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CHAPTER I, SUMMARY

The Gunston Cove study had two primary objectives:

1) To collect comprehensive field data suitable to characterize the system
and for use in calibrating and verifying a mathematical water—quality
model.

2) To calibrate and verify a mathematical model suitable for use in
determining the factors which influence water quality in the system
and for use as a management tool.

The fulfillment of the objectives and the results of the study are

summarized below.

Water—quality surveys were conducted in three summer seasons in the
years 1979 to 1982. Sampling included a series of slackwater surveys
conducted from June to October, 1979, an intensive survey conducted in
September, 1979, slackwater surveys in June and September, 1980, and an
intensive survey in August, 1982. The water—quality surveys were
supplemented by measures of bathymetry, tide, current, and benthic nutrient

and oxygen fluxes.

Two primary indicators of water quality are the algal population,

'a' concentration, and the dissolved oxygen

gquantified as the chlorophyll
concentration. Chlorophyll concentrations in the 75 to 100 pgm/1 range were
commonly observed in Gunston Cove and maximum chlorophyll observations
approached 150 pgm/1., Observed dissolved oxygen concentrations were usually
in the supersaturated range due to algal photosynthesis. Minimum dissolved
oxygen observations were usually at or above the 5 mg/1 level.

A one—dimensional, real-time model has been applied to the system

along the axis of Gunston Cove and Pohick Bay. Accotink Bay is treated as a



well-mixed stqrage area. The model consists of hydrodynamic and water-—
quality submodels. The hydrodynamic submodel provides predictions of
surface level, velocity and dispersion to the water—quality submodel which
treats organic nitrogen, ammonia nitrogen, nitrite+nitrate nitrogen, organic
phosphorus, ortho phosphorus, chlorophyll 'a’, CBOD, and dissolved oxygen,
The model has been calibrated and verified against steady-state and
time-variable data derived from the August, 1982, intensive survey, the
September, 1979, intensive survey, and the June to August, 1979, slackwater
surveys. The model is suitable for use as a management tool but if it is
employed in this manner, attention should be devoted to the conditions upon
which the model runs are based. The calibration and verification procedures
have shown water quality in the embayment to be influenced by naturally
variable and random factors such as chlorophyll growth rate and turbidity.

The results of management model runs will be dependent upon the values

employed to represent these and other parameters.



'CHAPTER II. INTRODUCTION

This Gunston Cove investigation is part of a larger Potomac Embayments
Study initiated in 1979 to survey and model a series of Virginia embayments
tributary to the upper, tidal portion of the Potomac River. Prior to the
study, these embayments were reported to be subject to nuisance algal blooms
and accompanying undesirable dissolved oxygen fluctuations. The purpose of
the study is to collect comprehensive, consistent field data describing the
conditions in these embayments and to provide mathematical models which can
be used both to analyze the factors which contribute to the problems in the
embayments and to evaluate alternative management strategies to alleviate

the undesirable conditions.

A. Description of Gunston Cove

Gunston Cove is located on the Virginia side of the Potomac River
approximately 26 km downstream of Washington, D. C. and is formed by the
confluence of two smaller embayments, Pohick Bay and Accotink Bay, which are
the tidal termini of freeflowing Pohick and Accotink Creeks (Fig. 2-1). In
this study, the tidal portions of all three embayments are collectively
referred to as 'Gunston Cove'.

From the mouth of Gunston, it is approximately 5 km along the axes of
Gunston and Pohick Bay to the point where the embayment narrows into Pohick
Creek, the limit of interest of this study. Accotink Bay extends
approximately 1.2 km from its juncture with Pohick but the upper reaches of
this embayment are marshy and difficult to define. The boundaries shown in
Fig.

2-1 and used in this study are based on a 1980 revision of a U.S.G.S.

topographic map of the Fort Belvoir quadrangle.




4

Except at the mouth, where Gunston Cove.merges with the Potomac River,
depths in the embayment are shallow and of the order 1 to 2 meters. The
tide range in the embayment averages 61 ¢cm. Dry-weather flows in the
tributary creeks are small, 0.1 to 1.0 c¢cms (cubic meter/second), although
these flows may increase by an order of magnitude or more subsequent to
rainstorms.

Flow in Pohick Creek is augmented by the Lower Potomac Water Pollution
Control Plant which discharges into the creek approximately 1.8 km above

Pohick Bay. The design flow of the STP is 1.6 cms (36 mgd) and it is the

only point source which discharges to the embayment system
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CHAPTER III, THE FIELD PROGRAM

Field data for this study were collected during the summer seasons in
the interval 1979 to 1982, Data collected included hydrographic data,

water—quality data, and special-purpose data.

A. The 1979 Field Program

1) Hydrographic Surveys ~ The hydrographic data collected during
this study includes measures of tide range and current velocity within
Gunston Cove. The locations of the tide gauges and current meters in 1979
are shown in Figure 3-1. The tide gauge at the mouth of the embayment was
maintained for two months, August and September. The tide gauge in Pohick
Bay was maintained for ome month, from August 20 to September 20. Current
meters were installed in two intervals, August 20 to 28, and September 17 to
20. Typical portions of the tide and current records are displayed in
Figures 3-2 and 3-3.

2) Intensive Survey - The intensive survey is a water—quality survey
conducted over a period of two tidal cycles, approximately 25 hours. The
purpose of the survey is to monitor, as closely as possible, the inputs to
the embayment and the water quality within the embayment. The survey is
conducted for 25 hours so that both the intratidal and diurnal behavior of
the embayment may be noted.

The 1979 intensive survey was conducted from 1900 hrs. Sept. 19 to
2100 hrs. Sept. 20. Samples were collected from mid-depth at the eight
embayment stations shown in Figure 3-1. The parameters sampled and the
sample interval are presented in Table 3-1., Dissolved oxygen (D.0.) was

measured in situ with a Yellow Springs Instruments probe. Nitrogen,



phosphorus, and BOD samples were iced and delivered within 24 hrs. to the
Commonwealth of Virginia Consolidated Laboratories for amnalysis.
Chlorophyll samples were frozen for subsequent analysis at the Virginia
Institute of Marine Science.

In order to measure the inputs to the Gunston Cove system, several
locations external to the embayment were also sampled. Prior to and during
the intensive survey, three twelve—hour composite samples were collected
from the STP effluent (Sta. 10), the freeflowing portion of Pohick Creek
above the STP (Sta. 11), and the freeflowing portion of Accotink (Sta. 12).
The composites were analyzed for the parameters listed in Table 3-1 except
that D.0O. and temperature were sampled in situ rather than obtained from
composites.

3) Dye Study - Concurrent with the intensive survey, a dye
dispersion study was conducted in order to provide data for verification of
the mass—transport portion of the water—quality model. During the six-hour
period prior to commencement of the intemsive survey, 6.8 kg of Rhodamine WT
fluorescent dye were continuously released at the Pohick Bay location shown
in Fig. 3-1. Dye samples were subsequently collected in the eight embayment
stations hourly during the intensive survey and in slackwater surveys
conducted two, four, and six tidal cycles after completion of the intensive.

4) Slackwater Surveys — Slackwater surveys provide an instantaneous
view of water quality in the embayment during an interval of slack tidal
current. A series of these surveys was conducted at approximately two-week
intervals from early June through mid-October 1979 (Table 3-2). Due to
problems encountered in navigation, all surveys were conducted during
periods of daylight slack-before-ebb. These surveys are less comprehensive

than the intensive surveys, but provide valuable data for examination of



long-term trends in water quality and for verification of the mathematical
model.

The slackwater sample statioms and sample parameters are the same as
for the intensive survey (Fig. 3-1, Table 3-1). The STP effluent and the
freeflowing streams were sampled concurrently with each survey and an
additional station (Sta. 9) was sampled approximately 100 meters below the
confluence of the STP outfall and Pohick Creek. During the majority of the

surveys, flow in the streams was gauged as well.

B. The 1980 Field Program
1) Slackwater Surveys — To verify that the conditions observed in
1979 are typical and recurrent, slackwater surveys were conducted on June 25

and September 4, 1980,

C. The 1982 Field Program
1) Hydrographic Surveys - As part of the 1982 sampling program, tide
gauges and a current meter were placed at the locations shown in Figure 3-4.

The tide gauges were in operation from August 19 to August 30 and the

current meter from August 23 to August 26. The tide and current records are

shown in Figures 3-5 through 3-7.

2) Slackwater and Intensive Surveys — The 1982 slackwater and

intensive surveys were designed to provide a comprebensive data set for

model calibration. Two slackwater surveys were conducted, on August 19 and

August 23, followed by a 26-hr. intensive survey from 1830 hrs. August 24 to

2030 hrs. August 25. The parameters sampled during the intensive survey and

the intensive survey scations are presented in Table 3-3 and Figure 3-4,




The parameters and stations sampled during the slackwater surveys were the
same as the intensive survey except Stations Pl and Al were not sampled.

Three stationms external to the embayment were sampled as well: the
STP effluent (Sta. 10), the freeflowing portion of Pohick Creek upstream of
the STP (Sta. 11), and the freeflowing portion of Accotink Creek (Sta. 12).
During the slackwater surveys, grab samples were collected at each of these
stations. Prior to and concurrent with the intensive survey, two 24-hr,
composite samples were collected at each station. Flows in the streams were
gauged four times on August 19, 23, 24, 25,

Samples from the 1982 intensive survey were treated in the same
manner and analyzed by the same agencies as the 1979 samples.

3) Dye Study - A dye dispersion study was conducted in association
with the 1982 intensive water quality survey. Six hours prior to the
intensive survey, 5.7 kg of Rhodamine WI fluorescent dye were released from
thé rear of a boat which traversed the portion of Pohick Bay indicated in
Fig. 3-4. Dye samples were subsequently collected in the embayment stations
at two—hour intervals during the intemsive survey and in slackwater surveys

conducted one, two, and six tidal cycles after the intemnsive survey.

D. Special-Purpose Surveys

1) Benthic Materials Flux — Preliminary calibration of the water
gquality model with the 1979 data indicated there were sources and sinks of
nutrients in the cove other than the measured inflows. It was hypothesized
that these were due to fluxes of materials between the bottom sediments and
the overlying water. To verify this hypothesis, measurements of the benthic

fluxes of ammonia, nitrate, ortho phosphorus, and dissolved oxygen were




10

conducted. Fluxes were measured during September, 1981, and during July,
1982, at the stations shown in Figure 3-8.

Measurements were conducted by sealing a hemispherical plastic dome
to the cove bottom thereby entrapping a fixed volume of bottom water. By
sampling the water within the dome periodically during the duration of the
measurements, which lasted from four to eight hours, the rate of change of
mass for each constituent within the dome was calculated. This rate of
change of mass was then converted to an areal mass flux rate across the

sediment-water interface.

E. Data Presentation and Conversion

A1l of the water quality data collected during the 1979, 1980, and

1982 seasons is presented in Appendix A, To allow comparison between the

data and the model results, several of the parameters reported by the
laboratory or collected in situ must be converted to a more useable form.

The formulae used in these conversions are detailed below.

1) TEN to Organic Nitrogen — As analyzed by the laboratory, total

Kjeldahl nitrogen includes ammonia nitrogen, dissolved and detrital organic

nitrogen, and the nitrogenous portion of the algal biomass. To obtain

organic nitrogen, as utilized by the model, the ammonia and algal fractionms

must be subtracted from the TEN via the following relationship.

ORG N = TEN - NH, - aN * CH (3-1)

in which

ORG N = organic nitrogen

TKN = total Kjeldahl nitrogen of sample

NH4 = ammonia nitrogen concentration of sample
CH = chlorophyll concentration of sample

aN = ratio of nitrogen to chlorophyll in algal biomass
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= 0,007 mg/pgm
2) Total Phosphorus — As analyzed by the laboratory, total phosphorus
includes the phosphorus bound uwp in algal biomass. To obtain total
phosphorus independent of the algal fractiom, the following relationship is
utilized

TOT P (corrected) = TOT P (laboratory) — aP * CH (3-2)

in which

TOT P = total phosphorus

aP = ratio of phosphorus to chlorophyll in algal biomass
0.001 mg/pgm

The model further distinguishes between organic phosphorus and ortho

phosphorus. Rather than convert the corrected values of total phosphorus to
organic phosphorus, the model predictions of organic phosphorus and ortho
phosphorus are summed, where appropriate, for comparison with field data.

3) CBOD5 to CBODu - The majority of the BOD analyses are five—-day
carbonaceous biochemical oxygen demand (CBOD5). These must be scaled-up to
ultimate carbomnaceous biochemical oxygen demand (CBODu) and corrected for
the respiration and decay of algae entrapped in the BOD bottle. The
correction is accomplished through the relationship

CBOD_ =R * CBODg - 2.67 * aC * CH (3-3)

in which

1l

CBOD ultimate carbonaceous biochemical oxygen demand
u

CBOD

5
R ratio of CBODu to CBOD5
aC

five—day carbonaceous biochemical oxygen demand

]

ratio of carbon to chlorophyll in algal biomass

0.05 mg/pgm
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The ratio of CBODu to CBOD5 is obtained from the 25-30% of the
slackwater and intensive survey samples which were analyzed for both five—
day and ultimate CBOD. Although the ratio varies both spatially and
temporally, it is consistent, in an average sense, when samples are grouped
according to the nature of the survey and source of the sample. The
groupings and the ratio used to correct the samples in each grouping are
presented in Table 3-4.

4) Disk Visibility to Light Extinction — The Secchi depth measured
in-situ must be converted to a light—-extinction coefficient and further

corrected for the extinction due to algae in the water column. The

conversion and correction, obtained from Holmes (1970) and Stefan and

Cardoni (1983) yield the equation

Ke = 145/DV - 0.018 * CH (3-4)

in which

Ke = light-extinction coefficient (1/meter)

DV = disk visibility (cm)
5) Presentation of Converted Data - The converted values of organic

nitrogen, total phosphorus, ond CBODu are listed in Appendix B along with

the unconverted values of those parameters necessary for comparison of model

results with field data. The light—extinction coefficients are presented in

subsequent chapters on model application.

F. Background Inputs

The volumetric and mass fluxes which enter Gunston Cove through

freeflowing Pohick and Accotink Creeks are referred to as background or
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nonpoint-source inputs. These inputs were measured concurrently with the
majority of the field surveys. In order to conduct long—term model
simulations, however, information on the background fluxes between surveys
is necessary. This information was provided, on a daily basis for the 1979
season, by the Northern Virginia Planning District Commission through
employment of a nmonpoint-—source prediction model for the Pohick and Accotink
drainage basins.

Time-series plots of the predicted daily inputs from Pohick and
Accotink Creeks are presented in Appendix C. For comparison purposes,
the instantaneous flux rates and chlorophyll and DO concentrations sampled
concurrently with the field sur;eys are indicated on the same plots. The
agreement between the predictions and observations is satisfactory except
for the chlorophyll concentrations. For this constituent, a typical

background concentration of 3 pgm/1 was utilized in all model runs.



TABLE 3-1. Parameters and Sampling Interval - 1979 Intensive Survey

Parameter

Total Kjeldahl Nitrogen
Ammonia Nitrogen
Nitrate + Nitrite Nitrogen
Total Phosphorus

Ortho Phosphorus
Chlorophyll “a”

CBOD5

pH

Temperature

Secchi Depth

Dissolved Oxygen

Total Organic Carbon
CBODu

Interval

two
two
two
two
two
one
two
one
one
one
one
two
one

hours
hours
hours
hours
hours
hour
hours
hour
hour
hour
hour
hours
per tidal cycle

TABLE 3-2. Dates of 1979 Slackwater Surveys

June 5
June 19
July 5
July 18
August 6
August 16

August 28
August 29
September 13
October 2
October 16

14



TABLE 3-3. Parameters and Sampling Intervals — 1982 Intensive Survey

Parameter

Total Kjeldahl Nitrogen
Ammonia Nitrogen
Nitrate + Nitrite Nitrogen
Total Phosphorus

Ortho Phosphorus
Chlorophyll “a”

CBOD5

pH

Temperature

Secchi Depth

Dissolved Oxygen

Total Organic Carbon
CBODu

Interval

four hours
four hours
four hours
four hours
four hours
two hours
four hours
two hours
two hours
two hours
two hours
four hours

one per tidal cycle

TABLE 3-4. Ratio of CBODu/CBOD5

Grouping

Slackwater Embayment Samples, 1979
Intensive Embayment Samples, 1979
Freeflowing Stream Samples, 1979
Slackwater Embayment Samples, 1980
Freeflowing Stream Samples, 1980
Slackwater Embayment Samples, 1982
Intensive Embayment Samples, 1982
Freeflowing Stream Samples, 1982

Ratio

e o
[o e

N NN =W

NRNNRNNBNDRNN
®
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CHAPTER IV, DESCRIPTION OF THE MATHEMATICAL MODEL

The mathematical model employed in this study comnsists of two
independent submodels, a hydrodynamic submodel and a water—quality submodel.
The hydrodynamic submodel provides predictions of surface level and current
velocity throughout the system and is also capable of predicting the
transport of a comservative substance such as salt or dye. The water—
quality submodel employs the hydrodynamic information provided by the first
submodel to predict the concentrations of eight nonconservative dissolved
substances: organic nitrogen, ammonia nitrogen, nitfite+nitrate nitrogen,
organic phosphorus, ortho phosphorus, chlorophyll’a’, carbonaceous
biochemical oxygen demand, and dissolved oxygen. Both submodels are real-
time and one—dimensional. That is, they predict parameter variatioms within
a tidal cycle and along the longitudinal axis of the system, but not along
the lateral or vertical axes. Details of the formulatioms of the models are
presented in Williams and Kuo (1984). Brief summaries of the models are

presented in the remainder of this chapter.

A. The Hydrodynamic Submodel
The hydrodynamic submode! is based upon the one-dimensional equations

expressing the comservation of volume, momentum, and mass:

on |, 3Q _ (4-1)
Bt Yoz " 9
Q _ a_ @ ? 2 Q 4/3 | "s (4-2)
g= 9 R4 _ _ a0 _ o - L -
5 oas Ll mombg g lalx B
2

9_ o_ _ 9 98 4-3
57 (AS) + 23— (68) = 7- [EA 31 + So (4-3)
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in which

t = time,

= distance along river axis,

= the surface width of the river,

= the surface elevation referenced to mean sea level,
discharge,

= lateral inflow,

> e 0 3 W M
It

= cross—sectional area,

= Manning friction coefficient,
hydraulic radius of the cross—section,
= concentration of dissolved substance,

= the surface shear stress,

a v = B
@ ]

I

the density of water,

m ©
it

the dispersion coefficient,

So = source or sink of dissolved substance per unit length.

The governing equations are solved by dividing the continuum to which
they apply into a series of finite segments., The volume, momentum, and mass
equations are mnext integrated over the length of each segment resulting in a
system of finite-difference approximations to the original differential
equations. The finite—difference equations are integrated on a high-speed
computer to provide predictions of surface level, velocity, and
concentration.

1) Modification for Accotink Bay — The system of equations 4-1 to 4-3
is one—dimensional. That is, the equations calculate variations in surface
level, velocity, and concentration in the longitudinal direction only. The
Gunston Cove system cannot be well-approximated as one-dimensional, however,
due to the branching of Pohick and Accotink Bays. Predictions are desired
along the axis extending from the mouth of Gunston Cove to the head of
Pohick Bay and along the perpendicular to this axis which extends into

Accotink Bay. Because little field data is available from Accotink Bay, the
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additional complexity of a completely two-dimensional model is not
warranted, however. Instead, all of Accotink is treated as a single, well-
mixed water body which exchanges volume and mass with the adjacent portions
of Pohick and Gunston. By assuming the surface elevation in Accotink is the
same as in adjacent Pohick and Gunston, two zero—dimensional equations
describing flow into (or out of) Accotink and substance concentrations

within Accotink may be derived

agn O & r
Q = SA 3t of (4-4)
%¥§ = Qin * Sin + Qf * Sf + SS (4-5)
in which

Qin = flow into Accotink Bay from adjacent Gunston and Pohick
Of = flow into Accotink Bay from freeflowing Accotink Creek
SA = surface area of Accotink Bay

\'f
S

Sin = dissolved substance concentration in the flow Qin

]

volume of Accotink Bay

concentration of dissolved substance in Accotink

It

Sf = dissolved substance concentration in the flow Qf

SS = sources and sinks of dissolved substance

The exchange of flow between Accotink and Gunston-Pohick is treated as

a lateral flow in the one—dimensional equation 4-1. The exchange of

dissolved substance is treated as a source OrI sink in the one-dimensional

equation 4-3.

B. The Vater—Quality Submodel

The water—quality submodel provides predictions for eight dissolved
substances which interact to form a simplified aquatic or marine ecosystem,

Supplied with flow and volume information from the hydrodynamic submodel,
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the water—quality submodel operates by solving the finite—-difference
approximation to mass—conservation equation, eq. 4-3, with appropriate
source and sink terms for each substance. The substances are organic
nitrogen, ammonia nitrogen, nitrite-nitrate nitrogen, organic phosphorus,
ortho phosphorus, chlorophyll’a’, carbomnaceous biochemical oxygen demand,
and dissolved oxygen. The interactions among these substances, as accounted
for in the model, are shown in Fig. 4-1., The source and sink terms,
expressed for the longitudinally—integrated finite segments, are presented
in the remainder of this chapter.

1) Phytoplankton (or chlorophyll’a’) — The phytoplankton population,
quantified as the concentration of chlorophyll 'a’, occupies a central role
in the schematic ecosystem of Fig. 4-1 and influences, to a greater or
lesser extent, all of the remaining non—conservative dissolved constituents.,
The source/sink term for phytoplankton is expressed

SS =V * CH * (G-R-P-Ksch /h) + WCH (4-6)

in which

SS = mass source or sink in model segment (mg/day)

3
V = segment volume (m )

CH = chlorophyll 'a’ concentration (pg/1)

G = growth rate of phytoplankton (1/day)
R = respiration rate of phytoplankton (1/day)
P = mortality rate due to predation and other factors (1/day)

Ksch = settling rate of phytoplankton (m/day)

h = local depth (m)
WCH = external loading of chlorophyll 'a’' (mg/day)
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Phytoplankton growth is dependent upon nutrient availability, ambient

light, and temperature. The functional relationships used in the model

rally follow the forms of DiToro, et al (1971) and are as follows:

gene
G = Kgr * Tgr * I(Ia,Is,Ke,CH,h) * N(N2,N3,P2) (4-7)
Temp., Light Nutrient
effect effect effect
in which
Kgr = optimum growth rate at 20 C (1/day)
Tgr =9ng'2°
T = temperature (C)
I = attenuation of growth due to suboptimal lighting
N = attenuation of growth due to nutrient limitations
2,718 % £ L
& o B * [exp( al) exp ( ao)] (4-8)
Ke = Ke' + 0,018 * CH (4-9)
I(t)
= RS —Ke * h -
e, Ts exp (-Ke ) (4-10)
_ T1ix) »
%y = “13 (4-11)
24, 1_ t-tw,
Ia * e * 5~ sin [n td—tu] if tu ¢t ¢ td
I(t) = (4-12)
0 if t (tuor t > td
in which
Ke’' = light extinction coefficient at zero chlorophyll concentration

(1/meter)

Ke = light extinction coefficient corrected for self-shading of plankton

h =

(1/meter)
depth of water column (meters)

Is = optimum solar radiation rate (langleys/day)

I(t)

= solar radiation at time t

;




29

Ia = total daily solar radiation (langleys)
tu = time of sunrise, in hours
td = time of sunset, in hours

t = time of day in hours

The nutrient effect, N, is based on the minimum limiting nutrient

concept. |
N2 + N3 i
Kmn + N2 + N3 3
N = minimum (4-13)
_P2___
Emp + P2
in which
N2 = ammonia nitrogen concentration (mg/1)

N3 = nitritetnitrate nitrogen concentration (mg/1)
P2 = ortho phosphorus concentration (mg/1)
Kmn = half-saturation concentration for inorganic nitrogen uptake (mg/1
Kmp = half-saturation concentration for ortho phosphorus uptake (mg/1)

The respiration rate, R, is a function of temperature.
R =a*Tr (4-14)
in which

a = respiration rate at 20 ¢ (1/day)

Tr =61‘T_20
2) Organic Nitrogen ~ The source/sink term for organic nitrogen is
expressed
SS=V * [- Knl12 * Tnl2 , \q 4 gN * Fron * (R+P) * CH (4-15)
Kh12 + N1

~ N1*En11/h + BENN1/h] + WN1

in which

N1 = concentration of organic mitrogen (mg/1)

Knl2 = hydrolysis rate of organic nitrogen to ammonia at 20 C (mg/1/day)
Tn12 =@n12T 20
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Kh12 = half-saturation concentration for hydrolysis (mg/1)
aN = ratio of organic nitrogen to chlorophyll in phytoplankton
(mgN/pgm Chl)

Fron = fraction of phytoplankton nitrogen recycled to organic pool by
respiration and death
Enll = settling rate of organic nitrogen (m/day)

BENN1 = benthic flux of organic nitrogen (gm/m /day)
WNL = external loading of organic nitrogen (gm/day)

3) Ammonia Nitrogen — The source/sink term for ammonia nitrogen is

expressed
Kn23 * Tn23 Kn12 * Tnl2
SS =V * [ - £33 7 N2 * N2 ¥ Rhi2 ¥ NI N
+ aN * [(1-Fron) * (R+P) — PR * G] * CH + BENN2/h] + WN2 (4-16)
in which

N2 = concentration of ammonia nitrogen (mg/1)

Kn23 = nitrification rate of ammonia to nitrate nitrogen at 20 C
(mg/1/day)
T-20
Tn23 =©n23
Kh23 = half-saturation concentration for nitrification (mg/1)

BENN2 = benthic flux of ammonia nitrogen (gm/m /day)
PR = preference of phytoplankton for ammonia uptake

N2 ¢ N3 ____ , N2 * Kuom -
= (Kmat N2)* (Kmn+ N3)  (N2#N3)*(Kmn+ N3) (4-17)

WN2 = external loading of ammonia nitrogen (gm/day)

4) NitritetNitrate Nitrogen — The source/sink term for nitrite-nitrate

nitrogen is expressed

g = v » (K223 21823 4 x5 _ aN % 6 * (1-PR) * CH - N3 (4-18)

* Kn33/h + BENN3/h]+WN3

in which
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N3 = concentration of nitrite-nitrate nitrogen (mg/1)

Kn33 = settling rate of nitrite-mitrate nitrogen (m/day)
BENN3 = benthic flux of nitrite-nitrate nitrogen (gm/mzlday)
WN3 = external loading of nitrite-mitrate nitrogen (gm/day)

5) Organic Phosphorus — The source/sink term for organic phosphorus is
expressed
ss = v+ [- 212212 & p1 4 4P * Frop * (R+P) * CH (4-19) 1:
- P1 * Epll/h + BENP1/h] + WP1

in which

Pl = concentration of organic phosphorus (mg/1)

Kpl2 = hydrolysis rate of organic to inorganic phosphorus at 20 C

]

(mg/1/day)
Khp = half-saturation constant for hydrolysis (mg/1)

TP12 =6p12T 20
aP = ratio of organic phosphorus to chlorophyll in phytoplankton

(ﬁg P/ug Chl)
Kpll = settling rate of organic phosphorus (m/day)
BENP1 = benthic flux of organic phosphorus (gm/m /day)
WP1 = external loading of organic phosphorus (gm/day)

fraction of phytoplankton phosphorus recycled to organic pool by

Frop =

respiration and death

6) Ortho Phosphorus — The source/sink term for ortho phosphorus is
expressed
SS =V * [5212_:_2212 * P1 + aP * [(1-Frop) * (R+P)-G1 * CH T

- P2 *Kp22/h + BENP2/h] + WP2

%
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in which

P2 = concentration of ortho phosphorus (mg/1)

Kp22 = settling rate of inmorganic phosphorus (m/day)
BENP2 = benthic flux of inorganic phosphorus (gm/mzlday)
WP2 = external loading of ortho phosphorus (gm/day)

7) Carbonaceous Biochemical Oxygen Demand - The source/sink term for

CBOD is expressed
SS =V * [~ Kc * Tbod * CBOD + aC * aco * P * CH (4-21)
- CBOD * Ksc/h]l + WCBOD

in which

concentration of carbonaceous biochemical oxygen demand (mg/1)

—order decay rate of CBOD at 20 C (1/day)

CBOD =
Kec = first

Thod =€)bodT_20
ratio of carbon to chlorophyll in phytoplankton (mg C/ug Chl)

aC =
aco = ratio of oxygen demand to organic carbon recycled = 2,67
Ksc = settling rate of CBOD (m/day)

WCBOD = external loading of CBOD (gm/day)

8) Dissolved Oxygen - The source sink/term for dissolved oxygen is

expressed

EKn23*Tn23
SS =V * [- Kc * Tbod * CBOD - ano * kb3t N2 * N2 (4-22)

+ aco * aC * PQ * G *CH - aco * aC/RQ * R * CH

+ Kr * (DOs — DO) - BENDO/h] + WDO
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in which

DO = dissolved oxygen concentration (mg/1)

ano = ratio of oxygen consumed per unit of ammonia nitrified = 4.33
PQ
RQ
Kr

DOs = saturation concentration of DO (mg/1)

photosynthesis quotient (moles 02/mole C)

respiration quotient (moles C02/mole 02)

It

reaeration rate (1/day)

2
BENDO = sediment oxygen demand (gm/m™/day)
WDO = external loading of dissolved oxygen (gm/day)

The expression utilized to compute the reaeration coefficient, Kr,

(0'Connor and Dobbins: 1958) is

(4-23)

in which

Kr = reseration rate (1/day)
Kro = proportionality constant
Tdo ~@a0" %

U = mean cross—sectional velocity (m/sec)

Saturation dissolved oxygen concentration, DOs, is calculated as a

function of water temperature from a polynomial fitted to the tables of

Carritt and Green (1967).

