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STUDY OF URBAN RUNOFF IN BELLEVUE, WASHINGTON, 1979-82

By J. C. Ebbert, J. E. Poole, and K. L. Payne

ABSTRACT

To assess the quality of urban storm-water runoff and to evaluate the 
effectiveness of street sweeping and detention storage for the attenuation of 
constituent loads and concentrations in storm runoff, data were collected from 
October 1979 through January 1982 from three catchments in Bellevue, Wash. 
The two catchments used to evaluate the effects of street sweeping on runoff 
quality are both single-family residential areas of approximately 100 acres. The 
third catchment, used to evaluate detention storage, has a total area of 24 acres. 
A four-lane arterial street takes up about one-fourth of this area.

During the study, precipitation on and the resultant discharge from the three 
catchments were monitored and recorded at 5-minute intervals. Approximately 
900 discrete storm-runoff samples were collected from the two residential 
catchments during 37 individual storms, and about 400 discrete storm-runoff 
samples were collected from the third catchment during 23 individual storms. 
Wet- and dry-atmospheric-deposition samples were collected for chemical 
analysis from each catchment. The contents of the atmospheric-deposition 
samplers were removed on a monthly schedule; however, the schedule was usually 
modified to provide data on the quality of rainfall during a storm that was 
sampled for runoff quality, and on the quality of dry deposition before these 
storms. Detailed basin characteristics data, including physical characteristics and 
environmental factors, were compiled and tabulated. The water-quality data, in 
conjunction with discharge and precipitation data, were used to calculate 
constituent loads in storm runoff and in wet- and dry-atmospheric deposition. 
Rainfall and discharge data were used to calculate hydrologic and climatic 
variables including rainfall rates, peak discharges, and antecedent conditions.



INTRODUCTION

From October 1979 through January 1982 the U.S. Geological Survey 
conducted a study of urban storm-water runoff in Bellevue, Wash. The study, 
done in cooperation with the City of Bellevue, was part of the U.S. Environmental 
Protection Agency's National Urban Runoff Program. The objectives of the study 
were to:

1. Establish a consistent and accessible data base for typical urban watersheds;

2. Determine the magnitude and frequency of storm-runoff loads of 
water-quality constituents from three catchments in the city;

3. Develop methods for estimating storm and annual loads of water-quality 
constituents from unsampled catchments in the study area; and

4. Test the effectiveness of storm-water-quality management alternatives, such 
as street sweeping and detention storage, for the attenuation of constituent 
loads carried in storm runoff.

To accomplish these objectives, data were collected from three urban 
catchments in the city of Bellevue. Two of the catchments were used to evaluate 
the effectiveness of street sweeping in reducing the amount of constituents in 
storm-water runoff, and the third catchment was used to investigate the effects 
of runoff detention on the quality of storm runoff.

Data collection in the three catchments included the continuous monitoring 
of precipitation and resultant discharge; the collection of discrete 
storm-runoff-quality samples during selected storms; the collection of wet- and 
dry-atmospheric-deposition samples for chemical analysis; and the collection of 
basin-characteristics data to include physical characteristics and environmental 
factors. The data-collection sites and the types of data collected at each site are 
listed in table 1 and shown on figure 1.

This report presents the basic data collected during the Bellevue urban-runoff 
project and information derived from the basic data, such as maximum rainfall 
intensities, peak discharges, and constituent loads in storm runoff.
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DESCRIPTION OF THE STUDY AREA

Bellevue, Wash., a city with a population of about 74,000 in 1980, is located 
in the Puget Sound lowlands, on the west side of the Cascade Range. The city of 
Seattle is located about 4 miles west of Bellevue on the opposite side of Lake 
Washington. The mean annual precipitation is about 35 inches, which occurs 
mainly as rainfall during the months of October through May. Most of the rainfall 
results from frontal storm systems formed over the Pacific Ocean. During the 
autumn and winter months, rainfall of low to moderate intensity is a frequent 
occurrence.

Three catchments in the city, Surrey Downs, Lake Hills, and 148th Avenue 
S.E., were studied (fig. 1 and pis. 1-3). Surrey Downs and Lake Hills are 
single-family residential areas of similar size, and were used to investigate the 
effectiveness of street sweeping for reducing constituent loads and concentrations 
in storm runoff. The third catchment, 148th Avenue S.E., contains a divided 
four-lane arterial street and adjacent areas, including sidewalks, parking lots, 
commercial buildings, apartments, and parks. The data from this site were used 
to investigate the effects of detention storage on the quality of storm runoff. 
Storm runoff from the three catchments drains to Kelsey Creek or its extension, 
Mercer Slough, which flows into Lake Washington.

DESCRIPTION OF CATCHMENTS 

Physical Characteristics

Selected physical characteristics of the catchments are presented on plates 
1-3 and in table 2. On each plate is a detailed map of a catchment showing 
data-collection sites, streets, buildings, land-surface elevations, the 
storm-drainage system, and soil types. Also included on each plate are tables 
giving details of the storm-drainage system, a description of soil types, and 
percentages of pervious and impervious areas within the catchment. Additional 
physiographic and land-use characteristics not included on plates 1-3 are found in 
table 2. Areas within the catchments were classified as either pervious lawns, 
gardens, and areas of natural vegetal cover or impervious all roofs, driveways, 
streets, parking lots, and other paved areas. The impervious classification was 
further divided into (1) "effective impervious" that drain to other impervious 
areas or directly to the storm-drainage system; (2) "ineffective impervious" that 
drain onto the surface of pervious areas, such as roof-gutter downspouts that 
discharge onto lawns; and (3) "impervious areas draining to dry wells," roofs whose 
drainage systems discharge to dry wells and are assumed to contribute no surface 
runoff.



TABLE 2. Physiographic and land-use characteristics of the catchments

Catchment

Variable Name Surrey Downs Lake Hills 148th Avenue

Site Identification muter 12120005 12119725 12119730

Total drainage area, In square miles, 
excluding non-contributing areas 0.140 0.149 0.037S

Impervious area. In percentage of 
drainage area 31.0 36.1 56.5

Effective Impervious area. In percentage 
of drainage area, Including only Imper­ 
vious surfaces connected directly to a 
sewer pipe or principal conveyance* 22.1 28.0 40.8

Average basin slope, 1n feet per mile, 
determined from an average of terrain 
slopes at 50 or more equlspaced points 
on plates 1 through 3 570 320 92

Main conveyance slope. In feet per mile, 
measured at points 10 and 85 percent 
of the distance fro* the gaging station 
to the divide 132 149 104

Permeability of the A horizon of the soil 
profile, In Inches per hour (Snydcr and 
others, 1973) 1.0 .12 .11

Available water capacity as an average of 
the A, B, and C soil horizons, 1n Inches 
of water per Inch of soil (Snyder and 
others. 1973) .1 .1 .1

Soil-water pH of the "A" horizon (In 
H20) (Synder and others, 1973) 5.6 5.6 5.6

Hydrologlc soil group (A, B, C, or D) 
according to SCS methodology using 
numeric codes, A«l, B*?, etc. 
(Snyder and others, 1973) 1

Population density In persons/ml 2 5870

Street density. In lane miles per 
square mile using approximately 
12 ft lanes 45.2 51.3 80.8

1 1

7950 4470

Land use of the basins as a percent­
age of drainage area Including:
a. Rural and pasture
b. Agricultural
c. Low density residential

(1 to 2 acres/dwelling
d. Medium density residential

(3 to 8 dwellings/acre)
e. High density residential

(9 or more dwellings/acre)
f. Commercial
g. Industrial
h. Under construction

(bare surface)
1. Idle or vacant land
j. Wetland
k. Parkland

Detention storage. In acre-feet of
storage

Percent of watershed upstream from
detention storage

Percent of area drained by a storm sewer
system

Percent of streets with curb and gutter
drainage

Percent of streets with ditch and swale
drainage

Mean annual rainfall 1n Inches (KOAA,
1971-81 Seattle State EMSU station)

Ten year 1-hour rainfall. Intensity 1n
Inches per hour (long term)
(PhUllps. 1968)

.0

.0

2.2

86.4

2.}
5.7
.0

.2
1.4

.0
2.0

.0

 

100.0

76.5

23.5

37

.52

.0

.0

.0

89.8

.0
6.8

.0

.0

.0

.0
3.4

.0

 

100.0

100.0

.0

37

.52

.0

.0

.0

1.7

14.5
23.4

.D

2.0
.0
.0

58.4

**.048

71.6

100.0

100.0

.0

37

.52

* From optimization of rainfall-runoff model to be discussed 1n future report.
** Detention basin No. 5 and associated pipes as used In this study.



