PRIMARY PRODUCTIVITY BY PHYTOPLANKTON
IN THE TIDAL, FRESH POTOMAC RIVER,
MARYLAND, MAY 1980 TO AUGUST 1981

By Ronald R. H. Cohen and Sheryl O. Pollock

SR U.S. GEOLOGICAL SURVEY
A\Sgptd & Water-Resources Investigations Report 83—4255

Reston, Virginia
1983



UNITED STATES DEPARTMENT OF THE INTERIOR
WILLIAM P. CLARK, Secretary

GEOLOGICAL SURVEY
Dallas L. Peck, Director

For additional information
write to:

Chief Hydrologist

U.S. Geological Survey
430 National Center
Reston, Virginia 22092

Copies of this report can be
purchased from:

U.S. Geological Survey
Open-File Services Section
Western Distribution Branch
Box 25425, Federal Center
Denver, Colorado 80225



Errata:

Page 18,

Page 26,

whL §3-yausy

Primary Productivity by Phytoplankton in the tidal fresh Potomac
River, Maryland, May 1980 to August 1981. R,R.H. Cohen and
S.0. Pollock

Table 2 - the units for Poax should be changed from

mg O2 L_l D-1, to 02 L_1 H_l per mg Chlorophyll-a
Table 7 - fourth line of legend, "Hallowing is Hollowing Point"
should read "Hal is Hallowing Point"



CONTENTS

Abst raCt ¢ e e 8 ¢ & & o o e o o+ o o o o o o

Introduction . . . . . . . . .
Purpose and SCOPe '« ¢« ¢ ¢ ¢ o ¢ o o o o
Acknowledgements . . . . . © e e o o o o o

Methods., « &« & ¢ & & ¢ ¢ ¢ ¢ 6 ¢ o o o o o &
Assumptions. & v ¢ ¢ ¢ ¢ o ¢ ¢ o o 0 . 0 e
Calculations . . . . . e e e s e e e e e
Alternative techniques for the measurement
Measurement of downwelling irradiation . .

e o o & o o o s e o o o
e o ¢ o ¢ o o & & o o .
e o e o e o o o o o o

e o o o o o o o o ¢ s o

of primary productivity

Calculation of depth-integrated primary productivity . .

Results and discussion . . o « ¢ o o o o o &
Experimental design. .« « « ¢« o o ¢ ¢ o o &
Depth-integrated productivity. . . . . . .

References ¢ 6 & e o o o o & o o o & v o o o

e e o o

e o o o e o



TLLUSTRATIONS
Figure 1. Map of tidal Potomac River and Estuary . « « ¢ ¢ ¢« ¢« o« « « &

2. Map of fresh, tidal Potomac River . . .« v v ¢ ¢ o ¢ o o o &

3. Diagram of the dock-side incubator used for productivity
incubations. L) . . . L] . L] L] . . . . L] L) . . . L] L] . L] L] L] L]

4, Graph showing the relationship of extinction coefficients
calculated from Secchi depth, y, to those determined using
a light meter that measures light in the radiation band
that is useful for photosynthesis . . . ¢ v ¢« ¢ ¢ ¢ ¢ ¢ « &

5. Examples of gross primary productivity, GPP, and respiration,
R, as a function of depth . . & ¢ v ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o &

6. Graph of gross primary productivity as a function of light
intensityo L] L] L] L] L] . L] L] L] L] L] L] . L] L] . L] L] . L] L] L] L] L] L]

7. Flow chart for the measurement and calculation of
primary productivity . o ¢ v v v 4 4 v b e b e e e e e e

TABLES

Table 1, Solar radiation extinction coefficients (K) in the water
column in the fresh, tidal Potomac River. . . . . . . « + . .

2. The maximum rate of primary productivity, Pmax * and the
half-saturation constant, K, in the fresh tidal Potomac
River, Maryland from May 1980 to August 1981. . . . . . . . .

3. Productivity measurements on samples collected through a hose
and pump, and on samples incubated in the water column
compared to samples collected with a depth-integrated bottle
and incubated in an incubation box. . . . . ¢ . o . . . .

4. Productivity of samples incubated in 300-milliliter bottles
compared to 1-liter bottles, point samples compared to
depth-integrated samples, and samples incubated for 10-hours
compared to 4-hOUPS & v & & 4 o o o o o o o o o o o o o o o

5. Depth-integrated gross primary productivity determined by
the graphical method, numeric integration, Talling's method,
and the modified Talling method . . . . ¢« ¢ v ¢ ¢ v v v v .

6. Productivity and chlorophyll a data from May 1980 to
Septelnber ] 98] L] L] . . . L) L] L) L] L] L] L] L] L] L) L] L] . L] L] . L] L] L)

7. Depth-integrated primary productivity in the tidal, freshwater
Potomac River, Md. . . . . . e s o s 6 s s s e s e s o s o o s



FACTORS FOR CONVERTING INTERNATIONAL SYSTEM OF UNITS (SI)

TO INCH-POUND UNITS

Multiply SI unit By
meter (m) 3.281
kilometer (km) 0.6214
kilometer (km) 0.5400
gram (g) 0.0022

cubic meter per second (m3 S‘l) 35.31

Concentration Conversions

To obtain inch-pound unit

foot

mile

nautical mile

pound

cubic foot per second

Constituent From Divide by
Nitrate micromoles per liter milligrams per liter (N) 0.0140
Ammonia micromoles per liter milligrams per liter (N) 0.0140

Phosphate micromoles per liter milligrams per liter (N) 0.0310



PRIMARY PRODUCTIVITY BY PHYTOPLANKTON IN THE TIDAL, FRESH
POTOMAC RIVER, MARYLAND, MAY 1980 TO AUGUST 198l

by Ronald R. H. Cohen and Sheryl 0. Pollock

ABSTRACT

Primary productivity, the assimilation of carbon and evolution of
oxygen by phytoplankton, was measured on samples collected from the tidal
Potomac River, Maryland. The studies were performed monthly from May 1980
through September 1981. Additional studies were done once a week in August
1980, twice a week from August 4 through 8, 1980, and twice in September
1980. Depth-integrated samples were collected at five stations and incu-
bated in boxes that were exposed to natural sunlight. The boxes were covered
with neutral density filters transmitting 100-, 65-, 32-, 16- and 6-percent
surface light. River water was pumped continuously over the samples. The
extinction of light in the water column was measured when samples were col-
lected.

Methods for routine productivity analysis were evaluated. No differ-
ence was found between productivity (1) determined in-situ and in the boxes;
(2) measured in 300-milliliter and 1-1iter B.0.D. bottTes; (3) measured in
point samples and depth integrated samples; and (4) calculated from short
term (4 hours) and long term (10-24 hours) incubations. Productivity in
samples that were rotated among different light intensities every 15 minutes
(simulating mixing) was higher than those in bottles that remained station-
ary. Respiration was significantly less in samples pumped through a hose
from those collected using a depth-integrating sampler.

Depth-integrated primary productivity was determined from the produc-
tivity data using an equation modified from one reported in the literature.
Depth-integrated gross primary productivity was highest in August 1980 and
1981 and lowest in January 1980.

INTRODUCTION

The tidal Potomac River and Estuary, Md. extends 187 kilometers from
above Washington, D.C. at Chain Bridge to the Chesapeake Bay (fig. 1). The
tidal, fresh-water reach, approximately 62 km long, has a volume of 3.4 x
108 mé and receives drainage from the non-tidal Potomac River and metropolitan
Washington, D.C. It has an average flow of 310 m3 sec-l and receives approxi-
mately 1.4 x 100 m3 per day of treated waste water from municipal treatment
facilities. During the summer, a zone of high phytoplankton concentration
extends from river kilometer 180 at Memorial Bridge to kilometer 126 at
Quantico, Va., the approximate, late-summer location of the brackish-fresh-
water interface (fig. 2).
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Figure 1.--Tidal Potomac River and Estuary. Shaded area is the transition
zone between fresh, tidal river and brackish estuary. Thick
lines delineate approximate boundaries of zones.
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Blue Plains STP (170)
(Marbury Point)
Maryland Shore,
'/ Alexandria Crossection

Rosier Bluff (166)

Alexandria (168)
[+

Hatton Pt. (160)

Marshall Hall (152)

¢©
n Head (139)

India

=

110 MILES

Q_T—O

|
5 10 KILOMETERS

Quantico (126) I
|

Figure 2.--The fresh, tidal Potomac River. Thick lines identify sites of
cross sections that were sampled frequently as part of the
Potomac River transport study. The thin lines identify sites
of cross sections that were sampled in less detail or in special
studies.
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Phytoplankton produce organic compounds from inorganic nutrients using
light as an energy source. The organic material formed by the phytoplankton
is called "primary production" and primary production per unit time per
volume of water (or under a unit surface area), is called "primary produc-
tivity". The process by which phytoplankton synthesize organic material,
photosynthesis, consumes inorganic carbon and releases oxygen. Thus, a
measurement of the rate of increase of oxygen in solution due to the phyto-
plankton is a direct measurement of primary productivity.

Primary productivity measurements can yield valuable information about
aquatic ecosystems. The ratio of the moles of carbon dioxide taken up to the
motes of oxygen evolved by phytoplankton (the phytosynthetic quotient) is
approximately 1.0 (Parsons and others, 1977). Therefore, primary produc-
tivity measurements are estimates of the increase of the carbon biomass of
phytoplankton--an indication of the rate of growth. The effects of light,
temperature, nutrients, and toxins on phytoplankton growth can be determined
from primary productivity measurements. The information can be used to
estimate the contribution of phytoplankton to the diel dissolved oxygen
regimes of aquatic systems.

Sampling stations for productivity analysis or productivity experiments
are listed below (with the depth used to calculate depth-integrated produc-
tivity) and shown in figure 2. (Potomac River at Douglas Point is shown in
fig. 1.) River distances are measured from the center of a line drawn be-
tween Smith Point and Point Lookout at the mouth of the Potomac River.

Station number Station name River Distance Depth, in
from Chesapeake meters
Bay, in kilometers

01652590 Potomac River at 168 2.2
Alexandria, Va.
(in the channel near

the Virginia shoreline)
384736077013300 Potomac River across 168 2.8

from Alexandria, Va.,
near Maryland shoreline

384318077020300 Potomac River at 160 3.9
Hatton Point, Md.

384136077054600 Potomac River at 152 3.7
Marshall Hall
(Mt. Vernon), Va.

3833818077072800 Potomac River at 144 5.6
Hallowing Point, Va.



Station number Station name River Distance Depth, in
from Chesapeake meters

Bay, in kilometers

01658710 Potomac River at 126 5.8
Quantico, Va.

382640077159900 Potomac River at 117 3.8
Douglas Point, Md.

Purpose and Scope

The purpose of this study was to determine primary productivity and
respiration of the fresh, tidal Potomac River. The data will be used by the
authors and other researchers involved in modelling chemical and biological
properties to calculate phytoplankton growth rates. Methods are documented
in detail so that the report could serve as a reference.

The report covers the period from May 1980 through August 1981. Five

stations were selected for study that are representative of biologically
important reaches of the fresh, tidal Potomac River.

Acknowledgements

Joan Woodward performed the chlorophyll a analyses from May 1980 through
April 1981. Sheryl 0. Pollock performed chlorophyll a analyses from May
through September 1981.

METHODS

Measurement of primary productivity poses many problems in methodology
(Berman and Eppley, 1974). Some of the difficulties include:

1) Large surface area to volume ratio in bottles offers colonization
substrate for bacteria. The bacteria increase respiration rates and
remove nutrients from the water.

2) Sedimentation during incubation increases self-shading by phytoplankton.

3) Incubation at fixed depths or 1ight intensities induces inhibition of
productivity at high light levels in phytoplankton that are adapted to
mixing (Marra, 1978).

4) Pump sampling of phytoplankton may result in cell damage and aberrations
in productivity capacity.

5) All difficulties increase with the length of the incubation.



Therefore, several alternative procedures for measuring primary produc-
tivity were considered and tested. We examined the differences due to methods
of sample collection and the volume, length of time and technique of incu-
bation. The methods chosen for primary productivity measurements were
selected on the basis of precision, accuracy, and available resources such
as research ships and personnel.

We used a 1ight- and dark-bottle oxygen method for determining phyto-
plankton productivity similar to that described by Greeson and others (1977).
Depth-integrated samples were collected with an open, weighted, 4-liter,
polyethylene bottle fitted with a vent tube. The bottle was filled as it was
lowered and raised in the water column at a uniform rate. Samples were
composited until a 20-liter, polyethylene carboy was filled. At the Quantico
station, two verticals were depth integrated and composited. The samples
were collected during the evening (between 1700 and 2100 hours) and incubated
overnight and throughout the next day, for a total of 24 hours. The first
two productivity determinations (May 1980) were performed from dawn to dusk.
Dawn to dusk, 4-hour and 2-hour, mid-day productivity incubations have been
recommended (Vollenweider, 1965). However, nutrients for nutrient limitation
bioassays must be added during the evening to demonstrate any significant
stimulation during the next day (Stross, 1980).

In August and September 1980, samples were often supersaturated with
oxygen at the time of collection. The 20-liter carboy was shaken until
oxygen decreased to saturation concentration. To delay oxygen supersat-
uration in August and September 1981, oxygen was purged from the carboy by
bubbling nitrogen gas through perforated, polyethylene tubes until dissolved
oxygen levels were 4-5 mg L-1. In spite of these precautions, oxygen de-
gassing occurred in bottles exposed to full sunlight by 1300 to 1400 hours
on some clear days in August and September. As soon as small bubbles were
observed in several bottles, dissolved oxygen was measured in all the bottles
for that station.

Samples from Alexandria stations were placed in incubation bottles and
were incubating typically within 30-45 minutes of sampling. Samples from
stations more distant from the incubation site required delays of 1-2 hours.
Clear and opaque, black, 300-mL B.0.D. bottles were filled by siphon from the
20-1iter bottles. Additional nutrients for bioassays were added to nine
bottles. One milliliter of 18.7 millimole ammonium chloride was added to
three bottles and 1 milliliter of 4.12 millimole sodium nitrate was added to
another three to yield minimum concentrations of 0.02 and 0.01 millimole NHy
as ammonia, and NO3 as nitrate, respectively. One milliliter of 0.74 milli-
mole potassium phosphate was added to three bottles such that the concentra-
tion of phosphate attained a minimum of 0.002 millimole as PO4. Prior to
incubation, dissolved oxygen was measured in all the bottles with an
Orbispherezf polarographic oxygen probe; the B.0.D. bottles were then sealed.

The bottles were placed in 92-cm wide by 122-cm long by 15-cm-high
wooden boxes that were placed on a dock (fig. 3). The boxes were filled to
overflowing with river water by submersible pumps capable of 0.003 m3/s.
Thus, the bottles were maintained at in situ river temperatures. The boxes

-6 -



Figure 3.--Diagram of dock-side incubator used for productivity incubations:
1 is a hose from which river water flows into the incubation box;

2 is a nylon-mesh screen; 3 is the incubation box; 100, 65, 32,
16, 6 are the percentages of surface light intensity as regulated
by the number of screens; N03, PO, , NH3 are nitrate~, phosphate-
and ammonia-enriched samples” incubated”under 100 percent light.
The dark bottle is incubated under 6 percent light.

\-17—



were divided into five sections by 2-cm-high partitions. One section was
exposed to full, surface sunlight. The other sections were covered by 1, 2,
3, or 5 layers of nylon screen transmitting 65-, 32-, 16-, and 6-percent
surface light, respectively.

