections of population by municipalities constrained by RPA county
estimates were then fitted to the area and totals by zones and rings-and-sectors
were produced. These results appear in the following section and the
methodology in the third section.

Estimates for land use in 1960 as well as projections for land use in 1980
were not available at all in county or municipal detail. Consequently, detailed
land use for 1960 and projected land use in 1980 co;xld only be controlled by

average figures for land use derived from RPA estimates for some fifty

p-2
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED

Direction

N to NE

NE to E

E to SE

SEto S

S to SW

SWtoWw

W to N\W

NWto N

KEY TO NUMBERING OF ZONES

Mileg from Buchanan, New York
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15 - 25
9
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25 - 35
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED
-2-
municipalities, all or part of only five counties and New Xork City. !

The land use values by counties are of necessity then likely to contain
error. It is believed, however, that the possible error is small and that all the
values are of the correct magnitude. The results of the detailed land use
estimates for 1960 and the projections for 1980 appear in the following section and
the methodology appears in the third section,

Basic wofk sheets and data processing "print-outs" and cards, including
the itemization and splitting of municipalities and subsidiary projections of
municipality population, have been retained by Regional Economic Development
Institute, Incorporated, and are available.

This report was directed by Professor Edgar M. Hoover and produced by

the research staff of the Regional Economic Development Institute, Incorporated.

. ‘



REGIONAL ECONOMIC DEVELOPMENT INSTITUTE,INCORPORATED

PART II

RESULTS

The following tables contain 1980 projections of population for forty
zones and ring-and-sector totals as well as 1980 projections of land use by

" county.



REGIONAL ECONOMIC DEVELOPMENT INSTITUTE. INCORPORATED .

1980 POPULATION PROJECTIONS

N
O
=4
(]

WO N U Wi

p-6

“"Extrapolative" "Density" "Compromise" Area
Population Projection Projection Projection Square
1960 1980 1980 1980 _Miles
18, 323 39, 898 43, 809 41,735 88.0
40,834 - 73,427 72,607 72,675 73.7
35,566 71,378 70, 322 70, 688 74.8
90, 143 161, 448 165, 633 163, 637 65. 4
91, 660 200, 223 190, 255 196, 263 83.0
9, 311 4], 361 50, 645 44,614 94. 4
13, 682 29,164 28,159 28, 541 92.2
27,321 §3,115 50, 587 52,110 77.1
34,117 80, 065 68, 931 74, 678 164.8
28, 146 70,500 74, 326 72,221 145. 4
140, 695 233,058 240, 843 237, 278 162.8
699, 673 986,875 980, 462 984, 442 211.0
357,097 599, 794 543,170 571, 367 148.1
30, 028 58,733 67,709 63, 052 150. 5
18, 441 32,471 33,116 33,156 151. 6 ‘
84, 925 141, 310 135, 638 138, 432 130. 6
86, 252 139, 785 136, 592 138, 252 237. 4
54, 946 99,186 104,718 101, 987 186. 6
190, 677 348, 846 328, 943 339, 140 183.9
2, 404, 766 2,311, 656 2,352,125 2, 329, 609 120. 3
1,778,513 2,002,018 2,007, 352 2,004,810 244.5
43, 359 110, 373 116,864 113, 629 243. 6
41, 430 62,763 69, 242 66, 569 259.1
23,788 37,677 38,858 38, 387 246. 7
32,826 56, 608 61, 401 58, 775 331.7
66,942 129, 540 133,990 131, 587 312.0
321,128 527,513 536, 210 531, 602 133.2
3,261,122 3, 485,870 3,478, 298 3,483, 747 333.5
3,153, 690 3, 240, 678 3,273,470 3,257, 437 294. 2
89, 690 237, 359 232,037 235, 001 316. 6
25, 461 34,124 38, 459 36, 363 305.3
33,718 50,132 52, 668 51, 427 321.7
25,915 38, 780 46, 254 42, 473 364.5
433,876 672, 402 716, 147 694, 861 380.9
224,934 546, 199 534, 771 540, 497 202.9
1, 055, 784 1,439,316 1, 365, 059 1,402, 590 181.9
930, 905 1,517,627 1, 496, 222 1,506, 849 304.9
36,768 83,814 97,434 90, 389 353.8 .
12,862 15, 407 15, 502 15, 451 335.4
52,084 75,837 73,789 74, 673 380.3




0 to 15

15 to 25

25 to 35

35 to 45

45 to 55

Sector Totals

REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED

1980 "COMPROMISE" PROJECTION OF POPULATION

by Ring-and-Sector Zones

N to NE NE to E E to SE
41, 735 72, 675 70, 688
74,678 72,221 237, 278

138, 252 101, 987 339, 140
58,775 131, 587 531, 602
42,473 694, 861 540, 497

355,913 1,073, 331 1,719, 205

SEto S
163, 637
984, 442

2, 329, 609

3, 483, 747

1,402, 590

8, 364, 025

S to SW SWtoW WtoNW NWtoN Ring Totals
196, 263 44,614 28, 541 52,110 670, 263
571, 367 63, 052 33,156 138, 432 2,174, 626

2,004,810 113,629 66, 569 38, 387 5,132, 383
3,257,437 235,001 36, 363 51, 427 7,785,939
1,506, 849 90, 389 15, 451 74, 673 4,367,783
7,536,726 546,685 180, 080 355,029 20,130,994
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35 to 45

45 to 55

Sector Totals

REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED

NtoNE NEtoE
18,323 40,834
34,117 28,146
86,252 54,946
32,826 66,942
25,915 433,876

197,433 624, 744

1960 POPULATION

by Ring-and-Sector Zones '