Surrey Downs

The Surrey Downs catchment (pi. 1) is predominately a single-family 
residential area that was developed in the late 1950's. Also located within the 
catchment are the Bellevue Senior High School and a few apartments and duplexes 
in the northeast part. The total area is 95.1 acres, and altitudes range from 40 to 
176 feet. Slopes in the basin are generally moderate east of 109th Avenue S.E., 
but relatively steep on the west side. The surficial geology is typified by 
relatively shallow, sandy soil that overlies glacial till with hardpan.

Surrey Downs is isolated from neighboring areas by the general lack of easy 
vehicular access and convenient "shortcuts" through the neighborhood. Thus, most 
automobile traffic in this area is locally generated. The speed limit on the streets 
in Surrey Downs is 25 miles per hour, and the quiet residential atmosphere and 
curving streets are conducive to maintaining low vehicle speeds.

The structural drainage system, streets, curbs and gutters, storm inlets, 
catchbasins, and culverts are in good condition. All streets have curbs or gutters, 
except two near the west boundary, 108th Avenue S.E. and Westwood Homes 
Road. The storm-drainage system is not subject to surcharging during normal 
storm events. The outfall from the storm-drainage system discharges to an 
artificial pond, which in turn discharges through Mercer Slough to Lake 
Washington.

Lake Hills

The Lake Hills catchment (pi. 2) is primarily a single-family residential area 
which, like Surrey Downs, was developed in the late 1950 !s. The St. Louis Parish 
Church and School are also located within the catchment. The total area of the 
catchment is 101.7 acres, slopes are generally moderate, and altitudes range from 
260 to 406 feet. Although the residential areas within the catchment are 
basically isolated, two through streets, Main Street and 156th Avenue S.E., carry 
more traffic than a typical residential street.

The drainage system is similar to that in Surrey Downs, except that all 
streets have curbs and fewer have gutters. The outfall for the catchment's 
storm-sewer system flows into an open channel about 0.15 mile long that joins 
Kelsey Creek just downstream from Larson Lake. Kelsey Creek discharges 
through Mercer Slough into Lake Washington.



148th Avenue S.E.

The 148th Avenue S.E. catchment (pi. 3) was used to investigate the effect of 
detention basins on the quality of urban storm-water runoff. The catchment 
contains 4,960 feet of 148th Avenue, a divided four-lane arterial, and some 
adjacent land with sidewalks, apartments, parking lots, office buildings, part of 
Robinswood Elementary School, and a small, unnamed park with five grassy swales 
that can be used as detention basins. Altitudes in the catchment range from 336 
to 429 feet, and the street surface slope ranges from 0.5 to 4.68 percent. The 
total area of the catchment is 24.0 acres, and slightly more than one-fourth of the 
catchment area is taken up by the 148th Avenue S.E. street surface. On 
September 1, 1981, storm runoff from 37.5 acres of Robinswood Park (pi. 3) was 
routed into the 148th Avenue S.E. storm-drainage system.

The main trunkline of the storm-sewer system is parallel to the avenue and is 
fed by short laterals that connect to catch basins in 148th Avenue S.E., and in 
adjacent areas (pi. 3). A unique feature of the storm sewer is a system of weirs 
and valves at five control points that permit the storm water to be detained in the 
five grassy swales. Additional details describing the configuration and operation 
of the detention system are given in the section on management alternatives for 
controlling the quality of storm runoff. Outflow from the catchment discharges 
into Larson Lake, and eventually into Lake Washington via Kelsey Creek.

Environmental Variables

A number of environmental factors can affect the quality of storm runoff, 
including operational practices such as the frequency of catch-basin cleaning and 
other variable factors such as street surface condition. Table 3 lists selected 
environmental factors for each of the study catchments.

During the study, other miscellaneous events potentially affected 
storm-runoff quality, including ashfall from the eruption of Mount St. Helens, 
construction, and street sanding. These events are listed in table 4.
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TABLE 3. Environmental factors with potential influence on storm-runoff quality

Catchment

Factor Surrey Downs Lake Hills 148th Avenue

Average frequency of street 
sweeping, in days

Average storm-sewer flushing 
frequency, in days

Average catch basin cleaning 
frequency, in days

Estimated averge daily vehicle 
traffic, in vehicle miles per 
day

Method and type of equipment 
for street cleaning

Refuse collection practice

Solid waste disposal areas in 
watershed

Flood retarding features

Leaf disposal practice in catchment, 
in percent^ 
a. put in garbage 
b. compost or mulch 
c. dump on vacant property

Major sediment sources

Street pavement type 
and condition

De-icing chemicals

See table 5

Not flushed 
during study

Not cleaned 
during study

3,660

Mobile 4-wheel
mechanical
sweeper

Weekly pickup

None

None

See table 5

Not flushed 
during study

Not cleaned 
during study

6,490

Mobile 4-wheel
mechanical
sweeper

Weekly pickup

None

None

55
40
5

Land erosion,
street abrasion

72
27

1

Land erosion,
street abrasion

Asphalt, good

Salt mixed with 
sand, seldom used

Asphalt, good 
with some weeds 
in joints between 
street and curb

Salt mixed with 
sand, seldom used

32

Not flushed 
during study

Not cleaned 
during study

20,700

Mobile 4-wheel
mechanical
sweeper

Weekly pickup

None

Detention 
storage

Unknown 
Unknown 
Unknown

Street abrasion, 
street sanding 
in winter

Asphalt, good

Salt mixed with 
sand

iData from the city of Bellevue.



TABLE 4. Miscellaneous events which may have affected storm-runoff quality

Surrey Downs

Feb. 25, 1980 Residential landscaping work was done. Beauty bark and
and soil were piled on the street before being distributed

Jan. 17, 1981 onto yards and gardens.

Oct. 14-16, 1981 Due to a power outage a sanitary sewage pumping station
adjacent to sampling shelter was inoperable. This 
resulted in raw sewage being diverted into the storm 
drainage system.

Dec. 14-21, 1981 A small section of road surface was torn up to repair a
natural gas line

Lake Hills 

No unusual events were noted

148th Avenue

Feb. 11-13, 1981 148th Avenue was sanded due to snowfall in the area.
and

Dec. 30, 1981 to 
Jan. 4, 1982

Sept. 1, 1981 37.5 acres of Robinswood Park was added to the catchment.