2
DO = 14,6244 — 0.367134 * T + 0.004497 * T (4-24)
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CHAPTER V. APPLICATION OF THE HYDRODYNAMIC MODEL

Before the hydrodynamic model can be utilized, it must be supplied
with the geometry of the water body to be modelled. Next, model predictions
of surface level and current velocity should be compared to field measures
of these parameters. Finally, the ability of the model to predict the
transport of dissolved substances should be verified through comparison of
model predictions and field measures of the concentration of some
conservative substance such as dye or salt. The completion of each of these

procedures is detailed in this chapter.

A. Gunston Cove Geometry

As noted in Chapter IV, the solution to equations 4-1 through 4-3 is
accomplished through division of the water body into a series of finite
segments which together approximate the continuous system. The hydrodynamic
model must be supplied with the geometry of each of these segments including
measures of length, width, depth, cross—section, surface area, and volume.

The Gunston Cove system is divided into seven segments along the axis
of Gunston Cove and Pohick Bay, and a single segment representing Accotink
Bay (Fig. 5-1). The geometry of these segments js derived from bathymetry
measurements taken in April, 1983, (Fig. 5-2) and from a U.S8.G.S.
topographic map of the Ft. Belvoir quadrangle photorevised in 1980.

Specification of the segment geometry is complicated by the irregular
shape of the embayment and by the marshy areas at the heads of Pohick and
Accotink Bays. Cross—sectional area, surface area, and volume cannot be
considered constant, but are instead computed within the model as time-

variable functions of surface level. Segment geometries at the mean-tide
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level are presented in Table 5-1, Note that for some of these segments, the

surface area and volume are larger than the product of the segment length

and transect width or area. The additional area and volume are due to the

irregular segment geometry and the intratidal volume of the marshes

previously mentioned. Measures of the extent of these areas were obtained by

planimetry of a topographic map.

B. Calibration and Verification of Tide and Current

In this sectiom, the ability of the model to predict surface level and

current velocity within the embayment is tested. This is accomplished by

completing a series of model runs employing observed tides at the mouth of

Gunston Cove and observed freshwater flows as boundary conditions. The

predicted tides at the head of Pohick Bay and currents within Gunston Cove

ith measurements collected at these locations. The first

are then compared W

set of comparisons is deemed 2 calibration in that agreement between

predictions and observations is obtained by calibrating the bottom friction
4-2. Subsequent comparisons are

term, expressed as Manning's n, in Edq.

verifications that the selected friction parameter, n = 0.03, is correct.
Of the hydrodynamic data collected in 1979 and 1982, and described in

dent data sets were found to be suitable for m

odel

Chapter III, three indepen

use. These data sets and their usages are

August 1982 Calibration of tide in Pohick Bay and current

in Gunston Cove

August 1979 Verification of tide in Pohick Bay
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September 1979 Verification of cuirents in Gunston Cove

Predictions and observations for August, 1982, are presented in

Figures 5-3 through 5-5. August, 1979, results are shown in Figures 5-6 and

5-7, and September, 1979, results are shown in Figures 5-8 and 5-9.

In all cases, predicted and observed tides at the mouth of Gunston are

in perfect agreement, 8S they should be, since the tides at the Gunston

mouth are input to the model as boundary conditions. Attention is directed

to the comparisons of predictions and observations at the head of Pohick

(Figs. 5-4 and 5-7), the point most—distant from the imposed boundary. The

near perfect agreement there demonstrates that the model is capable of

predicting accurately the surface level throughout the Gunston-Pohick

system,

Comparisons of the predicted and observed currents are less ideal than

the tides (Figs. 5-5 and 5-9). Discrepancies exist here largely due to the
means of collecting velocity data and to conceptual differences between the

model and the data. The current meters employed measure velocity
instantaneously at @ single point in the spatial domain. The model, however,

provides predictions averaged temporally over a model time step, At = 29

minutes, and spatially along the lateral and vertical axes. Thus the model

provides relatively smooth, deterministic currents for comparison with data

affected by spatial non-uniformities, random turbulence, wind gusts, and

boat traffic. Allowing for these elements, the model predictions of current

and more than sufficient for their intended use.

are excellent

C. Calibration and Verification of Mass Transport

In the last test of the hydrodynamic model, the ability to predict the

transport of & conservative substance is examined. Two dye studies,
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conducted in August, 1982, and September, 1979, and described in Chapter III
are available for this purpose, as is a set of dissolved chlorides data
collected in September, 1982, by a Fairfax County sampling team.
Calibration is achieved via evaluation of the dispersion term of Eq.
4-3 and by adjustment of a weighting coefficient, a, which determines the
dissolved substance concentration in the flow between adjacent segments.

Dispersion, E, is computed by Taylor's formula

E=FEo0o #n * u * R5/6 (5-1)

in which
e 2
E = dispersion coefficient (m“/sec)

Eo = proportionality constant

Manning'’s friction coefficient

n:
u = velocity (m/sec)
R = hydrauvlic radius (m)

A value of Eo = 60 was found suitable for model use.

The weighting coeficient a is utilized in the equation

o =g, €t (1me) # €y (5-2)

in which
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o, = weighting coefficient for transect i (0.5 <a< 1.0)

C' = concentration of dissolved substance flowing from segment i-1 to

segment i

Ci—1 = concentration of dissolved substance in segment i~-1

Ci = concentration of dissolved substance in segment i

A value of o = 1.0 corresponds to a backwards finite—-difference

scheme. A value of a = 0.5 corresponds to a central difference scheme.

Details of the employment of the weighting factor in the finite-difference

scheme may be found in Williams and Kuo (1984). Values of o found suitable

for the Gunston Cove system are presented in Table 5-2.

Calibration was initially achieved using the August, 1982, dye study.

Verification was accomplished using the September, 1979, dye study and the

September, 1982, chlorides survey. Results of these procedures are presented

in the remainder of this chapter.

1) August, 1982, Dye Study — In conventional dye studies of large water

‘bodies, sufficient time is allowed between the dye release and the

initiation of sampling for the dye to mix uniformly laterally and vertically

and to form a smooth distribution longitudinally. In small embayments such

as Gunston Cove, howevei, the luxury of an extended initial mixing period is

not available. The residence time of the embayment is too short and the

risk of a ruinous meteorological event is great. If a lengthy mixing period

were allowed, much of the dye would be lost from the system and a wind event

Or rainstorm might remder the data set useless.

Without a lengthy mixing period, the dye distribution in the embayment

is patchy and non—uniform which poses problems in the interpretation of the

Samples and in specification of initial conditions for the model. Dye
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concentration in the initial samples fluctuates widely due as much to the
random distribution of dye as to any determimistic tramsport process.
Because the initial dye distribution cannot be discerned, model initial
conditions based on the distribution cannot be specified.

The problem of posing initial conditions is solved by specifying the
initial mass of dye in the system rather than the initial spatial
distribution of dye. The dye mass, 5.7 kg, is assumed to be uniformly
distributed in the model segments comprising the portion of the embayment
into which the dye was dumped, segments 3 and 4. The resulting initial
concentration in these segments is 5 ppb.

Due to the patchy initial distribution of the dye, agreement cannot be
expected between predictions and observations of instantaneous dye
concentration. Instead, tidal-average dye distributions for the first two
tidal cycles are compared with tidal-averages of the real-time model
predictions. By averaging the data over this interval, the random component
of the dye distribution is largely suppressed. Subsequent to the first two
tidal cycles of the study, only slackwater dye data is available. These are
coﬁpared with the range of dye concentrations predicted by the model for the
appropriate cycles.

To summarize, the August, 1982, dye calibration is conducted in the
following manner:

1) Initial dye concentration in model segments 3 and 4 is specified based
on the mass of dye released to the system.
2) Tidal-average values of field data are compared with tidal-average

values of model predictions for two tidal cycles following the dye

release.
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3) Slackwater field data are compared with the range of model predictions
for 3, 4, and 8 tidal cycles after the dye release.

Results of the dye calibration, along the Gunston-Pohick axis, are
shown in Figure 5-10. Good agreement is noted between the predicted and
observed average dye concentrations for the first two tidal cycles.
Qualitative agreement is attainmed in the slackwater data and model
predictions for subsequent tidal cycles although some data points lie
outside the model range. This may be attributed as much to the limited
number of data points as to any shortcomings in the model, however.

It should be noted that comparison of model predictions to data which
is both temporally and spatially variable is the most rigorous test to which
a model can be subjected. Agreement is much more difficult to obtain than
under conditions in which spatially—-variable but temporally—constant data is
employed. Thus, the result of this calibration of mass transport is
considered to be most satisfactory.

2) September, 1979, Dye Study - Initial conditions for the model
simulation of the 1979 dye study are obtained in the same manner as the 1982
study. Since the dye was discharged at a single location and during a flood
tide, the dye is assumed to be mixed uniformly in model segment 2 and an
initial concentration of 33 ppb is employed.

The presentation of predictions and observations (Fig. 5-11) for the
first two tidal cycles is similar to that of 1982, Tidal-average data are
compared to the model range of concentrations. Presentation of the
slackwater surveys, cycles 5, 7, and 9, differs slightly, however. In these
surveys, data was collected in transects extending across the embayment
rather than at single points. Thus the data shows the lateral mean and range

of the instantaneous data.
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In assessing the results of this verification, particular attention
should be devoted to the change in peak dye concentration through the course
of the survey. The model successfully predicts the decline of dye from a
peak concentration of approximately 20 ppb in cycle 1 to a concentration of
approximately 1 ppb in cycle 9.

The longitudinal predictions of dye concentration within any tidal
cycle are similar to the observed distributions, although numerous data
points fall outside the model range. This must be attributed to the non-
uniform distribution of the dye and to the limited number of data points as
well as to any shortcomings in the model.

3) September, 1982, Chlorides Survey — A set of dissolved chlorides data
was collected in Gunston Cove on September 15, 1982, as part of the regular
monitoring program conducted by personnel of the Lower Potomac WPCP. This
data was deemed suitable for additional verification of the mass-transport
portion of the Gunston Cove model.

No flow data or initial conditions were available for use with this
data set. Since several days of dry weather preceded the survey, it was
assumed that the dry-weather flows measured in August prevailed in September
as well, and that the chlorides distribution was at steady state. Initial
conditions were provided by assuming a linear gradient of chlorides from the
mouth of Gunston to the head of Pohick. The model was rumn until the
predicted chlorides distribution achieved a steady state.

The predicted and observed chlorides concentrations are presented in

Figure 5-12. Agreement is close, and enhances the preceding calibration and

verification conducted with dye data.



Transect

10

11

Segment

10

TABLE 5-1.
Distance Length
from (m)
Mouth
(m)
5130
800
4330
610
3720
580
3140
700
2440
820
1620
795
825
825
0
3050
980
4030

Surface

Vidth
(m)

21
432
610
700
854
1040
1160
2260

500

205

Depth

(m)

0.9
0.7
0.9
1.5

1.7

2.2
2.2
1.4

0.5

SEGMENT GEOMETRIES AT MEAN TIDE

Cross
Sectional

Area

n?)
19
316
549
1050
1452
2184
2552
4972
700

103

Surface
Area

(10°m?)

1.81
3.18
3.70
5.91
9.58
8.75

13.3

3.45

43

Volume

(106m3]

0.13

0.44
0.95
1.63
1.88

2.93

0.39



TABLE 5-2. Finite-Difference Weighting Factors

Transect a
2 1.00
3 0.75
4 0.60
S 0.60
6 0.60
7 0.60
8 0.60

10 0.75
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CHAPTER VI, APPLICATION OF THE WATER-QUALITY MODEL

A. Rationale for Calibration and Verification

Application of the water—quality model is similar to that of the
hydrodynamic model. The model must be supplied with appropriate input data
and boundary conditions and then calibrated to fit the field data through
the adjustment of various coefficients, most notably the biogeochemical rate
constants described in Chapter IV. Following the calibration, the selection
of coefficients should be verified through comparison of model predictions
with additional independent field data.

Calibrating and verifying the water—quality model is much more
difficult than the hydrod&namic model due to the number of predicted
parameters to be calibrated - organic, ammonia, and nitrate nitrogen, total
and ortho phosphorus, chlorophyll, CBOD, and DO - and to the large number
of coefficients which may be adjusted in attaining the calibration. In some
instances it may be possible for alternate sets of calibration parameters to
provide roughly equivalent calibrations and verifications. To avoid this
situation, it is desirable to minimize the number of coefficients which are
evaluated through fitting of model results to field data.

There are a variety of sources for the data and coefficients used in

this model. Among these are measurements, literature values, and

calibration. Measurements include inputs such as water temperature and STP
wasteloading. Literature values are coefficients which have been evaluated

in published studies of similar systems. Calibration parameters are those

which are obtained through fitting of the model to observations.
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The number of calibration parameters employed in the calibration and
verification procedures is minimized through adherence to the following
principles in evaluating model parameters:

1) Utilize measurements of system inputs and biogeochemical constants and
coefficients whenever these are available.
2) Utilize values from the literature when measurements are not available.
3) Utilize calibration values only when no other sources are available or
when other sources are proven unsuitable.
B. Consistency of the Calibration and Verificationms

To be of optimal use, a water quality model ought to employ consistent
values of biogeochemical constants and transformation rates. That is, these
values should be transferable when the model is used to provide predictions
for comparison with independent sets of observations. Coefficients which
are not constant should be calculable based on ambient conditions of
temperature, light, wind, etc. If the model is not consistent, then its
predictive value is reduced since any predictions will depend upon the
selection of coefficients from the range of values previously employed.

The ideal of consistency imposes a dilemma upon the modeller. He must
provide a consistent model of an inconsistent world. In the prototype,
biogeochemical constants and rates need not be consistent from survey to
survey, season to season, OT year to year, yet in the model this must be so.

In the calibration and verifications to follow, the principle of
consistency is adhered to wherever possible. The trade—-off is that
predictions and observations do not always agree as closely as they might if
the model were adjusted to each survey individually. Discrepancies between
predictions and observations must therefore be regarded as illustrative of
the variability of natural processes rather than indicative solely of

shortcomings in the model.
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C. The Calibration and Verification Data Bases

From the data described in Chapter III, three independent data sets
were determined to be suitable for model use. These are the August, 1982,
intensive survey, the September, 1979, intemsive survey, and the June to
August, 1979, series of slackwater surveys. Initial calibration is achieved
using the 1982 intensive survey with verifications conducted employing the
1979 intensive and slackwater surveys.
D. Calibration of the August, 1982, Intensive Survey

The calibration is conducted by using the observations collected in

the August 19 slackwater survey as initial conditions in a model simulation

.of the period from August 19 through Aumgust 25. Model predictions for the

period 18:30 hrs August 24 to 20:30 hrs August 25 are then compared with the
intensive survey data collected in the same interval. In successive model
runs, calibration parameters are adjusted until agreement is achieved
between the model predictions and the data.

The primary criterion in determining calibration is agreement between
predicted and observed daily—average longitudinal distributions of the eight
water—quality parameters included in the model. It is also comsidered
desirable to qualitatively reproduce the large diurnal fluctuations of
dissolved oxygen appafent in the prototype.

To conduct the simulation, the model requires data on ambient
conditions and external inputs to the system, and evaluation of a number of
constants and coefficients. The manner in which these are obtained and the
values employed are as significant as the achievement of calibration itself.

Therefore, all model inputs and coefficients and their origins are presented

before the calibration results.
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1) External Inputs and Ambient Conditions — External inputs to the
Gunston Cove system and ambient comditions within the cove during the
simulation period are presented in Table 6-1. The majority of values
employed are the result of direct measurements and require little comment.

The STP flow rate and phosphorus wasteloading are the average of
values obtained from daily records kept by the plant. Wasteloadings of
remaining substances and effluent DO are obtained from the average of grab
and composite samples collected during the survey.

At the time of calibration, daily solar radiation observations were
not yet available. Instead, an empirical relationship of daily solar
radiation and cloud cover was employed. Observations of radiation,
collected at Rockville, Md., in the interval August 15 to 30, 1979 to 1981,
are shown plotted against cloud cover, concurrently observed at D. C.
National Airport, in Figure 6-1. Daily totals of solar radiation for use in
the model were obtained from this graph, based on cloud cover observed at D,
C. National Airport in the interval August 19 to 25, 1982,

Daylength, the gquantity td—tu in Equation 4-12, is computed via an
equation derived from observations of sunrise and sunset at Rockville, Md.
The equation is
td-tu = 12,3 + 2.6 sin [%%g * (D-80)] 6-1
in which
td-td = daylength (hours)

D = Julian day of year

Light extinction, as calculated from secchi depth observations via Eq.
3-4 and as employed in the calibratiomn is shown in Figure 6-2., Values
employed in the model are at the upper end of the range of observationms,

Relatively high light extinction is necessary, however, in order to maintain
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algal growth rates and other plankton—related parameters within conventional
limits. This adjustment of the model value upwards from the central
"tendency of the observations is justified in view of the uncertainty in the
disk visibility measurement and in the conversion of disk visibility to
light extinction.

It should be noted that Pohick Creek was sampled upstream of the STP
which discharges approximately 1.8 km above Pohick Bay. Based on the
assumption that substance transformations between the STP and the embayment
are negligible, the STP and the freeflowing stream are treated as direct
inputs to model segment 2.

2) Phytoplankton-Related Coefficients — The phytoplankton-related
coefficients employed in the calibration are presented in Table 6-2.

3) Nitrogen-Related Coefficients — The nitrogen—related coefficients
employed in the calibration are presented in Table 6-3.

The benthic fluxes of ammonia and nitrate nitrogen are based on the
field measurements described in Chapter III. Due to the variability of
natural systems and to the difficulty of conducting the measurements, the
field data present a range of fluxes rather than single, deterministic
values.  The final fluxes employed in the model are calibrated values based
on the range of obser;ations and are shown in Figures 6-3 and 6-4 for
ammonia and nitrate, respectively.

4) Phosphorus-Related Coefficients — The phosphorus-related coefficients
employed in the calibration are presented in Table 6-4. As with the
nitrogen fluxes, the benthic flux of ortho phosphorus is obtained through

calibration within the range of observations. Observed phosphorus fluxes

and the values employed in the model are shown in Figure 6-5.
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5) CBOD- and DO-Related Coefficients — The coefficients related to
CBOD and DO and employed in the calibration are presented in Table 6-5. The
coefficient Kro = 3.93 is the metric equivalent of Kro = 12.9 given by
Thomann (1972).

As with the previous benthic fluxes, sediment oxygen demand, BENDO, is
obtained via calibration within the range of measurements. Observations and
model values are shown in Figure 6-6.

In order to achieve calibration, augmentation of the measured sources
of CBOD with an additional distributed source was necessary. The origin of
this additiomal CBOD cannot be ascertained although detritus from the
aquatic and marsh vegetation within Gunston Cove is a likely source. A
second hypothesis is the resuspension of bottom sediments. A distributed
source of 2,7 gm CBODu/mzlday is employed in Pohick (segments 2,3,4) and
Accotink (segment 10) Bays. Justification for the inclusion of this source
will be presented in the chapter on semsitivity analysis.

6) Calibration Results — Field data and model predictions for the
August, 1982, intensive survey are plotted against distance from the cove
mouth in Figures 6—7 through 6-14. The mean and range of observations and
predictions along the Gun;ton-Pohick axis are shown for orgamic nitrogen,
ammonia nitrogen, nitrite+mitrate mitrogen, ortho phosphorus, total
phosphorus, chlorophyll’'a’, CBODu, and dissolved oxygen. As only one
station was located within Accotink Bay, results for this portion of the
system are not suited for graphical presentation. Ouantitative comparisons
of observations and predictions within Accotink are presented in a
forthcoming chapter, however.

Qualitative agreement is achieved between predictions and

observations. In particular, chlorohyll concentrations in the range 50 to
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75 pg/l and supersaturated DO concentrations occur in both the model and
prototype, although discrepancies between predictions and observations of
these and other parameters do exist. In most cases, the discrepancies can
be reduced or eliminated through appropriate adjustment of calibration
parameters. Predictions of CBODu would be improved, for example, by
increasing the magnitude of the distributed source. These adjustments
detract from the comparisons of predictions and observations in the
verification process, however. Reasonable discrepancies between predictions
and observations must be accepted or else alteration of some calibration
parameters between model rums is required.

One large difference between predictions and observations which cannot
be remedied through calibration exists in the vicinity of station P1 (km
4.6). At this location (Fig. 3-4), the model overpredicts concentrations of
chlorophyll and dissolved oxygen. These discrepancies are largely due to
the nature of numerical models which are unable to represent spatial
concentration gradients which are steep in comparison to the segment length.
A difference of 70 ugm/1 chlorophyll'a' exists in the 1.2 km between
stations 8 and P1. The model, employing segment lengths of 0.6 to 0.8 km,
cannot resolve this gradient since each segment is considered well-mixed
along its entire length. The model can only represent the concentrations in
the area of this gradient in an average sense. Since a primary goal of this
study is to investigate elevated algal concentrations, which are well-
represented by the model, lack of agreement between minimum predicted and
observed chlorophyll concentrations at the extreme upstream end of the
embayment is not considered critical. If representation of this minimum is
desirable, then the embayment must be resegmented at a much finer scale.

E. Verification with the September, 1979, Intensive Survey
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The objective of verification is not to fit the model to the data
through evaluation of various coefficients. Rather, the purpose of
verification is to test that previously—evaluated coefficients are correct
and consistent. This is done by comparing model predictions with
observations collected independently of the calibration survey and under
different ambient conditions and external loads.

This verification model run was conducted in a manner similar to the
calibration., Initial conditioms were obtained from the September 13 slack-
water survey and employed in a simulation of the period from September 13
through September 20. Model predictions for the period 1900 hrs. September
19 through 2100 hrs. September 20 were then compared with intensive survey
data collected in the same interval.

1) External Inputs and Ambient Conditions - External inputs to the
Gunston Cove system and ambient conditions within the cove during the
verification period are presented in Table 6-6. The simulation was
conducted in a time-variable mode in which background loads, obtained from
the Northern Virginia Planning District Commission nonpoint—source model,
were allowed to vary from day-to—day. Use of this mode was necessitated by
a 0.36 cm rainfall on September 14.

Average values for the simulation period of STP flow rate and
wasteloading were obtained from plant records and from samples collected

during the intensive survey.

Light extinction, as converted from secchi depth and as employed in

the model is shown in Fig. 6-15.

Daily total solar radiatiomn, as measured at Rockville, Md., was input

directly to the model. Daylength was again computed by equation 6-1,
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2) Constants and Coefficients — All constants and coefficients
utilized in the calibration and listed in Tables 6-2 through 6-5 were
employed in the verification as well.

3) Verification Results — Field data and model predictions for the
September, 1979, intensive survey are plotted against distance from the cove
mouth in Figures 6-16 through 6-23. The mean and range of observations and
predictions along the Gunston—-Pohick axis are shown for organic nitrogen,
ammonia nitrogen, nitrite-nitrate nitrogen, ortho phosphorus, total
phosphorus, chlorophyll’a’, CBODu, and dissolved oxygen.

During the 1979 intemnsive survey, no data was collected between
station 8 and the head of Pohick Bay (Fig. 3-1). An indication of water
quality at the extreme end of this embayment is provided by plotting as the
uppermost data point (km 5) the flow-weighted average concentration of the
STP flow and the free—flowing portion of Pohick Creek. Thus the data at km
5 of Gunston and Pohick represent estimates rather than measurements of
prototype conditions.

Oualitative agreement is achieved between predictions and observations
of most parameters. In particular, the observed chlorohyll concentrations
in the range 50 to 100 pé/l and the observed supersaturated dissolved oxygen
concentrations are well-replicated in the model.

As with the calibration, the verification can be improved but
improvement requires alteration of calibration parameters between model
runs. For example, addition of a distributed source of organic nitrogen to
accompany the source of CBODu would produce agreement between predictions of
the nitrogen parameter and observations., Inclusion of this nitrogen source
in a1l model runs would adversely affect the calibration, however.

Therefore, for the sake of consistency, the source is omitted.
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Due to variability in the treatment plant effluent, there is apparent
disagreement between predicted and observed phosphorus at km. 5. The
observation is based on an anomalously low effluent phosphorus concentration
of 0.3 mg/1 on September 19 to 20, Effluent characteristics in the model
are based on the average reported phosphorus concentration of 1.1 mg/1 for
the simulation period September 13 to 20. Thus, the model predictions are
more representative than the data indicate of the quantity of phosphorus
discharged during the verification surveys.

F. Verification with the June to August, 1979, Slackwater Surxveys

The calibration and preceding verification were based upon model runs
of seven to eight days which provided predictions for comparison with
intensive observations collected in a one-day interval. In this
verification, the long-term predictive ability of the model is tested
through comparisons of model predictions with observations collected in the
June'5 through August 29 series of slackwater surveys. The model simulates
the summer season in a single, three-month run using the June 5 observations
as initial conditions and providing predictions for comparison with data
collected in the seven subsequent slackwater surveys (Table 3-2). Details
of the verification procedure and results are presented in the remainder of
this chapter.

1) External Inputs and Ambient Conditions — Evaluation of external inputs
and ambient conditions for the seasonal run is problematical in that daily
measures of stream flow, temperature, boundary conditions, etc., are
unavailable. These were measured only in conjunction with the slackwater
surveys. Thus there are inter—survey gaps of approximately two-weeks
duration inm the data base. These gaps were filled by assuming temperature

and downstream boundary conditions observed in the slackwater surveys to be
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constant during the interval beginmning omne week prior to the survey and
extending ome week after. That is, temperature and downstream boundary
conditions are modelled as step functions with the duration between steps
equal to the interval between surveys.

STP wasteloading is also modelled as a step function. Flow rate and
effluent phosphorus concentration are takem as the average of daily values
reported by the STP for the appropriate interval. Concentrations of the
remaining substances in the effluent are based on grab samples collected
during the slackwater runs.