Eto SE

35, 566
140, 695
190, 677
321,128
224,934

913, 000

SEto S
30, 143
699, 673
2, 404, 766
3, 261, 122
1, 055, 784

7,511, 488

S to SW SWtoW Wto NW NW to N

91, 660 9, 311
357,097 30, 028
1,778,513 43, 359
3,153, 690 85, 690
930, 905 36, 768

6,311,865 205,156

13, 682
18, 441
41, 430
25, 461
12,862

111,876

27, 321
84, 925
23,788
33,718
52,084

221,836

Ring Totals
326, 840

1,393,122
4, 623,731
6,980, 577
2,773,128

16, 097, 398
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE,INCORPORATED
TABLE 1
1 2 3 4 S 6 7 8 9
Counties in Con Ed Study. Area Averaging Best Adjusted
Percent Equation 1 From Equation 1 Equation 2 Estimate to Best Square
In 11960 11960 RPA Best D 1980 From 11980 11980 11980 Estimate Miles
Outside Con Ed Projection Total Estimate RPA Popula- Projection Projection From Equa- 1 1980 Total
State In RPA Region RPA Region Area Sq. Miles Estimate 11960 tion Estimate Sq. Miles Sq. Miles tions 1 & 2 RPA Total Area
Conn. Fairfield 100 109 131 96 1666 141 126 141 216 633
Litchfield 52 [29] {201] [36] [36] 938 (49)
New Haven 71 [77] [1997] [107] [107] 610 (433)
N. J Bergen 100 75 68 - 75 4635 90 92 92 140 233
Essex 100 62 48 73 7812 65 59 65 39 128
Hudson 100 31 15 31 12222~ 29 18 31* 31%* 45
Middlesex 46 63 59 59 3067 97 83 97 148 (68) 313 (150).
Morris 100 58 73 53 1538 100 87 100 153 468
Passaic 100 49 43 49 2861 58 41 58 89 194
Somerset 33 35 44 35 1091 55 44 55 84 (28) 307 (101)
Sussex 100 [26] [216] [42]} [42] 528
Union 100 41 4] S0 5825 45 49 49 75 103
Warren 13 [3] [287] [4] (4] 361 (47)
N. Y Dutchess 100 61 37 55 368 82 57 82 125 816
Nassau 100 110 113 133 5119 119 177 177 271 293
Orange 100 63 69 63 374 85 45 85 130 829
Putnam 100 14 24 18 471 27 28 28 43 234
Rockland 100 27 46 34 - 1899 43 26 43 65 179
Suffolk 71 133 146 133 1830 216 161 216 329 (234) 921 (654)
Sullivan 56 [18] (62]) [22] [22] 986 (552)
Ulster 88 [51] {161] fes] [65]) 1143 (1006)
Westchester 100 101 99 101 2690 126 104 126 193 435
Bronx 100 38 20 29 '32143- 29* 29%* 29* 29%* 42
Kings 100 68 33 49 35870~ 49* 49* 49%* 49* - 69
New York 100 20 11 16 68182~ 16* 16*% 16* 16* 22
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE, INCORPORATED

TABLE } continued. ..

1 2 3 4 5 6 8 9
Counties in Con Ed Study Area Averaging _ Best Adjusted
Percent Equation 1 From Equation 1 Equation 2° Estimate to Best Square
In 11960 11960 RPA Best D 1980 From 11980 11980 11980 Estimate Miles
Outside Con Ed Projection Total Estimate RPA Popula- Projection Projection From Equa- I 1980 Total
State In RPA Reqion RPA Region Area Sq. Miles Estimate 11960 tion Estimate Sq. Miles Sq. Miles tions 1 & 2 RPA Total Area
N. Y. Queens 100 80 52 76 17661 93 102 76% 76* 109
Richmond 100 20 20 20 7759 30 30 30 46 58
Pa. ' Pike 65 (7 (22} (8] (8] 545 (354)
TOTAL RPA REGION 1258 1192 1248 1595 1423 1645 2408
CONTROL TOTALS 1248 1248 1248 2408 2408 2408 2408
TOTAL INTENSIVE LAND USE
IN CONSOLIDATED EDISON AREA 1459 2461

NOTES: Figures in [ ] are for counties outside RPA's Region and are only added in Column 8.

Figures with * are for counties whose population density declined or projection produced over 100 percent of land used intensively.

In such cases,
1960 estimates of land use intensity were used for 1980.

Figures in () in Column B8 are square miles of intensively used land in the Consolidated Edison Area for those counties which are not 100 percent
within that area. Those in () in Column 9 are the total square miles of the county in the Consolidated Edison Area.
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TABLE 2

ESTIMATED LAND USE 1960 AND PROJECTED LAND USE 19801

INTENSIVE 1960 & 1980 NON-INTENSIVE 1969 NON-INTENSIVE 1980
1 2 3 - 4 S 6 7 8 9 10 11 12
. Public Community Public
Industrial/ Institutional Rights Facilities Parks & Rights Grand
Residential Commercial Total and Park of Way Total & Institutions Recreation of Way Total Open Totals
1960 .
Square Miles 1032 216 1248 696 418 1114 4062 6424
Percentage of Total :
Developed Land 43 9 52 29 19 48
High 58 12 45 22
Low 32 2 1§ 13
1980
Square Miles 2040 368 2408 876 784 682 2342 1674 6424
Percentage of Total )
Developed Land 43 8 51 ‘ 19 16 14 49
1960 - 1980
Square Miles of Land
to be Developed 1400 220 1620 1228
Percentage of Total Land
to be Developed 58 42

