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ABSTRACT

Water quality surveys were conducted on Budd Inlet during 1976-78 to ob-
tain a baseline of data that can be used to evaluate benefits of various
water pollution abatement projects planned for the Olympia area. Budd
Inlet and all significant source waters were monitored including Olympie
STP, combined storm sewer overflows, feeder streams, and incoming Puget
Sound waters. Water quality analyses included nutrients, dissolved oxy-
gen, fecal coliform bacteria, and other parameters. In addition, a mathe-
matical model was developed to predict dissolved oxygen concentrations
during summer low flow.

Incoming Puget Sound waters were found to naturally contain sufficient
nutrients for a high algal bloom potential in Budd Inlet. The other
sources did not significantly contribute to nutrient levels in the in-
let. The model indicated that decaying natural algzl blooms are the
main cause of the dissolved oxygen (D.0.) sags that periodically occur
in southern Budd Inlet during late summer.

Capitol Lake, Moxlie Creek, and Olympia STP each contributed approxi-
mately one-third of the fecal coliform loading to the inlet. Upgrading
the Olympia STP disinfection equipment and eliminating all sanitary in-
puts to Moxlie Creek should reduce fecal coliform loading by 50 percent
or greater.

Precipitation was below normal throughout the study. Loading rates for

fecal coliform bacteria and other parameters presumably were less than
under more adverse weather conditions.

Key words: Budd Inlet; water quality assessment; mathematical modelling.



ACKNOWLEDGEMENTS

I would Tike to give special thanks to John Yearsley, EPA Region X, for
his assistance in the development and verification of the Budd Inlet
dissolved oxygen model. Also, thanks to Jerome Thielen and Dale Tucker
for their help in the collection and analysis of data during the study,
John Bernhardt for his editorial comments, and to Carol Perez for her
patience and dedication in typing this manuscript.



TABLE OF CONTENTS

Page
ABSTRACT P91
ACKNOWLEDGEMENTS v
TABLE OF CONTENTS vii
LIST OF TABLES ix
LIST OF FIGURES xi
SUMMARY i1
INTRODUCTION 1
DESCRIPTION OF STUDY AREA 2

METHODS AND MATERIALS

MORPHOMETRY AND HYDROLOGY

4
4
WATER QUALITY SURVEYS 4
Point Source Inventory 4
Recelving Waters 6

6

DISSOLVED OXYGEN MODEL

RESULTS AND DISCUSSION 7
MORPHOMETRY AND HYDROLOGY 7
WATER QUALITY SURVEYS 10

Point Source Inventory 10
Receiving Waters 13
DO Problems in Lower Budd Inlet 19
DISSOLVED OXYGEN MODEL PREDICTIONS 25
DO Sources 29
DO Sinks 29

CONCLUSIONS 33

LITERATURE CITED 39

APPENDIX I - STATION LOCATIONS AND DESCRIPTIONS A-3

APPENDIX II - MODEL INPUT AND PROGRAM LISTING A-15

vii



Table

Table

Table

Table

Table

Table

Table

LIST OF TABLES

Budd Inlet tidal characteristics at the Olympia
DENCH MAFK,. oo evvnveeneaneaosesvsorassosnsscosensscsasasss

Comparison of morphological and hydrological data col-
lected on Budd Inlet by McLellan, Collias, and Kruger.....

Rank of mean instantaneous discharge (MDG) of all point
source stations and the number of occurrences during the
study period (9/76 = 2/78) ccicereriiieiececencecenccoanans

Mean loading rates of major point source stations having
greater than 99% of the freshwater inflow into Budd
Inlet during the study period (9/76 - 2/78)...ccvvuuunnn..

Range and mean water quality data for selected mid-channel
stations over all depths and all dates...........ccvvnnnn.

Chlorophyll data analyzed for chlorophyll a and
pheophytin a in Budd Inlet during the summer of 1977......

Monthly average effluent limitations before and after

modification of the Olympia Sewage Treatment Plant
to secondary 1evels. iieierrecnerroscecssosncsasasonssnses

ix

1

12

14

31

34



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

10

11

12

13

14

15

LIST OF FLGURES

Map of Budd Inlet and surrounding area..........c.c.c.o..

Map of study area detailing receiving water and point
source sampling stations. ... iiiiiiiiiiieiinniiinnnnns

Volume of water (m3) in Budd Inlet according to tidal
Vertical salinity profiles for southern Budd Inlet
during one tidal cycle (2/6/78)..ccviverneenennnennnnnn.

Lateral and horizontal salinity distribution for south-
ern Budd Inlet at surface and 1 meter depth (2/6/78)....

Seasonal salinity profiles for southern Budd Inlet......

Nitrate-nitrogen and orthophosphate-phsophorus concen-
trations (mg/1) in Budd Inlet during the study period
At STation 592, . ittt it ittt ittt

Geometric mean fecal coliform densities in Budd Inlet
during the study period (9/76 - 2/78).c.ceeeeiiiniinnnnn..

Surface (---) and depth-averaged (——) fecal coliform
densities in Budd Inlet over one complete tidal cycle
(278778 ) ettt ittt iteneeeenenessensaseceennenenennnenns

Mean dissolved oxygen concentrations (mg/1) for depths
below 1 meter in lower Budd Inlet during low tide
AR T T

Mean dissolved oxygen concentrations (mg/1) for depths

below 1 meter in Budd Inlet during low tide (8/16-18/77).

Mean dissolved oxygen concentrations (mg/1) for depths
below 1 meter in Tower Budd Inlet during Tow tide
T - L A T

Chlorophy1l a and pheophytin a concentrations (mg/m3)
in Budd Inlet for June, August, and September 1977......

Ratio of chlorophyll a to pheophytin a during June,
August, and September 1977 in Budd Inlet................

Model predicted and observed dissolved oxygen concen-

trations (mg/1) in Budd Inlet for June, August, and
September 10977, . it iiiiiineronnsonncenenenennsnsnans

Xi

15

16
17

18

20

21

22

23

24

26

27

28



Figure 16

Figure 17

Figure 18

Figure 19

LIST OF FIGURES - Continued

Model predicted DO concentrations (mg/1) in Budd Inlet
during August 1977 with varying wind velocities.........

Model predicted DO concentrations (mg/1) in Budd Inlet
during August 1977 with 100%, 80%, and 50% of the
phytoplankton BOD.....vveieriniinienneecennnoncnsoenns

Predicted DO concentrations (mg/1) in Budd Inlet during
August 1977 using BOD loading rates for the Olympia STP
before and after upgrade to secondary treatment.........

Predicted DO concentrations (mg/1) in Budd Inlet during
August 1977 using BOD loading rates for the Qlympia STP
before and after upgrade to secondary treatment with

50% reduction in phytoplankton BOD.........ccevivoannts

X1

32

35

36



SUMMARY

Budd Inlet is the southernmost waterway of Puget Sound and the main
seaport of Olympia and adjacent communities. The inlet serves as a
commercial lane for export and delivery of maritime goods. Many citi-
zens also use the waters for fishing, boating, and a variety of other
recreational activities. Aesthetically, the inlet is perhaps the most
attractive aspect of the Olympia area.

The inlet experiences several water quality problems which reduce its
value as a resource. Nuisance algal blooms periodically occur reducing
water transparency. Dissolved oxygen drops to critical levels at times
during summer resulting in fish kills. Fecal bacteria levels exceed the
state's water quality standards during some periods. The public has be-
come increasingly concerned about these problems in recent years, particu-
larly in light of the rapid population growth and ccimercial development
projected for lower Puget Sound.

In response to the need for more detailed information on Budd Inlet
waters and factors which influence water quality, the Department of
Ecology conducted a receiving water study from 1976 to 1978. The pur-
pose of the study was to:

1. Better define the cause and effect of existing water quality
problems; and

2. Obtain a baseline of data that can be used to evaluate bene-
fits of various water pollution abatement projects planned
for the Olympia area.

Budd Inlet waters and all significant discharges to the inlet were
monitored including the Olympia sewage treatment plant, combined sewer
overflows in and around Olympia, Deschutes River (Capitol Lake outlet),
and other feeder streams. Water quality analyses included nutrients
(phosphorus and nitrogen compounds), dissolved oxygen, fecal coliform
bacteria, and other constituents. Phytoplankton (algae) samples were
collected at selected sites. In addition, a mathematical model was
developed to predict dissolved oxygen concentrations during summer Tow
flow.

Results of the Budd Inlet study are succinctly described below.

Nutrient Inputs

Puget Sound waters flowing into the inlet by tidal action naturally con-
tain sufficient phosphorus and nitrogen for a high algal bloom potential.
The other monitored inputs do not significantly contribute to nutrient
levels in the inlet.

Xiii



Upgrading of the Olympia sewage treatment plant is now taking place.
Under present conditions, there is no need to consider treatment greater
than secondary or to extend the outfall into deeper waters. Water
quality benefits associated with nutrient removal (tertiary treatment)
would be minor compared to the cost.

Algal Blooms

The algal blooms which periodically occur in the inlet appear to be

in direct response to the high nutrient levels that naturally exist.
Availability of solar radiation appears to be the main limiting factor.
Consequently, algal blooms may be expected to continue even after the
new Olympia sewage treatment plant is in operation.

The decision not to include nutrient removal in the new treatment fa-
cility is supported by this finding.

Dissolved Oxygen

The mathematical model indicates that decaying algae (following algal
blooms) is the main cause of the dissolved oxygen sags that periodically
occur in southern Budd Inlet during late summer. Dissolved oxygen prob-
lems are expected to continue after the Olympia sewage treatment plant
is upgraded.

The Deschutes River (Capitol Lake outlet) is the major contributor of
dissolved oxygen to the inlet during late summer. Although it may not
completely resolve the dissolved oxygen problem, a small continuous
discharge during all phases of flushing Capitol Lake may add sufficient
oxygen to prevent or minimize fish mortalities in the inlet.

Fecal Bacteria

Capitol Lake, Moxlie Creek, and the Olympia sewage treatment plant are
the major sources of bacterial contamination in the inlet. Each con-
tributes about one-third of the fecal bacteria loading. The Olympia
sewage treatment plant upgrade, which also addresses the Moxlie Creek
drainage basin, should reduce bacterial loading to the inlet by 50
percent or more. The Capitol Lake contribution, dominated by the
Deschutes River and waterfowl on the lake, will not be appreciably
affected.

A reduction in bacterial loading associated with the Olympia sewage
treatment plant upgrade may improve water quality to the Class A desig-
nation for lower Budd Inlet (it is now Class B). These waters would
then be classified as suitable for water-contact recreation.
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INTRODUCTION

Budd Inlet is divided into two segments under the state's water quality

management program. The outer inlet (Segment 25-02-00) currently meets

the state's water quality classification for Class A marine waters (DOE,
1977). Inner Budd Inlet (Segment 06-13-03), south of Priest Point Park,
is designated Class B marine waters. These waters do not meet the state
standards for fecal coliform bacteria and dissolved oxygen.

The Olympia sewage treatment plant (STP), the major municipal point-
source discharger to inner Budd Inlet, is scheduled for upgrade to
secondary treatment (to be completed by 1982) under the USEPA/DOE
municipal construction grants program. The new facility will substan-
tially decrease biochemical oxygen demand (BOD) loading, improve bac-
terial disinfection through ozonation and, through sewer rehabilitation,
eliminate raw sewage bypassing except during extreme storm events.
Sewage wastes generated by the communities of Lacey, Olympia, Tumwater,
and northern Thurston County (LOTT) will be served by the new facility.