A black tarpaulin covered the boxes from the beginning of the incubation

(in the evening) until just before dawn. Three clear bottles were placed in
full sunlight and two were placed in box sections exposed to 65-, 32-, 16-,
and 6-percent of full sunlight. Bottles spiked with nutrients were placed
in full sunlight. Five black bottles were placed under the five layers of
screen. Bottles were shaken and rotated every hour to eliminate artifacts

due to settling phytoplankton and sediment. Dissolved oxygen was measured

at the end of the incubation. Samples for chlorophyll-a analysis and cell

enumeration and indentification were taken at the beginning and end of the

incubations. The chlorophyll-a concentrations were reported as averages

of those measured at the beginning and end of the incubation.

Assumptions

Oxygen-based primary productivity was calculated from the light- and
dark-bottle data. The calculations are based on the following assumptions:

1) Phytoplankton were the only source of oxygen in the sealed light-
bottles.

2) Community respiration (bacteria, phytoplankton, and zooplankton) was
the only oxygen sink.

3) Phytoplankton respiration was the same in the 1ight and dark bottles.
Although studies have suggested that light reduces phytoplankton res-
piration and increases other forms of phytoplankton oxygen consumption
(Harris and Piccinin, 1977), evidence concerning the effect of Tight
on respiration is contradictory.

4) Phytoplankton respiration is constant with depth.

5) Phytoplankton productivity per unit of light in the afternocon is the

same as in the morning. Lehman and others (1975) reported that produc-

tivity per unit of light in the afternoon is lower than that in the

morning. Greeson and others (1977) recommend the use of Vollenweider's
method (Vollenweider, 1965) when incubations do not last for the entire

dawn to dusk period. The method is based on a plot of "percent cumu-
lative productivity versus time", with sunrise to midday accounting
for 56 percent of the daily productivity and midday to sunset repre-
senting the other 44 percent for a cloudless day. Cohen and others

1/The mention of brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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(1982), Schindler and Fee (1973) and Harris and Lott (1973) have sug-
gested that the depression of productivity in the afternoon relative to
the morning is an artifact of the productivity method and is associated
with inorganic carbon depletion in bottles sealed from the atmosphere.
Therefore, when incubations were terminated approximately at midday

due to oxygen supersaturation, primary productivity per day was calcu-
lated by assuming that productivity in the afternoon was the same as in
the morning. Vollenweider (1965) suggests that reasonable day rate
estimates are obtained by assuming a symmetrical daily curve of
instantaneous productivity rate. Therefore, partial day incubations
were expanded to day rate integrals by assuming that instantaneous
productivity followed the positive portion of a sine wave.

Calculations

Primary productivity and related parameters were calculated as follows:
1) R/HR = RT / N
2) Rp = R/HR - Dy
3) GPP/D

(Op - Og) + Ry, if incubation lasted from dawn to dusk.

4) GPP/H = (GPP/D) / Dy

5) When incubations were terminated at mid-day, GPP/H was calculated
by determining GPP for the half day incubation and dividing by the
length of the daylight portion of the incubation:

5a) GPP/H = ((0p - Og) + RT) / 0.5 Dy
5b) GPP/D = GPP/H - Dy
6) NPP/D = GPP/D - Rp

7) DBAL = GPP/D - (R/HR -24)

R/HR = dark bottle respiration, mg 02 L']h'];
Ry = total respiration for the entire incubation period, in mg 0, L‘];
N = duration of incubation, in hours;

hours of day light, in hours;

o
pu 4
n

Rp = respiration during daylight hours, in mg 0, L"];



GPP/D = gross productivity per day, mg 02 L‘],

Oa = concentrati?n of oxygen at the end of the incubation,
in mg 02 L™

Og = concentrati?n of oxygen at the beginning of the incubation,

in 0pmg L77;
GPP/H = gross productivity, in mg 0, L‘]h‘1;
NPP/D = net primary productivity, in mg 02 L’] per day;
DBAL =

net daily dissolved oxygen balance for a 24-hour period,
inmg 0, L7".

Alternative Techniques for the Measurement of Primary Productivity

Experiments were performed to select the procedure to measure primary
productivity that would minimize artifacts due to collection and incubation
techniques. The alternative techniques that were tested are listed below.

1. One-liter B.0.D. bottles were filled with samples and compared with
300 mL bottles to evaluate the effects of volume on primary production.
Samples were collected in the Alexandria, Va., channel.

2. Depth-integrated samples were obtained in Alexandria, Va., channel by
lowering an opaque rubber hose through the water column while pumping
with a plastic-impeller, centrifugal pump. Sample collection through a
hose is faster than with a depth-integrating bottle, but organisms may
be damaged by the pump or chemicals in the hose material.

3. Dark bottles with water from the Alexandria, Va., channel were incubated
in the 100-percent sunlight section of the incubation boxes and in the 6-
percent sunlight section and compared. Light may leak into sealed dark
bottles through pinhole flaws in the plastic coatings.

4, Point samples were collected at Marbury Point with a horizontal Niskin
bottle; the samples were then placed in the incubation boxes at a light
intensity equivalent to that at the depth from which the sample was re-
moved. The results were compared to those obtained from depth-integrated
samples from the same station.

5. Samples taken from Alexandria were placed in 300-mL B.0.D. bottles and
were suspended in the water column at depths equivalent to the following
light intensities: approximately 100-percent surface light (immersed just
below the water surface); 65; 30; 16: and 6-percent light intensity, and
were compared to similar samples in the incubation boxes.

6. Samples from Alexandria were incubated from 1100 to 1500 hours; daily
productivity then was calculated by the method of Vollenweider (1965).
The results were compared to those from all-day (10-hour) incubations.

- 10 -~



7. Dye-tracer studies suggest that the fresh, tidal Potomac River, from
Alexandria to Hallowing Point, mixes top to bottom in one hour or less
(W. E. Webb, U.S. Geol. Survey, personal commun.). To duplicate this
mixing pattern, samples from Marshall Hall were moved from one 1light
intensity in the incubation boxes to the next, consecutive intensity such
that they were mixed from 100-percent to 6-percent light in one hour and
back to 100-percent in the next hour. The pattern was repeated dawn to
dusk.

Measurement of Downwelling Irradiation

The extinction of light in the water column was determined by measuring
sunlight on the surface with the air-calibrated setting of a quantum sensor
and then measuring the depth of 1-percent 1ight with a water calibrated
setting. The depth of 1-percent light is considered the limit of the
photic zone, the zone at which productivity exceeds respiration (Parsons
and others, 1977).

The extinction coefficient, k, was determined from the Beer-Lambert-
Bouger law:

I = I,e1? (8)
where z = depth, in meters
I = light at depth z, in ueinsteinszm‘zs?C']
I, = surface light, in ueinsteiTs m~csec”
kI = extinction coefficient, m~

A Secchi depth was determined in conjunction with every extinction
coefficient measurement. Secchi depth is the depth at which brightness due
to scattering of light is the same as the brightness of light reflected
from a Secchi disc.

Secchi depth does not yield an accurate extinction coefficient because
scattering of light is related in a complex, non-linear manner to the number
and size of suspended particles and to the depth at which 1ight penetrates
through the water column. The Secchi depth, however, can be a valuable
source of information concerning turbidity and can be calibrated against
measurements taken with a light meter. When light measurements were not
available, the extinction coefficients were calculated as follows:

1.7
k.= —1
1" T, (9)

where Dg = Secchi depth in meters (Idso and Gilbert, 1974). The extinction
coefficient calculated using the Secchi depth tended to be 0.6 m-1 higher
than that determined using the quantum 1ight sensor (fig. 4). The coeffi-
cients determined from Secchi depth are marked with an asterisk in table
1. When more than one depth of 1-percent light or secchi depth was deter-

- 11 -
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Table 1.--Solar radiation extinction coefficients, (k), in the water column

At Alexandria, Virginia (A1 VA); Alexandria, Maryland channel
(A1 MD); Hatton Point (Hatton); Hallowing Point (Hal); Mount
Vernon (MtV); Quantico (Q); and Douglas Point (Dg) stations,

Extinction coefficients were determined using quantum sensor
measurements of the depth of 1 percent light except where
marked: * = k determined by secchi disc; t = k determined by
quantum sensor measurements of depth of 50 percent light,

Extinction Coefficients at, k, Stations

Productivity Al VA Al MD Hatton Hal MtV Dg Q

Dates

1980

05/22 -2.52 -2.33* ——— ——— -3.70%* -——— -——
05/29 ——— -———— ———- -—— ———- -2.30*  -3.,70*

06/23-06/24 -2.52 -3.04% ———— -———- -2.66* ———— -———
06/25-06/26 ———- ——— -—-- ———— ——— -2.65*  -2,79*
07/23-07/24 -2.74 -3.21* -2.02* -3.66% —a-- -—- ———
07/29-07/30 -2.53 -2.53 -2.83% “5.31%  we-- ———- ———
08/04-08/05 -2.33 -3.15 -2.21 -3.36 «--- -—— -—--
08/07-08/08 -1.99 -2.48 -1.95 -3.03  ~--- e -————
08/13-08/14 -3.34 -2.41 -2.41 -3.61  —e-- —— ———-
08/20-08/21 -3.20 -3.36 -1.59 -3.01 -e-- -——— -——-
08/25-08/26 -3.22 -1.68 -1.68 =3.52%  aee- ——— ——
09/03-09/04 -2.43% -2.35% -1.68 -3.02 ---- -———- e
09/15-09/16 -2.94* -1.99 -2.52 -3.36 === -—-- ————
11/18-11/19 -2.58* -—- -1.57 -2.36% ---- — -1.38
12/16-12/17 -1.82 -1.51 -2.28 -2.95  ---- -—— -2.30*

1981
02/04-02/05 -1.16 -1.16 -1.18* “2.54%  aea- ——— -1.16
04/01-04/02 -2.58% -3.04* -4,72* -6.78% ae-- -—— -3.54*
04/15-04/16 -3.68 -3.44% -3.09 -3.44 -e-- -———- ———
05/19-05/20 -2.52 -2.52 -2.48 -3.60 ~-a- -— -4.90
06/30-07/01 -3.03 -2.74 -2.88 -3.22 ew-- -—- -3.81
07/08-07/09 -2.43* -2.16 -1.78 -2.97 ---- -——- -4,15%
07/20-07/21 -1.33t -3.03 -1.95 -3.62% ~eu- -—-- -3.21%
08/03-08/04 -3.52 -— - ——— ———- -—- ——-
08/19-08/20 -2.79% -2.78% -1.95 -2.98*%  —e-- ———— -——-
08/25-08/26 -2.90 ———- ——— —— ———— ———— -—

- 13 -



mined during a single day, those determined closest to the time of sample
collection were averaged. A1l Secchi depths used were reported in Blanchard
and others (1982).

The extinction coefficients permit the calculation of a depth in the
water column equivalent to a percentage of surface light. The depth of
60 percent of surface light is 0.17 meter if k; = 3.0. Thus, the percentage
of surface 1ight in the productivity boxes can be converted to an equivalent
depth.

Calculation of Depth-integrated Productivity

Gross productivity under a unit surface area of a water body can be
calculated by integrating productivity from the surface to the bottom of
the water column

z
J Pdz (10)
!
where
z = depth, in meters
P = gross primary productivity, in units of oxygen

evolved or carbon produced per unit volume per
unit time.

The data required for the calculation are the gross productivities at
several depths and the depth of the representative water column. The
depths used were 2.2, 2.8, 3.9, and 5.6 meters at the Alexandria, Va.,
Maryland Channel, Hatton Point, and Hallowing Point Stations, respectively.

The percentage of surface 1ight in the productivity boxes was converted
to an equivalent depth with the extinction coefficient. The depth of one
percent 1ight is considered the compensation depth, the depth at which
gross productivity equals respiration (Parsons and others, 1977). Respi-
ration is assumed to be constant with depth. A graph of productivity
and respiration with depth is shown in figure 5. In figure 5, GPP is the
area under the gross productivity curve, R is the area under respiration
curve, and GPP minus R is net productivity per square meter.

There are several ways to calculate the area under the gross produc-
tivity curve. The curve can be integrated numerically, measured on graph
paper or approximated by empirical equations that are reported in the
literature (Talling, 1957).

The same three data sets were analyzed by the three different techni-
ques. First, a function that describes the productivity-depth relationship
was obtained using a third degree polynomial. The areas were calculated
by integrating the polynomial by Gaussian quadrature.

- 14 -
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Second, two equations were tested. One equation was derived by Talling
(1957). The other was Talling's equation modified by the authors of this
paper. Talling's method uses the equation

H p I
_ max_ (1p 2 (11)
where
P = productivity, g 0, m-3 day'1
z = depth, m
Pmax = maximum3rate ?f photosynthesis in the water column
g 0, m™ day~ 1
ky = water column extinction coefficient, m'2 !
I, = surface 1ight intensity, u einsteins m™“sec”
Ix, = value of light intensity at which the tangent to the linear
part of P versus I curve reaches a line drawn at Py, (Figure 6).
H = the limit of integration

The parameter Py, for equation (11) must be determined using the equa-
tion that describes the relationship of productivity to light intensity

_ I
P=Prax T3 Ko (12)
where
I = light intensity, neinsteins m-2 per day
Kp = light intensity at which P = 0.5 Ppay.

A nonlinear least-squares parameter-estimation technique (Bard, 1974)
was used to fit the productivity-light equation to each productivity experi-
iment and to estimate Ppax. In addition to Ppax, the half-saturation con-
stant, Ky, is also obtained. Figure 6 shows the typical relationship of
Pto I. Table 2 lists values of Py and K; determined for each station
and date on which a productivity measurement was made. Talling's parameter,
[y, is determined by drawing a line tangent to the initial, linear part of
the P versus I curve and observing where the line intercepts Pyax (fig. 6).
We calculated depth-integrated primary productivity using Talling's
equation.

Talling's parameter, Iy, is difficult to determine accurately because
the slope of the initial part of the P versus I graph is determined by
visual inspection (Talling, 1957). The slope, however, can be calculated
as the ratio of Ppax to Ky in which case Iy = Ky. The parameters Ky and
Pmax can be determined from equation (12). The values of Iy obtained by
graphical solution were compared K; calculated by equation 712) for ten
sets of data which yield a value of Kp/Ix = 0.59 (Standard Deviation =
0.12).
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GROSS PRODUCTIVITY, IN MILLIGRAMS OXYGEN
PER LITER PER MILLIGRAMS CHLOROPHYLL -a PER LITER

25

20

15

10

i Date=800729 -
; : : Station=Alexandria, Virginia
y | Pmax=25.4

| Km=17070000

: Standard Deviation=1.48

\ |/ | | |

2 4 6 8 10

LIGHT INTENSITY, IN MICROEINSTEINS
PER SQUARE METER PER DAY x 107

Figure 6.--Graph of gross primary productivity, in milligrams of oxygen

per liter per day, as a function of Tight intensity, in micro-
einsteins per square meter per second. [F = maximum pro-
ductivity, K_ = half-saturation constant, fpax. Talling's para-
meter. Soli& circles are measured data; so*id line is the best
non-linear, least-squares fit to the data. Horizontal, dashed
Tine is level of P___.----. represents line used to determine
Talling's Ik] max
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Talling used the coefficient 1.33 in equation (11) to approximate phyto-
synthetically active radiation (PAR) from measurements made with a thermo-
pile (Talling, 1957). We measured PAR and did not need the coefficient
1.33. Therefore, the equation for depth-integrated primary productivity
becomes

H
p I
_ max 0
J péz - K, ("oEsk ) (13)
0

The results obtained from equation 13 were compared to those calculated
from Talling's equation.

