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FOREWORD

Intelligent utilization and conservation of Virginia's estaaries must

be predicated on a detailed knowledge of their physical characteristics.
- The present study is the first in a series dedicated to this goal. The
study is based on field observations of distributions of temperature,
salinity, flow velocities, dissolved oxygen, and a dye tracer in a compli-

cated region of estuarine bifurcation. The field observations are utilized
" to develop a mathematical model that is useful for waste-load planning and
the prediction of the distribution of dissolved oxygen.

It is significant that the bulk of the funding for this research
study was provided by a Virginia industry, The Chesapeake Corporation of
Virginia. The Chesapeake Corporation manufactures paper and is located at
West Point, Virginia, at the confluence of the three estuaries investigated.
It was the willingness of The Chesapeake Corporation to underwrite the field
research coupled with the desire of the Virginia Institute of Marine Science
to understand the environmment there that brought the present study to
fruition.
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ABSTRACT

Rhodamine WT dye was released continuously for 19 days at the Eltham
and Lord Delaware bridges. Monitoring runs were made at time of high and
low-water slack on the fifth, ninth, and nineteenth days after commencing
the dye release. Maps of the dye-concentration data indicate that local
winds can have a significant effect upon dispersion of dye (or other
solutes). At times of high-water slack, dye-concentrations decline (in
up-estuary directions) from high values near the release points to inter-
mediate values about two nautical miles upriver. Concentrations increase
again to secondary maxima at a distance of one tidal excursion (3.4 to 4.1
nautical miles from the release points.

At times of low-water slack, the dye-concentration values decrease
nearly linearly up-estuary from the release points. In the down-estuary
direction, and for a no-wind condition, dye concentrations at low water
slack will be greatest on or slightly southwest of the shoal extending
south of West Point. The time of passage of a batch release of dye was
about seven days, for the l5-nautical-mile distance between West Point and
Clay Bank.

A steady-state, one-dimensional mathematical model was developed using
Camp's equations. Data gathered in the dye study and from the extensive
hydrographic survey were utilized to estimate the parameters of the model.
The DO and BOD distributions along the channel of the lower Pamunkey and
upper York estuaries were predicted by the model for the low-water-slack
condition. The fourteen-consecutive-day, low-flow rate for Hanover (45 cfs)
was used along with a corresponding low-flow rate of 300 cfs at West Point.
Estimates of inflows to various reaches of the Pamunkey between Hanover and
West Point were based on minimum runoff and were computed by proportioning
the difference in flow between the 300 cfs value at West Poiat and the
45 cfs value at Hanover.

Results indicate that for a BOD waste loading of 30,000 pounds per
day, at a point 1/L-mile above the Eltham Bridge, the DO conzentration
would drop below 4 ppm at a point 1.1 miles down-estuary fran the bridge
during high water temperature (27°C) and at low water slack. From prob-
ability considerations, this minimum DO value would occur for a low-flow
condition that could be expected once in 10 years.
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INTRODUCTION

Purpose of Study

This study was undertaken for the purpose of increasing kaowledge of
the hydraulic characteristics of the region around West Point, Virginia
(fig. 1), where the York River estuary branches into the Pamunkey and
Mattaponi River estuaries. West Point is the site of The Chesapeake
Corporation of Virginia's paper mill. The primary aim of the study was to
provide a mathematical model that could be used to describe the variation
of dissolved oxygen (DO) in the Pamunkey-York channel.

The only previous published work on this area (Anonymous, 1969) was
done by the Chesapeake Bay Institute of the Johns Hopkins University in the
spring of 1961. It consisted of four days of observations of temperature,
salinity, and current velocity at each of two anchor stations, in the
Pamunkey and Mattaponi rivers, respectively. Two dye-tracer experiments
were conducted, also, but the results were inconclusive.

Approach
The approach adopted in the present study involved:

1) the monitoring of fluorescent dye releases for assessing,
a) steady-state concentrations of a solute in the system
and b) dispersion in the system;

2) the execution of a detailed hydrographic survey for
determining the distribution of temperature, salinity,
dissolved oxygen, and flow velocities; and

3) the development of a mathematical computer model for
the prediction of the distribution of dissolved oxygen.

Study Area

The upper estuary of the York River includes the Pamunkey and Mattaponi
rivers. The streams of the York River basin flow in a southeasterly
direction from their source in the foothills of the Blue Ridge Mountains in
Virginia to the Chesapeake Bay near Yorktown, Virginia. The York River is
formed by the confluence of the Mattaponi and Pamunkey rivers at West Point.
The York River's entire course of about 35 miles is an estuary. The
Pamunkey and Mattaponi have strongly meandering channels and are tidal for
56 and 41 miles, respectively, above the West Point junction.



Table 1.~ Normal Monthly Average Precipitation and Temperature for Tidewater Area of Virginia.

Jan. Feb. Mar. Apr, May June July Aug. Sept. Oct. Nov. Dec. Yr. Avg.

Temp. (°F) 40.3 h1.1 7.l 57.2 66.6 Th.6 78.1 76.8  T1.3 60.8 51.5 L41.3 58.8
Yr. Tot.

Precip. (in.) 3.37 3.02 3.53 3.23  3.61  3.57 5.l 5.37 3.88 3.06 2.98 2.84 143.87
Table 2.~ Average Monthly Total Precipitation and Average Temperature for the Period 1958-1967.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
West Pt.
Temp. (°F) 37.2 38.8 46.6 57.7 66.6 73.1 T77.0 76.3  69.4 58.7 L9.6 38.2
Walkerton
Temp. (°F) 36.1 33.8 45.3 56.6  65.4 72.4 T76.6 75.7 68.h4 57.6 L8.5 37.2
West Pt.
Precip. (in.) 3.22 3.92 3.6k 2.88 3.91 L4.18 6.06 5.30  2.95 3.13 2.99 3.21
Walkerton
Precip. (in.) 2.94 3.87 3.68 2.98  L4.,07 L4.33 5.00 h.7h 2,97 2.96 3.31 3.50



The mean range of tide at the mouth of the York River is 2.0 feet,
increasing to 2.9 feet at West Point at the head of the stream. At
Walkerton, on the Mattaponi, 29 miles upstream from the mouth, the mean
range is 3.9 feet and at New Castle on the Pamunkey, 52 miles upstream
from the mouth, it is 2.0 feet.

The drainage basin comprises 2663 square miles, of which 909 square
miles belong to the Mattaponi and 1477 square miles belong to the Pamunkey.
Crossing the Fall Line Belt, the slopes are about 10 feet per mile, and in
the coastal plain about 1.5 feet per mile above the tidal portions. The
rainfall of the basin averages about 41 inches per year, and runoff amounts
to about 2600 cubic feet per second at West Point. The minimum runoff is
about 300 cubic feet per second.

Other than those towns near the river mouth, the only sizable town in
the coastal plain in the York River basin is West Point. It has a population
of about 2500, and contains one major industry, The Chesapeake Corporation of
Virginia. This industry consists of a pulp mill that manufac-ures finished
paper and Kraft board.

Distribution of Precipitation

The annual precipitation on the York River watershed varies from
40 to 50 inches. The average for the entire area amounts to 4l.2 inches,
while for the area above West Point it is L1 inches. The annual snowfall
is very small. It varies from 8 inches at the coast to about 18 inches at
the western edge of the watershed. The mean for the total area is 1k4.3
inches. The three months of highest rainfall are June, July, and August.
The maximum for the year occurs in August. The three months of next
greatest rainfall are March, April, and May. The minimum rainfall occurs
in November. The lowest runoff (stream flow) usually occurs in August-
November; the apparent descrepancy between high rainfall and low-runoff
in August is related to the fact that a greater proportion of rainfall
occurs as runoff in cool months (Chow, 1964, p. 12-5). Thus, also, the
greatest runoff occurs during the spring.

Climate

Climatologically, the area is characterized by mild winters, hot
summers, and precipitation well distributed throughout the year, with
slightly less precipitation in the fall months than in the rest of the
year. Table 1 shows the normal monthly average temperatures and
precipitation for the Tidewater area (U. S. Dept. Commerce, ESSA, 1967).

There are two climatological observation stations on the river system
being studied: one at Walkerton, on the Mattaponi, and one at West Point.
Table 2 gives values of monthly average temperature and total monthly
precipitation for the ten-year period 1958-1967 (ibid., 1958-1967).



The Chesapeake Corporation of Virginia

The Chesapeake Corporation of Virginia is located in West Point,
Virginia, on the east bank of the Pamunkey River, approximately 1 1/L
miles north of the junction with the Mattaponi River (fig. 1). The paper
plant presently employs about 925 people and manufactures quality
unbleached Kraft pulp, linerboard, and paper at its principal site.
Average daily production is about 1050 tons. The mill also produces
sulfate pulp. At the present time the mill takes about 13.7 mgd of water
from wells for process purposes. All wastes are directly discharged into
the Pamunkey River without any treatment. According to South (1969), the
average daily BOD discharged is about 30 pounds per ton.

DYE STUDIES
Project Plan
Two types of dye releases were conducted:

1) a continuous 19-day-long release at the Lord Delaware and
Eltham Bridges (fig. 1) and

2) a batch release on slack-before-flood at a point just
upstream of the Eltham Bridge.

Monitoring of the dye distributions from the continuous releases was
by ships following the tracks shown on figure 1. The monitoring took place
on the sixth, tenth, and nineteenth days after initiation of pumping of dye.

The batch release of dye was monitored from a vessel during the flood-
tide half cycle immediately after release and during the second ebb cycle
after release. Monitoring was also accomplished at & continuously-
recording station on the Eltham Bridge for 1L days after release.

As a check on time-of-passage of the dye cloud, at a point far down-
stream of the batch release, it was decided to monitor the dye concentration
for 10 consecutive days along a transect near Clay Bank (fig. 1).

Data Acquisition Systems

Fluorometers.~- G. K. Turner Assoclates Model 110 or 111 filter
fluorometers were used to monitor dye concentrations. The fluorometers
were equipped with flow-through doors so that estuarine water could be
pumped continuously through the instruments while the survey boats were
underway .

The filter combinations used in each fluorometer were: one Corning
Glass Works glass filter CS 1-60 and one Eastman Kodak Company Wratten 61,
combined for the excitation filter, and one CS 4~97 and one CS 3-66 in
combination for the measurement filter. General-purpose UV lamps (with



white phosphor coatings) were used. These lamps provide broad-band
ultraviolet, -blue, and green light. The excitation filter isolated a
green band peaking at 546 nm, providing for excitation of the main
absorption band of Rhodamine WT which peaks at 558 nm. The measurement
filter peaked at 590 nm, providing for measurement of Rhodamine WT
fluorescence which peaks at 582 nm.

Hewlett Packard Company Model 680, electric-writing recorders with
event markers were used. Little Giant underwater electric pumps were used
to pump river water through the fluorometers while underway. Opaque
polyethylene hose was used for piping.

The power supply for a given fluorometer, pump, and recorder system
consisted of a Sears Roebuck and Company 1250 watt, 115-volt gasoline-
driven generator. A Sola Electric Company harmonic-neutralized, constant-
voltage regulator with voltage and frequency meters was placed between the
generator and instrument system, according to the recommendation of Wilson

(1968, fig. 7).

Aerial photography.- Aerial photography was employed to delineate
patterns of dye distribution following the batch release, especially the
patterns of high concentration where under normal operation fluorometer
measurements cannot be made.

The Virginia Department of Highways agreed to obtain the aerial
photographs. Flight lines were arranged to cover the first tlrree legs of
the Pamunkey River above West Point. The legs were flown just before the
batch release to obtain background coverage, and then on each hour until
dusk. All photographs were a nadir view from 1800 feet (548 m) with 60
percent overlap, taken with a Wild RC-8 camera having a 6-inch focal length
and a 9 x 9-inch format.

The film used was Kodak Double-X Aerographic (Estar base) Film 2L405.
A Wratten 15 (G) filter was employed. The film was developed for 16
minutes at 20°C (68°F) in DK50. The film-filter combination was satisfactory
for imaging Rhodamine WT dye. A better filter would have been spectrally
more selective than the panchromatic 2L405.

Execution

Continuous releases.- Rhodamine WT dye, sold by the E. I. DuPont Co.
in 250 1b. drums (20% solution), was released continuously from the wooden
platforms under the swing sections of the Eltham and Lord Delaware bridges
(fig. 1). Cole-Palmer (#7190-8) metering pumps were used.

The dye-release rates in the Pamunkey and Mattaponi were adjusted to
be in the ratio 1.6/1. This corresponds to the ratios of the drainage
areas, the Pamunkey having 1477 square miles and the Mattaponi 909 square
miles. The 20 percent Rhodamine WT solution was released at the rate of
17.9 liters per 24 hours on the Mattaponi and 28.4 liters per 24 hours on
the Pamunkey. This converts to 4.27 kg/2h hrs and 6.75 kg/24 hrs, respectively,



Table 3.- Dye release and monitoring schedule (local time).

DYE RELEASE TIMES oo DYE MONITORING TIMES
S P
Mattaponi Pamunkey  of.3 York Mattaponi Pammunkey
Start:
12 OCT 69 12 OCT 69
1200 hrs 1200 hrs
17 Oct. 69
(Ls) 1148-1352 hrs  1215-1321 hrs 1305-1LkL2 hrs
and and and
(ES) 1810-1921 hrs  1729-2015 hrs 1942-2205 hrs
21 Oct. 6
(HS) 0918-1117 hrs  1000-1133 hrs 1054-1211 hrs
and and and
(Ls) 1633-1745 hrs  16L5-1802 hrs 1746-2006 hrs
30 Oct., 6
(Ls) 0742-1158 hrs* 1002-1148 hrs 1052-1139 hrs
and and and
(HS) 1543-1701 hrs  1601-1756 hrs 1712-1901 hrs
End:
30 OCT 69
1745 hrs

*The early starting time reflects the long run, page A37, from Gloucester Point

to the usual starting point at Bells Rock.



on a 100 percent basis. The total dye released during the 19-iay study was
77.8 kg into the Mattaponi and 122.7 kg into the Pamunkey .

The dye release and monitoring schedule that was followed is presented
in Table 3. The objective of the three monitoring boats, that followed the
three course tracks shown on figure 1, was to monitor the dye during periods
of high and low slack water on a given monitoring day. Because slack water
moves quickly up or down the estuaries it was necessary that the monitoring
boat cruise rapidly in the direction of slack-water movement. This accounts
for most variations in the times given for the three sampling boats under
the "Dye Monitoring Times" heading of Table 3. Also, some adjustment in
slack-water times predicted in the tidal-current tables was necessary
during execution of the field work due to tide-wave variations caused by
winds and other factors.

Periodic bucket samples were taken for checks on temperature, turbidity,
and dye-concentration, during underway operations.

No problems were encountered in the monitoring activities, with the
exception that on tight turns bubbles were sometimes generated which gave
erroneous readings during passage through the continuous-flow doors of the
fluorometers.

Batch release.- A batch release of dye, introduced just vpstream of
the Eltham Bridge (fig. 1) in the form of a cross-channel line source, was
made between 1153-1203 hours on 31 October 1969. The amount released was
41.9 kg and the time of injection corresponded to low-water slack.

Immediately prior to the dye release, a monitoring run was conducted
to determine background concentration of dye that remained from the
continuous release. The new dye was then followed upriver during the flood
current. Numerous crossings of the high concentration zones were made by
the monitoring boat. Data were also obtained via the aerial photography.
The following day, on 1 November, the dye was monitored by boat between
0640 and 0900 hrs (high-water slack) and 1219 to 1L403 hrs (low-water slack).

The fluorometer sampling system was then transferred to the wooden
platform beneath the swing section on the Eltham Bridge where it remained
until 14 November for the purpose of continuously monitoring the declining
dye concentration. A sampling vessel also made transects across the York
River at Clay Bank (fig. 1), monitoring dye concentrations once each day at
a low-slack water between November 1 and 9. These boat and bridge measure-
ments were designed to provide information on time of dye passage.

Data Reduction

All fluorometers were calibrated before and after boat runs with
standard dye solutions prepared with distilled water, following the outline
given by Wilson (1968, p. 20). The calibration data were used to reduce
the recorder strip-chart data to dye-concentration values. All of the



dye-concentration values appearing on the figures in this report (Appendix A,
pages A2-A37) are in parts per billion (ppb) of Rhodamine WI. The concen-
tration values have been corrected for background fluorescence using samples
of standard river water that were obtained prior to introduction of the dye
into the estuaries. (The standard water was made up by combining equal
volumes of samples of water taken while making shake-down cruises along each
of the three courses of figure 1).

The water samples taken during the field study were carefully run in
the laboratory as a check on the boat measurements. Selected water samples
were checked for turbidity. Suspended sediment concentrations were found
to be negligible and no corrections to the fluorescence values were required
for this wvariable. Although variations in water temperature were small,
temperature corrections were applied to the fluorescence values.

Boat position data and values of fluorescence from the strip charts
were used to produce contour maps of dye concentrations (Appendix A).

HYDROGRAPHIC SURVEY*
Project Plan

It was desired to obtain, as nearly as possible, a synoptic three-
dimensional picture of velocity, temperature, salinity, and dissolved oxygen
in the area of interest. Measurements were taken hourly over two full tidal
cycles. Flow velocity, temperature, and salinity measurements were made
once every two meters, or, in shallow depths, at the surface and bottom.
Dissolved oxygen was sampled at one depth only, except in the vicinity of
The Chesapeake Corporation outfall (see Appendix C). ILaterally, the number
of sampling stations per transect (see fig. 1) was chosen according to the
width of the stream, in order to gain an adequate representation of the
lateral variation of the quantities being measured. Longitudinally, the
transect spacing was chosen to provide a reasonably complete description of
the down-channel variation of the parameters. In the vicinity of West Point,
the spacing between transects (fig. 1) was less than elsewhere, so that the
effect of The Chesapeake Corporation's outfall could be examined more closely.
Transect locations were chosen, wherever possible, to be at lease four river
widths from bends, so as tc avoid the disturbance of flow caused by bends.

*This portion of the report has been extracted from a comprehensive report
on the entire Mattaponi-Pamunkey system that is being prepared by Dr. Paul
V. Hyer, Department of Oceanography (VIMS), for the Virginia Division of
Water Resources, the Virginia State Water Control Board, and the Virginia
Institute of Marine Scilence.
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Data Acquisition Systems

Field-station boats were of the Thunderbird type, and each was equipped
with instruments for measuring current velocity and water temperature, and
with bottles for collecting water samples for salinity and dissolved-oxygen
determination at different depths. Water current speed and direction were
measured using Marine Advisors, Inc., Q-9 current meters with $-11 readouts
and Hydro Products Corp. Model 460 and 465 current sensors with Model L51-A
and 452 deck readouts. Temperature was measured using a thermistor with a
deck readout. Salinity samples were analyzed at the laboratory using a
Beckman RS-78 induction salinometer. Oxygen samples were analyzed by the
azide modification of the Winkler method.

Where a transect had more than one station, small foam buoys were
attached to Danforth anchors. A short length of polypropylene line was
left floating in the water so that the boat could be tied temporarily to
the buoy. By running from one station to the next as quickly &s sampling
was completed, a boat could cover all the stations on a transect within a
few minutes.

Field measurements of bottom profiles were made in January, 1970.
The instrument used was a battery-powered Raytheon Corporation DE-719 sonic
depth sounder. The transducer head was mounted from the port side of the
stern of a thirteen-foot Boston Whaler. A crew of two sufficed for the
field operation; one to operate the instrument and the other to control the
boat.

A total of six days of field operations were required for the bathym-
etry. Calibration was accomplished by means of "bar checks;" that is, the
instrument recorded the echo from a Secchi disk and the disk was held at a
succession of known depths.

The Virginia Division of Water Resources maintained, at the time of the
survey, permanent tide gauges at West Point and at Elsing Green on the
Pamunkey. In addition to these, VIMS erected temporary bubbler-type tide
gauges at the Newcastle bridge on the Pamunkey, and at Aylett Zanding on the
Mattaponi. These temporary gauges were leveled by the Highway Department.

The field boats were supported by the R/V Langley. This converted
ferryboat served as a center for instrument repair, food, crew changes,
and communication with VIMS.

Data Reduction

Velocity and temperature data, along with bottle numbers for salinity
and oxygen samples, were recorded on special forms devised for field use.
After the survey, this information and the results of the laboratory
analysis were transferred tc standard oceanographic data forms. The data
were then punched on IBM cards, and stored on disks to await further
analysis.



Execution of Field Survey

Stations at the transects shown on figure 1 were manned according to
the schedule given in Table 4 below.

Table 4.~ Hydrographic Survey Schedule, Region of West Point, Virginia;

Autumn 1969.
Survey

Transects Dates and times during which measurements were made

(fig. 1)
P03, PO4, PO5 16 October 0830 hrs through 17 October 0930 hrs.
P01, PO2, 17 October 1400 hrs through 18 October 1300 hrs.
Y0l, Yo2,
MO1l, MO2
MOL, MO5 20 October 0700 hrs through 21 October 0800 hrs.
PO1 21 October 1100 hrs through 22 October 1200 hrs.
Y0l, Y02,

MO1, MO2, MO3

Various calculations were performed on the disk data. Section averages
of the salinity, dissolved oxygen, and temperature were calculated to
provide input values for the mathematical model. Vertical integrals of the
longitudinal component of velocity were calculated. These integrals and
bottom-profile measurements were used to obtain tidal-exchange fluxes,
using a form of Harlacher's method.

Channel widths were determined from USGS 7.5-minute topographic
quadrangles. Cross-sectional areas were calculated by planimetry, using
the bottom-profile data. Section lengths were determined from C&GS
navigation charts. The volume of a section was taken to be the mean of
the end cross-sectional area times the section length.

Measurements from the strip-chart records of the temporary tide gauges
were corrected with respect to sea level, corrected for variations in the
paper feed rate, and replotted.
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MATHEMATICAL MODEL
Oxygen Balance Studies

A river is a vital, living comunity containing meny forms of life in
vast numbers. When organic material is deposited into a body of water,
the river community rapidly adjusts itself to the change in fcod supply,
the availability of sufficient oxygen, and the dissipation of waste products.
Often this results in a noticeable decrease in the dissolved cxygen content
in a stream below a source of waste; followed by an increasing oxygen
concentration still farther downstream.

This evaluation of estuarine water quality was based primarily on a
"sanitary water analysis;" that is, upon variations in temperature, dissolved
oxygen (DO), biological oxygen demand (BOD), and bacterial composition.
Temperature, DO, and BOD are interrelated. As organic matter having a BOD
is added to the river by sewage and industrial discharges, bacteria attack
and alter the organic material, converting it to cell material and carbon
dioxide. During this alteration DO is consumed. This bacterial process
removes the organic matter from the stream. If the BOD is sufficiently high,
the DO may be lowered to the point that it cannot support fish and other
aguatic life. When the DC is at or near zero, anaerobic decomposition may
occur. Such decomposition often results in gasification, procucing carbon
dioxide, methane, and hydrogen sulfide. The most noticeable results are
"rotten egg" odors, black water, and discoloration of paint on nearby
structures.

The interplay of the de~oxygenation of water by biochemical decompo-
sition of organic material, and the re-oxygenation or re-aeration by the
atmosphere, creates a curved profile of the dissolved oxygen concentration
along the path of the water movement. This profile, in the terminology of
the sanitary engineer, is referred to as "the dissolved oxygen sag."

By obtaining water samples at various points downstream from a waste
source and determining their DO, the oxygen-sag curve may be drawn.
Several methods are available to mathematically describe this curve.

They are based upon adding the re-aeration, photosynthesis, and other
sources of oxygen and subtracting the biochemical oxygen demand, sludge
deposits, and other uses of oxygen with respect to time. Once the stream
parameters are known for existing conditions, and the mathematical model
is solved, certain parameters can be altered to reflect a new and hypo-
thetical set of conditions, such as increased waste loads or —he instal-
lation of sewage-treatment plants. A new oxygen-sag curve can then be
calculated to reflect the new conditions.

Mass transfer equation.- The general equation for the coaservation
of mass of a substance in a turbulent fluid may be written in the following
form:

£ L L X -2 € - X
o +u - + v > +w Y " o (Dx s ) + > (Dy 5 )

+.L(D € (1)

+ - 8-
Oy, Z Qy ) So = 81
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where C = the concentration of the diffusing substance,
X, ¥ & z = coordinate directions x (length), y (depth), z (width),
u, v &w = velocity components corresponding to the x, y & z directions,
Dxs Dy, & Dy = turbulent diffusion coefficients corresponding to the
coordinate directions,
Spo = source; net non-advective rate of addition of the substance
across the boundaries of the system, and
S; = sink; the net rate of removal of substance from the system.

In dealing with the distribution of a contaminant it is frequently
convenient to use the one-dimensional approximation in which the instan-
taneous concentration is considered to be uniform over each cross-section,
and all spatial variations are in the longitudinal direction of the estuary.
This one-dimensional approximation was adopted here.

The one-dimensional form of equation (1) is obtained by ignoring
L and XL in comparison with %E . Therefore,

oz
L4y X =2 (D Ly + 5, - 8 2
> S 3 X ) o i (2)

The analysis is restricted to slack water at high or low tide. If a
pollutant is released continuously, its concentration at any transect will
increase in time until an equilibrium value is achieved. At this point the
concentration remains constant in time and the steady state is achieved.

Therefore, the determination of longitudinal dispersion coefficients
is of fundamental importance to the analysis of the distribution of
pollutants, biochemical oxygen demand, and dissolved oxygen in estuaries.

For convenience and manageability, the study scope was limited to
description of pollutant and water-quality concentrations in terms of
averages across a cross-section and over a tidal cycle. Only the steady
state solutions are developed. The study region of the Pamunkey and
Mattaponi rivers are tidal regions. The fresh water flows are relatively
small. The dispersion force will be much greater than the advective force.

DO-BOD equations.- The amount of oxygen that is used in oxidizing the
organic matter in a stream may be expressed by means of the following
formula

ye1 (-0 3)

in which y is the amount of oxygen used in time t, L is the first stage
oxygen demand, and kj may be determined by a series of measurements of
the rate of utilization of oxygen by the wastes. For the present study,
values in the range 0.0 - 1.0 were used.
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In a similar manner, the rate at which the oxygen content of
the stream is replenished from the atmosphere may be estimated. The rate
of replenishment of the oxygen content of the stream is expressed by means
of adding terms to equation (3) involving ko values. The ko values cannot
be determined in the laboratory but must be computed from the results of
analyses of the water in the stream at a number of different stations.
Values of Kp in the range 0.0 to 0.3 were used. The computation of ko
values is much less precise than for k1 values because of the complexity
of the problem and the uncontrollable factors encountered in a natural
stream.

The rate of utilization of oxygen may be combined with the rate of
replenishment of the oxygen from the atmosphere. The resulting equation
describes changes in the oxygen concentration in a stream that result from
the introduction of decomposable organic matter.

While it is not possible to express the reactions that produce this
relationship in an exact formulation, a general mathematical formulation
relating organic pollution and the dissolved oxygen concentration level in
a river was developed in 1925 by H. W. Streeter and E. B. Phelps. Their
equation is:

o Bl P A L (1)

"B

where La = ultimate BOD at the upstream end of a reach in mg/l,
kq = the rate constant of deoxygenation in units per day,
ko = the rate constant for re-aeration in units per day,
Da = the oxygen deficit at the upstream end of the reach in mg/l, and
t = the flow time in days from the upstream end of the reach to the

point in question.

The study region of the Pamunkey and Mattaponi rivers is tidal, and
longitudinel mixing dominates. Camp (1963) has modified the Streeter-
Phelps equation by introducing other parameters such as a dispersion
coefficient and a mean tidal velocity. With the assumption thet the rate
of atmospheric re-aeration is proportional to the degree of under-saturation
of dissolved oxygen, and that the rate of settling-out of decomposable
organic matter is proportional to the BOD remaining to be satisfied, the
oxygen profile for the steady state condition can be expressed as the
following equation:

ELL-UL o3k -C)+a-23KL=0 (5)

The BOD profile for the steady state condition is given by

2
a°L dL -
E—-U—dx-2.3(kl+k3)L+P—O (6)

ax2e
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Integrating equation (6) between distance a and b for the boundary

conditions
L=0L,at x =0, and L is a constant for x = = , yields
Ly = |Ly - - 1oJlX+ P )
a ” 2.3 (k + k3) 2.3 (kg + k3)
where
2. ky +
5 = 0.k 23 rig) (7)
1 2E hEe E
With the boundary conditions C = C4 at x = 0, and
C=C,atx=o,
equation (5) is integrated to
X ™~ . .
- 1 P J1X Jox
D = L. - (10°Y - 10°97)
b kp - Ky - kg & 2.3 (K +k3) -
(8)

where U =

Cs
C

P

E
k3
Dy
Iy,
(04

I

5 P a

Tk |23 v83) TE3 K

- :
(1 - 1092%) + Dy - 10792%

the temporal mean velocity over several tide cycles,

the saturation concentration of dissolved oxygen,

the concentration of dissolved oxygen at any station x distance
from station a,

the rate of addition of BOD to the overlying water from the
bottom deposits,

the turbulent mixing coefficient,

the rate constant for the settling out of BOD to the bottom
deposits per day,

the oxygen deficit at some downstream station b in ppm,

the ultimate BOD load at statien b in ppm,

the rate of oxygen production by photosynthesis, and

oh3h[ ,\/ 23k2 ] (9)

The turbulent diffusion coefficient (or longitudinal mixing coefficient),
E, for a mixed-flow estuary may be evaluated for a particular stream flow
from the average chlorides, or salinity, provided the velocity U is not
negligible and the chloride concentration at the upstream station is larger
than one percent of the normal value at the lower end of the estuary. For
this evaluation

lo-o.J+3h Ux /E

S = Sp (10)
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in which Sy = the average salinity or chloride concentration in mg/liter

at the downstream point and x = the distance upstream to a station where
the concentration is S,. The S, and Sy, values should equal the average for
several tidal cycles.

When the salinity in a reach in an estuary is less than 1 percent of
that in the water below the estuary, the modified Taylor's equation (1954)
may be used to determine the turbulent diffusion coefficient in which

5/6 (11)

E = n L R
7 [n]
and where n = Manning's roughness coefficient, Q = average flow over
several tidal cycles, A = the average cross-sectional area, and R = the
average hydraulic radius in the reach. The values used in this report
appear in Table 5.

Evaluation of Parameters

Low-flow distribution.- The oxidation of a pollutant is a time-dependent
process. Oxygen demands exerted by polluting matter occur at varying
distances downstream from their point of entry depending on the rate of flow.
River flow depends on rainfall, which is extremely variable and unpredictable.
A normal stream may range from a low of 10 percent of the average yearly
flow, during a drought, to a maximum of several hundred times the average
yearly flow during a flood.

Waste waters containing organic pollutants are diluted when they are
discharged into estuaries. The worst nuisance occurs during periods of low
flow. It would be uneconomical to augment low water flows to the point
where the dilution of the sewage discharge was sufficient to reduce the
amount of sewage treatment required. Experience has shown that several days
are required before changes in river flow are reflected by changes in the
biological characteristics of a river; that is, several days of low flow
are necessary before a nuisance arises in a stream which is carrying a
maximum pollutional load.

The flow rates selected for use in this study are the minimum flows for
seven and fourteen consecutive days, which occur once in ten yesars. This
corresponds to flows which will occur less than two percent and five percent
of the time, respectively. The flow measurements used in making the
necessary statistical analysis were obtained from U. S. Geological Survey
for the gaging station at Hanover, for the Pamunkey River, and the station
at Beulahville, for the Mattaponi.

The Hanover gaging station on the Pamunkey River is located two miles
east of Hanover, at the bridge on State Highway 614. The records of this
station cover a period of 24 years (1943 through 1967). The drainage area
above Hanover is 1072 square miles., The Beulahville station on the
Mattaponi River is located O.4 miles upstream from bridge on State Highway
628, 2.8 miles north of Beulahville. The records of this station also
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Table 5.~ Values of the Turbulent Diffusion Coefficient (E) for the
Transects of Figure 1.

High Water Slack Low Water Slack
Transect Ft.2/Sec. Mi.?/Day Transect Ft.®/Sec. Mi.?/Day
Y02 1720 5.3 Y02 1100 3.k
YOl 1660 5.1 YOl 1090 3.4
POL 1600 5.0 PO1 1080 3.3
PO2 1880 5.8 P02 1070 - 3.3
P03 2550 7.9 PO3 1050 3.2
POL 2880 8.9 POk 1480 4.6
P05 2070 6.4 P05 1230 3.8
P06 1h20 h.7 P06 810 2.5
Mol 8Lo 2.6 MOl 770 2.4
Mo2 640 2.0 Mo2 320 1.0
MO3 860 2.7 ' MO3 530 1.7
Mok 670 2.1 Moh 540 1.7
MO5 720 2.2 MO5 380 1.2

Table 6.- Drainage Areas and Accumilated Distances, through Transect P06
(Figure 1), for the Pamunkey River.

Drainage Cumulative
Transect Distance from West Point area Drainage
(£t) (mi) (sq. mi.) Area (sq. mi.)
POT TO500 13.4
14.3 1418.9
P06 55800 10.6
12.7 1431.6
PO5 L2700 8.1
12.8 1hhh, h
POk 29500 5.6
12.7 1457.1
PO3 16400 3.1
12.6 1469.7
PO2 3280 .6
3.1 1472.8

PO1 0 0
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cover a period of 24 years (1943 through 1967). The drainage area above
the gaging station above Beulahville is 619 square miles.

The flow data from these two gaging stations have been plotted as
probability deficiency curves in figures 2 through 5. The curves are
based on studies made by the USGS of the seven and fourteen consecutive
days of minimum mean daily flow in a water year.

Because the Parmunkey and Mattaponi rivers are tidal in the study
region, there are no stream-gaging stations downstream from Hanover and
Beulahville., Flow speeds and times of travel were obtained by considering
the volume of flow, the cross-section area of the river, and the results of
the dye tests described elsewhere in this report.

Owing to the lack of adequate flow or discharge data at West Point
it was assumed that 300 cfs represented the fourteen-consecutive-day low
flow for the York River at West Point that would occur no more than once
within a ten-year period. This 300 cfs value was suggested by an
experienced engineer from the Norfolk District of the U. S. Army Corps
of Engineers. [A House Document (U. S. Government, 1930, p. 3) mentions a
minimum runoff of "only about 300 cfs"]. Specific flows for each reach
were camputed by proportioning the difference in flow between the Hanover
gaging station (fig. 3, "L5 cfs") and the assumed value of 300 cfs at
West Point, according to the drainage areas for each reach. Drainage areas
for each reach were measured from U. S. Geological Survey topographic maps.
The drainage areas and distances between each transect, up to P06 (fig. 1),
are presented in Table 6.

Determination of flow times.~ In order to solve the oxygen sag
equations (7 and 8) it is necessary to know the time required for flows to
travel through the various reaches. In many streams, including the Pamunkey
River, the speed of flow is a function of the volume of flow, the greater
the volume the greater the speed. This is calculated by Manning's equation:

Q= 1.g86 AR2/3 g 1/2 (12)

discharge in cu. ft.-per second,

Mamning's roughness coefficient,

the channel cross-sectional area in square feet,

the hydraulic radius in feet, and

the bottom slope.

Because we are interested only in periods of low flow, the above equation
can be approximated and rewritten as follows:

ny B O
Hnanonn

1.486 1/2
q = 1386 By 53 g,

where Y average depth in feet,
the average width in feet, and

the frictional slope.
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Manning's roughness coefficient n is assumed to be 0.03. The 10
percent figure calculated for low flow was taken from the deficiency
Probability curves for the two gaging stations, Hanover and Beulahville.
Additional flows derived from the drainage areas between the gaging
stations and West Point were estimated for each river starting with the
Corps of Engineers' estimate of 300 cfs for West Point and working backward
to the L5-cfs, fourteen-consecutive-day low-flow value (fig. 3) at
Hanover and the 22-cfs value at Beulahville.

The average depths (Y) were calculated for all reaches using equation
(13). All speeds were then calculated from Manning's equation (12) based
on the corresponding average depths. Times of travel for all reaches
were then calculated by dividing each reach length by the corresponding
flow speeds. The times of travel computed by these hydraulic methods
were found to be comparable with measurements of dye travel.

Benthic oxygen demand.- Because of low scouring velocities in
estuaries, sewage effluents and industrial wastes deposited in polluted
water courses may exert heavy oxygen demands on the overlying waters. This
is true if conditions favor the accumulation of sludge over relatively long
periods of time. Settleable solids are deposited on the stream bottom by
sedimentation. When waste water is discharged into a tidal reach of high
salt content, chemical coagulation can be induced. This causes the finely
divided colloidal particles to aggregate and settle out as bottom sediment.
Moreover, due to bacterial activities, part of the BOD contributed by
biological flocculation is removed from the flowing water in the stream.

In the mathematical equations the rate of loss of BOD from the stream due
to settling is given by

ar _ 1k
K (1k)

where kz = rate constant for settling of BOD day'l. (Values used for k
ranged between 0.0 to 3.0). There is not enough dissolved oxygen to
maintain aerobic conditions in bottom sediments which are relatively fine

in texture but have a wvery high oxygen demand. Some of the anaerobic
decomposition products diffuse upward through the pore water of the sediments
to the overlying water and exert BOD in the flowing water. Therefore, the
oxygen demand of the bottom sediments upon the overlying water becomes an
important part of oxygen-balance studies.

Oxygen demands of benthic deposits used in the study are designated
P and have the dimension mg/1/day.

A method of estimating the benthic oxygen demand consists of measuring
the volatile content of river bottom sludge samples and computing the oxygen
demand. Another method consists of placing samples of bottom samples in
bottles and measuring the oxygen uptake over various time intervals.
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Values of P used in this report (0.0-1.0) were assigned to those
reaches of the river where prior bottom samples had indicated settling
might occur. The benthic demand represents an unpredictable factor that
requires constant updating to reflect the changing estuarine conditions.

Photosynthesis.- In stream pollution studies careful consideration
should be given to the role played by plant photosynthesis in the overall
oxygen balance of the stream. There are about 15,000 acres of salt marsh
in the Pamunkey River estuary and 8,238 acres in the Mattaponi River
estuary (Table 7). The marsh vegetation, algae, and aquatic plants in a
stream share the common characteristic of all chlorophyll-containing
plants of being able to convert carbon dioxide into organic substance and
release molecular oxygen to the environment. The amount of oxygen produced
during photosynthesis varies with the intensity of sunlight and the density
of the plant population. In addition, at night the same plants extract
oxygen from the water for respiration. For use in the present study, the
overall net production of DO by photosynthesis is expressed in the
mathematical equations as @ and has the dimensions of mg/l/day. Values of
@ can be derived from light and dark-bottom tests. Values of O were not
determined in the present study, but were estimated from data available in
the literature (Fair and Geyer, 1968). A problem exists in estimating
adequately documenting the effect on DO of the marshes in the Pamunkey
estuary. '

Re-aeration.- There is a continuous interchange of oxygen at the
gas-liquid interface between stream water and the atmosphere. When the
concentration of dissolved oxygen in the water falls below the saturation
concentration, there will be a net mass transfer of oxygen from atmosphere
to the water, referred to as re-aeration. The difference between the
saturation concentration and actual concentration of dissolved oxygen in
the water is called the oxygen deficit. The rate of oxygen transfer
depends on the properties of the gas-liquid interface, the gradient of the
deficit, the intensity of turbulence of the stream flow, and temperature.
Expressed mathematically

dD
= = 1
T - Kb (15)
where D = dissolved oxygen deficit in mg/l,
ko = re-aeration coefficient in days, and
t = time in days~™t.
The re-aeration rate k2 can be determined using the 0'Connor-Dobbins formula,
where
1/2
(D)

K =TS (16)

Dc = molecular diffusivity of oxygen in water
(0.000081 £t2/nhr. @ 20°C)

I = water mean depth (feet)

U = mean tidal velocity (feet per hour).