An intensive water quality monitoring study was conducted in Budd Inlet
during 1976 through 1978 to evaluate impacts of the various inflows on
water quality. Three objectives were addressed:

(1) Identify, inventory, and determine the impacts of significant
point source dischargers and other inputs to the estuary on
fecal coliform bacteria, dissolved oxygen, and nutrient levels.
These sources include the Olympia STP, combined storm sewer
overflows, Capitol Lake discharge, feeder streams, and in-
coming Puget Sound waters.

(2) Identify the cause or causes of low dissolved oxygen condi-
tions that historically prevail in southern Budd Inlet during
late summer. A mathematical model for dissolved oxygen was
developed as part of this objective. Morphologic and hydro-
graphic characteristics of the inlet were also determined to
provide the background data necessary in the calibration of
the model.

(3) Evaluate, in terms of receiving water quality, two key manage-
ment decisions made during the facility planning process for
Olympia STP: (a) not to include tertiary treatment (nutrient
removal) in the facility upgrade; and (b) not to relocate the
sewage treatment plant outfall to deep waters beyond Priest
Point Park.

It is anticipated that data collected during this study will provide a
baseline for comparison when follow-up studies are conducted after the
Olympia STP is upgraded or other events occur which may enhance water
quality.

Supp1ementary to this text, complete field and laboratory data has been
published and can be obtained from the Washington State Department of
Ecology, Olympia, Washington 98504, publication number DOE 79-11la.



DESCRIPTION OF STUDY AREA

Budd Inlet is located at the southern terminus of Puget Sound. It is a
narrow estuary measuring approximately 11.5 km in length, with maximum
and average widths of 3.0 km and 1.7 km, respectively (Figure 1). The
mean depth at MLLW (mean lower low water) is 9.3 meters. The maximum
depth at MLLW is 33 meters at Boston Harbor. Table 1 lists the tidal
characteristics for the inlet (Univ. of Wash., 1954).

Budd Inlet has no entrance sill and in general the intertidal beaches
along the outer inlet are moderately steep. This changes to extensive
intertidal flats at the southern end of the inlet near Capitol Lake dam
and East Bay. Much of the subtidal area throughout the entire inlet is
of a mud, clay, and silt mixture with some areas having a hard, com-
pacted clay bottom. The major portion of the shoreline is residential,
though the southern end of the inlet is urbanized and industrialized.

The principal freshwater inflow to Budd Inlet is from Capitol Lake,

which has an average annual discharge of 170 MGD (263 cfs). Capitol

Lake is an impoundment fed by the Deschutes River and Percival Creek.
Water Tevels in the lake are regulated through the operation of a tide
gate located at the northernmost end. During high tides the gates are
closed, preventing salt water intrusion into the lake. During Tow tides
the gates are opened, releasing freshwater into the inlet. Secondary
freshwater inflows from Moxlie and E11is creeks, at 8 MGD (12 cfs) and 7
MGD (11 cfs) respectively, are located on the east bay side of the inlet.

Table 1. Budd Inlet tidal characteristics at the Olympia bench mark.

Latitude 47° 03'
Longitude 122° 54!
Mean Range of Tide 3.5 meters (11.5 feet

Diurnal Range of Tide
Highest Tide (est.)

Mean Higher High Water (MHHW)
Mean High Water (MHW)

Half Tide Level

Mean Lower Water (MLW)

Mean Lower Low Water (MLLW)
Lowest Tide (est.) -1.

Diurnal Tide Range 1.
Minus Mean Tide Range
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4 meters (14.
4 meters (17.
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Figure 1. Map of Budd Inlet and Surrounding Area.
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METHODS AND MATERIALS

MORPHOMETRY AND HYDROLOGY

The surface area and volume of Budd Inlet was determined using U. S.
Coast and Geodetic Survey Nautical Chart No. 6462 (NOAA, 1972?. The
northern boundary was arbitrarily set as a straight line extending from
Cooper Point to Dover Point. Mean high water (MHW), mean lower low
water (MLLW), and the 1, 2, 3, 5, and 10 fathom contour lines on the
chart were utilized. Two additional contour Tines were drawn at 15 and
18.5 fathoms. The surface area for each contour level was determined
using a compensating polar planimeter (Keuffel and Esser N.O. 620015).
Volume determinations for each depth interval were calculated according
to Welch (1948). Summation of the volumes for each stratum produced the
total volume for the inlet.

WATER QUALITY SURVEYS

Point Source Inventory

National Pollutant Discharge Elimination System (NPDES) permits were
reviewed to determine major dischargers to Budd Inlet. The only point
source with a substantial discharge was the Olympia sewage treatment
plant. Thirteen combined storm sewer overflow sites were monitored
during the study period (Figure 2). Four additional stations were
established on feeder streams to determine the contribution of these
freshwater sources. These streams included the Deschutes River and
Percival, Moxlie, and E11is creeks. Detailed station descriptions are
presented in Appendix I.

Discharge rates for the Olympia STP were obtained from the plant's
monthly monitoring reports. Deschutes River discharge measurements were
made at the USGS gaging station at Tumwater. Discharge data for Perci-
val Creek were collected at the footbridge near Percival Cove (DOE,
unpublished data). These two flow records were used to estimate Capitol
Lake discharge. Depending on flow, discharge rates for other monitored
point source stations were measured either by a Marsh-McBurney magnetic
flow meter or the bucket/stopwatch method. Climatological data for the
Olympia area was obtained from National Oceanic and Atmospheric Adminis-
tration records.

Dissolved oxygen was measured by the azide modification of the Winkler
method. Temperature readings were taken in the field. Laboratory
samples were collected and analyzed for the following: total and fecal
~coliform bacteria; pH; turbidity; conductivity; nitrite-nitrogen;
nitrate-nitrogen; ammonia-nitrogen; orthophosphate-phosphorus; total
phosphate-phosphorus; total solids; total suspended solids; chemical
oxygin demand (COD); and biochemical oxygen demand (BOD5) (A.P.H.A.,
1975).



60l
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Figure 2. Map of Study Area Detailing Receiving Water
and Point Source Sampling Stations.
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Loading rates for point source and stream stations were computed either
as pounds per day or in the case of fecal coliform loading, as number of
bacteria or organisms per day. The loading rates were computed by
multiplying the mean concentration by the mean discharge.

Receiving Waters

Twenty-four stations on nine transects were initially sampled to de-
termine general water quality characteristics of the inlet (Figure 2).
Review of data collected from the 10 stations south of Priest Point Park
(Class B waters) showed the greatest variability in water quality be-
tween stations. The 14 stations north of Priest Point Park (Class A
waters) had similar water quality; therefore, 12 of these were elimi-
nated from further sampling. The following 10 stations were sampled
during the remainder of the study: 510, 521, 522, 523, 531, 532, 533,
542, 562, and 592. Detailed station descriptions are presented in
Appendix I.

Monthly sampling supplemented by surveys during storm events was con-
ducted during September 1976 through February 1978. Twenty-one sampling
runs were made during this period. Sampling times coincided with low or
lower Tow tide stages for the following reasons: (1) the inlet had the
Towest dilution volume; (2) subsurface discharges were exposed; and (3)
Capitol Lake was discharging.

Five physical and chemical parameters were measured in situ at each
station. A Beckman Electrodeless Induction Salinometer was used to
measure salinity, conductivity, and temperature at surface, half-meter,
one-meter intervals to 5 meters, 10 meters, 15 meters, and near bottom.
Dissolved oxygen was measured either by the azide modification of the
Winkler method or by an International Biophysics Corporation (IBC) dis-
solved oxygen probe. Transparency was determined with a secchi disk.
The euphotic zone depth was estimated by multiplying 2.7 times the
secchi disk depth.

At each station, laboratory samples were collected at three depths (sur-
face, mid-depth, and bottom) and analyzed for the following: total and
fecal coliform bacteria; pH; turbidity; nitrite-nitrogen; nitrate-nitrogen;
ammonia-nitrogen; orthophosphate-phosphorus; and total phosphate-phosphorus.
Chlorophyll a and pheophytin a samples were collected at the surface, mid-
depth, and bottom of the euphotic zone.

DISSOLVED OXYGEN MODEL

The model used in this study was a one-dimensional, steady-state model
for predicting dissolved oxygen concentrations (0'Connor and Thomann,
1971). A one-dimensional model describes the hydrodynamic and mass

transfer processes proceeding in a horizontal direction. This allows



for a simplistic mathematical approach in comparison to other multi-
dimensional models. Steady-state refers to the time-averaging concept
in model computations. In the case of Budd Inlet, the time factor was
based on the replacement time of the inlet. This is the number of tidal
cycles required to replace the inlet with "new" water.

This model used first-order reaction rates based on two input categories:
sources and sinks. These refer to the various reactions and wastewater
inputs which affect the concentration of dissolved oxygen in the estu-
ary. Dissolved oxygen sources include Puget Sound waters which enter
Budd Inlet, freshwater input from Capitol Lake (principal source), and
surface reaeration. Reaeration coefficients used in model computations
were corrected for wind velocity (Banks and Herrera, 1977). Point
source BOD loading and phytoplankton decomposition were used as DO sinks
(Welch, 1969). Oxygen uptake by decaying phytoplankton was estimated
from pheophytin a concentrations. Planktonic oxygen production and
respiration were not included.

The model was developed from water quality data collected at six mid-
channel stations, each representing one segment of the inlet. These
stations were 510, 522, 532, 542, 562, and 592 (Figure 2). Volume-
averaged salinity and temperature were then computed for the six seg-
ments. These data were used in the model calculations for saturated
dissolved oxygen concentrations.

To achieve the degree of sensitivity necessary to detect subtle changes
in dissolved oxygen levels, the inlet was further subdivided into a

total of 15 segments. Salinity and temperature values for those seg-
ments without data were obtained by extrapolation. The new segments
were created in the lower inlet where the greatest salinity and tempera-
ture changes occurred. A schematic drawing of the model and the physical
dimensions of the 15 segments are presented in Appendix II.

RESULTS AND DISCUSSION

MORPHOMETRY AND HYDROLOGY

The surface areas at MHW and MLLW were 22.1 km? and 19.5 sz, respec-
tively (Table 2). The difference between these values (2.6 Km2) is
primarily due to the large tidal flat area exposed in the southern
portion of Budd Inlet during low tide. The total volume in Budd Inlet
at MHW and MLLW was estimated at 2.68 x 105 M3 and 1.82 x 108 M3,
respectively. The difference between these two figures represents the
volume of water involved in a mean tidal exchange of 8.60 x 10 M3, or
about 32 percent of the total basin volume. Data collected during this



study compare favorably with data collected by two previous investi-
gators (McLellan, 1954; Collias, 1970) (Table 2). The intertidal volume
for Budd Inlet for any tide cycle can be determined by subtracting the
values obtained on the y-axis in Figure 3.

Using the mean tidal exchange (32 percent) as a flushing rate measure-
ment, Budd Inlet replaces itself in 3.1 tidal cycles (Table 2). The
same calculation for all of Puget Sound yields 25.3 cycles (Duxbury,
Friebertshauser, and Richey, 1972). The high rate of exchange for Budd
Inlet waters is attributed to the lack of an entrance sill, a wide mouth
opening directly into a large, well-mixed tidal channel, and the lack of
turbulent mixing in the lower inlet, thus allowing freshwater to escape
in the surface layer (Olcay, 1959). However, northerly winds which
occasionally prevail for considerable periods during the summer months
?end to hol? surface waters in the inlet, decreasing the flushing rate
ibid, 1959).

Table 2. Comparison of morphological and hydrological data collected on
Budd Inlet by McLellan, Collias, and Kruger.