1. The averages were derived from the data in "Table 3. The Use of Developed Land in Selected Areas of the Region. " RPA Bulletin Number 100,
Page 21, September, 1962. The data for square miles excludes Monmouth County from the original RPA totals.
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REGIONAL ECONOMIC DEVELOPMENT INSTITUTE,INCORPORATED

TABLE 3

LAND USE BY COUNTY 1954 AND 1960 IN SQUARE MILES

1954 1960
Counties in Con Ed Study Area INTENSIVE LOW INTENSIVE
-Outside Low Open Industrial/ Institutional Public Rights
State In RPA Region  RPA Region Intensive Intensive Land Residential Commercial and Park of Way Open
Conn. Fairfield 90 13 530 80 16 64 43 430
Litchfield [24] (s] (2] [3] (18]
New Haven [64] (13] [43] [28] {285]
N. J Bergen 70 18 145 62 13 19 13 126
Essex 57 19 57 61 12 7 4 44
Hudson 21 6 18 26 L3 2 1 11
Middlesex 49 16 248 49 10 31 20 203
Morris 46 23 399 14 9 50 i3 332
Passaic 33 43 118 41 8 17 12 116
Somerset 23 7 277 29 6 33 22 217
Sussex [22] (4]} [60] [40] (402]
Union 43 15 45 43 7 6 4 43
‘Warren (2} [1] {5) (3] [34]
N. Y Dutchess 39 S 772 46 9 92 61 608
Nassau 136 38 119 114 19 78 13 69
Orange 23 66 740 52 11 92 61 613
Putnam 14 1 219 15 3 26 17 173
Rockland 14 51 114 28 6 30 12 103
Suffolk 119 79 723 110 23 95 63 630
Sullivan f1s] 3] [64]) (43} {427)
Ulster f42] {9) {115} [76]) (764]
Westchester 79 79 277 83 18 40 27 267
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TABLE 3 continued. ..

LAND USE BY COUNTY 1954 AND 1960 IN SQUARE MILES

1954 1960
Counties in Con Ed Study Area INTENSIVE LOW _INTENSIVE
Outside Low Open Industrial/ Institutional Public Rights
State In RPA Region RPA Region Intensive Intensive land Residential Commercial and Park of Way Open
N. Y. Bronx 31+ 7 4 25 4 2 1 10
Kings 34 4 31 42 7 2 2 16
New York 20* 2 14 2 2 3 1
Queens 98 10 1 65 11 4 3 26
Richmond 29* 8 21 17 3 5 3 30
Pa. Pike (6] (1 (42] [28] [277)
TOTAL RPA REGION 1046 202 697 418 4068
CONTROL TOTALS ) 1032 216 696 418 4062
TOTAL CONSOLIDATED EDISON AREA ' 1221 238 1028 639 6272

NOTES: Figures with * are for 1954 land use in New York City. They were not used for 1960 and 1980 because the data for 1960 was assumed to be

more discrete.

Figures in [ ] are for those counties outside RPA's Region. They are addecd in to the total for Con Ed's area.
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Counties in Con Ed Study Area

State

In RPA Region

Outside
RPA Region

Conn,

Fairfield

Bergen
Essex
Hudson
Middlesex
Morris
Passaic
Somerset

Union

Dutchess
Nassau
Orange
Putnam
Rockland
Suffolk

Westchester

Bronx

Litchfield
New Haven

Sussex

Warren

Sullivan
Ulster

TABLE 3, PART TWO

LAND USE PROJECTION BY COUNTY FOR 1980 IN SQUARE MILES

INTENSIVE LOW INTENSIVE
Community )
Industrial/ Facilities Parks & Public Rights
Residential Commercial & Institutions Recreation of Way
183 33 92 83 71
(30] (6] (3] (3] (2]
(88] (19] [72] {65] [55]
118 22 20 19 16
83 16 6 6 5
26 S * 3 3 2
126 (58) 22 (10) 18 16 14
130 23 69 63 54
75 14 23 21 18
71 (24) 13 (4) 16 15 12
[34] - (8] (107] [(97] (83)
63 12 6 6 5
(3] (1] (9] [9] (7]
106 19 152 138 117
230 41 5 4 4
110 20 154 140 119
37 6 42 38 32
56 10 25 23 19
279 (199) 50 (35) 92 84 72
(18] [4] 1171 [106] {90}
[53]) [12] [207]) [188] [160]}
162 31 53 48 42
25 4 3 3 2

Open

171

{s]
[134]

38
12

34
129
43
30
[199]

(18]}
283

286
79
46

172

(217)
[386)
99
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TABLE 3, PART TWO continued. ..

LAND USE PROJECTION BY COUNTY FOR 1980 IN SQUARE MILES

INTENSIVE LOW INTENSIVE
Counties in Con Ed Study Area Community
Qutside Industrial/ Facilities Parks & Public Rights

State In RPA Region RPA Region Residential Commercial & Institutions Recreation of Way Open
N. Y. Kings ' 42 7 4 4 4 8
New York 14 2 1 1 1 3

Queens 65 11 7 7 6 13

Richmond 39 7 3 2 2 S
Pa. Pike {7] : (1) [76] (69] [59] (142]
TOTAL RPA REGION 2040 368 7944 7244 6174 14824

CONTROL TOTALS . 2040 368 876 784 682 1674

. TOTAL CONSOLIDATED EDISON
AREA 2078 383 1385 1261 1073 2583

NOTES: Total RPA Region figures followed by # indicate that only the portion of the counties in Con Ed's area are included. This explains why these

figures are further from the control total figures than in previous cases.

Figures in [ ] are for those counties outside RPA's Region. They are added in to the total for Con Ed's area.