All Catchments

During the summer of 1980, ash from the eruption of Mount St. Helens fell in 
trace amounts on the Puget Sound area. The heaviest ashfall occurred on 
August 7-8, 1980.
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MANAGEMENT ALTERNATIVES USED TO INVESTIGATE 
THE CONTROL OF STORM-RUNOFF QUALITY

Streets in Lake Hills and Surrey Downs, the two catchments used to 
investigate the effects of street sweeping on storm-runoff quality, were swept 
alternately, beginning in March 1980. The street-sweeping schedule, given in 
table 5, was such that one catchment was swept approximately three times per 
week for a 5-month period while the other catchment, acting as a control, 
remained unswept. Rotation of the control and experimental catchments 
occurred after a 2-month period in which neither catchment was swept. All 
streets in the Lake Hills catchment were swept. In the Surrey Downs catchment 
all streets were swept except Westwood Homes Road, 108th Avenue S.E., and 
streets west of 108th Avenue S.E. (pL 1).

The detention storage incorporated into the storm-drainage system in the 
148th Avenue S.E. catchment was used to study the effects of detention on the 
quality of storm runoff. The detention basins consist of five swales that were 
contoured into the small park adjacent to 148th Avenue S.E. (pi. 3). The park, 
about 1,000 feet long and 100 feet wide, consists mostly of grass and a few trees, 
and the swales are entirely grass-lined. The 27-inch trunkline of the 148th 
Avenue storm-drainage system runs under the park. Located along the trunkline 
are five control structures used to regulate flow and storage by means of weirs 
and valves. Parallel to the trunkline is an 8-inch line connecting the control 
structures and the detention basins in series. Two valves at each control 
structure that bypass water through 6-inch pipes under the weirs allow runoff 
from low-intensity storms to pass through the system with little detention and 
permit the detention basins to drain. When flow exceeds the capacity of the 
bypass pipes in a control structure, water backs up the 8-inch line into the 
detention basin above the control structure. The detention basin fills until the 
water-surface elevation exceeds the elevation of the top of the weir, at which 
time water spills over the weir.

During most of the study, the configuration of the detention system as 
described was simplified to detain water in basin No. 5 only (pi. 3) or to permit 
water to pass through the system undetained. Table 6 describes the configuration 
of the detention system at various times during the study.

While storm runoff was detained in basin No. 5, the height of the weir in 
control structure No. 5 was increased 6.2 inches above the original height, the 
bypass valves were closed, and a 2-inch-square orifice was cut into the bottom of 
the weir (fig. 2), permitting the slow release of water stored in the detention 
basin. A recorder installed behind the weir measured stage. With these 
modifications, water could be stored during much smaller storms than in the 
original configuration.
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TABLE 5.--Days when streets were swept in the Surrey Downs and Lake Hills 
catchments; prior to March 1980 streets in both catchments were 
swept about twice per month. (S denotes Surrey Downs was swept; 
L denotes Lake Hills was swept)

Day
1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31

1980
MAMJJASOND~~~~~~~r

S S S
L L

S
S S L

S L
S S S S

L L
S S S

S ILL

S S S
S S L L

S L
S S L

L L

S S
ILL

S S
S L L

S

S S S
L L L

S S S
S L L L L

S S

S L L
S L

S S
L L

S S S

. L

J F M

L L

L L
L

L
L

ILL

L
L

L L

L

L L
L

L L

L

L L
L
L

L
L L

L
.

L - L

-

1981 1982
AMJJASONO JF

L L
L L S S
L

L S
L S S

L L
S

L S
L L
L

L S
L L S

L L
S S

ILL S

S S S
L L

L
S

S S

L L S S
L

L L S S S
L L S

S S

' L

L
S

L L S S
S S S

-

TABLE 6.--Configuration of the 148th Avenue S.E. stormwater 
detention system during the study

Prior to 
May 9, 1980

May 9, 1980, 
to July 8, 1980

July 8, 1980, 
to March 5, 1981

March 5, 1981, 
to April 8, 1981

April 8, 1981, 
to February 1, 1982

Weirs at all 5 control structures were in place, and the 
bypass valves at control structures 2-5 were open. The 
bypass valves at control structures no. 1 were closed. 
In this mode some detention of unknown volume occurred.

The bypass valves at all control structures were open, 
and all weirs were in place. Some detention of unknown 
volume occurred during larger storms.

All weirs were removed and no runoff was detained.

At control structure No. 5 the valves were closed and weirs 
of different heights and with different size orifices 
were tested. There was no detention in any of the other 
basins.

Flow was detained in basin No. 5. At control structure 
No. 5 the valves were closed and the weir was in place 
but had a 2-inch square orifice at the bottom. There 
was no detention in any of the other basins.
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8" Pipe to 
Detention Pond

TOP VIEW

27" Inflow Pipe ^7 
,   r

^- 8" Pipe to 
Detention Pond

SIDE VIEW

FIGURE 2. Storm-water detention control structure No. 5 in the
148th Avenue S.E. catchment (shown in the configuration 
used in this study after April 8, 1981).
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DATA COLLECTION 

Instrumentation

A walk-in instrument shelter located near the mouth of each catchment 
housed a data-recording system and a sample-control-and-collection system (fig. 1 
and pis. 1-3). The sample-control-and-collection system, developed by the 
U.S. Geological Survey, is described by Smoot, Davidian, and Billings (1974). The 
recording system produced a standard paper-tape digital record of clock time, a 
code that indicated if a storm-runoff sample had been taken, accumulated 
precipitation for each rain gage within the catchment, and one or two stage 
records for computing discharge. Data were recorded at 5-minute intervals 
whenever discharge exceeded a preset threshold or whenever there was 
measurable precipitation. In addition to the walk-in instrument shelter, a small 
hutch containing a recorder to measure the stage in 148th Avenue S.E. detention 
basin N o. 5, was located near the basin outlet.

Two or three tipping-bucket rain gages were located in each catchment 
(fig. 1 and pis. 1-3). These were connected directly or by telephone line to the 
data-recording system. One wet- and dry-atmospheric-deposition collector was 
located in each catchment. Details pertaining to all instrumentation are 
discussed in subsequent sections.

Discharge

Water discharge from the Surrey Downs and Lake Hills catchments was 
determined by monitoring stage to the nearest 0.01 foot behind V-notch weirs. 
The stage-discharge relationship was determined by discharge measurements using 
standard current-meter techniques. Water discharge from the 148th Avenue S.E. 
catchment was determined by monitoring pressures in and above a constriction 
that was placed in the storm sewer line. The pressures were converted to stage to 
the nearest 0.005 foot by pressure transducers. The stage-discharge relationship 
was developed using the salt-dilution method to determine discharge.

Water discharge from detention basin No. 5 in the 148th Avenue S.E. 
catchment was determined by monitoring stage to the nearest 0.01 foot behind 
the weir at control structure No. 5. The form of the stage-discharge relationship 
(fig. 3) was determined by formulas for an orifice and a sharp-crested weir. The 
coefficients in the formulas were determined by discharge measurements using 
standard current-meter techniques. The inflow to detention basin No. 5 was 
calculated as the outflow from the basin plus the change in storage in the basin.
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FIGURE 3. Outflow discharge rating and storage rating for detention 
basin No. 5 in the 148th Avenue S.E. catchment.
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The discharge records for the Surrey Downs and Lake Hills catchments have a 
good degree of accuracy, about 95 percent of the discharges are within 10 
percent. A problem in determining water discharge from the Lake Hills 
catchment occurred during periods of long-term rainfall when the level of Larson 
Lake occasionally increased to cause backwater at the Lake Hills gage. With the 
exception of a storm sampled for runoff quality on December 1-2, 1979, discharge 
was not computed for the Lake Hills gage during periods with backwater.

The 148th Avenue S.E. catchment-discharge record is good from 0.1 to 0.8 
ftfys and above 1.6 ftfys; it is poor (accuracy less than 15 percent) between 0 
and 0.1 ft^/s and between 0.8 and 1.6 ft^/s. The discharge records for the 
inflow and outflow of detention basin No. 5 are good.