Gross productivity data also were plotted as a function of depth on
linear axes. A curve was drawn through the data points so that the area
under the curve could be measured. Area was estimated by counting grid
blocks. The results of the graphical determinations were used as a standard
to judge the Talling and modified Talling integration methods.

RESULTS AND DISCUSSION

Experimental design

The hypothesis that "gross primary productivity and respiration deter-
mined using 300-mL B.0.D. bottles was the same as those in 1l-liter bottles"
was accepted at the 5-percent significance level (table 4). Primary produc-
tivity in depth-integrated samples pumped through a hose was the same as
productivity in samples collected with a polyethelene bottle (5-percent
significance) (table 3). Respiration in samples taken by pump and hose,
however, was significantly lower than that in samples collected with the
depth-integrating bottle (5-percent significance) (table 3). The reduction
in respiration due to pumping has been observed in B.0.D. experiments (W. E.
Webb, personal commun., 1981). Respiration measured in dark bottles that
were exposed to full sunlight was less than respiration in bottles shielded
from full sunlight (5-percent significance) (table 3). The results suggest
that black plastic coatings and black paint may pass light through small
holes or flaws in the coatings.

Productivities determined from depth-integrated samples that were incu-
bated at 16-percent and 6-percent light were the same as productivities in
point samples collected at 1.5 meter (16-percent light) and 2.1 meter (6-
percent light) and incubated in 16- and 6-percent light (5-percent signi-
ficance) (table 4). Depth-integrated samples yielded higher productivity
measurements than those in point samples taken from and incubated at light
intensities equivalent to the surface and at 0.6 meter and 0.9 meter. Bot-
tles incubated in the water column were not significantly different from
those in the incubation boxes at the 100-, 65-, and 16-percent light inten-
sities, but were significantly different at 32-percent light (5-percent
significance level) (table 3).

- 19 -



12°9 21 (2c0°0) 12°0- (S°€0°0) £0°0 - (e°c0°0) s81°0- (g£°20°0) +¥2°0 0
(2°v0°0) 9.°0 %9
(2°90°0) 61°1 (2°v1°0) 6°1 %91
(2v0°0) 99°1 (2v1°0) ¥9°2 %2
(ec11°0)  ¥vL°2 (2€L1°1)  11°g %59
(ev1°0) 20t (c°85°0) 8v°¢ (€29°0) 16°¢ ChI-FNI(IN
$91230q T T $91230Q Jep 2Je4J4ns
fJdeuoiyeas sa|dwes pa3o29304d 40 jueduad
$91330q ‘pajeubajul ade|d ul $912330q jJep asoy -1Q Jnou-gi € f31sudqul
pox Ly yidag uoL3eqnouj pa3jdajoJsdun - duwng C4O3LLLLL LW-00E b1
A31AL30NpOYd
_Keq ,_49317 No weJdbL||LW UL DJB SJUBWRINSEIY

*sdsayjuaded Ul a4e S3S93 JO JOQUNU puR UOLIRLAIP vgmucmum_.vmucwm
JOJ satjlsusjut ybi| 9AL4 Jo ydoea uapun bBujuiewds sajdwes jo A3LAL3onpousd uedw 03 padedwod St SaL3LSud]

2jul yadep = 1@ "UOLIBQROUL 3|OYM Y3

-ul qubi| °ALy ybnouyy poxiw sajdwes jo A3tAL3onpoud uedy *3qybL| judddad 9 03 pasodxe S$21330Q NJep ul ]

uoLjedidsas 03 padedwod st jybLjuns adejuns ||n} 03 pasodxa sa|330q (pajeodo-o13se|d) ddep uL uorledidsay

*X0Q uOl3eQNOUL UR UL pajeqniul pue 9|330q Burjedbajui-y3dep e yjim peyda)}od sajdwes o3 padedwod adeld

UL pajeqnoul sa|dues Aq pue ‘dund uo pue asoy e ybnouyy pa3dd||0d so|dwes JO SjudwaJanseaw AJLALIONPOJ4--°E d|qe]

- 20 -



(e€L1°0) 86°0 (€€92°0) £L°0 %9
(2¢vL°0) ¢s8°€ (L )66 ¥ (£22°0) (9° (c¢g2-t) Le°v (2°v1°0) 06°1L (2¢8e°0) 00°2 %91
(2°v1°0) L9t (2¢12°0) v°s (c°62°0) ov-L (c¢cz°0) 88°S %2€
(¢°ev°0) G6°8 (c°6v°0) tL°L %59
(£°29°0) 62°5 (e‘v1°0) £°S (€°90°0) 2z°o0l (¢62°0) ¢cc£°8 (6°85°0) 22°L (v°6£°0) L1°L  @deyung
10 wum..t:m
NELENY }J0 udduad

uoLjeqnoul uotLieqnout s3 | dweg sa | dwesg 10 -LLtw ‘A3Lsualu]
Jnoy-o1 Jnoy-y 1d U104 SEL TR B -00¢ b1

A31AL30NpOUg

*sisayjuaded uL aJe $3$37 JO Jaqunu wmo cowmo_>mc pJepueis

49717 0 WedBL| LW UL BJe SIUBWAJNSEI
*pajedbajui-yidep = 1q

Keq

*(poyjaw S,JapLamMua||OA AQ SBN|BA XSNP 03 UMEP 03 P3JJBAUOD pue) sunoy-p 03 padedwod
Sdnoy-Q1 404 pajeqnoui sajdwes pue ‘s3jdwes pajedbajui-yjzdap o3 padedwod ss|dwes jutiod

$31330Q J83L|-| 03 paJedwod $31330Q JB3L|L||LW-00E UL PaIeQNOUL Sajdwes jo A3LAL1ONPOUd--" B|qe]

- 21



The 4 hour incubation, 1100 to 1500 hours, yielded estimates of pro-
ductivity calculated by the method of Vollenweider (1965) equal to the esti-
mates from 10-hour incubation (5-percent significance level) (table 4).

Productivity bottles that were moved from 100-percent to 6-percent light
and back to 100-percent light in two hours, had depth-integrated water column
productivities that were higher than those found with stationary bottles
(table 3).

We chose to incubate depth-integrated samples for primary productivity
determinations in 300-mL B.0.D. bottles that were placed in incubation boxes
and were kept at ambient temperatures. Although nylon-mesh neutral-density
screens do not change the spectral distribution of 1ight as does the extinc-
tion of 1light in a water column, most incubation-box determinations of pro-
ductivity were not significantly different than those done in the water
column, Because one liter bottles offered no advantages for productivity
measurements, required greater sample volumes, and were inconveniently large,
they were not used, Samples collected through an opaque hose suppressed
respiration. Therefore, all samples were collected with a depth-integrating
bottle. The data suggest that there may have been photosynthesis in dark
bottles exposed to bright sunlight. For additional accuracy of respiration
measurements, dark B.0.D. bottles were shielded from bright sunlight.

The fresh, tidal Potomac River from Alexandria to Hallowing Point can be
considered well mixed. Thus, point samples offered no advantage over depth-
integrated samples and were more time consuming to collect. Moreover, depth-
integrated samples are considered to be more representative of a well mixed
system,

The procedure that was selected to measure primary productivity is shown
in the flow-chart in figure 7. Samples were collected in the evening and
returned to a dockside laboratory at Alexandria, Va. for processing. Light
extinction was measured at each station at the time of sample collection.
Dockside incubation did not require boat time necessary for water column
incubations. Chlorophyll-a samples were taken from the well-mixed 20-liter
sample bottles, Samples were placed in 300-mL bottles, nutrients were added
to test for nutrient limitation, dissolved oxygen was measured and the bot-
tles were sealed and placed in the incubation boxes. The phytoplankton and
suspended sediment were dispersed by rotating the bottles every hour during
incubation. The incubations were terminated at dusk or at midday if de-
gassing was obvious. Dissolved oxygen was measured in, and a chlorophyl]
sample was taken from each bottle. Gross and net primary productivity and
respiration were calculated. The productivity-light relationship (equation
(12)) was used to estimate Ppax and Ky. Depth-integrated productivity was
calculated with the modified Talling equation (13).

Productivity studies were performed monthly, from May 1980 to September
1981, several times in August, twice in September 1980, and twice during the
week of August 4, 1980. The results of these efforts are presented in
table 6 (in the back of the report).

The standard error of the mean f?r the. method used for routine produc-
tivity measurements was 0.22 mg 0, L™ day™" for a 24 hour experiment (n=8).
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Table 5.--Depth-integrated gross primary productivity, determined
by the graphical method (1), numeric integration (2),

Talling's method (3) and the modified Talling method (4).

[Measurements in milligrams 0, per square meter per day]

Gross Productivity

Date Station 1 2 3 4

7/29/80 Alexandria, Va. 9.7 10.77 7.02 9.41
8/7/80 Alexandria, Va. 18.02 19.11 14.8 16.84
8/13/80 Hatton Point 23.62 12.6 18.78
5/19/81 Hallowing Point 1.66 1.23 1.73
7/8/81 Alexandria, Va. 8.82 10.94 6.57 8.92
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With a mean gross productivity of 6.90 mg 02 L'] per day, there is a 95
percent probability that the population mean lies between 7.32 and 6.48 mg 02
L-! per day. The standard error of the mean {or the oxygen probe used for all
but one of the exper1m?nts was 0.022 mg 0 L=+ at a mean dissolved oxygen
level of 9.93 mg 0, L 39) The stfndard error of the mean for
chlorophyl]l-a measurements was 0.15 ug L~=* when the mean concentration was
62.9 ug L=1 (n=5).

Depth-Integrated Productivity

The use of the modified "Talling" equation (Talling, 1957) yielded depth-
integrated productivities that were within 7 percent of the results obtained
graphically for four out of five cases and was within 20 percent in one case
(table 5). Talling's unmodified equation (Talling, 1957) yielded results
that differed as much as 32 percent from graphically determined values.

The "modified Talling" method was used to calculate depth-integrated
gross primary productivity for each station and date. The method gives re-
sults very close to those determined graphically and utilizes parameters,
Pmax and Kp, that are biologically meaningful., Thus, the equation can be
used for predictive purposes by using experimentally determined or literature
parameters, The depth-integrated productivities for each station and date
are reported in table 7.
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Table 6.--A list of the productivity and chlorophyll-a data from May
1980 to September 1981. The terms are defined in the text.
Data for 100 percent light and nutrient addition experiments
are an average of three tests., All other productivities are
an average of two tests. NO represents the nitrate, NH the
ammonia and PO the phosphate additions. Time is based on a

24 hour clock.
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ALEX MD

BEGINMIMNG DRATE 202723 YEAR MONTH DAY
SUHRIZE ffg IUHSET 2Znzz I lILTTnR% HOURS
TIMEIN 1%aa ea%?723 TIMEQUT Zooa gwdrt24  IH MILITARRY HOURS

OYERMIGHT INCUBRTION

TOTAL LIGHT SUHRISE TO SUNSET  9.SE+87  MICROEINSTEIMS-MZ/TAY

4LITE OR-0B R/HR CHL A GPFsH GFP/D MFF-D D BAL M- H</CHL GFP/H~-CHL
MG/L MG/LZH UG-L  MG/L/K MS/L/D MGrL  MGoL MG /L HAMGAL

**1‘*?*“*"******-‘-***-‘ q----a-t-w--h-v-*n-*-ud--yq -v-v--b-‘-e---o--o-q--ou.-u aon-d-‘--.,-.n--u--h--a-—-o——n--b-—
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3.87

gE 15,18 126.5  1.19 17.25 16.38 1S.63 8.8 a, 33
€5 12.21  8.87 125.5  1.95 15.22 14,28 12.66  T.77 g, 2%
32 11.88 9,87 126.5  B.29 12,95 1Z.81 11.3%3 6,57 7,85
16 2.94 8.87 125.5 @.32 4.6% 2.74 3.12  2.62 2,55
& 1.280 5.87 128.S5  0.28  2.%9 1.9 1.34 1,48 1,53
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186 11,23 g.11 83,3 1.3% 12,99 13,35 17.321 12.31 19,85

£S5 19.41 .11 T3.8 1,39 (2,85 17,91 (5,97 18,32 1T7.83

32 19,81 #0110 33,8 1.31 1&.25 17.28 15,25 14,38 1S.650

ie 8.81 .11 &30 F.od 12,13 18,58 3,54 SeSa 19,14

& B.5& g.11 27,8 d.31 13,83 11,92 149,45 19,83 11,38

NO toa 11,321 B.1d B2.3 1.48 26,91 (&.23 17.92 19.25 21,032
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BEGIMHING DRTE 20384 YERRE MOMTH DAY

SUHRISE S5% SUMSET 2@1:z IN MILITREY HOURES

TIMEIN 1715 coased TIMEQUT 1234 Spagas  IN MILITARY HOURS

OYERMIGHT IMCUBATION
TOTAL LIGHT SUMRISE TO SUHSET 8.0E7 MICROEIHSTEIMS< MZ-DAY

(AR AN

Q

#LITE OR-0OB R/HE CHL A GFFsH GFF-sD HFF-D I BAL H<sHsCHL GFF/H-CHL
MG/L MG-LsH UG-L MGs/L~H MG/L-D MG-L MG-L MG/L/HAMG/L
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9.1  B.16 95,3 1.87 26.56 24.35 22.83  17.98 19.61
€5 £.55 @.16 183.8 1.77 25.17 22,96 Z1.44 15,57 17,87

32 7.56  @.16 182,23 1.62 23.@1 20,96 13,23 14.31 15,53

1€ S5.17  @.16 183,53 1.25 17.86 15.5% 14.87  18.94 11,48

6 1.44 6.16 £8.3 B.68 9.66 7.45 5.93  5.94 7.70
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MH 188 18,82 0,15 168.3 1,9% 22,28 26.11 24.81 18,32 19, 24
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PO 188 11.32 8.16 84.8 2,17 39.42 28.12 26.49 23.60 25,52

- 3] -



ALEX MDD

BEGIHHIHNG DHTE BE213 YERR MOMTH DAY
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SUHRISE Bad SUNSET (=13 IH MILITHARY HOURS .
TIMEIM 1339 SIS TIMEQUT 1239 SReste IM MILITHRY HOURS

QYEPMIGHT ITHCUEATIOH
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MG/L MG/L/H UG-L MGs/L/H MG/L/D MG-L  MGAL MG/L/HAMG/L

2.368 3.83% 75.0 B.93 14,80 13,26 12,34 11.324 13.14

€5 9.u2 B3.839 183.7 1.685% 15.52 14,13 13,382 @,z29 13,11

2 8.83 B.89 33,8 .95 14.11 12,71 11.29 3.87 QL aI

16 6.2%5 g.9s 27,9 9.77 11.47 ta.av7 2.21 v.78 2. Ta

6 8.51 g.39 79,5 B.21 CT - I S T = 1.44 S.ED

HO tea  2.83 @.8% &7.3  1.95 15.68 14,19 13,33 14,18 15.52
NH 188 39.88 B.0% 2&,.8 1.85 195.64 14.24 {3,322 11.5% 12.73
PO g 29,21 g.0% 93,9 1.87 1S5.287 14,486 13.68 BT 18,53