Table 7.~ Wetland Acreage in the Pamunkey and lHattaponi River Basins by Regions.l

Wooded Open Tidal
Regions varsh Marsh Creeks Woodland Flats Sand Ponds Totals
PALIUTIKEY RIVER:
King William 0 639 290 0 0 o} 0 929
Hew Xent 2Lo6 2378 389 0 Eite) 0 132 5654
01d Churck 0 2617 515 0 0 0 62 2194
Tunstall 896 33k 212 0 191 0 26 1659
West Point 3123 88 0 151 0 209 3571
TOTALS: 3302 9091 1h4ok 0 691 0 Itele) 15007
MATTAPCIIT RIVER:
Aylett 0 6L2 294 0 0 11 110 1057
Beulahville 213 0 51 0 0 0 7 271
King & Queen 0 2202 33 0 224 0 0 2459
King William 0 609 15 0 7 15 7 653
Truhart 0 668 7 0 0 0 0 675
West Point 125 2646 235 22 0 7 88 2123
TOTALS: 338 6767 635 22 231 33 212 8238

lCompiled by Dr. T. Wright (VINS), unpublished manuscript.

_ga-
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For different temperatures, ky, can be corrected by following
equations:

T-20
kp = ks (4a) a7)
where A = 1.015 to 1.047 and
T = temperature degrees celcius. (18)

A number of formulae have been suggested for estimating the rate
constant for atmospheric re-aeration. They are useful mainly for relatively
clean waters. For polluted streams, experimentally determined rate con-
stants are usually used, if available.

Oxygen saturation Cg.- The maximum quantity of oxygen which can dissolve
in equilibrIum with the partial pressure of oxygen in the atmosphere is
termed Cg. The partial pressure 1is determined by the volume percentage of
oxygen in the atmosphere in contact with water, approximately 21 percent,
and it depends on the temperature, the barometric pressure, and the degree
of water-vapor saturation. Furthermore, the saturation value of DO is
affected by the chemical characteristics of the water, such as the concen-
tration of dissolved salts. Cg decreases with an increase in temperature,
water-vapor pressure, and concentration of solids, and increases with
barometric pressure. As salinity increases, the solubility of oxygen
decreases, being only about 82 percent (Camp, 1963) as great for sea water
as for fresh water. In oxygen-balance studies of tidal estuaries, the
solubility of oxygen should be adjusted for the average salt content in
each reach.

In the present study an empirical equation was derived based on
temperature and salt content, using tables published by Green and Carrett

(1967).

Copq = 1k.624L - 0.367134 T (19)
0.0044972 T2 - 0.0966 S
0.00205 ST + 0.0002739 S2

+ +

where T = temperature degrees celcius
S = salinity 9., and
Cqpp = saturation concentration of DO in ppm.

Temperature.- In the relationship of BOD stabilization and DO concen-
tration, temperature plays an important role. An increase in temperature
has two effects: (1) the organic material is stabilized &t a faster rate
(and, therefore, the DO is utilized at a higher rate); anc. (2) the
saturation value for dissolved oxygen is reduced, thereby decreasing the
amount of oxygen that a stream can dissolve. Under normal conditions, the
critical stream situation, resulting in undesirable water quality, usually
develops at low stream flows and at elevated temperatures. High water
temperatures not only reduce the capacity of the stream to dissolve oxygen
but also increase the rate of de-oxygenation by microorganisms. For the
Pamunkey River, low flow occurs in late summer and autumn. This period
often coincides with the highest temperatures of the year. From the
viewpoint of stream pollution abatement, this certainly represents the worst
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combination of these two significant factors. Measurements of water
temperature during the summer months indicate that the average water
temperature in July and August is about 25°C, with occasional days when
temperature is as high as 27°C. For this study we have used a temperature
of 27°C.

Description of the Model
Information required.- The portion of the river to be considered

is divided into N reaches. The first reach is at the upstream end, and
the nth reach at the downstream end.

The following parameters are used to compute changes in dissolved
oxygen and BOD load within each reach.

b
]

1 de-oxygenation rate constant (days™t)

re-aeration rate constant (days'l)

Ny

ky = settling-out rate constant (days™)

x = rate of DO production by algae (ppm/day)

P = rate of BOD addition from bottom deposits (ppm/day)
Cqi = saturation concentration, dissolved oxygen (ppm)

T, = temperature at which above values were determined (°c)
T = time of travel (days)

E = dispersion coefficient (sq. mi/day)

U = mean velocity of the flowing stream in mi/day

D; = DO deficit in ppm at upstream end

E; = DO deficit in ppm at downstream end

L; = BOD load in ppm at upstream end

F; = BOD load in ppm at downstream end

The definitions of DO and BOD variables are in Figure 6.

Equations.- In the mathematical model, the Camp equations (7 and 8)
are applied in two ways:

1) to compute the values of dissolved oxygen deficit and BOD (E; and Fy)
at the downstream end using the values at the upstream end
(D; and Ly ), and,
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2) to compute the DO deficit (E';) at a point of constraint, using
Di and Ll .

Mass balance equation.- At any tributary and point of introduction of
waste water, the dissolved oxygen and BOD concentration of the inflow are
assumed to mix instantaneously and uniformly with the dissolved oxygen and
BOD in the river. Holley, and others (1970), have indicated that the
one-dimensional mass-balance equation is not applicable to a dispersing
cloud immediately after introduction of the pollutant into a flow. There
is an initial period during which the motion of the cloud is controlled
primarily by the distribution of convective velocities within the flow
cross section. Therefore, the simple contimuity equation was used as the
mixing equation in this study.

Sq 93 = Sy 9y * 55 %4 (20)
where: q, = discharge upstream

gq = discharge downstream

q; = inflow

Sq = concentration of DO or BOD downstream

S, = concentration of DO or BOD

S; = concentration of DO or BOD in the inflow

The river discharge is considered constant along specified reaches of
the river. At a junction point, the river discharge downstream q4, is the
specified discharge for the river at the point of junction. The inflow qj,
is the discharge specified in the input data for a tributary or waste
effluent. Before the mass balance equation is applied, the river discharge
upstream from the point of junction, q,, is computed by subiracting q; from

ay .

Ultimate BOD.~ In the computer program,for convenience, the input data
of BOD is 5-day 20°C carbonaceous BOD, but for calculation the ultimate BOD
was used. For the waste effluents and tributaries in this report the
ultimate BOD is computed by the following equation:

. e 0.02(T-20)

c 2
L = -8 S + By (1)
1 -1070-2
Cp = carbonaceous BOD (5-day 20°C)
Bn = nitrogenous BOD
L = ultimate BOD
T = temperature in °C, and
e =2.7182
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Dissolved oxygen saturation Cg.~ The saturation concentration of
dissoIlved oxygen 1s calculated ror each reach by equation (19).

Temperature correction for kj and ko.- The values of 27 and ko in the
input data are assumed to be for 20°C. The values of ky and ky at

temperature T used in the model, can be computed by following eguations,
respectively:

(k1) = (), - 1.046(T=20) (22)

and
(T-20)

(k2)T (k2)20 . 1.021 (23)

Procedures.- Picking a starting point upstream, at which the DO and BOD
load are known, the values of DO and BOD load at desired downstream points
along the river can be computed by repeated application of the equations
along the river. The mixing equations can be used to compute changes at
points of inflow. Camp equations are valid only for reaches where the
discharge, velocity, river parameters, and temperature remain constant.
Therefore, the distance between transects has to be relatively small, so
that the total error produced by different river parameters will be negligi-
ble.

After values at the downstream end of a transect have been computed,
the values at the upstream end of the next transect are ottained by
consideration of the type of change or changes which may cccur between
transects. The river discharge and the river water-quality parameters may
change from reach to reach.

Assumptions:

1) The concentrations of BOD and DO are assumed to remain
constant, and only the discharge changes. Thus, the flow
increment to each reach ig assumed to have the same BOD
and DO concentrations as the estuary itself at the
upstream boundary of the reach.

2) Within each reach, the water-quality parameters will be
assumed constant. Different sets of parameters would be
used for other reaches.

3) The continuity equations are applied to compute —he BOD
and DO concentrations downstream from the tributary, as
well as downstream of the outfalls for the paper-mill
effluent.



Description of the Computer Program

Main program.- A flow chart of the main program is shown in figure 7.
The listing of the Fortran IV computer program and its input is contained
in Appendix D.

Subroutines.- Subroutine INPDA reads the input data and prints a copy
of the input data if specified by the user. If any data groups are missing
after all data prepared for the first simulation have been read, an appro-
priate error message is printed and the program then reads the data for the
next simulation.

Subroutine CMAX determines the downstream point nearest to Xu at which
a change occurs.

Subroutine CONJ is for applying the continuity equations.

Function FTBOD computes ultimate BOD from the values of 5-day, 20°C
carbonaceous BOD and nitrogenous BOD.

Function NOCC finds the transect number corresponding to the initial
value of Xﬁ.

Preparation of input data.- The data deck for one computer run would
be composed of the following cards in the indicated order:

1) The title card for this simulation. Card columns 1-70
may be used, which contain the information identifying
the particular set of conditions under investigation.

2) Cards containing the data for all data groups. The data
groups may be arranged in any order, except that the
data group specifying treatment plant types must follow
the data group for waste effluents. ZFach data group
must be preceded by a title card, which contains the
following:

The identification number of the data group and number

of items in the data group are in card column 1-5 and
6-10 respectively. The number must be integer, right-
justified in the field. Columns from 11-70 may be used
for comments to identify the data group or leave it blank.

3) A card containing the number 99 in card columns 4 and 5
indicates the end of data for the starting run.

4) If the whole input data or a part of it is needed to
change further computations, the procedure as described
above in items 1 to 2 has to follow.



v -4
CALL INPDA
READ INPUT DATA CALL EXi
PRINT INPUT DAT
INITIALIZE
VARIABLES
SET XUs= XUP
[ 2
FUNCT. NOGC
FIND INITIAL VALUES
OF CURRENT INDICE
A
CALL CMAX
FIND NEXT
A CHANGE POINT
(ox = ou-xc__]
COMPUTE VALUES
DX~-0.000i >0 OF DO AND BOD AT
ALL INTERMEDIATE
YES PRINT VALUES
FOR EACH POINT
NO
'y
YES
NO
YES yiPRIN=1 l
[ 3 a
/~ BRANCH TO VALUE OF 1T \
l v o2 ] s ] e
FUNCT,
~ FIBOD
COMPUTE CHANGE OF
ULTIMATE BOD RIVER
DISCHARGE
CALL CONJ. FUNCT F1800
MIX TRIBUTARY FOR WASTE EFFLUENT
FLOW WITH COMPUTE ULTIMATE BOD
RIVER FLOW WITH SPECIFIED REMOVAL
EFFICIENCIES
WRITE
TRIBUTARY
NAME
CALL CONJ.
MIX WASTE WATER WITH
RIVER FLOW
é CHANGE
TRANSECT WRITE
!FFLUENT NAME
NUMBER
4
Fig. 7. Flow chart of the main computer program.
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Data groups 1, 3, 4, and 5 are divided into data subgroups. For these
groups, each subgroup of data is preceded by a subgroup title card, which
contains the number of the subgroup in card columns 6-10, followed by
comments in card columns 11~70. Columns 1-5 must be blank. Tn data groups
1, 2, 3, 4, and 5, the data values must be placed in order, from downstream
to upstream. The computing procedure is from upstream to downstream. The
same card format is employed for any number which may contain a decimal
jpoint.6 Up to 7 numbers may be entered on one card, in columns 1-10, 11-20,
eeey 0O1-70.

Nata Group 1l: Tributaries

As described above, the title card contains the number 1 in column 5,
the number of tributaries in colummns 6-10; followed by a comment in columns
11-70. At least one tributary must be described in the input data. The
data for tributaries are divided into the following subgroups:

Subgroup 1: Name of Tributaries: The subgroup title card contains a 1 in
columm 10. Three names of tributaries can be entered in one card in columns
1-16, 21-36, and 41-56. They must be in order from downstream to upstream.

Tach data subgroup is preceded by a subgroup title card. The remaining
data for tributaries are as follows (see Appendix D):

a) name

b) location (river miles)

c) flow rate (cfs)

d) DO (mg/l), dissolved oxygen

e) BOD (5 day 20°C 1b/day) carbonaceous BOD
f) BoOD (1b/day), nitrogenous BOD

bata Group 2: Upeed

Title Card: "2" in column 5, number of reaches in columns 6-10. The
velocity in each reach will be computed from the equation

V (miles/day) = a QP (2h)

Because these data appear only once in the input data deck, there are
no subgroups. The location of upstream ends of hydraulic reaches are given
First with 7 decimal numbers from columns 1 to 70 per card, followed on a
new set of cards by the values of a, then the values of b.

Data Group 2: River-quality parameters

Title card: "3" in column 5, number of reaches in columns 6-10. All
data are decimal numbers in data subgroups.

Within each reach, the water quality parameters will be assumed
constant. The following data will be required for each reach.

a) ky (days)
b) Iy - (days)
) ks (days)
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1/4
) e
) Temp °C
g) Salinity ppm
) E sq/mi/day
) U ft/sec

Data Group 4: River Discharge
Title Card: "h4" in column 5, number of reaches in columns 6-10.

The total river flow in cfs, considered constant over each reach of
the river. The discharges are given with 7 decimal numbers from columns
1 to 70 per card. ZXach decimal number has to be within 10 columns.

Data Group 5: Waste Outfalls

Title Card: "S" in column 5, number of waste outfalls in columns 6-10.

Subgroup one is names of waste outfalls. The names of the plants or
towns are entered, three names per card in card columns 1-16, 21-36, and

L1-56.
All subgroups are as follows:

a) names

b) location (river miles)

c) flow rate (mgd)

d) BOD (5-day 20°C) (1lb/day)
e) BOD (N) (1b/day

f) treatment alternatives

In subgroup (f), the cards following the subgroup title card (the -
number 6 in column 10, followed by a comment) are a repetition of the
following types of data:

There are four alternatives which are: no treatment, primary
treatment, secondary treatment and tertiary treatment. For
each alternative, the removal efficiencies for carbonaceous
and nitrogenous EOD and effluent DO (mg/l) are in card columns
1-10, 11-20, anc 21-30 respectively. For each waste-water
effluent, a card of type of treatment is followed by a series
of cards of removal efficiencies describing each al-ernative.

Data Group 6: Initial Conditions

Title card contains "6" in column 5, data consists of a single card
which contains the following information:

1) the upstream starting point in the river at which
computations are to begin, in river miles;
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2) discharge (cfs), in card columns 11-20;
3) BOD (ppm), in card columns 21-30;
4) DO (ppm), in card columns 31-L0;

5) the downstream point at which computations are to be
terminated, in river miles, in columns 41-50.

Data Group 7: Maximum Distance Increment, in miles

Title card contains "7" in column 5. The distance (miles) between
points at which the DO and BOD are to be computed, in columns 1-10 in the
following card in decimal numbers.

Data Group 8: Input-output Options

Title card contains "8" in column 5, followed by a comment in columns
11-70. In the following card, in card column 5, the number 1 indicates the
input data are to be printed in the output. A blank or zero causes omission
of this output.

In column 10, the number 1 causes output of the computed values at each
point along the river.

Data Group 9: Base for River Constants

The title card contains "9" in column 5, followed by a comment in
columns 11-70. In the following card, the river constants k;, ko, and k3
in the Camp equations may be interpreted as exponents of either base
e = 2.71828 or base 10, at the option of the user, in columns 1-10. Unless
specified by inclusion of this data group in the input, the river constants
are assumed to be exponents of base 10.

Data Group 10: Treatment Selection

For each commnity or industrial waste-water effluent, the waste removal
efficiencies in the program are designated 1, 2, 3, and 4, corresponding to
no treatment, primary treatment, secondary treatment, and tertiary treatment,
respectively. ,

Title cards contain "10" in columns 4 and 5, followed by a comment in
columns 11-70. The selections for each site are integer numbers, to be
entered fourteen per card in 5-column fields, starting with columns 1-5,
and ending with columns 66-70. Again, the integer values must be right-
Justified within each field. The community or waste-water effluent order
must corresponding with the ordering used in Data Group 5.
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Output description.- A sample of program output is contained in Appendix

E. The output consists of the following:

1)

2)

A copy of the input data.

The values of time accumulated from the starting calculated
point, DO, oxygen saturation, ultimate BOD, and river
discharge at all points are computed. The title card for

the computation is printed at the top of each page,

followed by the column headings. The names of commanities
and tributaries are printed as they are encountered under the
column heading description. The number following the work
"GROUP" indicates the data group in which the end of a reach
has been detected.

Data modifications to a specific input data group or
subgroup wipe out the previous data values, and are then
retained for use hereafter.
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RESULTS AND DISCUSSION

Dye Study

Continuous release.~ Dye-release patterns for the continuous release
are presented in Appendix A, pages A2-A37. Values of the contours are in
ppb, and represent dye concentration after correction for background
fluorescence. The Qown-estuary variation in dye concentration between
Gloucester Point and West Point at the end of the continuous release is
presented on page A37.

The contours on the figures in Appendix A are limited almost
exclusively to water depths of greater than 2 mj; that is, to channel areas.
This is more typically the case in the York River portion cf the study area
than elsewhere because of the greater percentage of shoals there. Contours
for dye concentration are dashed where information is poor (page AlL) or
lacking (page A2) where interpretations could not be made.

Dye patterns for the York River portion of the study area are
informative. On high-slack water (pages A2, All, A2L) one sees that a
"tongue'" of low-dye-concentration surface water has advanced up the York
River channel leaving higher-dye-concentration water to the sides. Waters
of high dye concentration are found just off West Point at the end of flood
tide. Such waters are believed to represent the slug of high-dye-
concentration water that developed at the release points or. the previous
high-water slack and which was propagated down-estuary and then back up
over the ensuing tidal cycle.

There is a general tendency for the waters of highest dye concen-
tration to occur to the southwest or southeast of the West Point peninsula
at the end of flood tide (pages A2, Alh, A2L)., The distribution patterns
of these highest-dye-concentration waters are strongly influenced by wind.

Table 8 gives the hourly wind speeds and directions for Byrd Field,
about 30 miles from West Point, during the study point. Prior to the
sampling run shown on page A2, the wind was blowing from the compass
sector between 290 to 350 degrees, for 15 hours, at speeds of 02 to 10
knots. Prior to the sampling run shown on page Alh, the wind blew from
the sector between 250 and 330 degrees, for nine hours at 7-13 knots, and
previous to that, it blew from the 180-to-230 degree sector for 49 hours
at 2-12 knots. The foregoing winds had the effect of transporting the
peak dye concentrations to the eastern side of the uppermost York River
estuary (pages A2 and Alk),

The dye distributions of October 17 and 21 were found to be signifi-
cantly altered during the sampling run of 30 October 1969. As seen on
page A2L, the peak dye concentration has now been crowded to the western
side of the upper York estuary. Winds (Table 8) blew from the 360-to-80-
degree compass sector for 67 hours prior to the sampling run, at speeds of
2 to 13 knots. Thus, the wind factor in the enviromment is of importance
even when the peak speeds are as low as 10-12 knots.



Table 8,- Hourly wind speed and direction as measured at Richmond's Byrd Field, October 12 - November

9, 1969. [Direction (D) in degrees true x 10; speed (S8) in knots]

Time Oct. 12 Oct. 13 Oct. 14 Oct. 15 Oct. 16 Oct. 17 Oct. 18 Oct. 19
(nearest

hour) D S D S D S D S D S D S D S D S
01 34 4 1 6 00 0 1 12 33 3 25 3 25 4 12 4
02 4 3 36 4 00 O 1 8 00 0 19 4 5 2 23 2
03 34 4 34 5 13 3 1 14 36 3 00 0 34 4 19 3
04 35 4 36 5 00 0 3 11 36 3 00 0 00 0 18 4
05 2 6 36 6 00 0 1 10 36 3 00 0 35 3 19 5
06 1 5 35 6 27 3 1 14 00 0 31 3 00 0 19 3
07 35 6 36 6 29 5 36 9 13 2 33 2 5 3 19 3
08 1 5 36 6 27 5 1 12 29 2 32 2 00 0 19 4
09 36 8 36 8 26 3 3 11 18 2 00 0 23 2 21 8
10 2 8 36 5 23 2 3 9 18 5 31 4 25 2 24 8
11 3 9 2 6 34 5 3 12 23 6 33 10 36 2 26 6
12 3 10 36 6 36 6 3 13 22 5 29 10 24 0 22 6
13 4 7 8 6 2 4 3 10 26 6 32 10 24 6 23 7
14 2 10 3 6 2 11 6 10 25 7 29 9 24 7 21 7
15 3 10 5 5 2 9 2 9 23 8 32 10 24 3 20 8
16 2 10 2 5 2 12 2 8 24 7 30 10 21 4 20 8
17 3 8 1 3 2 14 3 4 24 5 32 8 21 4 18 4
18 36 5 7 2 36 10 4 5 18 3 35 7 15 2 20 5
19 4 6 7 3 1 13 5 5 21 6 35 5 15 4 18 3
20 3 5 8 4 36 12 5 5 22 6 35 5 18 2 19 4
21 2 5 8 2 36 9 9 3 23 4 1 4 18 2 19 3
22 2 5 10 2 36 8 3 4 23 6 36 3 14 3 19 5
23 33 5 00 0 1 13 1 3 24 6 5 3 17 2 20 6
24 1 5 00 0 1 15 1 3 24 7 32 4 17 2 19 4

_62_



Table 8.(Cont'd)

Time Oct. 20 Oct. 21 Oct. 22 Oct. 23 Oct. 24 Oct. 25 Oct. 26 Oct. 27
(nearest

hour) D S D S D S D S D S D S D S D S
01 19 5 22 10 23 3 35 6 i 6 19 A 19 5

02 19 2 23 12 21 3 36 12 36 6 21 3 00 0 00 0
03 21 4 25 10 20 3 36 9 35 4 19 3 25 3 00 0
04 21 5 26 10 24 7 1 13 1 6 18 3 19 4 20 3
05 19 8 28 9 24 7 1 11 1 5 21 3 20 3 22 2
06 18 6 29 7 26 6 1 7 2 6 22 2 00 0 00 0
07 19 7 30 10 27 7 1 5 36 4 16 5 21 3 00 0
08 20 6 33 11 26 8 2 8 1 6 18 5 19 4 00 0
09 21 6 32 13 27 8 1 11 3 7 21 5 19 4 26 5
10 23 10 32 13 27 13 36 13 6 6 21 5 18 3 26 6
11 23 12 30 10 28 12 35 11 3 6 24 5 20 3 29 8
12 22 11 33 9 28 14 1 12 4 2 27 5 20 3 29 6
13 23 11 31 9 33 9 3 7 00 0 34 5 19 3 34 5
14 22 10 26 9 30 12 2 4 27 2 22 6 13 6 32 3
15 22 12 27 7 33 12 35 8 20 4 24 3 15 7 33. 2
16 23 11 28 9 34 10 1 11 21 6 25 3 19 5 23 2
17 19 8 32 3 35 10 34 9 18 4 21 2 15 4 18 2
18 19 5 00 0 3 9 36 4 14 3 00 0 13 4 4 10
19 21 5 00 0 1 8 2 4 14 3 16 3 12 2 3 8
20 21 6 12 3 1 10 1 5 17 4 21 4 11 2 2 9
21 22 10 00 0 1 7 3 7 15 3 20 7 12 3 1 8
22 22 12 20 3 1 10 3 9 15 4 21 2 12 2 1 12
23 22 10 33 k! 26 8 2 7 18 2 00 0 12 2 2 1
24 22 10 24 3 36 3 1 4 00 0 19 3 00 0 2 14



Table 8.(Cont'd)

Time Oct. 28 Oct. 29 Oct. 30 Oct. 31 Nov. 1 Nov. 2 Nov. 3 Nov. 4
(nearest

hour) D S D S D S D S D S D S D S D S
01 3 12 36 5 3 6 5 7 8 5 9 5 35 2 25 5
02 3 12 1 5 1 5 1 5 8 5 12 9 34 2 29 8
03 2 11 36 6 36 5 3 5 10 8 10 10 1 2 29 3
04 2 8 1 7 15 1 4 13 8 10 10 36 2 32 2
05 1 8 36 5 34 5 36 6 11 5 11 12 18 2 32 3
06 36 8 1 6 36 4 - 1 4 10 7 10 11 14 2 32 3
07 1 7 8 8 36 5 3 5 11 9 13 17 00 0 31 3
08 1 9 3 9 2 5 5 6 12 10 14 13 00 0 35 2
09 36 12 4 11 4 8 7 8 11 8 14 9 18 2 5 5
10 1 13 5 8 4 9 7 8 11 8 10 4 20 5 4 5
11 2 11 2 7 2 5 6 8 13 10 29 2 21 6 36 6
12 36 10 6 5 4 7 7 7 14 15 36 6 17 8 19 2
13 3 10 6 5 7 6 10 8 13 12 34 6 16 7 17 2
14 3 12 5 5 9 5 11 9 11 10 36 8 18 7 22 2
15 2 11 4 8 9 8 13 10 11 14 34 6 17 7 23 3
16 2 12 6 5 9 9 9 10 11 10 36 6 16 8 22 3
17 1 8 5 7 7 6 9 7 9 5 35 4 16 4 19 2
18 36 6 4 4 8 5 12 7 10 8 2 3 14 6 24 7
19 36 5 6 5 7 4 8 5 9 10 1 6 18 4 23 6
20 1 5 6 3 00 0 10 9 12 8 00 0 18 6 27 6
21 2 5 5 2 7 3 9 7 10 7 00 0 19 5 28 10
22 1 7 5 3 36 4 9 5 10 10 35 3 21 7 32 9
23 36 6 4 5 5 5 10 8 11 8 23 4 24 10 35 5
24 36 5 4 5 4 5 7 5 11 10 00 0 25 7 1 12

—”[~'-(-



Table 8. (Cont'd)

Time Nov. 5 Nov. 6 Nov. 7 Nov. 8 Nov. 9
(nearest

hour) D S D S D S D S D S
01 36 10 28 11 34 3 35 6 1 7
02 1 11 26 9 36 2 35 4 35 7
03 1 9 26 10 33 3 29 4 35 6
04 33 5 25 10 35 4 24 4 33 7
05 32 6 25 11 34 4 24 4 34 6
06 31 4 25 11 35 4 26 4 35 7
07 30 4 24 9 35 4 27 3 32 7
08 34 5 25 11 1 8 30 5 33 9
09 33 4 24 10 36 9 27 5 35 10
10 36 7 25 12 36 10 27 4 34 11
11 32 9 30 12 35 11 28 3 32 11
12 33 11 32 12 35 11 27 5 33 13
13 34 12 32 13 35 10 24 5 32 10
14 31 12 32 12 34 10 23 6 30 9
15 30 11 32 12 35 9 22 3 33 10
16 28 10 35 9 36 10 19 4 35 10
17 32 7 36 6 35 11 8 3 35 12
18 30 12 35 4 35 10 5 5 33 8
19 30 12 33 3 33 5 5 4 32 8
20 30 13 30 4 32 5 4 8 33 10
21 29 13 31 5 34 9 1 7 33 10
22 28 10 34 4 33 5 36 5 34 7
23 28 12 36 4 30 5 36 8 33 8
24 27 10 36 3 29 4 36 8 35 9
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The effect of winds on the distribution of the dye is testimony
to the fact that the dye was not campletely mixed throughout the water
column or, more significantly, from bank to bank.

Wu (1969) has considered the effects of wind on dispersion in wide
channels and has calculated the longitudinal dispersion coefficient for
various cambinations of stream~flow and wind conditions. Comparison of
the wind effects shown on pages Alk and A2Lk with Wu's (1969, Table 1)
indicates that wind conditions will indeed have a significant effect upon
the dispersion of pollutants in the region of the study. Wu points out
that the differences he finds in dispersion coefficients obtained under
upstream and downstream wind conditions may partially explain the wide
scatter of field data. He emphasizes the importance of considering
prevailing winds when designing outfalls for pollutants that will be
discharged into wide channels (such as the York River immediately south
of West Point) or into short reaches of natural streams.

Dye patterns at the time of low-slack water (pages A8, A21, A31)
indicate the rather close adherence of surface dye-concentration maxime to
channel talwegs. The sinuous pattern of dye-concentration isolines to the
south of West Point further reflects the tendency of the high-speed flows
emanating from the channels of the Pamunkey and Mattaponi to attempt to
conform to the channel depths of the upper York River estuary. The
meandering of the channels is another factor, in addition to the wind
factor mentioned above, that influences dispersion in the system.

For no-wind conditions, and assuming linear superimposition of dye
entering the upper York from the Pamunkey and Mattaponi, the dye-
concentration levels in Appendix A (pages A2, A8, AlkLk, A21, A24, and A31)
may be assumed to describe the mixing of waters in this complex region of
estuarine bifurcation. The secondary dye-concentration peak, shown on
page A8 about 1.0 mile south of West Point, is believed to represent the
slug of peak-dye~-concentration water that developed at the release points
on the previous low-water slack and was propagated up-estuary and then
back down in the ensuing tidal cycle. Another but less pronounced,
dye-concentration peak was expected at the downstream end of the survey
area but actually occurred just outside of it. This peak corresponds to
the peak-concentration water that developed at the release points on the
previous high-water slack and was propagated down-estuary on the ebb tide.

Pages A8 and A2l suggest that on low-water slack the greatest (steady-
state) concentration of a (conservative) pollutant, introduced into the
Pamunkey-Mattaponi estuaries in the vicinity of the bridges, would occur
slightly to the soutlwest of the shoal (delimited by the 6-foot depth
contour) extending south of the West Point peninsula. However, the leading
edge of the tongue of peak-dye-concentration water (pages A8 and A21) has
probably been crowded onto the shoal by the westerly winds mentioned
earlier. The pattern on page A3l is likewise influenced by the north-
northeasterly winds mentioned earlier.
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If one examines the longitudinal (down-estuary) decrease in dye
concentration in the Pamunkey channel of the York River (fig. 8), he finds
that on October 21 concentrations up to 1.3 nautical miles downstream of
the Eltham Bridge &t low-water slack were higher than on October 30 at
low~water slack. At high-water slack, however, concentrations were higher
on October 30. This again is believed due to the winds that prevailed
prior to the sampling run on October 30. Apparently, the naximum dye
concentration (page A31) was blown to the west of the York-Pamunkey channel
at the time of low-water slack on October 30. Because the concentration
values of figure 8 are for the channels only, some of the October 21
values are greater than the October 30 ones.

The longitudinal (up-estuary) distribution of dye in “he Pamunkey
River at the end of the nineteen~day continuous release is shown in figure
9. On high-water slack the dye-concentration values peak at the site of a
strong bend in the river, four nautical miles upstream of the Eltham Bridge.
A similar condition is found for the Mattaponi River (fig. 10). At low-
water slack the decrease in dye upstream of the bridges is nearly a linear
function of distance (figs. 9 and 10). The greater longitidinal variations
in dye concentration at high-water slack relative to those observed at low-~
water slack (figs.9 and 10) are believed due to the nonuniform mixing of
new dye as it moves upstream. (This point will be amplified in the section
covering the aerial photography of the batch release). Fischer (1969)
points out that bends in streams induce secondary currents that alter the
rates of both transverse mixing and longitudinal dispersion.

It is important to explain the dye-concentration peaks found at high-
slack water between 3.5 and L.0 nauticel miles above the release point at
the Eltham Bridge on the Pamunkey (fig. 9) and between 3.2 and 4.0 nautical
miles above the release point on the Mattaponi river (fig. 10). These
peaks represent the up-estuary translation of peak-dye-concentration waters
that are developed during the previous low water at each dye-release point.
The peaks have moved a distance of one tidal excursion. Thus, for the
Pamunkey estuary on October 30 (pages A28, A29, and A30) and on October 21
(pages A18, Al9, and A20), one sees & cyclical variation in dye-concentration
values, from the highest near the Eltham Bridge to intermediate some two
miles up-estuary, to high again at the first (easternmost) bend in the
estuary (Lee Marsh, page A29).

It is to be expected that the BOD load introduced just above the
Eltham Bridge would cause corresponding variations in DO values, as
measured at the time of high-water slack. Thus, at the time of high-water
slack a primary DO sag would be expected in the vieinity of the paper-mill
outfalls, and a secondary DO sag would be expected near Lee Marsh.

The Mattaponi data for peak dye concentration at the time of high-water
slack tell a similar story to that for the Pamunkey. On October 17, the
secondary concentration maximum at high-water slack (page Al, 0.6 ppdb) is
located about 4.0 nautical miles up-estuary from the Lord Delaware Bridge.
On October 21, the peak concentration value is 0.75 ppb (page Al6), and
on 30 October it is 1.25 ppb (A26).
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Page A37 shows the gradient in dye concentration for tre entire
straight section of the York River between Gloucester Point and West Point
(for low-water slack) at the end of the 19-day continuous release. The
values have been somewhat smoothed and are based on continucus readings
made along a single zig-zag boat course that followed the clrannel of the
York River.

The difference in dye concentration between surface and subsurface
water in the vicinity of West Point is shown in figure 11l. A monitoring
run was begin at 1112 hrs on October 30 opposite the veneer plant at West
Point. Two pumps were used; the usual surface pump and one towed 15 feet
below the surface. Hoses and connecting fittings were used which permitted
switching from one pump to the other in a matter of seconds. The monitoring
run began at dead slack water (1112 hrs); by the end of the run (1225 hrs)
a weak flood current was in evidence.

The data of figure 11 indicate that surface dye concentrations near
the end of the continuous release were higher (by 0.15 to 0.27 ppb) than
the dye concentrations at the 15-foot level. This finding reflects the
delay in complete mixing of dye during the continuous release; that is, a
finite time is required for new dye introduced at the release point to
spread through the water column.

Batch release; Aerial photo (vy J. C. Munday Jr.).- A few hand-
held 35-mm color photographs were taken through the aircraft window at the
beginning of the experiment. Appendix B, page Bl, shows the dye just after
being released, at 1206 EDT; page B2 shows the dye about 1000 m up-estuary,
at 1300 EDT.

Contact prints of the negatives of the aerial film were assembled into
mosaics. Overlays of the mosaics were prepared, showing waser-mass
boundaries, boat transects, and dye concentrations measured from the boat
(see pages B3-Bl3). Note that the dye values were obtained over 25 minutes,
a long period which encompassed the few minutes duration of the overflight.

Page B3 shows the first leg of the Pamunkey River (found in section P1
of the maps on page Al) about 20 minutes before the dye was released. The
water image is partially obscured by smoke, and modified in places by cloud
shadows. Foam lines are visible toward the bottom of the page. Water-mass
boundaries can be distinguished along the river banks and adjacent to the
docks of the pulp and paper mill. The boat seen under the smoke cover is
the measurement vessel. It has entered a patch of mill effluent which is
beginning to move upstream with the start of a flood-tide current.

The results of surface data obtained at the same time, prior to dye
release, are given on the overlay to page B3. The dye concentrations along
the transects signify background ('baseline") noise in terms of equivalent
ppb of dye. This noise originated in suspended and dissolved materials,
and residual dye from the continuous release that had been conducted during
the previous nineteen days. The values are low and constant, running
between 0.35 to 0.38 ppb, except for slightly lower values of 0.25 to 0.28
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ppb where the boat traversed the mill effluent. Thus, the effluent had only
a small effect on the fluorometer readings. The effect of the effluent on
photographic density, however, is easily visible on page B3. It must be
concluded that in regions of effluent there is little correlation between
photographic film density and fluorometer signal. This is an unfortunate
result, because it means that wherever dye and effluent appear together,

the fluorometer signal cannot be used to convert film densities to dye
concentrations. Because the dye was nearly always located in the midst of
effluent, the photography in general cannot be used to produce quantitative
maps of dye concentrations.

Nevertheless, the photography can be used to qualitatively delineate
dye and effluent patches. The delineations (page B3) appear on the overlay.

Pages BL4 and B5 show the second leg of the estuary (section P1 on page
Al) before dye release. The water image is uniform. Sun-glint patterns
were visible on the original negatives, showing waves aligned as if moving
upstream. On the downwind bank of the river, it appears that turbid water
resulting from wave action against the shoreline is moving along the bank
and into the marsh channels.

Page B6 shows the first leg just after dye release. The boat is moving
upstream away from the dye patch. The mill effluent patch has moved further
upriver, making a smaller angle with the shoreline. Foam lines, compared
with those on page B3, have shifted and concentrated.

On page BT, one hour later at 1300 EDT, the dye patch Las moved half
the length of the river leg. The color photograph of page E2, which was
taken a few minutes before that of page B7, shows that a considerable
portion of the dye is in (or under) the effluent patch. This portion of
dye is not clearly indicated on page B7. Hindsight indicates that Kodak
8L42 aerial color film would have shown the dye better than Kodak 2405
aerial black and white with a Wratten 15G filter.

Near the upriver end of page B7, there seems to be an infolding of
the effluent patch by turbulent waters. The boat is just upriver of the
infolding areas.

Turbulence in the estuarine flow is visible immedilately upriver of the
Eltham Swing Bridge pilings. :

The overlay to page B7 shows the results of the boat run starting at
1300 hours, with an outline from the photographs of the effluent and dye
patches. In the dye patch, the fluorometer reading was > 27 ppb, and
elsewhere, 1.0 to 1.3 ppb.

Pages B8, B9, and Bl0O were obtained one hour later, at 1L0OO hours.
The leading edges of the dye and effluent had moved around the first bend
and 0.5 nautical miles up the second leg. Considerable mixing of the dye
and effluent patches with surrounding water masses has occurred, such that
boundaries are indistinct and the patches are separated into pieces. O0il
slicks can be seen on page BS8. The turbulence caused by the Eltham Swing
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Bridge pilings is now severe, owing to greater current speed. Turbulence
in all parts of the river has increased.

The overlay to page B8 shows the fluorometer results for 1352 to 1419.
Maximum dye concentrations are again > 27 ppb.

Pages Bll and Bl2, obtained near 1505, show that the leading edge of
the mill effluent has turned the bend at the end of the second leg. The
boat is Jjust ahead of the leading edge of the mill effluent. It is clear
that some effluent has survived to this point as an integral mass. However,
as seen downriver in pages Bll and Bl2, and also in page Bl3, effluent
behind the leading edge back to the mill outfall appears to be well mixed
with surrounding water.

The overlays to pages Bll and Bl2, with fluorometer results from 1432
to 1502 hours, indicates two patches of dye. The first is, as expected,
near the leading edge of the mill effluent. The second dye patch is near
the first river bend, apparently having been left behind the leading edge
of the mill effluent. Concentrations well above background values along
the line of travel between these patches indicate that the dye has under-
gone substantial spreadings.

Page BllY, at 1605 hours, is of the short third leg of the river (section
P2 on page Al). The flood-tide current is slowing, and dye and effluent have
reached only the terminal bend of this leg. Turbulence and infolding are
prominently outlined by foam lines. The finger-like aspect of the effluent
is similar to photographs of batch-releases of dye shown by Fischer (1968,
p. Alk) and Wilson, et al. (1969, fig. 6).