McLellan Collias Kruger
(1954) (1970) (1979)
7,,2
Surface Area (1 x 10°M%)
at MHW 2.26 2.65 2.21
at MLLW 1.86 2.23 1:95
Volume (1 x 108M3)
at MHW 2.34 2.80 2.68
at MLLW 1.63 1.79 1.82
Mean Depth (Meters) 8.8 8.0 9.3
Intertidal Volume (1 x 10%M%) 0.71 1.01 0.86
Percent Intertidal Vo1ume(]) 30% 36% 32%
Flushing Time in Tide Cycles(2) 3.3 2.8 3.1
(1) Intertidal Volume « 100

Basin Volume

(2) Basin Volume
Intertidal Volume
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Flushing "efficiency", as defined by Friebertshauser and Duxbury (1972),
is the ability of a basin to completely flush itself with new water.
Flushing efficiency was not determined for Budd Inlet. However, the
average monthly flushing efficiency of southern Puget Sound has been
estimated to be 54 percent (ibid, 1972). Therefore, it would take
approximately two months for southern Puget Sound to completely flush
itself.

WATER QUALITY SURVEYS

Point Source Inventory

Precipitation was below normal throughout the study period. Thus, data
collected from 13 overflows were not representative of typical wet
weather periods and may have resulted in underestimating their loading
rates. Based on results from 14 point source sampling runs, each source
was ranked by the mean instantaneous discharge (Table 3). Capitol Lake,
Moxlie Creek, Olympia STP, and E11is Creek contributed 99 percent of the
total freshwater inflow to Budd Inlet. Of these, Capitol Lake contribu-
ted 90 percent. The remaining sources were observed to have such low
and intermittent flow that they were considered to have little impor-
tance and will not be discussed further.

Of the freshwater inputs, Olympia STP effluent was the major source of
orthophosphate-phosphorus loading (82 percent) to the inlet. Capitol
Lake discharge, on the other hand, was the major source of nitrate-
nitrogen (80 percent). However, these two sources did not significantly
increase nutrient levels in Budd Inlet (to be discussed).

The Olympia STP effluent contributed 81 percent of the BOD discharged to
the inlet from monitored point source stations (Table 4). Mean BOD
loading from the treatment plant during the study was 35,205 1lbs. per
day. This is below the plant's monthly NPDES permit limitation of
55,000 1bs. per day. Subtracting the small amount of DO in the efflu-
ent, the mean dissolved oxygen deficit created by the Olympia STP
averaged 35,000 1bs. per day during the study. Capitol Lake, on the
other hand, contributed 93 percent of the dissolved oxygen (8,340 pounds
per day) to the inlet. Quantifying all point source BOD and DO inputs,
an average net loss of 26,200 pounds per day DO was attributed to the
monitored point sources.

Capitol Lake, Mox1ie Creek, and the Olympia STP each contributed approxi-
mately one-third of the fecal coliform loading to Budd Inlet (Table 4).
Moxlie Creek discharge had essentially the same impact on fecal coliform
loading to Budd Inlet as the Olympia STP chlorinated effluent. Reviewing
the LOTT facilities plan, five combined storm sewer overflows enter into
this creek (KCM, 1976). Through improved disinfection of the STP efflu-
ent and complete elimination of all sanitary inputs to Moxlie Creek, a 50
percent or greater reduction in fecal coliform loading may occur. During
a normal rainfall year, it is possible that bacterial reductions would be
even greater.
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Rank of mean instantaneous discharge (MGD) of all point source

fabte 3. stations and the number of occurrences during the study period
(9/76 - 2/78).
Mean
Instantaneous Number of
Rank Station Discharge (MGD) Occurrences

1 619 Capitol Lake 186.40 14
2 605 Mox1ie Creek 8.78 14
3 607  STP Outfall 6.95(1) 14
4 618 E11is Creek 3.77 14
5 601 Joy & East Bay Drive 1.29 1
6 614 Browne & West Bay Dr. 0.20 2
7 602 San Francisco & East Bay Dr. 0.16 8
612 Jackson & West Bay Drive 0.11 2

9 604 Thurston & East Bay Drive 0.07 2
10 611 Olympia Way & 4th 0.06 1
11 615 West Bay Marina Pump Sta. 0.03 7
12 603 Glass & East Bay Drive ——— 0
606 Olympia STP Emergency Bypass - 0

608 Olympia STP Bypass ——— 0

609 State & Water - 0

610 Brenner & 4th ——— 0

613 Foote & Jackson ----(2) 1

(1
(2)

)Mean Monthly Discharge Taken from STP Monitoring Reports.

Insufficient Flow Measurements Collected.

11
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Table 4. Mean loading rates for major point source stations having greater than 99% of total freshwater inflow
into Budd Inlet during the study period (9/76 - 2/78).

Flow % of O—PO4-P % of N03—N % of BOD5 % of DO % of Fecal(]) % of
Station (MGD) Total (lbs/day) Total (1bs/day) Total (1bs/day) Total (1bs/day) Total (org/day) Total
619 Capitol Lake 186 90 47 16 296 80 7,778 18 16,115 93 ].89x101] 31
605 Moxlie Creek 9 4 6 2 45 12 306 1 680 4 1.87x10].I 30
607 STP Effluent 7 3 244 82 7 2 35,205 81 144 1 2.32x10 37
618 E11is Creek 4 2 1 0 23 6 147 0 324 2 1.01x10'° 2

Totals 206 298 371 43,436 17,245 6.18x10"!

(1)

Geometric Mean.




Receiving Waters

In general, water quality in Budd Inlet decreased in a southerly di-
rection from Boston Harbor (Station 592) to Capitol Lake (Station 510).
Dissolved oxygen, dissolved oxygen saturation, pH, and transparency
decreased toward Capitol Lake (Table 5). Temperature and fecal coliform
bacteria showed corresponding increases.

Freshwaters discharged from Capitol Lake into the inlet initially re-
mained as a distinct surface layer approximately one meter deep. This
lTayer became well mixed with the marine waters of Budd inlet within a
short distance, with the estuary becoming essentially homogenous in
terms of salinity north of Priest Point Park. This freshwater layer was
affected only slightly by tide stage (Figure 4). Lateral and horizontal
freshwater distribution patterns at the surface and at one meter did not
show any well-defined freshwater surface currents (Figure 5). In
addition, no major seasonal variations were observed in the mid-channel
salinity profiles (Figure 6).

Although Capitol Lake was the major contributor of dissolved oxygen to
Budd Inlet, it appears current management practices for controlling lake
water quality may at times contribute to decreased water quality in
southern Budd Inlet. During late summer, Capitol Lake is periodically
drawn down to flush the algal crop from the lake. Closure of the tidal
gates for several days to raise the lake level would remove the major
source of dissolved oxygen (8,340 pounds per day) to the inlet. This
practice may be a factor in Towering DO concentrations to critical
Tevels. Even a small continuous discharge from the lake during all
phases of the flushing process may add sufficient dissolved oxygen to
prevent fish mortalities near Capitol Lake Dam (Earl Finn, personal
communication).

It appears nutrient loading contributed by all of the identified point
sources is insignificant when compared to the nutrient supply existing
in the water column. Puget Sound waters entering Budd Inlet are abund-
ant in nutrients throughout the year (Figure 7). Annual cyclic nutrient
concentrations determined for Budd Inlet during the study were similar
to those observed in northern Puget Sound (Winter, 1975). Primary
productivity in Budd Inlet does not appear to be nutrient limited. The
main factor initiating phytoplankton blooms in Budd Inlet and most of
Puget Sound is 1light availability. Therefore, in the case of the
Olympia STP, the addition of nutrient removal would not significantly
reduce nutrient levels and phytoplankton blooms in Budd Inlet.

Low DO concentrations were measured in Olympia Harbor during September
1976 and again the following late summer. Dissolved oxygen data col-
lected near the STP outfall (Stations 522 and 532) did not show an
appreciable decline in DO levels compared to the harbor in general. The
periodic DO sags coincided with other factors such as Capitol Lake
flushing, indigenous phytoplankton blooms, and optimal weather condi-
tions (to be discussed later). Therefore, it appears moving the exist-
ing outfall into deeper waters would not significantly increase dissolved
oxygen concentrations in southern Budd Inlet.

13
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Table 5. Range and mean water quality data for selected mid-channel stations over all depths and all dates.
1 Feca12
Temp Salinity DO Computed Coliform NO3-N O--PO4 Transparency
Station (°c) (0/00) (mg/1) DO Sat. (%) (#/100 m1) pH (mg/1) (mg/1) (m)
6.9-23.2 .8-34.0 1.9-12.5 2-10,000 5.2-8.4 = .01-.44 .02-.16 .6-3.4
510 11.6 26.1 7.7 83 22 7.6 .23 .06 1.6
6.5-21.0 1.7-35.5 1.8-13.2 2-670 7.3-8.4 .01-.45 .02-.18 .6-3.4
522 11.2 27.6 7.6 82 15 7.7 .22 .07 1.6
6.7-21.9 6.5-34.8 1.9-11.4 2-400 7.3-8.1 .02-.43 .03-.14 1.0-2.
532 11.0 28.3 8.1 87 12 7.7 .24 .07 1.7
6.7-24.1 8.8-34.1 1.9-16.9 2-1300 7.2-8.0 .01-.44 .02-.29 1.0-5.
542 11.2 29.4 8.4 91 10 7.7 .22 .07 2.2
6.2-25.8 22.1-34.4 5.5-12.9 1-400 7.6-8.9 .02-.44 .02-.19 1.0-6.
562 10.9 30.0 9.0 98 3 7.8 .26 .06 3.2
6.2-19.2 27.8-34.6 7.5-12.3 1-26 7.6-8.9 .02-.45 .02-.11 3.0-7.
592 10.9 30.7 9.2 100 2 7.9 .28 .06 4.9

]Computed from mean temperature, salinity, and DO data.

2Geometm’c Mean
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Figure 5.

SURFACE

1 METER

Lateral and horizontal salinity distribution for southern Budd Inlet at surface and 1 meter
depth (2/6/78).
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during the study period at station 592.



Fecal coliform densities throughout the study were higher in the port
area than in the outer harbor (Figure 8). This is what would be ex-
pected because of the number of point sources located around the southern
end of Budd Inlet. The rapid decline in fecal densities north of Priest
Point Park coincides with the water quality class designation established
by the Department of Ecology. From the data it appears that Budd Inlet
is properly classified at this time. However, assuming a substantial
reduction in bacterial densities will occur due to the treatment plant
upgrade and sewer overflow elimination, the inner harbor area may, in

the future, change from Class B to Class A marine waters.

Data was coliected throughout a complete tidal cycle in February 1978 to
determine if fecal coliforms were concentrating in the lower inlet

during incoming tides. Sampling was initiated at low tide and ended at
lower low tide. A pooling or concentrating of surface and depth-averaged
fecal coliforms at high slack tide did not occur (Figure 9). If any-
thing, fecal coliform counts may have increased slightly during the

Tower low slack tide, with surface densities usually being higher than
depth-averaged concentrations.

Little information is available on bacterial die-off and regrowth of
fecal coliforms in marine waters. Without these two rates as well as
dilution and diffusion data, it would be difficult to trace bacterial
levels in the receiving waters to a point source.

A source of fecal coliforms not accounted in thi? study was from the
indigenous waterfowl populations. Some 3.9 x 10 0 fecal coliforms per
year could be contributed by a single bird (CHoM Hi11l, 1978). Con-
sidering the large number of aquatic birds in Budd Inlet, it is sur-
prising that bacterial densities are not higher.

DO Problems in Lower Budd Inlet

The southern end of Budd Inlet has historically experienced late summer
Tow DO concentrations (Cregg, 1975; Stanley and Cloud, 1975). Through-
out this investigation DO levels in Olympia Harbor were generally lower
than those observed north of Priest Point Park. The summer of 1977 was
the worst case on record of the existing DO problem in Tlower Budd Inlet.
This condition was also documented by the Army Corps of Engineers' sam-
pling during 1977 (unpublished) and DOE routine monitoring data (Figures 10
through 12). These data show that during August a massive dissolved
oxygen sag extended from Capitol Lake out 5.5 kilometers (3.4 miles)
into the inlet (Figure 11) and lasted for nearly six weeks. Mean DO
values below 1 meter depth ranged from 0.06 to 2.3 mg/1 during this
period.