Daily discharges for all catchments and the 148th Avenue S.E. detention 
basin were tabulated for the entire study period (table 17). For most storm events 
occurring during the study period unit 5-minute data were stored in WATSTORE (a 
U.S. Geological Survey data storage and retrieval system) and in the urban 
hydrology data base (see page 21 for more details on these data bases).

Precipitation

Rainfall data, recorded at 5-minute intervals, were collected using 
tipping-bucket rain gages with resolutions of 0.01 inch. Three rain gages were 
located in the Surrey Downs catchment and two each in the Lake Hills and 148th 
Avenue S.E. catchments (see fig. 1 and pis. 1-3).

Daily precipitation data from one gage site in each catchment for the entire 
study period appear in table 18. Gages nearest to the catchment outlets were 
chosen because they had the least amount of missing data. If one of these gages 
malfunctioned, then the precipitation was estimated by using another gage in that 
catchment. For most periods of snowfall, daily precipitation as an equivalent 
amount of rainfall was estimated using National Oceanic and Atmospheric 
Administration (NOAA) data from the Seattle State EMSU station. Periods of 
snowfall are indicated in table 18.

The 5-minute rainfall data from all rain gages for most storms occurring 
during the study are stored in WATSTORE and in the urban hydrology data base. 
These data were used to calculate rainfall characteristics, such as peak rainfall 
rates and total rainfall, for individual storms. To calculate rainfall 
characteristics for a catchment, data from the different gages in the catchment 
were averaged using the Thiessen method (Linsley, Kohler, and Paulhus, 1975).
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Storm-Runoff Quality

Discrete storm-runoff samples were collected near the mouth of each 
catchment and at the inflow and outflow of detention basin No. 5 in the 148th 
Avenue S.E. catchment (fig. 1). The outflow at control structure No. 3 was 
sampled to determine the chemical quality of the inflow to detention basin No. 5 
because the water level of the outflow of control structure No. 3 was always 
above that of detention basin No. 5. Although there is some inflow to the main 
trunkline between control structures 3 and 5 (pL 3), samples collected at the 
outflow of control structure No. 3 were considered to be representative of the 
inflow to detention basin N o. 5.

Most of the storm-runoff samples were analyzed for a core list of 
characteristics and constituents (table 7) specified by the Advisory Technical 
Planning Committee for the U.S. Geological Survey and the U.S. Environmental 
Protection Agency. Some of the samples were analyzed for major anions and 
cations, trace elements, ultimate carbonaceous biochemical oxygen demand, 
insecticides, herbicides, oil and grease, particle size, and total volatile residue 
(loss on ignition) (tables 20-28). Some temperature measurements were made of 
the storm runoff (table 29).

Automatic samplers were used to collect runoff samples at the outlets of the 
catchments. Samples collected above and below detention basin No. 5 in the 
148th Avenue S.E. catchment were collected manually using a depth-integrating 
sampler equipped with a silicone rubber gasket and a teflon nozzle. During 
sampling periods, the automatic sampler pumped water continuously from an 
intake in the storm sewer to a rotating distributor that sequentially filled 24 
two-liter polyethylene bottles stored in a refrigeration chest. An individual bottle 
was filled in approximately 10 seconds, and after filling, the distributor rotated to 
a position that allowed water to drain back into the storm sewer. Samples were 
collected at preset intervals (5 to 50 minutes) and stored in the refrigeration 
chests at 3°C until they were removed for processing.

In addition to the samples collected with the automatic device, a few runoff 
samples were collected manually with the depth-integrating sampler at the 
catchment outlets, including all samples for insecticide, herbicide, oil and grease, 
and sediment particle-size determinations. Insecticide, herbicide, and oil and 
grease samples were collected in specially cleaned glass bottles. To verify 
sediment concentrations in samples collected with the automatic device, some 
suspended-sediment samples were collected manually at each outlet using the 
depth-integrating sampler.
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All samples were taken to a field processing center. The digital record of the 
sample-collection period was processed on a desktop computer to give a listing 
and a graphical display of precipitation, discharge, and sample-collection times. 
The graphical displays were used to help select which samples would be submitted 
for analysis. Measurements of specific conductance and pH were made on 
aliquots of the selected samples, which were then prepared for shipment to the 
laboratory. Because the various analyses required several different types of 
sample preparation, it was necessary to split each sample into components. This 
was done using a teflon and plastic laboratory sample splitter, US LSS-762A, 
obtained from the Federal Inter-Agency Sedimentation Project, St. Anthony Falls 
Hydraulic Laboratory, Minneapolis, Minn.

TABLE 7. Core characteristics and constituents measured in storm runoff

Field determinations 
Specific conductance 
PH

Major nutrients
Dissolved nitrite-plus-nitrate (as N)
Dissolved ammonia (as N)
Total ammonia plus organic nitrogen (as N)
Dissolved ammonia plus organic nitrogen (as N)
Total phosphorus (as P)
Dissolved phosphorus (as P)

Trace elements
Total recoverable lead

Organic and biological constituents 
Chemical oxygen demand
Carbonaceous biochemical oxygen demand, 5-day 
Dissolved organic carbon 
Suspended organic carbon 
Fecal conform bacteria

Other constituents 
Suspsended solids 
Dissolved solids
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Wet- and Dry-Atmospheric-Deposition Quality

Wet- and dry-atmospheric-deposition quality samples were collected at one 
location in each catchment (fig. 1) using a sampler that automatically exposed one 
collection container when rain or snow was falling and another when it was not. 
All samplers were located in open areas approximately 15 feet above ground. 
Collection containers were high-density polyethylene buckets with a 3.4-gallon 
capacity and an inside diameter of 11.3 inches. The contents of the samplers 
were removed monthly; however, the schedule was usually modified to provide 
data on the quality of rain falling during a storm that was sampled for runoff 
quality and on the quality and amount of dry deposition before these storms. 
When possible, the contents of rainfall buckets were removed prior to and after 
these storms, and the dry-deposition samples were collected prior to the storms.

The samples were taken to the field-processing center for field 
measurements, and then split into components in preparation for shipment to the 
laboratory. Field measurements of wet deposition included specific conductance, 
pH, and sample volume. The pH measurements were made using a low 
ionic-strength electrode. The volume of the sample was measured using a 
graduate cylinder. The interior of the collection bucket was rinsed with distilled 
water and the volume of rinse water was measured and added to the sample 
water. A cone sample splitter, developed by the U.S. Geological Survey, was used 
to split the samples. Wet-deposition samples were analyzed for all the 
constituents listed in table 7, except for biochemical-oxygen demand and 
fecal-coliform bacteria. Some samples were selected for dissolved lead and major 
anion-cation determinations (tables 31 and 32).

Dry atmospheric-deposition samples were prepared for the laboratory by 
washing the inside of the collection bucket with distilled water while using a 
rubber spatula to remove the particles adhering to the walls of the bucket. Most 
of the dry deposition consisted of dust, although larger particles such as leaves 
were sometimes found in the collection buckets. The small particles were rinsed 
from these and retained, and the larger particles discarded. Sufficient wash 
water was added to prepare the necessary samples for analysis, the volume was 
measured, and the cone sample splitter was used to obtain sample aliquots. 
Dry-deposition samples were analyzed for the total (as opposed to dissolved) 
nutrients listed in table 7, and for total solids, total recoverable lead, chemical 
oxygen demand, and dissolved and suspended organic carbon. All determinations 
are reported as total or total recoverable, with the exception of suspended and 
dissolved organic carbon. Organic carbon samples were filtered through a 
0.45-micron silver filter and both the filtrate and filter cake were submitted for 
analysis. Therefore, the dissolved organic carbon concentrations for 
dry-atmospheric-deposition samples represent only the organic carbon that was 
dissolved from the deposition material during sample processing. Although 
suspended and dissolved organic carbon concentrations in dry deposition are 
reported as basic data (table 33), elsewhere in the report the two concentrations 
are summed to obtain a total organic carbon concentration.
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In the Lake Hills catchment, contamination of the dry-deposition sampler 
with bird droppings became a problem beginning in May 1981. The problem was 
corrected by attaching toy pinwheels near the collector to frighten the birds 
away. Samples that were known to be contaminated with bird droppings were 
discarded.