Step—function duration, temperature, downstream boundary conditions,
and wasteloads employed in the seasonal model run are presented in Tables 6-
7 to 6-9.

Background flows and loads from freeflowing Pohick and Accotink Creeks
were obtained from the NVPDC model and are shown in Appendix C. As noted
previously, the predicted chlorophyll concentrations at the upstream
boundary are unsatisfactory. Instead, a constant concentration of 3 pg/l is
employed in the model.

Daily total solar radiation, as measured at Rockville, Md., is
employed in the model run, Daylength is computed via equation 6-1.

Constant values of light extinction, obtained by calibration within
the range of observations are employed in the model and are shown in Figure
6-24. Use of temporally-varying light extinction is preferable, and would
yield improved model results, but the observations of disk visibility
collected during the slackwater runs are too scanty and variable to provide
reliable evaluation of light extinction during the two-week step intervals.

2) Constants and Coefficients — All constants and coefficients

employed in the 1979 seasonal verification are identical to the values
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employed in the 1982 intemsive calibration and the 1979 intensive
verification.

3) Verification Results — Results of the seasomal verification, pre-
sented as plots of predictions and observations along the Gunston—Pohick
axis, are shown in Figures 6-25 through 6-32, The figunres indicate the
instantaneous data points and the range of predicted concentrations in the
twenty—four-hour interval centered on the time of the survey.

A second view of the seasomal verification is presented in the time—
series plots of Figures 6-33 through 6-40 which illustrate embayment-average
conditions throughout the season for each water—quality parameter. Data
points are the average of all embayment samples collected in each survey
while the model output is the daily—average of all model segments. These
plots are advantageous in that temporal tremnds in the predictions and
observations are readily distinguished.

In evaluating the verification results, consideration must be given to
the sparcity and variability of the observations and to the potential
effects of processes active in the prototype but not included in the model.
Random spatial and temporal variability in the data manifests in the form of
extreme data points which the model cannot replicate. Prototype processes

not included in the model are, for example, wind events which push embayment

water out into the Potomac or cause dilution of the embayment with river

water.
While the model will not reproduce individual data points, it is expected

to represent the spatial trends and approximate magnitude of the

observations in each survey. Based on these criteria, the seasomal run is a

credible verification of the ability of the model to simulate the lomg-term
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behavior of the embayment, although discrepancies between the observations
and predictions do occur.

One notable deviation of the predictions from the observations is in
the chlorophyll prediction for August 6 (day 67). The model predicts an
algal bloom with peak chlorophyll concentrations in the 50 to 75 pgm/1
range. The observations, however, indicate a decline in chlorophyll from
the preceding survey. Chlorophyll concentrations are typically in the 10 to
25 pgm/1 range.

The prediction provided by the model is not unreasonable. Chlorophyll
concentrations approaching or exceeding 100 pgm/1 were observed in the 1979
intensive survey, the 1982 intensive survey, and the 1980 slackwater
surveys. Thus attention is focused on what prototype processes acted to
prevent a bloom for which conditions were apparently ripe. Two
possibilities are suggested. The first is that an alteration in ambient
conditions, e.g. a drastic increase in turbidity, occurred between the July
18 and August 6 surveys and thus was not observed. The second is that a
process not included in the model framework, e.g. a change in phytoplankton
speciation, was active.}

Predictions of dissolved oxygen tend to be low, compared to the
observations, particularly on Jun§ 19 (day 19), July 5 (day 35), August 16
(day 77), and August 28 (day 89). Some discrepancy is unavoidable since the
observations are grab samples collected in daylight and thus are

representative of the peak of the diurnal DO fluctuationms. The model cannot

fully replicate these diurnal maxima.,

Discrepancies are also attributable to the link between algal

production and dissolved oxygen. Any errors in the prediction of
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chlorophyll concentration will produce errors in the prediction of DO as

well.
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Table 6-2.

Coefficient

aC
an
ap
4]
RO
Kmn
Kmp
Kgr
a
Is
Ksch

ogr
0

Table 6-3.

Coefficient

Knl2
Kh12
Knll
BENN1
Kn23
Kh23
BENN2

BENNS3
Onl2
on23

Value

0.050 mg/pgm
0.007 mg/pgm
0.0008 mg/pgm
1.4 mole/mole
1.0 mole/mole
0.025 mg/1
0.001 mg/1
2.0/day
0.09/day

250 Langleys/day

0.1 m/day
0.02/day
1.087
1.150

Value

0.075 mg/1/day
1.0 mg/1
0.1 m/day
0.0 gm/mzlday
0.100 mg/1/day
1.0 mg/l

0.0 to 0.35 gm/m2/

day
-0.1 gm/mzlday
1.04
1.04

80

Phytoplankton—Related Coefficients

Source

calibration

Thomann and Fitzpatrick

calibration
Cerco and Kuo

Thomann and Fitzpatrick

e

Williams and Murdoch

Calibration

Nitrogen-Related Coefficients

Source

Thomann and Fitzpatrick
Cerco and Kuo

Calibration

Thomann and Fitzpatrick
Cerco and Kuo

Measured, Calibration

Measured, Calibration
Calibration

Calibration
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Table 6-4. Phosphorus—-Related Coefficients
Coefficient Value Source
Kpl2 0.22/mg/1/day Thomann and Fitzpatrick
Kpil 0.1 m/day Calibration
Khp 1.0 mg/1 hie
BENP1 0.0 gm/mzlday
Kp22 0.0 m/day
BENP2 0.0 to 0.02 Measured, Calibration
gm/mz/day
6pl12 1.04 Calibration

Table 6-5. CBOD- and DO-Related Coefficients

Coefficient Value Source

Kc (20) 0.1/day Calibration

Ksc 0.1 m/day Calibration

areal source 0.0 to 2.7 Calibration
gm/mz/day

Kro 3.93 Thomann

BENDO -2.0 to -2.5

6 bod 1.04 Calibration
1.025 ASCE

odo
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Table 6-7.

Model Input Periods for Seasonal Verification

84

This table shows the intervals in which temperature, boundary
conditions, and point-source loads were assumed to be constant and the
slackwater surveys from which these data were derived.

Period
June 5 — June 11
June 12 — June 26
June 27 - July 11
July 12 - July 28
July 29 - August 11

August 12 - August 22

August 23 — August 29

Survey
June 5
June 19
July 5
July 18
August 6
August 16

August 28,29
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Table 6-8, Temperature and Open—-Mouth Boundary Concentrations for Seasonal

Verification
Temp Org N NH4 NO3 P04 Tot P Chl CBOD DO
c mg/1 mg/1 mg/1 mg/1 mg/1 pgm/1 mg/1 mg/1
June 5 21.2 .53 .30 1.18 .07 .08 3 2.8 7.4
June 12 23.1 .38 .45 .95 .04 .05 10 3.6 7.6
June 27 22,7 .28 .75 .65 .05 .06 17 1.7 8.3
July 12 28.5 .37 .45 .66 .01 .02 26 2.6 7.3
July 29 29.6 .59 .15 .95 .04 .05 17 6.2 8.2
August 12 22,2 .33 25 1.30 .01 .02 25 3.5 7:9
August 23 26.4 29 .13 1.00 .02 .03 30 3.9 6.7

Table 6-9. Point—Source Loads for Seasonal Verification

0 Oorg N  NH4 NO3 PO4 Tot P CBOD DO

cms kg/dy kg/dy kg/dy kg/dy kg/dy kg/dy mg/1
June 5 0.8 0. 1300. 12, 196. 218. 660. 8.5
June 12 0.8 190. 1020. 10. 306. 340, 1748. 8.3
June 27 0.8 460, 1130. 14, 296. 328. T15 8.4
July 12 0.8 110. 1332, 20. 195, 214, 695. 8.2
July 29 0.8 0. 1209, 13, 176. 196. 1196. T:e3
August 12 0.8 254, 1137. 3. 227. 254, 1685, 7.8
August 23 0.8 194, 1314. 17. 187. 208. 115, 765
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Figure 6-15. Light extinction - September, 1979, surveys.
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Figure 6-24. Light extinction - June to August, 1979.
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CHAPTER VII, ANALYSIS OF MODEL ACCURACY

Traditional assessments of model accuracy, the agreement between
predictions and observations, are usually qualitative and dependent upon the
viewpoint and experience of the assessor. In order to form a basis for the
comparison of different models and to render the evaluation of models less
subjective, quantitative assessments of model accuracy are desired as well.

No single measure or set of measures is universally applicable in
evaluating model accuracy. The selection of appropriate measures is
dependent upon the nature of the model predictions and upon the quantity and
quality of the observations. For this study, two measures are reported: the
root-mean—-square (RMS) error and the average error (E).

The RMS error is defined

n 2 {1/2
. P, -0.)
RMS = ( 21 i i (7-1)
L n
in which

-]
I

ith prediction

(=]
Il

ith observation

n = number of observations
The RMS error is a measure of the absolute difference between
predictions and observations. A large RMS error indicates the model is not

accurately reproducing the observations but does not distinguish between
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predictions which are consistently high, predictions which are consistently
low, or predictions which are centrally located within widely scattered
data. Thus, a second measure, the average error, is desirable.

The average error is defimed

S, -0)
E = ot 2 (7-2)

An average error which is large and positive indicates the model
overpredicts the observations. An average error which is large and negative
indicates the model underpredicts the observationms. An average erxor which
is near zero indicates the model closely reproduces the observations in an
average sense although the data may be widely scattered.

The use of these measures in evaluating the calibration and
verification of the model is detailed in the remainder of this chapter.

A. Accuracy of the August, 1982, Calibration

The accuracy of the calibration is evaluated through comparison of the

daily-mean observations and predictions at each station for each parameter.

Differences between the predicted and observed means are then used to

compute embayment-wide RMS and average errors for each parameter, as

presented in Table 7-1.

B. Accuracy of the September, 1979, Verification

The accuracy of the September, 1979, verification is computed in the

same manner as that of the calibration. Results are presented in Table 7-2.

C. Accuracy of the June-August, 1979, Verification
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The accuracy of the June—August, 1979, verification is evaluated by

comparison of the embayment-mean observations from each survey with the

predicted mean for the same day. Differences between the predicted and

observed means are then used to compute seasonal RMS and average errors for

each parameter. Results of the analysis are presented in Table 7-3.



Table 7-1. Accuracy of August, 1982, Calibration

Station 3 4 7 8 Pl
Org N (o) +35 .17 - .52 .18
(p) +35 .35 .35 .33 .17

NH4 (o) .10 .10 4,15 6.71

(p) .12 .37 1,09 2,59 6.86

NO3 (o) 1.25 1.25 0.92 2.33 6.71
(p) 1.12 1.35 1,83 2.64 4.94

P04 (o) .03 .04 .07 .24 1.00
(p) .04 .07 .14 .26 .62

Tot P (o) .07 .10 .15 .29 1.09
(p) .06 .09 .17 .30 .67

Chl’a’ (o) 30 62 74 74 3
(p) 52 70 82 87 58
CBODu (o) 3.2 6.8 13.8 13.8 15.8
(p) 3.3 4.9 7.0 9.1 9.6
DO (o) 9.4 12.3 13,6 13.5 5.2
(p) 10.5 11,2 11,3 11.1 9.5

All concentrations in mg/l1 except chlorophyll

observed mean
predicted mean

(]
o

6 RMS
Error
<35
+35 12
.10
1.06 .83
.41
1.62 .96
.05
.13 .16
.08
.16 17
64
94 28
6.7
9.4 4.4
13.2
11.7 2.4

'a! in pgm/1

13.7

Average
Error

.00



Table 7-2.

| Station 3 4,5
O0rg N (o) .39 1.48

(p) .34 .38

| NH4 (o) 32 .80
(p) .61 1.79

NO3 (o) 1.05 .78

(p) 1.05 .81

P04 (o) .04 .07

(p) .07 .12

| Tot P (o) .07 .13
; (p) .08 .13
Chl’a’ (o) 38 74

(p) 47 84

CBODu (o) 2.8 8.9

(p) 2.5 4.6

DO (o) 10.6 12.4

(p) 10.2 12.7

1.82
.39

.11
.16

.18
.18

2,07
.48

2.26
4.85

.81
s TT

.14
.30

.84
«33

.10
2.20

.24
.60

.04
.14

.10

Accuracy of September, 1979, Verification

RMS
Error

1.00

1.54

18

4-0

0.8

All concentrations in mg/l1 except chlorophyll 'a’ in pgm/1

o
]

observed mean
predicted mean

Average
Error

138
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Table 7-3. Accuracy of June—August, 1979, Verification

Survey June July July Aug Aug Aug Aug RMS Average
19 5 18 6 16 28 29 Error Error
O0rg N (o) .86 2,05 1.12 +71 3.22 «57 .85
(p) .62 1.19 .68 .61 .64 .61 .63 1,05 -.63
NH4 (o) 3.21 3.00 3.99 4.54 3.55 1.10 1.56
(p) 3.75 3.39 4,00 2.99 2.46 3.60 3.67 1.45 .27
NO3 (o) .46 .44 .36 .38 .41 «37 .45
(p) .67 .49 w37 .63 .46 .59 .61 .18 .16
PO4 (o) .78 .88 .61 .53 1.07 - .12
(p) .96 .88 .74 .52 .49 .60 .60 .32 .03
Tot P (o) .86 .92 .65 .60 1.21 .19 .17
(p) 1.03 95 «19 .58 .54 .64 .64 .36 .08
Chl’a’ (o) 29 196 48 16 28 39 39
(p) 24 30 56 48 20 24 26 16 1.
CBODu (o) 8.2 7.1 5.0 8.0 9.4 5.6 4.7
(p) 7.9 6.4 6.4 7.9 6.5 6.1 6.2 1.4 -0.1
DO (o) 8.8 10.7 10.2 6.8 9.4 10.5 7.2
(p) 6.2 7.0 9,1 8.9 6.7 6.0 6.2 2.8 -1.9

A1l concentrations in mg/1 except chlorophyll ‘a’ in pgm/1

observed mean
predicted mean

nwn
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Chapter VIII., Sensitivity Analysis

Sensitivity analysis is the process in which the effects on model
predictions of alterations in calibration or input parameters are examined.
The analysis herein is largely directed toward examining the semsitivity of
the model to alterations in the values of calibration parameters for which
the magnitudes are only approximately known or which vary in an
unpredictable manner in the natural system.

The sensitivity analysis is conducted by first creating a standard
set of model predictions based on the ambient conditions and calibration
parameters of the August, 1982, simulation., In creating the standard
predictions, steady ambient conditions are assumed and the model is run for
twenty tidal cycles. 1In successive model runs, a calibration parameter is
altered and the resulting predictions are compared to the standard set.
Unless otherwise noted, results are presented as longitudinal plots of
daily—average water—quality constituents.

Parameters towards which the sensitivity of the model is tested
include

algal growth rate

dependence of algal growth on temperature

light extinction

algal carbon-to-chlorophyll ratio

benthic nutrient release

distributed source of CBOD

sediment oxygen demand

chlorophyll concentration of freeflowing streams

decay rate of CBOD
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nitrification rate of ammonium
diurnal variability of open-mouth boundary conditions
macrophyte oxygen production

A. Algal Growth Rate

The model employs a base algal growth rate, Kgr, which is varied in a
deterministic manner as a function of temperature and the availability of
light and nutrients. The sensitivity of model results to the evaluation of
the base rate and to natural fluctuations about the base is examined in a
pair of runs in which the algal growth rate is altered by plus or minus ten
percent. The effects on the predicted chlorophyll concentration, after
twenty tidal cycles, are presented in Figure 8-1., It can be seen that the
ten-percent alteration in base growth rate produces a maximum 45 pgm/1
alteration in predicted daily-average chlorophyll. The most significant
implication of this test is that small, natural fluctuations in the base
growth rate can produce algal populations which diverge widely from the
model predictions.

It is also illustrative to examine the effects of alterations in the
algal population on several water—quality constituents. Organic nitrogen
predictions from the growth-rate sensitivity tests are shown in Figure 8-2a.
It can be seen that the 45 pgm/1 change in the chlorophyll concentration
produces less than 0.2 mg/1 change in organic nitrogen. The same alteration
in chlorophyll produces approximately 0.5 mg/l change in apmonium (Figure 8-
2b) and 0.2 mg/1 change in nitrate + nitrite (Figure 8-2c).

Ortho phosphorus changes by approximately 0.05 mg/1 when chlorophyll
changes 45 pgm/1 (Fig 8-2d) and CBOD changes of approximately 1 mg/1 are

produced (Fig. 8-2e¢).
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The most significant effect is on dissolved oxygen (Fig 8-2f). The

45 pgm/1 change in chlorophyll results in a maximum 4 mg/l1 change in daily-

average dissolved oxygen. Thus, the DO predictions are also sensitive to
algal growth rate and departures of observations from predictions can be

expected due to the natural variability of the base growth rate.

B. Dependence of Algal Growth Rate on Temperature

Two parameters, Ogr and Or, are used in the model to determine the

effect of temperature on algal growth and respiration. The values employed,

pgr = 1,087 and 6r = 1.15, are selected from a range of possible values. To

test the sensitivity of model results to this selection, altermate values

ogr = 1.068 and 6r = 1,045, obtained from the Potomac Estuary Model, are

employed. The effect on the predicted chlorophyll concentration is shown in

in Figure 8-3. It can be seen that predicted chlorophyll concentrations

rise from a maximum of approximately 140 pgm/1 to over 200 pgm/1 based on

the alternate values of #. This effect is largely due to the reduction of

respiration at high temperatures.

o
The sensitivity test indicates the selected values are suited t

: of
the model as presently calibrated. Employment of alternate values

would require adjustment of ome or more additional calibration parameters 1in

order to maintain reasonable chlorophyll predictions.

C. Light Extinction

Algal growth is dependent upon the availability of Iight which 1% &

nitude
function of the rate of light extinction in the water column. The mag

of light extinction in Gunston Cove is only approximately known and is

highly variable in space and time due to the influences of wind mixing,
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storm runoff and other processes which increase or decrease water—column
turbidity.

The sensitivity of chlorophyll predictions to the magnitude of light
extinction is examined in model runs in which extinction is a1£ered by plus-
or-minus ten percent of the August, 1982, calibration values. Results are
shown in Figure 8-4, It can be seen that the ten—percent change in
extinction produces a maximum 30 pgm/1 change in daily—average chlorophyll
concentration. The implication of this test is that discrepancies between
predictions and observations of chlorophyll can be expected unless the

temporal and spatial distribution of light extinction is well-known.

D. Algal Carbon-to-Chlorophyll Ratio

The algal carbon—-to—chlorophyll ratio employed in this study, aC =
0.05 mg C/pgm chl 'a’, is selected largely on the basis of experience with
models of similar systems. To test the sensitivity of the model to the
evaluation of this parameter, model runs with aC = 0,04 and aC = 0.06 are
performed. The selection of aC does not affect the chlorophyll predictions
but rather influences dissolved oxygen and CBOD., The resunlts of the
sensitivity test for these two constituents are presented in Figure 8-5. It
can be seen that a change in aC of 0.01 mgC/pgm chl produces a maximum
change of approximately 2.5 mg/l in dissolved oxygen but less than 1 mg/1
change in CBOD. Thus, the evaluation of aC is seen to be an important

factor in the prediction of dissolved oxygen in the system.

E. Benthic Nutrient Releases

Benthic nutrient fluxes in Gunston Cove are variable and difficult to

evaluate. Based on measurements and upon model runs, net releases of
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ammonium and ortho phosphorus in Pohick and Accotink Bays have been employed
in the model. The sensitivity of model results to these releases is tested
in a model run in which the releases are eliminated. Results for ammonium
and phosphorus are shown in Figure 8-6a and for chlorophyll in Figure 8-6b.
It can be seen the benthic releases contribute over 1 mg/l ammonium and
approximately 0.08 mg/l ortho phosphorus to the upper three kilometers of
Gunston and Pohick., These fluxes have negligible influence on the
chlorophyll predictions, however.

The results of this test should be interpreted with caution. The
fluxes have little effect on the chlorophyll concentration because
sufficient nutrients are available from alternate sources, particularly the
sewerage treatment plant, during the calibration period selected for
analysis. If the alternate sources were not available, however, the benthic

fluxes would play a more significant role in maintaining the algal

population. Attention should be directed towards the magnitude and goLe W
the benthic fluxes in any management use of the model.
F. Distributed Source of CBOD

d Accotink

A distributed source of CBOD has been employed in Pohick an

Bays in order to bring predictions of CBOD into the same range as

observations. The sensitivity of the model to the distributed source is

tested in a series of runs in which the source is changed by plus—or-minus

i j he
fifty percent. In Figure 8-7, it can be seen that the alteration 1in t

io
source produces a maximum 3 mg/l change in daily-average CBOD concentration

but that the predicted DO concentration is little—affected. Thus, the
approximation involved in assuming the distributed source does not exert an

important influence on the predictiomns of dissolved oxygen.
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G. Sediment Oxygen Demand
As with the other benthic fluxes, sediment oxygen demand (SOD) is
2
variable and difficult to measure. SOD in the range 2.0 to 2.5 gm/m /day

has been employed in the model. Sensitivity to this SOD is tested in model

runs in which SOD is altered by plus—or-minus fifty percent. Results are

shown in Figure 8-8 in which it can be seen that the fifty-percent change in
SOD produces an approximately 1.5 mg/1 change in daily—average dissolved

oxygen,

As long as DO remains in the supersaturated range due to algal

production, SOD is an insignificant part of the DO budget. In the event

that algal productivity is reduced, however, due to natural events oI
management strategy, then SOD will play a more important role and attention

should be devoted to evaluating its magnitude and the effects of natural

variability.

H. Chlorophyll Concentration in Freeflowing Streams

= 1
Due to lack of agreement between the nonpoint—source mode

ion of 3
predictions and observations, a constant chlorophyll concentrati

9 sonal
pgm/1 has been employed in the freeflowing streams for the JE s

. 1 to 8
simulation. Observed chlorophyll concentrations have been in the

— i 20 pgm/1.
ngm/1 range while nonmpoint—source model predictions are as high as e

ed
In order to test the semsitivity to the boundary condition employed,

. entration
three model runs are performed. In the first, a chlorophyll conc

. i i led to 9
of 3 pgm/1 is specified. In the second, this concentration is triple

jons. In the
pgm/1, approximately the upper limit of observed concentration

: e ~fold to 30
third run, the initial chlorophyll concentration 1s increased ten—fol

pgm/1, a value in excess of the largest concentration BEEOARERE. M s
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nonpoint—source model. Results are shown in Figure 8-9. It can be seen
that the predicted chlorophyll concentrations in Gunston Cove are virtually
identical for all three boundary conditions. This lack of sensitivity of
model results to the boundary condition occurs because the flow rate of the
incoming streams is megligible compared to the volume and tidal prism of the

embayment. y

I. CBOD Decay Rate

The CBOD decay rate, Kc = 0.1/day, is obtained through calibration of
model results to observations and has a large degree of uncertainty
associated with it. The sensitivity of the model to the decay rate employed

is tested in semsitivity runs in which K¢ is varied by plus—or-minus fifty

percent. The effects on CBOD and dissolved oxygen are shown in Figure 8-10.

The fifty-percent change in decay rate produces a maximum 2 mg/1 change in

predicted CBOD. Daily-average dissolved oxygen predictions are altered by

less than 1 mg/l1, however.

Y. Ammonium Nitrification Rate

As with the CBOD decay rate, the nitrification rate, Kn23 = 0.1

mg/1/day, is subject to uncertainty. The semsitivity of the model to the

nitrification rate employed is tested in sensitivity runs in which Kn23 is

varied by plus—or-minus fifty percent. The effects on ammonium and

dissolved oxygen are shown in Figure 8-11. It can be seen that the fifty-—

percent change in the nitrification rate produces only negligible changes in

predicted daily—average ammonium and dissolved oxygen concentrations
indicating that specification of the nitrification rate is not crucial to

the model results,
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K. Diurnal Variations at Open Mouth

Observations in Gunston Cove indicate large diurnal fluctuwations in
chlorophyll and dissolved oxygem. It may be hypothesized that these
fluctuations are driven by diurnal variations of chlorophyll and DO in the
Potomac River. This hypothesis is tested in a model run in which diurnally-
varying boundary conditions are employed at the open mouth of Gunston Cove.
The amplitude of the diurnal variability, typical of observations collected
in this study, is 10 pgm/1 for chlorophyll and 1 mg/1 for DO. Mean
downstream boundary conditions and initial concentrations within Gunston
Cove are 20 pgm/1 chlorophyll and 8.05 mg/1 DO (saturation concentration.).
All internal sources and sinks of chlorophyll and dissolved oxygen are
rendered inoperative and constituent concentrations in the inflows to
Gunston Cove are set to maintain the initial conditions within the
embayment. Thus the sole source of any departure of chlorophyll or DO from
the steady initial conditions is the diurnal variability at the mouth.

Results are shown in Figure 8-12.,

It can be seen that the effects of diurmal fluctuations of

t
chlorophyll and dissolved oxygen at the mouth of Gunston Cove are limited to

i 1
the lower kilometer of the embayment. Thus it may be concluded that diurna

. - ithin
fluctuations within the embayment, especially fluctumations observed wi

rnal
Pohick and Accotink Bays, are the result of internal rather than exte

processes.

L. Macrophyte Productivity

iurnal
A second process which might account for the 1arge d

i th
fluctuations of dissolved oxygen in Gunston Cove 1s e

photosynthesis/respiration of the rooted aquatic plants which proliferate in
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the upper portions of Pohick and Accotink Bays. To test this hypothesis, a

model run similar to the previous one is performed. Again, initial

dissolved oxygen within Gunston Cove is set to the steady saturation

concentration of 8.05 mg/l and all sources and sinks of DO are rendered

inoperative. Macrophyte productivity and respiration within Pohick and

Accot ink Bays are represented as areal sources and sinks similar to sediment
issolved oxygen, is represented

Oxygen demand. Photosynthesis, a sSOurce of d

by a half sine wave with maximum amplitude at mid-day. Respiration is

Tepresented as a continuous, steady sink of DO. Based on observatioms in

the South River, a free—flowing Piedmont stream (M. D. Phillips, Va SWCB),

and in Delaware Bay, @ coastal-plain estuary (¥, Fitzpatrick, HydroQual,

Inc.), an amplitude of 8.28 gm/mzlday is specified for photosynthesis and a

Teéspiration rate of —3.0 gm/mzlday is employed.

Results of this model runm aI€ shown in Figure 8-13. It can be sen
that macrophyte production/respifation produces a diurnal fluctuation in
dissolved oxygen with an amplitude of approximately 1 mg/1. Thus it is
Unlikely that macrophytes are largely respomsible for the diurnal dissolved

OXygen fluctuations observed in Gunston Cove.
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Run 1 - Calibration growth rate
Run 2 - Calibration rate plus ten percent

Run 3 - Calibration rate minus ten percent
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KILOMETERS FROM MOUiH

Figure 8-1. Sensitivity of Chlorophyll to Algal Growth Rate.