REGIONAL ECCNOMIC DEVELOPMENT INSTITUTE, INCORPORATED

PART III A

PROJECTIONS OF POPULATION, AND DISTRIBUTION BY ZONES

Our summary tables show the distribution by 40 zones (eight sectors in
each of five concentric rings) of the 1960 population and of the 1980 .population
projected according to three different techniques. In this section we explain
(1) how the projections were made, and (2) how both the 1960 and the projected 1980
populations were allocated among the 40 prescribed zones.

1. The Projections

We started from projected totals for each of the twenty-nine counties that
lie wholly or partially within the 55-mile circle. All three of our projections agree .
in the total for each county. This starting-point was adopted because of the
availability of a rather recent set of county population projections fof 1980,
prepared by the Regional Plan Association of New York and representing the outcome
of extended and intensive study of the New York metropolitan region and its growth
patterns. The RPA projections represent a careful revision and improvement of
earlier projections made by Harvard University's New York Metropolitan Region
Study in 1958-1959; the revisions take into account the findings of the 1960
Census and other subsequent materials. They are also tied in closely with the
RPA's analysis of present an& prospective land use in the area.

Consequently, we adopted the Regional Plan Association's county total for

' 1980, for each of the counties in which such an RPA figure is available. Our

projections for individual municipalities were controlled so as to add up to the

RPA total in each county.
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® |

The 55-mile circle includes some territory beyond RPA's sphere of analysis:
Warren and Sussex Counties in New Jersey, and fractions of a half-dozen other
counties in Connecticut, New York State, and Pennsylvania. For these additional
counties and part-counties, we prepared our own projections--based on relative
growth rates in 1950-1960 and 1960-1965, the projected 1960-1980 growth rates
available from RPA for adjoining and roughly similar counties, and RPA's broad
indications of the directions of most rapid outward spread of metropolitan growth
in the next decade or two. These projections are of course crude compared with
RPA's; but even fairly substantial errors in the;;rl will not be likely to distort the
final results very greatly, since the population involved 1is only about five -

‘ percent of the total within the 55~-mile circle.

The next step was to disaggregate the twenty-nine counties into their
500-odd component municipalities. As simple rﬁles for deciding ho§v fast
individual municipalities would grow relative to their counties, we used two
different principles in separate projections, and then combined them in a third

projection.

A. Extrapolative Projection. Our first set of projections is based on the
assumption that places which grew faster than their counties in the 1950's will
continue to do so, and that those which lagged behind their counties' growth in the
1950's will continue to lag in the 1960's and 1970's. Specifically, each
municipality's population was first projected linearly to 1980, simply extending
the 1950-1960 growth rate for another twenty years. This extrapolation was done

‘ both on a geometric basis (using the 1950-1960 percentage increase per annum) and

P-17
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an arithmetic basis (using the 1950-1960 increase rate in persons per annum). The
latter was adopted after inspection of the results, since it produced fewer cases
that were obviously absurdl and also because the projected growth for the area as

a whole involves a somewhat smaller percentage rate per annum between 1960 and

-3-

1980 than was registered in the 1950's.

The extrapolated figures for all the municipalities in each county were then

totaled, and adjusted up or down pro rata to make the total conform to the RPA or

other total already established for the county.

B. Density-based Projection. One quite obvious shortcoming of the extrapola-

tive technique just described is that it takes no account of restraints upon growth

arising from the filling~up of developable space. We sought, therefore, to

develop an alternative set of projections which would incorporate the hypothesis

that percentage rates of growth of individual communities slacken off with higher

population densities per square mile.

Some preliminary investigations into data for seletted counties were made
to see if the posited inverse relation of growth rate to density is actually present
to a sufficiently significant degree to make it a useful projection guide. These
investigations disclosed a marked relationship of the expected sort in the 1950~
1960 growth and density rate for municipalities. It appeared also that a straiqht—

line regression relation between the logarithms of (1) the growth ratio and (2)

1.

For example, take the not unrealistic case of a small, suburban
community that grew from 100 in 1950 to 2, 000 in 1960. Extend-
ing that rate of percentage increase would give a projected 1980
population of 800, 000! The less-exuberant arithmetic extrapola-
tion, in the same instance, would give only §, 800 for 1980.
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the density of population at the beginning of the time interval provided a more
| appropriate formulation than a simple linear relation.

Accordingly, the data on 1950 and 1960 population and land area for all
municipalities were processed so as to yield a statistically-fitted regression
formula for mt;nnicipalities in each county, relating rate of population growth to
density of population. In fitting the equation, the data for individual municipali-
ties were weighted according to population, giving larger places a proportionately
greater influence on the formula.

These regression formulas were, in all but a few counties, associated with
a high enough degree of correlation to leave no doubt about the useﬁ;llnes_swof

‘ this approach as a guide to relative rates of expected populatio‘n' growth. With one un-
important exception (Sullivan County), the relationships were consistently. inverse
in direction as would be expected (i. e., higher density was associated with lower
growth rates in any given county). In the Sullivan County case, the correlation
was too small to make its size or direction significant.

The projections produced by this method for individual municipalities
were then totaled for each county and adjusted to make the county totals conform
to the RPA or other total already established for that county, just as was done
with the first or extrapolative set of projections.

C. Compromise Projection. The two alternative sets of projections just

described rest on entirely different principles, each of which (the continuity of
growth differentials, and the inverse relation of growth rate to density) has

. demonstrable validity but falls short of complete adequacy. Consequently, it
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seemed appropriate to combine the two types of projection into a third, incorporating
both the continuity and the density effects.

To get this third set, labeled "compromise" projections, we took for each
municipality the geometric mean between the adjusted extrapolative and the adjusted
density-based projection. Then fhe "compromise" projections for the municipali-
ties of each county were added up and adjusted to make the county total conform,
as in the two previous cases, to the RPA or other total already established for the
county.