The DO sag in lower Budd Inlet during the summer of 1977 coincided with
an extensive dinoflagellate bloom throughout the inlet. Dinoflagellates
are commonly referred to as red tide organisms, a good description. In
bloom proportions the water turns pink to red to rust brown in color

19
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Figure 12. Mean dissolved oxygen concentrations (mg/l) for depths below 1 meter
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which is aesthetically unpleasing to the eye. The two dominant species
during the bloom were Ceratium fusus and Noctiluca scitillans. Fortu-
nately, these species are relatively non-toxic. A surface grab sample
collected at station 522 during the peak bloom was estimated to contain
greater than 10,000,000 cells per liter, a concentration higher than
what can be cultured in the laboratory (Augustine Chan, personal com-
munication). The disproportionately high phytopiankton densities re-
sulted from minimal cloud cover, extended warm weather, and north winds
concentrating the standing crop into the southern end of the inlet.

Chlorophyll data collected in lower Budd Inlet during August indicated
the phytoplankton bloom was past the growth phase as evidenced by the
high concentration of pheophytin a (Figure 13). Pheophytin a is a
breakdown product of chlorophyll a. Greater chlorophyll a concentra-
tions were present during May and September, indicating a growing bloom
and DO concentrations throughout the inlet were substantially higher.
Other investigators have found that large respiring and decomposing
phytoplankton blooms can significantly deplete dissolved oxygen in the
water column (Welch, 1969; Nece, et al., 1975). Organic matter con-
tributed by sinking (dead) phytoplankton cells was considered to be an
important source of oxygen uptake.

The ratio of the optical densities of chlorcphyll a to pheophytin a is
also indicative of the physiological state of a phytoplankton popula-
tion. Ratios ranged between 1.0 and 1.7. Water samples having ratios
approaching 1.7 are considered to be in excellent physiological condi-
tion, while ratios nearing 1.0 are in poor physiological condition.
August ratios were the lowest, ranging from 1.20 to 1.35 in the inner
harbor where the severe DO sag was observed (Figure 14). June ratios
were the highest, ranging from 1.53 to 1.59 with September ratios
fluctuating from 1.35 to 1.52. DO levels during these months were
substantially higher.

DISSOLVED OXYGEN MODEL PREDICTIONS

Dissolved oxygen predictions for June, August, and September 1977
closely approximated observed DO concentrations in Budd Inlet (Fig-

ure 15). The variance of the predicted values from those observed
appeared to be due to phytoplankton oxygen production (source) and
respiration (sink) which were not included in the model. The June and
September phytoplankton communities were in better physiological con-
dition than the August bloom. Observed DO concentrations were higher
these months than predicted values. During August, observed DO concen-
trations were lower than predicted values. It appears that during
August, respiration and decomposition by planktonic organisms may have
exceeded oxygen production. This is supported by the greater amount of
pheophytin a during the August bloom as well as a self-shading effect
(decreasing photosynthetic activity) caused by large algal cell con-
centrations.
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DO Sources

Three sources of dissolved oxygen were included in the model. These
were: Capitol Lake discharge (primary contributor of DO from a point
source); Puget Sound waters; and wind reaeration.

Wind reaeration appeared to play a significant role in the DO model.
Winds in June and September were in the range of 10 to 20 mph and inlet
DO concentrations were above 6 mg/1. Wind during the August sampling
period was negligible and observed DO concentrations were extremely low
(2.3 mg/1). By increasing wind velocity to 20 mph during the August
simulation, more than 2 mg/1 was added to the predicted DO concentra-
tions in the inlet (Figure 16). The exact mechanism of wind on oxygen
transfer at the air-water interface is not fully known. Wind-caused
turbulence continuously circulates oxygen-saturated water with oxygen-
depleted water just beneath the interface. The oxygen transfer co-
efficient evidently increases through wave generation, droplet formation,
and wave breaking (Banks and Herrera, 1977).

DO Sinks

Phytoplankton decomposition and BOD loading from the Olympia STP were
the two DO sinks addressed in the model.

The August 1977 DO sag in lower Budd Inlet corresponded directly with a
large, decaying phytoplankton bloom. A direct relationship between
chlorophyll a, BOD, and minimum DO concentrations has previously been
established in the Duwamish River estuary (Welch, 1969). However,
during this study pheophytin a appeared to be a better indicator of
organic decomposition than chlorophyll a. Chlorophyll concentrations
were calculated by two methods: (1) spectrophotometric method for
chlorophyll a and (2) spectrophotometric method for pheophytin a

(Table 6) (A.P.H.A., 1975). Generally, when the ratio is low, the
difference between chlorophyll a and pheophytin a becomes smaller when
it is computed by both methods. In fact, during August, pheophytin a
concentrations (Method 2) approximated chlorophyll a concentrations
(Method 1). Assuming the bloom during Welch's investigation was also in
a similar state of decay, it would be possible to substitute pheophytin
a for chlorophyll a in his equation as an estimation of oxygen uptake.
Phytoplankten decomposition had a significant impact on predicted re-
ceiving water dissolved oxygen levels. The August simulation of three
phytoplankton blooms with decreasing receiving water BOD concentrations
resulted in higher DO concentrations throughout the inlet (Figure 17).
A bloom half the intensity, therefore half the receiving water BOD,
raised DO concentrations over 2 mg/1 in the area of observed DO sags.
This indicated that decaying phytoplankton blooms appear to have a
substantial impact on DO concentrations in the inlet.

BOD loading from the treatment plant has been cited as a 1ikely source

of a localized DO sag (Stanley and Cloud, 1975; KCM, 1975). Model
simulations during the critical month of August were made considering
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Table 6. Chlorophyll data ana1yzed for ch]orophy11 a and pheophytin a in Budd Inlet during the

summer of 1977.

Method 1
Spectrophotometric Method
for Chlorophyll a

Method 2
Spectrophotometric Method
for Pheophytin a

Date Station Chl a (mg/m3) l‘ Chl a (mg/m3) Pheo a (mg/m3) Chl a + Pheo a (mg/m3) Ratio
6/22/77 510 6.96 6.52 1.24 7.76 1.59
522 12.78 11.27 3.12 14.39 1.565
532 7.56 6.45 2.08 8.53 1.53
542 17.91 16.31 3.33 19.64 1.58
562 14.55 12.54 3 98 16.52 1 53
592 - -— - —— -
8/17/77 510 6.70 3.80 5.29 9.09 1.29
522 12.35 7.70 8.47 16.17 1.33
532 9.48 3.85 10.52 14,37 1.19
542 15.51 6.67 16.68 23.35 1.20
562 11.61 11.23 1.12 12.35 1.64
592 22.42 14.37 14,37 28.74 1.35
9/13/77 510 18.96 13.57 10.70 24.27 1.39
522 29.39 20.69 16.36 37.05 1.39
532 14,89 13.28 4,62 17.90 1.52
542 17.59 11.23 12.35 23.58 1.33
562 27.07 20.23 13.36 33.59 1.42
592 10.24 6.81 6.76 13.57 1.35
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the sewage treatment plant BOD loading, before and after its upgrade to
secondary treatment. BOD Toadings used in model computations were
obtained from NPDES Permit No. WA-003706-1 (Table 7). It appears from
model simulations that the BOD loading from the treatment plant has
1ittle effect on inlet DO concentrations. Only a 0.2-to0-0.3 mg/1 DO
increase in the inner harbor might be expected after upgrading to secon-
dary treatment (Figure 18). Another simulation was made using the same
BOD loading rates but this time reducing the BOD of the bay water by 50
percent and similar results were obtained (Figure 19). Although DO
concentrations are higher, it is obvious that the cause is from lower
receiving water BOD.

CONCLUSIONS

1. Thirty-two percent of the basin volume (8.50 x 107 M3) is

involved in a mean tidal exchange. Assuming no mixing is
occurring, this represents a mean flushing (replacement)
time of 3.1 tidal cycles or approximately 1.5 days. Flush-
ing "efficiency" for Budd Inlet was not determined. How-
ever, during the summer flushing efficiency may be reduced
due to decreased freshwater inflow and northerly winds
which tend to hold surface waters in Budd Inlet.

2. Capitol Lake, Moxlie Creek, the Olympia STP, and Ellis
Creek contributed 99 percent of the total surface freshwater
inflow into Budd Inlet (206 MGD).

3. The Olympia STP contributed 82 percent of the orthophosphate-
phosphorus loading, with Capitol Lake contributing 80 per-
cent of the nitrate-nitrogen loading to Budd Inlet from the
monitored point sources. These sources, however, did not
significantly increase receiving water nutrient concentra-
tions. Puget Sound waters are naturally abundant in nutrients
throughout the year. Therefore, it is evident that tertiary
treatment (nutrient removal) is not necessary at the new
Olympia treatment facility.

4, The Olympia STP contributed 81 percent of the BOD discharged
to the inlet. A1l freshwater inputs considered, an average
net loss of 26,200 pounds per day dissolved oxygen was at-
tributed to BOD loading. However, the Olympia STP and other
BOD sources did not appear to appreciably Tower dissolved
oxygen levels in Budd Inlet. Therefore, it appears moving the
existing outfall into deepr waters would not significantly
increase dissolved oxygen concentrations. Periodic dissolved
oxygen sags coincided with other factors such as Capitol Lake
flushing, indigeneous phytoplankton blooms, and optimal
weather conditions.
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Table 7. Monthly average effluent limitations before and after modifica-
tion of the Olympia Sewage Treatment Plant to secondary levels.

Parameter Before After
Flow 15.3 mgd : 16.3 mgd
.67 m3/sec 71 m3/sec
BOD5 704 mg/1 30 mg/1
57,800 1b/day 4,080 1b/day
Suspended Solids ‘ 210 mg/1 30 mg/1
18,100 1b/day 4,080 1b/day
Fecal Coliform Bacteria 700/100 ml 200/100 ml

pH 6.0 < pH < 11.0 6.0 < pH < 9.0
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Capitol Lake, Moxlie Creek, and the Olympia STP each con-
tributed approximately one-third of the fecal coliform loading
to Budd Inlet. By improving the disinfection process at the
STP and eliminating all sanitary inputs to Moxlie Creek through
sewer rehabilitation, there may be a 50 percent or greater
reduction in fecal coliform loading to Budd Inlet. This may
result in a class designation change from Class B to Class A
marine waters for lower Budd Inlet.

The extensive DO sag in lower Budd Inlet during the summer of
1977 was primarily attributed to a decaying phytoplankton
bloom. Phytoplankton blooms are a natural phenomenon in Puget
Sound and Budd Inlet and will occur even after upgrade of the
Olympia STP to secondary treatment.

Model predictions for dissolved oxygen were mainly influenced
by decaying phytoplankton blooms (DO sink) and wind reaeration
(DO source). The model also showed that upgrading the Olympia
STP to secondary treatment, resulting in a substantial reduc-
tion in biochemical oxygen demand, would not significantly
increase dissolved oxygen concentrations in the receiving
water.
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APPENDIX 1

STATION LOCATIONS AND DESCRIPTIONS



BUDD510

STORET Minor Basin: Puget Sound

Latitude:
Longitude:

Agency:

DEPARTMENT OF ECOLOGY
Office of Water Programs

Water Quality Management Division
Water & Wastewater Monitoring Section

BUDD INLET AT YACHT BASIN-BUDDOO1
STORET Sub Basin: Deschutes

47 02 52.0. Elevation (Feet): O
122 54 20.0° County: Thurston
21540000 State: Washington

Water Class: B
Segment: 06-13-03

Sta Type: Marine

Located off center of most seaward pier running east/west at the Olympia Yacht Basin - this is
the same location as BUDDOO1 in the marine air flight network.