150

Run 1 Calibration growth rate
Run 2 Calibration rate plus ten percent

Run 3 Calibration rate minus ten percent

GUNSTON AND POHICK RUN 1

"ORG N 35—
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KILOMETERS FROM MOUTH

Figure 8-2. Sensitivity of Nitrogen, Phosphorus, CBOD,
and Dissolved Oxygen to Algal Growth Rate.
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Figure 8-2. (Continued)
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Figure 8-2. (Continued)
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Run 1 Calibration Values

Run 2 Alternate Values

GUNSTON AND POHICK RUN 1

CHL A 2900 — ; "
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Figure 8-3. Sensitivity of Chlorophyll to Temperature
Coefficients. '
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Run 1 Calibration Light Extinction
Run 2 Calibration Extinction Plus Ten Percent

Run 3 Calibration Extinction Minus Ten Percent
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Figure 8-4. Sensitivity of Chlorophyll to Light Extinction.
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Run 1 Benthic Nutrient Releases

Run 2 No Benthic Releases
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Figure 8-6.
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Chlorophyll to Benthic Nutrient Releases.
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Figure 8-6. (Continued)
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Run 1 Calibration Distributed Source

Run 2 Calibration Source Plus Fifty Percent

Run 3 Calibration Source Minus Fifty Percent
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Figure 8-7. Sensitivity of CBOD and DO to Distributed
Source of CBOD.
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Run 1 Calibration SOD
Run 2 Calibration SOD Plus Fifty Percent
Run 3 Calibration SOD Minus Fifty Percent
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Figure 8-8. Sensitivity of Dissolved Oxygen to Sediment
Oxygen Demand.
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Run 1 Calibration Decay Rate

Run 2 Calibration Rate Plus Fifty Percent
Run 3 Calibration Rate Minus Fifty Percent
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Figure 8-10. Sensitivity of CBOD and DO to CBOD Decay Rate.
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Figure 8-11. Sensitivity of Ammonium and DO to
Nitrification Rate.
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Figure 8-12, Effect on Chlorophyll and DO of Diurnal
Fluctuations at the Mouth of Gunston Cove.
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CHAPTER IX, DISCUSSION

This chapter is devoted to an overview of water—quality conditions
observed in Gunston Cove during the 1979 to 1982 survey period, to a
Teview of the model application, and to some suggestions for its use.

A. Observed Nitrogen Distributions

1) Organic Nitrogen — Organic nitrogen concentrations in the
Gunston Cove system ranged from less than 0.1 to approximately 6 mg/1.
The spatial distribution and maximum concentration of organic nitrogen
Vere dependent upon the operating mode of the STP. When the STP was
discharging organic nitrogen, a strong concentration gradient existed
from the head of Pohick Creek to the mouth of Gunston Cove, as evidenced
by the July 5 and Auwgust 16, 1979, surveys (Figure 6-25, Table 6-9).
When the STP was discharging little or no organic nitrogen, then sﬁatial
trends were less evident and concentrations were generally 2 mg/1 or
less,

Although the STP influences the distribution of organic nitrogen,
it is not the sole source of this substance. An additional major source
is through the excretion and death of phytoplankton. A secondary

SPoradic source of organic nitrogen may also exist. Organic nitrogen

Observations in the September, 1979, intensive survey could not be

Teproduced on the basic of measured external inputs and computed

Phytoplankton turnmover (Figure 6-16). A distributed source of organic

nitrQgen, presumably marsh detritus or resuspended bottom sediments, was

likely active at that time.
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2) Ammonia Nitrogen — Ammonia nitrogen concentrations in the
Gunston Cove system ranged from 0.1 to approxima;ely 10 mg/1. A decline
in ammonia concentration from the head of Pohick to the mouth of Gunston
Was a persistent feature of the embayment and the elevated ammonia

concentrations were due to the SIP which typically discharged ammonia in

the 10-20 mg/1 range.

The STP is not the sole source of ammonia to the system, however.

Measurements indicate an additional source to be the flux of ammonium

out of the bottom sediments and into the water column.

3) Nitrate Nitrogem — Nitrate nitrogen is the only water—quality

Parameter which showed a decreasing trend away from the Gunston mouth

towards the head of Pohick. Typically, pnitrate was approximately 1 mg/1

8t the juncture with the Potomac and declined to approximately 0.2 mg/1

8t the opposite end of the embayment. This trend was subject to

reversal, however, in the event of the discharge of significant

Quantities of nitrate by the STP, as evidenced by the August, 1982,

lntensive survey (Figure 6-9).

B. Observed Phosphorus Distributions

Total phosphorus concentratioms in Gunston Cove ranged from

aPproximately 0,05 mg/1 to more than 2 mg/1. Based on the observations

in the intensive surveys, 40-100% of the total phosphorus was in mineral

form with the mineral fraction declining from the head of Pohick towards

the mouth of Gunston.

The magnitude and spatial distribution of phosphorus in the

al mode of the

®tbayment was variable and depended upoRn the operation
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point source. The predominant trend in the observations, however, was
a decline of phosphorus from the head of Pohick to the mouth of Gunston.

Measurements indicate the bottom sediments may act as either a
source or sink of phosphorus. The sediments are considered, in the
model, to be a net source of mineral phosphorus, but the magnitude and

direction of this source are not known with certainty.

C. Observed Chlorophyll Distributions

Daily-average chlorophyll concentrations im Gunston Cove ranged
.from less than 5 to more tham 100 pgm/1. Concentrations in the 75 pgm/1
range were common, recurrent phenomena and extremes of 150 pgm/1 were
observed.

Peak chlorophyll concentrations usually were found at the juncture
of Pohick Bay and Gunston Cove (Statiom 7 in Figure 3-1) with the algal
population declining in either direction towards the mouth of Gunston
Cove or the head of Pohick Bay. Concentrations in the vicinity of the
embayment mouth were influenced by the adjacent Potomac River and were
typically 20 pgm/1. Concentratioms at the head of Pohick Bay were

typically less than 5 pgm/1.

D. Observed CBOD Distributions

Ultimate carbonaceous biochemical oxygen demand in Gunston Cove
ranged widely between 0-20 mg/1 reflecting both the patural variability
of the system and the imprecise analyses which determine this parameter.
Frequently, CBOD concentrations were observed to increase downstream of

the STP and to peak at Station 7 (Figs 6-22 and 6-31). This trend in

the data suggests the existence of a CBOD source other than external



loading or the intermal cycling of phytoplankton detritus. Likely
sources of the additional CBOD are detritus from rooted aquatic plants

and resuspension of bottom sediments.

E. Observed Dissolved Oxygen Distributioné

Dissolved oxygen in Gunston Cove is generally in the saturated or
supersaturated state. Maximum concentrations in the central portion of
the embayment reach 15-20 mg/l and daily average concentrations attain
9-14 mg/1. Lesser concentrations prevail only at the head and mouth of
the embayment where conditions are affected by Pohick Creek and the
Potomac River. Even at these extremes, DO exceeds 5 mg/l. Indeed, 5
mg/1 was the approximate minimum observation throughout the course of
the field program, |

Saturated DO concentrations are the result of an excess of algal
photosynthesis over respiration. At times when the algal productivity
is low (e.g. Aug. 6, 1979, Fig. 6-30), dissolved oxygen concentrations
are low as well (Fig, 6-32) and approach the 5 mg/l minimum observation.
When algal productivity is high (e.g. September 1979, Fig. 6-21), then

oxygen concentrations are elevated also (Fig. 6-23).

F. The Hydrodynamic Model

The hydrodynamic model used in this study is a one—dimensional,
time-variable model based on the principles of conservation of volume,
momentum, and mass. The model provides real-time predictions of surface
level, current, and transport and dispersion of a conservative

substance. The model is applied along the axis of Gunston Cove and

Pohick Bay and treats Accotink Bay as a well-mixed storage area.
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Calibration and verification analyses show that the model provides
near-perfect predictions of surface level within the embayment (Figures
5-4 and 5-7). This is demonstrative of both the applicability of the
model and of the unified response of Gunston Cove to fidal fluctuations
at the mouth.

The calibration and verification of current (Figures 5-5 and 5-9)
are less ideal than tide but are still more than sufficient for the
purposes of this study. Discrepancies between predictions and
observations are attributable to the collection and nature of the
observations rather than to shortcomings in the model.

The ability of the model to predict mass tramsport and dispersion

i has been verified in both the steady and time-variable modes. The model
has simulated the steady-state longitudinal distribution of chlorides
(Figure 5-12) and the nonsteady-state longitudinal and temporal
distribution of dye (Figures 5-10 and 5-11).

The ability of the model to predict time-variable mass transport
and dispersion has been verified only at the intertidal rather than
intratidal time scale. That is, the model has been used to predict the
change in dye concentration from tidal cycle to tidal cycle but not
within a tidal cycle. Lack of real-time verification is due to the
nature of the dye distribution which is patchy and not subject to
deterministic modelling. Only by averaging the dye samples over 2
sufficient time period can smooth temporal and spatial patterns be
discerned.

In view of the capabilities enumerated above, the hydrodynamic
model is deemed sufficient and suitable for employment as a management

tool.
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G. The Water Quality Model

The water—-quality model provides one—dimensional, real-time
predictions of eight water—quality constituents via solution of an
equation identical to the mass—conservation equation in the hydrodynamic
model except that appropriate source and sink terms are included. The

eight water—quality constituents are:

organic nitrogen
ammonia nitrogen
nitritetnitrate nitrogen
organic phosphorus
ortho phosphorus
chlorophyll ‘a’

CBOD

dissolved oxygen

The water—quality model has been calibrated and verified against
several independent data sets and in different modes of operation.

These are

Calibration of approximately steady—state longitudinal

distribution of all constituents. August, 1982, intensive
survey.
Verification of approximately steady—state longitudinal

distribution of all constituents. September, 1979, intensive

survey.
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Verification of long-term predictive ability through
simulation of intertidally varying lomgitudinal
distributions of all constituents., June to August, 1979,

slackwater surveys.

The agreement between predictions and observations has been
reported in both qualitative and quantitative terms., In general, the
predictive ability of the model is dependent upon the quality and
quantity of the input data upon which the model run is based. Agreement
between predictions and observations is dependent upon both the input
data and the nature and number of observations. Thus, the results of
the simulations of the intensive survey periods are more satisfactory
than the results of the seasonal simulation.

The water—quality model results are commensurate with the data
available to this study. It is unlikely that adopting a more
sophisticated model would provide significantly improved predictive
capability without the collection of additiomal and comprehensive data.
Even then, discrepancies between predictions and observations would
still persist due to the random variability inherent in natural systems.

An additional cause of the discrepancies which exist between
predictions and observations is the goal of comsistency which motivated
the calibration and verification procedures. The objective of these
procedures was to find a single set of model comstituents which would
provide satisfactory predictions in all cases rather than to employ
survey-specific constituents in an effort to obtain the best fit to the

data.
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The water—quality model is deemed suitable for employment as a
management tool but care should be exercised in its usage and in
interpretation of model results.

Water quality in Gunston Cove is influenced by a number of
naturally-variable and, occasionally, unpredictable biological and
environmental factors. Model results obtained will depend upon the
values of those constituents specified as model inputs.

It has been shown, for example, that chlorophyll and dissolved
oxygen concentrations are sensitive to light extinction in the water
column. The magnitude of light extinction in Gunston Cove is neither
well-known nor predictable, however. Therefore it is recommended that
management runs be performed based on several alternate sets of light
extinction data rather than on a single set.

Benthic fluxes pose a similar problem. Measuremenfs indicate the
magnitude of ammonis and dissolved oxygen fluxes and the magnitude and
direction of the phosphorus flux are all variable. Since these factors
exert, or potentially exert, a large influence on water quality, it is
recommended that management runs be performed based on several alternate
values of benthic flux.

To summarize, chlorophyll concentrations and other water—quality
conditions in Gunston Cove are dependent upon naturally-variable
biological processes and random events as well as upon deterministic
processes such as wasteloading. The model is a valid and useful tool
for the management of water quality within the embayment but the model
results are partially-dependent upon the assumed values of the variable

and random processes. Thus, a number of model runs should be made
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based upon alternate scenarios of temperature, light extimctiom, etc.,

before irrevocable management decisions are made.
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APPENDIX A. RAW FIELD DATA
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KEY TO RAW FIELD DATA

Field Parameter

1- 5 TEN (mg/1)

6~10 NH, (mg/1)
11-15 NO, +NO, (mg/1)
16-20 Oortho P (mg/1)
21-25 Total P (mg/1)
26-30 Chl 'a"' (ugm/1)
31-35 CBOD, (mg/1)
36-40 D.0. (mg/l)
41-45 Temp. (o)
46-50 Disk Visibility (cm)
51-55 Flow (£t°/sec)
56-60 pH

61-65 CBODu (mg/1)
66-70 TOC (mg/1)
71-75 Standard Time (hr:min)
76-77 Station
78-85 Date (day-mo-yr)

Missing data indicated by 999.



178

1979 Slackwater Surveys



m 6L-10-S0C10€:6 00°6 €66 OL°L *666 0°(S 0S°T20%°L LI°1 GZ°€ 0Z° €C°* %%° 01" 06°
61l-10-SOTT0ESTT00%°6 °“€6€6 0C°8 °666 0°Ce 00°020L°6 LS°T GO°E OI* €C* €2° OT° O€f€°
6Ll-10-500100:CT00°02°6€6 09°8 666 °666 0S°E€CT0E*8 L%°L °*6EE 0S°C (0°S 12° 0G°LI05°%Z
61l-L0-S062ZT:C7T100°9T°6€6 00°8 *666 0°(8 00°220%°8 L¥* O00°LS0T°E CO°E ¢2° 00°0108°%T
6Ll-L0-S0892T:2T00°CT°6E6 00°L *666 0°CZ 0%°€20L°S L0°% 06°9 01°Z 0T1°Z 0G* 0G°6 02°%T
6L-L0-S0L990:ZT00°ST1°€€6 00°6 °666 0°CZ 09°2205°%109°6 06°S 0S* 0S° 0%° 00°T 0€°€
6L-10-50998%:TT00°01"°6€6 OT°L °666 0°CT 00°E€C0G°6 L9°T GO"LIOI* S0° <€%* 0¢* O0¢°
€1-10-50592%:T100°L °*6€6 0T°L *666 0°CZ 0L*0206°6 06°T QC°ISOT* SGC° %%° 01°* 0%°
6L-L0-50%2%2:T100°%1°6€66 08°8 *66€ 0°CE 0%°2208°2108°% 00°0I0%* 5€° €&%° 0Ss° 00°Z
6L-L0-S0€92T21T00°S1°666 09°8 °*666 0°CE 09°2202°€TLY°T 00°%206Z°* OT°* +%°* 01° 0%°I
61-L0-50298%:0T00°L °*666 O0T°L °666 0°CS OL°ETCE"8 0C°Z 0G°LIOI® 40°* 09° 08° 0zZ°I
6L-L0~-S0T90€:0T00°9 °*6€6 0E°L °*666 0°(S 0S°ECT0E°8® L1°C 00°9901° sC° kS LGLY 0Z°T
6L-90-61710¢c:6 00°€ °666 OL*L °*€66 0°CS 0S°T20%°L 0T°*T °*66€ OT° <0°* O0E° °*€€6 OT°
6L-90-6TTT0E2TT00°8 *6€6 0Z°8 °666 0°CS 00°020L°6 *666 °*E£66 OI* €G°* LO° OI*° O€°
6L-90-6T0T0022T00°SC°6€6 09°8 *666 °"66€ 0S°CZ0E°8 LZ°S °*66€ 0I°S 00°S $T1° 00°cI08°L1
6L-90-6T690C2T:2T0C°LTI"€€E6 CO°8 °666 0°C8 00°220%*8 00°Z *666 0Z°CE CO°E ST° 0S°6 0%°TT
6L-90-6T898%:TT00°LT"666 06°L °666 0°CZ 0OI"€20%°S 0%°t (02°6 0%°T CE°*T 09° 0S°8 0S°¢
6L-90~6TLO0CESTT00°9T°€€6 0T°€ °666 G°CE OT°E€ZCI°TI06°S GS*E 0S° QE° Llv»* 0&° 02°C
61-90-619950:1100°9T°6€6 08°L °666 0°(T 05°€20E°*8 €5°2 00°*SIOTI°* 26° 0E€* O1I° Os°
6L-90-61598%:0T00°CT°6€66 08°8 °*666 0°CH» 09°2202°6 GT°9 00°Z250Z2° SC°* S%* O0T1° O0Q6°
6L-90-61%30€:0T700°% °*666 08B°8 °*666 0°CZ 00G°€202°6 G9*% 00°C%08° OL*® 0S° O0E€°C 0%°+
6L~90-61€9%220T00°S1°666 05°6 *666 O0°C%» 61°£206°6 £0°5 DO*E€502Z* S0° OL° O1° o08°
6L=90~6TZ90020T00°L "€66 06*L *666 0°LE ST E£Z08*9 £E"T DO"TIIGZ* %0° .G&* @5 06°
6L-90-61T98%:6 00°8 °666 0Z°G °666 0°(% 0€°€20€°8 0€°Z 0C°6 O1I* €G° 00°T 0%* O0&°
6L-90-S0TTTHIET"6€E6 °"6£6 0Z°L °*666 0°(¥% 01°€Z0S°E *&4é °*e€6 O1° €G° €%* 01°* OT1°

| 6L-90-S0TT20:€100°01°666 O0%°L °*666 0°CS 00°2T70€°€ (8°* €66 GI* €G° 02° O1° o¢¢€°
M 6L-30-900T100:¢cT00°LT°666 0S°L °*66h6 666 0S°E€T0S°S 01°2 €66 0%°E 00°E ST°* O0O8°1108°L1
| 6§L-90-S0698T:CT00°TT6€6 QL°L °666 °*666 00°2208°8 07°T *666 CC°T C&° €ET1° 0G°% 0&°%
. 6L-90-50898%21T100°€C°666 0S°L °666 0°CZ 00°0208°L 00°T 0%°%» Q&* (Q&* 1€* 06°EC 0S°*%
€L-90-S0L99€EITTIQO0°CT*6€6 0S°L °*666 0°CZ 00°7208°L 02°T 0G°*% 0Z° &1°* GS%° (0OE°T O6°1
6.L-90-S0998T:TT00°CT 666 C0S°L °66€ 0°C7 0S°€200°L 0S*% QO*EI0E* §Z° GS%°* 0Z°T 00°2
| 61-90-5059002T100°21°666 09°L °*66€& °*€66 05°0202°L 0S°7 *€€&6 0E* LZ° €%°* 0¢€°T 00°Z

6L-90-50%92%:0T00°21°66€6 0S°L °*666 "€66 09°020%°9 OB*T *€5€ O£ (GE° G6%° 0%°T 0T°Z
6L-90-SO0EOQ0E:0T00TT"6€6 08°L °666 666 0L°0Z0C8°L 0Z°€ GO°7I0E* 2Z€* 19° 0Q0°T 08°1
6L-90-502900:0T00°8 °*666 09°L °666 °*666 09°020%°L 0€£°1 0L°Z OT* LC° €TI°T 0g° Qe
6L-90-S0192%:6 00°8 °*€€6 0s°L °666 °666 09°020%°L OTI°T GZ°t OI° S0°* €2°1 0E°* 06°




180

6L-80-91210€:6 00°8 °€66
6L-80-9T1100:0100°9 °666
€L-80-910121:01°666 °€€6

6L-80-9T650€2:0100°61°666
6.L-80-918900:T100°ST°666
6L-80-9TL9Z2%:0100°91°€€¢€
€.-80-91920€:0100°61°6¢€6
6L-80-91598T1:0T00°51°6€6
6L-80-91%990:0T00°L1°€¢€6
€L-80-91€900:0T00°0T°€€6
6L-80-91292%:6 00°01°6€6

6L-80-91190¢€:6 00°21°6€6
6L-80-902181:0100°9 °6€6
6L-80-901121:6 08° °EE€6

6§L-80-90010€:6 00°8T°6€6
6L-80-906300:0100°ST°6¢€6
61-80-508500:5T00°21°6¢€6
61-80-90L9%5:%100°11°666
61-80-90992%:9T00°€T1°€E€E
6L-80-90590€:%T100°21°¢€66
€L-80-90%992:%100°T1°6¢€6
6L-80-90€921:»T00°21°6€6
6L-80-902900:%100°6 °666
6€L-80-90120€:€100°11°6¢€6
6L-L0-8T212T:2100°L °666
6L-L0-8BTTIBI:T1T°666 °6E6
6L-L0-8BT0TI8T:TT00°L1°666
6L-L0-81639€:11°666 °6¢€6
6L-10-818990:T100°L1°666
6L-L0-8TL300:TTC0°8T°66€6
6€L-10-81998%:0100°61°666
6Ll-L0-81592%:0100°61°¢€66
6L-L0-81%90€:0T00°61°6¢€6
6L-20-8T€921:0100°61°666
6L-10-812200:0100°€T1%66¢6
6L-L0-8T1198%:6 00°TT°€E6

ce°s
GE "L
0L°L
0L°L
06°L
0s°8
0L°8
ge°g
0o°g
0Z°8
6c°8
0o°8
0c*tL
Bs*L
00°¢
0Z°¢
0B*L
g8°L
08¢l
00°6
028
0976
06°L
09°6
0L°L
0s*L
0L
ge*L
ge°g
gece
0t

ge*é6
08°g
0%°6
08°sg
0e g

666
*666
‘666
‘666
*E66
"66E

.*66¢6

666
‘666
*66¢
*E6E€
*666

*666
*666
666
666
‘656
‘668
*E66€
*66€
*6€6¢
666
666
668
€66
666
*66¢6
*66¢
*e6é
*666
*&66
°666
666
€666
666
"6EE

* O O
e OV e @

Y VYN YNEY VYOO OV O
T MRYo IR I ot = Iee B o R I e oW e AT 4 A BN 40 ]

LI @

¢

L]

(o]

OO OO0 O0ODODOOO
L}
3

w D

®
on
o
(o))

Y Y Y YYD

00°8T00°¢
00°LTDE %
gg*ecog°L
0g°120¢°¢&
ge°0co8°L
0L TCQT Tien”
02*¢z0e*6 05°%
0%°120e°0TICL"Y
09°120E*6 SE®S
08°2205°6 BL"E
06° 201 L 56°1
GL°e€2CL*8 06°C
00*<cZ2B06°9 €9°
00“gcbe L ERT
Dacecae* L g2°5s
06*S2OsTL 0&° m
G2 1EQB*Y 09%°
OR*UelS*s Q2°¢
0€°0EQ¥°S ¢
0%°6202°9
02°0ep06°Yy
08°€6209°¢1
0%°620%°9
08*€200°01
{8°s¢le™6 om
00 %z06°L £1°
bR %¥e0e*8 %8¢
00°9202°¢ Qe°1
pZ*Be0E L LL°¥®
€0°6202°1106%°s
C1°620%°T1l%*H
06°8Z20%°2TL9° L
0e*6¢0:c°¢ .m.m
0e 620272121y
0s*°8¢01°L 01°¢
0s*g208°L L0°2

uy M @ N
Nmm~f\f
e o

\I‘i \'Y l. v

0
L]

e M) (N 6O P ¥
o
crvf\"llf\NNf\l

mr-acnor)cot

oRY O1* AF6°* g2°
g6*% T* IT6* ¢0°
‘666 659 90°9 s€°
06°1T 0L*% GSs°% S0°

00°6206°1T CE°T €c¢°
g0*L2oe* 91L°* SE”
0o Z2¥0E*- 01~ E¥v°
0o*2e¥ TZ*® 6%
0o°ev08* 09° B1®
00°g8201* 10°* @Z°1

ggtoeelt 28° gc°l

go*ce0t1T* 1C* 0O%°1
gete 012 1a° &£%°
(75T 831 10T s@°
*£66 0% ge*? ve°
ek 0gte §0%¢ &61°
0I*L 0%°* gg* SE*
Ge*rre0s® I%* EE"
ggtzige T1°* e€2°
ge*sloe® €2° tg°
g8*6 O%* g€°* SE°

be*€e01s %0° @g°

0g*Li0%* %0* 00°%
60°9TI61° £0°* GOs&°
DE*¢ @t 107 S6°
08*%T €61 01 90°
*666 0B°T O0L°T 1¢°
O0E*T 0S°T G»°T Le°
Go0°ge0¢ €sg*® $0°
0G°g3067°2 C8°T (8"
00°€90% ce® BZ°
00°6s01 “Eeb H1°
00°%s0t° B1*® %E*
Go*Gs01> <0+ €9°
0G*<201° 1TLT S9°
CG°geco01* 10° ¢&6°

0ot°*
ot1*

0¢
g60°¢

oo*L108°0C
GG 210995

04°% 08°L
06°T 0%°%
“ee6 0L°1
06* 0Z°®
00°2 0Z°%
01* 0L"
0% 06°
01° 09
01 oz°
6t* o0z°
0S°6T10%°81
00"LT*EES
00°s 02°9
06°€ "666
05° 0%°T
00°2 0€°7
02°¢ 00°%
01* 0¢°
0z* 06°
01* o08°
01* 07
01+ oz*
05°0202°22
05°9100°8
0T* 02°71
05°8 00°1
02°1 06°2
0T* o02°T
0%°T 06°2
c1* 06°
0s° 00°1
0%* 00°1




181

€L-60-ETZT0ESTT00%6 °*666 0%7°L °666 0°C8 06°0205°8 0»°1 0%°9 01° ¢
6L-60-ETTTZ%:0T00%6 *E€€6 0Z°L °*666 0°(CS 06°€T10€°8 §8° 00°T»01° <€0° =ec”’ o1 OT1°
6L-60-CTOT0E:0T00°%1°666 CO°8 °*66€6 °666 00°LT08°L 8L° €66 08° 08° COL° go0°1207°1¢
6L-60-€T698T:0T00°0T"666 00°8 °666 0°(S 0%°92C6°L 8%°1 0&° 0%° C%° 0S° ggevt10e°vl
6L-60-£1892%:6 00°%T1°€66 08°L °*666 0°CZ 06°¢Z05°8 09°9 00°€€02* LT° (09° 0S°9 0g® L
6L-60-ETL90E26 *666 *666 08°L *666 0°CZ 0T°9z0o2°2I8L®» 00°1201° LO0° 06° O01°1 ge°¢
€L-60-ET990€:E 00°ET°666 0E°*L °"€6€ 0°C7 0%°2206°L O0%°CT 00°%Z01° 80° 0s° 0%° 00°1
6L-60-€159%2:6 00°T1°666 0G°L °*6€6 0°C€ 0%°€20€*8 €0°Z 0%°€Z01* 60° 0Ss° O0€° 0%°1
6L-60-ET5S50t6 00°TI*666 09°L °*666 0°C2Z 05°€206°6 S2°2 00°0201° 80° 0c¢° 00°T 09°1
6L-60-€1€90026 00°6 °€66 0S°L °666 0°CE 0%°220%°L €2°1 02°% 01* ©61°* 0OC°T O%° OF°
6L-60-€1292%:8 °666 °*6E€6 09°L °*666 0°CZ 0g*<¢200°L $8° 00°0%0T* &0° 00°T O0%° OL°
6L-60-€1190€:8 00°6 °*€€6 Q0E°*L °666 0°(E 0€°22CG&°9 €0°1 {S°*€ 11* OI° 00°T O%° O0B°
6L-80-62210€:6 00°11°666 00°L °*€66 G°CZ 00°%20%"L €S°1 OL°T G1° 60° 1%* 0C° 0%°
6L-80-62TT0020T00°21°¢6€6 06°9 °*666 0°(Z 00°€20c°L €0°1 CS*Ss 0Z° S0° €1°* 01° O%°
6L-80-620T95:6 00°61°666 06°L 666 (G°(7 0S°L70%°L €2°C °*6&66 08° 91° Gz* 00°L10C°81
6L-80-62692T:0T00°91°€6€6 05°L *666 (G°(Z 00°520c°L ge*s 09> 0s* ¢g€2°* 0s°6 0C°11
€L-80-628S9€:TT00°LTI°6€66 0c°L °*666 0°(T7 00°520L°9 *% 0p*c202* 2¢1* §g§Z°* 0Ogs° 08°1
6L-80-6729%2:TT00°L1°6€6 0L L °*6€6 0°(Z 05°%2CC°L g6*990Z* 9v* O+ 0O€s (0s5°1
6.L-80-6299ZT:T1100°L1°666 0E°*6 666 0°CZ 0c°920L°€ “$ 0o*lsb2* %0° %% oO01° 4Qe°1
6L-80-625500:TTI00°9T1°6€6 0L°8 *66€6 0°(Z CL®F20s°L go*cs01* 440° O0s* B1*  0£°7%
6.-80-62%98%:0T00°L1°6€6 0%°8 *66€ 0°CZ 0e°9205°L go*t901" %0* TE* 0Z% Q1°1
6.-80-62€99€:0100°%T°666 06°L *66€ 0°CS 08°9¢205°S *Z 00*eZ01I~ 28 GH1I*T 4z OL°
6L-80-6279%2:01°666 °6€6 06°L °666 0°CE 0L°320%°S gO0%LZOT* 20" BIT% 41" 0OL"
£L-80-62T92T:0100°ST°666 06°L 666 0°(S 05°9c0€"¢ «Z2 B6*pEpE™ 148* 4I1*1 41 O%°
6L-80-822TZT:1T00°%1°666 0C°L 666 0°CT 00°5208°L *T 0%°T 0C* 1Z7° §g€* 0%° 09°
6.-80-82TI8%:1T00°9T1°666 0v°L 666 0°CI 00°%Z0L°L *Z 0S°L OT* *e6€ LT° 0%° 09°
6L-80-820TGE2TTO0°9T°€66 0Z°6 °66€6 €66 00°%c0c°L ‘666 0%° S%°* SZ° 00°6108°1¢
6L-80-826900321°666 °€€66 09°L °666 0°(T 00°%20.°L gv°*S 0T* °€€6 €T° 06°C 00°¢
6L-80-878S0€22100°02°666 08°L °666 0°CT 0e°Gc0¥ 00°1705°* €66 €E£° 06°1 Q0°t
6L-80-82.981221°666 666 08°L °666 0°CT 0%°s205°01686°C 00°5202° €66 €2° 0%° 0€°
6.-80-829990:2T00°91°666 0L°6 °666 ¢°CCZ 06°L202°C102°% 0C°%901° *e£6 ¥Z° 01° o0C°T
£L-80-82690032T°666 °*6€6 00°6 °666 0°CC 0S°LCiC°CIte’t 00°s8s0€" °566 LE® 0C°T 0S°¢
61-80-82%98%sTT00°%1°666 0E£°8 °666 0°Cc 09°cz0g°zie¥y e QC° 1%0€°* °66€6 B8T1° 08°T 09°¢