RLEX MD
BEGIHHING IATE
SUNRIZE S48 SUN:
TIMEIM 2145

ov
TG

720 YEAR MOMTH DAY
2RIe IH MILITARY HOURS
van

21
E
216 TIMEQUT 1445 S1a7T21  IM MILITARRY HOURS

o_‘c —4 n.l

(X} l’u )

MIGHT IMCUBATION

Er
TAL LIGCHT SUHRISE TQ SUMSET 8.6€7 MICROEIMSTEIMS -MZ-/TAY

5
A

SLITE OR-0B  R/WR CHL A GFP/H GPF/D HPF/D D BAL M/HoCHL SFF-HOCHL
ML MEAL/H UG ME/L/H MGAL/D MGAL  MGAL HEcLoHOnGsL

IQB B 2T .14 141,58 2,56 13,891 12,82 14,73 2.7 LTS

23 4.9% ?.14 132,53 .2l 11,25 5,38 &5,5% s b

I8 Z.ER a.14 (22,2 .85 94,TH OFTL.T9 O £,4% 4,29 Seas

1 2.38 B4 (4304 3.51 T.53 S.82 4,27 2.E3 3.55

& 8,25 .14 124.5 B,22 4,182 2,13 @,%2 1.11 .12

NO 1@ 5,71 a.14 112,411,908 14.73 12,73 11.47 TTE 8,94
NH 1as 2,12 F.14 (88,8 g, 94 .72 11,77 1a.58 TeEd 2,39
PO 188 5.85 4,14 116,77  1.892 14.9¢ 12,95 11,69 T 9% @, 21
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HLEY “A

BESIHNIMG DRTE 2923522 YERR MOMTH IDRY
SUHRISE S4w  SUNZET Zoiz IH HILIT'"T H:'Fu
TIMEIN 744 2HBSEE TIMEOUT 1928 208522 IM MILITAEY HOURS

DAY IMCUBRTION OHLY

TOTAL LIGHT SUHRIZE TO SUNMZET 1.2E+a3 MICROEIMSTEINS-MZ-DRY

“LITE CHR-OB FsHR CHL A GPFs/H GFPF<D NFF-D D BAL HsHs/CHL GFP-H-CHL
MGsL MG/LAH UG-L MG/LAH MGAL<D MGAL MG-L MS/L/HAMGAL

B e S SR A 2o e S SR S T G S Sn S S 3 53 8 s 8 i e sh it fe i b s st co sh s o so b s sh e s s se st o s i o s s o st sm o s s i3 o o s s s Al Lbiios o ol
2T ettt b A At e e R P T LRI I R ST S L SR R R R i il

lﬁ@ S22 8.85 44,5 B,42 A, 12 5.435 S.01 S.43 3.47

t' 5'?.:' ?‘?3 44-5 ‘3.4:5: E‘c?q’ F.._) 5':33: ‘:‘ITB 1‘3-?4

32 5.97 d.35 44,5 g, 43 g, 32 5.-5 S.21 Y 1a,.79

i § 2.1°7 3,85 44,3 3,29 2,23 :.:1 1.77 .48 $, 468
MO 188 5.2%  A.95 44,5 9,43 £.31 5.63 5.28  5.71 .75
NH 100 3.5 095 44,5 .44 5.5 5.5 .34 554 3,93
PO 183 5,22 g.85 44,9 i, 47 B.7E  EB.B% 5,89 F.42 13,45

ALE: “H

BESINMIMG DATE &©99:222 YEARR MOMTH DAY
SUMRISE S22 SUNSET 2a32 IM MILITHARY HOURE
TIMEIM 2115 SREEZ3 TIMEDUT Zinad sopezd4  IM MILITRRY HOURS

OYERMIGHT IMCUBRTION
TOTHL LIGHT SUHRIZE TO SUMSET 2.58+87 MICROEIMSTEIMI-MZ- DAY

*LITE OR-0E R-HRE CHL A GFFsH  GPPCD HRF-D D OBAL  HoHAsCHL GRFCH-CHL

NG 'L "l'.; “L H l‘EJL Ni;x’L "'H "1'3 "'L-""'l ."1‘3 "'L N "L HL: L H» 'YL: L

18a £.2%5 d.81 S2.%5 8,43 .42 £.25 2,19 T.92 2.14

ga 5,33 #.891 S52.5 ey S.42 5,22 S.is O X g, S

32 3.e7 d,81 S2.9 3,25 F.22 2.5 3.E5% 4,52 4.34

16  1.47 a.a1 52,5 a.11 1.82 1,52 1.42 1.92 2,13

S - - 1 d.831 S2.5 A, 82 1.2 1.84 @.%4 1.32 1.53

MO 1ol 5,53 3.3z EB2.5 0o S.92 5.53 5,45 T.18 T.E1
MH 198 4,54 3,32 S2.%5 8,29 4,25 4,87 3.%1 T B =.52
PO lan  5.50 3,83 S2.5 0,44 5.895 S.T8 5.2% T.31 2.31
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w
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RLLER® YA

BEGIMMIMG

SUHRIZE S50
TIMEIN 1328

LHTE
S

iME

QYERMIGHT IHLUEHTI
Iz

TOTAL LIGHT !

4LITE OR-0OB
MG-L

SUHE

BT 22 YEAR MIHTH
T 20z iH MIL
BYE2: TIMEOQUT 21

ﬂho

R/HR

MGL/H

IU SUHZET

CHL A
R

§.SE+B7

HICEOEIMSTEINS

GPPsH GPP-D HFF-/D
MGALAH MG/L-D MG-L

4

D BAL NsHsCHL GPP/H-CHL

MG~L

IH MILITARY HOURS

S22/ DRY

MG/LAH MGAL
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[y
e o) Ty D
T O D

Dy YO0 Ix SYCCRR SN O e )

T DUROON OB S < J3
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— e G Lo s DO D A

MO 136 Q.67 45, £.42 1 11,72
MH 182 @, a7 N S .43 18,2

PO 1ol a,av S, 8,23 11. 4

ALEY YH

BEGIMMING DATE 288723 YEAR MOHTH DAY

SUNFIZE 555 SUNSET Zmi7  IN MILITRARY HOURS

TIMEIN {535 SRETE3  TIMEQUT 1589 266738 IN MILITARY HOURS

OVYERMIGHT IMCUBATIOHN
TOTHL LIGHT ZUNR

l' f
.‘-'Q

TE QR=-0E

rc.p-

B ap] ol

& HE

T SUHSET 8.3€E7

- g -

-

CHL A

MG

e 4,58 a.ad a0l i,oes .28 2,28 T.V7 12,22 21038

S 4,55 Q.98 IILE 0 B.S4 0 %23 OE.35 TLTE O iT.EZ 19,83

22 4.8z hooe 3a.i @.8T 5,25 TL3IT S.FE 0 13.tt 14,67

16 2.45 8.95 41.5  9.48 5,77 4.83% 4,36 .17 %, 64

€ B.33  B.98 2T.L B.22 0 .17 2.29% 1.7 g, &% s.14

HO 188 S.9% B.87  25.2  ©9.71 18.15 .17 &,38 17.34 13,52
MH 186 S.20  8.86 84,3  @.71 18,19 3,28 3.8¢ 18,85 11,94
o189 S.1% B8.67 TS.3 0 9.7 18,25 3,33 8,85 2,539 5,45
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Gt

MGl
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H
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Moo
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FLEX YA

BEGINNING DRTE 288504 YERR MONTH DAY
SUHEISE 282  SUHSET 2812 IN MILITRRY HOURS
TIMEIM 1743 2easad TIMEOUT 1380 238265 IN MILITARY HOURS

QVERNIGHT IMCUBATION
TOTHL LIGHT SUNRISE TO SUNSET 8.0E7 MICROEINSTEINS/MZ/DAY

4LITE OA-0B R/HR CHL A GFPFs/H GPP</D NPPsD D BAL MN-/H/CHL GPP/H-CHL
MG/L MG/L/H UGs/L MG/L/H MG/L/D MG/L  MG/L MG/LAHAZMGAL

R e L S s I I e Ry X e e T TR P

166 7.51 0.89 54.4 1.32 18.78 17.42 15.35 22.54 24.18

65 6.42 B,8% 54.9 l.16 16.49 15.22 14,25 19.51 21.14

32 &.86 B,89 54.4 1.11 15.76 14.49 13.82 18.73 26.39

16 2.94 B8.@69 53.4 8.6 9.44 £&.17 7.39 18.77 12.44

& -3.28 0.8 41,9 B8.22 3.02 81 8.94 3.084 3.17

HO 168 7.9 B.18 508.4 1.41 1%9.99 18.88 17.61 25.95 27.22
HH 188 7.86 B.16 53.4 1,36 19.33 17.94 16.99%  22.8&4 25.47¢
FO 188 7.74 ©.19 S@.4 1.37 13.42 18.88 17.12 25.21 gv.1e

ALEX VA

BEGINHING DRTE &8993
SUMRISE @4 SUNSET
TIMEIN 1213 sBua

87 YEAR MONTH DAY
2037 IN MILITARY HOURS -
a7 TIMEOUT 1338 200268 IN MILITARY HOURS

OYERMIGHT INCUBRTION
TOTAL LIGHT SUNRISE TO SUNSET 1.1E8 MICROEINSTEINS/M2-DRY

“LITE OR=-0B R/HR CHL A GPPs/H GPP/D WPP/D D BAL H/H/CHL GPP/H/CHL

MG-L MG/L/H UG/L MG-/Ls/H MG/Ls/D MG/L  MG-L MG /L H/MGAL
Y T T Y g T eI e L it e
166 €.85 ©.89 49.¢6 1.14 1€.85 14,78 13.89 21.20 23.82
65 6.85 B8.,0% 44.1 1.64 14.55 132,29 12.40 21.44 23.48
32 4.97 8.89 48.6 3.89 12.49 11.23 10.34 16,44 1.2
16 2.43 8,89 44,1 .55 7.89 6,43 5.54 16,37 12.41
6 B8.77 B8.02 40.6 8,32 4.56 3.29 R2.49 .85 .11
NO 183 £.43  0.83 44,1 3,95 3.29 12.86 12,58 208,75 21.43
MH 1@g &.91 @.15 42.4 1.29 13.13 15.96 14,68 26.36 22.7
FO 1BB  7.31 8.11 45.1 1.32 18.62 17.12 15.87 27.61 29.37
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RLEX WA
EEGIMMING DRTE
SUMRISE &a3  SUMS
TIMEIN 1313

(X

OO T O
o AN
s 0 A

N
&

TERR MOMTH DAY
313 IM MILITARY HOURS
TIMEOUT 1334 gpazld  IN MILITRRY HOURS

o ':0 oy

DO R ]

OYERNIGHT THCUERTIOH
TOTAL LIGHT SUNRISE TO SUMSET 1.0E8 MICROEIMSTEIHS-M2-DAY

ALITE OR-0E R/HE CHL R GPFrH GPP-D NFP/D D BAL M- H-CHL GPP-H- CHL
."ﬂG{L. MG-LAH UG/L MG/LAH MGALsD MGAL ML MG/ LAHAMGAL

R e e e T T

196 6,25 8.85 51,5 1.9 14.74 14.01 13.47  13.54 20,66
£S5 6,30 B85 57,5 B,33  13.82 12.95 12.42 16,28 17,18
22 4075 B.8% 53,8 3.73 19,78 1@.a3 2,54 12,87 12.95
16 2.7  9.85 S$2,5  9.64  2.93 35,28 T.67  19.12 11,82
& B.TS 8,85 SH.8 @.24  3.2% 2.55 2.82 2,58 4,73
MO 188 8,67 9.8% S5.5  1.14 15.73 14.45 13.53 28,67 22,59
MH 183 6,54  9.83 S8.5 1,18 15,88 14,52 13.96 21,19 22,87
POO18E E.48 8.8% S8.5  1.19 15.23 13,95 123.02 19,95 21,77

ALEX YA
BESIMMIMG DATE
SUHRISE 514 %
TIMEIM 132249

= =223 YEARR MOHTH DRY
UHSET 1954 IN MILITARY HOURS -
2 29 TIMEOUT 124595 2R3l IM MILITARY HOURS:

OYERMIGHT IMCUERTION
TOTEL LIGHT SUNRISE TO SUMSET 3.5E7 MICROEIMSTEINS M2 IRY
“LITE OR-0E R/HR ©CHL A GFP-H GPP-D HFP-D D BAL HMsH/CHL GFP-H-CHL
MG-L MG /LsH UG L MGsLsH MGALSD MGAL MG-L MGoLAHAMGAL

T Y Y et L e Lt Sttt

—
— )X GO

0G0 (D D O [ LD
i

)

Ja

—

Lﬂ

—

3.386
2,41
122

—

1.
g,.04 1..
‘3-94 1[‘.

|
DDA R NOUN W A
o e D

s & = =
AR Ty Ko Ul
- - - L4

Ot o0 Jo e s fu 0

I R O o O

. .5 a,2S 2.8 2,38 3.2 5.3
. 5} a,13 1.268  1.43 T3 @, 32
. 3 g,99 d.e4 B,22 2.7 S5.97
. .84 15.3 3,99 1. d.54 9,22 2.3 S5.53
. B, 34 3.3 9.0 U-JS -3.,081 -9,43 -3.9 2.9
MO 1 . 3.94 15,4 a.27 .63 .87 2.83 13.79 15.19
MH 1@ . g.24 17.3 B, a8 3.5 2,35 2.%52 12.32 14,54
POoLa . .94 15,3 0,25 F.36  2.E890 2,328 12,23 14, 858
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HLEX WA

BEGINHIMG DRTE 2wa225 YERF MONTH DAY

SUMRISE 29 SUNHSET 1342 IH MILITREY HOURS

TIMEIM 2143 299225 TIMEQUT 131S SAASZEe  IN MILITAREY HOURS
OVERMIGHT IHCUBRTIOM

TOTAL LIGHT SUMRISE TO SUMSET 8.1E7 MICROEIMETEINZ/M2-DRY

“LITE CQA=-0E RsHFR CHL R GFP/H GFF/D MFF-D D BRL MsH/CHL GFP/H-THL
MGsL HMZsLAH UGS-L MG Ls7H MG-LAD MG-L Mis-L McALoHAMS-L

164

1.52 G.93 (7.2 .32 4,29 3,95 3.&7 18,83 13,88

63 2.838 B.R3 13,3 s $.7% 4,45 4,17 17.2% 18,83

32 1.74 B33 29,5 6.31 4,14 3,73 .EZZ2 12,383 15.8%

16 1.14 B2 21,09 3,22 2,92 2.83 2,38 .37 1a,ea

& B.13 2,83 15,8 B.83 1.82 @.53 9.8 3.22 4. 37

MO taa 2,92 3,83 18,8 .38 4.31 4.41 4,83 e, 88 2z2.%4
N4 to8 2,85 B.E 1T.3 8,37 S.8f 4.%4 3,17 13,48 21,48
PO o1Be 2017 3,33 (7.5 B.33 S.22 4.7 4.49 29,35 2z2.31

ALEX Y&

BESIMMIMNG TRTE 2983462 YERF MOHTH DAY
SUMRISE =22 SUNSET 1?31 IN MILITARY HOURES
TIMEIN 2939 SEESEE IMEQUT 1235 Saaead IN MILITARY HOURS