BUD521

STORET Minor Basin: Puget Sound

Latitude:
Longitude:

-Agency:

BUDD INLET OUT SHIP TURN BASIN
STORET Sub Basin: Deschutes

47 03 23.0 Elevation (Feet): O
122 54 32.0 County: Thurston
21540000 State: Washington

Water Class: B
Segment: 06-13-03

Sta Type: Marine

Located on a line from the large, green, sheet metal warehouse through center of crane area on
port docks - outside of ship turning basin.

BUD522

STORET Minor Basin: Puget Sound

Latitude:
Longitude:

Agency:

Located along the same line as BUD521 - inside the ship turning basin,

BUD523

STORET Minor Basin: Puget Sound

Latitude:
Longitude:

Agency:

BUDD INLET IN SHIP TURN BASIN
STORET Sub Basin: Deschutes

47 03 24.0 Elevation (Feet): O
122 54 21.0 County: Thurston
21540000 State: Washington

BUDD INLET NEAR CASCADE POLE
STORET Sub Basin: Deschutes

47 03 26.0 Elevation (Feet): 0
122 53 48.0 County: Thurston
21540000 State:- Washington

Water Class: B
Segment: 06-13-03

Sta Type: Marine

Water Class: B
Segment: 06-13-03

Sta Type: Marine

Located along the same line as BUD521 - approximately 240 meters due east of center of southern
dock at Cascade Pole. )



BUDS31 BUDD INLET WSW SOUTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 43.0 Elevation (Feet): O Water Class: B
Longitude: 122 54 31.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Marine

Located on a line from the plywood plant through the southermmost channel marker, approximately
370 meters WSW of that channel marker.

BUD532 BUDD INLET AT SOUTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 45.0 Elevation (Feet): O Water Class: B
Longitude: 122 54 13.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUD531 - at the southernmost channel marker.

BUDS33 BUDD INLET ENE SOUTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 47.0 Elevation (Feet): O Water Class: B
Longitude: 122 53 57.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sia Type: Marine

Located along the same 1ine as BUD531 - approximately 370 meters ENE of southernmost channel
marker,

BUDS41 BUDD INLET W NORTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 04 13.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 54 49.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Kashington Sta Type: Marine

Located on a line from the northernmost marker to entrance channel of ship turning basin to
yellow house visible on west shore - approximately 400 meters west of that channel marker.

BUD542 BUDD INLET AT NORTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 04 12.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 54 28.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUD541 - at the northernmost channel marker of the ship turning
basin.



BUD543 BUDD INLET E NORTH CHAN MARKER

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 04 10.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 10.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUDS541 - approximately 490 meters east of that channel marker.

BUDS51 BUDD INLET AT SHIP CHAN ENTRANCE

STORET Minor Basin: ‘Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 05 10.0 Elevation (Feet): O Water Class: A
Longitude: 122 55 27.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located at the flashing (4 sec) marker at the entrance to the dredged ship channel.

BUD552 BUDD INLET EAST OF GILES LANDING

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 05 12.0 Elevation (Feet): O Water Class: A
Longftude: 122 54 48.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located on a line from the marker of BUDS51 to Giles' Landing, visible on the east shore -
approximately 800 meters east of that marker.

BUD553 BUDD INLET WEST OF GILES LANDING

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 05 14.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 15.0 County: Thurston Segment: 25-02-00
Agenc}: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUDS52 - approximately 360 meters west of Giles' Landing.

BUD561 BUDD INLET IN TYKLE COVE

STORET Minor Basin: puget Sound STORET Sub Basin: Deschutes

Latitude: 47 06 01.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 15.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located at the westernmost piling in Tykle Cove.



BUD562 BUDD INLET NEAR GSA DOCKS

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 05 59.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 42.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Hashington Sta Type: Marine

Located on a line from BUD561 to GSA docks visible on the east shore - approximately 1.3 km
east of designated piling.

BUDS563 BUDD INLET WEST OF GSA DOCKS

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 05 57.0 Elevation (Feet): 0 Water Class: 0
Longitude: 122 53 57.0 County: Thurston Segment: 25-02-00
Agency: 21540000 . State: Washington Sta Type: Marine

Located along the same line as BUD562 - approximately 900 meters west of GSA docks.

BUD571 BUDD INLET NEAR GULL HARBOR

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Lat{tude: 47 07 10.0° Elevation (Feet): 0 Water Class: A
longitude: 122 55 02.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located on a line from Beverly Beach dock west shore (approximately 1.3 km north of Tykle Cove)
to white house visible at close range on east shore (approximately 700 meters north of Gull
Harbor) - 400 meters from west shore.

BUD572 BUDD INLET NR GULL HBR MIDCHAN

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 07 11.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 31.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUDS71 - approximately 1.0 km from either shore.

BUD573 BUDD INLET NR GULL HBR E SHORE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 07 12.0 Elevation (Feet): O Water Class: A
Longitude: 122 54 10.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUD571 - approximately 640 meters from the east shore.



8UDS81 BUDD INLET NR LANDMARK DRIVEWAY

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Lat{tude: 47 08 03.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 55 17.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located on a line from landmark driveway visible at close range on west shore (approximately
2.8 km north of Tykle Cove) to east shore (approximately 600 meters south of Wofflemeyer Point)
- approximately 400 meters off west shore.

BUD582 BUDD INLET OFF WEST SHORE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 08 05.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 54 57.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUDS81 - approximately 900 meters off west shore.

BUDS83 BUDD INLET OFF EAST SHORE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 08 08.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 54 29.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same line as BUDS81 - approximately 300 meters off east shore.

BUDSS1 BUDD INLET NEAR COOPER POINT

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 08 42.0 Elevation (Feet): O Water Class: A
Longitude: 122 55 10.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located on a Tine from the northernmost house on Coopa:r's Point to <he pink house visible on
the east shore (i.e., Jeal Point) - approximately 460 meters east of Cooper Point.

BUD592 BUDD INLET NEAR JEAL POINT

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 08 41.0 Elevation (Feet): 0 Water Class: A
Longitude: 122 54 28.0 County: Thurston Segment: 25-02-00
Agency: 21540000 State: Washington Sta Type: Marine

Located along the same 1ine as BUD591 - approximately 640 meters west of Jeal Point.



BUD601 JOY AVE. & EAST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 32.0 Elevation (Feet): O Water Class:
Longitude: 122 53 37.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Pump station at the intersection of Joy Avenue and East Bay Drive (8-inch emergency bypass,
only for pump failure). Effluent enters into East Bay of Budd Inlet.

BUD602 SAN FRANCISCO & EAST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Dgschutes

Latitude: 47 03 26.0 Elevation (Feet): 0 Water Class:
Longitude: 122 53 35.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

24-inch storm overflow pipe. Access in grassy bank just north of intersection of San Fransciso
Street and East Bay Drive. Manhole is farthest north and closest to sidewalk. Outfall located
across East Bay Drive and down private driveway, behind private dock. Effluent enters into
East Bay of Budd Inlet.

BUD6O3 GLASS ST. & EAST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 59.0 Elevation (Feet): O Water Class:
Longitude: 122 53 31.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to storm overflow at intersection of Glass Street and East Bay Drive. In northbound
traffic lane on East Bay Drive. (Outfall is buried.) Overflow enters into East Bay of Budd
Inlet.

BUD604 THURSTON AVE. & EAST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 54.0 Elevation (Feet): 0 Water Class:
Longitude: 122 53 33.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to 18-inch storm overflow is at the intersection of Thurston.Avenue and East Bay Drive
(Thurston Avenue is not a through street). Access is “in northbound traffic lane on East Bay
Drive. Of the two manholes in the area, it is the one farthest south. Overflow enters into
East Bay of Budd Inlet. Overflow pipe is 12-inch diameter.



BUD605 STATE AVE. & CHESTNUT AVE.

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 48.0 Elevation (Feet): 0 Water Class:
Longitude: 122 53 36.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to 72-inch combined storm sewer overflow is at the intersection of State Avenue and
Chestnut Street. Manhole is located in dirt and gravel sidewalk on north side of State Avenue.
Outfall 4s located just on other side of fence from access and empties into the southernmost
end of East Bay in Budd Inlet. Outfall pipe narrows to 30 inches in diameter at end.

BUD606 OLYMPIA STP EMERGENCY BYPASS

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 00.0 Elevation (Feet): 0 Water Class:
Longitude: 122 53 47.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

42-inch emergency bypass for the Olympia Sewage Treatment Plant, running due east from
treatment plant.

BUD6O7 OLYMPIA STP OUTFALL

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 33.0 Elevation (Feet): O Water Class:
Longitude: 122 54 19.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Waghington Sta Type: Disch.

Main outfall for the Olympia Sewage Treatment Plant, at north end of Washington Street near
Stefans on Budd Inlet Restaurant. Outfall pipe is a 30-inch diffusser pipe.

BUD60S OLYMPIA STP BYPASS

STORET Minor Basin: ?uget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 57.0 Elevation (Feet): O Water Class:
Longitude: 122 54 11.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

48-inch overflow for the Olympia Sewage Treatment Plant, located jsut off end of "C" Street.
Effluent enters into West Bay of Budd Inlet.

BUD60S STATE AVE. & WATER ST.

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 45.0 Elevation (Feet): O Water Class:
Longitude: 122 54 13.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Pump station located just north of the intersection of State Avenue and Water Street. The
effluent is a combined pumped overflow with a 30-inch outfall pipe. Effluent enters into
West Bay of Budd Inlet.

A-9



BUD610 BRENNER ST. & 4th AVE.

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 41.0 Elevation (Feet}: O Water Class:
Longitude: 122 54 27.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State; Washington Sta Type: Disch,

An 8-inch storm overflow with access near Branner Street and 4th Avenue pump station. Now
abandoned.

BUDE11 OLYMPIA WAY & 4th AVE.

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 40.0 Elevation (Feet): O Water Class:
Longitude: 122 54 39.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to combined overflow in left-hand uphill turn lane at intersection of Olympia Way and 4th
Avenue in crosswalk. Southwesternmost of the two.

BUD612 JACKSON AVE. & WEST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 55.0 Elevation (Feet): 0 Water Class:
Longitude: 122 54 43.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to 6-inch storm overflow at projected intersection of Jackson Avenue and West Bay Drive
in middle of road. Access is farthest north of two manholes in area. Overflow enters into
West Bay of Budd Inlet.

BUD613 FOOTE AVE. & JACKSON AVE.

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 59.0 Elevation (Feet): O . Water Class:
Longitude: 122 54 44.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access to 15-inch sanitary overflow at north end of Foote Street from intersection of Jackson
Avenue and Foote Street. Access 5 to 10 feet over east bank marked with pipe stakes along
private drive. Access buried under leaves. Overflow enters into West Bay of Budd Inlet.

BUD614 BRAWNE AVE. & WEST BAY DRIVE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 10.0 Elevation (Feet): 0 Water Class:
Longitude: 122 54 44.0 County: Thurston Segment: 06-13-03
Agency: 21540000 State: Washington Sta Type: Disch.

Access for 15-inch combined overflow at intersaction of Brawne Ave. and West Bay Orive, in south
bound lane. Access is the center manhole of three located in area. Overflow enters into West
Bay of Budd Inlet.

A-10



BUD61S WEST BAY MARINA PUMP STATION

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 03 47.0 Elevation (Feet): 0O
Longitude: 122 54 54.0 County: Thurston
Agency: 21540000 State: Washington

15-inch storm overflow near pump station, just south of West Bay Marina.

traffic lane near railroad tracks.