Pages Bl5, Bl6, and Bl7 show the second and first legs a few minutes
later. Contrast in these three plates is low because of cloudiness and the
low sun angle.

The overlays show the corresponding fluorometer results over a run
from the short third leg downriver to the outfall. The dye is spread widely
but still of substantial concentration in the third leg, as evidenced by
concentrations between 7 and 17 ppb, while in downriver sections the dye has
a concentration of only 1 to 3 ppb.

The aerial photography as a whole indicates that the Pamunkey River in
ebb flow is well-mixed at the surface. In flood flow, the turbulence and
mixing of mill effluent with river water is greatest at bends in the river.
In a single flood tide, mill effluent traveled from the outfalls to the
upriver end of the short third leg of the river (Lee Marsh bend).

Batch release:; Time of passage.- Figure 12 shows the declining concen=-
tration of dye, monitored at the Eltham Bridge, as a function of time during
the days following the batch release. The values have been corrected for
standard river-water fluorescence but have not been corrected for the
background dye concentration remaining from the continuous release. The
fluorescence values do not reach zero, probably because the flow-through
cell became progressively fouled under the continuous pumping.
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Figure 12 presents a problem. Why is the dye concentration higher on
low-water slack than on high-water slack, if the dye is undergoing advection
in the down-estuary direction? The answer will lie in a careful reconstruction
of the effect of winds and estimated estuarine discharge on the batch release
during the monitoring period. Such an analysis is beyond the scope of this
study.

- Values of the declining dye concentration were obtained also at a
cross-river transect 15 nautical miles down-estuary near Clay Bank (fig. 1).
The transect was run once daily, on a low-water-slack condition, along a line
from the entrance of the Aberdeen Creek chammel to the opposite side of the
estuary. Concentration values are given in figures 13-15. Significant
cross-channel variations in concentration are observed (figs. 13 and 1k4),
with a tendency for the lowest values to be near the center of the estuary
(but not mid-channel) toward the end (fig. 14) of the monitoring period.

If one looks only at mid-channel concentration data (fig. 15), a rough idea
of the time of passage of the peak concentration can be obtained. The time
of passage was of the order of 150 to 200 hours (six to eight days).

Hydrographic Survey

An example of the data obtained from transects YOl, POl, P02, PO3, and
POL4 (fig. 1) is found in the computer printout of Appendix C. The tide
curve from the West Point gauge is presented in figure 16. Stream geometry
data for the thirteen transects of figure 1 are presented in Table 9.
These and other data were used to develop the mathematical model.

Mathematical Model

There are two principal sources of estuarine pollution located at West
Point. These are the sanitary sewage from the municipal sewage system and
the industrial waste waters from the paper mill. The sanitary sewage
amounts to about 0.25 mgd (million gallons per day) and contains about 150
1bs per day of 5-day, 20°C BOD (biochemical oxygen demand) material. The
paper mill discharges about 14 mgd of industrial waste waters that contain
about 30,000 1bs per day of 5-day, 20°C, BOD material. The sanitary sewage
from the town is discharged through one outlet into the Mattaponi, while
the industrial waste waters are discharged through two outlets into the
Pamunkey estuary.

For purposes of determining the degree of waste-water treatment which
would be required to maintain water-quality standards, we first made
estimates of the limiting pollution loads which may be placed on the
Pamunkey estuary at West Point. Field measurements were then made to
determine DO concentrations, current velocities, salinities, temperatures,
and tidal characteristics of the estuary. A one-dimensional, steady-state
model of the Pamunkey-York River was then developed, using Camp's (1963)
equations. This model predicts concentrations of BOD and DO under equilib-
rium or steady-state conditions for various flow conditions and waste loads.
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Table 9.- Stream Geometry at the Thirteen Transects of Figire 1.

Transect Cross-sectional River widf;h Mean depth

area (ft2) (ft) (£t)
PO6 16000 1150 13.9
P05 20750 1k90 13.9
PoL 20125 1350 1k.9
PO3 29250 15k0 19.0
PO2 37500 1800 20.9
P01 46900 2540 18.5
YOl 71250 7800 9.1
YO2 63500 5100 12.5
MO5 16500 1000 16.5
Mok 2k2s0 1530 15.8
MO3 20500 1380 1k.9
Mo2 30500 1740 17.6

MO1 27000 3200 8.4
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This mathematical (computer) model can handle other water-quality
characteristics such as phosphorous, toxic materials, grease, floating
solids, and so on.

Results of the application of the mathematical model are only as good
as the rate parameters used in the computations. An extensive collection
of physical, chemical, and biological data is essential if the model is to
be refined. Collection and analysis of the necessary data for a medium-
sized estuary which has not previously been surveyed may require from three
to five years of effort. The surveys of the present study could only be
considered a "foundation effort." A superstructure of additional field
data is needed before the model can be adequately refined.

Parameters which required numerical evaluation for use in the model
include flow speeds, dispersion coefficients, unit rates of BOD decay,
atmospheric re-aeration, tidal exchange, waterway geometry, and waste
loadings.

Owing to limited time and resources, we did not conduct sufficient
experiments to measure all of the necessary parameters. We have, however,
made estimates of the parameters by utilizing all of the available data
from the Pamunkey and similar estuaries. It must be emphasized that the
York~Pamunkey estuary is a dynamic system and additional field surveys
should be undertaken to re-evaluate the system parameters under conditions
other than those that obtained at the time of the surveys described herein.

Depending upon its level of verification, the present model can provide
reasonable projections of future conditions--projections that would be mere
guesswork without the model. The predictive ability of the model will be
enhanced as better data become available. Camp's equations represent a
widely accepted mathematical procedure for estimating the effects of pollu-
tion in an estuary. They represent the best tools aveilable for engineering
decisions and the model proposed here may be used for guidance in waste-
treatment studies for the West Point area. Figure 17, for example, gives
the computer results for the distribution of DO under different waste-water
treatment plans for the fourteen-consecutive-day low-flow condition mentioned
earlier. TFigure 18 gives the computer results for the distribution of BOD
for the same flow conditions. Figures 19 and 20 give the DO and BOD
conditions for a low-flow condition slightly higher than that upon which
figures 17 and 18 are based. '

A final comment is in order. The dye studies have shown the complex-
ities of dispersion caused by two factors: 1) the tight bends of the
Pamunkey and Matteponi estuaries and 2) winds. The effects of the channel
bends are only crudely accounted for in the mathematical model; the effects
of winds are not accounted for at all. Future studies of this kind should
include evaluations of wind effects on pollutant dispersion and distri-
bution patterns. At the very least, estimates of extreme effects should be
made, as based upon statistical analyses of historical wind data. While
Camp-type mathematical models are useful for steady-state, non-wind
conditions, their confidence limits should be considered in light of wind
effects not included in the modeling. Finally, the need for routine
analyses of wind effects in estuarine systems is clear.
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APPENDIX A

DYE TRACER DISTRIBUTIONS RESULTING

FROM THE CONTINUOUS DYE RELEASES



KEY TO APPENDIX A

Page Map Subject
Al Index Locations of submaps Y1, Y2; P1 - P3; and
ML - M3, that show dye-distribution patterns

A2 Yl 17 Oct. 69, high slack

A3 M1 17 Oct. 69, high slack

Ak M2 17 Oct. 69, high slack

A5 M3 17 Oct. 69, high slack

A6 Pl 17 Oct. 69, high slack
NOTE: All

A7 P2 17 Oct. 69, high slack dye-concentration
values on these

A8 Yl 17 Oct. 69, low slack maps are in
parts per billion

A9 ML 17 Oct. 69, low slack (ppb)

Al0 M2 17 Oct. 69, low slack

A1l M3 17 Oct. 69, low slack

A12 Pl 17 Oct. 69, low slack

A13 P2 17 Oct. 69, low slack

Allh pal 21 Oct. 69, high slack

Al5 ML 21 Oct. 69, high slack

A16 M2 21 Oct. 69, high slack

AlT7 M3 21 Oct. 69, high slack

A18 Pl 21 Oct. 69, high slack

A19 P2 21 Oct. 69, high slack

A20 P3 21 Oct. 69, high slack

A21 pal 21 Oct. 69, low slack

A22 ML 21 Oct. 69, low slack

A23 Pl 21 Oct. 69, low slack
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APPENDIX B

DYE TRACER DISTRIBUTION RESULTING FROM THE BATCH RELEASE.
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31
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31
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31

31

31
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KEY TO APPENDIX B

Subject

Oct. 69, batch release at low slack, color
photograph, 1206 hours EDT.

Oct. 69, batch release one hour after
release, color photograph, 1300 hours EDT.

Oct. 69, before batch release, aerial mosaic
of first leg of Pamunkey River, 1145 hours EDT.

Oct. 69, before batch release, aerial mosaic
of second leg, 1150 hours EDT.

Oct. 69, batch release, aerial mosaic of
first leg, 1210 hours EDT.

Oct. 69, one hour after release, aerial mosaic
of first leg, 1300 hours EDT.

Oct. 69, two hours after release, aerial mosaic
of first leg, 1402 hours EDT.

Oct. 69, two hours after release, aerial mosaic
of second leg, 1407 hours EDT.

Oct. 69, three hours after release, aerial
mosaics of second leg, 1505 hours EDT.

Oct. 69, three hours after release, aerial
mosaic of first leg, 1505 hours EDT.

Oct. 69, four hours after release, aerial
mosaic of third leg, 1605 hours EDT.

Oct. 69, four hours after release, aerial
mosaics of second leg, 1607 hours EDT.

Oct. 69, four hours after release, aerial
mosaic of first leg, 1612 hours EDT.

NOTE: All dye-concentration values on pages Bl
through Bl7 are in parts per billion (ppb),

and times are in military hours. Boat transects
are indicated by dashed lines, foam _ines by
hachures, and water masses and dye and effluent
boundaries by dotted lines.
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AERTIAL MOSAIC OF SECOND LEG OF PAMUNKEY ESTUARY JUST PRICR TO
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Estuary surface essentially featureless; up-estuary direction
is toward bottom of page.
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APPENDIX C

HYDROGRAPHIC STATION DATA FOR CERTAIN OF THE STATIONS

SHOWN ON FIGURE 1.



EXPLANATION OF PRINTOUT FOR APPENDIX C

Recorded in numeric code in order of day, month, year.
Heading - - DA/MO/YR

TIME
Recorded in hours and tenth's.
Heading - - TIM

OPERATION CODE
Four digit alphanumeric code indicating the name of the operation.
Heading - - DNO.

LATITUDE AND LONGITUDE
Recorded in degrees minutes and tenths.
Degrees are separated from minutes and tenths by a hyphen
IATITUDE is recorded first.
Heading - - DG-MIN

WATER DEPTH
Total depth of water. Recorded in meters.
Heading - - WD

NUMBER OF OBSERVATIONS
A two digit number indicating the number of depths sampled in each
sampling period.
Heading - - NC

DEPTH SAMPLED
The depth, in meters and tenths, at which the temperature, salinity,
current direction and current speed were measured.
Heading - - DPT

INSTRUMENT CODES
Ahead of each measurement there is a one digit alphameric code
indicating the instrument used in obtaining the data.
H - Temperature instrument ARA ET 100
Marine (Unit 706)

R - Salinity bottle sample analyzed on an
Induction Salinometer RS-TA.

S - Current speed and direction by Savonius type hydro current
Meter (Unit A). Direction is toward which current
is flowing.

Heading - - I

TEMPERATURE
Recorded to nearest tenth of a degree Celsius.
Heading - - TEMP

SALINITY
Recorded to nearest tenth or hundredth of a part per thousand.
Heading - - SALN



CARD CODE
A unique four digit numeric code identifying those samples from
the same sampling series.
Heading - - CCOD

CURRENT DIRECTION
A two digit integer indicating the direction toward which current is
flowing. Recorded in tens of degrees (mag.); e.8., 350 degrees = 35.
Heading - - DR

CURRENT SPEED
Recorded to the nearest hundredth of a meter per second.
Heading - - VEL

DISSOLVED OXYGEN
Recorded to the nearest tenth of a milligram per liter.
Heading - - DO

STATION CODE
A three digit alphanumeric code indicating the station occupied.
Heading - - STA
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CA/MC/YR

1€6/10/69
1€/10/69
16/1C/6S
16/10/69

16/1C/66
16/10/69
16/10/69
16/1C/69

16/10/¢€8
16/1C/6S
1€/1C/6S
16/10/66

1€/1C/69
16/1C/69
1€/1C/66
1€/10/66

16/10/69
16/10/69
16/1C/63
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37_3106
37-21.¢
37-21.¢
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37-21.¢
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37-21.¢€
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4.25
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C.24
C.“l

C.eC
C.75
C.75
C.cc
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CA/FC/YR

1€/10/66
1€/1C/65
16/10/69
1€/10/69

16/1C/65
16/10/69
16/1C/6S
16/1C/69
1€/1C/69

16/1C/69
16/10/69
1€/10/65
1€/10/69

1€/1C/65
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16/10/69
1€/1C/65

16/1C/69
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CA/NC/YR
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17.6
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37-21.¢
37-21.¢
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cz.C
C4.C
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16/10/69
16/1C/69
1€/10/66
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1€/10/69
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1€/10/66
l€/1C/65
16/10/6S
1€/1C/6S

16/10/69
1€/1C/65
16/1C/65
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18.7

16.8
15.8
16.8
16.8

<C.€
2C.€
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1€-52.2
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17/1C/6S
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CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYF1

CYR1
CYFR1
CYR1
CYR1

VS CNC

ARA CC-NMIN

37-21.¢
37-21.¢
37-21.¢
371-21.¢

37-21.¢
37-21.¢
37-21.¢
371-21.¢

37-21.¢
37-21.¢
37_3106
37-21.¢

371-21.¢
37-21.¢€
37-21.¢
37-21.¢

37-21.¢
37-21.¢€
37-21.¢
37-21.¢

ARA CC-MIN

CC-VMIN

1€-52.2
1€-52.2
76-5202
76’5202

7€-52.2
7¢-52.2
1€-52.2
7€-52.2

CC-VIN

WC

(o 0K 2 0 ¢ 20 g )

wC

1

AN AN AN AN

T

AT WC WV CV

AT wWC wWv CV

NC

Ca

Ca
Ca

Ca
Ca
C4
C4

C4
C4
C4
Ca

C4
C4
Ca
C4

ca
C4
Ca
Ca

NC

CPT

cc.cC
cz.C
C4.C
ct.C

cc.cC
Cz.C
C4.C
ce.C

cC.C
c2.C
C4.C
Cct.C

cc.cC
C2.C
C4,.C
Cs.C

cC.C
c2.C
C4.C
Cé.C

CFT

I TEMF

T 1G.4

T 1G.4

T 1G6.4

I TEVP

m D VWD 0 !0 VWD 0 0 DX

D VWD

—

SALN

3.7
3.8C
3.1C
4.2¢€

3.45
3.6C
3.8¢€
4.28

4.21
3.93
4.5
4.C8

4.54
5.83
5.43
6.C¢

5.91
6.37
b.€4
7.CC

SALN

ccce

1426
1426
1426
1426

1427
1427
1427
1427

1428
1428
1428
1428

1429
1429
1429
1429

143C
143C
143C
1430

ccce

—

> > D> > > D> D> > D> > >

> > D >

Ll

31
31
31

33

31

31
31

CR

> > D> > D> > D> D>

D> D

> D>

VEL

C.35
C.23
c.18
C.CS

C.Cl
C.C4
C.SC
C.1ll1

C.26
.32
C.45
C.3¢

C.€5
C.és
C.¢€5
C.55

C.¢eC
C.€C
C.5C
C.21

VEL

Cc

coL

POLB

PoOLB

POLB

POLB

POLB

caL

STA
352

352 ...

352
352

352.

352
352

352..

352
352
352
352

352
352

352.

352

352
352
352

352.

STA

-60_



CA/NMC/YR

17/1C/658
17/1C/69
17710769
17/10/69

17/10/6S
17/10/66
1771C/689
17/1C/69

17/1C/6S
17/10/66
17/71C/695
17/71C/66

17/1C/66
17/710/69
17/10/69
17/10/65

17/1C/69
17/16/69
17/1C/69
17/1C/68

CA/MC/YR

TIWV

C5.C
C5.C
C5.C
cc.C

C5.6
C5.9
C5.9
C5.9

Ce.t
Cé.6
C€.t
Ce.t

C7.¢
C7.6
C7.6
C7.¢€

CE.t
CE.€
CE.€
Ce.t

TIWN

vS CNC

CYFR1
CYFR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYFR1
CYR]
CYR1
CYR1

CYR1
CYR1
CYFR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS LNC

ARA CC-VMIN

Ww W w
- ool o~
‘
[SVIYS IR YN NN
et
* o o o
(o 0 e N4 02

ARA CC-MIN

CC-VMIN

7€-52.2
1¢-52.2
7€¢-52.2
1€-52.2

-~
o
[

-~ -~

oo,
|

(S Y IE Y]

t
NN
s e e
NN

WC

Wl

1

T

AT WC WV CV

AT wWC wv CV

NC

C4
Ca
Ca
Ca

Ca
C4

Ca

Ca
Ca
C4
Ca

C4
Ca
C4
Ca

Ca
Cs
Ca
Ca

NC

CFT

cc.C
cz.C
C4.C
ce.C

cc.C
C¢.C
Ca.C
Cé.c

cc.C
Cz.C
C4.C
Céel.C

cc.cC
C2.C
C4.C
Cé.C

CFT

TENF

18.6

19.2

19.2

16.C

19.5

TENE

—

0TV k>l o i < i v Pl <l « B o]

0 DV VD

DV WD

—

SALN

6.8¢
6.53
7.23
T.27

€.CS
6.54
7.15
7.31

6.C3
6.47
€.G5
7.3C

4.€63
507"
6.4¢€
€.68

4.5G
4.€6G
5.12
5.31

SALN

cccc

1431
1431
1431
1431

1432
1432
1432
1432

1433
1433
1433
1433

1434
1434
1434
1434

1435
1435
1435
1435

cccec

—

> D>D> D D> D D> D>D>D> D> DD

> > DD

—

CR

35
32

31

14
13
12
1C

12
12
12
13

12
12
14
14

14

13
14

CR

D> D DD > > D> b D> > > > >

> D> DD

-

VEL

C.25
C.25
C.17
c.CC

C.1l¢
C.12
c.Cé
c.C8

C.48
C.40
C.22
C.12

C.gcC
Cc.70
c.53
C.21

C.8C
c.8C
C.€C
c.2C

VEL

cc

cotL

POLB

POLUB

POLB

POLB

POLB

CcoL

STA

352
352
352
352

352
352
352
352

352
352
352

352.

352
352
352
352

352
352
352
352

STA

=0Td-



CA/NC/YR

17/1C/66
17/71C/65
17/1C/65
17/106/63

1€/10/66
1€/1C/69
1€¢/1C/69
1€/10/65

1€/10/69
1€/10/65S
1€/10/6S
1€/1C/65

1€/1C/65
16/1C766
16/1C/65
1€/1C/¢6S

16/1C/69
16/10/65
16/1C/66
16/1C/65

CA/VMC/YR

TIv

CS.7
CS.7
CS.7
CS.7

ce.7
Cg.7
ce.7
ce.7

Cs.7
CG.7
€s.7
Cs.7

1C.7
1C.7
1C.7
1C.7

11.7
11.7
11.7
11.7

TIV

vS CANC

CYFR1
CYR1
CYr1l
CYR1

CYF1
CYF1
CYF1
CYR1

CYR1
CYR1
CYFR1
CYR1

CYR1
CYR1
CYR1
CYr1l

CYR1
CYF1
CYR1
CYr1

VS [NC

ARA DC-MIN

37~

37-21.¢
37-21.52

ARA CC-VMIN

CC-MIN

1€-52.2
1€-52.2
76-52.2
1¢€-52.2

1¢-52.2
1€-52.2
76’5202
T€-52.2

7€-52.2
7€-52.2
76"5202
7€-52.2

7¢-£2.2
16-52.2
1€-52.2
7€-52.2

1€¢-52.2
7€¢-52.2
7e-52.2
7€-£2.2

CG-VMIN

WC

WC

T

T

AT WC WV CV

AT WC wWv CV

NC

C4
C4
Ca
C4

C4
Ca
Ca
C4

Ca
Ca
C4
C4

Ca
C4
Ca4
Ca

Ca
C4
C4a
C4

NC

CPT

cc.cC
cz.C
C4.C
Ce.C

CC.C
Cz.C
C4.C
Cé.C

cc.cC
cz.C
C4.C
Cé.C

cc.C
cz.C
C4.C
Cé.C

CC.C
Cz.C
Ca.C
ce'c

CPT

TTTT T T TT TTTT

TTTT

—

TENMF

19.6

15.1
19.4
16.5
1G6.€

1q.5
15.¢€
19.¢
1S.€

16.¢€
15.¢€
16.¢
16.¢€

16. 8
16. ¢
15.7
16.7

TEMFP

ODVWIWD TV DX DD T VWO

T VXL

g

SALN

3.81
3.87
4.C2
4,437

4.85
4.86
4.88
4462

4.CS
4.12
4.14
4.15

2,62
3,71
3,81
414

3.62
4.CS
4bob4
4.5C

SALAN

ccce

1436
1436
1436
1436

1437
1437
1437
1437

1438
1438
1438
1438

1439
1439
1439
1439

1440
144C
144C
1440

ccce

> D> D> D DD > DD > -

> D> >

> D> D> D

CR
13
13
12
12
15
15
12
14

la

12
1€
1C
28

> D> D> D> > > D> D> > D D

D > D

b= - - - 3

—

VEL

C.€5
C.€3
C.44
C.24

C.eC
C.ecC
C.75
C.55

C.€C
C.5C
C.44
C.24

C.8C
C.€0
C.C3
C.75

C.37
C.44
C.41
C.24

VEL

cc

5.82

CC

CcoL

PO4B

POLC

POLC

POLC

POLC

coL

STA

352
352
352
352

353
353

353

353
353
353
353

353
353
353
353

353
352
353

353 _

STA

-'[IQ—



CA/NC/YR

1€/10/6S
1€/10/6S
16/1C/69
16710765
16/10/66

1€/10/769
1€/10/69
16/1C/6S
16/1C/66S
1€/10/69

1€/1C/66
1€/10/66
1€/1C/65
1€/710C/68
16/1C/68

1€/10/66
1€/10/68
16/10/6S8
16/10/66
16/10/69

CA/MC/YR

TIv

12.7
12.7
12.7
12.7
12.7

14.7
14.7
14.7
14.7
14.7

15.7
15.7
15.7
15.7
15.7

TIN

vS CNC

CYR1
CYR1
CYR1
CYR]
CYR1

CYR1
CYR1
CYR1
CYFR1
CYFR1

CYR1
CYR1
CYR1
(YR1
CYR1

CYR1
CYF1
CYR1
CYR1
CYR1

vs IANC

ARA CCG-VMIN

37‘3105
37-21.¢
37-21.¢5
37-21.5
37-21.5

37-21.¢
37-21.¢
37-21.5
37-21.°%
37-21.5

37-3105
37-21.¢5
37-21.°5
37-21.¢
37-21.5

37-21.5
37-21.5
37-21.¢5
37-31.¢
37-21.¢%

ARA CC-MIN

CC-MIN

71€¢-52.2
76'52.2
7&’5202
1€-52.2
76-52.2

1€-52.2
1€-52.2
1€-52.2
7€-52.2
1€-52.2

16-52.2
7€-52.2
16-52.2
7€-52.2
1¢-52.2

1€-52.2
7€-52.2
7€-52.2
1€-52.2
76"5202

CC-MIN

WC

wC

T

T

AT WC wv CV

AT WC wWv CVv

(6]
Cc5
Cc5
(O]
c5

CPT

cc.C
cz.C
C4.C
ce.C
c7.C

cc.cC
cz.cC
C4.C
Cé.C
C€.C

cc.C
c2.C
C4.C
ce.C
Cé.C

cC.C
C2.C
C4.C
ce.C
Ceé.C

CPT

TTTTT TTTTT TTTTT

TTTTT

—

TEMF

19.7
15.¢
19.¢
19.¢€
19.¢

19.7
19.7
19.7
15.7
16.7

19.8
19.8
15.€
lg.g
lgig

19.€
19.8
15.8
1.8
19.8

TEMF

Ll

0V BVRD VOV 0D OO D

T DOV VD

—

SALN

4.54
4.51
5.0¢
5.2C
5.28

5.7¢
6.C2
6.C1
€.13
6.22

T.4€
7.54
Te48
7.81
7.83

8.7S
8.62
9.13
S.15
S.1¢€

SALN

ccce

1441
1441
1441
1441
1441

1442
1442
1442
1442
1442

1443
1443
1443
1443
1443

1444
1444
1444
1444
1444

cccc

—

DD DD > D> D> P> D> D> PP D

-0 - -1

34
33
32
32
31

—

> D> DD > > D> b D> D> P>

> D> D> D> D

—

VEL

C.75
C.eC
C.€5
C.55
C.44

c.80
C.85
C.85
C.7C
C.5C

c.70
c.70
C.75
C.€5
C.€C

C.5C
C.€5
C.55
C.55
C.34

VEL

cc CcCL

pokc

POLC

pokc

POLC

CC caoL

STA

353
353
353
353
353

353
353
353
353
353

353
353
352
353
353

3532
353

353
353

STA

-g1o-



CA/NC/YR

1€/10/69
1€/10/69
16/1C/6S
16/10/6S
1€¢/10/7659

16/10/69
16/1C/6S
1€/10/6S
1€/1C/6S
16/1C/76S

16/10/69
16/1C/6S
1€/10/65
1€/10/65

1€/10/69
16/1GC/69
16/1C/66
1€/1C/6S

16/1C/6S
1€6/1C/69
16/10/65
1€/1C/69

CA/NFC/YR

TIM

1€.8
1€.8
l1€.8
1€.8
1€.8

17.7
17.7
17.7
17.7
17.7

l1e.8
ig.8
1€.8
1€.8

vS CNC

CYR1
CYR1
CYR1
CYR1
CYFR1

CYR1
CYR1
CYR1
CYR1
CYF1

CYF1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYFL
CYR1
CYR1
CYR1

VS CAC

ARA CC-VMIN

37-21.5%
37-21.¢
37"21-5
37-31.¢
37-21.¢

37-21.°¢
37-21.°%
37-21.¢
37-21.5
37-21.5%

37-21.¢
37-21.5
37-21.¢
37-21.¢5

37-21.°5
37-21.¢
37-21.°5
37-21.¢%

37-21.°¢
37-21.°%
37-21.¢
37-21.5

ARA CC-VMIN

CC-MIN WL T AT WC Wv CV

71€-52.2 S.C
76-52.2 6S.C
7€-52.2 S.C
76_5202 GQC
7€-52.2 6S.C
7€-52.2 E.C
1€-52.2 E.C
76-52.2 €.C
7¢-£2.2 §€.C
1€-52.2 €.C
1€-52.2 ¢€.C
7€~-£2.2 ¢€.C
76-52.2 ¢€.C
T€-22.2 €.C
7€-52.2 1.5
7€-52.2 1.5
1€-%2.2 1.5
7€-52.2 1.5
1€-52.2 1.5
1€-52.2 7.5
76-52.2 1.5
76-52.2 1.5

CG-MIN WC T AT WC WV CV

C4
Ca
Ca
Ca

Ca
Ca
Cs
Ca4

Ca

C4
Ca

nNC

CFT

Cc.C
Cz.C
C4.C
Ce.C
CE€.C

cC.C
C2.C
C4.C
Cé.C
c7.C

cc.C
c2.C
C4.C
ct.C

CC.C
C2.C
Ca.C
Cé.C

CC.C
C2.C
C4a.C
ce.C

CPT

TTTT TTTT TTTT TTTTT

TTTrTT

TEMF

15.7
19.8
19.¢8
19. €
16.¢8

19.¢
16.7
1G.7
16.17

15.¢
19.7
1G.8
19.8

19.2
19.5
19.7
19.7

15.%
19.%
16.¢
15.€

TEVMP

—

00X ol R s B o] kol < B B < I o r =l ol = B v B o]

k=R ol < B +]

SALN

S.€2
S.7S6
5.98
10.CC
1C.Cl1

g8.1C
G.51
1C.C8
1C.12
1C.CS

T.48
S.C1
S.1l€
S.38

6.4C
677
7.5C
T.€68

6.75
6.72
€.72
6.72

SALN

ccce

1445
1445
1445
1445
1445

1446
1446
1446
1446
1446

1447
1447
1447
1447

1448
1448
1448
1448

1449
1449
1449
1449

ccce

—

> D> DD > DD > D> D> D D>D>D> D>

> D>P>D>

CR

332
34
34
34
31

14
16
12
14

14
14
14
13

12

13
1¢

CR

> > DD > > D> D> > > D> > D>D>D>D

> D> D> D>

VEL

c.18
C.21
c.2C
C.1l6
c.c8

C.3C
C.2C
C.12
c.c8

C.75
Cc.7C
C.€C
C.55

l.Cc
1.CC
C.8C
C.55

C.85
C.85
C.EC
C.5

VEL

cc

cc

ccL

pokc

POLC

POLC

POLC

POLC

CoL

STA

353
353
353
353
353

353
353
353
352
353

353
353
353

353 .

353
353
353
353

353
353
353
353

STA

o=

-€T



CA/NMC/YR

1€6€/10/65
1€/10/65
1€/10/69
16/10/69
16/71C/69

1€/1C/6S
16/1G/65
1€6/1C/769
1€/1C/6S

16/10/69
16/1C/66S
16/1C/65S
16/1C/69

17/71C/653
17/1C/69
17/1C/65
17/10/68

17/1C/69
17/10/69

17/10/65
17710763

CA/NMC/YR

TIV

CC.S
CC.S
CC.S
CC.S

Cl.8
Cl.8

Cl.8
c1.8

TIV

VS CANC

CYR1
CYFR1
CYFR1
CYR1
CYR1

CYFR1
CYFR1
CYR1
Cyr1l

CYR1
CYR1
CYR1
CYF1

CYR1
CYR1
CYFR1
CYFR1

CYFR1
CYR1
CYFR1

CYE1

VS CNC

ARA CC-MIAN

37-21.¢
371-21.°%
37-21.5
37-21.¢
37-21.°5

37-21.¢
37-21.°
37-21.¢
37-21.¢

371-21.°%
37-21.°%
37-21.°5
37-21.¢

37-21.5
37-21.°%
37-21.¢
37-21.¢

37-21.5
37-21.°5
37-21.¢

37-21.%

ARA CC-VMIN

CG-VMIN

7€-52.2
T1€-52.2
7¢-52.2
7€-52.2
1¢-52.2

76-5202
1€-52.2
7€-52.2
16-52.2

1€6-52.2
7€-52.2
1€-52.2
16-52.2

76-5?.2
7€-52.2
1¢-52.2
76-52.2

CC-NMIN

kC

WC

T

AN AN AR NN

T

AT WC WV CV

AT WC wv CV

Ca
Ca
Ca
Ca

Ca
C4
Ca
C4

Ca
Ca4
C4
Cé

NC

TENMP

19.¢

1G.1

16.4

1S.4

TEMF

0 VDV 0 VWDV D VTR VOO —

VWDV D

SALN

5.45
5.45
5.43
5.41
S5.41

4.28
4,3C
4.43
4.53

3.€7
3.68
3.8C
4.42

3.47
3.56
3.77
4.21

3.81
4.12
5.14
5.18

SALN

ccce

1450
1450
1450
1450
1450

1451
1451
1451
1451

1452
1452
1452
1452

1453
1453
1453
1453

1454
1454
1454
1454

cccec

> > DD > D> > D> > > D> D>

> > D> D

> D> D> >

CR

13
la
14
14

13

14
14

14
14
14

2¢€
ac
32
32

> D> D> DD > D> > D> > DD —

B> > D>

—

VEL

C.80
C.80
C.70
C.CS

0.70
C.€C
C.s

C.25

C.21
C.29
C.l6
C.C2

c.C2
c.cz
C.CS
C.10

C.35
C.4C
C.55
C.4C

VEL

ocC

oC

coL

pokc

POLC

pokc

POLC

POLC

coL

STA

353
353
353
353
353

353
353
353
353

353
353
353
353

353
353
353
353

353
353
353
353

STA

_f('[o..



CA/MC/YR

17/1C/6S
17/1C/6S
17/10/69
17/10/769
17/1C/6S

17/1C/69
17/1C/6S
17/10/6S
17/10/69
17/1C/6S

17/10/69
17/1C/69
17/1C/65
17/71C/65
17710766

17/10/769
17/1C/66
17/1C/6S
17/1C/68
17/1C/¢€S

CA/NC/YR

TIV

CZ.8
Cz.8
c2.8

c2.8
c2.8

Ca.2
C4.2
Ca.2
C4.2
Ca.2

C5.4
C5.4
C5.4
CS.4
C5.4

Cé.l
Ce.l
Cée.l
Ce.l
Cé.l

TIv

vS CAC

CYFR1
CYR1
CYR1
CYF1
CYR1

CYR1
CYR1
CYR1
CYR1
CYR1

CYF1
CYr1
CYR1
CYFR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYR1

VS CANC

ARA CC-NMIN

37-21.6¢
37-21.5
371-21.°5
37-21.5%
37_3105

37-21.¢
37_3105
37-21.5%
37-21.°¢
371-21.¢

371-21.¢
37-21.¢
37-21.5¢
37-21.¢
37-21.¢%

37-21.¢%
37-21.¢
37-21.5%
37-21.5%
37-21.5%

ARA CC-MIN

CC-MIN

T€~-52.2
76'5202
76"52.2
16-52.2
76-52.2

7€-52.2
1€¢-52.2
71€~52.2
76-5202
1€-52.2

7€-52.2
T€-52.2
T1€-52.2
1€-52.2
7€-52.2

1€-52.2
76-52.2
71€-52.2
7¢-52.2
16-52.2

CG-MIN

WC

-~~~

Mmmommm m m mm m
e o o o o * o o o o

* o o o o

-~~~

e o o o o

WC

OO0

T

AR N AN AN AN

s NeNesNeoNel

soNeNeNeNal

T

AT WC WV LV

AT WC wWv CV

C5
(]
C5

c5

CFT

CC.C
c2.C
C4.C
Cé.C
c7.C

cC.C
cz.C
C4.C
Ce.C
C7.C

cc.C
cz.C
C4.C
Cé.C
ce.cC

cc.C
Cz.C
C4.C
Cé.C
C7.C

CFY

I TEVMF

T 1G.¢

T 16.2

T 18.¢€

1 TENP

WD DD

SALN

5.42
5.55
5.75
5.78
5.75

€.47
€.71
6.87
€.59
€6.5S

7.C2
7.28
7.46
1.52
7.53

S.t¢€
€.€1
T.12
7.41
T.45

SALN

cccc

1455
1455
1455
1455
1455

1456
1456
1456
1456
1456

1457
1457
1457
1457
1457

1458
1458
1458
1458
1458

ccct

D> D> R - I - - > D> DD

™ > > >

CR

313
33
312
32
33

> D>D>DD> > D>D> > D> DD

BB D>

VEL

C.€5
C.7C
c.7¢C
C.55
C.4C

C.4C
C.44
Cole
C.37
C.31

C.€5
C.ll
C.1C
C.C3
C.C3

C.42
C.28
C.24
C.13
C.1C

VEL

cc

cC

coL

PoLC

pokLc

PoLC

pokc

coL

STA
353

353
353
353

353
353
353
353
353

353
353
353
353
353

353
353
353
353
353

STA

~GTo=



CA/NMC/YR

17/10/6S
17/1C/6S
17/1C/69
17/1GC/69
17/1C/659

17/10/69
17/10/69
17/1C/69
17/1C/68
17/10/66

17/10/69
17/10/653
17/1C/68
17/10/68
17/1C/6S

17/10/69
17/1C/6S
17/10/65
17/1C/6S
17/71C/65

CA/NC/YR

TIN

Ce.7
(N
Cé.7
Cé.?
Cé.7

Cl.7
C7.7
C7.7
C7.7
C7.7

CE.7
ce.7
Ce.7
CE.7
Ce.7

CS.6
CS.65
CS.9
CS.S
CS.9

TIM

vS CNC

CYR1
CYR1
CYR1
CYF1
CYR1

CYkl
CYR1
CYF1
CYR1
CYF1

CYR1
CYR1
CYR1
CYR1
CYF1

CYR1
CYR1
CYF1
CYF1
CYFR1

VS CNC

ARA CC-MIN

37-21.¢
37-21.°5
371-21.¢%
37-21.¢
37-21.5

37-21.°5
37-21.°
37-21.¢
37-21.°%
37-21.°5

37-21.¢
37-21.¢
37-321.¢
37‘3105
37-21.%

37-21.¢
371-21.¢
37-31.5
37-21.¢
37-21.5

ARA CC-MIN

CG-MIN

16-52.2
76"5202
1€6-52.2
16-52,.2
7€-52.2

7€-52.2
1€-52.2
1€-52.2
76-5202
7€-52.2

7€-52.2
76-52.2
76_5202
1€-52.2
1€-52.2

1€-52.2
1€¢-52.2
1€-52.2
1¢-52.2
16-52.2

CC-VMIN

WC

WC

T

1

AT WG wWv CV

AT WC wv CV

c5
c5

C5
(]

CPT

cc.C
cz2.C
Ca.C
Cée.C
C7.C

cc.C
cz2.C
C4.C
Célc
c7.C

cc.C
Cz.C
CA.C
Cé.C
C7.C

cc.cC
CZOC
Ca.C
ce.cC
c7.C

CPY

I TEMP

T 19.2

T 1G9.4

T 19.¢

I TENP

DV DVDODD

SALN

5.74
6.C5
6.7C
7.C5

7015

4.28
5.26€
S.74
5.93
5.6C

4.15
4,27
4.8¢€
5.C3
5.C5

3.66
3.€7
3.6G8
3.75
3.73

SALN

cccc

1459
1459
1459
1459
1459

146G
1460
146C
14€C
14€0

14€1
1461
1461
14¢€1
1461

14€2
14€2
1462
1462
14€2

ccce

> DD -2 - - -1 D> DD D>

> D>

—

13
13
12
13
14

ER

> DD T > > > > DD

> D> D> D>

VEL

c.58
c.58
0.43
C.26
.25

C.EC
C.75
C.€C
C.42
C.32

Cc.80
C.75
C.55
C.38
C.29

C.55
C.55
C.44
C.3C
C.19

VEL

s}

cc

coL

PokLc

POkLC

POLC

coL

STA

353
353
353
353
353

353
353
353
353
353

353
353
353
353
353

353
353
353
353
353

STA

~9To~



CA/NC/YR

1¢/10/69
16/10/68
16/10/69

1€/10/6S
16/1G/6S
16/10/6S
16/10/69

16/10/69
1€/10/66
1€/10/768
16/1C/69

16/1C/769
16/1C/6S
16/1C/6S
1€/10/66

16/10/69
16/10/6S
167167656
1€/10769

CA/MC/YR

TIV

ce.5
C&.5
C8.5

CG.5
CS.5
Cg.s

1C.S
1C.5
1C.5
1C.5

11.5
11.5
11.5
11.5

12.5
12.5
12.5
12.5

TIV

vS CNC

CYF1
CYR1
CYR1

CYF1
CYR1
CYFR1
CYR]

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYF1

CYFR1
CYR1
CYR1
CYF1

VS CAC

ARA CC-MIN

37-22.¢°
371-22.¢
37-22.°5

371-22.¢%
37-22.5
37-22.5
37-22.¢

37-22.¢
37-22.5
37-22.°¢
37-22.¢%

37-322.°%
37-3205
37-22.¢
37'32.5

37-22.5
37-32.¢%
37-22.¢
37-22.¢

ARA CC-NMIN

CC-MIN

7€-5C.C
76-5C.C
7¢-5C.C

7¢-5C.C
76-5C.C
7(:‘SCCC
76-5C.C

7¢-5C.C
76-5C.C
7€¢-5C.C
7€-5C.C

7€-50C.C
76-5C.C
1€6-5C.C
71€-5C.C

71€-5C.C
7¢-5C.C
7¢€-5C.C
7e-5C.C

CC=-MIN

WC

Wl

T

1

AT WC WV CV

AT wC wv CvV

NC

Cc3

c3

Ca
C4
Ca
Ca

Ca
C4
Ca
Ca

Ca
Ca
C4
Ca

Ca
Ca
Cca
Ca

NC

CPT

cc.cC
cz.C
Ca.C

cc.C
ce.C
C4.C
cs.C

CC.C
cz2.cC
C4.C
ce.C

cC.C
Cz.C
C4.C
cs.C

cC.C
c2.C
C4.C
Ce.C

CFT

TTTT TTTT TTTT TTT

TTTT

—

TENF

19.5
19.€
1G.¢

16.¢
19.¢
16.¢
1S5.¢

19.7
19.6
19.6
19.6

15.8
15.€
19.€
19.&

15.€
15.¢
19.6
19.¢

TENMF

0V

VXV D

- v B - I -]

WD

VWVWVWD

4.G62
5.32
5.75
€.C4

5.3C
5.61
6.21
€.56

6.C3
6.€617
7.12
T.14

SALN

ccce

1463
1463
1463

1464
1464
1464
14€4

1465
1465
1465
1465

1466
l4¢€¢
14€6
14€6

1467
1467
14€7
1467

ccce

< < < < < < < < < < <

<< <<

< < < <

—

CR

cé
ce
(0

c?
c?
c7
c7

c?
ce
21

25

24
23

3¢
25
25
24

CR

< < < < < < < < < < < < < < <

< < < <

—

VEL

C.e1
C.€3
€.5C

C.€32
C.al

C.13

C.75

C.3C
c.14
C.C3
C.1¢C

C.13
C.3C
C.41
C.21

C.5C
C.€3
C.56
C.21

VEL

DC

oC

cotL

PO3A

PO3A

PO3A

PO3A

PO3A

CccL

STA

361
361
361

361
3¢l
361
361

3¢l
361
3¢1
361

361
361
361
3¢l

361
361
361
361

STA

=L1o-



CA/NMC/YR

16/1C/69
16/10/63
16/10/69
1€/10/65

1€/10/69
16/1C/69
16710769
16/10/66

16/10/66
16710769
16/1C/66
1€/10/769

16/10/65
16/10/763
16/1C/69
16/10/69

16/10/69
16/10/69
1€/10/69
16/1C/69

CA/NMC/YR

TIV

12.5
12.5
13.5
13.5

14.5
14.5
14.5
14.5

15.5
15.5
15.5
15.5

1¢.5
1€.5
1€.5
1€¢.5

17.5
17.5
17.5
17.5

TIV

VS CANC

CYR1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYkr1l

CYR1
CYF1
CYR1
CYFR1

CYFR1
CYR1
CYR1
CYR1

VS CANC

ARA CC-MIN

37-22.¢
371-22.¢
31-322.¢%
37-22.¢

37-22.5
371-22.¢
371-22.¢
371-32.°%

37-22.°%
371-22.%
371-22.°¢
37-22.¢%

371-22.5%
31-22.¢%
37-22.¢
37-22.°5

37-22.°¢
371-22.¢
37-22.¢
37-22.°¢

ARA CC-MIN

CG-VMIN

7¢-5C.C
7¢~-5C.C
7¢-5C.C
7¢-5C.C

7¢€-5C.C
7¢-5C.C
76_5(:-0
76’50.0

7¢-5C.C
1€-5C.C
7¢-5C.C
1¢-5C.C

7¢-5C.C
7¢-5C.C
1e-5C.C
7¢-5C.C

1¢-5C.C
7¢-5C.C
7¢-5C.C
7¢-5C.C

CC-MIN

WC

wC

T

T

AT WC WV CV

AT WC WV Cv

NC
Ca

Ca
Ca

Ccé
C4
Ca
Ca

C4
Ca
Ca
Ca

Ca
C4
Ca
C4

NC

CPY

cc.C
ce.C
Ca.C
Ce.C

cc.cC
Cz.C
C4.C
ce.C

cc.C
cz.C
C4.C
ce.C

cc.cC
Cé.C
C4.C
Cé.C

cc.C
ce.C
C4.C
0c.C

CPT

TTTT TTTT TTTT

TTTT

TTTT

r—

TENVF

19.6
1908
16.8
19.8

1G6.8
16.8
19.8
19.8

19.7
1G6.7
1S.€
1G.¢

15.¢
16.¢
1905
16.5

19.5
19.¢
19.5
19.5

TENP

—

VRV D RV DL VVODDO D VDDV

T VOB

SALN

8.C2
8.28
8.3C
8.27

9.84
9074
3.82
S.77

1C.€5
1C.78
1C.82
1C.82

11.12
11.17
11.22
11.28

8.6E
1C.€8
11.22
11.26

SALN

ccce

1468
14¢€8
1468
14€8

14€9
14€9
14€9
1469

1470
1470
1470
147C

1471
1471
1471
1471

1472
1472
1472
1472

ccce

—

< < < < << << < < < <

< < < <

< < < <

24
22
24
24

c?