QYERNIGHT ITHIUER
&

TOTAL LIGHT S WHEET 7.0BE7MICROSIMHSTEINS ME- DAY

~LITE DR-OR PoHE CHL A GPP-H GFF-D MPEST I BR

L SR E: L HoHooED GrREH i::"‘,L.
MG~L  ME-LsH UGsL ME-LeoH MGAL-T MGoL Mz L MG Lo HA-MG L
B R R S S R R S R S R S R R S S S R R S R S S E R S S RS ST R SR R e SRS EE
198 2.7 @.94 3.2 4,55 .19 E.86 £.2% 21,59 23, 20
B3 2,11 @84 24,5 B,45 5,39 S.38 3,32 15,77 13,42
3T 1,85 B.B4 2403 036 4.8F 4417 3.TE 0 1317 14,53
e a,7s @.dd 23,3 3,22 .95 2.%2 Z2.8s Z.1a 9,84
oo=3,.59 Hed 21,83 &, a2 B350 -8.21 -8.83 -3,7% 1.17
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ALEY YA

SEbINHLNG DATE 298915 YEAR MONTH DAY
SUNRISE S48 SUMSET 1919 IN MILITARY HOURS
TIMEIN 1313 2RR91S TIMEQUT 1228 Zaas1e  IH MILITARY HOURS

OVERMIGHT IMCUER
TOTAL LIGHT SUNR

o—c—-{
IUH

'U SUHSET 7.1E7MICROEIHMSTEINS M2/ DAY

4LITE OR-0B

MG/L

FAHR

CHL A

GPP-H GFF-D NFP-D D EAL

MsHACHL GFPAHACHL

MGALsH UGAL

MG<sL/H MGS/LAD

ML

MG-L

N G e L s H & H '.‘; e L

. e S e SR 28 L S 2 S S 2 G o S B S e e o BB s e 2 2 e e T S e e D e 2
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() Ty 02D
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ALEX VA&
BEGINMING DRTE
SUMRIZE g43 3
TIMEIN Zoag
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TOTHL LIGHT

0
=

!'ﬂ
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WSS 2 £ S
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P $a i) ds e
. . - . L]

e eCON)
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5311td

T
[T |
iy e
1710

s
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e
g
iy
-4

S B,39 3.7 2.1l 2.ER
3 8,23 3.54 2,99 2.48
3 #.32 2.%4  2.2% 1.8%
S B.14 1.7 1.21 a.71!
E‘ B-E‘) ‘3119 -E‘..E:E' -E‘Q:E:E:

TEAR MONTH DAY

IN MILITHREY HCOURS
TIMEQUT sEtils I

12328

6.6E7

MICROEIHITZ IS M2

21.98 25,79
1577 15,38
12.52 15,48
BBy .59
=237 1.2%
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HLER R

EGIHbI B DRTE  2@iZig S8 MOHTH DAY
SUHRIZE 71T SUNSET 2533 IN MILITARY ROURS o
IHEIN 1238 281218 TIMEQUT 1743 291217 IM MILITARY HOURSZ

EHIGHT IMCUERT I
1

TUTﬁL LIGHT SUNFR éé TO SUMSET 6.9€7 MICROEINMSTEINS-MZ-/DRY

“LITE CQR-OE RoHRE  CHL 8 GFF/H  GFP/D MFF-D D BRL HoHsCHL GFF-H ZRL

MG-L  MGL-H UG L MG/LoH ME-LeT MEL MSAL MG Lo Ho MG oL

é??é%%%%é%%*%%%i*%%%*%%%%&?%*%***izrrr?tt*%%ﬁ%ﬁ#*ééi%ét???twrr?ﬁfrvr?r*z

]

199 -2, 25 5 I 2.1 8,91 .13 -9,83 ~0,2% -1.5% §.?;

65 -3.,1% ™ 2.3 B.82 B.22 49,438 -9,24 2,49 F.sc

32 -8.18 W, a2 2.4 A% B.27 B.18 -a.ia .54 11,78

12 9,948 3,02 2.5 B.u4 B35 9,1% -93,487 2,25 13,33

e =3.,85 5 R b 2.4 LR g.31 13,15 -4, FPRcE: 15,89

(1 RN -5 o TR by I IR WIE T S » B v Lo B v Dt -t e - A5
r'“-' ik HeaD B, e 2.k . ‘.11 B, 1.2 L5 A (AN QPR oot
MH 183 -3,15 9,982 2.2  #H.82 9,22 0,86 -2.24 o 19,70
FOO1RR -3,18 9,32 2.2 = 1,27 d.19 -3.18 S.a2 13014

RLEY YR

EECIMMI S1E264 YEAR MONTHE DRY

SUMRIZE 227 17z ITH MILITSRY MHOURS

TIMEIN Siv2ad TIMEGUT 1758 21R2RT  IM MILITARY HOURS

DHWERMICEY IMCTUZRATICON
e mresn AL e —— i m i rm—e— i o
PO RL LooHET SUMRIIE TO O SUMEET 7.7€7 MICROEINSTZ IMe M2 TRy

ME L MGCLCH UL nGeLch MGLoD AEeL MEeL M.

Frerhinss

T T T T T T T R T T T P R R e R e T T T s S n S R e m e o S o - —

TEB -3, 33 0,01 3.9 =@, -0,33 -3,1% -3,31 -Z3.38 -3,73
§§ s 2.1 P a,a% 8,29 9.17 a.34 4,13 7.25
S ARG B 3.3 X e B.1% 9,27 -9.9% 1.7& 4.34
18 -3,.158 Bl C =D Held 13,892 -a.14 a.5% .83
SR S B P F0F Bl 9,1 -0,83 -9, 1% -3, =3 2,39
U R B PR R S I <) - B N e S L A Tt 2.32
HH 1al -8.28 8,61 3.7 @081 8,019 -3,93 3,13 -3.83 .52
FOo1aa =3, 28 B.a1 37 5, B.19 -3.93 -3,19 -3, 83 .92

]
~
o

]



FLES YA

BEGIMHING
SUHRISE §

TIHEIW 2

—4
o3 (M

X

31 YEARR MONTH IR
13 I MILIT x
I TIMEQUT 1eg2a giaea2  IM MILITARY HOURS

anﬂj
—
=

€O LD 0

25
4

CWERHIGHT IMCUBRTIOH
TOTAL LIGHT SUNRIZE TO SUNSET 4.7€e7 MICROEIHSTEINS-N

fﬁ
H
X

“LITE 0OR-0B  Rs/HR CHL A GPP-H GPPs/D MFF-D D BAL M H/CHL GFP-H-LHL
MssL MG/LAH UG-L MG/LH ME/LSD MGAL MG-L MG/Ls/HAMGAL

R R S T XY

g 1.85 g.82 13,2 3.13 1.69 1.44 1,23 2053 9,38

65 B, 39 H.82 14,8 8,12 leg2 1.37 l.le ve23 2053

32 8.74 a.683 14,2 i, 1 1.35 1.82 8,38 T.91 T2V

e @,.51 w.B2 15,19 s 1,17 #.%2 2,71 &, 50 Bl A

g Q,1% d.B32 13,85 3,95 3,87 B,43 8,21 2.47 3.89

HO 1e 9.28 B.82 12,7 3011 1,45 1,22 1.44 Taad F.89
HH o9 @, 22 g.B2 13,3 a,12 tod% 1,24 1.83 T ET 2,87
PO O1oe 2,23 goBz 12,7 .11 1.43 1.3 @,9%9 T4l .93

ALER ¥

nEGIHH z DRTE
SUHRISE J;E z
TIMEIN 1324

o)

15 YEHRE MOHTH
1235 IM MILI
15 TIMEQUT 193

-
pros
o

o

LT
18R

— Y]

Do 1

& 219218 IN MILITARY dlURS

Ty
—
.

OYERNIGHT IMCUEBRTIC
TOTAL LIGHT SUMRISZ 70 SudsET 8.LE7 MICROETINSTS [N M- TRY

ALITE QR-OB FoHRE CHL A GRFPCH S GFFCD MFFESD D BAL HOoHSDHLD GPSoHCTHL

MasL MEsLoH UGSl MG-LAH MGALST MG-L MG MZ<LH MG L

a—-——*-~¢-u-——-——-~~--—--_-~-_-*ﬁ---g_--__*_--m,r;-_-__-_----_m~—-¢—-~—»
1o 1.1 .82 19,3 2 e 1,023 1.32 1.83 I g, ST
=5 a,a8 a.8a8 21,48 2, a8 g.,88 B.39 3,948 0,8 L 1]
& a,44 .8z Z2t1.% A, 1.2 d.e28  @,37 2.28 3.54
16 @.az BoB3 2E.S B, a% B.82  B.27 -Q.02 a, 21 2,11
£ =-3,29 W33 Za.8 B, a2 3,38 8.82 -9.27 B, 1,42
RO ted 1,27 @.83 13,5 B3.1% 1.78  1.42 1.1€ S. 51 £, 7T
HHE 13 L.1s I S R B I 3,13 1.8 1,32 t.832 S £.37
FOolan 1.2k 5 I SR R | q, 14 1.79% 1.43 t.14 S.53 T3

1
o
(o)

1



ALEX VA

BEGINMING DATE 31
SUHRISE 441 SUNSE
TIMEIN 2999 g1

2 YEHR MOHTH DRY

a1z IH MILITARY HOURS

2 TIMEOUT 284S 319529 IHM MILITARY HOURS
OVERNIGHT IHCUEATION

TOTRL LIGHT SUHRISE TO SUMSET 8.0E7 MICROEIHSTEINSAMZ/DRY

4“LI1TE OR-0B Rs/HR CHL A GPPsH GPFP-D MPF/D D BAL MNsH/CHL GFPsH-CHL
MG/L MG/7L-H UG/L MG L/H MG/LAD MGAL MG-L MG/LA-H/MGAL

L i et R L e L e E L e L e Y e Y I AL I AL A L L L L

166 B8.5% @a.92 T3 B.@7 1.82 ®B.TB  A,4% BS7 G, 5

65 ®B.58 9,82 .93 @, 57 .89 @.83 B,47 S.33 .57

32 B.32 B.82 7ol = 5 b B.7% BA.42 B.E25 4,44 Teol

16 @8.12 I B.23 0 B.ad g.61 ®.2F BA,83 2. 98 523

6 -8.21 B.e82 B.3  B.EE 8,31 -B.82 -1,23 -3, 17 3.3

NO 1o 3,83 &.82 5.7 a.a7 1.87 6,74 9,53 Tk 1,33
NH 188 8,851 3,932 S.5 B,W7 1.845 w73 8.51 .88 12,84
PO 188 8,51 g.82 .2 B.97 1.83 B8.73 B.351 F.d1 13,28

ALEY VA
BEGIMHMIMG IRTE
SUMFISE S3s %
TIMEIH 1338

REZE  YERAR MOHTH DAY
ZEr33 IN MILITHRY HOURS
539 TIMEQUT 2150 §12701  IH MILITARY HOUERS
OYERNIGHT IHCUBATION
TOTAL LIGHT SUMRIZE TO SUMSET 8.2E7 MICROEIMSTEIHE M2/ DAY
T

“LITE OR-ORE FEorr CHL 8 GRRAH O GPPSD MPP-D D BAL  HoMACHL GPRPOHCTHL

MGAL  MGALAH UG-L MELoH MO-LeD MGl MG MG Lo Heo MG L

e e L et e L L e Ry

Cl
YR

U

—
-
i
-

U_
B.BE

Doy ot K
- L d
[ ] - . -

-
' —
-

a .41 B.82 11,3 B.130 1.E% 1.SE 1.38 L 1,73
B2 @.,7% 8,82 18,7 B.e% 1,32 B,%5% 8,73 T30 .22
¥2 0 4.49 B.82 1.4 @.Es B.¥E B.SF 0 A.3T .47 S
16 #B.8c #8218, % 9,84 B.54 @.23 §.08 1.7% 4,11

B =@, 22 B.az Q.3 a.eF 8,27 8.5 -0.24 .17 2. 85
@ 1,358 .20 oAal14 2.9 B3 1,48 1,48 3.087
3 1.1g .30 8011 1.5 NI F.28 e
g 1.3% F.oe Holz 1.2 Lo 1.23 B 27 Bl

T Ty 4=
[Py
- - . L] - - - -

-

12,

- 47 -



ALE® YA

BEGIMMING DATE 318783 YEAR MONTH DRY
SUNRISE S3%  SUNZET 2831 IM MILITARY HOURS
TIMEIN 24 318793 TIMEOUT 1415 516783 IN MILITARY HOURS

OYERMIGHT IHCUEATION
TOTAL LIGHT SUHRISE TO SUMSET 1.1E8 MICROEINSTEIMS MZ/DRY

e

“LITE OA~-0B R/HR CHL A GFP/H GFP/D NFP-/D D BRL H<H-CHL GPP-H~CHL
MG/L  MG/LsH UG-L MG/L/H MG/L/D ML MG~L MG/LAHAMGAL

e e S Sl L Gl ah i3 Bi s e se e o se o4 s s 3 e sa i s oe us Se se so ss o5 ts oo 3 oo se sy i e s b s s so 1S es oo so oo <o st a4 oo v s ae oo o is ol oo s
**?‘?t**?*tﬁ?*tﬁ*t*?#f????ﬁtt?‘k%‘k???}ﬂﬁ?f?fﬁ??'.‘.".‘.".':'.'.'f.‘.'?.“.':?.'?.".':?.".‘.".‘.".’.'?.“.'.'?.’?.’t".?'.‘!'.‘.‘"'““"’"?".’