The averaging procedure allows each of the two effects (growth-continuity
and density) to exert an effect on the compromise projections. Where the extrapo-
lative and the density-based projections were in close agreement, they reinforce
each other in projecting differentiation of growth rates in different parts of a
county; where the extrapolative and dénsity-based projections give sharply differ-
ing answers, they tend to cancel one another out in terms of such differentiation,
leading to compromise projections which show relatively little aissimilarity in
growth rates among the parts of a county. This seems appropriate--where the two
approaches we have tried give very different results, we are well advised to take
both of them less seriously and have less occasion for diverging very far from
the simple assumption that all parts of any given county will grow at equal rates.

The geometric mean was chosen in preference to the arithmetic as a way
of still further toning-down the most extreme variations of‘ growth rates. |

It seems to us that the compromise projections are the "best" of the three

so far as anyone can judge in advance. However, all three sets of projections are
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presented in equal detail so that users of these reported results may make their

own evaluations and decisions.

2. ALLOCATION TO RING AND SECTOR ZONES

Each of the three sets of projections by municipalities (and also the actual
1960 populations of municipalities then had to be translated into population totals
for the 40 ring-and-sector zones stipulated.

A little more than half of the municipalities were found to lie wholly within
one of the 40 zones. Each of the rest had to be split, with portions allocated
to anywhere from two to six different zones. In view of the large number of cases
involved (more than 250 municipalities,) to be split into more than 600
fractional parts, the splitting was done by inspection of a map showing the
municipalities and zone boundaries, the proportional division of the municipality's
area among continguous zones m estimated visually, and in most casés it was
assumed that the same proportionate split would also apply to that municipality's
population. Whenever feasible, however, and particularly where places of
significant size were concerned, account was taken of the location of major
concentrations of population within the municipality boundaries.

It was assumed that the same split-up of a municipality would apply in the
case of each of the three projections, and also for the 1960 population.

The derivation of 1960 and projected population totals for each of the 40
zones was carried on in an electronic computer, which also provided totals in

each case for each ring and each sector of the 6r1d.
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PART III B

PROJECTIONS OF IAND USE BY COUNTY, 1980

The basic theory of the projection techmque used to disaggregate RPA gross
estimates of land .use is that in each county the "intensive use ratio" (I) defined
as the percentage of total land area used for residential, commercial, and
industrial purposes, ! is a function of the population density (D) for that county.
This relationship is demonstrated in the following Graph which plots the logarithms
of I 1954 (percentage of land in intensive use in 1954) against the logarithms of
D, where D is the average of 1950 and 1960 population densities for each of
twenty-one counties in the RPA Region. 2

A statistical test of the relationship between I and D was then produced by
fitting a regression equation of the form logY¥=a+ blogX to the scatter of
points in the Graph. The fitted equation, 3 log 11954 =~.361 +.531 log D
(Equation 1) has an Rz, or coefficient of determination, equal to .931. This

means that 93. 1 percent of the variation in the percentage of land used intensively

is explained by population density. Equation 1 is the basis for disaggregating by

1. This definition of intensive land development is the one used by
the Regional Plan Association to describe "Table 20. Land
Development by County in 1954, RPA Bulletin Number 87, page 31,
June, 1957.

2. Sources of Data: "Table 20. Land Development by County 1964, "
RPA Bulletin Number 87, page 31, June, 1957, and "Table 4. The
Region's Population, 1860 to 1960, by County, RPA Bulletin Number
100, page 36 (Appendix), September, 1962.

3. An explanation of the regression technique used may be found in
most general statistical research text books, such as Ferber and
Verdoorn, "Research Methods in Economics and Business, " New
York, 1962.
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counties RPA's gross land use estimates for its region. Land use values for
counties not in RPA's Region were also obtained from Equation 1, but no control

or scale factor was available.

Appllcatiop of this relationship yielded the estimates of square miles of
1ntensively used land by county in 1960, in Column 1 of Table 1. A second
estimate of intensive land use by county in 1960 was obtained by applying an
average value of 52 percent for intensive land use to RPA estimates of 1960
»committed” land.4 This second set of estimates (Column 2 in Table 1) permits
the projection estimates from Equation 1 to be judged against a control total
derived from the RPA estimates for committed land. Of the total 2, 400 square
miles of committed land in RPA estimates for 1960, 1, 248 square miles were
developed intensively. The 1, 258 square miles of intensively used land
projected by Equation 1 is within one percent of. this control total. Column 3
represents the results of an adjustment in intensively used land for those
counties in Column 2 which suffered most from averaging. The adjustment was

made by applying the high (low) intensity percentage for counties closer to

" (farther from) the core of RPA's Region. S This correction brought the total for

the second estimate to that of the control total. The best estimates of square

miles of intensively used land by counties in Column 3, Table 1, were then

4. The average value of 52 percent was derived from 1960 RPA
estimates of committed land used intensively in selected areas of
the region. See Table 2, Column 3.

5. See Table 2 for high and low values of intensive land use ratio. Also

"The Region's Rings of Development. A Bulletin Number 100, page 6,

September, 1962.
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disaggregated into residential and commercial/industrial uses by applying average
figures of 83 and 17 percent, respectively, which were derived from RPA
aggregate estimates. The results appear in Table 3.

With this foundation, the next step was the projection of land-use intensity
in 1980 b? means of Equation 1. The population density for 1980 used in the
projection came from RPA estimates of 1980 population by county for those counties
in RPA's region. & (Population density for 1980 for counties not covered by RPA
were obtained by extrapolating population for 1980 from that in 1950 and 1960.)7
The results in square miles of this projection appear in Column 5 of Table 1.