Analytical Methods

All laboratory analyses, except for biochemical-oxygen demand and 
fecal-coliform bacteria, were done in the U.S. Geological Survey Central 
Laboratory in Arvada, Colo. Fecal-coliform bacteria and biochemical-oxygen 
demand determinations were done under contract by a private laboratory. Sample 
preparation, storage, and analysis were done according to U.S. Geological Survey 
methodology as specified by Skougstad and others (1979), Greeson and others 
(1977), and Guy (1969), except for the semiquantitative determinations of 
inorganic constituents that were used to aid in designing and verifying the 
analytical protocol. The data from these determinations appear in table 26. They 
should not be used for other applications that require a moderate degree of 
confidence in the reported results.
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DATA MANAGEMENT

The data collected by the U.S. Geological Survey during this project are 
stored in two computer data bases. WATSTORE, the U.S. Geological Survey data 
storage and retrieval system, contains (1) discharge at 5-minute intervals, (2) 
mean daily discharge, (3) 5-minute precipitation, (4) daily precipitation, (5) daily 
pan evaporation at a nearby location, (6) runoff-water quality, and (7) wet- and 
dry-atmospheric-deposition quality. The other data base is part of a 
data-management system developed for the U.S. Geological Survey National 
Urban Runoff Program (Doyle and Lorens, 1981) for fast and economical access. 
It contains the project data stored in WATSTORE plus the catchment 
characteristics given in tables 1 and 2 and a list of storm characteristics (the 
characteristics are listed in tables 8 and 16; the data appear in table 16, p. 108).

TABLE 8.--Storm-characteristics variables stored in the urban hydrology data base

Variable name

BOATE 
BTIME 
EDATE 
ETIME 
TRAINA

H4XR5 
MAXR15 
MAX1H 
NORD02

DERNPD 

DERNP3 

DERNP7

TOT RUN 
PEAKQ

BFLOW 
DURRNF 
TIMBPK 
DURSTO

TILASC

Variable identification

Storm begin date; year, month, day
Storm begin time
Storm end date; year, month, day
Storm end time
Total rainfall, average for the catchment, in

inches
Maximum 5-minute rainfall rate, in inches/hour 
Maximum 15-minute rainfall rate, in inches/hour 
Maximum 1-hour rainfall rate, in inches/hour 
Number of hours prior to storm, counting backwards

to storm with rainfall greater than 0.2 inch 
Depth of rainfall accumulated during the previous

24 hours, in inches 
Depth of rainfall -accumulated during the previous

72 hours, in inches 
Depth of rainfall accumulated during the previous

168 hours, in inches.
Total runoff, not including base flow, in inches 
Peak discharge, not including base flow, in cubic

feet per second
Base flow prior to storm, in cubic feet per second 
Duration of rainfall, 1n minutes 
Approximate response time of catchment, in minutes 
Duration of storm used to calculate load, in

minutes 
Time since last street cleaning, In days
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SUMMARY DATA 

Storm-Runoff Quality

Selected data summarizing storm-runoff quality, such as maximum, 
minimum, and median constituent concentrations, are presented in this section. 
All individual analysis are given in tables 19-29.

Rainfall, runoff, specific conductance, and suspended-solids concentrations 
during sampled storms were plotted and are shown in figures 4-6. The Surrey 
Downs and Lake Hills catchments were usually sampled during the same storm, 
and the plots are presented in pairs to facilitate comparisons between the 
catchments (fig. 4). Similar plots for the 148th Avenue S.E. catchment are shown 
in figure 5 and the inflow to and outflow from the 148th Avenue S.E. detention 
basin are compared in figure 6.

Constituent loads in storm runoff were calculated from storm-runoff-quality 
data collected near the mouth of each catchment and from data collected above 
and below the detention basin in the 148th Avenue S.E. catchment. The data, 
which are listed in table 9, are given in pounds per 1,000 acres for all constituents 
except fecal-coliform bacteria, which are given in millions of colonies per acre. 
Constituent loads in storm runoff were calculated by numerically integrating the 
products of water discharge and constituent concentrations. The procedure for 
performing the computations is given by Doyle and Lorens (1981). The time step 
chosen for numerical integration was 5 minutes, the recording interval for 
discharge. Constituent concentrations at 5-minute intervals were obtained by 
linear interpolation between data at sampling times, which were usually spaced at 
intervals greater than 5 minutes. For discharge occurring before the first sample 
point, the constituent value at the first sample point was used; for discharge 
occurring after the last sample point, the constituent value at the last sample 
point was used. The periods for which load calculations were made usually 
bracket an entire storm or a period of significant runoff occurring during a storm 
of long duration (figs. 4-6). If the calculated mass of a constituent washed off 
during the portion of a storm between the first and last sample was less than 
two-thirds of the mass calculated for the entire storm, then the value was 
considered invalid and was not retained as part of the load data.
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In load computations, specific-conductance measurements were used to 
estimate dissolved-solids concentrations. Early in the study, linear regressions 
were used to establish a relationship between dissolved-solids concentrations and 
specific-conductance values measured in the storm runoff from each catchment. 
A few unusually high specific-conductance values (greater than 250 umhos/cm) 
were deleted from the regression analyses. Results of the regressions, which were 
done by forcing the y-intercept through zero, showed that the slopes of the 
regression lines were the same for data from all catchments. A regression was 
then performed using 234 observations from all catchments. The results was

Dissolved-solids Specific
concentration, in = (0.78) conductance, in
mg/L umhos/cm .

The standard error of estimate of the slope was 0.01, and the root-mean-square 
error was 9.3 mg/L.

Mean annual loads of water-quality constituents in storm-water runoff are 
given in table 10. These were calculated by first summing constituent loads from 
all sampled storms and dividing by the total runoff of the sampled storms, to give 
a discharge-weighted average concentration for each constituent. The average 
concentration was then multiplied by the mean annual runoff to give an 
approximate mean annual load.

Maximum, minimum, and median concentrations of the core water-quality 
constituents in storm runoff from the three catchments are given in table 11.
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Wet- and Dry-Atmospheric-Deposition Quality

Wet- and dry-atmospheric-deposition quality are summarized in this section. 
Individual analyses appear in tables 30-33.

Monthly mean deposition rates for constituents in wet- and dry-deposition are 
shown in figure 7. Monthly mean deposition rates were computed by dividing the 
mass of a constituent deposited per unit area per month by the days in the month. 
When the collection period for a sample included more than one calendar month, the 
mass collected was assumed to have been deposited at a uniform rate during the 
collection period. Because deposition rates for constituents in rainfall are 
somewhat dependent on the amount of rainfall, monthly rainfall amounts for each of 
the catchments are shown in figure 8.

Mean monthly and mean annual deposition rates for constituents in wet- and 
dry-deposition are given in table 12. Mean monthly rates were obtained by 
averaging monthly mean data, and mean annual rates were computed by taking a 
time-weighted average of the mean monthly rates.