188 4.52 9.8 5.3  B.51  9.85 2.31 T.85  15.54 17. &8
65 4.43  @.95 4.8 B8 .99 £.15 T.EF  15.74 17,13

32 3.42  0.85 34,8 B.45 7.1 5.41 5,94 1Z.68 14,15

16 2,71 9.95 39.3  B.48 5,93 S5.18 4.7 5.25 15.15

6 B.8% B.BT 47.6  B.16 2,42 1,57 1.21 2,35 3,42

HO 186 5.9 2,95 38,2 §.65 19,84 S.8% £.53  20.79 23,55
NH 188 4,38 @9.95 35.1  B.64 9,54 8.79 S5.33 16,37 17.77
PO 185 4.76  8.85 3&.7 ©9.84 9.47 §.72 5.26  15.18 16, 42

ALEX YA

BEGINHIHG DA E 318725 YERR MONTH DAY
SUHMRIZE S48 SUNSET zZaze IN MILITRRY HOURSE
TINETH 2234 218728 TIMEOUT 1351S 519721 IM MILITRREY HOURED

OWERNIGHT IHCUBRTION
TOTHL LIGHT SUNRISE 7O SUMSET 8.6E¢ MICROEIHSTEIMI MZ- DAY

-t

“LITE OR-0B R-HRE CHL B GFF/H GFF-D MPP-D D BAL HeHoCDHL GRPRAHATHL
MGfL Nu L H hu,_ HG’L H nGx_fB n"_ ﬂG L MG'L H'AG'L

189 &.82 B.a% 152.1 @,85 12.85 11.2% 18.42 S. s S.ET

£S5 S.81 B.a9 133, B, 78 11l.8% 9.7 2,35 4,398 5.5

32 3,79 R, E9 128,09 3,55 .27 B.FL B.94 2.8 $.348

1§ 2.32 3,39 1237.% 5,47 5.92 S.385 4,89 2.97 .89

& 8,41 3,89 134,232 3.21 .85 1.23 a.2d 3,35 1.535
Nootos &,74 B.8% 113,38 B,32 1Z2.324 11,47 14.80 5,53 T.31
NH 183 7.32 B.89 (13,8 A.99 13,89 12,32 11,63 Tl T.32
FO 1803 £.5¢ B.8% 128,85 8,36 12,5 11,19 18,32 &, 0% Bert

]
~
o)

1



RLEX YA

BEGIHMING IATE 218212 YEAR HONTH nav
SUHRIZE £14 SUHSET 1954 IN MILITRRY HOURS ) o
TIMEIN 2945 219312 TIMEOUT 1S&8 S1881%  IN MILITRRY HOURS

OYERNIGHT INCUZATION ]
TOTARL LIGHT SUMRIZE TG SUNSET  6.567  MICROEINSTEINZ M2/ DAY
“LITE OA-0B R/HR CHL A GPP/H GFP/D NFF/D D BAL HN/H/CHL GPP/H/CHL
ME/L MG/LAH UG/L MEL/H ME/L/D MGAL MGIL MG/ LoHAMGL

e R T Y L e ey e ettt ey et e e i i i

198 S.88 8.8 132.2  @.38 19,30 3,87 .18 5.4 £33
65 4.82  B.82 1S3, 9,83 3,34 2,31 7.34 3,83 4,39

32 2.48  B.9% 154.7  B.54  7.44 E.41 5,83 3.83 3.52

1€ 2,47 9.93 166.7  9.44  5.9% 4,38 4,18 2.26 2,73

& -3.27  8.99 122.5  @.1%7  1.71 @.E% -a.ed 8.3 A, 95

HO 188 £.1% 8,483 151.3 8.8 11.7% 1@,78 3,33 5.2 5,78
NH 188 £.32 @,82 113.% 8.3% 12,02 11.98 18,28  7.14 7.76
PO 183 £.77 B8.83 137.7  9.93% 12.89 1l1.68 18.8%  £,29 5. 74

ALEX YA

BEGINHING IATE 218335 YERR MONTH DAY
SUHRISE £2%  SUNSET 1343 IN MILITARY HOURS
TIMEIN 1224 2228 TIMEQUT 131S 21eeze IM MILITARY HOURS

QWERHMIGH
LI

IMCUEATION
TOTAL HT FiZ

ZUNRIZE TO SUMEET 7.0E7 MICEOEINSTEINS ~MZ- DAY

T
ar

SLITE OR-0F  ReHR  CHL & GRE“H  GPFF/D HPE-D T BRL M-H-CHL GFF-H-THL
MG MEALAH UL MGE/LAH ME/LD HEOL MG MEALAHAGAL

189 S,44 B,z 95,2 toom 13,37 12,39 11.54 FL,ET 18,49

€3 S5.39 B.as 182,38 1.81 13,23 12,48 11,65 2057 9,7

32 SLET g.a2 112.3 B9 .17 2.1 T.34 S.42 &.18

1§ 2.7%9 B.as 147,23 a.52 .24 T.22 5.4 I 4.18

£ ~-R, 54 (X1 B W 7,21 2.7 1,74 B,%3 1.2% .83
NOo18a 5,31 B3 18z, BR300 13,12 12,18 (1,29 2,25 S, e
MH 181 5,22 goas 91,9 H.37 12094 11,52 11.11 S, ET 16,52
PO o1em 5,12 BaE 114,% B,35 12,79 11.73 18,92 V32 2.01

l

~

(Yo
|



BEGTHHING DATE S00522 YESR MOMTH D&Y
SUHRISE S48 ZUHSET 2512 IH MILITHRY HOURS
TIMEIN 730  SO9SZ2  TINEQUT 1330 208527 IM MILITARY HOURS

DAY IMCUERTION OHLY
TOTHL LIGHT SUHRISE TO SUMSET 1.2E+82 MICROEINSTEINS M2/ DAY
ZLITE OR-CE F/HR CHL AR GPF/H  GPP-/D NFF-D D BAL H- HsCHL GRPH-CHL
MG/L  MGsLsH UG-L  MG/LAH MS/LAT MGsL ME-L MGsL-H MG L

AR PR L E L LT R L e L P L et R A A A Al

169 2,56 B85 12.3  @.24  3.47 2.6 .17 F.82 12,59

€5 2.9 0,85 183.3  B.28 2.99 E.12 1,81 T.74 18, 51

32 1.85 &85 185.2 @013 2,83 1,31 148 5,93 3,55

16 1.67  8.85 13.8  B.17 2.5 1.71 1.28  B.E7 3. 14

€ B3 B85 12,8 9,97 1.67 9.25 -9.23 1.gd 3.1

NO 1IR3 2,23 8.95 18,8 @21 3.11 2,032 1.81 0 .50 11,37
NH 188 1031 8,85 13.8  @.19  2.76 1.37 1.46  7.23 1a. 3%
POO1ES 2,32 8.95 15.8 9,22 3.20 2.42 1.5l £.38 11.73

MOUNT YERMOM

BEGIMMIHG DRTE 2B5523 YEAR MONTH LRY
SUHRIZE 532 SUHSET 2933 IN MILITHEY HOU

TIMEIN 2948 26822 TIMEQUT 1315 gpdgzs  IM MILITRRY HOUES

~

OYERNIGHT IMCUERTION
TOTHL LIGHT SUHRIZE TO SUNSET  2.SE+87 MICROEIMSTEIMZ-MZ-DRY

“LITE CA-CE FoRHE CHL A GFPAR GPRSD MPFP-T D BRL HeHACHL GRFAHSTHL

MG<l. MG-LeoH UGsL MSeLeH MG-LsD MGoL Mol MSoLoHAMG L

Mo Me L Le @t Be e L4 e ee e ei G4 Be e e t4 eh ee er e 4s 48 es e se me 58 % es b8 88 we 4 ob ss ee 4s es as 8s 8e s ur se we aa ee 0% ® i te e 44 we b el eu 4b e as as 8 ee e 44 Lo se sl se
N T N N T N T N T T T N T T T T T T N LT TN T AR R SRS T TSI T

]
.3
]

1R 3,7 Hel32 g3%.8 3.44 g BT 4,87 4,018 4.7 S.58

BS 4.18 d.82 0 £%.4 &, 43 B.47 S.27 4,855 T8 Bel%

ISR 31 g.93 0 €3.49 B35 .71 4.81 3.7% 4. 325 2.58

e 2.81 8,82 83,4 B, 22 4.84  3.84 2092 Ze3l G.57

B o-1.8% B,@2 £%,.9 g, 85 B.88 -3.48 -1.12 -, 39 377

MO 1 2,93 B.HE 83,48 AR 4,81 3.EF 0 3.31 2.TE GaEg
MH 1oi 2,25 B.18  g9.49 33T .08 A.0% E.19 2.9 5.3
FO o1gsy S,.82 B.12 69,8 B.e2 2037 TLE5 E.48 T.2% ERRE

[}
()]
(O]

[}



HRTTOM POIMT
BECGIHHIHG DARTE
SUMRIZE 558 SUNS
TIMEIN z2zgo

oo
'
(OIS}

-

iy

YEAR MOHTH DAY
TH MILITHRY

TIMEQUT 2249 auavs

D
0D

P fr L
[A:
[ £X]

DODO RO

[

™
o

OYERHIGHT IMCUERTIOH
TOTRL LIGHT SUNRIZE To 3U

XLITE QR-DE R-dAR CHL A GFP/H GFF-/D HNFP-D
MG/L  MG/LAH UG-L

MG/LAH MG /L-TY MGAL
FEEFEFEEERE LB HEBFERL 5

33 o e e e e o S S e S S e A SR e S S i e 4 S

I

193 11.21 8,85 2t.a .73 18.83 9,391 =

§§ 1B.§§ @.@g 1.9 a.ve 18,15 %.%g 3

32 ?7.88 B.as 91,6 8,52 Te9% £.322 &

1 4.:2%5 a.83 21,48 B,322 $.85 2.33 3

& B2l 0,35 21,49 Bg.1z 1.73 1.81 6

NO 1933 11,25 @.a5 21,9 B.72 1d.42 9,32 9
HH 19g 11,83 .85 1.9 .74 18,73 ta.1L 03
PO 139 13,77 B.84 21,8 3,35 12.93 11.93 1t

HATTOH POINT

BEGIHHLNG DRT

3 YERR MONTH DAY

SHET29
SUHRIZE 595 UNZET 2417 IM MILITARY HOURES
TIHEIb 2aza SRRV TIMEOUT 14195 Egsd et

OYERMIGHT IHLUEHTI“H

TOTAL LIGHT SUNRISE TO SUMZET 8.3E7 MICROEINZITEI

“LITE OR=-0B  R/HE SFPSD HPF-D

NGfL Hb

H ﬂb L D W"L

g T.7E d.3e 51.8 1,81 14,83 132,93 13

€5 .18 d.84 SIS B.%4 13,58 12,092 12

32 B.24 A.a4  S4.4 A, 11.9% 1il.e1 118

1g £.5%5 B.aq  EQ.8 @,57 12.51 11,323 1l

& B.e3 a.ad4 37,5 Q.1 2.28 1.7 1

MO 1o F.e9 d.2S 45,48 1.82 14,84 13.9% (2
NH 1&3 2,18 B, a5 43,4 1.0 15,82 12,792 1<
PO 189 2,83 .85 47,5 1,14 leg.2e 15,52 1S

- 5 -

MGl

I ERL

IN MILITHRY

EAL

-5 T3
$ 25 T.12
) 5018
. 35 2,97
T s
el T.ad
CET T.54
S R

H3- M2 TR

Sl ” 3.

IT 15,34
) 1g.32%
LB 14,782
i) 13,248
BCT J.21
it 21.85
TR Z1.44
B 2z, 04

HoHATHL

SRS

n MICEOEIHSTEIMS M2~ DAY

MoHACHL GPF/HoCHL
Mz~ L HAMG AL

VR xRN EETS Wl s K

O R L B R
S LA s B ) e

A

SFF.

‘LoHs

MizL

[N S VY ]

ot fot b ot

Y SR NN ENEY)

. [ .
a0 A P L0 o Ty O

QX RN ]
it DU g IO



HATTOH POINHT

BEGIMHING DATE 220394 YEAR MOMTH DAY

SUHRISE 333 SUHS w1z IH MILITAREY HOIURS

TIMEIW 2119 SHBS84 TIMEQUT 1245 sEa38s M MILITARY HOURSD

OYERMIGHT IHCUBATION
TOTHL LIGHT ZUHRISE T3 SUMSET 8.0€7 MICEOEIMSTEINZ M2-DAY
%LITE QR-0E R“HR LCHL A GFP’H GPF-D MFF-D I EARL HMsH-sCHL GFP-H-CHL
MGsL MGsL/H UGAL  MGAL/H MG/LAD MGeL MG-L ME/L/H MG L

e R Y T P L P P e R R s Ly E R T L

199 6.87  9.94 32.3 9.3 12.25 11.71 11.34  21.26 22.23
55 6£.36  B.84 33,9 9.9% 12.72 12.24 11.37  22.2 23.1%

32 5.42  9.094 43,2 0.7F 11.06 19.52 19,15 16.92 17,73

16 4,59  8.94 49,8  0.83  9.72 9.1 2.32 16,19 17,89

6 1.2  @.84 27.3  9.23  3.33 2.29 2.43  5.21 £.21

HO 198 £.95  @.95 43,3  B8.8% 12.99 11.22 11.48 19,32 28,43
HH 188 6.98 9,05 26,3  1.88 14.26 13.4% 12,96 26.13 27,67
POO165 3.12  9.85 S51.3  1.22 18.23 17.51 17.91  24.93 25,82

HETTOM FOIMT
BEGINMHMING DRTE 388307 YERR MOHTH DAY
SUHRISE &84 SUNSET 2ag7 IM MILITARY HO

2 {
TIMEIM 29889 58YsHT  TIMEQUT 13495 3

URS
3

283 IN MILITARY HOURS

G-

QYERMHIGHT IMCUBATION
TOTAL LIGHT SUMRISE TO 3SUHSET 1.1E8 MICROEIMITEINS M2 DAY

“LITE OR-08  R/HR CHL A GFF/H  GPPsD HPP-D D BAL H/H CHL GRP/H/CHL
MG/L  ME/L/H UG/L ME-L/H MEALOD MG/L MGAL MG~ LHMiG-L

R R e R L R e T R Ry T E L s

—

8y &.32 B.ud 45,4 A.34 13013 12,84 12.25 19,44 2R.23

63 V.51 9,94 44,9 1,83 15.15 14.83 14,24 23.21 24.87

32 B.1S5 B.84 51,4 B.3% 12.51 11.98 11,57 15.97 17.33

e 4.44 8.84 51,3 B.67 .32 §8.383 3.43 te.1e 24387

6 1.34 d.a4 41,4 8,33 4.83 4,83 3,873 L Far- 1

HO 188 6,39 B.85 33,1 d.94 13,25 12.55 12.484 23042 24,75
HH 18g 5,38 d.B5 33,9 1,82 14,42 13,88 13,14 2S5.04 25,52
PO 168 2,83 H.11 47,4 1.99  21.97F 13,57 13.351 EE N Y 31.859

- 52 -



HETTOM POTNT
EECIHMIMNG URTE
SUMRISE 809 SUM:
TIMEIN (943

3 YoAR MONTH DRy
ET 29899 IN MILITARY HOURES
3UR3L3 TIMEOUT 1835 SH93Li4 IN MILITARY HOURS

QYERMIGHT IMCUBRTIOM
TOTHL LIGHT SUMRISE TO 3SUMSET 1.0E8 MICROEINSTEINS/ M2/ DAY

O3 L0

“LITE OR-0B RHR CHL A GPPsH GPP/D NPP/D D BAL NsH/CHL GPP~H/CHL
MGsL MGsLZH UGAL MGoL/H MGAL/D MGAL MG/L MG/ L/H/ZMGAL

s e e e s e s i e D LT S8 LU L IS a3 aa Lo o3 so g se 18 me Lo 1o 4s ie is s ou se is i 8 Lo e Lo i3 48 i . i i e se 8 e e e s te o te se e o o o3 e ce oo
R A A PN R R RN BRI LR LR L R PR LR L DR P PR DR ERL LI L L LR RIRTFLLVIRERLRR S ES

[y

B.ad 43,5

oy 7.e5 B.37T 13,42 12.92 12.%8 19,23 13.37

59  3.47 .34 535.9 1.95 14,74 1a,24 13.32 13,89 19,34

32 T.R3 B.B4 BB.9 BHT 0 13,48 12,97 12.89 15.51 15.29

15 85,38 PJ.9% 83,9 B33 12,38 11.3¢ 11,43 12,495 13,37

5 3.32 .99 2,3 ST £.32 S.323 5.32 Telis T.74

MO tgw ?.83 .99 45,9 1o 13.33 13,110 12,33 21,94 22,248
MH 133 7.37 B.85 48.9 1.94 14,458 13,73 13.1% 21.34 22.79
PO 1oy 9,99 3.95 $S.S 2% 1718 15038 13031 21.3!¢ 22.31

HATTOM FOINT

SEGIMMING DRTE 3w9329 YERR MOMTH DRY

SUHRISE S14  SUNSET 1954 IM MILITARY HOURS

TIMEIM 2215 393329 TIMEOUT 1499 29221  IH MILITARY HOURS

OVERMIGHT IMCUBATIGN
TOTAL LIGHT SUMRISE TO 3UMSET 3.587 MICROEIMNSTEIMS/MZ/DRY

l,’

“LITE OR-CE R-HR CHL A GPFP/H  GPP~D NFF/D D BRL HMAH/CHL GFF-/Hs/CHU
N§/L ME/L/H UG/L MGrLAH MG/L/D MGAL MG/l MG/L/HANGAL

R R N R R P S N R R AR RS PR R L PR PP L P LT R R P LR PR R L LRI LF LR LD LBIBIEFRTT S0

ive 9,59 9.33 12.4 B.15 1.9% 1,83 1.15 3. 05 11.73

65 "3."‘?‘? "3-‘33 11.4 601.3 1.?'3 1-03 B.'S"a ‘Jcbi 11-3?