0* €%+ 01° 0¢°
0

o
R

o

°
un

o
o4

]

°
o

‘*"""“U\u\u\th\onQ\tm
.
L]
vl o~

O~ OOmMm@mMmn Mmoo

®
(3}

£1-80-82€99E:1100°8 °666 00°8 °*66€ 0°CS 00°:i209°¢ €9°t 00°9e0T° gce 00°1 01° (09°
6L-80-8229%23TT00°TT*6€66 0§°L °*666 0°C% 06°9205°6 €68°C 0C*€cCO1° ¢g* gg* gE* oL*
61-80-821900:1100°8 *6€6 08°L °666 0°C9 0L°920L°L 86°C 00°%z01" gc* 00°T 0T 0S°



i
|

i

I

182

6L-01-912100:6 CO0°9
6L-0T1-911181:6 00°9

666
“EEG

6L-0T-91010€:6 00°51°666
6L-0T-91699€:6 00°0T1°666
6L~-0T-91898%:T100°21°666
6Ll-0T-9TL192%:1T00°T1°666

62-01-91990€:1100°L

°666

6l-0T-9TS90€E:TIC0TT1"66€C
6L-01-9T%992:1100°01°666
€L-0T-9TE€92T:T100°01°6¢€6

62-01-912900:1100°8
64-01-91198%:0100°8 °6¢66
6L-01-202100:6 °666

*Eeeb

666

6L-01-20T1812:6 00°ET°66€6
€L-01-20010€26 00°LT°666
6L-01-20699¢€:6 00°%1°6€6
€1-0T-208921:2100°%1°666
6L-0T-2019002€T00°€CT°666

6L-01-209900:21°6¢€6

666

6L-01-206995:TTI00°ET1°6EG

6L-CT-c0%9%S:TT°666€
EL-0T~-20E92%:11°6¢66
6L~0T=20Z99E2:1100°9
6L-01-2019%221100°9

*6€E6
EE6
€66
*6€6

06°9
0e°9
0s°8
08°L
G
ge° L
bevL
0z°L
g2t
0L*L
0g°*L
0g°¢
69°%
g0°L
gg°L
06°2
oe*L
0T*L
gg°¢
0g°9
0e"L
00°L
08°L
68°L

‘666
°666
°666
666
666
*66€

.*666

*66¢€
666
°666
666
*66¢€

°666
*666
*666
°66¢
*666
°666
666
‘66€E
666
*666
*66E
°666

g°cCe
R
*666
686
0°Ct
g°C¢t
L0
10588 08 3
DECE
0= L€
G*C%
0°LH
0°C1
6°Ct
“EES
6°CT
0°C1
6°C1
g*C1
B*CT
6°C1
6*C1t
C*Ce
g e®

6&* 01080188 ¢
05 0T09°TT01°E
0e°0c09°6 CG2°¢E
0Z2°*»109°018%°¢

DETETOETE S€%¢
0X*€iliv°g au*Z
0E*TI0L°B €%°1
gL* Tl 2. 897
o°1tOy°*8 BL*E

RIS A TR ST !
07T TECE T8I E
D2 TY0E*TIGZ L

Is*81Cs°g O0%°1
09°830%°8 s0°1
05*ec0h*8 £0°*¢C
SL*8T(09"8 OL°1
09°¢10L"5 E80°¢
0T*6TOL*S EL"T
08°B1GS°9 09°1
SL*BROL*T £B*T
0T*6T6L*9 £9°1
SS*6T0s°L OI°T
0g*61ICL"L £E6°

05*6T06°%L B8L"

Eakae=a 00 Sl 0 S o
O e Oty e 0 g et
bl G e
DL S R e
QGTe GEn L 0Z°1T 09
go*CcTOos 0s* Q(s*
9% 2= 0Tt .= G0 a5
g2*% 0% 1L6*  0s*
Ge*Z g5 OHg*-rtgs*
G#*1 01* 20°* ¢c9°
gg* 61" 8ot gget
DE*E “666 °5&66 0Z°1
ggce gt~ ~BG®  DH*
00°*sH%01* “666 0Z2°
*666 0S*T €8°*1 6C*
ge*»10%* €06°* CC°
002 Q0c* 6€C° z”°
g¥*s pz* 9z* Zt°
ue*s 91°* 66° €g°
Go*e 01° ¢€1°* (l¢g°
gz*e b2~ &7 ET°
oh*s Q0I° ST (LE®
QE*E OF" S&* LE°T
peg*e 61 L6 0Q1°1

gt 0e°
g1* -ge
0c*ST00°LT
fe*y 0s°*¢
Gerg ge°9
09%*2 0e°¢
ge*  06%°
BN 0% e
BT e Ot
Gt chEs
ges - GSs?
be* oO%°
0. 05°
Dg™ Ql°
0g*e10€°€T
gec*® 09°
0s¢°1 00°2
0%°T 012
pe* o08°
6%* C€°
g%*~1 01°2
00°T 06°1
0%* @g*
ge* 0e°



183

1979 Intensive Survey




184

EL-60-6129%5:8700°8 °*6€6
6L-60-6129%S:L1°666 °*666
6L-60-6TC9%S:9T00°L °*6E€6
6L-60-6129%5:51°666 °666
€L-60-6129%5:%100°8 °"€6E6
6L-60-6T129%5:€T1°666 °6€6
6L-60-6122%5:2100°8 °666
6L-60-6129%S:11°666 666
6L-60-6129%5:0T700°6 °6€6
6L-60-6129%S:6 °666 °€66
61-60-6129%5:8 00°0T1°6¢€6
6L-60-6129%5:L °666 °*€E€6
6L-60-6129%5:9 00°01Is8L°¢
€L-60-02192%3:8 00°CTI°€ES
6L-60-02192%2:L °"6€EE€ °6¢€6
6L-60-02199¢€:9 00°T1°6€6
6L-60-02198%:5 °666 °BES
6L-60-02198%:% 00°T1°6€6E
6L-60-021T92%3:€ °666 °6€6
6L-60-02192%2:C 00°T10S8°C
6L-60-0219C%:1 °666 °6€6
6L-60-02199¢€:0 °6€6 °6E€6
6L-60-6TTOCH:E7°666 °666
61-60-61195€:2200°8 °€€6
6L-60-6TT0%5:12°666 °6E6
6L-60-6TT199€:0200°6 "6€6
6L-60-6TTIO8BY:61°666 °666
€L-60-6TT98%:8100°8 °6¢€6
6L-60-6TT98%:LT1°666 "£66
6L-60-6TT98%:9T00%°6 °66€6
6L-60-6T198%:51°666 °6¢6

6L-60-6T1192%:%100°61°666

6L-60-6TTI96YIET"666

*6€6

6L-60-6TTO8%:CT00°C1°6E6E

6L-60-6TT98%:11°666

666

6Ll-60-6T1T98%20T00°01°666€

6L-60-61198%:6 °666 °6&6
61-60-61198%:8 00°0T°EEE
6L-60-6T198%:L °*666 °EE6

6L-60-61198%:9 00°6 €C°¥

*666
06 °L
0g°L
08°L
00°8
GL°L
08°!L
0e°*L
og*L
0g°l
0L°4L
09°L
% At 4
0g*s
08°L
08°4L
ge*dL
°666
‘666
*666
*666
666
*666
666
‘666
*666
*666
°866
08°4
08°L
08°L
0L
08°L
og*L
0e*L
08°L
0g°L
0g°L
09°¢L
g0s°L .

666
666
*666
666
E66
*666
*666
*€66
*666
666
*666
666
€66
*666
*666
666
*666
*666
666
666
*666
€666
666
666
*66¢€
*66E
666
°66¢E
°e66
°666
°666
*666
*66¢€
*66¢E
*666
666
666
*E66
*666
°666

"EE6
e°Cy
0°(s
0°C¢
0°C¢c
6°Cs
0°¢s
C* (s
0°Cs
0°Cs
0°Cs
c*Cs
(0 Sl 91
3l oL
0°Cs
0*Cs
0*€s
*666
666
*66¢E
*6E6
*6e6
“6EB
*666
“666
*665
‘666
*666
0°Ce
gets
0°Cs
0°C¢c
0°(Cs
0°Cs
0°C¥
0*CYy
0*'Cs
0°Cs
g°ts
0°Cs

08°¢c00°8
06°2202°8
08°¢zZos°®g
06°cZ201°8
gg°ceoL L
0g*cecol*¢e
08°zz20C*8
0L~Z2208" L
0L*ci0e*L
L 220%*L
BL*2209"L
0L°2C°€ct
09*22°666
0~ eZns L
06120 L
0G0°220e"L
go~zevetl
be*geoz*L
09°220%°L
0S5 *Z20E L
0s°2ZBe"L
09*¢z20e°L
09°2262°L
6L*c20s°*L
09°c2e0s°8
P R A0 A &
0g*2z080°8 .
0e°2208°L
06°2Z20%%E
Ge*tzog°L
0ecceoe*l
06°2200°8
06*22DE"E
08*2co0°s
g0cecgecee
00°c206°L
08°cc08°4L
0s°c20s°L
0%°27°6¢€¢
06°22°666

i !
666
§s°7
666
£ES* T
666
gg°1
668
0%7°1
*66¢&
EL"T
*66¢6
eyl
09
*666
By 1
°666
ce*l
*6¢Et
g1°1
‘666
€9°*

*660
80°1
666
§Z2°1
*656
ge*tl
€56
e2°1
666
€s°1
666
0L°t
*6€66
gL°1
668
€s*1
666
g0°¢

G0°€101" S0° CE°T
00°ZT°€EE *6EE 666
00°%I0T° s0° 92°1
05°6 "EE6 "E66 "EEE
0e*L 0T° sC° 92°1
0°9ST"6EE "E66 "6EE
00°GTOT* SC* §2°1
0E*% *6E6 €66 "£66
0%°T101° s0° 92°1
00°21°666 €66 "666
00°€T01° €0° 12°1
00°ST°666 "666 "€66
0°%0T01° €0° <€°1
"£66 01°* %0° 12°T
00°%S"666 €66 "6E6
00°»10T° ¥0° sSE€°1
"666 "666 666 666
"666 0T %0° 1£°1
00°ST"666 *666 *6EE
"666 01° <0° $2°1
666 665 ‘E6E €66
"666 0I° %0°* L2°1
0%°6 "566 666 666
00°%101° #6° O0€°T
00°BI*E66 "€6E "666
00°€T0T® €0° T€°T
00°ST"6E6 *666 *666
06°6 ¢1* €0° 2€°1
"666 "6E6 666 666
*666 0T* €0 0£°1
00°TZ°€EE "€66 “666
0T°GTIOTI* &0° S2°T
0Z"€T1°666 "£6E €66
0z*8 C1* $0° S2°T
OE*L "€66 "666 "6EE
00°%10T* S6° €I°T
00°L1°666 "££6 "666
00°STOT* S0° 5E€°T
0S*01°666 666 "6€6
00°LI10T° §0° L1°1

"o

[

¢ O
~3
L]

wmorhoaan o
LA L]
(8]

LI e
o

*66¢€
0s°
*6E6
0s°
‘€66
0g”
666
og*
686
*6EE
02"

*66E

]

“6€E
Gis:®
*Ee6
*6€6
gH*
*6€6
0%°
*666
ge*
*6EE
o%*
*6EE

gs*

*6E6

0g*
*EEE
G9"°
668
ge*
*EE6
01"

61°1
“6E6
oec*1
*EES
og*
*6€6
0g*°
*6EE
oe*
*66E
0Ll°
*€66
181 e
0€*
*E66
06°
*EEb
gs’?
*666
g9 *
TELE
gg°
*€66
ge~
*EEE
L
666
0G°
*e66
oL*
*E66
ge*
“&E6
0I°1
‘€66
01°1
€66
0%°
*E66
0:.L



185

6L-60-02€9495:8 Q0°9 °¢é66
6L-60-02€9%S:L *666 “€E€6
6L-60-02E9%S5:9 00°01°€€€

6L-E0-0ZE9YS:S °*6E6 °6E€E6
6L-60-C2€900325 00°L °6€6
6L-60-0C2€98%:C °666 °6€6
€6L-60-02€9%5:2 00°21°¢€66
€L-60-02€90022 °*6€6 °€66
6L-60-0C2€9%520 00°T1IsL°L
€L-60-6TEIYSIET°66E °666

6L-60-6TE98%:2200°CT°666
6L-60-6TE900:22°666 °6E6
6L-60-6TE0%5:0200°¥1°666
61-60-6T€900:02°666 °666
6L-60-6TED90:6T00°CT 666
6L-60-6TE900:8T°666 666
6L-60-6TE€9003LT00°ET 666
6L-60-6TES00391°666 °6E6
6L-60-6TE900:5T00°LT°€666
6L-60-6TE90029T°666 °6E6
6L-60-6TE9002ET00°¥1°666
6L-60-6T€90022T°666 °5666
61-60-6TE€9903TT00°9T 666

5L-60-6T€200:01°66€ °6€6
6L-60-61£900:6 00°01°666
6L-60-61€900:8 °666 °6E6
6L-60-6T£990:2L 00°018C°¢
6L-60-0229%5:8 00°6 °c¢€6
6L-60-02298%:L 666 °6EB
6L-60-02298%:9 00°8 °6€6
6L-60-0C0798%:5 666 °666
6L-60-0229%5:% 00°8 °6€6
6L-60-0229C%:c °666 °6¢€6
6L-60-02298%:C 00°L °666
6L-60-02298%3T °666 °666
6§.-60-02298%:0 00°L 80°%
6L-60-6T298%:€7°666 °6€6
6L-60-61292%:2200°L °6€6
6L-60-612900222°666 °666
6.-60-61798%:0200°8 °6E€6
6L-60-612900:0C2°666 °666

00°8 °6€6
00°8 °666
0e*L °666
08°L °666
*666 °*€66
666 °666
*666 °666
“666 °66¢6
*666 °666
*666 °666
*666 °66¢&
°666 °666
°666 *6€6
*66€ "E66
"666 °666
07°6 °666
08°6 °666
08°6 °666
00°01°666
0s°6 °666
08°6 °¢&6¢
06°6 °666
0%°6 °6Ee
08°8 °6¢&¢€
0L°L °*66€
09°L °666
0s*L °666
08°L °666
08°L °666
08°L °666
0E°L °666
*666 °666
*666 °666
*666 °666
666 .°666
666 666
*666 °666
666 °666
666 *666
666 °666
°666 °666

g°Cc
0°C%
0°Cy
*eEe
‘666
b -1 -1
666
‘666
666
°6E6
666
*666
665
666
Ye66
0° (¢
0°C¢g
L0 sl 1
0"CE
gRiCe
0°C¢
g CE
0Ly
0°C¥
Ri*EY
0*Ls
0°¢Cs
0°Cs
0°Cs
0= CY
666
666
°666
*6E5
‘66¢E
666
666
°666
°666
*666
‘666

0s°1T20s8°L
09°1206°¢L
0L°Te08 1
oL°T2CY" L
gL*Td0DL"L
08°120¢c°1
06°€208°6
6%°2206°8
0lL*2200°6
SRR A T

sH*1
*66E
SE*T
*666
FE"T
*"66€
g2t

666
Be°<C

*66¢€

0Z*"E208°01LE "L
02°€Z02°11°666
Q> EZ0y° 2186 E
Qe eeuH 216566
05°Ee20C2*2150°Y
DE*EZ200°Z21° 666
gE~eche ety
0S5°€l0B°E1°666
0B EZ03 ETEL™Y
0e°c200°c1"6€E6
0B°EZ08°ETEZ"S
09°€2C0°ET*6EE
Q0*EZ0Z "21es"t
0T*€ECGI°01°66¢E

0L°cc0€e*L

§°2Z°6¢6é6
09°l2°¢€EE
pe*ZenitL
0t1°¢eoec*L
0z°2202°L
0g*220e°L
pge*2eog*L
Oig*zZon L
0g9°czzoc°l
09*cels™ 4
09°220s°L
05°2208°¢
0L°720¢c°L
0B* 220y L
g6 gZ0s"L
0g°zzo1°e

gL°1
°666
g5°*

L B ¢
€666
125 Tl €
*eééd
g7°1
*e6e
00°1
°666
A ¢
*EES
60°1
666
g¢°1
*E6€E

00°2L0T1°

0C°ST 6ES

00°0eCT"

00°%1°6¢€6

6iL*8
*66€

c1°*
‘666

00°Gs01"*
00°%9°666
go°szot*
g0*8Z°666
*66€ O0OT°
00°09°666
0g*eL01"°
00°09°€ES
*e66 01°

666
“66¢E

665
i

ge*2s*666
00°2s0t°
00°Z9°666

*666

00°G9°6€6

0t°

00*2s01°

D00°TT EEE

go°etot”

00°sT1°86¢€

po°s101*
0g*e 01°

00°21°6686

go*sior-

*66¢6

“EES

Go*0¢oT1”

00°*#»1"€éb

*666
gg°6
*666
*&6E
666
ge*s
‘666
*665

01"
*6EE
01*
*665
ot*
*666
git*
“EE6

&0 *

"E66

€0°

*EE6

<0°
‘E6E
L
*e66

¥0*

*6EE

£0"°
*EEB
£Q°
*E66
128 0

“EE6

gE0"*

666
%0°
‘666
got
666
g

*6656

50°

*E66

VAU
%0°

‘666

%0°

*EEE

£Q*

666

cG*
"E6E
se*
*E66
s0°
“66E
AN
“E6E

le*1
*EE6
€0°T
€66

12”1
*EEE
I6*

*666
TT*E
‘€66
6"

*E66

iL°
666
20T

*6€6

26"

*6EL
Z6°
*566
Z6°
*666

H0* T
€66
Te° 1
*66¢6
Lz°1
ce°t
‘666
EEST
*666
gz°1

*666
S2°1
*E6E
gc*1
*666
Le*t
*eke
£2*1
*E6EE

0s*

*EEE

og*

*6EL

6s”®
*66¢€
01°
*6EE
o0ce
*666
0t1°
*66¢€

ot°

*E6E

ot1°

666

311 B

*6€6
otr*
666
0t°
656
D1*

*66€

0E*

"6EE

gs*
e

*E66

2

*6E6

oe*
666
0s°
666
(T
*es8E
be*
*E€Eb
oy*
*66€E

0L°
*666
0L°
666
oe*
*€6E
ge*
*666
gg°*
*666
0g*°
*6€6
cT°t
€66
oL®
*6€6
gg*
666
0L°
*E66
og*
*8E6
OL®
666
0L*
€666
08°
L
*6E6
oL*
*EEE
oL®
*666
og*°
*666
oL®
*66¢€
0e-°
666
01°1
°6€6



186

6L-60-6T59%S:8BI0C°CT°6€6
6L-60-6T1S92%:L1°666 °6656
6L-60-61692%:9T100°91°666
6L-60-615989:5T°666 °*6E6
6L-60-61592%:9100°0C2°€66
6L-60-61S92%2€1°666 °"€€6
6L-60-6159%S:2100°0¢C°6€6
6L-60-61592%:T1°666 °EE€6
6L-60~-615924%:0100°07°666

6L-60-61522%:6 666 °"6&6
€L-60-61592%:8 00°22°666
€L-60-6159C%:L °*6E€6 °6€6
6L-60-615900:L 00°%106°6
6L-60-0C%92928B 00°LTI°6ES
6L-60-02%92%:L °666 °*666
61-60-02%9292:9 00°S1°666
6L-60-02%92%2S °666 °6E€6
6L-60-02%38%:% 00°0T1°6€6
6L-60-02998%:C °666 °666
6L-60-02%98%:2 00°61°€€6
6L-60-02%98%:1T °666 °€€6

6L-60-02%98%:0
6L-60-619%389:€2°666 "€66
6L-60-6T992%9:2200°9T°6¢€6
6L-60-6T992%:17°666 °6E€E6
61L-60-6T9302%:0200°02°6¢6
6Ll-60-6T%97%261°666 °666
6L-60-619902:8T00°9T°€€6
61-60-61T%99€:L1°666 °€66
6L-60-6T929€:9100°21°666
6L-60-6T999€:51°666 °666
6L-60-61%99E:%T00°BT €EEE
6L-60-6TH»90EET°666 °€66
61-60-61%98%:2100°12°666
€L-60-6T999€:T1°666 °6€6
6L-60-6T%99€:0100°22°€€6

6L-60-6T990¢c26 °666 °666
6L-60-6T%99€:8 00°9C°€€6
6L-60-614%9GE2L °666 °6€E6

EL-60-61992%:9.00°STSL"TTI00°6

00°0250°9105°6

02°6 °E66
0%°6 °666
09°6 °€66
09°8 °*66€6
0%°€ *€6€
00°8 °66¢
0%»°6 °666
0L°6 °666
0%°6 °666
0Z2°6 °¢c66
02°6 666
00*6 °£66
00°6 °66¢6
0Z2°6 °666
0c°6 °666
peE*6 °666
0Z°e °666
0s°*8 *666
0g°*8 °6¢66
0%°6 °666
0L*6 666

666
08°*6 °66¢
0Z°11°6686
0e*6 °€66
09°6 °666
02°01°666
0T°01°66¢6
08°6 "66€
08°6 °666
08°8 °€66
0%°8 °€66
02°6 °€66
02°6 °6£¢€
00°6 °666
0%°6 °656
02°e °666
01°6 °666
0e°6 °666

*666

666
0°Ce
¢eC¢e
3l
g°Ce
£
D°CE
‘€66
OsCEe
g°C¥
DLy
pEce
g*C%
gLy
gaCh
G°Ce
g*ce
*6€6
*"€6€
*6€¢E
*e6é6
666
*6E6
*666
*66¢E
*E66
*e6é
*666
0°Ce
0 Le
0%Ce
5 o
0°CE
0*Ce
GLCE
06°C¢e
0*EE
0°LY
grEE
DtCE

0s*

£E¢08°11¢t0°S

0L*€ 209 2T 666
BE"EZ09°ET9% "9
Ue"edbL21"666
00°%209°€10%°5
69°€202°01"666
QLTEZDY 2TEE L
O eeoe"si®66¢E
QY E206°9TEL S
e "£2066°ET EED
QI*ed0s2tse*s
01°€202°¢1°666
0Z°Ee0a DTSR Y
GO ERDZYETION"9

0%°
0¢6°
0e*
gs*
0s*
ge”*

0t1°
0G*°
QZ°ET0C " EL°66E
09° 20 eT06°%
0L°€Z00°11°€56
09*gego*clet®L
06°€202°*%1°666
0L E206°Y18L"S
06°€200°91°666
00°%920L°STETL"L
06°€ECL0 ST 6ESD
0B°€206°T1EE"Y
GI*%202°91%666
06tE20LSTEST L
0g°
0s*

0"
ge¢-
00°
g6°

1200°2T°€66
12006°2150°9
20817666
¢ele " 0T8B Y
€c06°6 “666
ZZ20B 0tSCtl
£200°21°6665
EL Wt TESE G

€208°v1°€66
£208°91E9Y
ECQO°%T 66E
e200°ETE8L°%
ECOT"ET*656
c200°cIgg" Y

00°*¢90T"®
*E6E 666
00*%801°
00°95°€€6
go°ocsct”
0"0DET€EGE
p*oZIoT”
00°%6°6€€
00°LS0T°
*666 *EEL
SR O o
0SS 9666
Go*esol”
gosisge”
*666 “E6E
go*eLoe”
"666 *666
*666 0t°
0*3tiL 666
R*9R TR
L2712 6656
*666 OI°
*666. “6E6L
00°*¢z0s*
*66€ €66
G0*ni0E”
G°9T1°€66
T6e6 0Z°
0Cc°vB8 6et
g*ZtLree=
00°v6°666
00°%90¢L°
0°G01°66¢6
OH*210€E"
g0°0g°esd6
gg*e 0z°
00°TL*6E6
*£66 0OT1°
00*95°€6b
go*>9 91°

32 6y
666
so*
*66E€
€o°
*€£66
s0°
*E66
s0*
*&6E
v0°
*E56
12
&0
‘666
€0°
‘666
- G
*66€
“E66&
“E6H
“E6E6E
*666
*E566
666
Se>
666
£0°
666
‘€66
666
gZ*
€66
eZ'y
666
€G*
‘666
98
*E66
Bl 7

z26°
*6€E6
gEL"
*66€
Sic
‘€66
S0
666
D€ *°
666
68 °
‘666
1T
&L °
*66€
8L"
666
oo~ T
*E66
og*
*6£6
%L°
*6€6
gs6°
‘666
011
‘666
LL°
te66
ks
*6€6
GE*t
*BEE
g
656
2
*666
s -
*BEGL
68 °

o1*
*6E6
0t°
"6EE
6T1°
*666
01°
“6E6
61°*
*EEE
35
tEEE
gF"
age
*666
QL®
*E66
0%y
*€66
08°1
*6€6
SpTssel
666
0s°¢
666
beoe
*6EE
0e*
*E6€6
gg*
“666
66y
‘666
08°1
*e&E
g%
*EEE
0s*
666
01°

ce°1
*6E6
el
*£66
gE*T
Y666
0z°1
€66
0v°1
666
ge* 1
*666
06°

BE <
*6E6
CT°¢
666
2R
e
02*%
‘666
0%l 3
‘666
0t*9
*e66
ge*g
“6EE
35 °¢
*666
09°2
"EEE
QgL
*EEb
ooy
*6E6
0g°1
*EE6
og°1
€66
R