Contributions of loads in rain to observed loads of constituents in runoff are 
given in table 13. These were computed as the product of the constituent 
concentrations in the rainwater, obtained from a collection bucket exposed during a 
storm sampled for runoff quality and the volume of storm runoff. With one 
exception in each catchment, the collection period for the rainfall-quality sample 
included the period of the storm and varied in length from the duration of the storm 
to about 1 month. For the storm sampled for runoff quality in the Surrey Downs and 
Lake Hills catchments on August 31, 1981, concentrations of constituents in rainfall 
obtained from the previous composite period were used, even though that period did 
not bracket the sampled storm. This was done because the previous rainfall sample 
was thought to be more representative of rain falling during the August 31st storm. 
This was also done for the storm sampled September 1, 1981, in the 148th Avenue 
catchment.

Table 14 lists dry-deposition masses per unit area that were deposited in the 
period between a storm sampled for runoff quality and the preceding storm that had 
0.2 inch or more of rain. These masses were computed by multiplying the average 
dry-deposition rates for the period between the storms by the length of the period.

A summary of maximum, minimum, and median concentrations of constituents 
in wet- and dry-deposition for the entire study period is given in table 15.

Storm Characteristics and Antecedent Conditions

Table 16 lists storm characteristics and antecedent conditions for each 
catchment and for most storms that occurred during the study period. Typical 
storm characteristics include rainfall and runoff volumes and maximum intensities, 
and antecedent conditions include variables, such as the amounts of rain that fell 
during various periods of time before the storm.

24



SURREY DOWNS
STflRTING TIME: 240CT79:07:00

u. iu- 

0.05-

0.00- 
10-

O
Z
o
0
LJ
en
a:
LJ
Q_

LJ
LJ
L_
x-  *

. . C _

CD

O

Z

LJ
CS
o:
en
0
en
o H

n-

RRINFflLL, IN INCHES 

nn n n nn n n n n nnnmn n n p n n nji nm njnnnnn n

EXPLflNflTION
  DISCHflRGE
0- SPECIFIC CONDUCTflNCE 
A -SUSPENDED SOLIDS

.^

C^- '^____ ̂ fiA^^^
^"^we^JGS!* ^v«^^v/\^

S ^/s^^^_J'^^^v_r---~-^'^ ^^v E

1 ^/ ^~~-   \   -

-200

^2 
CO

en
o
X3T ~

-isog
o
z:
z    <

 ^
LJ

-100 0
Z
en
g   4

0  )

Q

O
0

-50 0

>̂  1
o
LJ
Q_
en

-n

-200

_ 1

^2

Z
1-1

en"
Q
*  I

-100 _J
o
CO

o
LJ
o
z
LJ
Q_

-50 ^

CO

^n
12

TIME, IN HOURS

LflKE HILLS
STflRTING TIME: 240CT79:07:00

0.10

0.05-

0.00
10

o 
o
LJ
en 
cr 
o_ 
f-i
LJ 
LJ 
L_

O t i 
CD

O

LJ
CSo:

o
CO

5-

RRINFflLL, IN INCHES

nnn mm nnn n n n n n n n n n n n nnmnmnnnn

EXPLflNflTION 
  DISCHflRGE 
O-SPECIFIC CONDUCTflNCE 
A-SUSPENDED SOLIDS

r200

CO
o

r200

-150
CS

CO
o

-loo

-50

o
CO

o
LJ
o z.
LJ 
Q_

CO

-0 
8 12

TIME, IN HOURS

FIGURE 4. Rainfall, runoff, specific conductance, and suspended- 
solids concentrations in runoff sampled from the Surrey 
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concentrations in runoff sampled above and below detention 
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for which constituent loads were calculated are bracketed 
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ŷ

X^\\\\\\\\\X\\\\X\\\X1

SURREY DONNS

II1ll»
KXXXXXXXXXXXXXXXXXXN k\\X\\\\\\\\\\\\\\\N

III1I\I
MRMJJRSONDJFMRMJJRSONDJFMRMJJR

12-                                                                       

CO
CJ
:r 8-
0
>- 

RfllNFflLL, IN

D  »

p-, LRKE HILLS
y/./.
/
4.

KXXXXXXXXXXXXXXXXXXX

-,

ISi 1
k\\\\\\X\\X^\\\\\\N kxxxxxxxxxxxxxxxxxxi

I\
7 \I\I

MflMJJRSONDJFMflMJJflSONDJFMRMJJfl
12-                                                                      

CO
OJ5 8 '
z

z :

RfllNFflLL, I

3  »

y
//
/,
/
y

kXXXXXXXXXXXXXXXXXN

148TH RVENUE

 ^n

II1 hXXX\\N

K

KXXXXXXX 
KXXXXXXXXX

\\XXXXXXXXXXXXX\XXN!

I\I\III
MflMJJRSONDJFMflMJJflSONDJFMflMJJfl

1979 1980 1981

1

I

kxxxxxxxxxxxxxxxxxxi

IL\\\\\\XX\\\\\\\\\\N

1
S 0 N D J

1
ix\\\x\\\x\\\\\\x4I NXXXXXXXXXXXvXXXXXN

K\\\\\N\\\\\\M

S 0 N D J

:

:
:
^
r

:
 

I
kxxxxxxxxxxxxxxxxl I x\\\\\\x\\\\\\\\\\1 Pi

S 0 N D J
1982

FIGURE 8. Monthly precipitation at gages located at the
catchment outlets.

88



REFERENCES

Doyle, W. H., Jr., and Lorens, J. A., 1981, Data management system for 
USGS/USEPA urban hydrologic studies program: U.S. Geological Survey 
Open-File Report 82-422, 272 p.

Greeson, P. E., Ehlke, T. A., Irwin, G. A., Lium, B. W., and Slack, K. V., 
1977, Methods for collection and analysis of aquatic biological and 
microbiological samples: U.S. Geological Survey Techniques of 
Water-Resources Investigation, book 5, chap. A4, 332 p.

Guy, H.P., 1969, Laboratory theory and methods for sediment analysis: U.S. 
Geological Survey Techniques of Water-Resources Investigation, book 
5, chap. Cl, 58 p.

Linsley, R. K., Jr., Kohler, M. A., and Paulhus, J. L. H., 1975, Hydrology 
for engineers (2nd ed.): New York, McGraw-Hill, 482 p.

Phillips, E.L., 1968, Washington climate for these counties - King, Kitsap 
Mason, and Pierce: Cooperative Extension Service, Washington State 
University, E. M. 2734, 66 p.

Skougstad, M.W., Fishman, M.J., Friedman, L.C., Erdmann, D.E., and Duncan, 
S. S., 1979, Methods for determination of inorganic substances in 
water and fluvial sediments: U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 5, chap. Al, 626 p.

Smoot, G. F., Davidian, Jacob, and Billings, R. H., 1974, Urban storm 
rainfall-runoff-quality instrumentation, in Paris Symposium on Flash 
Floods, September 1974, Proceedings: IAHS-AISH Publication 112, p. 
44-47.

Snyder, D. E., Gale, P. S., and Pringle, R. F., 1973, Soil survey of King 
County area, Washington: United States Department of Agriculture, 
Soil Conservation Service, in cooperation with the Washington 
Agricultural Experiment Station, 100 p., 22 plates.

U.S. Department of Commerce, 1971-1982, Climatological data, Washington: 
National Climatic Center, Asheville, North Carolina; published 
monthly.

89



BASIC DATA TABLES

The tables that follow include daily discharge and precipitation data and the 
results of individual analyses for constituents in storm runoff and wet and dry 
deposition.
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TABLE 9. Loads of constituents in runoff from sampled storms. Loads 
are in pounds per 1,000 acres, except for fecal coliform 
bacteria, which are in millions of colonies per acre

Variable name

COD TOTAL

5-DAY BOD

U-BOD

FECAL COLI.