BUD616 PERCIVAL CREEK GAUGING STATION

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 01 56.0 Elevation (Feet): 0
Longitude: 122 55 08.0 County: Thurston
Agency: 21540000 State: Washington

Percival Creek gauging station.
upstream side of footbridge across creek.

DESCHUTES RIVER GAUGING STATION
STORET Sub Basin:

BUDS17

STORET Minor Basin: Puget Sound Deschutes

Latitude: 47 00 42.0 Elevation (Feet): ©
Longitude: 122 54 07.0 County: Thurston
Agency: 21540000 State: Washington

Deschutes gauging station.
Blvd. and E Street. Flow enters into Capitol Lake.

BUD618 ELLIS CREEK GAUGING STATION

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

47 04 27.0

Latitude: Elevation (Feet): 0
Longitude: 122 53 38.0 County: Thurston
Agency: 21540000 State: Washington

E114s Creek gauging station,
Flow enters into Budd Inlet.

BUDG19 CAPITOL LAKE GAUGE/POINT SOURCE

STORET Minor Basin: Puget Sound STORET Sub Basin: Deschutes

Latitude: 47 02 37.0 Elevation (Feet): 0
Longitude: 122 54 28.0 County: Thurston
Agency: 21540000 State: Washington

Capitol Lake.
dam.

A-11

Water Class:
Segment: 06-13-03
Sta Type: Disch.

Access in northbound

Water Class: A
Segment: 06-13-100

Sta Type: Stream

Approximately 0.4 miles upstreamfrom Deschutes Parkway, at
Flow enters into Capitol Lake.

Water Class: A
Segment: 06-13-04

Sta Type:  Stream

In middle of Tumwater Valley bridge near intersection of Capitol

Water Class: A
Segment: 06-13-03

Sta Type: Stream

Station located at upstream end of culvert under East Bay Drive.

Water Class: LC
Segment: 06-13-100

Sta Type: Lake

Sampling station located at east tidal gate near fish ladder on south side of
Discharge from Capitol Lake enters into the southernmost end of West Bay of Budd Inlet.
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S22 JUNE 1977

PREDICTED
SEGMENT SEGMENT AVERAGED D.(O.

FE3 33 SE 2630 330 30 S S 36 A0S 3 S SR S SE3E 0 03 3

%* *
#* 1 9.5 wmg/l *
* 3*
#* 2 9.2 mg/l ¥*
%* *
#* 3 8.9 wmg/l *
* +*
* 4 8.6 mg/l *
* *
# 5 8.3 mg/l *
* *
#* 12} 7.6 mg/l *
+* 3
* 7 7.4 mg/l *
* 3*
* B 7.3 mg/l ¥*
* *
* 9 7.3 mg/l *
+* %*
* 10 7.3 wmg/l 3*
* 3*
#* 11 7.3 wmg/l *
#* *
¥* i2 7.4 mg/l *
* *
#* i3 7.6 mg/l ¥*
3* *
¥* 14 7.7 mg/l #*
* *
#* 15 8.9 wmg/l *
3* *

T3S 3633 S 03 RS I T30 36 R I 3R 3 363 305
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MODEL. INFUT

DEOXYGEMNAST IO0ON RAaTE

SEGMENT

FLOW (M43/SEC)

DO (MG/L)
BOD (MG/L)

Diffusion ROD
Temperature Coefficient Data
19.5 2.4 1.1
19.3 1.8 1.1
18.4 2.8 1.1
18.2 1.5 1.1
17.3 2.3 1.1
16.2 1.7 1.1
15.4 3.0 1.1
13.4 €8.5 1.1
13.2 37.1 1.8
12.9 20.8 1.8
12.8 59.6 1.8
12.7 54.6 1.5
i2.6 46.0 1.8
12.4 273.6 2.0
12.3 163.9 2.0
167.2
== . &
DA T o
TRIBUTARY PUGET SOUND POINT SOURCE
12
5.57 0.35
3.9 9.0 O.2
2.0 2.0 600.0
WInND SPEED
mph = 20
kmph = 32.2



17 SUGUIST 1977

PREDICTED
SEGMENT SEGMENT AVERAGED D.0O.

F36 363363030 H 3 3303030 303 3 30 330 FE I 30 33030 4030 030 3630 30 03t

3#* *
* 1 10.4 wmyg/l *
* 3#
#* 2 9.6 mg/l *
* 3*
# 3 8.3 wmg/l #
3 3*
* 4 7.1 wmg/1 #*
* 3#
3 5 6.1 mg/l #*
#* #
* 6 5.1 mg/l #*
¥* 3
#* 7 4.4 mg/l *
# *
¥* 8 4.1 wmg/l *
# *
# = 4.0 mg/l *
¥* #
# 10 4.2 mg/l *
# 3#
3* 11 4.5 mg/l 3
#* 3*
* 12 4.2 wmg/l ¥*
# 3#
#* 13 5.4 mg/l 3*
#* *
* 14 &.4 wmg/l 3#
* _ *
* 15 8.4 wmg/l ¥*
3 *

F36 3634 330 303 3t 4030303 3030 3430 36 33 36 T 3 I FEIE 3033030 03 e T30 03¢



SEGMENT Salinity
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0.6
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17 AUUGLIIST 1977

MODEL. INFUT

Diffusion ROD
Temperature Coefficient Data
23.0 1.2 2.
2.9 0.8 2.2
22. 6 1.3 2.2
2.1 0.8 2.2
20.8 1.1 2.2
20.0 1.4 2.2
193.2 1.1 2.2
18.4 1.7 2.2
18.0 5.2 2.8
17.4 4.9 2.8
16.8 20.5 2.8
16.4 86.9 3.1
16.2 85.8 3.8
15.8 252. 4 1.1
15.3 150.8 3.5
76.8

DEOXYGENAST ION RATE =

SEGMENT

FLOW (M43/5EC)

DO (MG/L)
BOD (MG/L)

DT £
TRIBUTARY PUGET SOUND

2. 72
10.8 8.9
2.0 3.5
WIND SFRFEED

mph = O

kmph = O

A-20
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i3 SEFRFTEMBER 1977

PREDICTED
SEGMENT SEGMENT AVERAGED D.O.

Fedpdedh 3 030 S0 T He3 3030 3 4b 00 St S0 B30 040 030 He Bh 3030 S0 He 0 S0 038

[N

9.8 wmg/l
9.2 mg/l
8.2 mg/1
7.3 wmg/l
6.4 mg/1l
5.6 mg/l
4.9 wmg/l
4.2 mg/l

0 W N o W

3.7 wmg/l
10 3.6 wmg/1
11 4.1 mg/l
i 5.9 mg/1

13 6.3 mg/l

[y
»

6.6 mg/l

-
ut

8.5 mg/l

S EEEEEEEREEEEEEREREENEEEI RIS ERE;
I EEZEEEEEREE R EEERESEEREE IR I I

1
:
%
i
:
%
:
:
:
i
:
:
:
%
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13 SEFTEMBER 1977

MODEL. INPLT

Diffusion ROD
SEGMENT Salinity Temperature Coefficient Data
1 0.3 17.7 1.9 3.1

2 1.2 17.6 1.4 3.1

3 2.6 17.5 2.2 3.1

4 4.4 17.4 1.3 3.1

5 6.6 17.3 1.7 3.1

& 8.9 17.1 2.h 3.1

7 11. 4 17.0 1.8 3.1

8 14.0 16.9 2.1 3.1

9 16.7 16.8 1.9 3.7

10 19.2 16.5 2.3 3.7
11 23.6 16. 4 4.3 3.7
12 27.6 16.2 10.1 2.1
13 28.0 i5.8 71.5 3.3
14 28.1 15.3 422.0 3.4
15 28. 2 14.8 252.1 2.5

1e8. 4
DEQAXYCGCERNRASTION RATE = .1
DT S
TRIBUTARY PUGET SOUND POINT SOURCE
SEGMENT i2
FLOW (M43/SEC) 4.58 0. 46
DO (MG/L) 10.2 11.5 0.6
BOD (MG/L) 2.0 2.5 607.0
WIND SPEED
mph = 10
kmph = 16.1
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OB 2D D MOEDEL FPoaGE 1
PROGRAM LISTING

1 REM ZPROGRAM NAME  "MODEL"

100 COM A(3,16),Y(15),C0(15),C(2,16),Q(15),H(15),H1(15),50(15
), E0¢16),D$30

110 COM T(15),K(2),VO(15),V(15),W(15),Z(15),A0(16),X0(16),5(1
5)

120 COM Q,Q1,04,C4,L4,C1(2),C2(2),C4(2,15) ,MD

130 DIM E$40,E1$80

140 INIT(2A)ES
:INIT(BB)ELS

150 SELECT #1B10,#2B10, #3810

160 Alg="ST"
:B1$="DC"
:Ci$="RO"

170 PRINT HEX(03)
: INPUT "DATE",D%
:PRINT HEX(OAOA)

180 INPUT "SAMPLING MONTH (MM) *,MO
:PRINT HEX(OAOAOA)

190 PRINT "DEDXYGENATION RATE ( DAYSt-1 ) = 0.10"
tK1=.10
:PRINT HEX{(OA)

200 CONVERT MO TOD MO%, (##)
:A%$,B%,CH=ALL (00)

210 REM WEATHER DATA
: INPUT "WIND SPEED ( mph ) ",W2
:REM CONVERT TO kmph
T W1=W2¥1.609344

220 REM %##% MORPHOLOGICAL DATA INPUTS s

230 REM ##% READ 'NUMBER OF SEGMENTS’, NO
:READ NO

240 REM ##% MAT READ ‘U/S SEGMENT DEPTH (m)’, H(¢
:MAT READ H

250 REM ##% MAT READ ‘ CROSS-SECTIONAL AREA (mé2) /, AO(

~ :MAT READ AO

260 REM ##% MAT READ ’ SEGMENT LENGTH (m) /, XO¢
:MAT READ XO .

270 REM ### MAT READ ‘U/S SEGMENT WIDTH (m) /, W(
:MAT READ W

280 REM ##% MAT READ ’SEGMENT VOLUME (m43) *, V¢
:MAT READ VO

290 REM ### MAT READ MEAN SEGMENT DEPTH (m) , Hi(
:MAT READ H1

300 REM Z3t3040 303030 3t 3030 363 F030 303 36 30 30 30 36303030 630 3030 36 3 3630 3

310 19=0

320 PRINTUSING TO A%, "##";MO$:A1$
tA$=STR (A%, 3,4)
:DATA LOAD DC OPEN T #1,A$

330 PRINTUSING TO B%,"##";MO$;B1%
:B$=STR (B$, 3, 4)
:DATA LOAD DC OPEN T #2,B%

340 PRINTUSING TO C%,"##*;MO%:C1%
1C$=BTR(CS$, 3, 4)
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O 2D 7D MIOEDEL FPaGE =
PROGRAM LISTING

:DATA LOAD DC DPEN T #3,C$
350 IF I9>0 THEN 360
360 I9=1
370 PRINT HEX(O30A0A0A0A)
380 INPUT "NEW SEGMENT TEMPERATURE AND SALINITY (1=YES, O=NO)
",Kg
:PRINT HEX{030A)
330 IF K39=0 THEN 4580
400 PRINT TAB(3);"SEGMENT®; TAB(15); "SEGMENT AVERAGED" ; TAB(55)
: "SATURATED DO ;HEX (ODOA)
410 GOSUB 1830
420 FOR I=1 TO NO
:PRINT TAB(5);I;TAB(15);
S INPUT "SALINITY (0/00)",S(I)
tPRINT TAB(22);
SINPUT "TEMP (CHY",T(I)
:6GOsSUB 1740
tPRINT TAB(56);HEX(OC);CO(I)
sPRINT HEX(OA)
INEXT I