187

6L-60-02992%:8 00°€ET1°6€E6 06°8 *66E
6L-60-02992%:L “666 °€66 09°8 ‘666
£L-60-02999€3:9 00°%1°6€6 0L°8 °*€6¢€
6L-60-02952%:6 666 °BEE 666 666
6L-60-02998%:% 00°H1°€E6 01°6 °666
£L-60-02997%3E *666 °6E6 0g°L *666
61-60-02992%3C 00°ST°€EES 00°8 °€&¢€
6L-60-02992%:1 °666 666 QL8 *666
6L-60-02992%:0 00°CTEL°0T0B°L °666
6L-60-61992%2€2°666 *g66 °666 666
m~100|mﬁomN¢uNNoo.oﬁ.omm 0z°6 °666
6L-60-6199%2:12°666 *g66 01°01°666
m~|mOImHowom"oNoo.wﬁ.mmm 0T°01°6€6
6L-60-61992%:61°666 *g66 0%°6 "E6E
ms!monmﬁommqnmacoqwﬁ.mmm 0z°*6 °666
61-60-6199293L1°666 *¢66 0%°6 °66FE
m»lootmaowwwuowoo.vﬂammm 0s°6 *666
6L-60-61992%351°666 *g66 02°01°666
mhlmo!mﬂmmmww¢ﬁoo.wmummm 00°01°666
6L-60-61952%:€1°666 *ge€ 02°01°566
mhlmolmﬂowmvnwﬂ¢o.ﬂmcmmm 00°01°666
61-60-61997%:T1°666 *g€6 00°8 °666
m&!motmﬁwmwwuoaoo-Mﬁ.mmm 0L°L °E6E
6L-60-61992%:6 °666 *¢66 08°L °666
6L-60-6T99C%:28 00°cz666 01°6 °“6€6
6L-60-61992%:L 666 *cE6 01°6 °6€6
6L-60-6199C%:9 00°8180°5T00°6 666
6L-60-02598%:8 0O cI°6€6 07°6 666
6.L-60-02598%3:L °666 666 00°0T°666
6.-60-02558%:9 00°TT°6€66 06°8 °666
6L-60-02598%:5 °666 ‘666 0E°6 °666
6L-60-025S%S%? 00°TT°666 06°8 °E6E
6L-60-0269%5:¢8 °“6€6 666 0€£°6 °666
61-60-0259%5:¢ 00°9T°6€66 05°6 666
6L-60-0259%5:T °666 666 0L°6 "E6E
6.-60-0269%5:0 00°LIET°E109°6 °666
6l-60-61598%:€7°666 *666 O0L°€E °666
m»lmo'mﬁm0m¢"mmoo.mﬂ.mmm 0s°01°666
eL-60-6T599€:1C°666 666 06°01°666
mnlmotmﬁmm¢mu0Noo.Nﬁ.mmm 0L°01°666

0Z*01°666

6L-60-6T50%5:61°666 *666

p°Cc
0° (<
0°C2
5k i
€66
‘666
*6EL
*6EE
*6€6
‘666
*6EE
*666
*666
‘666
‘666
0°(C?
0*>02
Rl 9
062
g*Le
Gl
p°C<
0°(Ct
[
p*Le
g (¢t
0*Ls
0°CY¥
p=CY
GoCYy
0°C¢t
*6€6
*EEE
*666
*EESL
*6EE
*6€6
666
*666
*E66
“€66

i

0%°020%°C1S
0§°0c0%9°6 °
po*tzoL*e O
065°0200°¥1°6
00°TZ0E"S
0E"6100°9
00°020L°G
A BI0E" L
08°6106°6S
0%°1209°G °666
01°2208°6 €9°L
0E*CZ0%°cI°66¢E
08°2201°G1SE°8
00°€20E°TT 660
0E°€Z06°T165°9
06°CZCI*Y1°666
0Z°%208°€108°L
06° 9209 L1 €E6E
08°%20C°91c8°¢E
0L*SZ0E°ST1 €6E
GO0°LZOS Y10y €
0%° €705 8 €66
0%°220€°L €%°¢
08°2209°L °€66
0§°2206°218E°S
0%°€202°€1° 666
QE*E20Z°ETSL"9
00°EZ0%°0T86°Y
0v°EZ08°6 "E6E
08°1202°€ BE®Y
01°2200°01°666
gzezz0e°8 0%°%
0E*2Z00°0T°666
04°2200°018L"3
05°Z208°0T°6€E
pR*zzZ0Z°*T1TIEL"S
08°E20%°TT°66E
0Z°€201°1106°Y
Cy°€Z09°T1°666
5*€209°21¢%°¢
09°€200°21°666

NN oo
(] e O
M <+ Oy

O iy o

Lem]
<
°

*66
£6° Y
€56
06°¢t

g0~Z806Z"
BB*ZL EER
00°0€CT”
*6e6 °EEE
666 OT°
NO*LLE6E
0G°*%501°
0C°%S°EES
oo°*sege”’
00°*%5°666
60*es0C”®
0°*%01°€E6
0G°s901°
00°9LE66E
pe*e G1°
*666 °EEE
go0°*2eot”
0z*S “666
gg®0101°
00°79°€EE
00°g%01"*
po°Zv0c”
*666 °€EE
go°sgzet’
00°LS°EEG
*¢ot (c*
0C*0G° €EEE
*ge6 0C°
00°96°€EEE
00°€L0T°
*EEE °*6ED
*ee6 CT°
00°iE"€EESL
ge=0L01°
00°CG°€6ED

o D e Y e ()

P *
O MO m .‘-),)\f_:‘
N o0 o0 o
n » o™ N

906 °
*66¢€
%0°
666
90°
*E6E
20°
*E6E
£C*
*e66
sG°
‘666
se*
€66
GC*
*EE6
so*
‘666
c0*
£0°
*e66
c1°
‘666
€0°*
*E6E
EQ*
*8€6
£G”
*666
20 °
*E6E
%
*E&6

2T~ 07"
566 "6EE
€71 OT°
cLEE CEES
L¥° 0tT*
sphE CEER
¢T* DI°
*thE CEEE
T1*® 01°
*e6b °6EE
g1 O1°
*666 °6E6
ce* 5 i
*5h6 °6EE
s¢* 078 G
*ge6 °6E6
sar T
‘666 °*66E
€0 O01°
*LER °EEE
51° c1°
*6EE "EEE
g O0T1°
*6HE °EEE
gg* 0T
*EEE °6EE
gL 01°
E8°% s OF°
*6E6 *EEE
ZO0°*T OI°
€6 °EES
1g° o1°
*EE6 °EEE
av*  *6EE
TELEE °*EEE
¢ge 0OT°
*REE °6BEE
gL* OT°
*EEE CBEE
Zs° 0T1°
*HEE °EEE



188

EL-60-6T1898B%:LT 666 °6£6
6L-60-6T1858%:9100°€2°€6€6
EL-60-61898%:9T°666 °6EB
6L-60-61806%:9T00°L2°6€E6
6L-60-6TE98HY:CT°66€6 °6€E
6L-60-61898%:2100°2C°€€E
€L-60-61898%:1T1°666 °6€€
6L-60-6T892%:0100°61°€6€6
61-60-61898%:6 °666 °666
6L-60-61892%:8 00°T1C2°6€6
6L-60-61892%:L °*666 °€€6

6L-60-61892%:9 00°128C°8108°8

61L-60-0229%5:8 00°81°¢E6E
6L-60-02L92%:L °666 °EE€ES
6L-60-02L9%5:9 00°L1°6€E6
6L-60-02L9%5:S °6€6 °E€6
6L-60-02L9002S 00°61°6¢€6
6L-60-021995:€ °666 °6€6
61-60-07.9003¢ 00°0C°6€6
6L-60-02L9%5:T 666 °6E6

6L-60-022900:T 00°T250°1200°01°6¢€6

6L-60-6TLO9GSE2°666 °EE6
6L-60-6TL300:€200°61°6€6
6L-60-6TLO%SIT7°666 °“EED
6L-60-6TL900:T200°€C°6€6
6L-60-6TL9002:0C7°666 °6€6
6L-60-6T.390:6T100°CC°¢CE6

6L-60-6TL98%:L1°666 °€€6
6L-60-6TL900:2100°6 °666
6Ll-60-61.900:91°666 °6€6

61l-60-611L9%5:9%T00°v»Z2°666
6L-60-6TLS2%:ET1°666 *6€6
61l-60-6TL900:2T00°92°666
EL-60-6TLS%S2TT €66 °6€E6
6L-60-61L9%520T00°C2°¢66¢
6L-60-6TLS8%:6 °€66 °666
6L-60~-61TL9%528 00°0C°¢6¢€6
6L-60-61L986%:L °666 °6€6

6L-60-61192T7:L 00°6188°8T107°¢

*6€E6 °666
0T°01°666
01°01°6066
0T°0T1°¢666
0v*e °666
0L*E8 °*66¢
06°L °666
09°L °666
0Z2°8 °666
0L°8 °666
08°8 °66¢

666
069°8 °666
09°8 °666
0%#°8 °666
08°8 °666
0¥°6 °666
08°6 °666
09°6 °666
00°01°666
08°€ °6566
CL°TTI 666
08°T1°€66
0S°T1°€66
06°6 °E6¢
Ce*8 °666
0%°8 °666
0E°€E °666
0B8°6 °66¢6
GL°6 66t
08°¢ °666
09°6 °666
0c°6 °666
0%°6 °é6éb
Ge°6 °666
05°6 .°666.
02°6 €66

666

0°(C¢
0°(C2
6*C2
06

Rl 674
0*CT
0°C7
¢ Al
02
€<
0Mez
0*C2
0°C¢
0°C¢t
0°(C¢
pece
*6E6
*666
Y X
“EE6
*6€6
*eEb
*666
*6EE
*66€
‘€66
*666
¢ Dl 1874
0°C2
0°*(C¢
0°C2
fSC 7
p°C¢
0°C¢
g*ce
0°C¢
0°Cy
0°CH
0°C»

09°%20T*LT1°66E

666 °*EEE

gL*%201°5T06°TTLCTI02"

06°%208°LTCL"E

"€6E °*6€6

09*S208 LTEY"TTIC "9 ET0Z"®

00°c20%°91°6606

0*%et1"666

00°9200°»18€°0100°9L0¢€"°

00°%20c*0T 666
09°eg20e°8 8C*9
0%#°ec0G°21°66¢
0%°ez06°2102°%
0S°e700°€T°666
0%°e208°TTS8L"L
0Z2°£2069°01E8°9
01°%20%°01°666
0€°C20%°6 S6°S
0%°cZog"6 *6£66
0% ZZlc " tEsa" L
0Y%*220C 21668
0L*2Z0L°1188°%L
08°C2Z0R°ZTI°6EC
OO0 ECBETETOL®E
0E*E20Ll°ET 666
09°£202°%186°8
09 *EZCH*HT *666
06°cc06°9156°8
0T1°%205°H1°€66
00 9200°91S€°L
0T°*%209°c1"666
0y°v20e°9186°%
09°72C6°91°666

*E6E 666
00°€c0c*
"E6E °E€6
0G6°1s80¢°
00°cL 666
g6*seGe”
666 0"
“66€& °E66
60*3860¢"°
0*9ET*665
*666 G€*
*66E “E66
*666 0Z°
*66€6 *EEE
*eE6 0C°
T666 °E66
666 0C°
"66€ °666
C*8%106%°
C°7ET1°€66
*66E O%"
€66 °*66E
0*ST10%°
*66E *EEE

g%* 10y 9TET*TTIO"SETRE "

05°*%202°S1°6¢€5

Beee1 666

QE*%Z00*9TSE*TT0 9ETOC"®

C0°%209°651°6656
0l*€201°51S1°¢E
0L°€20%°%1°6586
9 EZ0R EISE"S
09°€202°91° 686
06°€206°CTc%"¢

0°*%H%1°€6¢E
g*8210"°

00*7E%€66E

0G*%»80T1°
00*2L°€6k
00°*2L0c”

*6E6
96
* 666
T.i*
*666
5¢°
*E£66
Hig*
“E6E
ge”*
*Ee66
%1.°*
11°
*666
<
SE65
Lo*
‘666
S0°
‘666

G0°*
668
cG*
*E66
51°
€65
ge*
*6EE
2"
*E66
TE
566
E0"*
‘666
&g*
*EEHR
Lo*
* &6
gip®

*666
pe*
*E66
0T1°*
EEE
0g*%
EE6
Ns*g
*EEE
gg8°¢
*EEé
0%°1
B1°Z
*6E€
00°%
*BEE
0%°
*66E
09°
12
g1°
"E66
o1°
*66¢
0.5
*6ES
DL*g
‘66€
t6°¢
*EEE
oZ*
*EEE
ot1°
*€66
0¢*
*EEE
Ge*
*EEE
0%

*E6E
01°2
*£66
02 *¢
*666
0L
*6EE
0s°6
*EEE
0% s
*666
0s°¢
0t°*s
*6EE
08°9
*66€
ce°¢
*666
0E*¢
€66
0€e°T
666
cg°1
‘666
pc°¢
*6E6
0Z*L
*eEé
OTeG
*666
g5 *e
666
De*¢
*6EE
0e°¢
666
be*1
*666
0c°1



189

6L-60-0Z210¢c:¢

6L-60-6T2T00:L100°6

6L-60-61212%:11
6L-60-02T12%:8
6L-60-6TTT00:4L1
6L-60-6TTIC%:11
6L-60-02012%:8

€L-60-610T00:2700°S101°%10%°8
6L-60-6T0T0€:TT00°9T0€°6106°L

6L-60-02898%:8
6L-60-02898%:2
6L-60-02892%:9
6L-60-02898%:%
6L-60-0289%5:%
61-60-0289%63¢
6L-60-0289%5:2
6L-60-02898%:1
6L-60-0289%530
6L-60-6T189%G3¢€2
6L-60-6T89%5:22
61L-60-61892%312
6L-60-6T898%:02
61-60-6189+5261

@08 €9%¢ 09°L *666
Sg*¢ 0E*L *668

00°s 0E*E 0E°Ll °66E
00°L ES*2 DL*L “€€€
00°8 80°¢ 0L°9 °*66¢
00°21IBL*2 0%°L *666
00°€Tel®6 06°L *686
*666

*6€E6

00°12°66€ 0L°8 °6EE
*666 *6€£6 08°8 *666
00°0C°€c€ce 06°8 °666
“666 666 °666 "6EE
00°61°€c€6 08°8 °666
°666 °666 08°8 °6€6
00°61°6€6 0E°8B °66E
*666 *666 06°L °666
00°€CEY°ST08°L °66¢€
°666 °6€6 09°B °666
00°%2°€€6 02°0GT°€66
*666 666 0S5°6 °666
00°TZ°€€6 08°6 °666
666 °6€66 0L°6 °666
0Z°01°66¢

6L-€E0-6T8SERIBTI00°C72°€EEE

‘666 BL°1L101°6 GO°*T 02T p1°
*66E OY"H5T05°8 8CZ°1 "€6€ 01"
O LZ2T0L° 024 B S6°F 9%TL &1
*6E6 00°51708°8 B0°1T °*66€ O1°
*66E6 08°BIOS*8 OS°T 0%°1 01°
0°L8 €5°6t0e*8 61°1 00T OT°
OSCSTBI " »20Y B £8°t *E66 O8°
“6EE DD°S209°8 Ql°L °656 0Z°
"HEE 0092098 G¥*e 0e* . gZ°*
G5C2 O%*1Z08*TII0S*L 00~T80E"
0°C2 GL°TI20% 11666 "EEE “EE&6
G*C2 .05 120%°0105°L °&66 De°
G°CZ OL*TZ20G0°1T*66E 656 666
666 09°1200°91°c66 QO0°LSQE®
*€E6 0%°1206°6 *EEE *66E 666
666 0£°1200°6 L%°L 30°SL0%°
*666 0C°170L°G *é6E 00°ES°6ek
*6€€ (0C7°€7098°9 BL*6 (GG°0LGS®
“6€6 GG CTZO0%°T1I"666 °*6EE *6665
666 00°EZCY°*STOT°11°6€E 0%°
666 0%°€Z0E*ET°668 0098665
*666 OL*EZOE*STIEL"s O O0%10Z°
*66€ 06°El0E6°ST 66E €66 “€66
*€6& 0E°%20T°LTEl°0T00°0802"

0E*T.-

91

*566

re*

*E6E

Le*

"6€6
0zt
666
06°T
666
Lv®

*56¢

P

“EES

€

~
3

01" . 0e°
gt=  Bz*
gT*> oDe*
61* ©De°
01* Ge°
215 CAR U8

85°9108° LT
0s*L102°87
Go*Z162 9T

002 01°S
"6€6 °*666
0s*1 0Z*%
*EEE °*6E6
B5*2 OR*%H
*EEE TEEE
0L*% 08°L
*666 °*E£66
0oty 0%°L
666 °EE6
gz* ©e*¢
*666 °6E6
g%° 01t
€66 °EE6
0g* 01°2




190

1980 Slackwater Surveys



191

0g-60~-%02151:9100°1
08-60-%0T16T35100°8 Lv°€E

08-60-%0016T:5100°%10L°€10C

ge.rL

666 09°L 96°C

00°¢C

08-60-40690E:5T00°G2SE6T0B L °666
08-60-08906:0100°LT°6€6 OL°L ‘66¢€
08-60-40.900:TT00°6C02L°8€05°6 666
08-60-909902:TT00°L20C2°9€0€8°E *666
08-60-90596T21100°97°€€6 05°6 666
08-60-%0%901:1100°82°666 0v°¢€ *666
owlmOIQOMwmmuHﬁoo.MNON.mmoo.oﬁ.omm

08-60-%025S%:T100°0T°6€6

08-60-%01555:T100°6 °666
08-90-62210035100°8 °6¢€6
08-90-621T1I5%20T00°8 "€66

08-90-52016T:%T00°LT"6€6
08-90-526900:T100°6 °666
08-90-528902:ET00°€E2°666
08-90-52L90€3E€T00°0€°666
08-90-52990%€T00° LTI 6EE
08-90-52590563E€T00°CC°666
08-90-52%980:%T00°ST"€EE6
08-90-62€9623%100°91°666
08-90-62279L€E2%T00°T1°666
08-90-621905:%100°TT°666

gL
0s°¢L

*666€
666

*e66
*e€b

6°L 01°9E°€EE

*6€66
0TSt
0*ic
0et
0T
0°ET
g*CE
0°ET
bl

06°8 $9°€10°%7¢
0%°8 7l*eg 66t
058 006°1E°666

0v°8
06°8
cy°6
0Z°6
08°6
08°6
0L°6
gL*8
00°8

*666 0°%¢
*666 0°(C¢t
*666 C°C¢t
666 £0°¢1
*666 S°LE
*666 0°(¢€
*666 0°¢<¢E
*666 0°(C¢
*66€ S°C¢

pg*cz0s°8 00°1 8°¢ O1°
00°62G9°8 s¢°C g*3 01°
0E°SZ00°8 €0°G €66 0C°
01°9265°8 826 %°L 07°
06°520%°% £0°*9 s°62 0€°

0¥ L202°0T66°LTT°0€102°1
0Z*Llz0%*2108°216°9% 0¢€°
0S*LZ0L*€ 0G°cTe*18 09°
0E*8206°T100°5T9°2€10L"

0C°*8202°%150°71€°€S 0C°

g0*8Z0€°9 00°C 0°CGT O1°

0Z°820L*S 00°C L°6T O1°

06°520C°6 00°T €°¢ 901°C
¢1°2202°8 00°T 0°T 01°0
00°920€°*9 00°L °*ee€ 02°0
01°€z00°8 00°C €°1 01°0
08°L206°L 00°% L°€% 0€°0
06°L20T°01I00*cTE"98 0€°0
06°9201°9 00°5 6°s% 01°0
0§°8202°1100°9T2°%L 02°0
00°8206°2100°s £€°¢9 01°0
08°920%°T1°66€ &°£S 01°C
02°6z06°5 00°¢ 6°¢2 01°0
0E°s520E"€ 00°t T°0Z 01°0

T8
sg*
LT

<
gg*
ge*
s0°
e
S
b S
ic*
10°
T0°C
10°0
11°0
€c*0C
0¢°C
g§1°0
10°0
g¢*0
¥0°0C
16°0
%0°0
1c*C

01 0O%°
01°¢ 01°¢t
ogeo1cc el
00°€ 08°L1
00°L 02°%1
ne*z 0s°L
6T ‘88°¢
gg* ©OE°%
3 PN L
01 0¢°¢
geg* 00°1
oz 0Oe€¢°
61°0 0Z°0
61°C 02°0
8¢ 1T00"ET
01°C 0€°¢
pzZ*e 0S°9
66°*1 CGZ*°*
e1°0 0€°1
0g°0 0€°¢
0g*G 0¢°1
01°0 G2°1
0%°0 06°0
09°0 00°1



192




193

78-80-€22152:01°% *666 I°L &6°8B *666 £°IZ S°8 O0°T H°T 1°0C 10°0 9¢°0 1°C
Z8-80-€2TT05:21°¢ *666 Y*L TI*E 2666 6°TZ %" O°T #°1 1€ 10%0 U07Q 1°0
28-80-£2010T:cT"°¢ 0°Lt S°L 8°0% °666 C°cc €6°8 (G°C *€66 £°1 €1 05°L 901
I8-80-€26900:CT°666 °6E6 "666 °C6E "E6E6 °6HE “E6E 566 *E6E €66 "EEE °"LEE TEEE
Z8-80-€289€6:2T°%T °*€66 G°6 °666 0°€E T°ST S°%T §*6 8°€lL €°C °*€6€ QL°ZT G°C
28-80-S2L9€E:TZT°2T °EE€E H*€ °*6EE 2°EH €°ST G°T1 6°8 0°L7 2°0C sG°C €€°0 1°0
Z8-80-€2996T:2T°0T °666 0°6 °666 9°(% &£°*%Z $°*11 0°¢ <¢°28 1°G %0°0 1%°C 1°0
28-80-€2%90022T°€T 8°81 %°6 °*€66 9°¢€ %°S2 €11 %°s 1°6L 2°C L0°0Q C6°0 TI°0
ZE8-80-£2€90%:11°9 L*H 6°L *666 $°¢9 0°9¢ Z°*g8 1°C 1°0% 1°C ¢€0°C 8¢°T 1°0
¢B~-80-€22982111"5 ‘666 9°L °666 0°SY 0°9¢C L°§ 0°Z L°9® 1°0 ¢€0°C &TI°T 1°0C
28-80-€21900:11°8 *6EE L°B °*666 0°cH €£°SZ 0°01 0°% S°*°62 1°0 €C*0 C&°C T°C
28-80-6TC2TIST221°S *666 %°L 8°S1 °666 0°t€2 G°8 C€°*°1 3°*t T1°0 ¢0°C 9%°0 1°0
Z2E-80-6TTTIOEIET"Y ‘666 0°L %°5 0°C% Q0°€Z ¢°6 O0°T S°1 T°0C 10°C €1°0 1°C
C8-80-6T010%2€1°S 0°S 2T°L 4%ty ‘€66 1°SC E°8 CS°1 °66€ L°0 ¢SS°0 OLl°% £°8
Z8-80-616965:€1°S *666 9°*T °*666 °*66E S°H2 %°8 0"t &£°0C 9°C €%°0 00°9 2°9
28-80-61890€29T°TT °€€6 %°8 °666 ¥%°cC 6°9C S*°1T C°0T Q0°6€ €°0 °27°C O%°t %°0
28-80-6TL96T:9T°%T 9°G2 €°6 °*666 S°(€ %°€C7 %°91 c*°s51 &8°*°2L %°0 11°C s5€°¢ 1I°1
Z8-80-6199%0:9T°2T 2°6T %°€¢ °*666 $°SZ 6°8C 0°S1 L°L 1°0% 2°0 %0°0 €2°C 1°0
28-80-6T%96%:GT°LT S°€Z L°€ °66€6 T°E€ %°8BZ 0°91 €°01 8°€L €°0G LC°0 CT°T 1°0
28-80-6TE90E2ST°ET L°ST S°6 °€E€6 9°(% 2°8C L°¥1 €°8 0°65 2°C 90°0 C€°0 °€¢€d
28-80-61290T:81°Y *6€6 G°L "666 S°€9 Z7°LlT7 8°Ss (CG°C 2°*'8 T1°0 20°0 s9°1 £°C
T9-B0~61192S:1%1°9 *666 S°L *666 C¢°SL 7*LlZ 1°*9 (€°C S8 1°C S0°0 %9°1 ¢°0

o F ~

® o 06 o o 6 o o & o o & ©® o o o (N e o o

COMEHANMNSMNONOOOOONH-WNNO DO
(oAl e ]