C4
c3

CR

—

< < < < < < < < < < < < < < < <

< < < <

VEL

c.e7
c.es
C.¢€3
C.48

c.ge3
C.75
c.sé
C.48

C.75
C.¢9
0.56
c.28

C.45
C.4C
C.23
c.2C

C.25
C.CS
c.C8
C.CS

VEL

cc

CC

CGL

PO3A

PO2A

PO3A

PO3A

PO3A

CCL

STA

361
3¢1
3¢l
36l

3¢l
361
361
361

361
361
361
361

361
361
361
361

361
361
361
361

STA

-gQTo-



CA/MC/YR

16/10/69
16/10/69
16/10/66
16/1C/6S

16/10/69
16/10/69
16/1C/6S
16/10/69

16/10/69
1€/1C/68
1€/1C/69
16/1C/69

16716768
16/10/69
16/1C/69
16710769

16/10/69
1€/10/68
16/10/69
16/10/665

CA/NMC/YR

TIN

18.5

18.5
18.5
18.5

15.5
16.5
16.5
16.5

2C.5
2C.5
2C.5
2C.5

21.5
21.5
21.5
21.5

22.5
22.5
22.5
225

TIW¥

VS CNC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1
CYR1]

CYF1
CYFR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA CC-VMIN

37-22.°5
37-22.5
371-22.°¢
37-22.°5

37-22.°%
371-22.°¢
37-22.%
37-22.°%

371-22.°¢
31-22.¢
37-22.5
37-22.%

37-22.°%
37-22.°¢
371-22.¢
37-22.¢

37-22.5%
371-22.°¢
37-22.5
371-22.¢

ARA CCG-NMIN

CG-MIN

76-5C.C
7€¢€-5C.C
7¢-5C.C
76"5000

7€-5C.C
76-5000
7¢-5C.C
76-5C.C

7¢-5C.C
1¢-5C.C
7€-5C.C
1€-5C.C

7¢-5C.C
71¢6-5C.C
7€-5C.C
7¢-5C.C

7¢-5C.C
1¢-5C0.C
T1€-5C.C
7¢-5C.C

CC-MIN

WC

A waan
e o o o

N unan

(SN G RN ]

o o o 0

Wl

T

BN W

T

AT WC WV CV

AT wWEC WV CV

NC
C4
Ca
C4
Ca
Ca
Cc4
C4
Ca

Ca

Ca4
C4
C4
ca4
Cé4

Ca

DFT

cC.C
c2.C
C4.C
Ce.C

cC.C
02.C
C4.C
cs.C

cC.C
cz.C
C4.C

£.C

cC.C
cz2.C
C4.C
05.C

cC.C
Cz.C
C4.C
Cs.C

CFT

TTTT TTTT rTTTT TTTT

TTTT

TENMF

19.5
16.5
19.5
15.5

19.5
19.6
1S.7
16.7

19.7
15.7
15.7
1.8

16.7
19.7

19.7

15.7

16.€
1G.¢€
18.7
1G5.7

TEMF

VWXV Fol B - B -] VWO DO

VT

It

S.32

7.82
7.87
7.92
T.8¢

&€.85
6.96
7.Cl1
T.C4

SALN

ccce

1473
1473
1473
1473

1474
1474
1474
1474

1475
1475
1475
1475

14176
1476
1476
1476

1477
1477
1477
1477

ccce

by

< < < < < < < < < < < < < < < <

< < < <

o

c?
c1?
c7
0¢

< < < < < < < < < < < =<

< < <<

< < < <

—

VEL

C.55
c.46
C.38
C.3C

1.€C
C.t8
C.€0
C.48

C.1C
c.7¢C
C.€C
C.43

C.73
C.es
C.58
C.4¢

C.€3
C.55
C.45
C.3C

VEL

DC

be

ccoL

PO3A

PO3A

PO3A

PO3A

PO3A

caiL

STA

361
361
361
361

361
361
361
361

3¢l
361
361
361

361
3¢l
3¢1
361

3¢l
3¢l
361
3¢l

STA

-6To~



CA/MC/YR

16/10/69
16/10/69
16/10/69
16710769

17/10/69
17/10/689
17/10/68
17/10/69

17/10/68
17710769
17710765
17/10/65

17/10/69
17/10/69
17/10/69
17/10/6S

17/10/6S
17/1C/659
17/1C/68
17/10/69

CA/¥C/YR

TIN

23.5
23.5
23.5
23.5

CC.5
CC.5
cC.5
CC.5

Cl.5
Cl.5
Cl.5
Cl.5

C2.5
Cz.5
C2.5
C2.5

C3.5
C3.5
C3.5
C3.5

TIM

VS CNC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR]
CYFR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYFR1
CYR1
CYR1
CYR1

VS CNC

ARA DC-VMIAN

37-32.5
37-22.°%
37-22.°%
37-22.5

37-22.¢
37-22.5
371-22.°¢

37-22.¢

37-22.5
37-22.¢
37-22.¢
37-22.¢%

37-22.°¢
371-22.°¢
37-32.°%
37-32.¢

37-22.5
37-22.°%
37-22.5
37-32.5

ARA CC-NIN

CC-MIN

T€-50.C
76-50.C
7€6-5C.C
7€-5C.C

716-5C.C
76-5C.C
7¢-5C.C

76-50 .C

7¢-5C.C
7¢-50.C
7€-5C.C
76-5C.C

7¢-5C.C
7¢-5C.C
76-5C.C
76'5000

76-500C
7€¢-5C.C
76-5C.C
7¢-5C.C

CC-NMIN

WC

W an

WC

1

AN AN AN

T

AT WC WV CV

AT WC WV CvVv

NC

Ca4
C4
C4
C4

Cca
C4
C4
Ca

Ca
C4
cé4
Ca4

C4
Ca

Cé

C4

Ca
Ca

NC

CPT

cc.C
ce2.C
C4.C
cs.C

cc.C
c2.C
C4a.C
ct.C

cc.C
c2.C
C4.C
Cs.C

cc.cC
Cz.C
C4.C
CS.C

cC.C
cz.C
C4.C
ce.C

CFT

—

TrTT rTrTT

TTTT

TTTT

TENMF

19.5%
19.¢
15.¢
19.7

19.5
19.¢
19.7
19.7

15.4
19.5
19.¢
19.5

19.5
19.¢6
19.7
19.7

15.4
15.¢
1G6.¢
19.¢

TEMF

0 VOO DDV VD N VDD T VDD

DD

—

SALN

5.97
6.58
blse
6.61

S.46
5.63
6.41
6.7¢€

5.5¢
6.C2
6.47
6.€3

€.28
T.14
1.5

T.€C

T.€1
8.CS
8.25
8.35

SALA

ccce

1478
1478
1478
1478

1479
1479
1479
1475

148C
148C
1480
1480

1481
1481
1481
1481

1482
1482
1482
1482

ccee

—

< < < < < < < < < < < < < < < <

< < < <

—

07
c?
2¢
26

—

< < < < < < < < < < < < < < < <

< < < <

VEL

C.55
C.32
C.15
Cc.Cs

C.23
c.C3
C.15
C.l4

C.l1¢
C.28
C.38
C.25

C.qe
C.55
C.43
C.35

C.€C
C.53
c"ls
C.35

VEL

Do

cC

coL

PO3A

PO3A

PO3A

PORA

PO3A

CcoL

STA

361
361
361
361

361
361
361
361

361
3¢61
361
3¢1

361
361
361
361

361
361
361
361

STA

=020~



CA/MC/YR

17/10/69

17/1C/6S
17/10/69
17/10/69

17/10/69
17/10/69
17/10/69

17/1C/6S
17/10/65
17/10/69

17/10/69
17/10/69
17/10/69

17/1C/69
17/1C/6S
17710769

17/71C/69
17/1C/65
17/10/69

CA/FC/YR

TIv

C4.5
C4.5
C4.5
C4a.5

C5.5
€5.5
C5.5

Cé.é
Ce.€
Cé.b

C7.¢
C7.6
C7.¢

ce.s
CE&.5
Ce€.5

CS.5
CS.5
CS.5

TIWM

VS [NC

CYR1
CYR1
CYF1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYF1
CYR1
CYF1

VS CNC

ARA DC-VMIN

371-22.°%
37-32.5
37-22.5
371-22.°%

37-22.5
37‘3205
37-22.5

37-322.5
37-22.°5
37-22.%

37-22.°%
37-22.%
37-22.°5

37-132.°%
37-22.°5
37-22.5

37-22.°5
371-22.°¢
37-22.5

ARA CC-MIN

CG-MIN

7¢-5C.C
7€¢-5C.C
7¢-50.C
7€¢-5C.C

7¢6-5C.C
76-5C.C
7¢-5C.C

7€-5C.C
7¢-5C.C
76-5C.C

76-5C.C
76‘5000

7¢-50.C
7¢-5C.C
7€-5C.C

76-5C.C
7€-5C.C
76-5C.C

CG-NMIN

WC

NN oo, O, (o 0 ¢ e [o 0K e 0 ¢ 0 ¢ )
e« o o ¢ o

(20K e a0 20

WC

T

aNeoNe oMo Nl o NeNe] OO0 [+ XeNeaNe]

sNeNel

1

AT WC Wv CV

AT WG WV LV

NC
Ca
C4
C4
Cc3

c3

C3

c3

Cc3
C3
c3
c3
C3
c3
Cc3

NC

CPT

cC.C
cz.C
C4.C
ce.C

cc.C
ce2.C
C4.C

cc.C
c2.C
C4.C

cc.C
cz.C
C4.C

cC.C
cz2.C
Ca.C

CC.C
c2.C
Ca.C

EPT

—

TT T T T T T T T TTTT

-

TENP

16.2
19.¢
19.¢
19.¢€

15.2
16.¢5
19.5

16.C
19.5
19.€

1.2
1G.4
1.5

19.C
15.4
15.4

19.C
15.3
19.4

TEMFP

o X Pl <l -] E-] TR VRV D —

0 VD

SALN

8.23
g.84
S.17
S.21

8.26
8.47
5.57

7.38
8.€S
S.C7

6.87
7.83
8.12

6.57
6.88
7.15

5.58
S.77
6.38

SALN

cccc

1483
1483
1483
1483

1484
1484
1484

1485
1485
1485

1486
1486
1486

1487
1487
1487

1488
1488
1488

ccce

< < < < < < < < =< < < < < € < <€

< < <

CR

24
24

2¢€

c7
C4
c7
c7
ce
c?

Ce

Cé
ce
c7
[oF:]
Cé

CR

< < < < < < < < < < < < < <€ <€ < =

< < <

VEL

C.41
C.36
C.2¢6
C.18

C.5C
C.CS
C.C5

C.45
C.4C
C.25

C.45
C.€C

C.4C

C.43
C.€C
C.4C

c.ecC
C.45
c.28

VEL

oC

cCc

ccoL
PO3A

PO3A

PO3A

PO3A

PO3A

PO3A

cotL

STA

361
361
361
361

361
361
361

361
361
361

361
361
3¢61

361
361
361

36l
361
361

STA

-Teo-



CA/NC/YR

16/10/6S
16/10/69
16/10/6S
16/10/69

16/1C/65S
16/10/69
16710765
16/1C/66

16/10/65
16€/10/66
16710765
16/10/66

16710769
16/10/65S
16/1C/69
16/10/69

16/10/69
16/10/69
1€/10/66
16/1C/69

CA/NC/YR

TIV

ce.?
ce.7
ce.7
Ce.7

CS.6
CS.6
CS.¢e
CS.¢

1C.€
lc .6
lc .6
1C. €

11.€
11.6
11.6
11.6

12.6
12.6
12.¢
12.6

TIv

VS CNC

CYR1
CYR1
CYR1
CYR1

CYR1
CYRl
CYF1
CYR1

CYFR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYF1
CYR1
CYFR1

VS ENC

ARA CC-MIN

37-322.5
37-22.¢%
31-22.¢%
37-22.°%

371-22.¢
37-22.5
37-22.°5
37-22.%

37-22.5
37-32.5
371-322.5%
371-22.¢%

371-22.¢%
37-22.5
37-22.°5
37-32.5

37-22.¢
37-22.¢
37-22.5
37-22.5

ARA CC-FMIN

CG-VMIAN

76-5C.C
7€¢-5C.C
76’50.0
76‘SC.C

7¢6-5C.C
7€-5C.C
76-5C.C
7¢-5C.C

7€-5C.C
76-5C.C
7€-5C.C
76-5C.C

7¢6-5C.C
7¢-5C.C
7¢-5C.C
7¢-5C.C

7¢-5C.C
7¢-5C.C
7¢-5C.C
7€¢~5C.C

CG-VIN

L1

WC

T

T

AT wC WV CV

AT WC wv OV

NC

C4
C4
Ca
C4

C4
C4
Ca4
C4

Ca
C4
Ca
Ca

Ca
Ca
C4
C4

C4
Ca
Ca
Ca

NC

CPT

cC.C
cz.cC
C4.C
Ccs.C

cc.C
cz.C
C4.C
OSQC

cc.C
c2.C
ca4.C
0c.cC

Cc‘c
c2.C
C4.C
Cée.C

cC.C
cz2.C
Ca.C
Ce.C

CPT

rTTTT TTTT TTTT TTTT

TTTT

TEMP

16.C
19.C
18.C
19.C

19.1
1.4
19.¢
19.¢

19.2
19.4
15.¢€
19.¢

19.6
19.¢€
19.5
15.5

15.2
16.5
19.6
19.6

TEMP

VOXTD D VDD 0 VWO T VOO D

0DV XV D

SALN

6.2
6.73
6.82
6.93

5.28
5.68
6.07
6.31

4.93
Sed4
5.G56
6.14

5.55
5.82
6.73
6.54

6.59
5.58
6.C4
7.15

SALN

ccce

1489
1489
1489
1489

14SC
149C
14SC
14SC

1461
1461
1491
1451

1462
1452
14G2
1462

14593
1463
1493
1493

ccce

< < < < < < < < < < < < < < < <

< < < <

—

< < < < < < < < < < < < < < < <

< < < <

r—

VEL

Cc.83
C.€0
C.75
C.25

C.55
C.29
c.zl
C.l1

Cc.2cC
C.1C
C.12
C.13

C.5¢
C.€3
C.5C
C.323

VEL

5.2¢

5.14

ocC

coL

PO3B

PO3B

PO2B

PO3B

PO3B

coL

STA

362
362
362
362

3¢2
362
362
362

3¢2
3¢e2
362
362

362
362
362
362

362
362
3¢2
362

STA

=23~



CA/MC/YR

16/10/69
16/10/69
16/10/69
16/10/69

16/1C/63
16710769
1€/1C/769
16710769

1€/1C/69
16/10/6%
16/10/69
16/10/66

16/10/69
16710769
1€6/10/69
1€/10/6%

16710769
1€/10/65
16/10/69
16/10/69

CA/FC/YR

TIV

13.6
12.6
13.6
13.¢

14.7
14.7
14.7
1l4.7

15.¢€
15.¢
15.6
15.6

1€.6
1€.€
1€.6
1€.6

17.7
17.7
17.7
17.7

TIN

VS CNC

CYr1
CYFR1
CYR1
CYFR1

CYFR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYFR1

CYR1
CYR1
CYr1
CYR1

VS CAC

ARA CC-VMIN

37-22.5%
37-32.°%
37-32.5
37-22.5

371-22.°5
37-22.%
37-22.5
37-32.5

37-22.¢
37-22.°5
371-22.°5
37-22.%

37-22.5
371-22.°5
37-22.¢
371-22.°%

37-322.5
371-22.¢
37-22.5
37-22.5

ARA EC-VMIN

EG~MIN

76-5C.C
76-5C.C
7€-5C.C
7€-5C.C

76-5C.C
7¢-50.C
7€¢-5C.C
7€-5C.C

7€-5C.C
76‘500C
7€¢-50.C
1¢-5C.C

1€-5C.C
1€-5C.C
7€¢-5C.C
7€¢-5C.C

7¢-5C.C
1¢-5C.C
7€¢-5C.C
7¢-5C.C

CG-MIN

WL

WC

1

T

AT WC WV CV

AT WL WV Cv

NC

Ca
C4
C4
C4

Ca
C4
C4
Ca

Ca
C4a
C4
Ca

C4
C4
Ca
C4

Ca

C4

c4

NC

CPT

cc.cC
cz.C
c‘!.c
Cé.C

cc.C
c2.C
C4.C
Cé.C

cC.C
c2.cC
C4.C
Cé.C

cc.C
c2.C
C4.C
Ce.C

cC.C
cz.C
Cé4.C
Cé.C

CFPFT

TTTT TTTT ~

T TTT

T T T T

TEVMP

19.5
16.7
15.7
19.7

19.¢
19.€
19.¢
1906

19.6
19.6
19.¢
15.¢€

19.2
19.€
1G.¢
19.¢

19.5
19.5
19.5
16.5

TEVP

—

DV 0 VXV VTP VOV

VDV VD

SALN

8.4C
8.56
8.57
8.54

S.82
S.98
5.G8
3.97

1C.7C
1C.83
1C.84
1C.84

1C.73
11.C1
11.12
11.14

8.55
10.76
11.27
11.26

SALN

ccce

1454
14G4
1464
1464

1465
1485
1465
1485

1456
1496
1456
1466

14587
1497
1497
1467

1498
1498
1498
1468

ccce

< < < < < < < < < < < =< < < <<€

< < < <

22
23
23
24

< < < < < < < < < < < < < < < <

< < < <

VEL

C.39
C.81
C.51
C.‘.S

C.S4
C.75
C.75
C.5¢

c.81
C.¢€3
c.56
C.23

C.26¢
c.38
C.2¢
C.18

C.27
C.1C
C.13
C.CS

VEL

I OC

B 5.18

B 5.94

B 5.98

B 6.1C

cct

PO3B

PO3B

PO3B

PO3B

PO3B

CCL

STA

362
362
362
362

362
362
362
362

362
362
362
362

362
362
362
362

362
362
3¢2
362

STA

-£e0-



CA/VMC/YR

16/10/6%
16/10/69
16710769
16/10/69

16710769
16710769
16/1C/6S
16/1C/6S

16/1C/65
1€/10/65%
16/10/69
1€/10/69

16/10/69
1€/10/69
1€/10/69
16/10/69

16/10/65
16/10/69
16710769
16/10/69

CA/NMC/YR

TIV

18.7
18.7
18.7
18.7

16.7
16.7
16.7
16.7

2C.7
2C.7
2C.7
2C.7

21.¢
21.6
21.€
21.6

TIWv

vS CANC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR]
CYR1

CYR1
CYR1
CYF1
CYR1

CYR1
CYR1
CYR1
CYF1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA CC-NMIAN

37'32.5
37‘3205
37-22.¢%
37-22.°5

37-22.5
37-32.¢%
37-22,¢
371-22.°%

37-22.¢
371-322.¢
31-22.¢
371-22.¢

37-22.°%
37-22.°¢
371-22.¢
371-22.¢

371-22.¢
37-322.¢
37-22.°%
37-22.¢

ARA CC-MIN

CG-VMIN

7€¢-5C.C
7¢-5C.C
7¢-5C.C
76-5C.C

76-ECOC
7¢-5C.C
7¢-50.C
7¢-5C.C

76‘50-C
76-5C.C
1€-5C.C
7€-5C.C

7¢-5C.C
7¢-5C.C
76-5C.C
7¢-5C.C

7¢-:5C.C
7¢-5C.C
76-5C.C
7€¢-50.C

CC-MIN

WC

AN AN AN

AR WA AR AN

Wl

T

NN N

T

AT WC WV CV

AT WC wv CV

NC
C4
C4
C4
C4
C4
C4
c4
C4
Cé4

C4
Ca
Ca
C4

Ca
Ca
Ca
Ca

NC

CPT

CcC.C
c2.C
C4.C
Cce.C

cC.C
cz2.C
C4.C
Cé.C

cC.cC
c2.C
C4.C
Ccs.C

cc.C
cz.C
C4.C
cc.C

cc.cC
c2.C
C4.C
Ccc.C

CeY

—

rTTTT TTTT rTTTT TTTT

TTTT

—

TENMF

18.2
19.¢
19.¢€
19.6

15.4
19.7
19.7
19.7

19.¢€
16.7
19.8
16.¢

16.7
16.7
19.7
19.7

19.5
15.¢€
19.7
1.7

TENP

T XWX 0 DT kAR - B -] = 0V 1V D

D VXV D

SALN

8.63
1C.53
10.53
10.51

9.C2
10.C7
1C. 34
1C.3C

9.23
g.61
S.31
5.3C

T.64
7.7C
7.7
7.85

6.4
€.G4
7.C8
T.14

SALN

cccc

1499
14S9
1499
1499

1500
1500
15CC
15CC

15C1
1501
15C1
1501

15C2
15C2
15C2
15C2

15C3
1503
1503
15C3

ccce

<< << < < < < < < < < < < < <

< < < <

o

—

< < < < < < < < << << << <<

< < < <

-

VEL

0.€C
C.55
C.45
C.24

C.1C
c.7C
Ciec
C.46

C.53
C.€3
C.53
C.35

C.42
c.58
C.26
C.33

c.7C
C.58
C.25
c.21

VEL

Co

€.2C

4.54

cc

cot

PO3B

PO3B

PO2B

PO3B

PO2B

CccL

STA

362
362
3e2
362

3¢€2
3¢€2
362
362

362
362
362
362

3¢2
3¢é2
3¢é2
362

362
362
362
3¢2

STA

-2



CA/MC/YR

1€/10/63
1€/10/69
167/10C/69
16/10/69

17/1GC/6S
17/1C/6S
17/1C/6S
17/10/69

17710769
17/10/69
17/1C/69
17/1C/6S

17710769
17/10/69
17/10/69
17/10/69

17/10/69
17/10/689
17/10/69
17/1C/659

CA/NMC/YR

TIV

23.6

1,6
23.6
23.6

CC.¢
CC.t
CC.6
CC.6

Cl.6
Cl.é¢
Cl.é
Cl.¢

TIV

VS ENC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA CC-VMIAN

37-22.°¢
37-32.5
37-32.°%
37-22.°%

37‘32.5
371-22.¢
37-22.%
371-22.¢

37-32.5
37-22.5
37-22.°¢
371-22.5

371-32.°%
371-22.5
37-22.°%
37-22.°¢

37-22.°%
37-22.°¢
37-22.5
371-22.°5

ARA CC-VMIN

CC-MIN

7¢-5C.C
76-50.C
7¢-5C.C
76-50C.C

1¢~-5C.C
76‘SCQC
716-5C.C
7¢-5C.C

76-5C.C
7¢-£C.C
7€¢-5C.C
7¢-5C.C

7€-5C.C
76-5COC
7€¢-5C.C
76-5C.C

7¢-5C.C
7€-5C.C
7¢-5C.C
16-5C.C

CC-MIN

WC

Wi

T

T

AT WC WV CV

AT WC WV CV

Ca
C4
Ca
Ca

ca
Ca
C4
Ca

CFT

Ccc.C
Cz.C
C4.C

c.C

cC.C
C2.C
Ca.C

£.C

CC.C
c2.C
C4.C

SOC

cC.C
C2.C
C4.C
C5.C

cC.C
ce.C
C4.C
ce.C

EFT

TTTT TTTT TTTT TTTT =~

TTTT

TEMF

19.5
19.6
13.¢€
19.7

13.4
19‘6
15.¢
15.¢

1.3
15.5
19.5
19.5

16.2
19.¢€
19.¢
19.¢€

15.2
19.5
19.€
19.¢

TEMF

]

0 VWO 0 D WO TXVOR D WVOD

B ol o i o]

SALMN

5.88
€.1¢
6.59
6'67

5.50
6.C7
6.35
6.57

6.C2
6.1C
6.82
6.8¢

€.52
7002
7.85
T.86

T1.€2
8.03
8.55
8.59

SALN

ccce

1504

1504

15C4
15C4

15C5
15C5
1505
1505

15C6
1506
15Cé
15Cé6

15C7
15C7
1507
1507

1508
1508
15C8
1508

ccce

< << < < < < < < < < < < < <<

< < < <

o

2€
24
24
25

25
24
24
25

CR

< << < =

<< < <

< << <

< < < =<

< < < <

—

VEL

C.5C
C.2C
C.15
C.Cé&

C.1l6
C.C5
C.CS9
C.Cé

C.23
C.28
C.25
C.z28

C.S8
C.€C
Ca45
0.33

VEL

B 4.74

B 4.8¢

B 5.C¢

coL

PO3B

PO3B

PO3B

PO3B

PO3B

CCL

STA

362
362
362
362

362
362
3¢2
362

362
3¢2
362
362

362
362
3¢2
362

362
362
362
362

STA

-G2o~



CA/NMC/YR

17/1C/6S
17/1C/69
17/10/69
17/1C/6S

17/1G/76S
17/1C/69
17/10/69
17/1C0769

17/1C/6S
17/1C/69
17/10/766
17/10/69

17/10/66
17/10/6S
17710766

17/71C/768
17/1G/69
17710769

CA/NC/YR

TIV

C4.5
C4.5
C4.5
C4.5

C5.6
C5.S
C5.6
C5.6

Cé.T
Cé.7
Cé.?
Ce.7

C7.7
C7.7
Cl.7

C€.7
CE.7
ce.7

TIv

vS CNC

CYR1
CYR1
CYR1
CYF1

CYFR1
CYFR1
CYr1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1

CYR1
CYF1
CYR1

vS CNC

ARA CC-MIN

37-22.¢
37-22.¢
371-32.¢
37-22.¢

37-22.¢%
37-22.5%
37-22.¢
371-22.¢

37-322.5
371-22.5
37-22.¢
371-22.°¢

37-22.¢
37-322.¢
37-22.°¢

37-22.¢
37-22.°%
37-22.¢

ARA CC-MIN

CC-VMIN

76'5000
76-5C.C
7¢-5C.C
7¢-5C.C

7¢-5C.C
16-5C.C
7¢-5C.C
7¢-5C.C

7¢-5C.C
7&’50-(:
76-5C.C
76_5C.C

7¢-5C.C
7€¢-5C.C
7€¢-50.C

76"‘500C
7¢-5C.C
7¢-5C.C

CC-MIN

WC

wC

T

T

AT WC WV CV

AT WC WV CV

NC

Ca
C4

Ca

Ca
C4
Ca4
C4

C4
C4
C4
Ca4

C3
Cc3
Cc3
Cc3
C3

NC

CPT

cc.cC
c2.C
C4.C
cs.cC

CC.C
c2.C
Ca.C
ce.C

cc.C
cze.C
C4.C
Cé.C

CC.C
C4.C
cC.C
cz2.C
C4.C

CFPT

T T TTTT TTTT TTTT

T T

TENE

19.2
19.¢€
16.¢€
16.¢€

18.3
1G.4
19.%5
15.5

18.1
19.1
1S.4
19.5

18.7
19.2
16.5

18.6
15.2
19.4

TENF

DV VWD WV T VDD ——

ol -]

SALN

8.13
g.7C
S.34
5.43

8.22
8.76
G.38
S.44

7.5¢
.41
8.63
9.C2

.75
T.5¢€
8.22

6.18
€.54
7.37

SALN

cccc

15C9
15CS
1509
1509

1510
151C
151C
151C

1511
1511
1511
1511

1512
1512
1512

1513
1513
1513

ccce

< < < < < < < < < < < < < < <

<

CR

25
24

g

P

2¢€

< < < < < < < < < < < <

< < <

< < <

VEL

C.29
C.29
C.27
C.22

C.2C
C.l¢

c.C?

CCL

PO3B

PO3B

PO2B

PO3B

ccL

STA

362
362
362
3¢2

362
3e¢2
3¢2
3¢é2

362
362
362
3e2

3¢2
362
362

362
362
362

STA

-980_



CA/NC/YR

17/10/66
17/10/69
17710769

16/10/66
16/7/10/6S
16710769

16/1C/69
1€/106/69
1€/1C/69
16710765

16710765
16/10/689
16/10/69
1€/10/769

1€/10/69
16/1C/6S
16/1C/65S
1€/1C/69

CA/NC/YR

TIM

CS.7
CS.7
CS.7

CE.S
CE.S
ce.s

CS.7
CS.7
CS.7
CG.7

1C.7
1C.7
1C.7
1C.7

11.7
11.7
11.7
11.7

TIV

VS CAC

CYR1
CYR1
CYR1

CYR1
CYFR1
CYR1

CYR1
CYF1
CYFR1
CYFR1

CYFR1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA CC-MIN

371-22.¢
37-22.¢
37-22.°¢

371-22.4
371-22.4
371-22.4

w

w
-~ - -~

[EVIRUS ISV IR Y )

[ASELS IS,V ]

ARA CC-MIN

CC-MIN

7€-5C.C
76‘5000
16-5C.C

1€-4G.6
16-4S.9
1€-45.6

1€-4G.6
1€-45.6
7¢-4SG.6
1€-4S.S

1€-4G.5
71€-46.6
T€-49.65
T€-4S5.6

1€-4S.6
T€-49.6
T€-49.6
1€-4S5.S

CC-MIN

WC

WC

T

T

AT WC Wwv CV

AT WC wWv CvV

c3
Cc3
c3

Cc3
C3
C3

Ca

C4
Ca

Ca
Ca
Ca
C4

o}
Ca
Ca
Ca

NC

cC.C
cz2.cC
C4.C

CC.C
Cé.C
Ca.C
CS.C

CC.C
C2.C
Ca.C
Cs.C

CcC.C
Cz.C
C4.C
Cé.C

CFT

+ T

TTTT

TTTT

T TTT

TEMF

15.4
19.4
15.4

19.1
15.4
16.5

1.4
15.2
1S.4
16.%

16.5
19.5
15.4
19.5

19.4
19.4
1.3
16.2

TEMF

o

0 VT

0 D WD

VDT

SALN

5.11
5.42
€.2€

€.C8
€.25
6.€2

S.42
S.7€
€.CS
€.3C

5.58
6.41
7.13
€.53

SALN

ccce

1514
1514
1514

1515
1515
1515

1516
1516
151¢
1516

1517
1517
1517
1517

1518
1518

‘1518

1518

ccce

< < < < < < < < < < <

< < < <

24
25
24
28

CR

< < < < < < < < < < < - < <

< < < <

Y—

VEL

I

cc

3.72

bc

caoL

PO3B

PO3C

PO3C

PO3C

PO3C

coL

STA

362
362
362

363
363
363

3¢3

363
3¢3
363
363

363
3¢63
3¢3
363

STA

-120-



LA/NML/YR

16/1C/665
1€/1C/69
1€/10C/66
16/10/65

1€/1C/65
16/1C/6S
L€/1C/69
1€/1C/6S

1€/10/69
1€6/1C/65
1€/1C/65
1€/10/65

1€/1C/635
1€/10/65
1€/1C/765
1€6€/1C/66

1€/1C/65S
L€/1C/66
16/1C/66
1€/1C/65

Ca/rC/YR

——
W »
.
~

14.6
14.6
14.G
14.6

1547
1547
1.7
15.7

1€.7
1€.7
1€.7
1€.7

TIv

Vs

VS

ENC

CYR1
CYF1
CYR1
CYR1

CYFR1
CYR1
CYFR1
CYFR1

CYF1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYFR1

CYR1
CYFR1
CYFR1
CYR1

ENC

ARA CCG-VMIN

371-22.4
37-22.4
37‘32.‘1
371-22.4

37‘32.4
37-22.4
37-22.4
37-22.4

31-22.4
37‘3204
37-32.4
37-22.4

'

W W W
-~~~
|
ETEATE
N N N R
e e o o
P S P

371-22.4
37-22.4
371-22.4
31-22.4

ARA CC-MIN

CC-VMIN

1€-45.6
7€-4G.9
1€-4G.6S
1€-46G.6

T1€-4G.6
T1€-45.6G
7€-45.6
1€-4S.6

7€-4S.6
7¢€-49.6
7€-4G.6
71€-4G.6

1€-46G.6
7€-4G.6
T1€-49.6
7€-49.9

T€-4G.6
T1€-4G,6
1€-45.6
1€-45.5

CE-MIN

WC

WC

T

T

AT WC WV CV

AT WC WV CV

NC

Ca
Ca
Ca
Ca

C4
Ca

C4

C4
Ca
Ca4
Ca

Ca
C4
C4
Ca

Ca
Ca
Ca

Ca

NC

CFT

cC.C
c2.C
C4.C
Cé.C

CC.C
Cz.C
C4.C
Ce.C

cc.C
cz.C
C4.C
Cé.C

CC.C
CZOC
C4.C
Ce.C

cc.C
c2.cC
Ca.C
Ce.C

CPT

TTTT TTTT TTTT TTTT

TT T T

—

TENF

19.2
1G5.¢€
19.¢
19.6

IGQE
15.5
1G.E
16.¢€

15.7
19.7
19.8
15.8

19.5
19.7
19.7
15.¢

19.5
16.¢€
16.5
1S5.5

TENMF

—

T VWV

0 X DD

0 0o VWD

X VD

SALN

€.27
7.15
6.217
€.€S

€.4C
.56
8.51
8.54

9.G517
16.C7
1C.13
1C.22

S.77
1C.21
1C.78
1C.83

S.28
11.C4
11.25
il.26

SALN

ccce

1519
1519
1519
1519

1520
1520
152¢C
152¢C

1521
1521
1521
1521

1522
1522
1522
1522

1523
1523
1523

I )

1523

ccce

—

< < < < < < < < < < < <

< < < <

« < < <

23
24
23

CR

< < < =<

< < < <

< < < <

“ <€ <€ <

-

< < < <

CCL

PO3C

PO3C

PO3C

PO3C

PO3C

coL

STA

363
3¢€3
3¢é3
363

363

3e3
3¢3

3¢€3
3¢3
363
363

363
3¢3
3€3
3¢3

STA

-Q20-



CA/FMC/YR

16/1C/68
16/1C/69
167107689
1€/1C/65

16/10/65
1€/10/6S
16/1C/69
16/10/69

16/1C/69
16/1C/69
16/1C/69
16/10/6S

16710769
16/10/69
16/1C/65S
16/10/69

16/10/65
16€/10/69
16€/10/69
1€/10/66

CA/NMC/YR

TIV

17.8

17.8
17.8
17.8

18'8
18.8
18.8
18.8

15.8
15.8
1.8
16.8

2C.8
2C.8
2C.8
2C.8

TIV

VS [NC

CYR1
CYR1
CYR1
CYF1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYF1
CYR1

CYR1
CYR]
CYFR1
CYF1

VS CNC

ARA CG-MIN

37-22.4
371-22.4
371-22.4
37-22.4

37-22.4
37-322.4
37-22.4
37-22.4

37-22.4
37-22.4
371-22.4
37-22.4

37-22.4
37-22.4
37-22.4
371-22.4

37-22.4
37-22.4
37-22.4
37-22.4

ARSA CC-MIN

CG-VMIN

1€-49,9
T1€-4G.5
1€-4S.6
1€-45.6G

16-4G.6G
7€-45.9
76_4909
7€-49.6

T€-49.6
7€6-4S.9
1€6-4S.9
1€-45.9

71€-49.6G
7€-45.6
1€-4G.5
1€-4G.6

7€-45.65
7€-45.6
7€-4S.65
T€-4S.65

CC-MIN

We

WC

T

T

AT WC WV CV

AT WC WV CV

NC

c4
C4

C4

Ca

C4 .