430 DATA SAVE DC #1,5(),T(),CO0)
440 GOTD 460

450 DATA LOAD DC #1,S(),T(),CO0)
460 FOR J=1 TO NO
$Q¢J)=0
INEXT J
470 PRINT HEX(O30A0A0A0A)
480 INPUT "NEW RESIDUAL OXYGEN DEMAND ‘ROD‘ DATA (1=YES, O=N
0)" K8
:PRINT HEX(O30A)
*IF K8=0 THEN 520
490 PRINT TAB(3); "SEGMENT"; TAB(15); "SEGMENT ROD (mg/1)"
500 FOR I=1 TO NO
:PRINT TAB(5);I;TAB(15);
: INPUT SO(I)
INEXT I
510 DATA SAVE DC #3,S0()
:GOTO 530
520 DATA LDAD DC #3,50()
530 PRINT HEX(03);TAB(25);"TRIBUTARY (river) DATA INPUT®
:GOSUB 1830
540 INPUT "UPSTREAM --- FLOW ( m43 )*,01
1 Q=01
:PRINT
: INPUT "UPSTREAM --- DO ( mg/l )*,C1(2)
:PRINT ,
:INPUT “UPSTREAM --- BOD ( mg/1 )*,C1(1)
:GOSUB 1830
550 PRINT TAB(20);"SOURCE WATER (ocean) DATA INPUT"
:GOSUB 1830
560 INPUT "OCEAN —--- DO ( mg/1 )*,C2(2)
:PRINT
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O3/ 2D77F2 MODEL. FPoaGE 3
PROGRAM LISTING

570
580

530

600
610

&30

640
650

60
670
&80
630
700
710
720

740
750

760

770
780
790
800

810
820
830

s INPUT "OCEAN --- BOD ( mg/1 )",Ca(1)
GOsuB 1820
Q@9=Q1
13{(1)=0Q1
REM ###3% ADDITIONAL POINT SOURCES OR OTHER FRESHWATER IN
FLUENCES
tREM % A9=COUNTER FOR ADDITIONAL TRIBUTARIES ¥
tAS=1
MAT Ca4=ZER
REM Z#3## POINT SOURCE DATA 3&33tdeirds
PRINT HEX(030A);TAB(25);"POINT SOURCE DATA INPUT";HEX(ODO
A)
:GOSUB 1830
PRINT "# “;A9;TAB(B);
:PRINT "POINT SOURCE ENTERS INTO WHICH SEGMENT (1-15)"
:PRINT TAB(22);"if end enter ‘0O’ *j
:INPUT N
tIF N=O THEN 740
X=N
PRINT HEX(DA);TAB(RB); '
S INPUT "POINT SOURCE ~--- FLOW ( M43 ) ",0Q4
tPRINT HEX(OA);TAB(B);
s INPUT "POINT SOURCE ~-- PO ( mg/1 ) ",C4
*PRINT HEX{OA);TAB(B);
: INPUT "POINT SOURCE ~--- BOD ( mg/1 ) “,L4
REM Z#3##% TRIBUTARY DATA INPUT sttt
Cal1,N)= (G4 _4+Q(NI¥C4(1,N))/(Q4+Q(N))
C4(2,N)=(Q4*C4+Q(NI#CL(2,N) ) / (Q4+Q(N))
REM 13636363 3630 3630 3530 3036 30303300 303030 3030 036 033030 30303634
G{N)=Q(N) +Q4
Q@9=Q9+Q4
A9=AD+1
GOTO 620
PRINT HEX(030A0A0A)
REM *3## CONCENTRATION AT INTERFACE OF SEGMENT BOUNDARIES
tAD=.5
:BO=.5
tREM % X0 1S THE LENGTH BETWEEN NODES
INPUT “NEW Diffusion Coefficients (1=YES, O=ND)",K3
:PRINT HEX(O30A)
IF K9=1 THEN BOO
DATA LOAD DC #2,E0()
GO0TOD 81O
PRINT
:FOR I=1 TO 16
s INPUT "DIFFUSION COEFFICIENTS®,EO(I)
INEXT 1
MAT C=ZER
F=1/86400
FOR I=1 7O &
Q1=Q(1)
1G2=Q(1)
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O3 2D T MODEL FPoaGE 4
PROGRAM LISTING

850
86O
870
880
890
3900

210

920

930

340
950

2960
970
380

1000
1010

1020
1030
1040
11050

1060
1070

1080
1090

1100
1110

1120
1130

1140
1150
1160

E1=EO0(1)
tE2=E0(2)
Al=A0(1)
tA2=A0(2)
N=1
V=VO(N)
T5=T(1)-20
REM X 33 CAL C OF DEOXYGENATION CDEFF. ittt
K1) =F3#K1#1,0474T5
REM % 33t CALC OF REAERIATION CDEFF, d3eitsed
tU=3.2B08* (Q1+Q2) /7 {Al+A2)
:D=3.2808%H(1)
REM X 033 CORRECT REAERIATIDN COEFF., 3t
sK() =F3*(2,3%3, 37J/(D41.33) +{. 3B4%k1 4, 5-. 08BR%¥W1 +. O029#W1
42)Y/(H1(1)))
tK(2)=K(2)#1.0254T5
A2, 1)={Q1#B0) ~(QR*AQ) - { (E1#A1) /XO(N) ) ~{ (E2#A2) /XO(N+1)) -
K(I)#y
A(3, 1) =-Q*BO+E2*A2/ XO(N+1)
Y(i)=—61*C1(I)*AO-El*Ai*Ci(I)/XO(N)+(I~1*(K<1)*C(1,1)—K(a
IRCO(IIHIRV(I)) ‘
Y(1)=-Q1#*C1(I)*AO-E1#AI#CL (1) /XO(N)+(I-1%C(1,1)~-K{2)#CO(1
YHY(ID)
Al=A2
1 Q1=G2
REM % ### MODEL COMPUTATIONS AT NDDES it
FOR N=2 T0 NO-1
E2=EO(N+1)
REM 33t F|_OW COMING IN AT NDODE (Q(N))
tQe=Q1+GQ(N)
A2=AQ(N+1)
V=VYO(N)
To5=T(N)~-20
U=3.2808%{Q1+Q2) / (Al +A2)
1D=3.2808%H(N)
K{1)=F3#K1#1.,.0474T5
K{(2)=F#(a, 3%3, 3%/ (D4+1.33) +{. 384%W1 4, 5-. OBB*W]1 +. QO29#*W1 42
Y/(HI(INY)
tK(2)=K(2)¥#1.0254T5
AL, N =QIFAQH+EL#*AL/XO(N)
A2, N)=(Q1#BO) - (QG2*A0) - ( (E1#A1) /XO (NI ) - { (E2*A2) / XO(N+1)) ~
(K{(I)3#)
A(3,N) =-Qa*B0+E2#AD/ XO(N+1)
YN ==Q(N)#CH(T , NI+ (T ~-1)#(K(1)HC (1, N)~K(2)I%*CO(N) +F#S0(N) )
*y
REM PRINT N,Q(N)#C4 (I, N)K(1)#C(1,NI#V K (2)#CO(N)#Y
Al=Ac
tQ1=0Qa
tEl=ER2
NEXT N :
QA2=Q1 +Q{(NO)
A=A (NO+1)
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O 2D MODEL. FaGE S
PROGRAM LISTING

1170
1180
1190
1200
1210

1220
1230

1240

1250
1260

1870
1280
1290
1300
1310
1320
1330

1340
1350
1360

1370
1380
1390
1400
1410

1415
1420
1425
1430

1435
1440
1445

1450
1455
1460
1470
1475
1479

E2=EQO(NO+1)
TS=T(NO) -20
V=0 (NO)
K{1)=F#*K1%1.0474T5
K(2)=F# (2., 3%3. 3#H(NO) + ( . 384%W14. 5-. 088*W1+. 00291 42) / (H1
(1)) :
TK(2) =K (2)#1.0254T5
A(1,NO)=Q1#A0+E1#A1/X0(NO)
A(2,NO) = (Q1#B0) - (R2#A0) - ( (E1#A1) /XO(NO) ) - ¢ (E2#A2) / XO (NO+1
))=K ()3
Y(NO)=~Q(NO)#CA(T ,NO)+{I~1)#(K(1)#C(1,N) -K(2)#CO(N) +F#50(
N) ) #V+QR#CR (1) #BO-E2#A2HC2( 1) /XO(NO+1)
GDSUB 1620
FOR M= 1 TO NO
sC(I,M)Y=Z (M)
sNEXT M
REM FOR M=1 TO NO
REM PRINTUSING 1070,M,Z{M)
REM e #4.## (mg/1) BOD
REM NEXT M
NEXT I
FOR N=1 TO NO+1
C(1,N)=0
1C(2,N)=0
NEXT N
GOSUB 1400
SELECT PRINT 215(80)
:PRINT HEX(OCOADAOADADA)
:GOSUB 1400
:GOSUB 1520
:SELECT PRINT 005
DATA SAVE DC CLOSE ALL
Qa1=Q
END
REM %##% PRINT EXPECTED DO CONC 3ttt
PRINT TAB(15);HEX(OE):D$
:PRINT HEX{OAOA)
GOSUB 3000
PRINT TAB(39);"PREDICTED"
GOSUB 3000
PRINT TAB(23);"SEGMENT" ; TAB(34); "SEGMENT AVERAGED D.0O.":
HEX (ODOA)
GOSUB 3000
PRINT E$
GDSUB 3000
:PRINTUSING 1475
FOR M=1 TO NO

GOSUB 3000

PRINTUSING 1470 ,M,ROUND(Z(M),1)

2 i #4.4 mg/1l *
L3 %+
GOSUB 3000
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O3 2D D MODEL . FoaiE &
PROGRAM LISTING

1480
1490

1494
1500
1510
1520

1530

1532
1535

1540

1560

1600
1610
1620
1630
1640
1650
1660
1670
1680

1690

1700
1710
1720
1730
1740
1750

tPRINTUSING 1475
NEXT ™
GOSUB 3000
:PRINT E%
PRINT HEX(OCOADAOADAOA)

REM X#3#% END OF PRINT ROUTINE 33333ttt

RETURN

PRINT TAB(17);HEX{OE) "MODEL. INPUT"
:PRINT

PRINT TAB(S1);
:PRINTUSING 3120
:PRINT TAB(15);
:PRINTUSING 3130
:FOR I=1 TO 15
:PRINT TAB(15);
:PRINTUSING 3100 ,1,5(I),T(I),EO(I),S0(I)
:NEXT I
PRINT TAB(S2);
:PRINTUSING 3110 ,EOQ(16) |
PRINT TAB(7);HEX (OAOAOE) ; "DEOXYGENATION RATE ="j;K1
:PRINT HEX(OAOAOE); TAB(20) ; "DATA"
PRINT TAB(32);HEX(OA);" TRIBUTARY PUGET SDUND POINT
SOURCE®
tPRINT TAB(15);"SEGMENT"; TAB(65);X
:PRINT TAB(15);"FLOW (M43/SEC) ";TAB(32);
:PRINTUSING 3140 ,Q,04

:PRINT TAB(15);"DO (MG/L) " TAB(32);
:PRINTUSING 3150 ,C1(2),C2(2),C4
:PRINT TAB(15);"BOD (MG/L) "sTAB(32);