32 8,20 9.93 1.4 9.93  1.23 9.32 A.48  5.32 3.23

16 -“3-1':'.5‘ 9\8.3 1‘3.1 B-E’S r’jo?l- H. ..ll "E‘-B? dtn—g Stél

5 -4.32 B.43 3.1 4,93 9.37 ~-9.89 -9.44  -0.32 3.34

MO fod 3,34 B.893 19,9 3.13 2.41 1.95 L.8@ 13.18 15.28
HH 1o 9,329 J.82 19.8 9.19 2.89 1.32 1.=4 12.68 14,45
FOotag 3,58 d.83  19.8 B.13 2.99 1.83 1.23% 11.23 14.45



HETTON FOINT

BEGINHIHG DRTE 268325 YEAR MONTH DAY
SUHRTESE =38 SUNSET 1942 I MILITRRY HOQURS
TIMEIN 2345 22325 TIMEOUT 13139 299528 IM o0 TTARY HOURES

OVERNIGKHT IMCUBRTIOD
TOTAL LIGHT SUNRIE

nn

TD SUMSET 8.1E7 MICROEINSTEIMS/MR/0: ¢

%LITE OR-0B FRsHR CHL A GPP/H GPP~D HPF-/D D BAL H-/H/7CHL CPF/H-CHL
MGl MGALsH UGH MG LAH MG/LAD MG/L MG-L MG L HAMGL

R R R N R R R R S R R e R L LR P LR R P L L LR LI TR T LR TR LI R LR LEL LR T LR E RS LR SRSy

168 1,41 B.092 12,4 B, 27 F.93 0 2,184 2,79 13,57 2z.2%

£S5 1,80 B3 12,5 f,29 2,94 2,91 3.1k o2\, 9 23,80

32 1.%52 B.E3 0 13,3 g, 22 T.YF .35 3.4t 13,93 21.3%

16 1,85 .32 12,5 3,22 2.9 2.45 2,12 12.78 18,12

£ H,13 HeEZ 0 11,8 a, 89 .28 9,75 n,d42  S.1% 2015

MO 18 1,383 B, 14,3 3,22 4.25 3,33 2,59 A ¥ G, 25
MH 189 (.29 B.az2 1.2 .32 .29 2.327 .54 2E.24 au,. 7z
PO 133 1,45 A.a2 18,3 a,27 2,832 3,21 2.8°7 23041 25,52

HRTTOM FOINMT
EGIHMING IATE 299332 YEARE MONTH DAY

SUNRISE 23 SUNSET 1831 TN MILITRRY HO
o TIMEQUT 1236 3

0
L]

ov;‘:v‘{ = T

- el

122 T SUMSET 7.0E7 MICRLE

§-|
v X3 s
m
(ﬁ
j
I

£ Om-0E FoHE  CHL AR GPF-H  GFF-I HWPF-D T 28L MHoHsORU GPROHSCHL

MG-L  MG-LsH UG-L MG-LeH MGALsD MGAL MGSL MEoLoHAMGL

B R R R R R R N S R R R R R S R S e S R S S S S N T RSN IS LR L L LT AT LIRS TR SRS T oo

B

188 2,63 4,89 1T, 6,45 5,98 S.36 S.88  2f.ée 25. 88
532,33 6.80 3.5 G048 517 5,120 5.93 20,14 28,31
& 115 G.a@ 18,3 B.38  Z.57 2,53 248 1b.gd 14,81

B 8014 BB 12,3 8003 B3R B34 8,31 1.7% &.a2
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HATTOM POQINT

BECGIHMIMG DRTE
SUMRISE 248 3SUME
TIMEIH 22349 ‘

15 YERR MOMTH DRY
13149 IM MILITARY HOURS
13 13

TIMEOUT 1258 20991 IN MILITARY HOURS

DO
‘V-
&
by

OYERMIGHT IMCUBARTION

TOTAL LIGHT SUMRISE TO SUMSET 7.1g7 MICROEIHSTEIMS-MZ- DAY

%LITE 0R-0B F<HR CHL R GFF-H GFP-D HFF~<D I EAL H-HsCHL GFF-H-CHL
MasL MGALAH UGAL MG/LsH MGsLAD MG-L MGl MG LoHANGAL

ket s A L A R L Y e e P RS R e R L E

188 1,43  B.95 20,5 8.3F  4.49 3.81 3.2 14,29 17,17
€5 1,33 8.95 28.5  9.33 4,87 3.43 .39 13,53 15, 38
328,95 9.8% 22,8 8.3 3.3 271 2017 3.8 12,51
16 8,33  9.85 1.8  9.17 2,15 1.3 .91 5.72 7.9

§ -8.23  B.95 19,3  B.86  9.51 9.I2 -8.33  8.91 3037

HRTTOH POINT

BECIMMING DRTE 281113 YERR MOHTH DRY
SUHRISE ©42  SUMSET (242 IM MILITRREY HOURT
TIMEIH Z28483 281113 TIMEQUT 1794 231112 IH MILITARRY HOURS

OWERMIGHT IMCUEBRTION
TOTAL LIGHT SUMRISE TO SUHSET 6.6E7 MICROEIMSTEIMS-MZ- DAY
“LITE OR-0OR RsHR CHL A GPPsH GFP-D HWFP-D D BAL HsHsCHL GPPoHoCHL
MGl MGALAH UG-L MGE<LoH MCAL-D MGsL MGl ME-L-H MGoL

L LT e e e e

198 2,58 B, 89 9,5 3,93 B.37 B.8T 8.37 F,13 PR

£S5 1,45 399 9,8 B84 B,44 B.44 .44 L] 4,68

Z2 B.Ed o 589 = B, 38 B.53 ®.52 A.,53 E.13 5.13

1¢ 3.24 .99 QL g9, 03 .73 B.7TZ AT 2017 2,17

5 B.15 B, a8 A5 A, 61 B3.19 /.15 4,13 1.53 1.53

MO lyg B.83 9.3 B B, 08 B.a1 w\.el 9.&1 33 £.43
NH 189 2,32 3,993 - G.a5 H.51 8.51 B8.51 Sed1 S.41
FO 158 8,88 .99 G,8 g, a8 .92 @.52 Q.8 .13 5. 13
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HATTOH POQINT

BESIMHIMG TRTE =2
SUMRISE 715 3SUNS
TIMEIN 1325 3

B121s  YEAR MOMTH DAY
1828 IH MILITRR,
16 TIMEQUT 1734

N
)
A
1]

BE1217  IN MILITARY HOURS
OYERMNIGHT THCUEATIC
TOTRL LIGHT SUNRISE TO SUMSET 6.987  MICROEINSTEIMS M2/ DHY

¥LITE DA-0E RsHR CHL R GPP-/H GFP~DJ HPF-D D BRL HMNs/HsCHL GFP-H-CHL
MG/L  MG/L/H LGAL ME-Ls/H MGALAD MGSL MG-L MGALAHAMGAL

L L S L L T T T ey oy e R L

1‘:“3 -:"'15 E"E‘l 2-‘3 60‘31 6014 B'BE "‘3-1:5: ‘3081 ?123

£ -3,18 A, a1 2.2 0,82 B,13 B85 -8.13 2,593 2.TT

22 -n.15 g.81 2.1 A, a1 Bo1a 3,82 -n.13 .77 £

16 -a,.485 B, El 2.3 3,92 B.33 B, 1l -a.e8 4.14 S.a7

& -3.15 B3.081 2.5 a,81 Bg.14 B,B08 -2,13 9.4 TCES

MO 199 3,480 3,81 2.1 9,33 .27 94,15 -8.84 T.24 13,11
MH 133 -@,89 3,81 2.1 B.EE 9,23 4,11 -a.82 S35 11,43
PO 133 -i,1a 3,31 2.2 @.82 B.13 B/.895 -4.13 3. B0 2,37

HETTOM POINT

BEGINHIMG DATE 215294 YEAR MOMTH DRY
SUMRIZSE Fas  SUHSET (722 IM MILITHRY HOURS
TIMEIHW (714 2ia2os TIMEQUT t13as 214305 IM MILITREY HOURS

OWERMIGHT IMCUBATION
R YAt L 7.787 MICROGEINSTEZIHS M2 IRy

SLITE OR-GE RoHE S CHL A GPF-H GFR-D MEF-D D BRL MHOoHCCHL SPROHCCHL

MG-L  MG/LAH UGAL MG-LoH MGLoD ME<L MGoL MG Lo Ho MG L

TR -3, 18 @, al 7.5 a3, 02 .24 H,9% -a,15 1.23 Z.iE

BT -2, 10 Bt el 8,92 B.24 a.0% -3,18 1.12 CI b

22 @,om B, 7.5 a.,83 .34 8,1% -a,81 2.32 4,15

18 =4, 28 a3l S g, a3 Be2% 8,14 -1, 82 1.78 .48

£ =315 B, a1 2.3 9,82 .29 3,8% -9,1% g, o S,

HO 183 =3, 20 a.a1 o3 3,01 9,15 a.98 -g,28 B3 O I
MH 189 ~-2,14 Wt T8 H, 32 .24 B,8% -q,18 1.21 K
PO 18 -3, 85 a,.e1 T3 3,493 B.2% a,.i4 -0,08 1.34 .78

1

(S

(o]
1



HATTOM FOINT

BEGIMNING DRTE =
SUMRISE 5. SUHE
TIMEIM 1%

1 YERE MOHMTH DAY
228 IN MILITRRY HO
01 TIMEOQUT 1515 g

OVERMIGHT IMCUBRTION
TOTRL LIGHT SUMRIZE TO SUMSET b.7e7 MICRODEINSTEIMS-M2-DAY

33 1
2 1

RS
ks

.L Lu

[.o

v
i

LYY

81

IN MILITARY HOURS

“LITE OR-0B R-HR CHL A GPP-H GFP-D MFF<D 0 EAL Hs/H CHL GFF-H-CHL
MGoL MG/LAH UGAL MGALAH MGALAD MGAL MG-L MG L/AHAMGAL

188 3,382 B,as 3.8 3,87 B.92 B.52 9,179 S.17 .93

£3 B.2% B.A3 3.6 A.8% 0 1.28 9.E1 9.47 VI3 ta, #y

¥z @, 1z B33 2.9 a.as 3,97 9.5z 9,24 .85 2,45
& -Rims w.e 3.5 @.eE 3,73 9.3¢ B.99 2,82 £33
HO 1gg -89z 3,83 2.3 el H.7E 0 9.4 3,95 3,84 T.23
MH 199 9,232 g9.,53 2.3 B, 1.12 9.72 9,37 5,33 3,72
POOotal 3,48 3,932 5.9 3,97 g.23 B.4% 12,15 3.78 .39

HARTTON FOINT

BESIHHMING DATE 219413 YEAR MOHTH DAY
SUNRISE 223 SUHSET 1232 IH HILTTHPY HOLIRS
TIMEIN 1500 21a41S  TIMEQGUT 1354 2ide1s IM MILITARY HOURS

OYERMIGHT IMCUSSTION
TOTARL LIGHT SUNRIZZ 70 SUNIET 9.4E7 MICROEINSTZIHE M2 TRY

SLITE OR-0B RHE CHL /A SFFOH GPPSD HEFRS-D

D EAL  HOHOCHL GFP/H/CHL

MEsL MGSLoM UGL MGoLoH MGALAST MGl MGl MGl oM ME

-

R e L L Y e r ey e T i L L Lt

g Z.te .83 25,4 B.21 2.TD 2.3 2,82 e T.ad

5 1.7 .93 27.% w17 231 t.33 0 1L.3F D032 g.3s

32 @.a9 B0 2w,E @1l 1.459 (.83 8,72 Z.B% 2.8

1 3,25 Bz 2eE B, a7 B34 3,52 4,29 1.1 e 2

£ =d,14 B.23 2.5 2,99 B.ES7 3,17 -3, i R, 1.53

MO 1a3 2.1a BRI 2T.4 3,21 2.7 2.33 2,48 L5 Tl
HH 149 2,28 g.93 22,3 H, 21 2,77 Z.im z.as Borod Tead
FOOo1oe Z.id B.893 2.4 g, 28 2.71 2.3 1,33 P 5] Teav

i
()]
~J

i



HATTOM FOTHT
BEGIHHING DRTE 21
SUMRISE 441 SUMSET
TIMEIN 21329 214

% YEAR MOHTH DAY
312 I MILITHREY HOURS
2 TIMEQUT 2319 219528 IM MILITARY HOURS

AR Y

OVERHIGHT ’HlH'HTIﬁH
TOTAL LIGHT SUHRISE TO SUNSET 8.0E7 MICROEINSTEINS/MZ/ DAY

ZLITE OrR-0B R/MR CHL A GPP-Y GFP/D MFP/D D BAL H/H/CHL GFP/H/CHL
MG/L  HMG/Ls/H UG-L MG L/H MG/L-D MGAL HG-L MG/L/HAMGAL

L h e S i A e L e Gm sh e i i o o s s so s 0 S e e s s e s e s o o oo o ol i Gl G s iS ie el as o e ool s
B R R R R R R R P S R R L RN R TR LR AL LR LR LD LR EER RIS LEAL VO BRI R R E TR E TR

184

E‘n:':? E’.‘:‘E 2-1 E‘ngg E‘sg? -Blgg -B-E:E -’. ';u: “:162
63 -1, 25 .12 2.5 2,92 9,30 -a,88 -8,8% ‘1.41 3,83
e -1, 3d G, 82 2.4 R B2 -@,.18 -3,.33 -2.3 7,53
le -@,49 .32 3.4 B.dl .11 -8.25 -@.43 -5.5% 2.58
£ =@, 57 % ey 2.7 @, 89 B.85 -3.31 -3,9< -7 .34 1.2
NO 163 -B.27  B.BZ 2.2 G.A2  9.23 -8.07 -8.31  -2.39 2.77
HH 180 -6,24 L e 2.3 7,48z 8.39 -8,85 -9,.28 -1.43 2, B9
PO 149 -9,27 a.32 2.9 b, a2 9.28 -8,487 -uv.31 -1.77 6.7E

HETTOM RPOINT
BESIHMIMHG DRTE &
SUMRISE S34  3SUNZ

G536 YEAR MONTH DAY
TIMEIH 156 5

ad B IM MILITARY HOURS
e3E TIMEOUT 28485 218701 IN MILITARY HOURS

QWERNIGCHT IMHCUEBRTION
TOTAL LIGHT ZSUHRISE TO SUMSET 8.2€7 MICROUEIHSTEINS MZ-TAY

-t

wLITE OR-0E F-RE CHL A GFF-H  GFF<T HPPAD 0 BRL MeHsCHL GRPCKHACHL

e

MG/L MGALoH UGAL MG<LoH MGALSD MGSL MG-L MG Lo HA MG
R L L L T N T T T S e e et L

B8z

L) 4

)

aa 2.l 2,0 B2l .21 2088 ZUER B! T.14
5o 1.%4 B.az 33,7 .17 .43 2,19 1.95 Rl 4,91
32 1,37 B,02 8.9 H.13 1.9 1.5& 1.32 2.9 .08
{16 B.28 B.32 48,4 B, a3 1.41 1.923 w322 1.55 283
& -a,91 B.82 2303 KPR .55 8,22 @.a2 3,52 1.30
MO otog 2,37 #8.82 34,1 8,25 3.7 .45 3.2 B.TY T.a2
MH taa 2,54 .82 3t1.°7 g.21 .42 2,79 R.E% S.38 1
PO 180 3.8% B.82 32,2 @.324 I.E8 I.IT 3.47 S0 TT Te23
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HATTOM POIHT
BESINNING DRTE
SUHRIZE 53%  ZUN!