C4

Ca4
C4
C4
Ca

Ca
Ca
C4
Ca

C4
Cs4
C4

Cé4-

NC

CPTY

ccC.C
Cz.C
C4.C
Cé.C

cC.C
c2.cC
Cé4aC
ce.C

cc.C
Cz.C
C4.C
Cé.C

cC.C
c2.C
C4a.C
ct.C

cC.C
c2.C
C4.C

5.C

CFT

TTTT TTTT rTTTT TTTT

TTTT

TEMF

1904
15.5
16.5
19.5

19.C
16.¢
1G.¢
19.¢

19.2
19.7
19.7
19.7

16.%
19.7
1.8
1G5.€

15.5
19.6
16.7
19.7

TENF

e -l <l v i o] VO VIR

TV

—

S.CC

7.19
7.38
T.62
7.81

SALN

ccce

1524
1524
1524
1524

1525
1525
1525
1525

1526
1526
1526
1526

1527
1527
1527
1527

1528
1528
1528
1528

ccce

—

< < < < < < < < < < < =<

< < < <

< < < <

c7
c?
Cé
Cé

< < < < < < < < < < < < < < < <

< € < <

VEL

C.37
C.15
C.21
C.13

C.7C
C.€C
C.48
C.4C

1.CS
c.7C
C.€C
C.48

C.S2
C.£8
C.5C
c.gee

C.4C
C.€C
c.ge
C.21

VEL

CC

cc

coL

PO3C

PO3C

PO3C

PO3C

coL

STA

363
3é3
363
363

363
363
363
363

363
3¢3
3€3
3¢3

363
3¢€3
3¢3
363

3¢é3
3€3
363
3€3

STA

_63:?_



CA/MC/YR

1€/10/65
16/10/665
16/1C/6S
16/1C/69

16/1C/69
16/1C/69
16/10/69
16/10/69

17/10/65
17/10/6S
17/10/6S
17/1C/66

17/1C/69
17/1C/69
17/1C/698
17/1C/69

17710768
17710769
177/1C/6S
17/1C/69

CA/NC/YR

TIV

22.7
22.7
22.7
2247

22.7
22.7
23.7
23.7

cC.8
cc.8
cc.eg
cC.8

Cl.®8
Cl.8
Cl.8
cl.8

c2.8
C2.8
2.8
c2.8

TIM

VS CNC

CYR1
CYR1
CYF1
CYFR1

CYFR]
CYR1
CYR1
CYR1

CYR1
CYFR1
CYR1
CYR1

CYR1
CYR1
CYF1
CYFR1

CYRr1
CYR1
CYR1
CYr1

VS CNC

ARA CC-VMIN

37-22.4
37-22.4
371-22.4
37‘32.4

37‘3254
31-22.4
37-22.4
37-22.4

37-22.4
371-22.4
37-220‘9
371-22.4

37-22.4
37-22.4
37-22.4
37-22.4

37-22.4
37-22.4
37-22.4
37-22.4

ARA CC-MIN

CC-MIN

7€-4G.S
7€¢-49.6
7¢-49.9
1€-46.9

7¢-49.6
76“!909
7€-49.6G
7€-49.9

T7€-49.5
71€-49.6G
7€-49.6
7€-49.6

16-4G8.6
1€-49.6
7€-4G.6G
T1€-4S.S

T1€-46.S
T€-4G.6
T€-49.5
T€-45.5

CC-NMIN

Wl

RN W
e o o o
naanaan

Wl

T

T

AT wWC WV CV

AT WC WV Cv

NC

C4
C4

Ca4

Ca
Ca
Ca
C4

C4
Ca
C4
Ca

C4
Ca
Ca
C4

Ca
C4
Ca
Ca

NC

DFT

Cc.C
C2.C
C4.C

£.C

cC.C
c2.C

C4.C.

Cc5.C

cc.C
ca.cC
C4.C
cc.C

Cc.C
cz.C
C4.C
Cé.C

cC.C
C2.C
C4.C
Cs.C

CFT

]

TTTT

TTTT TTTT

rTTTT

TTTT

TEMF

15.5
19.¢
19.6
19.¢€

19.4
16.5
1G.¢€
16.¢€

16.3
19.5
15.5
19.¢

16.3
19.5
15.¢€
19.¢€

19.4
1.5
19.¢
19.¢

TENVF

—

D VT 0 VWD kol B < I -] D DDV D

O XV VWD

—

SALN

6.71
6.76
6.8¢
6.93

5.94
6.11
6.38

€.€2

5.52
5.86
6.37
6.€1

5.82
6.67

‘7.2C

T7.25

6.81
7.18
T.24
8.CS

SALN

ccce

1529
1529
1529
1529

1520
153¢C
1530
1530

1531
1531
1531
1531

1532
1532
1532
1532

1533
1533
1533
1533

ccce

—

< < < < < < < < < < < < < < < <

< < < <

c?
c?
Q4
24

< < < < < < < < < < < =< <€ €€ -

< < < <

C.5C
«55
C.5¢C

0.52

VEL

cc

cc

CcGCL

PO3C

PO2C

PO3C

coL

STA

3¢3
3¢3
363
363

3¢3
363
3¢€3
3¢3

363
363
3¢3
3¢3

363
3¢63
3¢3
363

363
363
363
363

STA

-0€0-



CA/NC/YR

17710769
17710769
17/10/689
17/1C/69

177107639
17/10/769
17/10/68
17/10/65

17/1C/6S
17/1C/6S
17/10/69
17/10/69

17/10/68
17710768
17710765
17/1C/69

17/10/6S
17/10/69
17/10/768
17/1C/69

CA/NMC/YR

TIV¥

C3.7
C3.7
C3.7
Cc3.7

Ca.7
C4.7
C4.7
Ca.7

Cé.
CE.7
Céa
Cé.T7

C7.C
c7.C
c7.C
c7.0

C7.5
C7.9
C7.9
C7.5

TIWM

vs CNC

CYFR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYF1
CYR1

CYF1
CYRL
CYF1
CYER1

CYR1
CYR1
CYR1
CYF1

VS CNC

ARA CC-MIN

37-322.4
37-22.4
37-22.4
37-22.4

37-22.4
37-22.4
37-22.4
37-22.4

37‘32011
371-22.4
371-22.4
37-22.4

37-22.4
37-22.4
37-22.4
37-22.4

37-22.4
371-22.4
37-22.4
37-32.4

ARA CC-MIN

CG-MIN

7€-45.6
T1€-4G.9
7€6-46.S
7€-4G.S

T€-4G.5
T€-49.6
1€-49.5
1€6-4G.9

1€-49.9
16-4G.5
1€-4G.65
71€6-4G.6G

7¢-49.9
T€-49.6
T€-49.6
7€-49.65

T€-4G.65
76-4G.9
76-49.5
7€-45.5

CC-VMIN

WC

WC

T

T

AT WG WV CV

AT WC wv Cv

NC

C4
Ca
C4
C4

Ca
C4
C4
C4

C4

Ca
Ca

Ca
Ca
Ca
Ca

C4
C4
Ca
Ca

NC

CPTY

cC.C
cz.C
C4.C
c5.C

cc.C
c2.C
C4.C
cc.C

ccC.C
Cz.C
Cq.c
cs.C

cC.C
Cz.C
C4.C
ce.C

cC.C
cz.C
Ca.C

S.C

CFT

—

TTTT TTTT TTTT TTTT

TTTT

—

TENMP

15.1
19.5
19.¢
19.6

15.1
19.5
19.¢
19.€

19.1
1902
15.5
16.¢5

1809
16.2
19.5
16.5

18.8
19.3
19.5
19.5

TENMF

N VDR VDTV TV VDO VOV —

N WO

SALN

7.60
7.85
7.595
8.G2

8.1¢
5.18
9.38
S.41

7.54
8.22
8.81
§.25

7.75
7.5C
8.63
8.78

6.34
7.28
7.7
g.cs8

SALN

ccct

1534
1534
1534
1534

1535
1535
1535
1535

1536
153¢
1536
1536

1537
1537
1537
1537

1538
1538
1538
1538

ccce

< < < < < < < < < < < =< < < < <

< < < <

—

CR

24
24
25
24

c7
c1
ce
Ce

< < < < < < < < < < < < < < < <

< < < <

C.55
C.45
C.3C
C.23

C.44
C.€C
C.41
C.4l

VEL

cc

cc

coL

PO3C

PO3C

PO2C

PO3C

CoL

STA

3¢3
3¢3
3¢3
363

3e¢3
3¢3
3¢3
3¢€3

3e3
3¢3
363
3¢3

363
3¢3
363
363

3¢e3
3¢€3
3¢3
363

STA

-TE0-



CA/FC/YR

17/10/69
17/1C/68
17/1C/6S
17/1C/6S

17/10/69
17/1C/6S
17/1C/69
17/10/69

TIV

ce.s
ce.s
ceg.g
Ce.8

cs.8
Cs.8
Cs.8
cs.8

VS ENC

CYF1
CYR1
CYR1
CYF1

CYR1
CYR1
CYR1
CYFR1

ARA CC-VIN

37-22.4
37-22.4
37-322.4
371-22.4

371-22.4
371-22.4
371-22.4
371-22.4

CG-MIN

T1€-4G.9
T€-4G.6
1€-49.6G
1€-49.6

1€-45.9
7€-45.6
T1€-4G5.6
1¢-4G.9

WC T

AT WC WV CV

NC

C4
C4

C4

Ca
Ca
C4
C4

CPT

cC.C
c2.C
Ca.C

S.C

cc.cC
c2.C
C4.C
Ct.C

TTTT

TTTT

TEMF

18.8
19.3
19.4
19.5

19.C
15.3
16.4
19.4

T VTV

0 XV VX

SALN

5.59
6.‘.c
T.2C
7.32

4.C5
5.12
6.25
6.36

ccee

1539
153s
1539
1539

1540
154C
1540
1540

< < < <

< < < <

—

< < < <

< < < <

VEL

C.73
C.55
C.4C
C.3C

C.61
C.45
C.29
C.18

oC

coL

PO3C

PO3C

STA

3¢3
3¢3
363
363

363
363
363
3¢3

A



CA/NMC/YR

18/1C/69
18/1C/69
18/1C/69S

18/10/69%
18/10/69
18/1C/65

18/1C/69
18/1C/69
18/10/68

18/1C/6S
18/10/639
18/10/69%

17/10/69
17/10/69

17/10/66
17/10/69

CA/VC/YR

TIV
1C.5

1€C.5
1C.5

11.4
11.4
11.4

16.1

TIM

Vs

VS

EANC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYF1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1

CYR1
CYR1

CAC

ARA CC-NIMN

37-3C.t
37-3C.5
37-3C.5

37-3C.Ct
37-2C.¢
37-2C.5

37-2C.5
37-2C.C5
37-2C.t%

37-2C.5
37-32C.°5
37-2C.5

37-26G.5
37-2G9.9

37-2G.5
37-26.5

ARA CC-NMIN

CG-VMIN

1€-47.5
76-47.5
1€-47.5

1¢-47.5
7€-47.5
T1€6-47.5

1€-47.5
76_4705
7¢-47.5

T1€-47.5
T16-47.5
T7€-47.5

Te-4€6.1
T1€-46.1

1€-4€.1
1¢-4¢€.1

CC-VIN

WC T

SN S
* o o e o o
OO0 o NeRe)

SHoDn N
o &
eNeNe]

n

[FUEN)
o o
nan

e
.-

3'5

WC T

AT WD WV CV

AT WC WV CV

NC
C3

c3

c3

c3

c3

c3

c3

c3

c3

c2
ce

c2
c2

NC

CPT

CC.C
cz.C
c2.C

cc.C
cz.C
02.C

cc.C
c2.cC
c2.C

TT T T T

TTT

TEMP

18.7
18.¢€
18.6

18.€
18.7
18. €

16.2
18.6
19.1

19.7
18.€
18.7

1S.1

18.¢€

TENE

1

x

o VD

0 VD

0 D

b= o]

SALAM

S.55
1C.19
1C. 68

S.1¢€
S.41
1C.€¢

T.€1
S.19
1C.56

12.7C
13.54

12.54
13.37

SALN

ccce

1713
1713
1713

1714
1714
1714

1715
1715
1715

1716
1716
1716

1718
1718

1719
1719

ccce

> > > DD > D>

> > D>

CR I VEL
25 A C.45
25 A C.25
24 A C.18
21 A C.C5
21 A C.C2
26 A C.C2
21 A C.27
2C A C.C4
23 A C.C2
14 A C.CS
18 A C.33
25 A C.22
12

13

12

12

CR I VEL

I

bc

coL

YO1D

YO1D

YO1lD

YO1D

coL

STA

434
434
434

434
434
434

434
434
434

434
434
434

441
441

441
441

STA

-€eo-



CA/NC/YR

18/1C/65
18/10/69
18/10/6S

18/10/69
18710769
18/10/69

18/10/69
18/10/69

18710769
18/10/69

18/10/6%
18/1C/65S
18/10/69

18/10/69
18/10/69
18/10/689

CA/FC/YR

TIV

C3.4
C3.4
C3.4

C4a.4
(:4.4
Chad

VS CANC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1

CYR1
CYR1

CYFR1
CYR1
CYR1

CYR1
CYF1
CYR1

vS ENC

ARA CG-VIN

37-2C.t
37-23C.5
37-2C.¢

371-2C.%
37-2C.¢
37-2C.5

37-2C.5
37-2C.5

37-2C.¢
37-2C.5

37-3C.c
37-2C.t
371-2C.5

37-2C.¢
37-2C.5
37-2C.t

ARA CC-MIN

CG-VIN

76-‘17‘5
1€-47.5
T€-47.5

T€-47.5
T€-47.5
7¢-47.5

T16-47.5
16-47.5

76¢-47.5
T6-47.5

76-4705
T€-47.5%
1€-47.5

76“07.5
1€-47.5
1€-417.5

CC-NMIN

WC

PR S nNoNo NN I S NN

P

WC

T

[aNeRel W \n OO0 leNeoNe

oNeNe]

T

AT WC WV CV

AT WC WV OV

Cc2
Cc2

c2
Cc2

Cc3
Cc3
Cc3
Cc3
C3

NC

CFT
CcC.C

C4.C

TTT

T T

TEMP

18.5
19.1
19.2

18.32
18.¢€
18.8

I

DTN

E -

I

SALN

1C.71
1C.53
1C.2¢

11.75
12.17
12.2¢€

11.17

1C.88
12.25

1C.¢€5
11.2C
11.33

1C.4¢
11.21
11.38

SALN

ccce

17¢7
17C7
1707

17c8
17c8
17c8

1709
1709

1710
1710

1711
1711
1711

1712
1712
1712

cccc

> >

-2 -]

-

> D>

CR
3¢

35

3¢

3¢

31
24

21
22

22
23
22
21
22

CR

> D>

> > D>

> >

> D

> b

7.88
6.5C

8.44
8.5C

o]

coL

YO1D

YO1D

YO1D

YOlD

YO1lD

YO1D

CCL

STA

434
434
434

434
434
434

434
434

434
434

434

434
434

434
434
434

STA

-qgo-



CA/VC/YR

17/10/69
17/10/69
17/1C/69

17/1C/65
17710769
17710769

17/1C/68
17710769
17710769

18/10/65S
18/10/69
18/1C/6S

18/1C/6S
18/1C/69
18/1C/69

18/1C/69
18/1C/69
18/10/69

CA/NMC/YR

TIWM

21'3
21.3
21.3

22.2
22.2
22.2

22.4
23.4
23.4

CC.3
CC.3
CC.3

Cl.C
Cl.C
Cl.C

C2.3
c2.3
C2.3

TIV¥

vS CNC

CYR1
CYR1
CYF1

CYF1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYF1
CYFR1
CYFR1

VS ONC

ARA CC-MIMN

371-2C.5
37-2C.5
37-2C.¢

37-2C.5
37-2C.5
37-2C.S

37-2C.5
37-2C.5
37-2cC.=c

371-2C.5
37-2C.5
37-2C.5

371-3C.°¢
37-2C.5
37-3C.5

37-2C.°t
37-2C.5
37-2C.¢

ARA CC-MIN

CG-NIN

76-47.5
7€-47.5
T€-47.5

76"1705
7€-47.5
7€-47.5

7€-47.5
76-47.5
76-47.5

76-47.5
T€-47.5
7€-47.5

7€6-47.5
76-47.5
1€-47.5

7€-47.5
T€-47.5
1€-47.5

CG-MIN

WC

Hon D HoDD B S

o

WC

SHe D

PO

1

eNeNe) oNeNe] OO leNeNyp] o0

eNeNe]

T

AT WG wWv CV

AT WC WV Cv

NC
Cc3

C3

c3

Cc3

c3

c3

Cc3
Cc3
c3
Cc3
c3
Cc3
c3

NC

CPT

cc.C
cz.C
02.C

CC.C
c2.C
03.C

CC.C
Cz.C
c2.C

cc.cC
C2.C
C3.C

cc.c
c2.C
c3.cC

cc.C
Cz.C
C2.C

CPT

T TT -r T T T

-

TENMF

19.2

18.5
19.1
19.2

18‘?
18.5
19.C

18.8
18.5
18.6

18.¢
le.g
18.5

18.5
18.C
18.9

TENF

1

e B o] D

x

SALN

11.43
12.C4
12.€2

1C.SC
11.C3
11.€5

1C.38
1C.47
1€.S2

9.57
1C.C5
1C.38

5.C5
1C.C1
1C.C5

S.35
1C.€7
1C.G3

SALAN

ccce

1701
1701
17C1

1702
17C2
1702

17C3
1703
17C3

17C4
17C4
17C4

17CS
17C5
17C5S

1706
1706
170¢

ccce

™ D> D > D> > > >

> >

1¢
17
1€
1€

17

1§

18

21
28
3¢
c2
Ccl

CR

> DD D> DD DD

>

VEL

C.6C
.50

C.3¢

C.45
C.36
C.22

C.24
C.19
C.CS

C.12
C.l2
C.l1lC

C.l1lC
c.Cs8
0.C7

o

caoL

YO1D

YO1D

YO1D

YO1D

YO1D

YO1D

cotL

STA

434
434
434

434
434
434

434
434
434

434
434
434

434
434
434

434
434
434

STA

-G€0~-



CA/NC/YR

17/10/69
17/10/69
17/10/769

17710769
17/1C/69
17/10/6%

17/10/69
177107653
17/10/69

17710769
17/10/68
17/1C/69

17/1C/69
17710768
17/10/69

17/1C/69
17/1C/65
17/10/65

CA/NC/YR

TIV

1€.2
1€.2

l1€.2

17.C
17.C
17.0C

17.8
17.8
17.8

16.1
15.1
16.1

16.¢
16.6
15.€

2C.2
2C.2
2C.2

TIv

VS LNC

CYR1
CYR1
CYR1

CYR1
CYF1
CYR1

CYR1
CYR]
CYR1

CYF1
CYR1
CYR1

CYR1
CYR1
CYF1

CYR1
CYR1
CYFR1

VS CNC

ARA CC-MIN

37-32C.5
37-2C.5
37-2C.5

37-3C.t
37-23C.5
37-2C.t

37-2C.5
37-2C.5
37-3C.°¢

37-2cC.¢t
37-2C.5
37-2C.5

37-2C.5
37‘3(:.5
37-2C.5

37-2C.¢
37-2C.¢
37-3C.5

ARA DG-MIN

CC-MIN

16-47.5
7¢€-417.5
7€-47.5

1€-47.5
7€-47.5
7¢€-47.5

T€-47.5
1€-47.5
7¢-47.5

76=-47,5
7€-47.5
1€-47.5

7€-47.5
1€-47.5
7€-47.5

T€-47.5
T1€6-47.5
1¢€-47.5

CC-VMIN

LY

WC

T

T

AT WC WV LV

AT WC wv CvV

NC

c3

c3

c3

Cc3

Cc3

Cc3
c3

CPT

cc.C
cz2.C
C4.C

cc.C
cz.C
C4.C

cc.cC
C2.C
C4.C

cc.C
C2.C
c3.C

cC.C
c2.C
c2.C

cc.cC
cz2.C
c2.C

CPT

I TEMF

F 18.E

I TEMP

1

T

F -] 0 VD P T VW

0 0 W

I

SALN

12.63
14.CC
14.C3

13.24
12.32C

l14.C8

12.CC
12.72
14.11

12.€3
12.¢€7
132.23

11.67
11.68
12.11

11.7C
12.13
12.11

SALN

ccece

1695
1695
1665

1666
1696
1696

1697
1697
1697

1668
1698
1668

1699
1699
1699

1700
17Co
17CC

ccce

> D> - > > > D> D> > > D>

> D>

17
18
14
18

18

17
1e
17
17
17

CR

R0 - > > > >

> > D>

VEL
C.41

C.25

o

coL

YO1D

YO1D

YO1D

YO1D

YO1D

YO1D

CCoL

STA

434
434
434

434
434
434

434
434
434

434
434
434

434
434
434

434
434
434

STA

...9 Eo-



CA/NMC/YR

18710769
18/10/69
18/10/6S
18/10/69

18/10/69
18/106/69
18/1C/6S
18/1C/69

18/1C/69
18/10/69
18/10/69
18710768

18/1C/69
18/10/65
18/10/6S
18/10/69

17/10/68
17/1G6/68
17/10/69

CA/NMC/YR

TI¥

1C.2
1C.2

1C.2

1C.2

11.2
11.2
11.2
11.2

12.3
12.3
12.3
12.3

13.2
13.2
13.2
12.2

14.8
14.8
14.8

TIVv

VS CNC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYF1
CYR1

CYR1
CYFR1
CYR1

vS CNC

ARA DC-MIN

37'2605
37-32C.°
37-2C.°5
37-3C.5

37-2C.5
37-2C.¢
37-2C.¢
37-2C.¢

37"30.5
37-2C.°5
371-2C.5
37-2C.°¢

37-3C.°5
37-2C.5
37-3C.5
37-2C.C

37-3C.5
371-3C.¢
37-3005

ARA DC-MIN

CG-VMIN

T€-47.3
1€-47.3
16-47.3
1€6-47.2

7€6-47.3
76-47.3
7€-47.3
7€-47.3

T1€-47.2
76-47.3
7€6-47.3
Té€-47.3

1€-47.3
7€-47.3
1€-47.3
7€6-47.3

7€-417.5
T€-47.5
T1€-47.5

CG-VMIN

WL

NN un
* e o 0
WMAn naan

WC

T

T

AT WC WV CV

AT wC WV CV

C4
Ca
Ca4
Ca4
3
3

NC

CPT

cc.C
Cz.C
C4.C
cs.C

cc.C
Cz.C
C4.C

c.C

cC.C
Cz.C
C4.C
cs.C

cC.C
c2.C
C4.C
ct.C

CC.C
cz.cC
Ca.C

CPT

T T T T TT T T T T T T

rTTTT

TENP

18.7
18.7
18.6
18.6

18.€
18.8
18.¢
18.6

16.32
18.5
18.¢
18.6

1S5.4
18.€
18.€
18.6

1G.4

TENVP

T WD 0 VW 0V VDD 0 0 WX

T

SALN

g.5C
S.83
11.2C
11.44

T.€¢€
G.21
1C.SC
11.2C

7.75
S.14
1C.24
10.83

7.75
S.19
1C.C8
1C.86

12.1C
12.C2
13.19

SALN

ccce

1690
1690
169C
169C

1691
1661
1€61
1661

1662
1662
1692
1662

1693
1663
1693
1693

16G4
1654
1654

ccct

DY DD > > D> ™ > D>

> DD

> D>

2C
22
22
2C

> D> > D> DD > D> D> > D>

D D>

VEL

C.47
C.49
c.27
C.17

Cc.22
C.47
C.21

C.75

C.1S
C.2C
C.C7
C.13

c.C5
C.ll
C.l4
C.21

C.55
C.5C

VEL

coL

YO1C

Yo1C

YO1C

YO1C

YO1D

Ccot

STA

433
433
433
433

433
433
433
433

433
433
433
433

433
433
433
433

434
434
434

STA

=LED-



CA/FC/YR

18/10/69
18/1C/65
18/10/69
18/10/69

18/10/69
18/10/69
18/10/65

18710769
18/10/69
18/10/69
18/10/65

18/1C/65
18/10/69
187107659
18/1C/66

18/10/6S
18/10/65
18710769
18/1C/69

CA/NMC/YR

TIV

C5.2
C5.2
C5.2
CS5.2

Cé‘s
Cé.S
CE.S

C7.2
C7.2
C7.2
€C7.2

CB.4
Cé.4a
Ce."
CE.4

CS.2
CG.2
CS.2
CG.2

TIN

VS CNC

CYR1
CYR1
CYR1
CYFR1

CYF1
CYFR1
CYrl

CYR1
CYF1
CYR1
CYF1

CYR1
CYR1
CYR1
CYF1

CYR1
CYr1
CYR1
CYR1

VS CNC

ARA CC-VIN

37-3C.C¢
37-2C.¢
37-2C.°5
37-2C.°<

37-3C.¢
37-2C.°<

37-2¢C.¢

37-2C.t
37-2C.¢
37-2C.=
37-2C.5

37-2C.5
37-2C.5
37-3C.5
37-2C.¢t

37-2C.5
37-2C.°¢
37-2C.5
37-2C.¢

ARA CG-MIN

CG-NMIN

1€-47.3
1€6-47.3
1€-47.3
7€6-47.3

1€-47.2
1€-47.2
1¢€-47.3

1€¢-47.3
7€-47.3
1€-47.3
T€-47.3

1€-47.3
T76-47.3
T6-47.3
1€-41.3

1€-47.3
1€-47.3
7€-47.32
16-47.2

CC=-VMIN

WwC

AR AR AN AR
e o o o
AN AN AN AN

Wl

T

T

AT WC wv Cv

AT WC wv CV

NC

Ca
C4
C4
Ca

c3

c3

Ca
Ca
Ca
Ca

C4
Ca
Ca
Ca

Ca
Ca
Ca
Ca

NC

CPT

cC.C
c2.C
C4.C
cc.C

cC.C
C2.C
C4.C

cc.cC
cz2.cC
C4.C
ct.C

cc.cC
cz.C
C4.C
0%.C

ccC.C
c2.cC
c".c
cs.C

CFT

TTTT TrTTTT TTT TTTT -

rTTTT

—

TENFP

18.4
19.C
15.1
19.1

18.3
18.4
15.1

17.€
18.4
19.C
15.C

18.5
18.€
18.6
18.6

18.¢€
18.7
18.5
18.5

TENMF

T VTR 0 VWV DD T VWO D

0V VD

SALN

12.C1
12.61
12.67
12.82

11.8¢€
12.73
12.71

11.23
11.83
12.72
12.82

1C.3¢8
11.32
12.31
12.24

3.79
1C.58
11.8C
11.89

SALA

cccc

1685
1685
1685
1685

1686
1686
1686

1687
1687
1687
1687

1688
1688
1688
1688

1689
1685
1689
1689

ccce

> D> > > DD

-2 2 -2 -3

> D> D> D>

D> DD

CR
3¢
34
3¢

1S
3C
31

D> D> D > D> DD

> D> D> D>

IR~ - -

VEL

c.21
C.19
G.11
C.CS

C.15
C.11
o.c4

C.23
C.3C
c.zl
C.13

C.65
C.48
C.24
c.z28

C.55
C.5C
C.3¢
C.31

VEL

W ®

oD@

© ® @

7.1C
8.48
6.9¢€

8.5C
8.1C
6.8¢

CC

ccL

YO1C

YO1lC

YOlC

YO1C

YO1lC

coL

STA

433
433
433
433

433
433
433

4332
433
433
433

433
433
433
433

433
433
433
433

STA

"QEO‘



CA/NC/YR

17710769
17/10/69
17/10/6S
17/1C/69

18/10/69
18710769
18/10/69
18/1C/69

18/10/6S
18/10/69
18/10/639
18/10/69

18/1C/68
18/10/69
18/1C/69
18/10/69

18/10/69
18710769
18/1C/69
18/1C/69

CA/NMC/YR

TIV

23.1
23.1
23.1
23.1

CC.1
CC.1
CC.1
CC.1

Cl.2?
Cl.2
Cl.2
Cl.2

C2.2
C2.2
C2.2
C2.2

C3.1
C3.1
C3.1
C2.1

TIWV

VS INC

CYR1
CYR1
CYR1
CYR1

CYR1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYFR1

CYR1
CYR1
CYR1
CYF1

CYR1
CYR1
CYR1
CYFR1

VS CAC

ARA CC-VMIN

37-2C.°5
37-3C.5
37-3(:.5
37-3C.°5

37-3C.¢
37-2C.5
37-2C.%
31-2C.5

37-2C.t
37-2C.5
37-2C.°5
37-32C.5

37-2C.5
37-2C.5
37-2C.t
37-2C.°¢

37-2C.5
37-3C.5
37-3C.5
37-2C.Ct

ARA CC-VMIAN

CG-MIN

7€-47.3
76-47.3
1€-47.3
1€-47.3

7€6-47.3
1€6-47.32
1€6~-47,3
T€-47.3

1€-47.3
7€-47.3
1€-47.3
7€-47.3

1€-47.32
T€-47.3
76-47.3
76-47.3

7¢€-47.3
7€-47.3
1€-47.3
1€-47.32

CC-NMIN

WC

WC

T

T

AT WC wv CV

AT WC WV CV

NC

C4
Ca

C4

Ca4

Ca
Ca

C4a

Ca
C4

Ca
Ca
C4
Ca

C4
Ca
C4
Ca

NC

CFT

cc.C
cz.C
C4.C
cc.C

cc.C
c2.C
C4.C
c5.C

cC.C
c2.C
Ca.C

2.C

cc.C
c2.C
Ca.C
cs.C

cc.C
c2.C
C4.C
ce.cC

CPT

TTTT TTTT TTTT

TT T T

T TTT

TENP

18.5
19.1
19.2
16.3

18.6
19.C
19.2
15.2

18.¢
15.C
16.2
16.2

18.5
16.1
19.2
19.1

18.5
19.C
19.2
16.2

TENME

DWWV 0 VXD VDT 0 VWD

ol < B < i -]

SALN

8.88
SeT4
1C.8S
11.26

3.C3
9.54
11.C3
11.22

8.G63
5.63
1C.¢8
1C.4¢€

S.41
1C.57
1C.78
1C.88

1C.18
12.C4
12.2C

SALAN

ccce

1679
16179
1679
1679

168C
1680
1680
168C

1681
1681
1681
1681

1682
1682
1682
1682

1683
1683
1683
1683

ccce

> D>D> D> D D> DD > DD D>

> > D

35
c2
c2
3¢

3¢
3¢
3s
35

CR

> DD > DD > DD > DD —

> D> D

et

VEL

C.34
0.34
C.24
C.17

C.15
C.22
C.Cé6
C.CB

C.Cl
C.C2
C.CS
C.CS

C.18

C.24
C.29
C.321

C.20
C.34
C.3C
c.3C

VEL

coL

YO1lC

YOl1lC

YO1C

YO1C

YO01C

coL

STA

433
433
433
433

433
433
433
433

433
433
433
433

433
433
433
433

433
433
433
433

STA

-6€0-



CA/NMC/YR

17/10/65
17/10/69

17/10/6%

17/10/69

17/10/69
17/10/6S
17/10/65
17/10/69

17/1C/68
17/1C/69
17/10/66
17/10/69

17/1C/69
17/10/69
17/1C/69
17/10/65

17/10/69
17/10/69
17/1C/69
17/10/68

CA/NMC/YR

TIN

18.7
18.7
18.7
1.7

16.6
16.€
16.¢
15.6

2C.1
2C.1
2C.1
2C.l

21l.1
21.1
21.1
21.1

22.1
22.1
22.1
22.1

TIM

VS CNC

CYR1
CYF1
CYR1
CYR1

CYF1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYF1

CYFR1
CYFR1
CYFR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA CC-VMIN

37-2C.5
37-2C.5
37-2C.°5
37-2C.5

37-2C.%
37-3C.5
37-3C.%
37-2C.5S

37-32C.5
37-3C.5
37-2C.5
37-2C.5

37-2C.5
37-2C. 5
37-2C.5
37-2C.°5

37-2C.5
37-3C.5
37-3005
37-2C.¢

ARA CC-VMIN

CG=VMIN

7¢-47.3
T€-47.3
16-47.3
7€-47.3

T€-47.3
7€-47.3
7€-47.3
1€-41,3

T€-47.3
76-417.3
1€-47.3
1€-47.3

T€-47.3
1€-47.3
76-47.3
T€-47.3

T6-47.3
7€-47.3
T1€-47.3
7€-47.3

CC-VMIN

WC

WC

1

T

AT wWC wWv CV

AT WC wWv CvV

NC

C4
Ca
Ca
Ca

Ca

Ca
Ca

C4a
Cé4
Ca
Ca

C4
Ca4
Ca
C4

C4
Ca
Ca
C4

NC

CPY

cc.C
ca2.C
c4.C
CS.C

cc.C
cz.C
Ca.C
CtaC

cC.C
Cz.C
C4.C
Cs.C

cc.C
c2.C
C4a.C
c5.C

cC.C

cz.C
C4.C
Ct.C

CFT

TTTT

TEMP

18.8

16.2

19.2

16.2

19.1
15.2
19.2
1.3

TENF

VXTI ™ DDV VOO D

VOB

0 VDV

SALN

11.78
12.717
13.66
14.12

11.73
11.77
12.56
13.68

11.C4
11.5¢
12.72
13.63

10.27
10.82
12.1C
12.85

G.44
1C.2¢
11.38
11.86

SALN

ccce

1674
1674
1674
1674

1675
1675
1675
1675

167¢
1676
1676
1676

1677
16717
1677
1677

1678
1678
1678
1678

cccc

—

> > DD > D> DD D> D>D> D > > D> D>

> D> D> D>

|

> D> DD - 2R R - > >D>D > > D> D>

> D> D> D>

o

VEL

C.55
C.4C
C.19
C.18

C.73
C.55
0034
0.26

C.70
0.€5
COSS
C.29

C.€5
C.€C
C.€C
C.5C

c.41
C.44
C.31
C.22

VEL

coL

YO01C

YO1iC

YO1C

YO1C

YO1C

coL

STA

433
433
433
433

433
433
433
433

433
433
433
433

433
433
433
433

433
433
433
433

STA

-0to-



CA/VMC/YR

17/10/69
17/10/69
17/10/66

17/10/69
17/10/69
17/10/69
17/10/69

17/10/769
17/10/65
17/10/69
17/1C/69

17/10/69
17/1C/69
17/1C/69
17/1C/6S

17/10/69
17/1C/69
17/1C/69
17/71GC/69

CA/NC/YR

TIV

18.C
18.¢C
l18.C

l4.6
l4.€
14.6
14.6

15.5
15.6
1.9
15.5G

16.8
l1€.8
l€.8
l1€.8

17.7
17.7
17.7
17.7

TIV

VS [ONC

CYR1
CYR1
CYR1

CYR1
CYEF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYF1
CYR1
CYFR1
CYR1

vSs ONC

ARA CC-NMIN

37-2C.¢€
37-32C.¢
37-32C.¢

37-2C.5
37-2C.°¢
37-2C.5
37-2C.5

37-3C.¢
37-3C.5
37-2C.5
37-3C.C5

37-2C.5
37-23C.C
37-2C.°5
37-2C.¢

37-3C.°S
37-2C.5
37’3(:05
37-2C.°¢

ARA CC-MIN

CC-MIN

7€-47.1
7€-47.1
7€-47.1

76-47.3
T6-47.2
76-47.3
7€-47.3

7€6-47.3
76-47.3
7€-47.3
76-47.3

1€-47.3
T1€-47.2
76-47.3
T€-47.3

7€-47.3
T€-47,3
1€6-47.3
7€-47.3

CC-NMIN

WC

WC

T

T

AT WC WV CV

AT wC WV CvV

NC

C3

C3

C4
Ca
C4
C4

Ca
C4
Ca
C4

C4
Ca
C4
Ca

NC

CPT

cc.C
Ce.C
02.C

cc.C
c2.C

- C4.C

Cé.C

CcC.C
c2.C
C4.C
Ccé.C

cC.C
c2.C
C4.C
Cé.C

CC.C
céZ.C
C4.C
Cé.C

CFT

TEMF

16.C

19.5

19.5

19.C

18.7

TEVMF

VWD VIR n v

0D DOD

ol <l i o]

I

SALAN
12.C7

12.3C
12.Cé¢

12.Cé¢

12.3¢

12.¢¢€
12.74

13.31
13,57
13.7C
13.76

13.€6
13,73
13.87
13.C2

13.63
12.81
13.84
14.15

SALA

ccce

16€9
1669
1€€8

167C
167C
1670
1670

1671
1671
1671
1671

1672
1672
1672
1672

1673
1673
1673
1673

ccce

R- 20 -3 - - 3 D> D> D> > > D>

DD D>

]

CR

17
17
15

3¢
35
35
3¢

15
31
3C
E

CR

D> D>

D> > D>

DD

> D>

D> DD

C.€8
C.6C
C.€C
C.48

C.44
€.35
C.32
C.25

c.3C
C.35
C.27
C.21

C.14
C.C?
C.ll1

B 4.3¢

C.C& B 4.45

VEL

1

cC

CCL

YO1B

YO1C

YO1C

YO01C

YO1lC

CcoL

STA

432
432
432

433
433
433
433

433
433
433
433

433
433
4332
4332

433
433
433
433

STA

=ThO=-



CA/NMC/YR

18/1C/69
18/10/69

18/1C/6S
18/10/69

18/10/69
18710769

18/1C/69
18/10/69

17/10/69
17/10/68
17/10/76S

17/71C/69
17/1C/6S
17/1C/69

17/71C/69
17/10/68
17/10/6S

CA/MC/YR

TIV

VS INC

CYR1
CYF1

CYF1
CYR1

CYR1
CYR1

CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYFR1
CYR1

CYR1
CYF1
CYR1

VS CNC

ARA CC-MIN

37-2C.17
37-3(:.7

37-3C.17
37-2C.7

37-2C.¢
37-3C.¢
371-2C.¢

37-2C.¢
37-2C.¢
37-3C.¢

37-2C.¢
371-2C.¢
37-32C.¢

ARA CC-VMIN

CGC=-MIAN

7¢-47.C
76-47.(:

T€-47.C
71€-47.C

1¢-47.C
16-47,.C

7€-47.C
1€-47.C

T€-47.1
1€-47.1
1€-41.1

T€-47.1
7€-47.1
1€-47.1

1€-47.1
1€-47.1
1€-47.1

CC-MIN

WC

FO N

WC

OO0

T

1

AT WC WV CV

AT wC wv CV

NC
c2
C2

c2
c2

c2
c2

c2
Cc2

Cc3
Cc3
Cc3
c3
Cc3
c3
C3
c3

NC

CPT

N O
o o

o Np]

cC.C
c2.C
04.c

cc.C
c2.C
C4.C

CFT

19.4

TEVF

ccce

1€€1
16€1

1662
1€¢2

1663
16¢€3

16¢4
1664

16€5
1665
1665

16€6
1€6€6
16€6

16€7
1667
1667

ccce

> D>

R- 20 -2 -

CR
16
24

2C
2C

18

e
-

2C
22

35
35
3s
33

34

3¢e
3¢

CR

-2 -2 > D> D

A3

C.Cs
C.CS
C.12

VEL

coL

YOlA

YO1A

YOlA

Y01A

YO1B

YO1B

YO1B

coL

STA

431
431

431
431

431
431

431
431

432
432
432

432
432
432

432
432
432

STA

-2ho-



CA/NC/YR

18/10/6S
18/1C/69
18/10/69

18/10/6S
18/1C/69
18/71C/6S

18/10/69%
18/1C/69
18/10/69

18/10/6S
18/10/68

18/10/69
18/10/69

18/1C/69
18/1C/69

18/1C/66
18/1C/6S

CA/VC/YR

TIV

c2.0
c2.C
CZOC

C3.C
C3.C
c2.C

C4.C
C4.C
C4.0

TIV

VS CANC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1

CYR1
CYR1

CYF1
CYF1

CYFR1
CYR1

CYR1
CYFR1

VS ENC

ARA CC-NMIN

37-3C.7
37-32C.7
37-3007

37-32C.1
371-2C.17
37-32C.17

37-2C.17
37-32C.17
37-3C.17

ARA CC-NMIN

CC-MIN

16-47.C
71€-47.C
76"0700

76“17.0
76-47.0
1€-47.C

T€-47.C
76-47.C
16-47.C

1€-47.C
1€-47.C

7€-47.C
7€-47,.C

7€-47.C
7¢-47.C

7€-47.C
7€¢-47.C

CC-NMIN

L]¥

) W

[AS I,V LS8 PO S P
¢ o o e o o

(0 W

WC

aNeNe]

o NeNe

I

(S C N,

e Ne]

oM e

naan

T

AT WC wv CV

AT WC WV CV

c2
Cc2

c2
c2

c2

c2
c2

NC

CPT

cc.C
c2.C
c2.C

cC.C
C”.C
c3i.C

cC.C
c2.C
Cc3.C

T TT T T

TTT

TENMF

18.1
18.3
18.¢

18.2
18.5
18.¢€

18.3
18.5
18.6

17.¢€

o o

k-]

SALN

1C.CC
11.3C
11.324

10.55
1C.G¢
11.71

11.28
11.52
11.54

11.22
12.1C

1C.S7
11.67

1C.78
11.4C

1C.28
1C.27

SALAN

ccce

1654
1654
1654

1655
1655
1655

165¢
1656
1656

1657
1657

1658
1658

1659
1659

166¢C
1€€0

ccce

CR
3¢
3¢
3¢

3¢
3

35
38
34

24
25

2C

2C
21

2C
22

CR

D DD

VEL

C.21
C.33
C.25

C.3¢
C.35
C.3C

C.21
C.2C
C.15

3.0¢C

6.34

6.1¢

coL

YO1A

YO1A

YO1A

YO1A

YO1A

YO1lA

YO1A

coL

STA

431
431
431

431
431
431

431
431
431

431
431

431
431

431
431

431
431

STA

'gﬂO'



CA/FC/YR

17/10/69
17/10/69
17/10/69

11/1C/69
17/10/69
17/1C/69

17710766
17/10/69
17/10/69

17/10/659
17/10/69
17710765

18/10/69
18/1C/65
18/10/69

18/1C/69
18/10/69
18/10/69

CA/NC/YR

TIM

2C.0
2C.0
2C.C

21.C
21.C
21.C

22.C
22.C
22.0C

23.C
23.C
22.C

cC.C
CC.C
cc.C

Cl.C
Cl.cC
cl.C

TIv

vS CANC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYF1
CYR1
CYF1

CYR1
CYR1
CYR1

CYFR1
CYR1
CYR1

VS ONC

ARA CC-MIN

37-2C.17
371-3C.7
37-2C.1

37-2C.1
37-2C.7
37-3C.1

37-2C.17
37-2C.17
.31-2C.1

37-2C.17
37-3Cn7
37-2C.17

37-2C.0
37-2C.7
37-2C.7

37-32C.1
37-2C.7
37-3C.7

ARA CC-MIN

CC-VMIN

76-47.C
76-47.C
76"‘47.(:

-’6-‘0700
76'47.C
1€-47.C

1¢-47.C
1€6-417.C
76-47.C

7€-47.C
7€¢-47.C
7¢-47.C

1€-47.C
7€¢-47.C
76-47.C

76-47.C
7€-47.C
1€6-47.C

CC-MIN

WC T

3.5
1.5
3.5

W w
AN R an

[SCINVEIRVN)
* e
N

[FS RSN RN OY]
s o o
N AN un

W A W
o o @
AN An W

[VERRVS RPN )
s o o
AN AN un

W T

AT WC WV CV

AT WC wv CV

Cc3
c3
c3

Cc3
c3
c3
c3
C3

NC

CPT

cC.C
c2.C
c3.C

ccC.C
c2.C
ca.cC

cc.C
c2.C
02.C

cc.cC
c2.C
c2.cC

cc.cC
c2.C
c3.C

cC.C
cz.C
c3.C

CFT

T T

T T

TTT

TENMF

19.C

19.4

15.2
15.2
16.2

18.¢€
16.C
19.1

18.5
15.1
19.2

TEMF

I

o XD =~ o 0 VRN

0

0 DV T

SALN

1C.93
11.43
11.51

10.68
10.72
1C.71

1C.Cé€
1C.57
S.57

S.44
S.6S
9.75

S.1l1
9.54
S.t4

S.24
1C.€5
11.CC

SALN

ccce

1648
1648
1€48

1€49
1649
1649

1650
1650
165¢C

1651
1651
1651

1652
1652
1652

1€53
1653
1653

cccc

> > > > ™ ™

™

CR
17
17

15
17

14
14
1€

17
17
17

18

CS

3¢
3¢

(3
-

CR

> D> > D> > D> R0 - O - > D> D

> > D>

VEL

C.46€
C.37
C.31

C.34
C.28
C.22

C.21
C.ll
c.C?

C.1l6
C.ll1
C.ll

C.Cs
C.C2
c.C2

C.15
C.1l1
C.Cs

VEL

coL

YOlA

YO1A

YO1A

YOlA

YO1lA

YO1lA

coL

STA

431
431
431

431
431
431

431
431
431

431
431
431

431
431
431

431
431
431

STA

-ﬁflo-



CA/NC/YR

17/10/69
17/10/69

17/10/69

17/10/65
17/1C/69
17/10/69

17/1C/69
17/10/69
17/10/65

17/10/69
17/1G/69
17/1C/69

17710769
17710765
17/10/65

17/10/69
17710769
17710769

CA/NMC/YR

TIV

l4.1
l14.1
la.1

15.C
15.C
15.C

1€.4
1€.4
l€.4

17.2
17.2
17.2

18.2
18.2
1€8.2

16.3
16.3
15.3

TIWV

VS CNC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYFR1
CYR1
CYR1

CYF1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

VS CANC

ARA CC-MIN

37-3C.17
37-3C.7
31-3C.7

371-2C.7
37-2C.1
37-2C.7

371-2C.7
37-2C.17
371-2C.17

37-32C.7
37-2C.17
37-2C.7

37-2C.1
37-2C.17
37-2C.1

37-2C.1
37-2C.1
37-2C.17

ARA CCG-MIN

CG-MIN

T€6-47.C
76-47.C
16-47.C

7€-47.C
7€-47.C
7€-47.C

1¢-47.C
1€-417.C
71€-47.C

7€-47.C
T1€-47.C
7€-47.C

7¢-47.C
7€¢-47.C
7€-47.C

71€-47.C
7€-47.C
76’4700

CC-VMIN

WC

[FS VSN [EV RN V) W W W W
¢ s o ¢ o 0

B R

(SN VI §V)
e« o 0

WC

T

OO0 AR AR O [S,IV, N ] AN AN AN (S V. N )

A

T

AT WC WV CV

AT WC wv CV

CFPT

cc.C
cz.C
c3.C

cC.C
cz2.C
c2.C

cC.C
cz2.C
c2.C

ccC.C
Cé¢.C
c2.C

cC.C
cz.C
Ca.c

cC.C
CZ.C
C3.C

CPT

1 TEMF

F 19.4

F 19.2

F 18.¢€

I TENMF

I

0 VR 0 WO el < -] el -] x =

E)

SALN

11.19
11.21
11.35

11.41
11.81
11.87

11.¢€9
12.22
12.71

11.71
12.1C
13.18

11.€8
12.75
13.69

11.C1
12.C4
12.45

SALN

ccce

1642
1642
1642

1643
1643
1643

1644
1644
1644

1645
1645
1645

l1€46
164¢
1646

1647
1647
1647

ccce

™ > D> > D> > > > D> D

> D> D>

CR

33
32
34

o > > > D> ™

> DD

VEL

C.32
C.33
C.25

C.2¢
C.25
C.22

c.ce
C.C5
C.C5

C.24
C.2C
C.15

Co44
C.34
Ce.24

C.55
C.4C
C.3C

VEL

coL

YOlA

YO1A

YO1lA

YO1lA

YO1A

YOl1lA

ccL

STA

431
431
431

431
431
431

431
431
431

431
431
431

431
431
431

431
431
431

STA

-gwo_



CA/NFC/YR

18/10/69
18/10/69
18710765
18/10/69
18/10/69

18/10/69
18/10/69
18/1C/69
187107695
18/10/69

18/10/69
18/1C/6S
18/10/69
18/10/69
18/1C/69

18/1C/69
18/1C/66
18710769
18/10/69
18/1C/69

CA/NMC/YR

TIM

1C.0
1C.C
1C.C
1C.C
1C.C

1t.C
11.C
11.C
11.C
11.C

12.C
12.C
12.C
12.C
12.C

12.C
la'c
13.C
13.C
13.C

TIV

VS CAC

CYR1
CYF1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYR1

CYFR1
CYR1
CYF1
CYRl
CYR1

CYRl
CYFR1
CYK]
CYFR1
CYR1

VS EAC

ARA CCG-VMIN

37-21.¢€
37‘3106
37-21.¢
37-21.¢
37-21.¢

37-21.¢
37-21.¢
371-21.¢
37-21.¢
37’31.6

37-21.¢
37-21.¢
37-21.¢
37-21.¢
37-21.6€

37-21.¢
37-21.¢
37'3106
37-21.¢
37'31.6

ARA CCG-NMIN

CG-VMIN

76"‘8-2
76-48.2
76-48.2
76“‘!802
7€-48.2

76‘4802
7€6-48.2
T6-48,2
1€¢-48.2
1€-48,2

T1€-48,2
1€-48,2
T€6-48,2
7€-48,2
76“‘802

T€-48.2
7€-48.2
T€-48.2
T€-48.2
76“4802

CG-MIN

WC

a m M Mm m

mm o mm m o m o D
e o o o o e o o o o

™ oo m

o & o o o

WC

T

eNaNeNeNe] [V IV IRV R, ] W W

OO0 0N

1

AT WC WV CV

AT WC wWv Cv

NC

C5
c5
05
C5
CS

C5
C5
c5

(]

C5
C5
C5
c5

NC

CPT

cc.C
c2.C
C4.C
cé.C
ce.c

cC.C
c2.C
Ca.C
Cé.C
ce.C

Ccc.C
c2.cC
C4.C
ce.C
ce.C

cc.cC
c2.C
Ca.C
Ce.C
Ceé.C

CFT

(N aNaNaNel NnOMMOM

AMNMANAOM

—

TEVF

VDOHOD WO D®D

VWV VD

SALN

9.63
§.17
10.3cC
9.34
1C.28

G.46
1¢.C5
S.71
10.5C
S.57

1C.76
S.1C
1C.88
G.1¢6
10.83

9.58
1C.75
9.53
1C.27
9.13

SALN

CCCC I CR I VEL

1627
1627
1627
1627
1627

le28
1628
1628
1628
1628

1624
1624
1624
1624
1624

1625
1625
1625
1625
1625

ccce

MMM

m o oD

Mo mm

o Mm Do

C.3¢
0034
C.l¢
c.C2
C.€8

C.23
C.11
c.Cc8
C.1é
C.17

VEL

CcCL

PO1B

PO1B

PO1B

PO1B

CoL

STA

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

STA

-9WD-



CA/MC/YR

18/10/69
18/10/69
18710769
18/10/69
18/10/69

18/10/69
18/10/69
18/10/6S
18/10/69
18/10/69

18/10/69
18/10/689
18/10/69
18/10/69
18/10/69

18/10/69
18710769
18/10/69
18/1C/69
18/10/66

CA/NC/YR

TIM

ce.c
CeoC
ce.C
Ce.C
ce.0

c7.C
c7.C
c7.C
c7.C
C7.C

Ceg.C
ce.c
ce.cC
Ce.C
Cé.C

CcSs.C
Cs.C
CSs.C
Ccs.C
Ccs.C

TI¥

VS CNC

CYR1
CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYR1

CYR1
CYF1
CYR1
CYF1
CYR1

VS CAC

ARA CG-VMIN

371-21.¢
37-21.¢
31-21.¢
37-21.¢
37-21.¢

37‘31.6
37-21.¢
37-21.¢€
37-21.¢€
37-21.¢

37-21.¢€
37-21.¢
37'31.6
37-21.¢€
371-21.¢

37-21.¢€
37-21.¢
31-21.¢
37‘3106
37-21.¢

ARA DCG-MIN

CG-NMIN

1€-48.2
T€-48.2
1€-48.2
T16-48,2
7€-48,.2

1€-48.2
7€-48.2
T€-48.2
1€-48,2
T€-48.2

76-48,2
1€-48,2
T1€-48.2
1€6-48,2
16-48.2

16-48,.2
1€6-48,2
7€6-480,2
Te-48.2
TE-48,.2

CCG-MIN

WC

m Mm m o o

wmmmm
* o e ¢ o

m m m o o

e o ¢ o o

wC

OO0

sNeNeNeoNel

T

AN AR N AN N

T

AT WC WV CV

AT WC WV Cv

NC
c5
]

C5
c5

Cc5

cS
Cc5
C5

CFT

cc.cC
cz2.C
C4.C
Cé.C
ce.cC

cc.C
c2.C
C4.C
Cé.C
07.5

cC.C
cz.C
C4.C
ce.C
Ce.C

cC.C
cz2.cC
C4.C
Cé.C
ce.C

CPT

ANOMNO [mEaEaNale! AOANAAMA

aEaNeEaln]

TENF

18.2
18.3
18.8
19.2
1.2

17.6
18.5

168.C

16.1
1.1

17.¢€
18.6
18.S
19.1
15.1

18.5
18.¢
18.¢€
18.¢€
18.6

TENMP

1

R

TV DWWV

SALN

S.1C

G5.48

8.15
EQC"
8.86
8.2¢
8.83

SALN

cccc

1639
1639
1633
1639
1639

1640
1640
164C
1€4C
1640

1641
1641
1641
1641
1€41

1626
162¢
1€62¢
1626
1626

Ccce

-

MM Mo M m Mo mw

™ (o (o o o

CR I VEL

CR I VEL

CCL

PO1B

PO1B

PO1B

PO1B

CoL

STA

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

STA

_Lno_



CA/NMC/YR

17710763
17/1C/69
17/10/69
17/1G/69
17/10/69

17/1C/69
17/10/69
17/10/69
17/1C/68
17710769

18/10/68
18/10/69
18/1C/66
18/10/65
18/10/69

18/10/69
18/10/69
18/10/66
18/10/69
18/1C/69

CA/NC/YR

TIWN

NN NN
W W W W w
e e & o o
NN~NN

Ca.4
C4.4
Ca.4
C4.4
Cbh.4

TIWV

VS ENC

CYF1
CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYF1

CYk1
CYF1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYFR1
CYR1

VS [NC

ARA CC=NMIN

371-21.¢
37-21.¢
37-21.¢
37-21.¢
37-21.¢

37-21.¢
37-21.¢
37-21.¢
37-21.¢
371-21.¢

37-21.¢
37-21.¢
37"31-6
37-21.¢€
37-21.¢

W W ww
-~ o wd -~
[}

D ) (vt
Pt ot o s Pt
e o o o o
(2 e 0 ¢ Mo W s )

ARA CC-NMIN

CC=-MIN

76"49-2
71€-48,.2
16-48,2
T6-48,2
1€-48.2

1€-48.2
7&“‘!8;2
16-48,2
T6-48,2
T€-48.2

76“!8.2
T¢€-48.2
1¢-48,2
1€-48.2
T1€-4R,2

7€-48.2
T7€-48.2
76“1802
1€-48.2
1€-48,2

CC-VMIN

WC

WC

T

1

AT WC wWv CvV

AT WC wv CvV

C5
(O
(%]

CcS

CPY

oC.C
cz2.C
C4.C
Ceé.C
CE.C

CC.C
C2.C
Ca.C
Ce.C
ce.c

cC.C
ce.cC
C4a.C
ce.C
ce.c

cc.C
c2.C
C4.C
Cé.C
Ce.C

CFT

AOMNAO MO MO (s NaNuNaNal

AN AO M

TENP

19.1
19.2
15.3
19.3
19.32

19.2
19.2
16.2
19.2
16.2

18.¢
18.4
18.5
18.5
18.¢

17.7
18.7
19.C
19.C
16.1

TENMF

—

0 TVVDWVDO

VWO D

0 WV VD

—

SALN

S.61
G.63
9.74
S.77
9.7¢

8.73
g.98
G.22
S.34
9.€63

S.24
1C.CS
1C.5¢
11.2¢
11.28

1C.18
4.82
5.11
5.€8
5.7¢

SALN

ccce

1635
1635
1635
1635
1635

1636
1636
1636
163¢
1636

1637
1637
1627
1637
1637

1638
1638
1638
1638
1638

ccce

—

M (o M M (T Mmoo mm®mm Do

m M Mmoo

—

CR I VEL

Cl
34

33
34

CR I VEL

(¢}

(e8]
.

(=)
\n

cc

coL

PO1B

PO1R

PO1B

PO1B

CCL

STA

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

STA

~gro-



CA/NC/YR

17/10/69
17710769
17/10/69
17/10/69
17/10/69

17/10/769
17/1C/69
17/10/6S
17/10/69
17/10/69

17/10/69
17/10/66
17/1C/6S
17710768
17/10/69

17/10/65
17/10/765S
17/10/65
17/10/659
17/10/69

CA/NC/YR

TIV

l€.C
1¢.C
1é¢.C

1€.0

1€¢.C

15.C
15.C
16.C
15.C
15.C

2C.7
2C.7
2C.7
2C.7
éC.7

21.7
21.7
21.7
21.7
21.7

TIWv

VS ENC

CYR1
CYR1
CYR1
CYR1
CYFR1

CYR1
CYFR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1
CYF1

CYR1
CYF1
CYR1
CYFR1
CYR1

VS CAC

ARA DG-NMIN

37-21.€
37-31.¢
37-21.¢
37-21.¢
37‘3106

37-21.¢
37’31.6
37-21.¢
37-21.¢
37-21.¢

371-21.¢€
31-21.¢
37-21.¢
37-21.¢
37-21.¢

37-21.¢
37-21.¢€
37-21.¢
37-21.¢
37-21.¢

ARA CC-NMIN

CG-MIN

T1€-48.2
7€-48.2
16-48,2
1€-48.2
T6-48.2

T1€-48,2
Te-48.2
7€-48.2
T€-48.2
16-48.2

1€-48.2
76—48'2
T€-48.2
1€-48,2
1€-48.2

T€-48.2
7¢-48.2
76"48-2
Te-48,2
16-48.2

CG-NMIN

WC

Wl

(Vo BV JEVo RV IRV o]

* o o o o

1

o NeoNeNeNe]

T

AT WC WV CV

AT WG WV ECV

c5
Cc5
c5

Cc5

CPT

cC.C
c2.C
C4.C
Ce.C
ce.cC

cc.C
cz2.C
C4.C
Cé.C
ce.C

cC.C
cz.cC
Ca.C
Cé.C
ce.C

cc.C
cz.C
C4.C
ce.C
ce.C

CPT

[ NNl Nl [N Naie Nl

Ao

AN AAM

TENF

19.4
19.4
1.3
19.2
1.3

19.2
1.2

15.4
16.%

19.1
19.3
16.3

16.1
16.2
19.2
19.2
19.2

TENF

T VRV WV VIR VWD

0 VDI D

SALN

5.52
5.5C
11.1¢
11.25
S.€2

i1.21
11.54
12.3C
12.24
12.79

1C. €6
1C.63
11.37
11.42
11.2¢8

1C.14
1C.3C
1C.4C
1C.4¢€
1C.55

SALN

ccce

1631
1€31
1631
1631
1631

1632
1632
1632
1632
1632

1633
1633
1633
1633
1633

1634
1634
1634
1634
1634

CCcccC

Mmoo mwmm

o mmw

O momwm

—

CR I VEL

35
35
38
3¢
3¢

1€
1¢
1€
1€
15

14
15
1¢

16
1€
1€
17
17

CR T VEL

cc

caotL

PO1B

PO1B

PO1B

PO1B

CcCL

STA

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

422
422
422
422
422

STA

'6ﬂ0'



CA/NMC/YR

18/10/69
18/10/69
18710769
18710763

18710769
18/10/65
18/1G/69
18/1C/68

18/1C/69
18/71C/6S
18/1C/69
18/10/69

17/1C/69
17/10/69
17/10/69
17/10/69
17/1C/6S

17/10/69
17/10/65S
17/1C/69%
17/1C/6S
17/1C/69

CA/¥C/YR

TIv

CC.2
cC.2
CC.2
cc.2

CC.7
CC.7
cC.?
CC.7

cs.C
cs.C
C5.C
c5.C

14.C
14.C
14.C
l14.C
14.0

15.C
15.C
15.C
15.C
15.C

TINV

VS IONC

CYF1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1
CYF1

CYR1
CYR1
CYF1
CYF1
CYF1

CYF1
CYR1
CYRr1l
CYR1
CYF1

VS CANC

ARA DC-MIN

37-21.17
37-21.7
37-21.17
37-21.7

371-21.17
371-21.7
371-21.17
371-21.17

371-21.17
371-21.7
371-21.1
37-321.17

37-21.¢
371-21.¢€
37-3106
37-231.¢
37—3106

ARA CC-VMIN

CG-NMIN

T€-48.1
7¢€-48.1
76'48. 1
76-‘080 l

76“08.1
76‘480‘
1€-48.,1
76“0801

16-48.1
76-48.1
T€-48.1
76"18-1

76-"602
T€-48.2
1€-48.2
7€-48.2
7€-48.2

7€-48.2
T€-48.2
76“!8.2
1€-48,2
1€-48,2

CC-VMIN

WC

WC

1

T

AT WC WV CV

AT WC WV CV

NC

C4
Ca
Ca
Ca

C4
C4

C4

Ca
Ca
C4
Ca

c5
Cc5
C5
CS

NC

CPT

cC.C
c2.C
Ca.C
cé.C

CC.C
c2.C
C4.C
ce.C

cC.C
Ce.C
C4.C
CelC

cc.C
Ce.C
Ca.C
Cé.C
ce.cC

cc.C
c2.C
C4.C
CéelC
CE.C

CFT

(N alaNaNel AR O [N Ne Nl (aNaNalal

[aEalaEalal

—

TEVF

19.2
lg.z
19.3
19.3

18.4
19.1
16.1
16.1

18.1
18.5
18.6
15.2

19.¢
19.4
19.4
19.2
19.2

19.¢
1.2
19.2
19.3
16.3

TENFP

VBV T VDV

N VWO VD kol - - B -]

T VDD

SALAN

8.45
8'87
S.24
S.2C

S.€€
8.87
11.18
11.22

6.65
€.€5
7.27
7.1C

9.43
9.55
S.44
9.53
S.5C

S.57
S.44
9.57
S.58
S.45

SALN

ccece

1621
1€21
1621
1621

1622
1622
1622
1€22

1623
1623
1623
1623

1629
1629
1629
1629
1629

1630
163C
1630
1€3¢C
1630

cccc

"

M mmm

MM

[g-Ma-Me-Mp-Ne-)

-

CR I VEL

1€
1¢
1¢
16

3¢
3¢
a5
3s
s

3¢
38
35
35
35

CR I VEL

oC

coL

PO1A

PO1A

PO1A

PO1B

PO1B

coL

STA

421
421
421
421

421
421
421
421

421
421
421
421

422

422
422
422

422
422
422
422
422

STA

-050=



CA/MC/YR

17/10/69
17/1C/69
17/10/65
17/10/69

17/10/65
17/710/69
17/10/69
17/10/69

17/10/65
17/10/69
17/10/69
17/10/69

17/1C/6S
17/10/69
17/1C/69
17/10/65

17/1C/65
17/10/69
17/16C/65S
17/10/66

CA/NMC/YR

11V

18.0C
18.C
1€.C
18.¢C

NN N
NSEL SIS N
o« o o o
NN NN

RN N
W (W W W
W W W

o o o @

TIV

VS CAC

CYR1
CYR1
CYF1
CYR1

CYF1
CYFR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYFR1

CYF1
CYF1
CYR1
CYF1

VS [OANC

ARA CG-NMIN

37-21.7
37-21.1
37-21.1
37-21.1

371-21.1
37-21.17
37-21.7
37-21.7

37-21.7
37-21.7
371-21.7
371-31.1

37-21.7
37-21.1

ARA CC-MIN

CG-MIN

1€-48.1
7€-48,1
7€-48,1
1¢-48.1

7€-48.1
76'4801
7&"0801
76-48.1

76-48,.1
76-48.1
1€-48.1
76-48.1

7€-48,1
1€-48.1
7€-48.1
76-48.1

7€-48,.1
71€-48.1
1€-48.1
7€-48.1

CC-VIN

wWC

WC

I

T

AT wC kv CV

AT WC wv CV

NC

C4
C4
Ca
Ca

Ca
C4
C4
C4

Ca
C4

Ca4

Cq4

Ca
Ca

Ca
C4
Ca
Ca

NC

DFT

cC.C
ce.cC
Ca.C
Cé.C

cc.C
cz.C
Ca.C
cec.C

cc.C
ce.cC
C4.C
ce.C

ccC.C
c2.C
Ca.C
Cé.C

cC.C
cz.C
C4.C
Cée.C

CPT

—

Mmoo OO [mNeNeaNa] A O

[ N e el

TENMP

19.2
15.4
19.4
15.4

1G5.1
15.4

19.4

15.4

19.2
15.2
15.4
19.4

19.1
19.2
19.3
1G.32

19.2
19.2
16.2
19.2

TENF

0 VWD T XX O VT

0 DV D D

SALN

5.53
11.45
12.7§
12.82

11.2C
11.€C
12.C5
12.28

1C.5C
11.C4
11.35
11.4¢

9‘82
1C.24
1C.52
1C.55

9.15
5.51
S.73
S.8¢

SALN

ccce

1616
161¢
1616
1616

1617
1617
1617
1617

1618
1618
1618
1618

1618
1619
1619
1615

1620
1€20
162C
1620

ccce

—

o oo o ™ M mm M rp o (o oo

o DmIm

CR T VEL

14
16
1€
1€

CR I VEL

coL

PO1A

PO1A

PO1A

PO1A

PO1A

CcCL

STA

421
421
421
421

421
421
421
421

421
421
421
421

421
421
421
421

421
421
421
421

STA

=Teo-



CA/VMC/YR

18/10/69
18/10/69
18/10/69

18/10/6S
18/10/69
18/10/69

17/1G/69
17/1G/6S
17/10/69
17/10/69

17/10/69
17/10/69
17/1C/68
17/1C/6S

17/10/69
17/1C/69
17/10/69
17/10/69

CA/MC/YR

TIV

12.5
12.5
12.5

14.C
14.C
14.C
14.C

15.C
15.0
1c.C
15.C

1€¢.C
1€.C
l1¢.C
16.C

TI¥

VS CNC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYRL
CYR1

CYR1
CYR1
CYRL
CYR1

CYR1
CYR1
CYR1
CYR1

VS CNC

ARA DC-NMIN

371-22.3
37-22.3
37-22.2

371-32.2
37-22.3
371-22.2

371-21.7
371-21.7
37-21.7
37-21.7

37-21.7
37-31.7
371-31.1
37-321.1

371-21.1
37-21.7
37-21.17
37-21.17

ARA CC-VMIN

CG-MIN

1€-48,7
16-48.1
76‘48.7

1€-48.1
1€-48.17
Te-48,7

7¢-48.1
T€-48.1
7€-48.1
16-48.1

7€-48.1
7€-48.1
76‘48.1
1€-48.1

7€¢-48,1
76‘1‘801
7€-48.1
T7€-48.1

CC-MIN

WC

WC

T

T

AT WC WV CV

AT WC wv CV

NC
c3

C3

c3

c3

Cs4
Ca
Ca
Cq

C4
C4

C4

Ca
C4
Ca
Ca

NC

CPT

cc.C
Cz.C
C4.C

cc.cC
c2.cC
Ca.C

ccC.C
c2.C
C4.C
Cé.C

cC.C
ce.C
Ca.C
ce.C

cC.C
c2.cC
Ca4.C
Cé.C

CFT

mAOCAM [z EnEaln] [ S Sy 2 [ SEpY Sy 5%

A"O MO

-

TENP

18.6
18.6
18.6

16.1
19.C
16.C

19.¢
19.5
19.5
19.4

1S.¢€
1004
1C.4
1C.4

19.‘.
19.4
1.3
16.2

TENF

Pl <l < B o] 0OV N P B o]

0 VDO

—

SALN

6.23
6.91
7.1¢

5.78
6.63
7.38

8.317
S.37
.39
S.4C

G445
G.52
G.52
G.45

G.52
G.57
G.51
5.56

SALN

cccc

1611
1611
1611

1612
1612
1612

1613
1613
1613
1613

1614
1614
1614
1614

1615
1615
1615
1615

ccce

D @M D D [aXaXel [aNaXal

M

—

Cl
35
34
35

aNaNal

[aNaNal

VEL

0.39
C.Cs
C.C‘.

C.11
C.C5
c.18

CR I VEL

coL

Po2C

Po2C

PO1A

POlA

PO1A

coL

STA

413
413
413

413
413
413

421
421
421
421

421
421
421
421

421
421
421
421

STA

=260



CA/MC/YR

18/1C/69
18/10/6S
18/1C/69

18/1C/69
18/1C/65
18/10/6S
18/10/65

18/1C/63
18710769
18710765
18/1C/69

18/10/69
18/10/69
18/10/69

18/10/69
18/10/69
18/1C/65

18/1C/69
18/1C/65
18/1C/6S

CA/NMC/YR

TIV

Cé.5
Cé.5
Cé.5

C7.5
C7.5
C7.5
C7.5

CE.4a
Ce.4
C8.4
Ce.4

C5.5
CS.5
CS.5

1C.5
1C.5
1C.5

11.4
11.4
11.4

TIN

VS

VS

CNC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CNC

ARA CC-MIN

37-32.2
371-22.2
37-32.2

37-322.
37'320
371-22.
31-22.

[FURSV RN PN )

371-22.
37-22.
37-22.
37-22.

[TUN TRV EN]

37-22.
37-22.
37‘321

[SSIRSS RN

31-22.
31-22.
31-22.

W W

371-32.2
37-322.2
37-22.2

ARA CC-MIN

CG-MIN

1€6-48.17
76-48.7
T€6-48.7

1€6-48,17
1€-48.1
T€-48.17
16-48.1

1€6-48.17
T€-48.7
7€-48.7
7€6-48.17

16-48.7
7€-48.7
1€-48,.17

T6-48.7
7¢-48.7
T€-48.17

1€-48,17
16-48,17
T€-48,7

CC-VMIN

WC

A AN AN
e e

WM ananun

AN AN AR
o o o

WC

T

W W W

-~ - -~

e o o o

[SURYSIEY]

T

AT WC WV CV

AT WC WV CV

NC
c3
C3
C4
Ca

C4
C4

C4
Cé4
Ca
Cc3
c3
Cc3
C3
Cc3
C3
c3
c3

NC

CPT

cC.C
c2.C
C4.C

cc.cC
C2.C
C4.C
Cs.7

CcC.C

“gz.C

C‘ro
CS.7

CcC.C
C2.C
Ca.C

CFT

[ Sy Sy 5%

C. €. & o . C. [ S S

[ S Sy AN

TEMF

16.8
18.¢8
18.7

17.5
18.2
18.¢€

18.1‘
18.€
18.¢

18.5
18.7
18.7

18.8
18.8
18.¢€

18.6
18.5
18.5

TEVF

DT VDD

o

~ WO

SALN

1C.4S
11.C7
11.32

8.2¢€
1C.18
1C.41
1C.71

7.53
8.C7
8.24

6.G5
7.35
T.€1

SALN

ccce

16C5
16C5
16C5

16Cé
16C6
16C¢
16Cé6

16C7
16C7
16C7
16C7

1¢C8
1¢08
16C8

16CS
1€6Cs
16CS

1610
161C
1610

ccce

[aNaNeal OO0 [aNaXel eNeNe] aNaNe]

OO0

15

g
-

17

17
17
1¢

lé
lé
1¢

1€
17
1¢é

17
1é
le

ER

by

[aNaNal [aNaKel [aNeNel [aNaNe] [aNale]

aNalal

VEL

c.c8
C.C4
C.C3

C.37
C.21
C.15

C.85
C.54
C.33

C.72
C.44
c.27

C.t¢
C.42
C.27

VEL

co

coL

Po2C

Po2C

PO2C

PO2C

Po2C

PO2C

coL

STA

413
413
413

413
413
413
413

413
413
413
413

413
413
413

413
413
413

413
413
413

STA

-£6o-



CA/NC/YR

18/10/68
18/10/69

18/10/69.

18/10C/665

18/1C/6S
18/1C/69
18/1C/69
18/10/69

18/10/69
18/10/66
18/7/1C/69
18/7/1C/65

18710769
18/10/69
18/71C/653
18/1GC/69

18710769
18/10/69
18/1C/69
18/1C/6S

LA/NC/YR

TIV

cl.3
Cl.3
Cl.3
Cl.3

C2.3
C2.3
C2.3
C2.3

TV

VS CNC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1
CYR1

CYF1
CYR1
CYF1
CYR1

CYF1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

VS CANC

ARA CC-NMIN

37-22.2
37-22.32
37‘32.3
37-32.2

37'32-
31-22.
37‘32.
371-22.

LTV IRV IN IR EN]

37-22.
37'22.
37-22.
371-22.

(Dt )

31-22.
37—22.
37-132.2
31-22.2

[F RN

371-22.2
37-22.2
37-22.2
31-22.2

ARA CC-MIN

CC-VIN

16-48.7
T€-48.7
T€-48,7
T€~-48.7

76'118.7
T€~-48.1
1€6-48.17
16-48.17

7€-48.17
16-48,.7
7€e-48.17
7€-48,7

Te~-4R,17
T€-48.7
1€-48.7
1€-48,.7

16-4R,7
16-48.7
T€-48.7
T€-48.1

CC-MIN

WC

o~ m

[ ¢ N o BN
e o o =

(e N s g 0 s ) e 00 0 e B¢ )
s NeNeNel

(2.0 s 0 e W0

WC

OO0

* o o

OO0

T

OO0

[aNeNeNel

T

AT WC wv CV

AT wWC WV CV

NC

Ca
C4
Ca4
C4a

C4
C4
C4
Ca

Ca
C4
Ca
Cé

C4
Ca
Ca
Ca

Cé
Ca4
Ca
C4

NC

CPT

cC.cC
cz.C
C4.C
Ce.C

cc.c
cz.C
C4.C
Ce.C

cC.C
cz.C
C4.C
Ccé.C

cC.C
cz.cC
C4.C
Cé.C

CC.C
C2.C
C4.C
ct.C

CFT

[ SNpY SR S &5 [ AW SRgy Supy &N [ Ay 2

[ SR SENY S &5

—

TEMF

18.8
19.C
19.2

18.¢
18.6
1.2

16.2
19.C
18.7
18.7

18.4
18.4
18.¢
18.¢

17.32
18.3
18.¢8
18.¢

TENMF

D VWXV D VDO DV VD T XV VDO

o

SALN

7.C8
T.12
7.7
8.1C

8.Cé€
7.CS
7.5¢C
8.74

T.8C
7.85
9.52
S.7¢€

8.46
8.51
1C.48
1C.€5

9061
1C.48
11.2C

SALN

ccce

16C0O
16C0O
16CC
16CC

16C1
16C1
1éC1
16C1

16C2
16C2
16C2
16C2

16C3
16C3
16C3
16C3

1€C4
16C4
16C4
16C4

ccce

[aNasRalal aNeNaNal [aNaNal [aNaNel

[aXeaNaNe

CR
17

14
35

c2

35

3¢
35
3s
35

3¢
35

35

c2

35
3¢

CR

[aNeNaNal s NaNal [aNaNe

aNeNaN e

o000

VEL

C.1C
C.C3
C.15

C.15
C.25
C.33

'SE
C.€C
C.S
C.35

C.55
C.55
C.45
C.25

C.C5
C.24
C.13
C.ll

VEL

4.8¢

5.C¢8

cC

cot

Po2C

Po2C

po2C

po2C

po2Cc

coL

STA

413
413
413
413

413
413
413
413

413
413
413
413

413
413
413
413

413
413
413
413

STA

-ﬂgo-



CA/VC/YR

17/10/6S
17/10/6%
17/710/68

17710769
17/10/69
17/10/765

17/10/65
1771C/68
17/7/1C/6S

17/71C/6%
17/1C/69
17/710/63

17/10/69
17/1C/65
17/1C/68

18/10/69
18/10/68
18710769
18/10769

CA/FC/YR

TIV

16.3
16.3

16.3

2C.3
2C.3
2C.3

21.3
21.3
21.3

22.3
22.3
22.3

NN
[SVIRUS RNV
o o o
W W

CC.3
CC.3
CC.3
CC.3

TIW

VS CNC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYF1
CYR1

CYR1
CYF1
CYR1

CYF1
CYR1
CYR1
CYR1

vS ENC

ARA CCG-VMIN

37-32.2
37-32.2
37-22.2

37-22.2
371-32.2
37-32.2

371-32.2
31-22.2
37-132.2

371-22.32
37-22.2
37-22.2

31-22.2
31-22.2
371-32.2

37-22.2
37-22.2
37-22.12
37-22.2

ARA CC-MIN

CC-VMIN

T€-48.7
76-48.17
1€-48.7

76-48.7
76"08.7
7€-48.17

T€-48.17
1€-48,17
T€-48.7

7€-42.17
T€-48.17
1€-48.7

76-48.1
T€e-48.7
7€-48.17

T1€6-48.7
T¢~-48.7
1€6-48.17
7e-48.1

CC-MIN

Wl

W AR AN WA an AN (S S, IRN
o o o

AN N
¢ o 0

o N e B¢ ) ¢ ]

WC

OOOOO0

¢ o o @

T

AN AR D N AN N AN AN AN AN

Ut Aan

T

AT WC WV CV

AT wWC wWv Cv

NC
c3
C3
C3
c3
Cc3
C3

Cc3

Cc3

c3

c3
c3
C4
C4
C4
c4

NC

CPT

cc.C
CZ.C
C4.C

cC.C
c2.cC
C4.C

cC.C
c2.C
C4.C

cC.C
€z.C
C4.C

cc.C
cz.C
Ca.C

cC.C
cz.C
Ca.C
Cé.C

CeY

[ S Sy SN

[ S S SN

o . [ B SR 3%

[ S5y S5

[ SN Siay 3%

TENF

18.6
19.2
19'3

1G5.1
1.2
19.4

18.€&
15.2
19.3

19.C
1.2
16.2

18.6
19.2
16.3

1.1
1.2
19.2

TEVF

0 VD T VR P B -] n 00 " VT

T OOV

—

SALN

11.C1
11.C7
11.58

S.Cé¢
11.2C
11.51

S.8C
1C.C2
1C.4C

Ge26
Ge37
S.EC

8.C6
8.41
8.7¢

T.4S
T.52
8.1C
8.18

SALN

ccce

1564
1564
1564

1595
1565
1565

1566
1596
1566

1597
1597
1567

1568
1568
1568

1569
1569
1599
1569

ccce

OO OO0 [aNaXe] aNaNel [aNaXel

[aNaKel

CR
17
18
17

17
1€

18
17
16

17

1€

17

1¢

1¢

15

CR

OO0 aNaNal [aNalel OO OO

[aNaXe]

VEL

C.5C
C.28
C.34

C.70
C.5C
C.35

c.8C
C.€3
C.43

C.€5
C.5C
C.23

C.€C
C.37
C.22

C.34
C.2C
c.ce

VEL

Cc

CGL

Po2C

PO2C

Po2C

P0O2C

Po2C

Po2C

coL

STA

413
413
413

413
413
413

413
413
413

413
413
413

413
413
413

413
413
413
413

STA

-GG~



CA/MC/YR

17/10/68
17/10/69

17/1C/69:

17/1C/69

17710769
177107689
17/10/769
17710769

17716769
17710769
17/1G/69
17/1C/6S

17/10/69
17/1C/6S
17/10/69
17/1C/69

17/10/68
17/1C/68
17/10/69
17710769
17/1C/69

CA/MC/YR

TIV

l4.2
14.2
l4.2
14.2

15.4
154
15.4
15.4

1€.3
1.2
1€.3
1€.32

17.4
17.4
17.4
17.4

18.4
18.4
18.4
18.4
1€.4

Tiv

VS ONC

CYR1
CYFR1
CYR1
CYR1

CYFR]
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1
CYR1
CYR1

VS CNC

ARA CC-VMIN

371-22.2
31-22.2
37-22.2
37-22.2

37-320
371-22.
37-22.
371-22.