:PRINTUSING 3160 ,Ci(1),C2{(1),L4
PRINT TAB(17)3;HEX(OAOE): "WIND SPEED *
:PRINT TAB(35);" mph = ";W
:PRINT TAB(35);" kmph = ";ROUND(W1,1)
RETURN
REM x3### SOLVE MATRIX CDEFFICIENT ###
Vi1)=A(2,1)
WE1)=Y(1)
FOR J=2 TO NO
VT =A2, I)-A(1, DI#A(3,T-1)/V(I-1)
W) =Y (T AL, DI FW(I-1) /V(T-1)
NEXT J
REM COMPUTE LAST VALUE
2 Z{NO) =W{NO) /V{NO)
REM GOES BACKWARD TO COMPUTE UNKNDWNS
:FOR Ji=1 TOD NO-1
J=NO-J1
ZAT)=(WCT) A3, JIHZ(T+1)) /W)
NEXT Ji
RETURN
REM 7##% GOSUB TO CALCULATE SAT DD #
T=T(I)
tP1=1
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O3 2D MODEL. FPaGE 7
PROGRAM LISTING

1760
1770

178O
1730
1800

1810
1820

1830

1840
1850

1860

1870

1880

1830

1300

1910

3000

3100
3110
3120
3130
3140
3150

C3=((5(I)~-.03)/1.B05)%#1000
D1=(14.6214-.4026%T+6.B516E-03#T42+2. P619E-04%T43-2. 4998E
~05#T4+4+8. 5A54E-07#T45-1. 051 3E~0B#T4+6 ) #P 1
F1=1.6507E~-02-5. 406TE~-04%#T+1. 148B3E-07#T42+1. 4165E-06% T4 3~
1. 1197E-QO7#T44+4. 1 320E-09%T45~-5,. 6092E -1 1¥T46
CO(I)=D1-F1#C9/100
CO(I)=(INT(CO(I)*100+.5))/100
RETURN
REM ##% | INE PRINT AND PAUSE SUBROUTINE 3t
:PRINT Ei%
sPRINT HEX{OAOA);
: INPUT "PRESS (EXEC) TO CONT.",B4
:RETURN
REM ### | INE PRINT GUBROUTINE 3#iit#
:PRINT Ei%
:PRINT HEX{OADA)
:RETURN
REM Z### DATA FOR MODEL CONSTANTS it
REM $t366#30te30 3030 NUMBER OF SEGMENTS 3643463 3963630 630 4056 3636 3¢
:DATA 15

REM sttt /|J/57 SEGMENT DEPTH ( METERS ) 3dtstitssst
3330 3¢

-DATA 2,3,2.3,4.6,3.7,3,4.3,4.8,6.1,7.6,6.7,4.6,4.3,6.7,
3.1
REM seissisendtt |J/S CROSS-SECTIONAL AREA FOR EACH SEGMENT ( M
ETERS 42 ) ittt
:DATA 118,270,278, 699, 677, 645, 1058, 1330, 2013, 2918, 2452, 2
5a5, 5698, 10995, 20111, 3%6a7
REM #3383ttt | ENGTH OF EACH SEGMENT ( METERS ) 3333363
363636333 390
:DATA 100, 100, 100, 100, 100, 100, 100, 123, 150, 200, 473, 869, 12
80, 3612, 3932, 3932
REM sef3stistintiens {J/S WIDTH OF EACH SEGMENT ( METERS ) 3%
3R IS I
:DATA 53,30, 121, 152, 183, 215, 246, 277, 330, 384, 366, 549, 1325
»1641,2210
REM 3436303t 3633030 4034 SEGMENT VOLUME (M 3)  S63030304630 636 3630 363 4000 26303634
P L T
:DATA 1.B6E4,2.80E4,4.71E4,6.95E4, 6.67E4,8.41E4, 1. 19E5,2
-03E5, 3. 67E5, 5. 36E5, 1.22E6, 3. 62E6, 1. 04E7, 5. 49E7, 1. 18E8
REM stdeibiesbisitidast MEAN SEGMENT DEPTH ( METERS ) #5333ttt
3333
:DATA 2.5,2.65,3.45,4.15,3.35,3.65,4.55,5.45,6.85,7.15,5
«65,4.45,5.5,7.9,13.8B
PRINT TAB(20);
tRETURN
L B 4. # ##. # #H#. # #. 8
i HiH.H
ZDiffusion RAD
ASEGMENT Salinity Temperature Coefficient Data
LR, # ##. ##
L #H.# H#. # . #
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O3 2D T2 MODEL FPaGE =
PROGRAM LISTING

3160 % H#HH HHHH BHuH
4000 DEFFN’30"F$="3;HEX(22); "MODEL" ;HEX({223A); "SCRATCH R F%";
HEX (OD)

4010 DEFFN’31 *SAVE DC R$(F$)F&" jHEX(OD)
4020 DEFFN’14"SELECT LIST O05(BO)" ;HEX(OD)
4030 DEFFN’15"SELECT LIST 215(13a2)" ;HEX(0D)
4040 DEFFN’ O “"LIST SD1510, ";HEX(OD)
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O3 2D770
LINE NUMBER CROSS-REFERENCE

360
450
460
520
530
620
740
8200
8210

1400

1470

1475

1520

1620

1740

1820

1830

3100
3110
3120
3130
3140
3180

3160

Fay

2N

P4

ey

Pas

MODEL-

350
390
440
480
510
730
630
770
790

1350

1460

1445

1360

1250
420
570
410

1415

1530

1532

1530

1530

1540

1540

1540

FPaGE 1

1360

1479

530 540 550 620

1425 1435 1445 1455 1473 1490
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O3/ 2D MOHDER FaGE &
VARIABLE CROSS-REFERENCE

AO - < 9> -- 250 750 930 950 960 1080 1090 1320
1230

Al - < 12> -- 860 910 930 950 960 970 1050 1080
1090 1130 1220 1230

A2 - < 13> -- 860 910 930 940 970 1020 1050 1090
1100 1130 1160 1230 1240

AD - < 4> -- 530 €30 720 720

BO - < 7r -- 750 930 940 1090 1100 1230 1240

B4 - < 1» -- 1820

C - < 1> -- B10

C4 - < 5> -- 120 €00 650 6BO 1540

co - < 2> -- 1760 1790

D - < 4> -- 910 920 1050 1070

D1 - < 2> -- 1770 1790

El - < 9> -- B850 930 950 960 1080 1090 1130 1320
1230

E2 - < 10> -- B850 930 940 1000 1090 1100 1130 1170
1230 1240

F - < 9> -- 820 900 920 1060 1070 1110 1200 1210

| 1240

Fi - ¢ 2y -- 1780 1730

H - < 1> -- 240

H1 - < 1> -- 290

1 - 4 49> -- 420 420 420 420 420 420 500 500

500 500 800 800 B8OC 830 910 920
930 950 950 950 950 960 960 960
960 1070 1090 1110 1110 1210 1230 1240
1240 1240 1240 1260 1310 1530 1530 1530
1530 1530 1530 1530 1750 1760 1790 1800

1800
i9 - < 32> -- 310 350 360

J - 4 2lr -- 460 460 460 1640 1650 1650 1650 1650

A-32



O3/ 2D TS
VARIABLE CROSS-REFERENCE

Ji
K1
K8
K9
L4

2

-4

P1

Qi

-

TS5

fal

Pt

7~

P

Pay

7

Vst

Py

48>

4>

8>

MODEL.

1650
1710

1630
190
480
380
120

1260
120
€30
930

1030

1100

1140
230

1180

1240

1680

1750
120
120
350

1150

840
1100

120
1540

580

1750
1780

830
i210

910

880

1660
1710

1700
200
480
390
650

1260
180

&30
&80

1040
1100
1240

420
1130
1240
1680
1770

540

540
1220

910
1130

&50

710

1770
1780

300

920

330

1660
1710

1720

1060

760
670
1260
200
&40
680

950

1050
1110
1240

1210
1240
1680

1380
540
970

1230

930
1150

&70

710

1770
1780

1050

1030

A-33

1660
1710

1200

770
1540

1260

&70
700
360
1080
1110
1240

500
1220

1240
1690

1540

580
1010
1380

340
1230

670

1770
1780

1040

1070

1090

1660
1710

1535

1450

670
700
990
1080
1110
1320

990
1220

1260
1700

580
1050

970
1240

1770
1780

100

1110

FPaGE 3

1660 1670 1700

1460

70
870
1000
1090
1110
1330

1150

1230
1320

840
1080

1010

&80

1770

1070

1190

1460

670
880
1010

1090
1110
1330

1160
1230
1450

910
1090

1050

700

1770

1180

1480

&80
930
1020

1090
1110
1340

1170
1230
1640

930
1130

1090

710

1780

1200

1240



O3 A2DSATD

VO - & 1>
W - ¢ 1>
Wi - < 11>
W - < 3
X - < 2
X0 - < 1>
3 3 3F 3¢ O I 3
A() - < 14>
A0<¢) - & 5
cO - < g8
CO¢) - < 11>
C10) - ¢ 93
cad) - <7
Cal) - < T
EO{) - < 9
H(O) - < 4>
H1¢) - < 4>
K() - < 23>
Q) - < 15>
S() - < 63
50() - < T
TO) - < 33

MOODEL
VARIABLE CROSS-REFERENCE

-~ 28O
-- 270

-~ 210
1210

-= 210
-~ 640
-- 260

#* 9 3 3

-- 100
1620

> == 110
> -— 100

-- 100
1790

> == 120

1540

- == 120

-- 120

-=- 100
1532

== 100

> -- 100

-- 110
960
1200

-~ 100
700

- -= 110

-- 100

- -~ 110

920
1210

210

1540

920
1560

1560

¥* 3 % e 3¢

930
1650

86O
950

420
1800

540

560
70
780

310
920
1060
1210

460
840

420

500

420

940
1650

260

430
1800

1050
1070

920
1070
1210

580
840

430
510

430

A-34

920

1070

* % 4 3 3¢

1080
1650

1020
1110

450

950

1240
&80
850

1210
1210

920
1070
1210

&70
1010

450
520

450

1090
1660

1160
1240

250

950

1240

850

220
1070
1230

670
1110

1530

1110

PonzE 4

1070

1070

#* 4 % ¥ %

1100
1710

1260

960

1540
1110
1000

930
1090
1240

&80
1150

1760
1240

1040

1220

1330

1110

1540
1240
1170

250
1110
1240

&80
1240

1530

1180

1210

#* ¥ 3 3

1230

1330

1240

1540

1530

950
1110

700

1530



O3 2D 7D
VARIABLE CROSS-REFERENCE

\AQ

W)

X0

Y¢)

20)

A%
Als
B$
Bis
Cs

Cls

E$

Eis

i
P

MODEL.

1750

110
1710

110
110

110
1090

100
110
* %
=200
160
200

160

160
100
130

130

350 3960

880 1030
1630 1660

930 930
1100 1220

950 960
1260 1460
#* ¥ ¥ ¥ ¥

320 320

320

330 330

330

340 340

340

170 1410

140 1440

140 1820

320 330

A-35

1620

1130

1660

940
1230

1110

1680

1650

16R0

250
1230

1240

1710

* O ¥ 3 K

320

330

340

1450

1830

340

320

330

FPaGE S

1650 1660 1680

1710

960 1080 1090
1240

1630 1660

1710

3 O ¥ o 3 K I



O 2DATD MODER FPaGE &
MARKED SUBROUTINE CROSS-REFERTHCE

DEFFN’ 0« 13 —-— 4040

DEFFN’ 14< 1> —-—- 4020

DEFFN’ 15< 1% —-- 4030

DEFFN‘ 30< 1> -- 4000

DEFFN’ 31< 1% ~- 4010

h-36



O3 DO MODEL. PaGE 7
SUMMARY

TEXT LINES = 202 TEXT STATEMENTS = 337

LINE NUMBERS = 25 VARIABLES = 76
MARKED SUBROUTINES = 5
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