Projecting by Equation 1 requires that points in the Graph far from the
regression line will be on the regression line twenty years hence. Thus, an
alternative form of this projecting technique embodying the sarﬁe'relatior;ship
was also used. These alternative-form projections, which apééér in Column 6 of
Table 1 were produced by

log.I 1980 = 109 I 1954 + - 531 (log D yggg — log D (Equation 2)
which uses the difference in pbpulation density between 1980 and the average of
1950-1960 to project the difference in the intensive land use ratio between 1980

and 1954. While it is felt that neither set of the projected intensive land use

6. "Table 5. The Region's Projected Population, 1965 to 1985, by
County, " RPA Bulletin Number 100, page 36 (Appendix), September,
1962,

7. County and Data Book, 1962, United States Department of Commerce,
Bureau of the Census, Washington, 1962.
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figures are any befter than could possibly be obtained from the existing data, they
can be viewed with some assurance that they are of the correct magnitude.

The Regional Plan Association estimated that 2, 500 more square miles of
land will be developed between 1960 and 1985, 8 Assuming that this is done at an
even rate over thé 25-year period, about 2, 000 square miles will be developed
between 1960 and 1980. RPA estimates that 58 percent of this land will be
developed in inte;xsive uses. 9 Thus, 1,160 square miles of intensively developed
land could be added by 1980 according to the estimate derived from RPA data.
Total land used intensively in the region could reach 2, 408 square miles as shown

in Table 2.

With this new control total for total intensively used land in 1980, the "best" ‘

disaggregated projection from Equations 1 and 2 was adjusted by a factor of 1. 529
to coincide with RPA estimates. The ."best" diséggregated projected value for
intensively used land in each county is given in Column 7 of Table 1. Selection
of the value for this column from the values produced by Equations 1 and 2 in

Columns 5 and 6, respectively, was made by taking the larger value in all cases

- except Hudson County and New York City. In the cases of Hudson County and

New York City, Equations 1 and 2 gave smaller projected values because
population is expected to decline; but, even with slight population decline, it is

reasonable to assume that the percentage of land used intensively should remain

8. "Chart 14. Extent of Land Development in the Region, 1960 and 1985. "
RPA Bulletin Number 100, page 20. An adjustment has been made for
excluding Monmouth County in our projections.

9. Ibid. :
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at least as high as in 1960, so the 1960 figure is retained for 1980.

The further disaggregation of intensive land use in 1980 by county was
produced by applying to the difference in land use intensity between 1360 and
1980 average values of 83 percent for residential and 17 percent for commercial/
1ndustr1a-l uses, which wei‘e derived from RPA estimated values for the region as
a whole. The resultant increment in residential and commercial/industrial usage
was added to the values obtained in similar fashion for 1960; and the totals for

1980 are given in Table 3, Part Two.



TABLE 1. 4-1 .

1960 POPULATION
BY RING AND SECTOR ZONES
FOR 15 MILE RADIUS

Otol/2 1/2tol 1to2 2to3 3to4 4to5 5tol0 10 to 15

N to 15° 0 0 0 60 60 0 1210

15° to 30° .0 0 50 130 120 710 610

30° to NE 0 0 280 5650 1000 890 4070

N to NE 3490
NE to 60° 0 0 2930 7460 630 1100 2770

60° to 75° 0 10 - 2050 1610 1470 1460 3690

75° to E 0 10 270 180 140 250 5080

NE to E 9720
E to 105° 0 300 130 50 330 90 2170

105° to 120° 46 54 270 70 540 540 1720

120° to SE 0 80 330 50 270 320 2270

E to SE 25940
SE to 150° 0o 320 630 310 410 300 23740

150° to 165° 0 50 760 1900 20 0 1810

165° to S 0 30 350 50 0 0 8300 ‘
SEto S 51160
S to 195° 0 160 250 0 50 300 19200

195° to 210° 0 0 1000 20 300 3800 6300

210° to SW 0 0 50 530 3200 1000 8500

S to SW' 47000
SW to 240° 0 0 20 350 160 50 1000

240° to 255° 0 0 150 120 :© 40 100 0

255° to W 0 0 20 150 120 0 0

SWto W 7030
W to 285° 0 ' 0 20 30 0 0 90

285° to 300° 0 0 40 0 0 0 1030

300° to NW 0 0 60 50 120 0 150

W to NW 12090
NW to 330° 0 0 20 0 40 260 100

330° to 345° 0 20 0 50 80 3100 780

345° to N 0 0 50 0 0 40 7880

NW to N 14990

NOTE: The populations above refer to Fig. No. 1.4-2



N to 15°

15° to 30°
30° to NE

N to NE

NE to 60°
60° to 75°
75° to E

NE to E

E to 105°
105° to 120°
120° to SE
E to SE

SE to 150°
150° to 165°
165° to S
SEto S

S to 195°
1959 to 210°
210° to SW
StoSW

SW to 240°
240° to 255°
255%° to W
SWto W

W to 285°
285° to 300°
300° to NW
W to NW
NW to 330°
330° to 345°
345° to N
NW to N