(TSR SVIRRV AN}

371-22.
371-32.
371-32.
371-22.

[TV SR YNV

37'32.
37-22.
371-22.
37‘32.

[V SN RN AN YY)

37'320
371-22.
37'22-
371-22.2
371-22.2

Wt

ARA CC-MIN

CG-VMIN

16-48.7
76"48.7
76“18.7
T€-48.7

76-48.7
76-48.7
7€-48.7
7€-48.7

7€-48.7
T€e-48.17
7€-48.7
T€-48.17

T€-48.7
1€-48.7
T€-48.7
1¢-48.7

T€-48.17
T€-48.17
7e-48.7
T€-48.7
7€-48.17

CC=-MIN

L1¥

WC

1

T

AT wC WV CvV

AT WC wv CV

NC

Ca4
Ca
Ca
Ca

Cs
C4
C4
C4

Ca
Ca
Ca
Ca

Ca
Ca
C4
Ca

CPT

cc.C
ce.C
C4.C
Cé.C

cc.C
C2.C
C4.C
Cé.C

cc.C
c2.C
Ca.C
Cé.C

cc.C
c2.cC
C4.C
Ce.C

cc.C
cz.C
C4.C

c.C

Ce.C

CFT

[ S S Jy 3N [ S5y Sy Jy &5 [ Ay SNy Sy SN [ SSpy SUgy Sy A%

o o o

TEMFP

19.5
19.5
19.5
19.5

15.4
19.5
18.5
19.¢€

19.2
15.2
19.4
1904

16.C
19.2
19.4
1G.4

18.7
15.C
19.2
18.4

TENVF

0V O 0 VDO D 0V VWD 0 VWV

" VD

SALN

8.7S
G.45
1C.48
1C.78

1C.52
1C.63
11.22
11.2¢C

11.28
11.3¢C
11.5¢C
11.87

11.44
11.25
12.44
12.217

S.8C
11.37
12.C1
12.47

SALN

ccce

1589
1589
1589
1589

1560
155C
1560
1590

1561
1561
1561
1591

1562
1562
1562
1562

1593
1563
1563
1563
1563

cccc

e NaNaNel e XaNaNel [aXaEeNe] aNeNaNel

[aNaNe

[aXaNeXel OO0 la¥aNaNa] a¥eXaNeal

[aNeNe]

o

VEL

C.€5
C.75
C.€5
C.55

C.55
C.€5
C.€5
C.€5

C.37
C.41
C.48
C.44

C.11
C.17
c.ls
c.C8

CCL

PO2C

pPo2C

PO2C

Po2C

po2C

coL

STA

413
413
413
413

413
413
413
413

413
413
413
413

413
413
413
413

4132
413
413
413
413

STA

_9g 0=



CA/VMC/YR

18/10/69
18/10/69
18/1C/69
18/1C/68

18/10/69
18/10/689
18/10/69

18710769
18/10/69
18/10/69

18/1C/69
18/1C/6S
18/107/65

18710769
18/1C/689
18/10/6S

18/1C/69
18/1C/65
18/1C/69

CA/NMC/YR

TIV

Ce.2
ce.2
C8.2
Cg.2

€S5.2
Cs.2
Cs.2

1C.2
1C.2
1C.2

11.2
11.2
11.2

12.2
12.2
12.2

13.2
12.2
12.2

TIv

VS CAC

CYR1
CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYR1
CYR1
CYFR1

CYF1
CYR1
CYR1

VS CNC

ARA CC-MIN

37-22.2
371-22.2
371-22.2
37-22.2

37-322.2
37-22.2
37-22.2

37-22.2
37-32.2
37-22.2

37-32-3
31-22.2
371-22.2

37-22.2
37-22.2
371-22.2

37-22.2
371-22.2
371-22.2

ARA CC-MIN

CC-MIN

7€-48.6€
T1€-48.6
T€-48.€
Te-48.6€

TE-4B. €
1€-48.¢€
T€-48.¢€

T€-48,6
T€-48.6
T€-48.¢€

1€-48,¢
T€-48.¢€
1€-48,€

T1€-48.¢€
T1€-48.€
T€~-48.¢€

T1€-48,.6€
T€-48.¢€
TE-48.€

CC-NMIN

Wl

[ ¢, IS )]

NN N NN

AN AR
¢« o o

WEC

o NaN e

T

s ot g bt ot

Pttt

T

AT WC WV CvV

AT WL wv Cv

NC
Ca
Ca
C4
C4
c3

C3

c3
Cc3
c3

Cc3
Cc3

Cc3
C3
c3
C3
Cc3

NC

CFT

cc.C
c2.C
C4.C
C4.5

€C.C
c2.C
C4.C

CC.C
Cz.C
C4.C

cC.C
Cz.C
C4.C

CPTY

[ SN SR 3 o [ SNy SNy 2% [ SNy Sy N [ SV Sy 3%

[ SV A &%

TENF

18.4
18.7
18.7

18.2
18.¢
18.7

18.¢
18.8
ig.¢

18.6
18.€
le.g

18.6
18.6
18.6

16.1
18.6
18.5

TENF

- < I ~]

© " ?VDO

o2 -l -]

SALN

8.56
S.59
11.CS

g.18
8.18
1C.71

T.6C
8.81
3.7

T.C2
71.€8
.45

5.77
6.45
6'81

SALN

ccce

1583
1583
1583
1583

1584
1584
1584

1585
1585
1585

1586
1586
1586

1587
1587
1587

1588
1588
1588

ccce

aNaNe [aXa el [aNaNe] [aNaXel aNaNe!

[aNaNe!

CR
1€

1€

17
1¢
15
1€
17
1€
17
1€

18

17

17
22
15

CR

[alaXal [a¥alel OO0 OO0 a¥elal

aNaNel

VEL

C.€1
C.23
C.17

w ™

™

5.28
5.5C

cC

CCL

PO2B

PO2B

PO2B

PO2B

PO2B

PO2B

coL

STA

412
412
412
412

412
412
412

412
412
412

412
412
412

412
412
412

412
412
412

STA

=LG0~



CA/FC/YR

18/10/69
18/10/69
18/10/69
18/10/65
18/10/69

18/10/69
18/1C/69
18/10/69
18/10/69

18/10/69
18/1C/65
18/10/69
18710769
18/1C/69

18/1C/659
18/1C/6S
18/1C/69
18/1C/69

18/10/69
18/1C/6S
18/10/68
18/10/69

CA/VMC/YR

TIv

C3.2
C3.2
C3.2
C3.2
C3.2

Ca.2
C4.2
C4.2
Ca.2

CS5.2
€5.2
Cs.2
CS5.2
C5.2

Ce.2
Cée.2
Ce.2
Cel.2

C1.2
C1.2
C7.2
C1.2

TIv

VS CNC

CYR1
CYFR1
CYR1
CYR1
CYR1

CYR1
CYF1
CYR1
CYR1

CYF1
CYF1
CYFR1
CYFR1
CYF1

CYR1
CYF1
CYR1
CYR1

C(YF1
CYF1
CYR1
CYFR1

VS CNC

ARA CC-NMIN

37-22.2
37-22.12
371-22.2
37-32.2
371-22.2

31-22.
31-22.
31-22.
31-22.

[C VTS NN

371-22.
371-22.
371-22.
371-22.
37‘320

[T I TS B SV RN NS Ry YN}

31-22.
31-22.
31-22.
31-22.

(TSI NS I IV

ARA CC-MIN

CC-MIN

1€6-48.¢€
T6-42,.€
7¢€-48.¢
T1€-48.€
1€-48.¢

1€-48.6€
TE-48,€
T€-48.6€
T€-48.¢

T€-48.¢
TE-48,.€
T€E-48.€
T€-48.€
T€-48.6€

76-484¢€
TE-48,.€
T€-48,€
T€-4R.€

T1€-48.€
T€-48.¢€
1€-48.¢€
T1€-48.6€

CC-VMIN

Wl

WC

1

T

AT wWC WV CV

AT wWC WV CvV

Cca
Ca
Ca
Ca

Ca
Ca
Ca
Ca

Ca
Ca
C4
Ca

NC

CPT

cC.C
cz.C
C4.C
Ct.C
Ce.C

cC.C
c2.C
Ca.C
Ceé.C

cc.C
cz.C
C4.C
cc.C
Cé.C

CC.C
C2.C
Ca.C
Cao

CC.C
cz2.cC
C4.C
Ca.4

CPT

[ Sy % [ SEpy Sy &8

« .

TENMF

18.%
19.1
19.1

18‘3
18.¢
18.7

18.2
18.7
18.8

18.6
18.7

18.7
18.5

17.¢
1803
18.8

TEMF

0 VX

DD TDO

=

SALAN

7.54
7.€C
8.94

1C.25
1C.52
11.31

9.78
1C.€7
11.32

SALN

cccc

1578
1578
1578
1578
1578

1579
1579
1579
1579

158C
158C
158C
1580
1580

1581
1581
1581
1581

1582
1582
1582
1582

ccce

OO0 laNaNe! aNesEalel e NaNal

[aNeNal

CR

3¢

3¢

3¢

34

35

3¢

3¢

P

[aNaXel (] [aNaNp] aXaEaXel [aNeNal

e NagNe

VEL

C.39
C.58
Cose

C.€C
C.58
C.55
C.4C

C.43
C.43
C.37

c.lé
C.2C
C.12

C.17
C.l7
C.11

VEL

coL

PO2B

PO2B

Po2B

PO2B

PO2B

coL

STA

412
412
412
412
412

412
412
412
412

412
412
412
412
412

412
412
412
412

412
412
412
412

STA

_ggo_



CA/NMC/YR

17/10/69
17/10/69
17/10/66

17/10/659
17/1C/69
17/1C/69

17/10/639
17/10/69
17/1C/66

18/1C/69
18/10/69
18/10/6S

18/10/69
18/1C/6S
18/1C/66

18/1C/69
18/1C763
18/10/6S

CA/NMC/YR

TIV

21.2
21.2
21.2

23.2
23.2
23.2

CC.2
cC.2
cC.2

Cl.2
Cl.2
Cl.2

C2.2
c2.2
C2.2

TIN

VS INC

CYR1
CYR1
CYR1

CYR1
CYR1
CYR1

CYFR1
CYR1
CYER1

CYFR1
CYR1
CYF1

CYR1
CYFR1
CYR1

CYR1
CYR1
CYR1

vS InC

ARA CC-NMIN

37-32.2
37-32.3
37’32-3

37-22.2
37-22.13
371-22.2

37-32.2
37-22.2
371-22.2

37-22.2
371-22.2
37-22.2

371-22.2
37-22.2
371-22.2

371-22.2
37-22.2
37-22.2

ARA CC-MIN

CG-MIN

7€-48.6
T6-48.¢
T6-48.¢

T6-48.¢€
1€-48.6
T6-48.6

T€-48.¢
T1€~48.¢€
T€-48,€

16-48,¢
1€-48.¢€
TE-48,.¢

71€-48.¢€
1€-48.¢€
1€-48.¢€

T€-48.¢€
76-48.6€
16-48.¢€

CC-NMIA

WC

WC

T

T

AT WC WV CV

AT WC WV CvV

NC
c3

c3

Cc3

c3

c3

C3

c3
c3
c3

c3
c3
c3

Cc3
C3
c3

NC

CPT

CC.C
c2.C
C4.C

cc.cC
c2.C
C4.C

cC.C
c2.C
C4.C

cc.C
c2.C
C4.C

[ Sy &% [ SRy Sy 5 [ S S [ SNy SNy [ Sy SEpY 2N

[ SV SSa 2

TENF

18.7
1.2
19.4

15.C
19.2
19.3

18.9
16.2
16.3

18.5
16.2
19.2

18.6
19.1
19.2

18.7
15.1
19.2

TENF

n D

.l

]

x

VD

=

x

SALN

S.71
1C.CC
1C.51

S.265
S.36
S.62

8.22
.41
8.82

7.39
7.78
8.32

7.C2
7.38
7.5C

8.18
7.C8
7.26

SALN

ccce

1572
1572
1572

1573
1573
1573

1574
1574
1574

1575
1575
1575

1576
1576
1576

1577
1577
1577

cccc

aNaNe] [aNaNel [aNaNel [aNaNel aNaNe]

aNeNel

CR

17

17

17
1€
16

17
1€

OO0 [aNeNel 00 aNaNel (o NaNel

[eEanXe]

VEL

C.85
c.ée
C.4C

C.70
C.€C
C.21

C.€C
C.4l
c.2C

C.41
C.18
C.C5

C.13
C.C3
C.CS

oo m

@ ®

coL

PO2B

PO2B

P0O2B

PO2B

PO2B

PO2B

cot

STA

412
412
412

412
412
412

412
412
412

412
412
412

412
412
412

412
412
412

STA

-650-



CA/FC/YR

17/1C/689
17/10/69
17710769
17/10/65

17710768
177107653
17/10/6S
17/1C/69

17/1076S
17/1C/66
17710769
17/10/65
17/10/69

17/1C/65
17/1G/69
17/10/65

17/10/65
17710769
17/1C/69

CA/MC/YR

TIWM

1€.2
1€.2

1€.2

l1€.2

17.1
17.1
17.1
17.1

15.2
18.2
18.2
18.2
1€.2

16.2
15.2
16.2

2C.2
2C.2
2C.2

11W¥

VS CNC

CYR1
CYF1
CYR1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
CYF1
CYR1
CYF1
CYR1

CYFR1
CYR1
CYFR1

CYR1
CYR1
CYR1

vSs CANC

ARA CC-VMIN

37’3203
371-22.2
37-22.2
37-22.2

37'32.
371-22.
37-22.
37"32.

(TS IR VRSN Iy ¥V

37-22.
37-22.
37-22.
31-12.
37-22.

[SVIN TN REN RN YN VNS

371-22.
37-22.
371-22.

LYV IS RPN

37‘32-3
37-22.2
37-22.2

ARA CC-MIN

CC-MIN

T€-48.€
Te-48.¢€
76-48.¢€
7€-48.¢€

7€6-48.¢
7¢-48.€
1€-48.¢
T€-48.¢

T€-48.€
T€-48.¢€
T1€-48,¢€
1€-48.6€
7€-48.¢

T€-48.¢€
T6-48.¢
T€-48.€

Te-48.¢
71¢-48.€
76-48.¢€

CC-MIN

WC

AN AN
e o o

AN AN
e o o

WC

T

AN AN AN

AN AN AN

T

AT WC WV CV

AT WC WV CV

NC

Ca
C4
Ca
Ca

C4
C4
Ca
Ca

C5
CS
C5

C5

CPT

ccC.C
CZ.C
C4.C
Ce.C

cC.C
cz.C
C4.C
CéoC

cC.C
C2.C
C4.C
ct.C
Ce.c

cc.C
quc
cc.C

Cz.C
C4.C

[ SO AR [ Sy gy &% [ S Sigy S SN [ SSpy Sy SNy SN

[ SNy Sy 3N

TENE

16.2
1G.4
19 .4
1G.4

19.2
1.2
19.4
1G.4

19.C
16.2
1q.3

16.4
16.2

1G6.4
19.4

15.3
1S.4
15.4

TENF

ol - < <] el < By < B = ]

™ T

SALN

11.CS
11.11
11.43
11.7C

1C.S97
11.3¢
11.7C
12.21

11.25
11.54
12.13

12.45
11.C1

11.1¢
11.65

S.34
1C.9C
11.¢€2

SALN

ccce

15¢7
15¢€7
15¢€7
15€7

15€8
1568
1568
1568

1569
1569
1569
1569
15695

1570
157C
157C

1571
1571
1571

ccce

a¥aXel laNakel aNeNaNel aleEeNe]

laNaNe

CR

Ca
3¢

35

c2

35

(Y
2

16
34

21

1€

17

17
17

CR

[aXaNal aNaNeNe] laNaEalel

[aNeNe]

OO0

VEL

C.55
C.55
C.55
C.42

c.2C
C.22
Cc.22
C.29

C.ll
c.C3
c.Cl

w

CcL

PO2B

PO2B

PO2B

PO2B

PO2B

CcoL

STA

412
412
412
412

412
412
412
412

412
412
412
412
412

412
412
412

412
412
412

STA

—090—



CA/MC/YR TIVM vS CNC  ARA CC-MIN LCG-FIN WL T AT WC WV CVv NC CFT I TEMF I SALN CCCC

]

CR I VEL I CC CCL S7Ta

18/10/69 1C.C CYR1 37-22.4 7€-48.5 5.1 C3 CC.C J 1l8.¢ R 7.88 1561 C 1€ C C.82 PO2A 411
18/1C/69 1C.C CYR] 37-22.4 16-48.5 S.1 c3 Cézo.C J 18,7 R B8.46 15€1 C 17 C C.51 B 5.CC 411
18/1C/6G 1C.C CYR1 37-22.4 7€-48.5 E.1 c3 C4.C J 18.7 R G.57 15€1 C 17 C C.21 B 4.SC 411
18/10/65 11.C CYR1 37-22.4 7€-48.5 ¢£.1 C3 CC.C J 18.8 R 7.15 1562 C 16 C C.¢€8 PO2A 411
18/1C/69 11.C CYR1 37-22.4 7€-48.5 Et.1 C3 C2.C J 18.8 R 7.€62 1562 C 16 C C.5C B 5,48 411
18/1C/69 11.C CYR1 37-22.4 7€-48.5 £%.1 Cc3 C4.C J 18.6 R 8.3€ 1562 C 17 C C.2C B 4.6¢ 411
18/1C/769 12.C CYR1 37-22.4 T€-48.5 5.1 C3 CC.C J 18.6 R 6.6€ 1563 C 15 C C.54 PO2A 411
18/10/69 12.C CYf1l 37-32.4 7€-48.5 S.1 C3 CZ2.C J 186 R 7.C7 15¢3 C 17 C C.21 B 5.7¢8 411
18/1C/69 12.C CYR1 37-22.4 7€-48.5 5.1 Cc3 C4.C J 186 R T.64 15€3 C 1€ C C.1C B 4.SC 411
18/1C/69 13.C CYR1 37-22.4 7€-48.5 cS.C Cc3 CC.C J 19.C R 5,7C 1564 C 1¢ C C.325 P02A 411
18/10/69 13.C CYR1 37-22.4 7€-48.5 5.C Cc3 C2.C J 18.6 R €.6C 1564 C 22 C C.C3 B 5.5C 411
18/1C/66 13.C CYR1 37-22.4 7€-48.5 E.C c3 C4.C J 18.6 R 7.43 1564 C 35 C C.11 B 5.12 411
17/1C/6G 14.2 CYR1 37-32.2 7€-48.€6 €.C C4 CC.C J 19.1 R G.46 1565 C C3 C C.75 P02B 412
17/1C/66 14,2 CYR1 37-22.2 76-48.€ ¢€.C Ca C2.C J 16.2 R G.27 15€5 C 3¢ C C.75 B 5.77 412
17710765 14.2 CYFR1 37-22.2 7€-48.€6 E€.C C4 C4eC J 1Se€ R 1C.41 1565 C 35 C C.175 412
17/10/6S 14.2 CYR1 37-22.2 76-48.€ €.C Ca C¢.C J 1G.€ R 1C.4C 15€5 C 35 C C.E5 B 5.62 412
17/1C/6S 15.2 CYFR1 37-22.2 7€-48.€6 ¢€.C Ca CC.C J 1G.C R 1C.71 1566 C 35 C C.175 PO2B 412
17/10/69 15.2 CYFR1 37-22.2 7€-48.€ €.C Ca Cz.C J 1S9.4 R 1C.84 1566 C 35 C C.75 B 6.517 412
17710769 1%.2 CYR1 37-22.2 7¢-48.€6 ¢€.C Ca C4.C J 1G4 R 1C.G2 1566 C 35 C C.é€5 412
17/10/769 15.2 CYR1 37-22.2 7€6-48.€ ¢€.C C4 CéeC J 1G5 R 1C.S57 15¢6 C 35 C C.€5 B 6.67 412

CR I VEL I ¢©C CCL STA

ot

CA/VMC/YR TIVM VS CNC  ARA CCG-MIN LCC-MIN WC T AT WC wv CV AC CFT I TEMF I SALN CCCC

_'[90_



CA/NC/YR

18/1C/69
18/1C/69
18/10/69
18/1C/68
18/10/69

18/1C/69
18/10/769
18/1C/66
18/1C/69

18/1C/69
18/10/69
18/71C/69

18/710/65
18710768
18/10/69

18/10/69
18/710C/69
18/1C/6S

CA/NMC/YR

TIWV

CS5.C
C5.C
C5.C
C5.C
C5.C

Cé.C
Ce.C
ce.C
Ce.C

c7.C
c7.C
c7.¢C

ce.cC
ce.C
Ce.C

CS.C
Cs.C
CS.C

TIV

)

VS

CNC

CYR1
CYF1
CYR1
CYF1
CYR1

CYR1
CYR1
CYR1
CYR1

CYR1
LYR]
CYR1

CYR1
CYF1
CYR1

CYR1
CYFR1
CYR1

CNC

ARA CC-VMIN

37-22.4

(%5
-~~~
[
[SURYVR U]
LSIL NI SN, VY

]

w

31-22.4
37-22.4
371-22.4

371-22.4
37-22.4
37-22.4

w W w
-~~~
[}

[SS IRV V]

'

NN
e o @
Do

ARA CC-MIN

CC-MIN

1€-48,5
1€-48.,5
1¢€-48,5
Te-48.5
7€-48,5

1€-48,5
7¢-48,.5
T€-48.5
1€-48.5

1€¢-48.5
1€-48.5
1€-48,5

16-48.5
T€-48R,5
1€-48,5

7€6-48.5
16-48,5
1€-4R,5

CC-NMIN

WC

AN U N un
*« ¢ o .

(SIS, NN} AR R
e o o

AN N un

WC

T

— —— AN AN AN AN

—

1

AT WC WV CV

Al

WC wWv CV

Ca
C4
Ca
Ca

CFT

cc.C
Cé.C
Ca.C
0c.C
Ce.C

cc.cC
cz.C
C4.C

cC.C
Cz.C
C4.C

cc.cC
Ce.C
C4.C

CFT

[ SN SRgy &%

[ S S &% [ o o

.

TENMF

18.1
18.€
18.6

16.C

18.¢
16.C
15.1

18.€
16.C
1G.1

18.2
18.¢
18.6

18.4
18.7
18.8

TEMF

1

k] ol ol o]

EoR v A -]

<]

SALN

S.¢e7
1C.24
1C.71

1C.7C

1C.€S
11.11
1l1.27

1C.¢€5
1C.61
1C. 3¢

QO‘QC
1C.19
1C.S5

T.S17
1C.C7
1C. €€

SALN

ccce

1556
1556
155¢
155¢
155¢

1557
1557
1557
1557

1558
1558
1558

1559
1559
1556

156C
15¢6C
156C

ccce

[z XeNa] s NaNal laRalNe] aNeNe

a¥aNel

CR
35

35
3¢

15

18

17
17
1€
1€
1€

CR

[aNeNal aNaXe] OO0 OO0

[aNaNel

0.13
C.19
c.C7

C.17
C.12
C.10

caoL

PO2A

PO2A

PO2A

PO2A

PO2A

CGL

STA

411
411
411
411
411

411
411
411
411

411
411
411

411
411
411

411
411
411

STA

-290-



CA/NC/YR

17/1C/69
17/1C/69

17/10/69 22.

18/1C/6S
18/10769
18/10/6S

18/10/6S
18/10/69
18/1C/69

18/1C/6S
18/10/69
18/1G769

18/1C/65
18/1C/66
18/1C/69
18/1C/65

18/1C/é€9
18/1C/85
18/1C/69
1€/1C/69
18/71C/69

CA/VMC/YR

11V

cC.C
cc.cC
cc.C

Cl.C
cl.C
Cl.C

cz.C
Cz.C
cz.C

c3.C
c3.C
c2.cC
c2.C

C4.C
C4.C
C4.C
C4.C
C4.C

TIwv

Vs

')

CAC

CYFR1
CYR1
CYR1

CYF1
CYF1
CYR1

CYFR1
CYF1
CYR1

CYR1
CYR1
CYR1

CYR1
CYFR1
CYR1
CYFR1

CYR1
CYFR1
CYF1
CYF1
CYF1

NG

ARA CCG-MIN

37‘32.‘1
37-22.4
371-32.4

37‘2204
371-22.4
371-22.4

371-22.4
37-22.4
371-22.4

37-22.4
371-22.4
37-32.4

37-22.4
371-22.4
31-22.4
371-22.4

371-22.4
37-22.4
31-22.4
37-22.4
37-22.4

ARA CC-MIN

CG-MIN

T€-48.5
7€-48.5
T€-48.5

T€-48.5
1€-48,5
1€-48.5

T€-48,.5
T€6-48.5
T1€~-48.5

T€-48.5
T1€-48.5
T€-48.,5

7€-48.5
T16-48.5
7€-48,5
1€-48.5

1€-48.5
1€6-48.5
T€-48,5
T€E-48.5
1€-48.5

CC-MIN

WC

N AN NN

¢ o 0

Nt un
¢« o &
AN unaan

NN \naanaan
o o .

(o 0 ¢ M e J0s )

WE

¢ o »

o o o o

oNeNeNe]

T

oNeNe]

N aun

wmanaan

AOOOO0O

T

AT WC wWVv CV

AT WC WV CV

NC
Cc3

C3

c3

Cc3

c3

c3

Cc3
Cc3
C3

Ca
Ca
Ca4
Ca

cc.C
Cc2.C
Ca.C
Cé.C

CC.C
cz.C
C4.C
ce.C
Ce.c

. o

[ A SUuY

[ A SE 4N

18.1
19.C
16.32

18.C
1G5.1
15.1

18.2
18.7
18.€
18.6

TENMP

0 VWV D A B o] X = T

ol <R -]

7.12
7.332

8.1C

8.61
T.C€
7.25

6.75
T7.56
.36
S.7C

8.C4
5.21
G.G7
1C.C1

SALN

cccc

1550
1550
155C

1551
1551
1551

1552
1552
1552

1553
1553
1553

1554
1554
1554
1554

1555
1555
1555
1555
1555

ccce

[aNaNe] [aNaNel [aNeNel [aNeNe! [aNeXe]

OO

c7
c2
3¢

3¢
3¢
35

3¢
3s
35

CR

[aNaNel [aNeXel [aNaNal [aNeNel laNeXeal

[aNaNa)

C.29
c.21
C.CS

C.l¢
C.Cl
C.l1C

C.C4
C.17
C.1l6

C.3¢
C.5C
C.45

w w®

CCL

PO2A

PO2A

PO2A

PO2A

PO2A

PO2A

cot

STA

411
411
411

411
411
411

411
411
411

411
411
411

411 .

411
411
411

411
411
411
411
411

STA
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CA/MC/YR

11/1C/66
17/1C/66
17/1C/66
17/1C/68

17/1GC/65
17/1C/765
17/1C/65
17/10/69

17/10/69
17/1C/69
17/10C/65

17/1C/66
17/1C/69
17/10/69

17/10/69

17/71C/6S 2

17/1C/65S

17/1C/6S
17/1C/6S
17/71C/6é9

CA/MC/YR

LSELSI,¥Y
NN
o o o
[N Ne)

TIV

VS ENC

CYR1
CYR1
(YFR1
CYR1

CYR]
CYR1
CYrl
CYF1

CYFR1
CYR1
CYFR1

CYF1
CYR1
CYR1

CYR1
CYFR1
CYF1

CYR1
CYR1
CYF1

VS ONC

ARBA CC-MIN

371-22.4
371-22.4
371-22.4
31-22.4

w

W w
-~ e o~ -
] I

LY BNV WS RS )

w

NP NN
e o o o
PN S

37-22.4
371-22.4
37-32.4

37-32.‘1
37-22.4
37-22.4

371-22.4
31-22.4
37'32.‘!

W w
- - -y

(YN ISRV N]

NN

o4
o4
b

ARA CC-MIN

LC-VMIN

1¢€-48,5%
7€-48,5
TE-48,5
TE-4F .S

1€6-48,5
7€-48,5
TE-4R,5
T€-48,5

T€-48,.5
7€-48.5
T€-48,5

7€¢-48.5
T6-48R,5
T1€-48.5

71€-48.5
T€~-48.5
1€6-48,5

T€e-48,.5
1€-48,5
7¢~-48,5

CCG~-MIN

WC

(2,30 Ne Ns )
* e e o

s NeNeNe!

AN AN AN N

e o o o
AN AN AN N

T

AN AW nAnWwm
e o o
[eNeXe]

AnaAan WU,
o o 0

WC

N NN

AN AN AN

1

AT WC WV CvV

AT WC wv CV

NC
Ca4
ca

Ca
Ca

Cq

Ca

Ca

C3

c3

C3

Cc3

Cc3

C3

Cc3

Cc3

NC

CcC.C
cz.C
C4.C
Ce.C

CC.C
C2.C
Ca.C
ces.C

CC.C
cz.C
C4.C

CC.C
cz.cC
Ca.C

CC.C
cz.C
Ca.C

CcC.C
cz.C
Ca.C

CFT

[ A S SEp 2N

.

[ S Sy [ S SUay 5y

[ SR SERY S

TENF

16.8€
19.¢
19.%
16.5

19.¢
15.4
1G.4

1S.4
19.4
1S.4

15.1
19.3
16.2

19.2
16.2
16.2

TEMF

0 VWD

T VXV DO

0

00D 0 0D

© 0

ccce

1544
1544
1544
1544

1545
1545
1545
1545

154¢
1546
1546

1547
1547
1547

1548
1548
1548

1549
1549
1549

ccce

e NeNel OO0 aNalal OoOOO o000

e NaNe]

CR

3¢
35

35
15

1¢
17

1€

17

17

1¢

17

17

1¢
17

CR

=3

[aNaNeg] aNaNe] [aNeNn! [aXaNel eNa¥aKe]

[aNaNe]

VEL

C.23
C.26
C.27
C.21

C.l¢
C.C7
C.C2

c.7C
C.€C
C.32

VEL

cctL
PO2A

PO2A

PO2A

PO2A

PO2A

PO2A

ccL

STA

411
411
411
411

411
411
411
411

411
411
411

411
411
411

411
411
411

411
411
411

STA
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17/71C766
177106769
17/1C/65
17/1C/6y

17/1C/7639
17/1C/69
17/10/69
17/10/66

17/1C/66
17/10/66
17/10/65
17/1C/69

CA/NC/YR

l4.0
l14.C
14.C
14.C

15.C

SeC
15.0C
15.C

16£.C
16¢.C
1¢.0
1€¢.C

Tiwv

(YR
CYF1
CYR1
CYR1

CYFR1
CYFR1
CYR1
CYR1

CYFR1
CYF1
CYF1
CYR1

VS INC

W oW

w
~N~N~~
|
[TORTUN TN
NN NN
.
PO S S

W

i

oW W
-~ o~~~
1
D A 0

LSRG SN
o o o
SN DD N

ARA CC-VMIN

7€-40.5
7¢-48.5
7¢-48.5
7¢-48.5

1€¢-4R.5
Te-4R.5
7€-48.5
T€-4R,.5

T1€-4R,5
T€-48.5
1€-48.5
1€-48.5

CC-VMIN

(220 ¢ 0N ¢ 0N ¢ ]

M™N™N ™

WC

* e o o

OO0

[aNeNaNel

T

AT WC WV LV

Ca
Ca
Ca
Ca

Ca
Ca
C4
C4

Ca
Ca
Ca
Ca

NC

CC.C
cz.C
C4.C
ce.C

cc.C
C2.C
C4.C
Cé.C

CC.C
C2.C
C4.C
Cé.C

CPT

[ S N

<.

c.

o .

[ SN S A

[N

I

15.6
16.6
16.1
19.1

19.5
1.5
16.5
19.5

16.1
15.2
1G6.4
16.5

TEMF

T VDT DT T

VW

€.21
8.5C
1C.Cl
G.G8

1C.26
1C.25
1C.€6
1C.€7

1C.72
1C.€2
1C.85
1C.75

SALN

1541
1541
1541
1541

1542
1542
1542
1542

1543
1543
1543
1543

ccce

aNeXalea] [aNeNeleal

OO0

—

3
3%

3e
3s
35
35

36
35
35
38

CR

aNeaNeNe! aNaNeNe

alaNaNe]

et

T02A

PO2A

PO2A

CGCL

411
411
411
411

411
411
411
411

411
411
411
411

STA

_ggo_



APPENDIX D

LISTING OF COMPUTER PROGRAM FOR THE MATHEMATICAL MODEL OF DISSOLVED
OXYGEN IN THE PAMUNKEY-YORK ESTUARIES, TOGETHER WITH INPUT DATA.



//0YRFANG JOB (01654MV03415,3), 'FANG*yMSGLEVEL=(1,1),CLASS=C
// EXEC FORTGCLG
//FORT.SYSIN DD *

c

aNeNeNeNgl

—r—~00srN

N o

15

41

50

DATA ARRAYS CF CONSTANT SIZE

REAL K1(1),K2(1),K3(1)

DIMENSION DTR(1),0WQP(1),DTP(1),QTP(1),EDC(L) UAV(L),

1 BODT(1),BCNT(1),00T(1),ALFA(1),BET(L1),TO(1),CS(L),

2 QTR(1),BOCP(1),BONP(1)

* L . * * *

IN THE FOLLOWING ARRAYS IN COMMON, THE FIRST SUBSCRIPT EQUALS THE

MAXIMUM ALLCWABLE NUMBER OF ITEMS OF A PARTICULAR TYPE

SAME CIMENSION MUST BE USED IN SUBROUTINE INPUT

* ¥* * * *

COMMCN IR, IW,NTR,NH ,NTP,NOS, INOU, INGP,DUP,QUP,BODU,DOU,X0+DXMAX,

1 DIV,IP,BASE,NG(11),TITLE(35),NWQP

COMMON NATR(248),TR(245)4DH(30),AH(30),BH(30),WQP(30,9), |

1 RQ(30),KSL(5) yKPT(5)yKK(5)yNAP(3,8),PLANT(5,4),TPVAL(12,4)

EQUIVALENCE (CTR(1),TR(1,1)),(BODT(1),TR(1,4)), (QTR(1),TR(1,2)),
(DTP(1),PLANT(1,1)),(DOT(1),TR(1,3)),(BONP(1),PLANT(1,4)),
(BONT (1) 9TR(Ly5) )y (KLUL)yWQP{L1s1))y(K2(1)oWQP(1,42)),
(K3(1)sWQP(143)), (ALFACL),WQP(144)),(BET(1),WQP(1,5)),
(TOU1) yWQP(146) )5 (CSIL)yWQP(1,7)), (EDCIL1) WQP(148)),
(UAV(1)4WQP(149 ))4(QTP(1),PLANT(L1,2)),(BODP(1),PLANT(1,3))

FORMAT(1H])

FORMAT (20X, 6F10.2)

FORMAT (/1X,8A2/)

FORMAT (1X, *GRCUP',12)

FORMAT (20X,35A2//)

FORMAT (1X520( *%7), " SUMMARY OF RESULTS',20('%')//1X,

N HWN -

1 'REACH FROM TO QUALI',*TY CLASSIFICATION COMPUTED MINIMY
2M DISSOLVED OXYGEN®'/21X,'DESIRED LOCATION D.O. Cs
3 BOD* /54X,y 'MILE MG/L MG/L MG/L"')

FORMAT(/1X,13,F9.2,F7.2,13X,F15.2,3(2X,F8.3))
DO 41 I=1,11
NG(1)=1

IR=5

IWw=6

BASE=10
DIV=2.302
INOU=1
INOP=1

NTR=1

NTP=1
DXMAX=3,
1P=6

CALL INPDA
Tu=0.