M IO N M |00 NN



1982 Intensive Survey

194



195

28-80-97€92€:90°9 2°E 69 “B66 U°CE T°92 89 I*T I°L% BO0°0 %0°0 I¥°1 1°¢c 9°0
28-80-S2E00%:50°666 °*666 6°9 666 "666 £°97 T°L ‘€6 L L1 "€EE °6EE 666 *eeE 666
{8-80-52€5L%2:20°9 *666 8°9 666 °666 €°92 9°9 0°2 I°LI T°0 %0°0 1%»°1 1°0 9°0
78-80-S2ZE9%E:00°666 666 6°9 666 "666 %°97 v°L *6BE 1°TC7 "6€6 °6E6 °EED ‘666 °*EEE
28~-80-92€9¢€:22°9 *666 2°L °“666 *666 T°L7 §°1_ BT €°€1 1°6 %0°0 €5°T 1°0 5°0
28-80-Y2E90€:02°666 €66 B°6 666 °"6E6 T*FZ B°ST "EE6 v°S5G 666 €66 °66E *eE6 666
Z8-80-9%2€9SEBT°6 *6€6 L°6 °*66E& 0°CS 8°LZ Z°ST 0°9 8°6» 1°0 %0°C 0&°0 1°0 0O°1
78-80-5722916202°666 °666 L°G °666 *666 B°ST 6°S 666 T°L €66 €66 °E66 *6E6 666
¢8-80-5229L€:81°9 *666 L°9 °*666 0°SS €£°97 2°9 O0°T1 1°0T 1°0 %0°0 19°T 2°C S°0
28-80-6229S%:91°666 °666 L°9 666 0°S% S°92 €°S °666 £°8 “EE6 °"6EE 666 666 °6€6
78-80-52298%:%1°L 666 0°L °*666 0°CS 8°92 §°L G*2 L*€T 1°0 €0°0 0¢°T1 1°0 s°0
28-80-622964:21°9 - I°S O0°L °666 0°SS 9°9Z 9°8 €°Z 6°02 11°0 €0°0 11T 70 %%
28-80-5729%%:01°L *666 8°% °*666 0°CS 9°9Z €°% 0°2 €°01 I°C %0°0 T9°T 2°C sS°C
28-80-62296€:80°666 °666 6°9 °666 0°C9 €°97 9°G °666 8°%1 “666 *666 ‘666 °666 *6E6
78-80-57298¢€:90°¢ g°z 8°9 °*666 0°CS 2°9Z 7°9 6°0 8*IT1 40°C %0°0 s°1 1°C 9°0
28-80-6ZZ9Z€2%0°666 °666 0°L °*666 "666 €°9C7 L°L °66€ £°1C7 666 °€E€6 666 °6E6 "EEE
78-80-52795€320°9 *666 1°L °666 °"666 2°9C €°L 0°C 9°€Z 1°0 €0°0 S1°1 1°0 9°0
Z6-80-S2298€:00°666 °"666 €°L 666 666 £°F7 F°8 €66 £°57 666 €56 ‘666 °*6E6 666
Z8-80~-%22792%222°9 *666 Z°L °"666 °666 0°LZ $°9 0°T O0°TI1 1°0 %0°0 1€°T 1°C 9°0
78-80-%279L€502°666 "666 0°L °666 666 L°9T T°9 €66 0°3 666 "€666 *EE6 *665 ‘€66
78-80-%7798€:8T°9 *g66 €"1 °*66E 0G°C9 £€*L2 98 G&E O*ST 1°0 %0°0 6" 1°D 9°0
26-80-S2T192S:02°666 °“666 L°9 °666 66 1°GC 0°9 "666 €°8 €66 “6E6 *6E6 ‘€66 "E66
78-80-62192%:81°9 “6E6 L°9 °*666 0°SS €°9¢ 5°% O°T T1°01 1°0 OT1°C 19°T 2°0 5°0
78-80-SZI9T6:91°666 °666 I°L °*666 0°C% S°G2Z G°L °*€66 7°0C €666 666 *EEE 666 °EES
Z8-80-S27986:91°¢ *ge6 2°L °*666 0°SY 6°9Z 8°L 0°T G°&1 1°0 %0°0 e2°T 1I°C %°0
Z8-80-521916:21°L Z*4 £°1 °*666 0°CH» 2°9¢ L°& 1°C 6°2¢ 21°0 £0°0 06°0 1°0 s°0
Z8-80-521906:0T°¢s *6e6 L°9 °*666 0°SS ¥°9Z 6°9 0°2 2°ST 1°C %0°0 €€°1 1°0 6°0
28-80-SZI95%380°666 °6€6 §°% °666 0°(L %°97 0°9 ‘"6ee »°¢ *EE6 "E6E *EEL "EEE "E6S
28-80-6219€%:90°9 €7z L°9 °666 0°C9 2°G2 1°S 6°0 G°if SC°0 sC°C Is°T 1°0 S°0C
78-80-S2196€:%0°666 °"6E6 0°L °*66€6 666 0°9C T1°L °666 0°6T "666 *LEE °*LEE *6EE 666
Z8-80-62190%:20°¢ *G666 T*L “EEE “BGE T°97 &1 B°*? T¢I 10 %00 s@t% 10 57H
28-80-SZ19E»300°666 °666 H°L 666 °*666 %°97 v°& 666 6°9Z "6€6 ‘666 "E6E "6EE "6EE

| 28-80-92198%:22°9 “666 6°L ‘666 °666 0°L7 £°6 0°¢ <S*8Z I°0 €C°0 S0°T T1°0 9°0

| 78-80-92T19T%:02°666 °666 0°L °*666 °*666 L°FT %°S €66 £°S55 "€EE ‘666 666 *E€6 "6EE

W 28=-80-%219%%:81°% *666 0°L °*666 0°C6 8°9¢ C*9 0°T €°61 T°C %0°C 1Is°T 1I°C GS°0




196

28-80-52990€:02°666 666 6°B °666 °666 0°92Z 6°%1 °*666 9°0L 666 *6E6 666 666 °666
28-80-6529992:8T°2T °*€66 §°6 666 0°%7 T°LZ T°LI 0°8 °*666 1°0C %0°0 0%°0 °6€6 0°1
Z8-80-5295E€:91°666 666 8°6 666 0°L7 2°LZ T°S1 *666 S°LS °*666 €66 "66€ °6E6 “EEEC
Z8-80-GZ996EHT°TT °666 L°6 °*666 0°EE 6°SC 8°%1 0°8 T°I15 1°0 %0°0 0S5°0 °*6e6 0°1
Z8-80-S299€€:ZT°0T 0°Z1 6°6 °*666 0°SE 2°9C &°2T1 §°S 0°66 SI°C %0°0 09°C 1°C 6°C
78-80-62996€20T° 1T °6€6 €°6 °*666 0°C%» L°SZ %°0T O0°L ©°€S 1°C %C°0 0¢°0 1°0 8°0
28-80-52997E:80°666 °666 £°6 *666 0°C7 2°ST 8°8 °*666 9%°9S °*666 °666 °666 666 666
78-80-52999€:90°CT €°21 6°8 °*666 °*666 €°SZ 8°8 9°G 1°09 02°0 €66 2Z°0 °*6€6 2°1
28~80-629%L%:5%0°666 °666 S°6 666 °666 B8°ST O0°IT1 °666 %°CO °*£66 °L£66 °£66 666 °66€E
28-80-57996%3Z0°€T  °666 9°6 "666 °"6EE €°97 E°TT 0*8 2Z°19 I°C S0°0 2T%°0 666 T°1
Z8-B0-62992€:00°666 °6EE L°6 °*666 *666 G°97 82T 686 L°TL °*EEE *€&6 °*€€6 666 °EE€E6
Z8-80-%2991%222°ST °666 8°6 °*666 666 L°G2 8°El (°6 8°€l T°0 LC°0C C9°0 °*666 L°1
Z8-80-92999%:02°666 °6E6 9°6 666 666 5.7 0°ST °*666 £°SS *EEE €66 °*6E6 "EEE °E6E
28-80-92990538T°%T °*666 S°*6 °666 0°CZ 8°87 5°91 0°5 *€66 1°0 90°C °0°0C 666 T°1
Z8-80-62992€:02°66€6 °666 £€°6 °666 666 £°G7 H°IT °666 (0°8L *6EL£5 *E66 666 °*666 °*€66
Z8-80-6299127:8T1°%T °666 7°6 °*666 0°SZ L°97 %°21 0°CT S°G& 2°0 €C°0 25°7 °666 1°C
28-80-52%95€:91°666 °666 1°6 °666 0°CE 0°LZ 1°21 *666 6°SL *646 666 °*€E€6 °66H "€66
28-80~624%99€:%T°L *£66 L°L °666 0°SS B8°9Z 1°6 0°€E %°%9 1°0 ¢20°0C €2°T 1°0C 6S°0O
Z8-80-52%92€:21°L 9°% €L °666 0°CS €°L7 9°6 G6°7 2°t» 01°0 10°0 £2°T 1°0 ¢&°0O
Z8-80-52991€301°L *66E6 7°8 °*666 0°CY% €°62 0°01 0°% OG°6E€ I°0 20°0 LO°T 1°0 9°0
28-80-62%51.2:80°666 °6E6 ¥°6 666 0°SE 6°G62 L°01 *665 G°6S °"€FEE °*E6E °*6EE °*666 °£66
Z8-80-62%942:90°TT L°ZT €°6 °666 0°C% 0°92 €°T11 L°% %°59 0C°0 50°0 0S°0 °¢€66 T°1
Z8-80-52%962:%0°666 °666 0°6 666 °666 T°97 G°IT "666 %°Gy °EE6E 666 666 °*666 °6EE
76-80-62%942:20°8 *666 L°L °*666 °*666 £°92 0°0T 0°% C°%E€ 1°0 20°C €C°T 1°0 L°O0
28-80-629992:00°666 °6E6 0°6 °*666 °666 £°0C7 €71 °*£EE €66 *566 ‘€66 666 °6EE °66E
25-80-92%98T7:22°€T  °€E66 S°6 °*666 °6EE 0°LT S°ET1 0°6 S°L9 2°0 S0°0 OL°0 °*€66 %°1
78-80-42%96€:07°666 °666 0°0T °666 °"666 €°LZ7 7°8T *666 T1°6L °*EE6 "EE6 666 "GEE "666
28-80-%2%90€28T €T °666 2°0T °*666 G°CZ 8°LZ $°61 0°6 %°S9 £€°C 860°0 2S°T °666 1°C
78-80-S2E90TIT2°666 666 0°8 666 °*666 £°S7 G°6 °*666 0°TE €66 °6E6 °666 °*EEE °*€66
28-80-52€9Z€381°6 *6EE L*8 °*666 0°CE S°9Z Z°IT 0°G 8°tS I°0 €0°0 0L°0C *666 L°0
78-80-S2E9T9:91°666 °6€66 %°L °*666 0°S% L°92 %°8 666 S°T17 °*€66 °€66 °6EE °6E6 °656
Z28-80-62€92%3%1°L 666 B°L 666 0°CS L°SZ €°8 0°€ E€°t€ 1°0 <¢0°0 €2°T I°0 9°0
Z8-80-62€96€:21°L 9°4 E€°L 666 0°S% L°9Z 0°6 S°Z T°%¢ I1°0 20°C €Z°T 1°C 9°0
Z8-80-62€98€:0T°9 *6E6 0°L °*666 0°SS £°9Z 0°L 0°Z £°12 1°G €0°0 0S°T I°0 6S°O
28-80-GSZE95E280°666 °666 0°L °*666 0°CS 0°G2 T°L 666 (°6T ‘66

"ERE *EEE 666 666



197

{8-80-528920:L0°ST 9°22

L]

‘666 S°C7 9°G2 0°21 %°71 Z°18 0t*0 °6€6 €€°1 °666 1°¢
C8-80-5289L0:50°666 666 %° 666 °666 0°97 C°ET °666 Z°18 €66 ‘€66 °*6E6 °"66E *6€6
CB-80-SZ89L0:E0°YT °€66 9° 666 °*66& €°9C S°21 0°8 9°0L Z°C EG°0 %2°1 °*€c6 €°1
C8-80-S789LY:00°66€ °*666 9°

666 666 S°GC S°ET 566 2°08 “EEL ‘666 “ERE “kEE €666
*66€ 666 €6°97 G°ET 0°Z B®ZL £°0 666 HT°1 °66€ 1°C
666 €66 0°LC T LT 666 Q0°LL *E6E °*666 ‘666 666 °EE6
*666 0°CE 0°LZ €°21 O0°TI1 €66 L°*0C 09°0 €€°S 2°S 9°S
666 666 6°97 L°91 ‘666 T°08 “€E6 *EEE *666 “EEE °EEE
‘666 0°22 0°LC %°91 0°21 2°08 2°0 €0°0 0%°0 °*666 9°1
*66€ 0°C(T T°LZ %°S1 666 Z°T8 °*626 °*€66 666 "EEE °hEE
*666 ("1t 6°5< £°£1 0°8 . 2°08 270, _£5*D 06°D "666 91
‘666 0°CE %°92 9°C1 T°01 °*66€ 22°Q SO0°0 09°0 °*€66 %»°1
*666 0°EZ 1°92 101 0°6 H°LZ 10 S0°0 6E°0 "666 £°1
666 °*6€6 6°ST Z°0T °*6566 0°Ll °“666 °€E6 °*66E6 °*€E66 °*€66
‘666 O0°CE €792 G°1T1 1L 9°01 QZ*0 10°D s9*0 “&66 971
*666 “B&6 7797 G°Z1 °*£66 Z7°08 666 “£66 °666 “6EL *666
666 *666 5737 6°ZT 0"0I-8~iL 2°0 8070 1LI*TI *6&& 0
*666 THEE 9°% ¢ STETl 666 ‘668 *LE6 *ELL *H566 *66E6 6566
*666 *HBEE S°9Z LET OTELl BEL £°0 666 9lL'T “6fE6 12
Z8-80-9%2194%S52:07°666 °*666 *666 686 0°LT €°LT 666 OD°BlL *E€£6 “£6F "6E6E "6E6 666
¢8-80-%2L9E0:6T°9T °666 6656 D*CE £ 12 B"S1 D01 £°£¢8 £°0 &0"0 SL°T “666 Z°2
CB-B0-STVISEL0C°666 "€66 €66 666 °6EE 666 °6EE *666 0°1 °*€E6 °66E °666 666 °666
28-80-9277c€:81°S D*% "e66 BB “EGL-0°%Z B9 51T *EBE 1°0 26°0 £EI*D 1°8 20
C8-B0-STVYISEIFT 666 €66 666 °*666 °"666 666 €66 *SE€6 T°L “EE6 666 ‘€66 °66E °*6EE
C8-80-92VISEIHT*Q It %°L '°"666 "BEB ¢"52 9°L EB*1 "&E6 1°C T0°0 #1°0 10 2°0
CB-80-STZVTISEICT 666 °6E6 666 °*666 €66 666 °LEE "6EE B HT *£E6 *666 °E6E6 "E6E °*EE6
¢8-80-92V1s€:0T1°6 L*1T %¥*1L °*666 "6EE Z°%2 9°*L T°9

CE-80-%789L0:€2°ST °6¢€6
C8-80-%789%0:T7°666 °6€6
C8-80-%Z2B9ET:6TI"IT “*6E6
{8-80-S2L9L€:02°666 °6€6
Z8-80-STL99€:81°9T °6€6
C8-80-S713T%:91°666 °666
28-80-8219%6:%1°ST °6EE
{8-80-5219€%:21°€1 6°61
28-80-62.9%%:0T1°€T °666
(8-80-52L90%:80°666 °666
Z8-80-57L19L%:50°%T §°0C
28-80-6219L.5:%0°666 °666
€B-+-B0-621915:20°91 “*666
28-80~-S2191%:00°666 °666
Z8-80-9%2L9%S5:22°91 °6€6

NP~ O N MO OO OO OO N
® ¢ 9 ° o o 0 o © @
(o0 s A A ¢ AR Ao JTe S0 AT ¢ s SO e AT @ AR AT Y o o ARo Ao AR L AT 0 AT 0 0]

oSy X270 SUS0 L0°0 TN 608
{8-80-STVISEIB0°666 °EEE 666 °666 "666 °666 666 *£66 G°% *6EE E£66 ‘666 EEE 666
¢8-80-62VY10€:30°9 £°E B°1 *hEEL 666 B*SZ T'E - E°I. 1*¢ 10 200 £1*C 1°6 2°0
CB-B0-SZVIODE:H0°666 °EE6 °666 *666 666 °*6E6 °666 °"66E G°T €66 *F66 °6ER "EE6 666
¢8-80-52V1I0€:20°9 0°9 8°L °666 °666 8°ST 1°8 Yt 9°% 1°0C 4%0°0 80°0 T°0 sS°*0
¢8-80-STVIONEI00°666 °666 °666 °*666 666 °*666 °666 "EEE T*0f "E€€6 *€E6E 666 °ELEL °*6E6
CB-80-92VISEIZC 0T °666 °*666 °*666 °"6E6 °*666 °"£66 0°L $°LZ 2°C SC°0 90°0 T1°0 L°Q
(B-80-%CVISE:DT 666 666 °666 °666 666 666 *E66 °£66 €°T °EE6 *L66 666 °6EE6 °ELEE
(8-80-%CVISEIBI" Y ‘666 *Eb6 “66F “6EH 0°SC $°L OC°T 9°*t 1I°0 1IC°*0D ZI*OD 1°G 20



198

28-80-52215€361°L
78-80-922100202°€
78-80-52T15€26T°L
28-80-%21T0E361°%
28-80-520TSE26T°L
78-80-920T5%:61°9
Z8-80-52dTSE3202°666
Z5-80-52dT5€:81°8
78-80-52dT5€:9T°666
78-80-52d715€:41°9
78-80-52dISE2T1°666
78-80-524T5€301°9
78-80-52dTSE380°666
78-80-62dT0E3:90°9
78-80-52dT0£270°666
Z8-80-52410€320°L
78-80-52d15£:00°666
78-80-927dT5€222°9
28-80-%2dT5€502°666
78-80-%2dTSE:8T°01
78-80-5289€%302°666
28-80-528929:8T°%1
78-80-52898%:91°666
78-80-528920:51°€1
28-80-628925321°%1
78-80-52890530T°€1
78-80-52895%:80°666

*666
*665
*E€6
*666
666
666
*666
‘666
*EEE€
*66E
‘666
€66
*6€6
*66¢
666
*66E
°666
*6o66
‘666
“66E€
666
0 1¢
0°9¢
0*G?
0°¢g¢
0°%¢
g°Ct

g*#%¢
0B
0°%¢
0*%e
Z°9¢€
L*9¢
“eEb
*66¢€
‘666
°666
*e6s
592
‘6EE
1*s¢
666
1°6¢
°E66
“E66¢6
666
B =
Y2 9¢
Rl
%L
g*9c¢
9
1°9¢

ke T

*®

[

o O D O vt BN
L ]

® (N

L]
OO Y e e O
o

~

*66¢E

&6
5°&
666
6°9
€66
€°9
666
0°8
*E66
Q%1
*666
0°L1
*66¢t
geel
E°L
0°5
*66E

o o p~ 0O QO ¥

e & o a NN o o o ©

d e Ot M F SO O e © N
m

L2

e v O P (0 N0 M N
° N
(sa]

MO MOCME MmE N et O

P e
oY S N

NN O N
® & 9 o o @ o o a o
wy P

CATE Al o SRR A B e SO SRV I

e1°C
61°0
80°0
g0°0
60°9
EHG
*66€
0s°9
*66¢E
65*9

‘666
05°9
EEE
Gs°9
*Eee
go°*¢L
‘666
£6°9
*E€6
Le*9
*E6ES
00°¢
*eE€
gs*%
@L°GC
09°0
*EE6

e © © o o 0
PO OOO

@ Q0 MY v i vt v

o ¥
o N
o N

e aF oD * N e ™M
N e N e O @ O e (h o
P~ N P~ 0 O 0
o o o o

o

o ™~
°

o
o
on

o O M~ O O O
o M L
DO OO0

5

*EE6
£
‘€66
§°9
*€Ec6
g°9
*e66
7.9
‘666
2°8
"EE6
0*¢
‘666
H*2
*eet
E=Y
s*1
&1
*EEE



199

Appendix B. Converted Field Data




KEY TO CONVERTED FIELD DATA

Field

1- 5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
50-55
56--57
58-65

Missing data indicated by 999.

Parameter

Organic Nitrogen (mg/1)

NH4

NO2 +I\IO3
Ortho P

Total P

Chl 'a'

CBUDu

D 0.

Standard Time
Station

Date

(mg/1)
(mg/1)
(mg/1)
(mg/1)
(ngm/1)
(mg/1)
(mg/1)
(hr:min)

(da-mo-yr)

200
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1979 Slackwater Data




202

9:426G105-06~79
10:006205-06~79
10:306305-06~-79
10:42G6405-06-79
11:006505~06-79
11:186605-06-T79
11:2366705-06-79
11:486805~06~79
3:186905-06-79
13:001005-06=-79
13:061105-06-79
133421205~06~79
9:48G119-06-79
10:006219-06~79
102246319-06-79
10:306419-06-79
10:48G519-06-79
11:066619-06~79
11:306719-06-79
11:48G819-06~79
12:126%919-06-79
12:001019~06~79
11:301119-06~79
93301219=-06~792
10:306105-07-79
10:486205~07~-79
11212£305-07~179
11:24G405-07-79
112426505-07~79
11:48G605-07~79
12:06G705~07-79
123126805~01=19
1252 26905-07~-19
12:001005~07-79
1313301105~07-79
9:301205-07-79
9:48G118-07-79
10:006218~07~-79
102126318-07~79
10:306418-07~79
10:426518-07~79
10:486618=-07-79
11:006718=07-79
11:066818-07-79
11:3566918=-07-759
1121581018~ 1~T79
11:181118~-07~79
122321218~07-79

®

0.58 0.30 1.23 0,06 0.10 3.2
0.48 030 1,13 0,07 0.10 2.7
0,72 1.00 0.61 0432 0,25 12,0
99,99 1,40 0.45 0.30 0.30 99.9
99,99 1.30 0.48 0.27 030 99.9
071 1.20 0.46 0.28 0,25 13.0
0.57 1.30 0.46 0,19 0.20 4.6
0.57 3.90 0.31 0.90 0.9C 4.4
99.99 4.50 0.19 0.90 1.00 99.9
0.0017.80 0.16 3.00 3,40 99.9
0.20 0.10 0.20 0,03 0.10 99.9
0.00 0.10 0.43 0.03 0,10 99.9
0ets 0o460 1,00 0,03 0.09 9.0
0.32 0.50 0,90 0.04 0019 11.0
0e33 0.10 0,70 0,06 0215 53.0
0.82 3.30 0450 0.70 0.76 40.0
0u.44 0.10 0.46 0,05 0.15 52,0
0.29 0.10 0030 0.02 008 15.0
1.28 0.90 0.47 0430 0,30 3.5
0.94 B8.50 0.60 1.30 139 9.2
99.99 9.50 0.16 3.00 3.20
2.8015.00 0014 5.00 5410 99.9
0.20 0,10 0.07 0,03 0.10 99,9
99.9999.99 0.30 0.03 0.10
0,04 0.70 0.70 0,05 0.02
0.28 0.80 0.60 0.04 0.08 1710
113 0,10 0o44% 0,10 0.18 26440
1.43 0,50 0.49 0.35 0.35
0.00 0,10 Oo44 0005 0405
0.08 0.30 0.43 0.05 0.08 17.0
2.26 1.00 0040 0.50 0045 5.
5.15 $.00 0060 2.10 205
4.3310.00 0.26 3400 3013 6
7.1017.50 0.21 5.00 5.50 9
0.18 0.10 0.29 0,05 0410
0.48 0,10 D.44 0.03 0.20
0e42 0.40 0.66 0401 0,07 26
0.32 0.50 0.66 0.01 0.07 25
0,45 0.10 0.63 0.02 D.05
1.12 1,40 0.34 0.18 0.25 540
0,69 0,10 0.1499.99 0.04 59.0
1.26 1420 0.29 0.22 0.34 63.0
2,02 8.50 0.80 1.80 2,12
0.83 0.10 0.06 0.05 0.26 38.0
1.4916.50 0,27 1640 1.50 1.3
1.7020.50 0.31 1.70 1.80 9
0.09 0.10 0,06 0010 0.10
0.09 0.10 0,06 0401 0.10
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059 0.10 0,90 0.03 0,08 16.0 9
0.58 0,20 1,00 0.04 0,08 17,0
0.17 0.10 0.80 0.04 0.067 33.0
073 3420 0436 0.35 0.39 9.8
079 2.00 0,33 0.23 0.28 15,0
072 0.60 0.23 0.11 0.19 12,0
99.99 3,90 0.39 0.47 0.47 31.0
1o15 5400 0636 0450 0459 7.1
99.9917.00 0.19 2.00 2.20 1.2
0.0018450 0420 2020 2.40 99.9
0.09 0.10 0,05 0.01 0.10 1.6
0.08 0,10 0.15 0.01 0.10° 3.5

029 0.10 1.40 0.01 0.07 30.0
036 0.40 1,20 0.02 0.08 20.0
0¢40 0.10 1.20 0.01 0.07 28.0
190 2.00 0,18 0460 0.76 43.0
7.08 030 0.39 0.21 0437 32.0
99¢3999.99 0.42 0,10 0.26 42.0

—

13:306106~08-79
142006206-08-79
142126306-08-79
142246406-08-79
143306506~08~-79
143642G506-08-79
14354G706-08~79
15:006806-08~-79
10:006906-08~-79

9:301006-08-79

5:8121106~08~79
10:181206-08-79

9:306116-08~79

9:42G216~-08-73
10:006316-08-79
10:065416-08-~79
10:18G6516-08~-79
10:306616-08-73
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2431 1.90 0.35 0.76 0.87 27.0 1 1 10:426716-08-79
3022 4440 0.29 1430 1.47 25.0 1 11:006816-08-79
4¢3912.00 0.05 4.5 4.70 1.9 1 10:306916-08-79
3.8017.00 0.05 6,00 6459 9 2 10:121016-08-79

10:001116~08~-79
9:301216~08-79
11:006128=~08~79

2087 0.10 0.06 0.01 0.10
0.09 0.10 0.25 0,01 0410
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102326929~08+79
9:541029-08-79
1042001129~-08~-79
9:301229-08~-73

1e66 9450 0.23 0.50 0.59
1.2017.00 0.25 0.1% 0.80
0026 0416 0413 0.06 0.19
Uel9 0.20 0e4l 0.99 0.10

O

0

9

9.9

4.9

0.8

0e16 0.10 1.00 0.03 0.07 34.0
030 0.20 0.80 0.03 0.07 28.0 11:24G228~-08-79
0425 0410 1.00 0.03 0.06 36.0 11:366328-08-73
0681 1.50 0.1899.99 0.26 ¢1.0 32+ 11:486428~06-79
0639 1.20 063799.99 024 5840 12+ 12:006528-08-79
0e45 0410 062499.99 0,04 54,0 18+ 12:066628-08-79
0e32 0440 0.2399.99 0.17 25.0 10. 12:186728-08-79
0081 1.90 0.3399.939 0.46 41.0 ¥ 12:306828-08-79
0e46 2.50 0.1599.99 0.09 6.4 " 12:006928-08~-79
243013.00 0425 0.4% 0,40 99.9 1 . 11:361028-08-79
0el5 0440 0.1799.99 0.03 7.5 g 11:4811%8—08-19
0e19 0.40 0438 0.21 0.20 1.4 " & 11:121228=-08-79
0029 0410 1.10 0.01 0.07 3%2.0 " . 10:129129—08-79
Deél D410 1,10 0402 0.07 27.0 3 . 10:243339—03—79
0e34 0420 1410 0.02 0.08 23.0 " & 10:363349-08—79
06561 0420 0432 0,94 0,06 41.90 . 3 10:4eu§29—08-79
0eB81 0410 0450 0.04 0.05 55.0 . . 11:006:%9-08-19
0470 0410 0o44 0,06 0,14 57.0 x " 11:1263;9-08—:9
0074 0436 0.30 0.06 0.13 66.0 5. . 118 24GT29=00="19
112 0.50 0428 0412 017 25.0 11:3565829-08~-73

5.9

9.9

5.5

1.7

® @ e ® L
L] L] L e L
° L] L] ® °
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0437 0440 1.00 0,10 0.11 3.6
0.02 0440 1.00 0.08 0.06 4040
0.36 0.40 1.00 0.10 0.09 6.2
De46 1.00 0,50 0.08 0.08 20.0
0e34 090 0,50 0.09 0.08 22.4
0c43 0440 0.50 0.08 0.08 24,0
071 1.10 0.50 0.07 0.07 27.0
0.43 6.50 0460 0,27 0416 38,0
0.0014.30 0.50 0.40 0.40 0.8
02021.00 0.70 0480 0.80 99.9
0.00 0.10 0.23 0.05 0.06 &
0«16 0410 0443 0.03 0.09
0.58 0.30 1.10 0.07 0.10
0e¢37 0440 1,10 0.06 0.10
0+46 1400 0437 0.15 0.0%9
0.68 1.40 0.29 0429 0.20
0.48 0.40 0.37 0.13 0.10
0.46 0430 0.39 0.09 0.09
0.66 1.40 0.32 0.26 0419
0.49 1.50 0.30 0.29 0.20
0.00 0.50 0.20 0.09 0.09

8:306113-09-79
8:426213-09~79
9:006313-09-79
9:06G6413-09-79
9:246513-09-79
9:306613-09-79
98 306713-09-T79
9:426813-09~79
102186G913-09-79
10:301013-09-79
102421113-09-79
1123901213~09~-79
112246102-10~79
11:36G202=10-79
11:426302-10-79
11:546402-10-79
11:545502-10~-79
12:006602-10-79
13:006702-10-79
12:126802~10~-79
9:3656902-19-79
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0.8013.00 0.27 1.50 1.50 9 3 9:301002-10-79
0.08 0,30 0.2099.93% 0.05 46. 0 95181102-~10~79
0633 0410 0.40 0.08 0.10 ’ 2 §:001202-10-79
0e13 0.20 1.2099.3995.59 " T«Z LY 10:486115=-10-79
0429 0,20 1.20 0.083 G.10 " 8.2 11 11:006216-10-79
0.09 0.20 0.55 0.98 D.10 . 4.5 10, 11:126316-10-79
0628 2410 0.50 0.50 0.50 5 9. % 11:24G6616-10-79
0627 2410 0.50 0.37 0.40 : 54 8 s 11:30G6516=-10-79
0613 0420 0.50 0.05 0.10 . . 3 8. 11:306516-10-79
023 2.60 0450 0.50 0.453 10. By B 11242G716-10~79
0400 6430 0450 1.20 1.30 . 5 8. 11:485816-10-79
0455 4430 0.25 0.70 0.55 . 847 184 3:3566915-10~79
0+5016450 0428 2+,10 2.10 99.9 13, 9. 9:301916=-10-79
0.03 0416 0.23 0.03 0.09 . 5.5 11, 9:181116-10-79
0.00 0.10 0.51 0.92 0.08 16. “s3 104 G:001216=10=79
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1979 Intensive Survey
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0048 0-10 1.17 0.05 0008 1700 3.5 99 6:48G119"09‘79
99.9999.9999.9999.9999.99 10.5 99.9 99 7:486119-09-79
0.00 0.30 1-34 0.05 0008 15'0 2-3 7 8:486119‘09‘79
99.9999.9999.9999.9999.99 17.0 99.9 7 9:48G119-09-79
0.60 0,40 1.19 0,05 0.0 14.0 3.1 7 10:486119-09-79
99.9999.9999.9999.9999.99 7.3 99.9 11:486G119-09-79
0.54 0.50 1,26 0,05 0.09 8.2 3.5 12:486G119-09-79
99:.9999.9999.9999.9999.99 13.2 99.9 13:48G119-09-79
0023 0.50 1026 0-05 0.09 10-1 2-9 14:426119—09-79
99:9999.9999.9999.9999.95 21.0 99.9 15:486119-09-79
9999 0.40 1.30 0.03 0.10 99.9 99.9 16:48G119~-09~-79
99.9999.9999.9999.9999.99 99.9 99.9 17:486119-09~79
0.26 0.30 1.32 0.03 0.05 6.0 2.9 18:48G119-09-79
99.9999.9999.9999.9999.95 15.0 99.9 19:48G119-09-79
0.21 0.40 1.32 0.03 0.09 13.0 1.8 20:366119-09-79
99.9999.9999.9999.9999.99 18.0 99.9 21¢546119-09-79
0.40 0.40 1.30 0.04 0.09 14.0 1.2 22:3566119«09~T79
99:9999.9999.9999,9999.99 9.4 99.9 23:426119-05-~79
99.99 0,50 1,27 0504 0210 99.9 98,9 0:36G120-09-79
99¢9999.9999.9999.9999.99 99.9 99.9 1:42G6120-09-79
99.99 0.50 1.26 0,05 0.1C 99.9 99.9 2:426120-09-79