DISS. SOLIDS

SUSP. SOLIDS

DNOX

DNH4

TKJN

DKJN
T-P

D-P

TOTAL LEAD

DOC

SOC

Variable identification

Total chemical oxygen demand

Carbonaceous biochemical oxygen demand, 5-day

Carbonaceous biochemical oxygen demand, ultimate

Fecal coliform bacteria
Dissolved solids

Suspended solids

Dissolved nitrite plus nitrate (as N)
Dissolved ammonia (as N)
Total ammonia plus organic nitr6gen (as N)

Dissolved ammonia plus organic nitrogen (as N)
Total phosphorus (as P)
Dissolved phosphorus (as P)
Total recoverable lead
Dissolved organic carbon
Suspended organic carbon
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TABLE 10. Mean annual loads of water-quality constituents 1n storm runoff. 
Loads are 1n pounds per acre unless otherwise Indicated

Constituent

Chemical oxygen demand

BOD, 5-day

BOD, ultimate

Fecal -coHform bacteria 
(millions of colonies 
per acre)

Dissolved solids

Suspended solids

Nitrite plus nitrate, 
dissolved

Ammonia, dissolved

Ammonia plus organic nitrogen, 
total

Ammonia plus organic nitrogen, 
dissolved

Phosphorus, total

Phosphorus, dissolved

Lead, total recoverable

Organic carbon, dissolved

Organic carbon, suspended

Surrey Downs

140

12

44

24,000

99

190

.80

.36

3.4

1.9

.42

.17

.38

21

7.3

Lake Hills

160

13

56

33,000

77

250

.61

.42

3.4

2.0

.67

.28

.59

18

8.0

148th Avenue

610

65

154

39,000

259

770

2.0

1.6

8.8

5.2

1.2

.34

1.8

60

23

97
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TABLE 13. Contributions of loads in rain to observed loads of 
constituents in runoff. Loads are in pounds per 
1,000 acres

Variable name

COD TOTAL

DISS. SOLIDS

SUSP. SOLIDS

DNOX

DNH4

TKJN

DKJN

T-P

D-P

LEAD

DOC

SOC

Variable identification

Total chemical oxygen demand
Dissolved solids

Suspended solids

Dissolved nitrite plus nitrate (as N)
Dissolved ammonia' (as N)
Total ammonia plus organic nitrogen (as N)

Dissolved ammonia plus organic nitrogen (as N)
Total phosphorus (as P)
Dissolved phosphorus (as P)
Total recoverable lead
Dissolved organic carbon
Suspended organic carbon
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TABLE 15. Maximum, minimum, and median concentrations of constituents in wet- and dry-atnospherlc deposition. All concentrations In wet- 
atmospheMc deposition are In milligrams per liter, and all dry-atmospheric-deposition concentrations are In grams per kilogram 
of total solids, except as noted below. The typical compositing period for dry deposition samples is about one month

Surrey Downs Catchment

Wet deposition
Constituent

Specific conductance (umhos/cm)
pH (units)
Dissolved solids
Suspended sol Ids
Total solids ( IDS/ acre)
Dissolved organic carbon
Suspended organic carbon
Total organic carbon
Chemical oxygen demand
Dissolved nitrite plus nitrate (as N)
.Total nitrite plus nitrate (as N)
Dissolved anmonia (as N)
Total ammonia (as N)
Dissolved ammonia plus organic nitrogen

(asl»)
Total ammonia plus organic nitrogen

(as l»)
Dissolved phosphorus (as P)
Total phosphorus (as P)
Dissolved lead
Total lead

Max.

52
5.1

44
21

12.3
1.6

113
2.7

.308

1.20

1.6
0.13
0.16
0.011
2.3

Nin.

8
2.8
0
0

D.O
0.0

2
.00

.000

.02

.12

.000

.000

.000

.000

Median

18
4.4
7
3

1.7
0.3

12
.13

.092

.36

.47

.004

.008

.004

.012

Samples

47
48
20
27

44
42

44
45

44

42

48
41
48
8
47

Max.

23

680
3,500

32

34

66

17

17

Dry deposition
M1n.

2

22
130

O.D2

0.00

2.1

0.19

0.27

Median

6

22
940

5.7

5.6

27

1.1

1.6

Samples

31

25
29

24

22

29

28

31

Lake Hills Catchment

Wet deposition Dry deposition
Constituent

Specific conductance (umhos/cm)
pH (units)
Dissolved solids
Suspended solids
Total solids (Ibs/acre)
Dissolved organic carbon
Suspended organic carbon
Total organic carbon
Chemical oxygen demand
Dissolved nitrite plus nitrate (as N)
Total nitrite plus nitrate (as N)
Dissolved ammonia (as N)
Total ammonia (as N)
Dissolved ammonia plus organic nitrogen
(asN)

Total ammonia plus organic nitrogen
(as N)

Dissolved phosphorus (as P)
Total phosphorus (as P)
Dissolved lead
Total lead

Max.

76
5.2

16
5

9.0
0.8

111
3.0

.342

.95

1.8
.063
.042
.008
.102

M1n.

8
3.8
0
D

0.0
0.0

1
.00

.023

.05

.14

.000

.000

.000

.002

Median

17
4.4
2
3

1.7
0.2

10
.12

.085

.33

.4?

.004

.008

.003

.011

Samples  

34
33
13
24

30
26

28
32

32

28

33
28
33
5

34

Max.

45

400
3.111

83

36

53

27

3.8

Mln.

2

14
50

0.01

0.15

3.3

0.16

0.14

Median

5

14
730

8.9

7.0

35

1.3 -

1.5

Samples

19

14
16

14

14

16

15

19

148th Avenue S.E. Catchment

Constituent

Specific conductance (umhos/cm)
pH (units)
Dissolved solids
Suspended solids
Total solids (Ibs/acre)
Dissolved organic carbon
Suspended organic carbon
Total organic carbon
Chemical oxygen demand
Dissolved nitrite plus nitrate (as N)
Total nitrite plus nitrate (as N)
Dissolved ammonia (as N)
Total ammonia (as N)
Dissolved ammonia plus organic nitrogen

(as l») 
Total ammonia plus organic nitrogen

(as N)
Dissolved phosphorus (as P) 
Total phosphorus (as P) 
Dissolved lead 
Total lead

Wet deposition
Max.

68
5.4

12
13

7.5
1.1

101
3.6

.320

Min.

6
3.8
0
0

O.D
0.1

1
.00

.020

Median

19
4.4
0
3

1.7
0.2

11
.13

.093

Samples

35
35
13
27

31
32

31
34

34

Dry deposition

1.1

1.1
.053
.065
.008
.132

.08

.18

.000

.000

.002

.003

.30

.45

.005

.008

.003

.010

28

35
28
35
6
34

Max.