DU=DUP
QU=QuP
BODUP=BODU

- '[a-



60
61
63
65
68

70

75

DOUP DOU

FIND INITIAL VALUES OF CURRENT INDICES
LTC=NOCC(DTRyNTR,DU)

LHC=NOCC(DH,Nk ,DU)
LPC=NOCC(DTP,NTP,DU)

CSU=CS(LHC)

IPRIN=0

NLINE=60

CALL PAGE(IW,IPy1,NLINE,TITLE )
WRITE(IW,4) DU,TU,DOUP,CSU,BODU,QU

* * * *
FIND NEXT CHANGE POINT

IT =4

XC=X0

CALL CMAX(3,IT LPCyPLANT,XC,DU,I3)

CALL CMAX(24IT 4LHCyDHyXC4DUs12)

CALL CMAX(1,IT LLTC,TRyXC,DUyI1)

DX=DU-XC

IF(DX-0.0001)60,60,92

MORE THAN ONE CHANGE AT A POINT

IF(IT -1)61,65461

IF(IT -2)63,65463

IF(IT -3)68,65+68

IPRIN=1

GO 70O (70,80,81490),IT

TRIBUTARY

LTC=11

BOD=FTBOD(TO(LTC),BADT(LTC),BONT(LTC))
BOD=0.185*BOD/QTR(LTC)

CALL CONJ(DOUP,BODUP+QU,DOTI(LTC),BOD,QTR(LTC))
IF{INOP)56,56,75

CALYL PAGE(IW;IP,3,NLINE,T]
WRITE(IW,6) (NATR(LTCyI),I=1
GO 7O 56

HYDRAULIC

LHC=12

QU= RQ(12)

GO T0 90

TREATMENT PLANT

LPC=13
K=KSL{LPC)+KPT(LPC)-1
Q=1.55%QTP(LPC)

BOD= FTBUD(TO(LPC)y(1-—TPVAL(Kc1))*BODP(LPC),(1.-TPVAL(K.2))*
1 BONP(LPC))

BOD=0.185*80D/Q

CALL CONJ(DOUP,BODUP,QU,TPVALIK,3),B0D,Q)

£}
)

TL
v 8
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83

90

92
93

96

98

99
100

101
102
103

IF(INOP)S6,56,83

CALL PAGE(IW,!Py3,NLINE,TITLE)
WRITE(IW,6) (NAP{LPC,I)y1=1,8)

GO TO 56

CALL PAGE(IW,IPy1,NLINE,TITLE)
WRITE(IW,8)IT

GO TC 56

IF(IPRIN*INOP)95+95,93

CALL PAGE(IW,IPs14NLINE,TITLE)
CSU=CS(LHC)
WRITE(IW,4)DU,TU,C0UP,CSU,B0ODUP,QU
IPRIN=0 ’

COMPUTE TERMS IN CAMP'S EQUATIONS
Cl=K1l{(LHC)*2,71%*%(0.046*%(TO(LHC)-20.))
C2=K2(LHC)*1.0241**(TO(LHC)-20.)
C3=K3(LHC)

V=AH(LHC)*QU#**BH(LHC)

DODU=CS (LHC)-COuP
CP4=BET(LHC)/{(DIV*(C1+C3))

CP3=B0ODUP-CP4

CP1=C1%CP3/(C2-C1-C3)
CP2=C1l*(BET(LHC)/(C1+C3)-ALFA(LHC)/C1)/(DIV*C2)
C4=UAV(LHC)/(2.*ECC(LHC))
El=.434%(C4-SCRT(C4*C4+DIV*(CL+C3)/EDCI(LHC)))
E2=.434%{C4~-SQRT(C4*C4+DIV*C2/EDC(LHC)))

IF(CP3)96,96,98
TC=-1
GO TO 100
FAC=(CP1+CP2-CODU)/CP1
IF(FAC)96,96,99
COMPUTE CRITICAL DEFICIT
* * *
TC=ALOGLO{(C2%FAC/(C1+C3))/(C2-C1-C3)
XD=DU
DXC=1.E+10
IF(TC)103,103,101
IF(TC-DX/V)102,103,103
DXC=TC*v
IX=XD-DXMAX+0.95
DXM=DU-IX
DXU=AMIN1(DX4CXCyCXM)
T1=BASE**(EL1*CXU)
T2=BASE*%(E2*DXU)
XD=DU-DXU
TD=TU+DXU/V ’
DOD=CS(LHC)-CP1*(T1-T2)-CP2%*(1.~T2)-DODU*T2

_Eq-



BODD=CP3%*T1+CP4
IF(ABS(DXU-DXC)-0.0001)105,105,106
105 DXC=1.F+10
106 IF(INCP)110,110,107
107 CALL PAGE(IW,IPy1yNLINE,TITLE)
CSuU=CS({LHC)
WRITE(IW,4)XD,TD,C0OD,CSU,BODD,QU
110 IF(ABS(DXU-CX)-0.0001)111,4111,103
111 IF(IT -4)112, 50,112
112 pDU=XD
Tu=TD
pouP=00D
BODUP=BGDD
GO TO 60
END
FUNCTION FTBCD(T,BODC,BODN)
FTBOD=RODC*2.718%*%(0,02%(T-20.))/(1.—10.%*{(-0.5))+B0ODN
RETURN
END
SUBRCUTINE CCNJI(COU,BOCUyQU,DOIN,BODIN,QIN)
QUP=CQU-QIN
DOU=(DOU*QUP+COIN%*QIN)/QU
BODU=(BRODU*CQUP+BOCIN*QIN)/QU
RETURN
END
FUNCTION NCCC({A,N,X)
C FIND INITIAL VALUES OF CURRENT INDICES
DIMENSION A(1)
I=N
1 IF(A(I)=-X)3,2,2
2 I=1-1
GO TC 1
3 NOCC=1+1
RETURN
END
SUBRCUTINE CMAX(Iy3JsKyXyYyZ,ylL)
DIMENSION X (1)
L=K-1
IF(L)5,5,1

—

IF(Y-X(L)-0.0001)2,245

2 J=1
Y=X(L)

5 RETURN
END

SUBRCUTINE PAGE(I4JyKybL,T)
NDIMENSTON T(35)
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IF(I-J)21,2,21

2 M=(L+K)/58
IF(M)20,20,4
4 WRITE(1,5)
5 FORMAT (1H1) )
WRITE(I,7) (T(II),I1=1,35)
7 FORMAT (5X,35A2)
WRITE(J,9)
3 FORMAT(/1X, "DESCRIPTION', 10X, '"LUCATION TIME D.0. DO. SA
1T, BOD CISCHARGE'/20X,'RIVER MILE DAYS MG /L MG
2/L MG/L CFS')
L=3+K
60 TC 21
20 L=L+K
21 RETURN
END
SUBRCUTINE INPDA
c SUBROUTINE INPCA =INPUT OF DATA

DIMENSIGN NAME (30)
COMMCN IR, IWyNTRyNH ,NTP,NOS,INOU,INOP,DUP,QUP,B0ODU,DCU,X0,DXMAX,

1 CIV,IP,BASENG(11),TITLE(35),NWQP
COMMCN NATR(248)9TR(2+5)4yDH(30)+AH{30),BH(30),WQP(30,9),
1 RG(U30)yKSL(S5)yKPT(5)yKK(5)yNAP(3,8)+PLANT(544),TPVAL(12y4)
[ b3 * *
1 FORMAT(1HL)
2 FORMAT(215,30A2)
3 FORMAT (1X,35A2)
6 FORMAT({T7F10.0)
13 FORMAT(I2,'INPUT [DATA GROUP',I5,10X,30A2)
14 FORMAT(10Xy 'SUBGRCUP DATA',15,10Xy30A2)
15 FORMAT(3(BA2,4X))
16 FORMAT(/1Xy15('%?),5X,'"TRIBUTARIES'y5X,15(*%?)/25X,'RIVER MILES
1DISCHARGE COo BOD(5C) BOD(N) *)
18 FORMAT(1X93I3,2Xy8BA294X45F10.2)
19 FORMAT(T7FE10.4)
21 FORMAT(/1X,20("*%), "HYDRAULIC REACHES'y20(*'*')/6X,
1'UPSTREAM EXPONENTIAL CONSTANT?!)
23 FORMAT(1X4159F9.3,3Xy3E1ll.4yFll.4)
5 FORMAT(9E13.4)
27 FORMAT(/1X420(*%**'),'RIVER DISCHARGE"'",20(*'*1)/
1 1X,'UPPER END CISCHARGE?")
28 FORMAT(6F12.3) :
29 FORMAT(/1X,20(*%* ), *TREATMENT, ALTERNATIVES',20{*%')/25X, *REMOVAL
1EFFICIENCIES DO /29X, 'BOD(C) BOD(N) ')
30 FORMAT(/5X,8A2/(25Xy3F10.3))

31 FORMAT(A2,48X42F10.0)

_ga-



34

35

36
37
39

40
46

49
50
55

61

63

65

66

69

70

71

73

83

91
92

FORMAT(/1X,'DATA GROUP *412,'1IS MISSING"')

FORMAT(3X,'DUP=*yF11.2,'QUP=",F11.2,'B0ODU=*yF11.2,°'D0OU=*,F11.2,

1 'X0='yFll.2/)
FORMAT(3X,*'CXMAX=*yF12.2/)
FORMAT (141I5)
READ(IR,3)TITLE
WRITE(IW,1)
WRITE(IW,3)TITLE

READ (IR,2) NCGyNS,NAME
WRITE(IW,13)INOU,NDG,NAME
NDG=NC. OF DATA GRCUP, NS=NO. OF SUBGROUP
IFINDCG-99)49,200,200
IF{NDG-10155,55,50

CALL EXIT

GO TC (61481y 91,411141214141,151,155, 165,181) yNDG
TRIBUTARIES

* * %*

NG(1)=0

REAUD(IR,2)NDCG,yNS,NAME

IF(NDG)65,65,70

WRITE(IW,14)NS.NAME

IF(NS-1)66,66,69
READ(IR,1IS5)((NATR(I4J)yJ=1,8)y1=1,NTR)
GO TO 63

K=NS-1

READ(IRy6)(TR (I4K)yI=1,NTR)

GO T0 63

IFLINOU)G6,46,T1

WRITE(IW,16)

DO 73 I=1,NTR
WRITE(IW,18)I,(NATR{IsJ)eJ=198),(TR (I,J)9d=1,5)
GO TC 46
% * * &
NG(2)=0

NH=NS

READ(IRy6)(CH(I)yI=1yNH)

READ(IRy19) (AK(I)yI=1,NH)
READ(IRy6)(BH(I)yI=1yNH)
IF(INOU)40,40,83

WRITE(IW,21)
WRITE(IW,23)(IsCH(I)yAH(I)4BH(I)yI=1yNH)
GO TC 40
* * * *

WATER QUALITY PARAMETERS

IF (NG(3))95,95,92

NWQP=NS
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93
95
107

108

111
112

119

120

125

127
128

NGL(3)=0.

DO 93 I=1,NS

WQP(I,1)=1.

WQP(1,42)=.1

WQP(I,+3)=.15

WQP(I,4)=0.

WQP(1,45)=0.

WQP(1,6)=20.

WQP(I1,7)=8.5

WQP(1,+8)=5.

WQP(1,9)=0.01
READ(IR,2)NDGyNSyNAME
[F(NDG)107,4107y 46
WRITE(IW,14)NS,»NAME

READ(IR,6) (WGP{IsNS}»I=1,NWQP)
IF(INOU)}46,46,4108

WRITE(IW,5) (WCP(IyNS),I=1,NWQP)
GO TO 95
* * * *x
RIVER OCISCHARGE

NG(4)=0

READ(IR,2)NDGyNS,NAME

IF(NDG)119,119,46
WRITE(IW,14)NS,NAME

READ(IR,6) (RG(I),I=1,NH )
TF(INQU)46,46,120

WRITE(IW,28) (RQ(I),I=1,NH)

G0 TO 112
* * * %*
TREATMENT  PLANTS

NG(5)=0

NTP=NS

READ(IR,2) NDG:NS,NAME

IF(NDG)124,124,46

WRITE(IW,14)NS,NAME

IF(NS-1)125,125,127

READ(IR,15) ((NAP (I4J)sJ=1,8)y1=1,NTP)

GO 70 122

IF(NS-6)128,130,130

K=NS-1
READ(IR,6)(PLANT(I4K)yI=1,NTP)
GO TG 122

* * * * *

ALTERNATIVES AT EACH PLANT
I8=0 '

{ YN 22 Q.1
I/ TNOUY 22, 138131 o . ' .
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131  WRITE(IW,29)
133 DO 139 I=1,NTP
READ(IR,2)ID,N
KB=18+1
KE=IB+N
KPT(1)=KB
KK (I)=KE
1B=KE
DO 135 K=KB,KE
135  READ(IR,6) (TPVAL(K,L)sL=1,3)
IF(INOU)139,139,136
136  WRITE(IW,30)(NAP (I,J)3J=1,8),((TPVAL(K,L)sL=1,3),K=KB,KE)
139 CONTINUE
GO TO 122
C * * * *
c INITIAL CONDITIONS, AND STARTING LOCATION
141 NG(6)=0
READ(IR,6)DUP,QUP,BODU ,D0U +X0
IF(INCU)40,40,142
142  WRITE(IW,35) CUP,QUP,BODU,DOU, X0
GO TO 40
C * * * * *
c MAXIMUM DISTANCE INCREMENT
151  NG(7)=0
READ (IR, 6)DXMAX
IF(INCU)40,40,152
152  WRITE(IW,36) CXMAX
GO TO 40
C * * * * *
c OUTPUT OPTICNS
155 NG(8)=0
READ (IR,37) INOU,INOP
IF(INQU)40,40,157
157  WRITE(IW,37) INOU,INOP
GO TC 40
c % * * * *
c BASE FOR OXYGEN SAG EQUATION

165 NG(9)=0
READ(IR,6) BASE
IF(BASE-5.)174,174,172

C BASE=10.

172 DIV=2.302
IF{INCU)40,40,173

173 WRITE(IW,19) BASE,DIV

GO TO 40

C BASE=E
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174
175

C *x
c T
181
182

C

200
203
210
215

216
218

219
1

//G0.S
OXYGE
1
MATTAP
33.88
100.
6.72
150.
30.

32.64
45.37

Div=1.
IF(INQU)40,40,175
WRITE(IW,19) BASE,DIV

GO T0 40

* * * *
REATMENT PLANT SELECTION
NG(10)=0

READ (IR37)(KSL(I),yI=1,4NTP)
IF(INQOU)40,40,182
WRITE(IW,37){KSL(I),I=1,NTP)

GO TC 40
CHECK FOR SUFFICIENT DATA
IND=0

DO 210 I=1,9
IF(NG(I))210,210,203
IND=1
WRITE(IW,34) INC
CONTINUE
IF (NG(10))218,+218,215
DO 216 I=1,NTP
KSL(I1)=1.
DO 219 I=1,NWCP
TO=WQP(I,6)
SO=WCP(1,7)
WQP(1,7)=14.6244-0.367134%T0+.0044972*%T0*T0-.0966*%S0+.,00205%S0*T0
+0.0002739*S0%S0
WRITE(IW,1)
RETURN
END
YSIN DD %
N BALANCE SIMULATION ANALYSIS PAMUNKEY AS MAIN RIVER
1 TRIBUTARIES
1 NAMES
ONI RIVER
2 LOCATICGNS (RIVER MILES)

3 DISCHARGE (CFS)

4 DISSOLVEDC OXYGEN (MG/L)

S5 BOD(5)

6 BOC(N) (ALL ZERD)

22 HYDRAULIC REACHES (VELOCITY)

33.88 35.05 35.62 37.87 40437 42.87
43.16 49,71 52.82 55.28 57.33 59.19
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62.91
88.3
.38187
66119

.87101
«35363
.06103
«02204
.00866
«97668
3

0.25
0.4
«25
.15

.1
.1
.1
.1

0.25
2.25
25

.15

o1
.1
ol
.1

0.40
«25
0.25
‘20

27.
2T.
27.
27,

13.
7.
O.
O'

61.26

«42113
«90465

«92056

«04271
.00602
.01104

22 PARA

1 Kl

0.25
0.4
.25

.15

2 K2 vV
.l
'1
.1
Ql.

3 K3
0.90
2.00
«25

.15

4 ALPH
o1
.1
'1
.1

5 P VA
0.50
<25
0.25

«20

6 TEMP
27.
27.
27.
27.

7 SALI
12.5
6.

T1.22 73.39
«97198 «817446
« 74302 «85012
«66119 «58024
.00268 «00443
.00646 «00702
«07026 . 12999
METERS
VALUES
06.50 0.5
0.40 0.40
«25 «25
.15 «15
ALUES
o1 o1
Il .1
o1 .1
01 .1
VALUES
2.95 2.95
1.75 1.5
25 «25
«15 .15
A
ll .1
.1 .1
.1 .1
.1 .1
LUES
0.75 0.95
25 «25
0.25 «20
«20 «20
ERATURE (DEGREES IN C)
27. 27.
27. 27.
27. 27.
27. 27
NITY IN PPM
12. 11.
5‘ 4.

77.11

«66119
.8052

«37586

.02006
.00528
«60432

0.45

0.30
+25

.15

.1

ol
o1

2.5
1.25
.2

«15

27.
27.

10.
3.

81.70

«55748
90027

« 39665

«04572
. 00665
«57621

0.4

0.25
.25

15

.1
.1
.1
.1

2.65
1.0
.2
.15

.1

.1
.1

0.75
«25

.20

.20

27.
270
27.
27.

9.
2.

84.38

.601
.8921

«42998

.033
«00717
«49523

0.4

0.25
«25
15

.1
.1
.1—
.1

2.5
0.75
o2

.15

.1
.1
'1
-1

0.5
«25

.20

.20

27,
27.
27.
27.

B.
1.

BP1
BP2

BP3
BP4
AP1
AP2
AP3
AP4
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8
3.4
2.5
2.3
.2
9
.25
.25
.25
.20
4 22
2
400.
268.
187.
60.
5 1
1
CHESAPEAKE
2
35.05
3
l4.
4
310000.
5
6
4
0.
03
0.85
0.99
6
62.00
7
1.
8
1 1
9
10. '
10
1
99
RIVER D
4 22
2
350,
175.
105.
50.
6
52.81
99

DISPERSION COEFF
3.4 3.3 3.3 3.2

1.6 0.9 1.3 1.4

1.6 1.1 .75 5
VELOCITY
+25 25 .25 +25

25 25 «25 «25
.25 «25 25 «25
.10 .10

RIVER LCISCHARGE
DISCHARCE (CFS)

400. 300. 294. 285,
255. 241. 223. 218.
160. 151. 126. 114.

WASTEWATER EFFLUENT
NAMES
INC.
LCCATICNS (RIVER MILE)
DISCHARGE (MGD)
RCD(5-CAY, 20 DEGREES C.) (LB/DAY)
BOD(ULTIMATE NITROGENOUS) (LB/DAY)
TREATMENT ALTERNATIVES
CHESAPEAKE INC.
0. l.
0.05 2
0.3 4.
1. 4.

INITIAL CCNCITIONS

233, 3. 6. 25.

MAXIMUM DISTANCE INCREMENT
CUTPUT CPTIONS

BASE FOR OXYGEN SAG EQUATION

LI
wWe e
~N O

.25
.20

281.
206.
96.

CPTIMAL CCMBINATION OF TREATMENT PLANTS,DATA

ISCHARGE DATA GROUP 5

DISCHARGE

DISCHARCGE
350. 250. 230. 210.
165. 155. 145, 135,
95. 85. 75. 65.

INTTIAL CCNLCITIONS
140. 3. 6. 30.

195.
125.
60.

SET 1

SIMULATICN CF QPTIMAL SOLUTION OBTAINED PRIMARY TREATMENT

10
2

CATA SET 2

— W
* ¢ o
[AS e e )

«25
25
«20

275.
196.
13.

185.
115.
55.

-TTa-



99
SIMULATION OF OPTIMAL SOLUTION OBTAINED FOR SECONDARY TREATMENT

10 DATA SET 3
3
99 END OF DATA,

/7
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APPENDIX E

LISTING OF COMPUTER OUTPUT FOR THE PROGRAM

AND INPUT DATA OF APPENDIX D.



OXYGEN BALANCE SIMULATICN ANALYSIS PAMUNKEY AS MAIN RIVER
1INPUT DATA GROUP 1 TRIBUTARIES

SUBGROUP CATA 1 NAMES

SUBGROUP CATA 2 LOCATIONS (RIVER MILES)

SUBGROUP CATA 3 DISCHARGE (CFS)

SUBGROUP CATA 4 DISSOLVED OXYGEN (MG/L)

SUBGROUP CATA 5 BOD(5)

SUBGROUP CATA 6 BOD(N) (ALL ZEROD)
3 e 3 3k % 3 A %k gk o A % ok TRIBUTARIES 3 3 3k 2 ok A e ok 3 ok ok ik ok

RIVER MILES DISCHARGE DO BOD(5C) BOD(N)
1 MATTAPGONI RIVER 33.88 100.00 6.72 150.00 30.00

1INPUT DATA GROUP 2 HYDRAULIC REACHES (VELOCITY)

%ok ok ok g ok koo ok ok ok kK HY DRAUL IC REACHE S % ok sk s skok s e o ok ok e o o ok ok
UPSTREAM EXPONENTIAL CONSTANT

1 32.640 0.3819E 00 0.0610
2 33,880 0.4211E 00 0.0427 _
3 35,050 0.9720€ 00 0.0027 é
4 35,620 0.8745E 00 0.0044 ;
5 37.870 0.6612E 00 0.0201
6  40.370 0.5575E 00 0.0457
7  42.870 0.6010E 00 0.0330
8 45,370 0.6612EF 00 0.0220
9 43,160 0.9046E 00 0.0060
10  49.710 0.7430E 00 0.0065
11 52.820 0.8501E 00 0.0070
12 55.280 0.8052E 00 0.0053
13 57.330 0.9003E 00 0.0066
14  59.190 0.8921E 00 0.0072
15 62.910 0.8710E 00 0.0087
16 61.260 0.9206E 00 0.0110
17 71.220 0.6612E 00 0.0703
18  73.390 0.5802E 00 0.1300
19 77.110 0.3759E 00 0.6043
20 81.700 0.3966E 00 0.5762
21  84.380 0.4300E 00 0.4952

22 88.300 0.3536E 00 0.9767



1INPUT DATA GROUP 3
SUBGROUP CATA
0.2500E 00 0.2500E 00
0.4000E 00 0.4000€ 00
0.2500€ 00 0.2500E 0O
SUBGROUP CATA
0.1000E 00 0.1000E 00
0.1000E 00 0.1000E 00
0.1000E Q0 0.1000E 00
SUBGROUP CATA
0.2500E 00 0.9000E 00
0.1750E 01 0.1500E 01
0.2000E 00 0.2000E 00
SUBGROUP CATA
0.1000E 00 0.1000E 00
0.1000€ 00 0.1000€ 00
0.1000E 00 0.1000E 00
SUBGROUP CATA
0.4000E 0O 0.5000E 00
0.2500F 0O 0.2%00E 00
0.2000E 00 0.2000E 0O
SUBGRGUP CATA
0.2700E 02 0.2700E 02
0.2700FE 02 0.2700E 02
0.2700E 02 0.2700E C2
SUBGROUP CATA
0.1300E 02 0.1250E 02
0.5000E 01 0.4000E 01
0‘0 0.0
SUBGROUP [CATA
0.3400E 01 0.3400E 01
0.9000E 00 0.1300€E O1
0.5000F 0O 0. 3000E QO
SUBGROUP CATA
0.2500E 00 0.2500F 00
0.2500F 00 0.2500E 0O
0.2500E 00 0.2C00E GO
LINPUT DATA GROUP 4
SUBGROUP CATA
400.000 400.000
275.000 268.000
206.000 196.000
114.000 36.000
LINPUT DATA GROUP 5
SUBGROUP CATA
SUBGROUP CATA
SUBGROUP CATA
SUBGROUP CATA
SUBGROUP CATA
SUBGROUP CATA

1

2

3

4

5

6

7

8

9

2

NP ON e

0.5000E
0.3000E
0.2500E

0.1000€
0.1000E
0.1000E

0.2950E
0.1250E
0.2000E

0.1000E
0.1000E
0.1000E

0.7500E
0.2500E
0.2000E

0.2700E
0.2700E
0.2700E

0.1200E
0.3000E
0.0

0.3300E
0.1400E
0.2000E

0.2500E
0.2500E
0.2000E

300.000
255.000
187.000

73.000

PARAMETERS

K1l  VALUES
00 0.5000E 00 0.4500E 00 0.4000E
00 0.2500€E 00 0.2500E 00 0.2500E
00 0.1500E 00
K2 VALUES
00 0.1000E 0O 0.1000& 00 0.1000E
00 0.1000E QO 0.1000€E 00 0.1000E
00 0.1000E 00
K3  VALUES
01 0.2950E 01 0.2750E 01 0.2650E
0l 0.1000E 01 0.7500E 00 0.2500€E
00 0.1500€ 00
ALPHA
00 0.1000€ 0O 0.1000E 00 0.1000E
00 0.1000E 00 0.1000€ 00 0.1000E
00 0.1000E 0O
P VALUES
00 0.9500E 00 0.8500€ 00 0.7500¢E
00 0.2500€E 00 0.2500€ 00 0.2500E
00 0.2000E 00
TEMPERATURE (DEGREES IN C)
02 0.2700E 02 0.2700€ 02 0.2700E
02 0.2700E 02 0.2700E 02 0.2700E
02 0.2700E 02
SALINITY IN PPM
02 0.1100E 02 0.1000E 02 0.9000E
01 0.2000E 01 0.1000E 01 0.0
0.0
DISPERSION COEFF
01 0.3300E 01 0.3200€ 01 0.4600E
0l 0.1700€ 01 0.1600E 01 0.2300E
00 0.2000& 0O
VELOCITY
00 0.2500F 00 0.2500€E 00 0.2500E
00 0.25C0E 00 «2500E 0OOC 0.2500€
00 0.2000E 00
RIVER DISCHARGE
DISCHARGE (CFS)
294.000 285.000 281.000
241.000 223.000 218.000
160.000 151.000 126.000
60.000
WASTEWATER EFFLUENT
NAMES
LOCATIONS (RIVER MILE)
DISCHARGE (MGD)
80D(5-DAY, 20 DEGREES C.) (LB/DAY)
BOD(ULTIMATE NITROGENOUS) (LB/DAY)
TREATMENT ALTERNATIVES

00
00

00
00

01

00
00

00
00

02
02

01

01
0l

00
00

0.4000¢E
0.2500€E

0.1000E
0.1000E

0.2500E
0.2500E

0.1000E
0.1000E

0.5000E
0.2500E

0.2700E
0.2700E

0.8000E
0.0

0.3800E
0.1600E

0.2500E
0.2500E

00
00

00
00

01

00
00

00
00

02
02

01

01
0l

00
00

0.4000E
0.2500€

0.1000E
0.1000E

0.2250E
0.2500E

0.1000&
0.1000E

0.2500E
0.2500E

0.2700E
0.2700E

0.7000t
0.0

0.2500€
0.1100E

0.2500E
0.2500€

00
00

00
00

00
00

02
02

0ol

01
0l

00
00

0.4000E
0.2500E

0.1000E
0.1000€E

0.2000E
0.2500E

0.1000€E
0.1000E

0.2500€
0.2000E

0.2700E
0.2700E

0.6000E
0.0

0.1600E
0.7500E

0.2500E
0.2500E

00
00

00
00

ol
00

00
00

00
00

02
02

01

01

00
00
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Sk ok Rt Rk R Rk # X TREATMENT, ALTERNATIVE S¥xksksokiokdokokfokkkokkikxk

CHESAPCAKE INC.

1INPUT DATA GROUP 6
DUP= 62.00QuUP=
LINPUT DATA GROUP 7

DXMAX= 1.00
1INPUT DATA GROUP 8
1 1
1INPUT DATA GROUP 9
«1000E 020.2302E 01
1INPUT DATA GROUP 10
1
1INPUT DATA GROUP 99

REMOVAL EFFICIENCIES (o8]

BOD(C} BOD(N)

0.0 0.0 1.000
0.300 0.050 2.000
0.850 0.300 4.000
0.990 1.000 4,000
INITITAL CONDITIONS
233.0080Du= 3.0C0D0uU= 6.00X0= 25.00

MAXIMUM DISTANCE INCREMENT

OUTPUT OPTICNS

BASE FOR OXYGEN SAG EQUATION

OPTIMAL COMBINATION OF TREATMENT PLANTS,DATA SET 1

- EH'



RIVER DISCHARGE CATA GROUP 5

DESCRIPTION LOCATION TIME D.O. D0.SAT. BOD DISCHARGE
RIVER MILE DAYS MG/L MG/L MG/L CFS
52.81 0.0 6.00 7.68 3.00 140.00
52447 0.38 5.93 7.68 1.65 140.00
52.00 0.92 6.04 7.68 0.73 140.00
51.00 2.06 6.48 7.68 0.16 140.00
50.00 3.19 6.88 7.68 0.07 140.00
49.71 3.52 6.97 7.68 0.06 140.00
GROUP 2
49.71 3.52 6.97 7.69 0.06 155.00
49.00 4,45 7.19 T.69 0.05 155.00
48.00 5.75 T.42 T.69 0.05 155.00
47.00 7.05 7.56 7.69 0.05 155.00
46.00 8.36 T.66 1.69 0.05 155.00
45,00 9.66 T.72 7.69 0.05 155.00
44.00 10.96 T.76 7.69 0.05 155.00
43.16 12.06 7.78 T.69 0.05 155.00
GROUP 2
GROUP 2
43.16 12.06 7.78 7.69 0.05 175.00
43.00 12.27 7.78 7.69 0.05 175.00
© 42.87 12.45 7.79 7.69 0.04 175.00
GROuUP 2
42.87 12.45 7.79 7.69 0.04 185.00
42.00 13.66 7.78 7.69 0.06 185.00
41,00 15.07 1.77 7.69 0.07 185.00
40.37 15.95 7.76 T7.69 0.07 185.00
GROUP 2
40.37 15.95 7.76 7.69 0.07 135.00
40.00 16.47 7.75 T7.69 0.08 195.00
39.00 17.88 T.72 T.69 0.10 195.00
38.00 19.29 7.69 T.69 0.10 195.00
37.87 19.47 T.69 7.69 0.10 195.00
GROUP 2
37.87 19.47 7.69 T.69 0.10 210.00
37.00 20.65 1.65 7.69 0.11 210.00
36.00 22.01 T7.61 7.69 0.11 210.00
35.62 22.53 7.60 7.69 0.11 210.00
GROUP 2
35.62 22.53 7.60 T.69 O.11 230.00
35.05 23.16 7.58 T7.69 0.11 230.00
GROUP 2

CHESAPEAKE INC.

35.05 23.16 7.00 T.69 37.45 250.00
34,64 23.58 4.33 7.69 19.89 250.00
34.00 24,23 2.94 7.69 T.39 250.00
33.88 24.35 2.88 T.69 6.15 250.00
MATTAPONI RIVER
GROUP 2
33.88 24.35 4.41 7.70 3.90 350.00
33.66 24.75 4.44 7.70 3.25 350.00

33.00 25.98 4.64 7.70 1.89 350.00
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OXYGEN BALANCE SIMULATION ANALYSIS

DESCRIPTION Loc
: RIVER
GROUP 2
GROUP 2
GROUP 2
CHESAPEAKE INC.
MATTAPONI RIVER
GROUP 2
GROUP 2
RIVER DISCHARGE CATA
1INPUT DATA GROUP 4
_ SUBGROUP LCATA
350.000 350.000
185.000 175.000
125.000 115.000
65.000 60.000
1INPUT [CATA GROUP 6
pup= 52.81QUP=

PAMUNKEY AS MAIN RIVER

ATION TIME D.0. DO. SAT.
MILE DAYS MG/L MG /L
39.00 27.98 7.76 Te64
38.00 29.37 7.72 T.64
37.87 29.55 7.71 T.64
37.87 29.55 7.71 7.61
37.00 30.72 7.65 7.61
36.00 32.07 7.59 7.61
35.62 32.59 7.58 7.61
35,62 32.59 7.58 7.57
35,05 33.22 7.54 7.57
35,05 33.22 7.06 7.53
34,64 33,64 4.82 7.53
34.00 34,29 3,65 7.53
33.88 34,41 3.59 7.53
33,88 34,41 4.63 7.52
33,66 34.82 4.65 7.52
33,00 36.03 4.81 7.52
32,64 36.69 4.94 7.52
32,64 36.69 4,94 7.50
32.50 36.95 4.98 7.50
32.00 37.85 5.12 7.50
31.00 39.67 5.42 7.50
30.00 41.48 5.71 7.50
29.00 43.30 5.96 7.50
28.00 45.12 6417 7.50
27.00 46.93 6.35 7.50
26.00 48.75 6+49 7.50
25.00 50.57 6.60 7.50

GROUP 5
DISCHARGE
2 DISCHARGE
250.000 230.000 210.000
165.000 155.000 145.000
105.000 95.000 85.000
55.000 50.000
INITIAL CONDITIONS
140.00B0DU= 3.00D0U=

BOD DISCHARGE

MG/L
0.10
0.10
0.10

0.10
0.11
0.11
0.11

0.11
O.11

31.22
16.52
6.17
5.14

3.60
2.99
1.75
1.32

1.32
1.24
0.99
0.68
0.50
0.41
0.36
0.33
0.31
0.30

195.000
135.000
75.000

6.00X0=

CFsS
281.00
281.00
281.00

285.00
285.00
285.00
285.00

294.00
294.00

300.00
300.00
300.00
300.00

400.00
400.00
400.00
400.00

400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00

30.00
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SIMULATICN OF CPTIMAL SOLUTION OBTAINED PRIMARY TREATMENT

DESCRIPTICN LOCATION TIME D.O. DO. SAT. BOD DISCHARGE
RIVER MILE DAYS MG/L MG/L MG/L CFS
52.81 0.0 6.00 T.69 3.00 140.00
52.47 0.38 5.93 T7.69 1.65 140.00
52.00 0.92 6.04 7.69 0.73 140.00
51.00 2.06 6.49 T.69 0.16 140.00
50.00 3.19 6.88 1.69 0.07 140.00
49.71 3.52 6.97 T7.69 0.06 140.00
GROUP 2
49.71 3.52 6.97 7.69 0.06 155.00
49,00 4445 7.20 7.69 0.05 155.00
48.00 5.75 T.42 7.69 0.05 155.00
47.00 - 7.05 T.56 7.69 0.05 155.00
46.00 8.36 7.66 7.69 0.05 155.00
45.00 9.66 T.72 7.69 0.05 155.00
44,00 10.96 T.76 7.69 0.05 155.00
43,16 12.06 7.78 T.69 0.05 155.00
GROUP 2
GROUP 2
43.16 12.06 7.78 7.69 0.05 175.00
43,00 12.27 1.79 7.69 0.05 175.00
42.87 12.45 7.79 7.69 0.04 175.00
GROUP 2
42.87 12.45 1.79 T.69 0.04 185.00
42.00 13.66 7.78 T.69 0.06 185.00
41.00 15.07 T.71 7.69 0.07 185.00
40437 15.95 7.76 1.69 0.07 185.00
GROUP 2
40.37 15.95 7.76 7.69 0.07 195.00
40.00 16.47 1.75 T.69 0.08 195.00
39.00 17.88 7.72 7.69 0.10 185.00
38.00 19.29 7.69 7.69 0.10 195.00
37.87 19.47 7.69 T.69 0.10 195.00
GROUP 2
37.87 19.47 7.69 1.69 0.10 210.00
37.00 20.65 T.65 7.69 0.11 210.00
36.00 22.01 7.61 7.69 O.11 210.00
35.62 22.53 T.60 7.69 O.11 210.00
GRUUP 2
35.62 22.53 7.60 T.69 0.11 230.00
35.05 23.16 1.57 7.69 0.11 230.00
GROUP 2

CHESAPEAKE INC.

35.05 23.16 7.09 7.69 26.24 250,00
34,64 23.58 5.23 7.69 13.98 250.00
34.00 24.23 4.26 T7.69 5.20 250.00
33.88 24.35 4.22 7.69 4.33 250.00
MATTAPONI RIVER
GROUP 2
33.88 24.35 5.22 7.69 2.81 350.00
33.67 24,73 5.24 T.69 2.37 350.00

33.00 25.98 5.40 T.69 1.39 350,00

_93-



RIVER DISCHARGE CATA GROUP 5

DESCRIPTICN LOCATION TIME D.O. DO. SAT. BOD DISCHARGE
RIVER MILE DAYS MG/L MG/L MG/L CFS
32.64 26.64 4.79 7.70 1.42 350.00
GROUP 2
32.64 26.64 4.79 7.70 1.42 350.00
32.52 26.86 4.83 T.70 1.34 350.00
32.00 27.82 5.01 7.70 1.06 350.00
31.00 29.65 5.36 7.70 0.72 350.00

30.00 31.48 5.70 7.70 0.53 350.00
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OXYGEN BALANCE SIMULATION ANALYSIS

DESCRIPTICON

GROUP
GROUP

GROUP

GROUP

GROULP

GROUP

GROUP

GROUP
GROUP

GROUP

GROUP

LOCATION
RIVER MILE

62.00
61.26

61.26
61.00
60.82
60.00
59.19

59.19
59,00
58.00
57433

57.33
57.00
56.00
55.28

55.28
55.00
54.00
53.00
52.82

52.82
52.00
51.00
50.00
49.71

49,71
49.71
49.00
48,00
47.00
46,00
45,00
44,00
43,16

43.16
43,00
42,817

42.817
42.00
41.00
40.37

40.37
40.00

TIME

DAYS
0.0
V.76

0.76
1.05
l1.24
2415
3.03

3.03
3.24
4.32
5.04

5.04
5.40
6.47
7.2"

T.24
7.58
8.78
9.99
10.21

10.21
11.14
12.27
13.40
13.73

13.73
13.73
14.65
15.95
17.25
16.55
19.85
21.15
22.24

22.24
22.45
22.63

22.63
23.83
25.21
26.08

26.08
26460

PAMUNKEY AS MAIN

D.O.

MG/L
6.00
5.91

5.91
5.96
6.00
6.23
6.47

60“7
6.55
6.94
7.15

7.15
7.24
T.46
7.58

7.58
7.62
Te74
T.82
7.83

7.83
T.86
7.89
T.91
7T.91

T.91
7.91
T.92
7.92
7.93
T.93
7.93
T.94
T.94

T.94
7.93
7.93

T.93
7.89
7.86
7.84

DO.SAT.
MG/L

T.99

7.99

7.99
7.99
7.99
7.99
T.99

7.95
7.95
T7.95
7.95

7.91
7.91
7.91
7.91

7.87
7.87
T7.87
7.87
7.87

T.83
7.83
7.83
7.83
7.83

7.79
7.79
7.79
7.79
7.79
T.79
7.79
7.79
7.79

7.71
7.71
7.71

7.68
7.68
7.68
7.68

RIVER

BOD
MG/L

3.00

1.52

1.52
‘ng
l1.16
0.72
0.48

0.48
O.41
0.19
O.14

0.14
0.12
0.09
0.09

0.09
0.08
0.07
0.07
0.07

0.07
0.06

0.05 .

0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.04

0.04
0.06
0.07
0.07

DISCHARGE
CFS
233.00
233.00

187.00
187.00
187.00
187.00
187.00

196.00
196.00
196.00
196.00

206.00
206.00
206.00
206.00

218.00
218.00
218.00
218.00
218.00

223.00
223,00
223.00
223.00
223.00

241.00
241.00
241.00
241.00
241.00
241.00
241.00
241.00
241.00

268.00
268.00
268,00

275.00
275.00
275.00
275.00

281.00
281.00
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SIMULATION OF CPTIMAL SOLUTION OBTAINED PRIMARY TREATMENT

DESCRIPTICN LOCATIGCN TIME D.0. DO.SAT. BOD DISCHARGE
RIVER MILE DAYS MG/L MG/L MG/L CFS
32.64 26.64 5.51 T7.69 1.06 350.00
GROUP 2
32.64 26.64 5.51 7.69 1.06 350.00
32.53 26.84 5.54 7.69 1.01 350.00
32.00 271.82 5.67 7.69 0.81 350.00
31.00 29.65 5.92 T.69 0.58 350.00

30.00 31.48 6.15 7.69 0.45 350.00
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