3:42G6120-09~-79
4:48G120-09-79
5:48G6G120-09~-79
62366120~09~79
7:426120-09~-79
8:426120~09-79

99¢9999.9999.9999.9999.99 15.0 99.9
99.99 0.30 1.31 0.04 0.10 99.9 99.9
99¢9999.9999.9999.9999.95 99.9 99.9
0.60 0.20 1.35 0.04 0.09 14.0 2.3
99¢9999.9999.9999.9999.95 54.0 99.9
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99.9999,99 1,27 0.04 0.10 99.9 99.9
0.00 0.30 1.35 0.05 0.00104.0 0.0 S 6:54G6219-09-79
99.9999.9999,9999.9999.99 15.0 99.9 § 7:54G219-09-79
0«31 0,30 1,21 0,05 0.09 13.0 3.0 8:546219-09-79
99.9999,9999,9999.9959.99 12.0 95.9 9:546219-09-79
0622 0450 1.26 0405 0,05 11.4 2.4 10:546219-09-79
99.9999,9999,9999.9999.95 4.9 99.9 11:546219-09-79
0.23 0.50 1.26 0.05 0.09 10.0 3.6 12:546219-09-79
99.9999,9999.9999.9999.99154.0 99.9 13:546219-09~-79
0.25 0,50 1.26 0.05 0.08 7.8 3.1 14:546219-09-79
99.9999,9999.9999.9999.,99 9.5 99.9 15:546219-09~-79
070 0.50 1.26 0.05 0.05 14.0 2.5 16:546219-09-79
99.9999.9999.,9999.9999.95 12.0 99.9 17:546219~09~79
0.59 0.40 1.30 0.05 0.08 15.0 1.3 18:546219-09-79
99¢9999.9999.9999.9999.99 99.9 99.9 20:006219-09-79

20:486219-09~-79
22:1006219-09=-79
22:426219-09-79
23:1486219-09~179
0:486220-09-79
1:486220-09-79
2:486220-09-79
3:426220-09-79
4354G220-09-79
5:486G220-09-79
6:486220-09-79
7:48G220-09~-79
8:546220~-09-79

99.99 0.40 1.29 0.04 0.10 99.9 99.9
99.9999.9999.9999.9999.99 6.8 99.9
99.99 0.50 1.27 0.05 0,10 99.9 99.9
99¢9999.9999.9999.9999.93 99.9 99.9
99.99 0.50 1.26 0.05 0.10 99.9 99.9
99.9999.9999.9999.9999.99 9.8 99.9
99.99 0.50 1.26 0,05 0.10 99.9 99.9
99.¢9999.9999.9999.9999.99 14.0 99.9
0.26 0430 1.20 06.03 0.08 20.0 1.6
99¢9999.9999.9999.9999.95 99.9 99.
0.29 0.30 1.33 0.04 0.08 16.0 2
99¢9999.,9999.9999.9999.99 12.0 99
G+33 0.30 1.35 0,04 0.09 9.5 3
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0.19 0.50 1.27 0.04 0,08
99.9999.9999.9999.9999.99

0,27 0.30 1.21 0,06 0.08
99,.,9999.9999+9999.9999.99
0.24 0,10 1,04 0,03 0.05
99.9999.9999.,9999.9999.99
99.99 0.10 0,92 0.03 0.10
99,9999.9999.,9999.9999.99
0026 0,10 0,92 0,04 0.05
9909999.9999,9999.9999.99
99.99 0,10 0,94 0.03 010
99¢9999.9999.9999.9999.99
99,99 0.10 1.02 0.03 0.10
9909999.9999.9999.9999.99
0s47 0,10 0,77 0.03 0.02
99.9999.9999.9999.9999.99
99.99 0,10 0.91 0.03 0.10
99.9999.9999.9999.9999.9S
0.42 0.20 1,11 0.04 0.07
99.9999.9999.9999.9999.96
0.45 0,10 0,91 0.03 0605
99.9999.9999.9999.9999.99
0.24 0.50 1.27 0.05 0.06
99.9999.9999.9999.9999.99
0.19 0,30 1.09 0.03 0.07
99.9999.9999.9999.9959.99
0.00 0,50 1.27 0.04 0.02
0.96 0.10 0,89 0.04 0.09
99.9999.9999.9999.9999.99
99.99 0.50 0.84 0.06 0.10
99.9999,9999.9999.9999.96
1.37 0.40 0.75 0.09 0.20
99.9999.9999,9999.9999.99
2.11 1.80 0.87 0.22 0.29

16.0
15.0

19.0
11.0
52.0
66.0
999
52.0
52.0
52.0
99.9
99.9
99.9
40.0
T6.0
60.0
99.9
2840
25,0
4640
50.0
99.9

Bo7
14.0
30,0
16.0
72.0

6.0
5640
99,9
71.0

3.8
80.0
12.4

99.9999,9999,9999.9999.99100.0

2.85 4,00 1.20 0.28 0.24
99.9999.9999.9999.9959.95
1.52 0.30 0.7599.99 0.061
99.9999.9999.9999.9999.99
99.99 0.50 0.77 0.09 0.20

640
94.0
12.0
B4.0
99.9

99,9999,9999.9999.9999.95114.0

7.28 0.50 1.10 0.26 0.23
99.9999.9999.9999.9999.95
3.03 2.50 09099.99 0.42
9949999.9999.9999.9999.95
99.99 1.30 0.7499.99 0.10

74.0
99.9
82.0
99.9
99.9

99,9999,9999.9999.9959.99142.0
1.59 1.80 0.8099.99 0.08116.0
99,9999.9999.9999.9959.99116.0

99.99 4.40 1.00 0.16 0.30
99.9999.9999.9999.9999.95
1.90 0.70 0.78 0.09 0.13
99.9999.9999.9999.9999.99
1.50 0.60 079 0.09 0.14

99.9
9949
72.0
99,9
57.0
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99.9
99w 9
16.8
993
18.2
29.9
11.0
99.9
6e1
9949
9949
9949
10.0
99+ 9
8.1
95.9
99.9
99.9

5.8
99.9
99.9
99.9

Tl
99.9
10.2
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13.1
13.0
14.0
14,8
14.8
15.7
16.2
11.9
15.0
15.7
16.0
14.9
14,2
12.0
11.0
13.2
1342
12.0
12.0
10.8

9.9
10.2
11.8
12.0
12.0
13.2
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7:066319-09~79
8:006319-09-79
9:006319-09-79
10:006319-09-79
11:066319-09-79
12:006319-09-79
13:006319~09-79
14:006319-09-79
15:006319-09=-79
16:006319~09~79
17:006319~-09~79
18:006319-09-79
19:06G319-09~-79
20:006319~09-79
20:546319-09-79
22:006319-09~79
22:486319-09~-79
23:54G6319-09-79
0:54G320-09-79
2:006320-09-79
2:54G320-09-79
3:486320~09-79
5:006320-09-79
5:54G320-09-79
6:54G6320-09-79
7:54G6320-09-79
8:546320~-09-79
62426419-09-T79
7:36G419-09-79
8:366419-09-79
9:30G6419-09-79
10:366419-09-79
11:366419-09~-79
12:48G419-09-79
13:306416-09-79
14:366419-09-79
15:366419-09~-79
16:366419-09-79
17:366419-09-79
18:306419-09-79
19:426419-09-79
20:426419-09-79
21:426419-09-79
22:426419=-09-79
23:486419-09-79
0:48G420~09-79
1:48G420-09-79
2:486420-09-79
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7:006519-09-79
7:426519-09-79
8:426519-09-79
9:426519-09-79
10:426519-09-79
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98'82 0.40 0072 0.06 0.13 72.0 13.9 12‘9 7:12G719_09_79
0.7 99.9999.9999.9999.99 72.0 99.9 14.2 7:486719-09-79
99-9; 0.30 071 0.07 0402 84,0 7.1 13.8 8:546719-09-79
1- 99.9999.9999.9999.99 92.0 99.9 1l4.4 9:486719-09-79
99:;893.32 0.74 0.09 0.07128.0 6.8 15.1 10:546719-09-79
ey 99.9999.9999.99144.0 99.9 15.6 11:546719-09-79

. 0.10 0.70 0.08 0.07134.,0 14.5 16.0 13:006719-09-79

99.9999.9999,9999.9999.99124.0 99.9 16.2 13:426719-09-79
92-35 0.20 0.74 0411 0.0613640 13.7 1644 14:546719-09-79

©9999.9999,9999.9999.95 99.9 99.9 16.9 16:006719-09-79
2039 2.90 1.00 0-22 0028116'0 10.3 16.8 17:006719—09—79
33.9999.9999.9999.9999.99 99.9 99.9 15.6 17:486719-09-79

«99 3,70 1.00 0.23 0.40 99.9 99.9 14.0 19:066719-09-79.
99.9999,9999,9999.9999.99134,0 99.9 14.5 20:006719-09-79

9é.gggo°5° 0.83 0.15 0.25148.0 6.7 1449 51:006719-09-79
99.99 3‘9999°9999-9999.99 99.9 99.9 14.4 21:546719-09-79
99.9999'10 057 0,05 020 99.9 99.9 14.2 23:00G719-09‘79
99:99 0-9999.9999.9999.99 99,9 99,9 13.7 23:546719-09-79
99.99 10 0.46 0.06 020 99.9 99.9 13.3 1:006720-09-79
9 ¢9999.9999.9999.9999.95 99.9 99.9 12.8 1:546720-09-79
93.39 0,60 067 0,06 0.20 99.9 99.9 11.7 3:006720-09‘79
99. 999.9999.9999.9999.95 99.9 99.9 12.2 3:54G720-09-79
93'99 0.40 0467 0.07 0.30 99.9 99.9 11.2 5:006720-09-79
©9999.9999.9999,9999.95116.0 99.9 9.8 5:54G720-09-79
2.11 4,00 1.10 0.14 0.10 98.0 4.5 9.4 6:54G720-09-79
99.9999,9999.9999.9999.95 99.9 99.9 10.4 7:426720-09-79
99.99 2.70 1.00 0.11 0.30 99.9 99.9 10.6 8:54G6720-09-79

1.85 1.40 0.82 0.14 0.16 36.0 16.1 11.8 §1426819-09=12
7:426819-09-79

99¢9999.9999.9999,9999.95 75.0 99.9 13.0
2.24 2.80 0.86 0.25 0.15 51,0 10.4 12.9 §:426819-09-79
99.9999.9999.9995.9959.95 99.9 99.9 12.6 9:486819-09-79
2.77 6.50 1.10 0.34 0.27 33.0 12.6 8.8 10:426819-09-79
99.9999.9999.9999.9999.95 99.9 99.9 10.3 11:486819-09-79
247 4,80 0.90 0.26 0422 76.0 18.5 14.0 12:486819-09-179
99.9999.9999.9999.9999.99134.0 99.9 16.4 13:486819-09-79
1029 0.10 0.59 0.11 0.08116.0 16,7 17.4 14:486819-09-79
99¢9999.9999.9999,.9999.95 99.9 99.9 17.8 15:486819-05-79
112 0.20 0.60 0.06 0.09112.0 18.4 19.1 16:486819-09-79
99.9999.9999.9999.9959.95 99.9 99.9 17.1 17:486819-09-79
1¢24 0,30 0.59 0.06 0.12 80.0 18.9 17.1 18:486819-09-79
99.9999.9999.9999.9999.95 99.9 99.9 15.9 19:546819-09-79
1.52 0.60 0.72 0.09 0.0£140.0 9.6 15.3 50:48G6819-09-79
99.9999.9999.99959.9999.99 84.0 99.9 13.9 21:426819-09-79
99.99 0.20 0.47 0.07 0.40 99.9 99.9 15.4 22:54G819-09-79
99.9999.9999.9995.9959.35 99.9 99.9 1l.4 23:546819-09-179

0:546820-09-79
1:486820-09-79

2.91 4,00 1.00 0.17 0.43 70.0 17.6 8
-
0 2:546820-09-79
9
0

6
99.9999.9999.9999.9999.95 63.0 99.9 6

2457 4.70 1420 0.15 0.32 75.0 11.0 9
99.9999.9999.9999.9999.95 99.9 99.9 9 3:15646820-09-79

1.93 2.40 0.87 0.09 0.23 67.0 99.9 16 4:546820-09-79
99.9999.9999,9999.9959.95 99.9 99.9 11.0 5:486820-09-79
99.99 1.60 0.81 0.11 0.30 99.9 99.9 10.4 6£:42G820-09-79
99.9999.9999.9999.9999.99 99.9 99.9 11.4 7:48G820-09-79

g.53 2.00 0.76 Q.O? 0.22 81.0 10.7 11.8 8:486820-09-79
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2.1912.00 1430 0.22 0.20 0.9 20.7 8.4 11:301019-09-79
0.7017.50 1.30 0.19 0.20 99.9 17.1 8.5 17:001019-09-79
1.3016.50 1.70 046 0.40 99.9 8.4 8.4 8:6421020-09=79
0.00 0.10 0.15 0007 0.10 1.0 2.2 8.9 11:1421119-09-79
0.09 0.10 0.15 0.06 0.10 1.4 3.0 8.5 17:001119-09-79
0.10 0.10 0.14 0.02 0.10 99.9 2.3 8.8 83421120-09-79
0.19 0.10 0.20 0.01 0.10 1.4 3.9 8.2 11:421219-09-79
0.10 0.10 0.17 0.01 0.10 99.9 2.7 9.5 17:001219-09-79
0.09 0.10 0.14 0.01 0.10 1.2 2.0 9.1 9:301220-09-79
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1980 Slackwater Surveys
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0e26 0.60 0.75 0,01 0.08 20.1 4a6 843 14:506125-06-80
0.73 0.10 0.49 0.01 0.05 53.5 999. 11.4 142256325-06-89
0e76 030 0.36 0404 0.064 6343 4o6 12.6 14:0856425-06-80
1.48 0.30 033 0.06 0413 76.2 23.9 11,2 13:506525-06-80
0.88 0.10 0.06 0.01 0.05 45.9 13.3 6.1 13:406625-06~80
1.70 1.90 0.71 0.18 0.21 86.3 20.2 10.1 13:306725-06-80
1699 4.20 1.30 0.20 0426 4347 13.5 7.5 13:206825-06-80
0019 2.10 0.48 0.03 0,10 1.2 4.5 8.0 11:006925-06~80
1.5011.50 3.50 0.11 0.20 999. 16.1 6.3 14:151025-06-80
0.09 0.10 0.11 0.01 0.10 1.0 2.0 8.2 10:451125-06-80
0.08 0.10 0.25 0.01 0.10 2.8 1.8 9.0 15:001225-06-80
0e56 0420 2.37 0.01 0.08 19.7 2.4 6.7 11:556104-09~-80
0e63 030 2.37 0.01 0.09 10.0 3.5 6.3 11:456204-09-80
1.66 0.10 0.05 0.11 0414 63,3 25.1 14.2 11:35G6304-09-80
2013 0,20 0.27 0.35 0.55152.4 1744 11.9 11:106404-09-80
2493 0420 0.156 036 D52 8149 1844 Gl 11:156504-09-80
207 0410 0.056 0.05 0025 4649 24.2 12.4 11:206604-09-80
3469 2.90 050 0.90 1.07130.1 25.8 10.2 11:006704-09-80
6¢99 T7.00 1.40 0.80 0.77 29.5 10.5 4.4 10:506304-09-80
8475 9.00 1.70 0.20 0419 7.4 2D.5 8.5 15:306904-09-80
8.0010.,00 1.70 0.17 0.20 999. 13.9 8.0 15:151004-09-80
0600 3.10 0435 005 009 6.8 0.6 8.5 154151 104~09-80
0¢28 0410 0.06 0.01 0.10 2.8 1.8 8.8 16:151204-09-30
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1982 Slackwater Surveys
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06246 0,20 1.64 0,05 0,09 8.6 3.4 6.1 14:526119-08-82
0.14 0.30 1.65 0.02 0.09 8.2 3.5 5.8 15:106219-08-82
95¢9999.99 0,90 0.04 0,14 59.0 11.6 14.7 15:306319-08~82
128 0.10 1,10 0.07 0423 7348 15.5 16.0 15:456419-08-82
0¢92 0410 0.23 0.04 0.16 40.1 12.4 15.0 16:046G619-08-82
119 1.10 235 0.11 0.33 72.8 25.5 16.4 16:156719-08-82
1603 2.40 3.40 0.22 0426 39.0 17.6 11.5 16:306819-08-82
169 6420 6.00 0.49 0.0 0.9 6.5 8.6 13:556919-08-82
0,00 B8.90 4.70 0.55 070 99.9 4.5 8.8 13:401019-08-82
019 0.10 0.193 0.01 0.10 1.5 2.0 9.5 13:301119-08-82
0e27 0.10 0.46 0.02 0.10 3.8 1.8 8.6 12:151219-08-82
0e49 0.10 0.80 0.03 0.07 29.5 5.5 10.0 11:006122-08-82
0429 0.10 1.18 0.03 0.06 44«7 0.0 B.7 11:256223-08-82
0.08 010 1.28 0.03 0.04 A0.1 0.0 8.2 11:406323-08-82
1435 0.10 D+90 0.07 0412 79.1 948 11s3 12:006423-08-82
0e52 0.10 0e4l 0.04 0.02 8242 1.8 11.6 12:156623-08-82
1621 0410 0.38 0,05 0417 27.0 1446 12.0 12:336723-08~82
178 0.60 2.7093.99 0.23 73.8 11.5 1445 12:536823~08-82
0400 9.64 65095 1.21 1.21 0410 5.70 B8.33 13:006923-08~-82
0.0010.40 7.50 1.30 1.30 $9.9 6.0 8.9 13:101023-08-82
000 0.10 0.07 0.01 0.10 1.4 2.0 9.4 12:501123-08-82
0.09 0.10 0.25 0.01 0.10 1.4 2.0 8.5 10:251223-08-82
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1982 Intensive Survey
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.43 0.10 1.51 0,04 0.09 143 1.0 6.0 18:44G124-08=82

99.9999.9999.9999.9999.99 56.9 99.9 5.4 20:416124-08-82
0.30 0.10 1.05 0.03 0.07 28.5 3.4 9.3 22:486124-08-82

99.9999.9999.9999.9999.99 24.9 99.9 B.4 00:436125-08-82
0.64 0.10 1.06 0.04 0.08 23942 1s9  Ta? 2:406125-08-82

99.9999.9999.9999.9999.99 19.0 99.9 7.1 04:356125-08-82
0.35 0.10 1.51 0.05 0.905 7.0 1.2 6.1 06:436125-08-82

99.9999.9999.9999.9999.99 Beh 99.9 6.0 08:456125-08~82
0.29 0.10 1.38 0,04 0.08 15.2 2.7 649 10:506125-08~82

0.17 0.10 0.90 0,03 0,09 32,9 0.9 8l 12:516125-08-82

0.17 0.10 1.28 0,04 0.08 18.6 0.1 7.8 14:556125-08~82

99.9999.9999.9999.9999.99 2002 6949 Te6 16:516125-08-82
0.23 0.20 1.61 010 0.09 10.1 1.1 6e5 18:426G125-08-82

99.9999.9999.9999.9999.99 8.3 99.5 6.0 20:576125-08-82
0.39 0.10 1.39 0.04 0.08 16.0 4.8 B8e6 18:38G224~08-82

99.9999.9999.9999.9999.99 8.0 99.9 6.2 20:3756224-08-82
0.42 0,10 1.31.0.06 0,09 11,0 3.2 6.6 22:42G224-08-82

99.9999.9999.9999.9999.99 25.3 99.9 8.5 00:386225-08-82
0.33 0.10 1.16 0.03 0.08 23.6 1.8 7.9 02:356225-08-82

99.9999.9999.9999.9999.99 21.3 99.9 T.7 04:326225-08-82
0.42 0.10 1.50 0.04 0.06 11.8 0.7 6.2 06:386225-08~-82

99.9999.9999.9999.9999.99 14.8 99.9 66 08:396225-08-82
0.23 0.20 1.62 0.0% 0.09 10.3 3.2 643 10:44G225-08=-82

0.15 0.10 1.17 0.03 0,09 20.9 27 86 12:456225-08-82

0.30 0.10 1.50 0403 0.09 13.7 2.9 Te5 14:486225-08-82

99.9999.9999.9999.9999.99 8.9 99.9 5.9 16:456225-08-82
0.23 0.20 1.61 0.04 0.09 10.1 1.1 6.2 183:376225-08-82

99.9999.9999.9999.9999.99 Te2 93491 547 .20:516225-08-82
.58 0.10 0490 0,04 0405 45.9 8.1 18.2 18:356324~-08-82

99.9999.9999.9999.9999.99 65.4 39.9 1648 20:306324~08-82
0.31 0.10 1.50 0.04 0.09 13.3 2.9 7.8 22:33G6324-08-82

99.9999.9999.9999.9999.99 21.1 99.9 To¢ 00:346325-08-82
0.38 0.10 1.41 0.04 B8 LT et ndud; Bal 02:476325-08~-82

99.9999.9999.9999.9999.99 17.7 399 T2 05:406325-08-82
0.38 0.10 1.41 0.0% 9.06 17.7 0a4 608 06:326325-08-82

39. 595.9993.9999.29 19.0 99.5 7.l 08:345325-08-82
93.3298:?59;.2393.33 0.08 21.3 2.0 7.0 10:;86325—03—82
0.26 0.10 1.29 0.02 0.08 36.2 1.7 9.0 12:396325-08-82

0.26 0.10 1.23 0.02 0.07 33.8 2.3 8.9 142426325-08-82

99.9999.9999.9999.9999.99 21.5 99.9 8.4 16:1416325-08-82
99.9999.99 0.70 0,03 0495 53.8 5.0 11.2 18:326225-08-82
99.39999.99 1.52 0.08 0.23 6%e4 12.5 19.6 13:306424-08-382
99.9999.9999.9999.9999.99 79,1 99.9 18.2 29:35@424-08—82
93.9999.99 0.70 0.0° 0.13 675 12.2 13.8 22:286624-08-82
99.9999.9999.9999.9999.99 99.9 99.9 12.3 00:256625-08-82
0.356 0.10 1.09 0.02 0.07 3400 5.0 10.0 02:2764g§—08-32

99.9999.9999.9999.9999.99 46e% 9949 1146 04:256425-08-82
99.9999.99 0.50 0.05 0.13 6544 3.0 11.3 O§:249425'O%~82
99.9999.9999.9999.9999.99 59.0 99.9 10.7 08:276425-08-82
0.23 0.10 1.07 0.02 0.06 39.0 4ol 1040 10:316425-08-82

0.10 0.10 1.27 0.01 0,06 43.2 9 Fab 12:326425~-08-82

0.00 0.10 1028 0.02 0.03 65.4 0.0 9.1 14:3666425-08-32

99.9999.9999.9999.9999.9a 75.9 99.59 12.1 154356425-08-82
99,9999.99 D 6,900 0.09 0.11 86.5 1547 12.% 18:27G425-08~-82
78.0 99.9 11l.4 20:326625-08-32

99.9999.9999.99

$5.9999.99




99.9999.99 0,06 0.06 0.10
99.9999.9999.9999.9999.99
99.9999.99 0.60 0,07 0.13
99¢9999.9999.9999.9999.99
99+9999.99 0.42 0.05 0.04
99.9999.9999.9999.9999.99
99.9999.99 0.2299.99 0.14
9949999.9999.9999.9999.99
0.32 0,10 0.50 0.04 0.05
039 0,10 0,60 0.04 04065
99.9999,99 0.50 0.04 0.04
99.9999,9999.9995.9999.99
99.9999.99 0.40 0.04 0.09
99¢9999.9999.9999.9999.99

0.09 0.10 0.12 0.01 0.10
9909999,9999.9999.9999.99

0e41 0,10 0.06 0.05 0.17
99¢9999.9999.9999.9999.99

037 0,10 0.08 0.04 0.10
99.9999.9999.9999.9959.99

0.09 0.16 0.13 0.02 0.10
99.9999.9999.9999.9999.35

0.48 0,10 0.07 0.04 0.05
99¢9999.9999.9999.9999.99
99.99 0.10 0.14 0.01 0.10
99.9999.9999.9995.9999.96
99.99 0.10 0.13 0.02 0,10
99.9999.9999.9999.9999.99
99.9999.99 1.75 0.09 0.22
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18:506624~-08-82
20:466G624-08-82
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00:326625-08~-82
02:456625-08~82
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0,77 720 6497 1.30 1.40 3.8 30.4 5.8 18:351P24-08-82
99.9999.9999.9999.9999.99 4,0 99.9 99.9 20:351P24~-08~-82
0048 7.70 6.99 1-30 1-40 302 17.2 9909 22:351P24-08-82
99.9999.9999.9999.9999.99 3.2 99.9 99.9 00:351P25-08-82
0.00 6.40 7.00 1.20 1.30 2.0 13.6 4.9 02:301P25~08~-82
99.9999.,9999.9999.9999.99 1.4 99.9 99.9 04:301P25-08~-82
99,99 6,50 6450 0.90 0.93 99.9 99.9 4.9 06:301P25-08~82
99.9999.9999.9999.3999.99 4.1 99.9 99.9 08:351P25-08-82
0,00 6,50 650 0.90 1,00 1.9 16.3 5.0 10:351P25-08~82
9909999.,9999¢9999.9999.95 2.7 99.9 99.9 12%351P25-08~82
0.00 6.30 6.50 0.80 0:90 23 1745 999 14:351P25~-08~82
99-9999.9999.9999.9999.99 3.6 99.9 99.9 16:351P25-08-82
0,00 6.40 6,50 0.60 0.70 43 14.3 S59.9 18:351pP25~08~82
99.9999.9999.9999.9999.95 25 99.9 99.9 20:351P25~08-82
0.00 9.80 6,49 140 1.40 99.9 6.6 8.1 19:451024-08-82
0.20 9.50 6,00 1.00 1.45 99.9 10.8 T.8 19:351025-08~82
0.09 0,10 0,08 0,03 003 1.7 2.4 To4 19:301124-08-82
0.09 0.10 0.08 0,01 0.03 0.8 2.3 7.6 19:351125-08-82
0.07 0.10 0.19 0,03 0.03 4.8 2.1 7.4 20:001224-08-82
0.19 0.10 0.16 0.01 0.02 1.4 1.2 8.0 19:351225-08-82
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Appendix C. Predicted and Observed 1979 Background Inputs
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