Otol/2 1/2tol 1to2 2to3 3to4 4tob 5to 10 10to 15

0 0 0 140 140 0 2750

0 0 110 300 270 1620 1390

0 0 640 12860 2280 2030 9270
7940

0 0 5210 13280 1120 1960 4930

0 20 3650 2860 2620 2600 6570

0 20 480 320 250 440 9040
17300

0 600 260 100 650 180 4310

100 100 540 140 1070 1070 3420

0 160 650 100 540 640 4510
, , 51500

0 580 1140 560 740 540 43100

0 90 1380 3450 40 0 3290

0 60 640 90 0 0 15070
92870

0 340 540 0 110 640 41110

0 0 2140 40 640 8140 13490

0 0] 110 1130 6850 2140 18200
' 100640

0 0 100 1680 770 240 4790

0 0 720 570 190 480 0

0 0 100 720 570 0 0
33680

0 0 40 60 0 0 190

0 0 80 0 0 0 2140

0 0 130 110 260 0 310
25220

0 0 40 0 80 490 190

0 40 0 100 150 5910 1480

0 0 100 0 0 80 15030
28420

NOTE: The populations above refer to Fig. No. 1.4-2

TABLE 1.4-2

1980 "COMPROMISE" PROJECTION OF POPULATION

BY RING AND SECTOR ZONES

FOR 15 MILE RADIUS
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I. INTRODUCTION

This report provides the 1970 population estimates and the
population projections for the years 1980, 1990, 2000 and 2010
for the area within a sixty-mile radius of the Indian Point Nuclear
Power Plant site at Buchanan, New York.

The area encompassed by the sixty-mile radius circle was divided
into 16 sectors of 22°-30'. The north oriented sector is formed by
two radii, 11°-15' on either side of the true north as shown in
Figure 1. This sector is referred to as sector "A" and succeeding
sectors, B through P are drawn in the clockwise direction.

The area within the sixty-mile radiué was further divided by
]3 rings drawn about the Indian Point Nuclear Power Plant site as

‘ follows:

Two rings, each at.a half-mile interval, for the first mile

from the site. ‘

Four rings, each at a one-mile interval, from one mile to
five miles from the site.

- Three rings, each at a five-mile interval, from five miles
to twenty miles from the site.

Four rings, each at é ten-mile interval, from twénty to sixty
miles from the site. ‘
The popd]atioh estimates for the year 1970 and the population

‘projection for the years 1980, 1990, 2000 and 2010 for each of the

208 zones formed by the secfors and the rings ére given in thié repoft.
The summary of cumulative ring. population estimations for the

. ' years 1970, 1980, 1990, 2000 and 2010 is given in Table 1.

ENVIRONMENTAL ANALYSTS, I N C. 226 Seventh Street, Garden City, New York 11530 *«  (516) 741-3041
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Table 1

~

SUMMARY OF CUMULATIVE RING POPULATION ESTIMATES

RADIUS OF THE

RING IN MILES CUMULATIVE RING POPULATION ESTIMATES

1 ;
1970 1980 1990 2000 ' 2010

+ Half 21 31 45 65 ! 88

g One . 745 1,008 1,375 1,891 | 2,453

§ Two : 9,255 11,981 15,673 20,698 26,016

‘ Three 2 20,318 25,747 33,045 42,926 53,349
§ Four 34,553 44,338 57,544 75,482 94,451

Five ; 52,683 70,053 94,512 129,397 168,164

% Ten 218,398 297,459 408,198 564,220 734,682

a Fifteen 450,207 603,035 814,078 1,107,195 1,423,387

% Twenty 888,163 1,179,611. 1,577,851 2,125,429 2,711,048

Thirty 3,984,844 4,637,627 5,480,207 6,584,630 . 7,724,505

Forty 11,659,574 | 12,882,240 14,403,268 16,333,563 é 18,276,655

Fifty t 17,471,479 18,991,980 20,923,966 23,400,331 % 25,899,727

Sixty 19,510,656 21,383,172 23,821,556 26,997,743 % 30,235,074

@
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II. 1970 POPULATION ESTIMATION METHODS

The area within a 60-mile radius is divided by rings and sectors,
into 208 zones. For the purpose of estimating 1970 population, the
zones were divided into three categories. The first category included
the 32 zones within the initial one-mile radius. The second consisted
of the 64 zones between the one and five-mile radii. The third category
consisted of the remaining 112 zones between the five and 60-mile radii.
The zones in the first category are relatively small. Those within
a half-mile radius of the Indian Point have an area of approximately 0.05
square miles. The Tland area of the zones between the one-half mile and
one-mile radii is approximately 0.15 square miles. There is a substantial
‘ possibility of error in estimating population for these small zones be- |
cause census data on such a fine scale is not always available. For this
reason, Consolidated Edison made a door-to-door survey to determine the
exact population within a one-half mile radius of the site. In addition,
a field observation of the area within a one-mile radius, including an
actual count of dwelling units, was made on January 26, 1972. The popu-
lation within one mile of the site was estimated on the basis of the data
collected by Consolidated Edison, the field observations, and 1970 census
tracts shown in the New York-Northeastern New Jersey Metropolitan Map Series.
The zones in the second category are somewhat 1érger. Their land area
ranges from approximately 0.6 square miles, for the zones between the one
and two mile radii, to approximately 1.8 square miles for the zones between
the four and five mile radii. Where census data was available for tracts
‘ or communities within zones, these data were used. Elsewhere within the

second category zones, population was estimated by use of maps and field
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inspection. In localities where large areas are fully developed

with single-family dwellings, the total length of residential streets

was measured by the use of a "map reader". The street length was then
divided by 100 feet, which was the average plot width observed during

the field survey, and multiplied by 3.5 persons per household, a fig-

ure obtained from the Bureau of the Census.

The zones in the third category are five to 60 miles from the plant
site. The land area of each zone ranges from approximately 15 square
miles, for zones between the 5 and 10 mile radii, to 216 square miles
for zones between the 50 and 60 mile radii.

Because the outermost zones are so large, some villages, towns,
cities, etc. aré entirely located within a single zone. Therefore, the

‘ entire population of these communities, taken from the census population
tables, could be ascribed to these zones.