KD IN MILITRRY HOURS
TIMEIN 2338

8735 TIMEOUT 1730 519755 IN MILITRRY HOURS
OVERHIGHT IMCUBATION
TOTAL LIGHT SUHRISE TO SUMSET 1.168  MICROEIMSTE INS/M2/DAY

33 YERR MONTH DAY

[ QR W]

“LITE OR-0E RsHR CHL A GFP-H GFP-/D MFF-D D BAL HNsH/CHL GFF-H-CHL
MGsL MS/L-H UGsL HG/L/H MG-/L/D MG-L MG-L MG/L/H-MGAL

R R R R S R S P S S R R R S P R S S S R P S LR R L P L LR E X C L F SRR L LS L LR F TR R R ES

168 3,38 B.93 25.5 0.3 .92 4,%% 4,32 12.12 13.22
€95 &.9% d.a2 35,9 8,35 517 4,73 4,48 S, 9,93
32 .49 B.13 S53.5 0,33 4,93 4,49 4,22 5.89 5. 2%
16 2.2% B.533 33,3 8,23 3.48 3.9 2.TE S.17 5.92
& #.51 g, a3 48.& a, a3 1.28 B,37 Q.8 1.48 2.19
NO tes 5,87 B.93 44,4 a.54 .83 F.5% TLRE 11.58 12,18
NH 188 3,87 B.93 Za,.2 2,35 5,27 4.33 4.58 12.78 11.75
FO 138 Z.e%9 8,83 Z85.3 8,35 S.2% 4.36 4.5% 12,48 13.352
HATTON POINT
EQLIHHIHG DATE 319728 YEAR MOMTH DAY
SUHRISE S48 SUMSET 2928 IH MILITRRY HOURS
TIMEIM 24549 Slavze TIMEOUT 1284 218721 IM MILITARRY HOURS

OYERHIGHT IHCUBRATION
TOTAL LIGHT SUMRISE TO SUMSET 8.6E7 MICROEIMSTE IS M2-DRY

SLITE OR-0B  R/HE CHL A GFR<H O SeDsD HPFCSD D BRL HeHoTHL GRESHSTHL

‘w3

Mc., ‘L m., L H Hl., L m L H M'.w L~ D HG L m., g rm L H MIS L

-

A 4,71 A, T4,% PR .88 T,2X g.8% LT T3

B &.38 .5 25,4 Q.57 Q.33 9,8 2,04 £. 51 v.ia

32 4,17 B.95 97,8 B,5a T.27 &.44 5,92 $.52 o.18

16 3.58 g.as 1az, 2 B, 43 5.3 S.55% 5.42 38T 4.21

€ B8.38 B.E5 33,5 B.17 2.5z 1.79 1,17 1.2% 1,30

HO taa 5,37 B85 22,3 B.7l o 18,42 3,03 5,87 .51 18,32
NH 183 S.71¢ dooe TE,E 5 N .47 .55 2.2 Terd 2,52
PO ofaga S.%4 =T N D R .57 .50 2.2 3,45 ) B, 5a



HATTON POINT
BEGINMING TIRT

ﬂ
[x¥)
[xx]

r
—t e e

YESRE MOMTH IR
TH

(f;

=
DO AR R
- 1]
O

TIMEIHN 1938

i1
SUNRIZE =14 aTg IH HTLI R HM
e T 813

TIMECUT aiuala IH MILITRRY HOURS

[xx]

OYERMIGHT IHLUEHT

IOH
TOTRL LIGHT SUNRISE TO SUMSET &.5E7 MICROEINSTEINS-MZ-DAY

%LITE OR-0B  R<HR CHL A GPF/H  GFE-D HPF-D D BAL HoH/CHL GFP-H-THL
MG/l MGALoM UG-L MG/LAH MG/LAD ME-L MGAL MG L He MG

~—
L I L Y e Y S Y S LT e PP R Y L e e ]

igg 2,82 .99 119,85 3,35 11,58 19,32 9,49 B 2E Tome

585 4,72 Q.99 12,9 3,25 Z.az T.TR 8.3l 4.58 S.37

32 4.8% B89 13708 de e FLRe TL.EE 809G 4,13 4.21

16 3.54 g,9% 1222 .54 .41 £,23 S5.34 2.55 4,23

& o~-3,10 0,89 148, 7 B 17 2.21 1.1 a.Z24 a8, S8 1.13

MO tan £, 37 3,89 1.2 RoE7T 11,95 18,77 F.38 S T.33
MH 188 o, 26 H.99% 185,32 oo 11,28 13,22 3,73 4,24 .37
PC 13 £,32 9,39 133.5 #.21  11.87  9.2% 5,%9% 4,31 .33
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HALLOWING POTHT

BEGIMHING IRTE 2894723 VYEARR MIMTH DRY
SUNRIZE 2%a  SUMSET 2922 IMN HILITRRY HOURS
TIMEIM 2134 sHBT2s TIMECUT Zzan 2Ea724 IM MILITRRY HOURED

OWERMIGHT IHCUEBRTION
TOTAL LIGHT SUNRIZE TO SUMSET 9. 5E+a? MICROQEIMSTEINSAM2-0RY
“LITE OR-QE RsHR CHL R GPPYH GFP-D HPP/D D BRL H-/H-sCHL GFFP<H-CHL
MG/L  MG/LAH UG-AL MGoLs/H MG/LAD MG/L MGl MG/L/HAMG-L

&‘?«*-«—f***-b*m 4 Q--b*‘:..g-pw#‘**-*d—“"-“-‘**‘***-‘****W*w*#“f*‘w#-ﬁl‘--‘-*-ﬁ-"n-’*-ﬂ'

1ag 12,73 MBS 23,9 .31 132,22 12,82 11,34 Q.24 13,11

65 11.45 BoEes 3.9 3,283 12.01 to.22 19,14 2032 Q.13

22 18,51 BoEE 3,9 g.rr 11,17 12,85 2,29 TWET .54

1 5,18 d.82 93,8 B, 44 5.35 S.2¢ 4.94 4,41 4,27

£ B, 7Y 5 I E 5 B 3.17 2.93 1.3 a.3s |,ws 1.268

HO 198 12,55 BoEs 23,0 g.2% 123,88 11,37 11,13 o087 Q.94
NH taa 12,32 P R B 1 B g.28 12.885 11.63 18,32 S0 9,33

HALLOMING
BECGIMMHING
SUMRISE S5
TIMEIH 1723

"l =)
e (0w
-4+

[EX N 1} sy
pur

22 YEARR MONTH DRY
207 IN MILITRRY HOURS
Z TIMEQUT 1334 SEETI8 IN MILITAHRY HOURS

4
Lt

fxx] (:_'l e

U

= —

- ‘

LX,

T
[}
{
e,

OWERMIGHT THCUBATION _
TOTHL LIGHT SUMRISE TO SUNSET 8.3E7 MICROEIMSTEINS. M- DAY

XLITe OR=-0B FoHR CHL A GRFAH GREST MPPRAT D BAL HoWsSHL GRPCOHSCRL
MG-L nu L H uu L ML H nl'L D Wu L MGl Mu H nu L _

1y 29,85 B.a2 19s, 3 1.47 21,1 Za,pe 12 12,18 13,82

&S 8,82 B8z 117,68 1,232 13,8 17,57 17 1a,e9 11,24

3 &.z2 .33 112.3 1.3 15,82 17.54 1a 19,328 18, 24

{e &.4% goa3 122.58 1.8% 15,18 14,87 13 .83 S.e5

& 3.24 a.83 123,49 .89 12,79 11.Te 18 5.R2 T.24

MO 1aa S, 28 B.a2 185,58 1.49 28,25 13,67V 12 12,93 13,72
NH 1oag 2,24 B9 193,89 1,45 2G.329% (13,261 L2 12,52 13,34
PO 19 3,33 2,93 1a7.9 1.92 2t.929 2a,.72 19 13,42 14,24

]
[e)]
—

t



HALLOWIHG FOIHT

BEGIMMIMG DATE S89284 YERR MONTH DAY

’HH‘Iw" S5 SUHSET zZe12 IH MILITARY HOURES i o
IMEIH 292 SEaEEd TIMEOUT 1318 SEESAS TN MILITARY HOURS

OYERMIGHT INCUBRTION -
TOTAL LIGHT SUNRISE TO SUMSET 8.0c7 MICROEIHSTEIMS-M2-DRY
“LITE OA-0OB F/HR CHL R GFP/H GPF-D NFF~D D EAL H<H-CHL GFF-H- CHL
MG-L  MG/LAH USsL MG/L-/H MG-L/D MGoL MizL MG/L H-MG L

T e e e ue ue e e e we % sn ss as s s s e e e s
B RN R IR F R LR IR L IR LS IR LI I L P LS IR ST ELFPLFXSELEFELTLTXEXLTXLTTTETCTITTLES

166 7.43 B.11 24,8 1,27 15.66 16,53 19.43 12.71 14,38

e B.84 B.11 94,3 1,35 19,29 ({7.72 18,67 13,22 14,38

T2 T.49 g.11 22,8 1,28 13.12 18,685 15.64 11.25 2.94

16 68,28 g.11  9v.2 1,12 15.91 14.38 13,33 19,33 11,549

g 1.5 B.11 85.9 B@.4e 5.37 5.85 2 93 4.12 5.44

M lea S.12 d.,12 55.8 1,39 12,73 l&.a7v lb 14,95 16,33
HH toa 7,32 g.11 28,3 1.25 17.28 1&£.2% lq.ﬁf 13,28 14,51
FOo1Re 9.9l .13 =409 1.558 2178 19,37 1873 1R.54 12,482

HALLOWING FOINT

BEGIMMIMG DRTE 288387 YERR MOHTH DAY
SUHMRISE 284 SUHSET 2887 IH MILITHRRY HOURS
TIMEIM Z2@38 SHEZET  TIMEOUT 1415 Soogg
G?ERHIGHT IHCUBATION

TOTAL LIGHT SUMRISE TQ SUMSET 1.1E8 MICROEIMSTEINS MZ-TRY

#&  IN MILITARY HOURS

“LITE OA-0B  R-HR CHL A GFP/H GFP/D HFF/D D BAL H/H/CHL GPP/H/CHL
ML MG/L/H UGAL  MG/L/H MG/L/D ME/L MG L MG/ L H/MG/L

B R R R R R < o5 i o R R R TR R b LR R R R R LHER LR LR PSR L d TR o
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99 8.47  9.85 113.3 1,14 16.82 15.34 14.96 9,84 18,87

65 2.27  @.8S 115.8 1,12 15,65 14.99% 14.51 3,949 9. 40
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HALLOWING FOINT
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HALLOWING POINT

BECGIHMHING DRATE 29922%  YEAR MOHTH DAY
SUMRISE £2m  SUMSET tag2 IN MILITARY HOURS
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g 4,69 d.82 55,2 F.24 0 11,17 18,87 2.28 13,85 15.1%

£5  5.34¢ 8,82 55,2 A3 12,43 11033 19,43 15,83 15,55

e 4,84 3.8 81,7 B.35 11.458 18,38 F,4% 12,57 13,38

1s 4,39 F.82 82,7 B.FS 13,59 3,49 3,82 11.33 12,64
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MO toa 4.78 3,193 S4.1¢ d.88 11.55 195,2% 9,7 14,22 15, 32
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HRLLOWIHG FOIHT
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OVERNHIGHT IHCUBATICON
TOTRL LIGHT ZUMREISE TO SUH2ET 6.9€7 MICROEINSTEIMSAM2720RY
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MG/L  MG/LAH UG/L MG/LAH MGZL/D Moo L Mi5-L MG/LAHAMGAL
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T R N N TR RS R RN R LR N LR L L F B RL LB LR LL L LR LR LR F DRI LSRR oee
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HALLOWIHG POTHT

BECIMHIMG DATE 2168513 YEAR MOHTH DAY
SUHRIZE 9441  SUHSET 191> IM M*'ITH by 1nur”
TIMEIN 2239 318312 TIMEQUT 2498 218529 Id MILITARY HOURS

OYERHIGHT IMCUERTION
TOTRAL LIGHT SUMRISE TO SUNSET 8.0E7 MICROEINSTEINS MZ- DAY
#LITE OR-0B R/HR CHL A GFP/H GFP-D WPP/D D Efl. H<sH-CHL GPF-H-CHL
MGsL  MG/LAH UG-L MGsLAH MS/LsD MG-L MGL MG/LAHAMGAL
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& B.25 B.E3 21,5 @, a8 B, 21 §,24 5,83 1,89 2,61
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DOUGLAS POTHT
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RUAHTICO

BEGIMMIMNG DRTE 201118 YERR MOMTH DAY

SUHRISE €43 SUNSET 1s42 IN MILITARY HOURS

TIMEIN 2129 331113 TIMEOUT 17S8 SH1119  IM MILITARY HOURS

OVERMIGHT INCUBATION
TOTAL LIGHT SUNRISE TQ SUNSET MICROEIMSTEIMNS- M2/ DAY
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€5 9.93 8.81 34.8 9,11 1.89 5,96 9,72 2.55 3.23

32 92.98  4.81 24,9 4,11 1,84 3,92 A.74 2,77 4,29
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GUAHTICS

EEGIMLING DRTE 319384 VEAR MONHTH DA

SUMRISE 7o BUNZET 1722 IN MILITRRY HOURS

TIHEIN 1345 310204 TIMEQUT 1349 510265 IN MILITRRY HOUFRS

QVERMIGHT IMCUBRTION
TOTAL LIGHT ZUHRISE TO SUMZET MICROEINSTEINZ MZ-DRY

%LITE GR-0B R/HR CHL A GPP/H GPP/D NPP-D D BAL M/H/CHL GPF-H. OHL
MGL MGsLAsH UG/L MG/LAH MG/L/D MG MG~-L MG. 'L/H/"‘la -

P L R R P L ] **-p?—o--q---o—*q-ﬁ-q-o—c-?*-g*—‘-pofq-c‘o-vn-‘0010 -

-

-

@3 1,17  8.92 25.5  9.27 277 .41 1,94 9,22 1g, 52
5 1,55 9.93 25.S  6.2%  3.36 2.9 2,52 11.93 12,33

32 158 6.93 25.8  ©.32  2.23 2,92 2.45  11.3% 12,72

1§ 1.43 9.93 26,7 .32 3,34 2.33 2.41 19,53 11,23
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16 4,14 A.84 25,8 G,48 5,89 £,.17 S.TE .13 5.72

A 3.3 g.8d 27,5 @,35  S.22 4,58 4,19 3.52 4,81

HO 198 2,59 .84 45,5 @.72 19,72 1083 .89 14,91 15, a5
MH 18% S,.13 B.84 S7,8  H,85 3,84 3,81 2,62 18,5Z 11,27
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