For communities or census tracts located in more than one zone, the
population was assumed to be distributed uniformly. The portion of the
community or tract lying within each zone was determined by the use of a
planimeter and a corresponding portion of its population was then attribu-
ted to that zone.

It should be emphasized that, for any givenvzone of the third cate-
gory, the bulk of the popu]atioh estimate is based on whole-tract or whole-
community figures taken directly from the 1970 census tables. The component
of the population estimate based on a real measurement is fe]ative]y minor.

Therefore, the margin of error in these population estimates is considered

. to be small.
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II1. POPULATION ESTIMATES FOR THE YEAR 1970

The population estimates for the 13 rings are presented in
Table 2 and the population estimates for the 208 specified zones

are presented in Table 3.

o " Table 2

Ring Population Estimates for the Year 1970

| Radius of the 1970 Population
i Ring in Miles Estimates i
Half | | 21 %
‘ One 724 l
Two 8,460 g
Three 11,063 |

Four » ‘ 14,235

Five | 18,130

Ten 165,715

Fifteen 231,809

; Twenty 437,956

; Thirty | 3,096,681

% Forty 7,674,730
% Fifty 5,811,905 :
% Sixty 2,039,177 %
i !
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ENVIRONMENTAL

SPECIFIED ZONE POPULATION

BASED ON 1970 CENSUS

- SECTOR D

i RING SECTOR A SECTOR B SECTOR C
é 0- % MILE 0 0 0 0
% - 1 MILE 0 0 0 18
| 1- 2 MILES 0 0 1,050 1,470 |
é 2. 3 MILES 158 840 2,880 1,890
3- 4 MILES 280 875 2,135 1,855
4- 5 MILES 525 2,240 2,660 2,100
5-10 MILES 7,451 2,072 4,372 14,880
10-15 MILES 6,598 2,775 6,714 5,560
15-20 MILES 25,952 4,349 9,110 10,821
20-30 MILES 59,527 29,306 13,369 19,730
30-40 MILES 78,736 17,647 22,693 86,058
40-50 MILES 44,339 14,303 11,763 58,647
50-60 MILES 41,954 9,115 55,709 352,482
SECTOR TOTALS 265 ,520 83,522 132,455 555,511
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Table 3 (Cont'd)

SPECIFIED ZONE POPULATION

BASED ON 1970 CENSUS

. -

RING SECTOR E | SECTOR F | SECTOR G | SECTOR H

0- % MILE 0 | O 7 0o

B 1 MILE 280 62 | 140 210

1- 2 MILES . 630 630 910 1,470

2- 3 MILES | 263 298 683 | 1,08

- amEs 980 1,085 1,100 | 505
 4- 5 MILES 875 385 1,190 - 385
‘II’ é 5-10 MILES | 9,453 8,356 28,570 3,744
 10-15 MILES 9,167 § 20,394 30,102 20,221
 15-20 MILES 12,206 | 36,683 46,182 86,421
 20-30 MILES 34,037 | 305,998 83,399 786,120
30-40 MILES 263,030 78,656 74,226 | 1,170,810

40-50 MILES 425,957 25,822 | 505,957 | 1,209,558

50-60 MILES 485,949 103,058 28,00 | 9,938
SECTOR TOTALS | 1,242,827 581,441 1,010,566 3,290,540
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Table 3 (Cont'd)

SPECIFIED ZONE POPULATION

BASED ON 1970 CENSUS

RING SECTOR I g SECTOR J { SECTOR K SECTOR L

0- % MILE o | 0 f 0 0

b 1MILE o 0 ! 0 0

1- 2 MILES 680 ! 910 10 300

2- 3 MILES g 53 % 263 840 350

3- 4 MILES 105 | 1,610 1,55 560

4- 5 MILES 245 2,415 %5 560

5-10 MILES 23,003 32,853 10,329 4,508
10-15 MILES 35,324 39,018 25,566 8,116

15-20 MILES | 55,912 80,640 27,058 5,766

20-30 MILES | 985,563 539,709 121,568 19,934

30-40 MILES 3,612,246 | 2,039,326 147,590 39,326

40-50 MILES 2,477,415 727,826 | 207,086 ' 57,451

' 50-60 MILES 65,320 531,848 97,847 23,871

| SECTOR TOTALS | 7,255,880 | 3,996,418 640,344 160,742
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Table 3 (Cont[@l

SPECIFIED ZONE POPULATION

BASED ON 1970 CENSUS

RING

0- 3 MILE
- 1 MILE
MILES
MILES

N
]
= w N

MILES
4- 5 MILES
' '5-10 MILES
10-15 MILES
15-20 MILES
20-30 MILES
30-40 MILES
40-50 MILES
50-60 MILES

SECTOR TOTALS

ENVIRONMENTAL

SECTOR M

420
504

630
421
2,469
6,545
10,527
11,445
9,290
146

42,397

SECTOR N
0

0

0

98

0

875
2,289
8,939
3,878
40,661
8,574
4,287
6,330

75,931

ANALYSTS,

i
|
z
|
i
i
t

|

SECTOR" 0

SECTOR P

0
0
30
280
305
1,260
7,276
7,829
20,140

32,180
11,814
12,539
5,999

99,652
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IV. METHODS OF POPULATION PROJECTIONS

In May, 1970, Regional Economic Development Institute, Inc. (REDI) pre-
pared a report entitled, "Population Estimates for 1960 and 2000 for
Specified Zones in a 60-Mile Area Around Indian Point New York", for
the Consolidated Edison Company of New York, Inc. The various methods
of population projection used by REDI, Inc. are presented in the
appendix of this report.

For