22

M1n7 Median

330
1.900

26

30

52

8.4

4.2

16
100

0.03

0.12

1.9

0.17

0.10

16
690

6.5

4.9

20

0.91

1.8

20

19
20

18

18

20

19

20
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TABLE 16. Storm characteristics and antecedant conditions

Variable name

BDATE 
BTIME 
EDATE 
ETIME 
TRAINA

MAXR5
WXRIS
MAX1H 
NDRD02

DERNPD 

DERNP3 

DERNP7

TOT RUN 
PEAKQ

BFLOW 
DURRNF 
TIMBPK 
DURSTO

TILASC

Variable Identification

Storm begin date; year, month, day
Storm begin time
Storm end date; year, month, day
Storm end time
Total rainfall, average for the catchment, In

Inches
Maximum 5-minute rainfall rate, In Inches/hour 
Maximum 15-minute rainfall rate, 1n Inches/hour 
Maximum 1-hour rainfall rate, in Inches/hour 
Number of hours prior to storm, counting backwards

to storm event with rainfall greater than 0.2
Inches 

Depth of rainfall accumulated during the previous
24 hours, In Inches 

Depth of rainfall accumulated during the previous
72 hours, In Inches 

Depth of rainfall accumulated during the previous
168 hours, In Inches

Total runoff, not Including'base flow, In Inches 
Peak discharge, not Including base flow, 1n cubic

feet per second
Base flow prior to storm, in cubic feet per second 
Duration of rainfall, in minutes 
Approximate response time of catchment, in minutes 
Duration of storm used to calculate load, in

minutes 
Time since last street cleaning, 1n days

^Indicates sampled storm, see table 9 for loads of selected constituents In 
runoff.
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TABLE 26.~Sem1quant1tat1ve determinations of dissolved Inorganic constituents 1n storm runoff. 
Analyses were done using Inductively coupled plasma spectroscopy and all values are 
In micrograms per liter unless otherwise Indicated. Results are semlquantltatlve and 
should not be used for Interpretative purposes

Date
Dis- 

T1me charge 
(ft3/$)

Specific 
conduc­ 
tance 
(umhos/cm)

Alum- Anti- 
1 num mony

12120005 -

02-25-80
03-12-80
03-19-80
08-17-80
01-17-81
02-19-81

12-01-79
02-25-80
03-12-80
08-17-80
01-17-81
02-19-81

12-13-79
01-31-80
03-19-80
05-20-80
06-16-80
01-17-81

1445
1445
2325
2120
1125
0320

1240
1445
1500
2115
1145
0310

1240
1825
2400
1920
1555
1145

0.59
.65
.62
.33
.62

5.9

.32

.32
6.8
.38

11

.56

.39

.17

.08
2.0

.05

64
81
70
90
85
17

24
81
68
59

112
17

12119730

65
97
56

115
81

221

70
100
<50
<50
<50
<50

100
1000

100
100
450

50

430
<30
<30
430

0
430

12119725

<30
300
430
-30
430
<30

- 148th Avenue

300
<.50
<50
100
300
<50

50
*30
*30
430
<30
430

Bar- Beryl- Bis- 
ium Hum muth

Bor- Cad- Chrom- Co- Cop- 
on mi urn 1um bait per

Surrey Downs storm sewer outfall

10 <1
10 <1
10 <1
30 a
10 <1
10 <1

- Lake Hills

3 <1
30 1
30 <1
30 <1
30 "I
10 a

S.E. storm

10 <1
30 <1
10 <1
30 <1
30 <1
70 4.1

41000
<1000
41000
41000
<1000
41000

storm

aOOO
aooo
<1000
aooo
aooo
aooo

10
10
10
30
<5
<5

sewer

5
70
10
30
<-5
<5

3
<1

3
<1
a
<X

Gal­ 
lium

German- Iron 
ium

at Bellevue, Wash.

<50 <5
<50 <5
<50 <5
<50 45
<-50 <5
<50 5
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<i
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aOOO
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30
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Lead Lith- Man- Molyb- Nickel S11- Stron- Tin Titan- Vanad- Z1nc Zir- 
ium ganese denum ver tium ium ium conium

12120005 Continued

< 30 <10
30 ao
30 ao
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50 ao

<3o ao
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70
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<: 30 aO

<!
50
30

100
100

5

<10
100
30

ao
ao
ao

<50
700

<50
< 50
<50
<50
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45

4 10

< 10
4 10

< 10
4 10
410

50
100
100
300
300
300

<5
45
45
( 5
<5
4 5

241



TA
BL
E 

27
.
--
Vo
la
ti
le
 
so
li
ds
 
(I

os
s-

on
-i

gn
1t

1o
n)

 
co
nc
en
tr
at
io
ns
 
1n
 
st

or
m 

ru
no
ff

1<
?1
?0
00
5

O
O
K
N
S
 
b
T
O
H
M
 
S
E
W
L
K
 
O
U
T
F
A
L
L
 
A
T
 
B
E
L
L
E
V
U
E
.
 

*
A
T
t
R
 
Q
U
A
L
I
T
Y
 
D
A
T
A

D
A
T
E

M
A
R
 

  
12

. 
..

1
9
.
.
 

M
A
Y
 

» 
2
4
.
.
 

2
*
.
.
 

2
4
.
.
 

2
4
.
.
 

2<
».
. 

2
4
.
.

T
I
M
E

> 2
0
0
0

1
1
1
0

1
7
2
5

1 
7
3
5

1
H
3
5
 

I
b
b
S
 

1
V
0
5

ro -> ro

S
T
R
t
A
M
-

FL
OW

«
IN

ST
AN

­
TA

NE
OU

S
t
C
F
S
) .
6
8

1
.
9

1
.
4

1
.
% .
8
7

.
4
6

.
4
6

.
7
4

.
8
7

.t
>8

.
2
9

.
1
6

.
0
7

S
O
L
l
D
S
t

K
E
S
I
D
U
E

AT
 
1
0
5

O
E
O
.
 
C
t

T
O
T
A
L

(M
li

/L
)

1
1
1

2
4
7

1
5
0

1
3
0
5
J
3
8

2
9
3
6

2
5
2
8

21 <>
2

2
5

S
O
L
I
D
S
.

VO
LA
­

TI
LE

 
ON

I
G
N
I
­

T
I
O
N
.

T
O
T
A
L

(M
13

/L
) 1
6

5
7

4
9

4
1 1
9
1
3

1
0 1
6

1
2 12 1
2

1
3
1
5

  
L
A
K
E
 
H
I
L
L
S
 
S
T
O
N
M
 
S
E
W
E
A
 
O
U
T
F
A
L
L
 
A
T
 
B
L
L
L
E
V
U
C
*
 
W
A
.
 

U
U
A
L
I
T
Y
 
D
A
T
A b
O
L
J
O
S
.
 

H
E
S
1
0
U
E
 

AT
 
l
O
b

T
I
M
E

b
l
W
E
A
M
-

F
L
O
*
.
 

I
N
S
 T
A
N
-
 

U
E
G
.
 
C*
 

T
A
N
L
O
U
S
 

T
O
T
A
L

OA
Tc
.

J
C
F
S
)

(
M
b
/
L
>

S
O
L
I
D
S
.

V
O
L
A
­
 

T
I
L
E
 
O
N
 

I
G
N
I
­
 

T
I
O
N
*

TO
TA

L
<
M
G
/
L
)

M
A
R
 

 
1
2
.
 .
. 

A
P
H

f
k
 r

~ 
r
\

1
9
.
.
.

M
A
Y
 

 
? 

».
 .

,
2
4
.
.
.

<"
».

..
<?

*.
.,

2
4
.
 .

 ,
2
*
 .
 .

 <
2
4
.
.
.

2
4
.
.
.

2
4
.
.
 ,

2<
».
 .
.

I
V
b
O
2
0
2
0

1
0
2
0

1
V
8
1
l
/
2
b

1
7
3
5

1
7
4
5

1
7
b
b

1
H
0
5

l
H
2
b

lH
«.
b

1
9
1
5

1
9
2
5

1
*
5
5

1
.
3

«?
.b

1.
1

3
.
2

5
.
2

1
.
9 .
8
6

.
4
5

.
4
5

.6
1

1
.
3 .
2
4

8
b

1
0
8

2
*
7

2
4
9

2
1
1 8
0

6
6

4
1 3
2 3
6

*
9
4
2

1
5

3
9 73 74 4
9

21 17 15 15 16 15 14



TA
BL
E 

27
.-
-C
on
ti
nu
ed

1
2
1
1
9
7
3
0

- 
1«
,8
TH
 
A
V
 
S
T
O
R
M
 
S
»
R
 
B
L
W
 
L
K
 
H
I
L
L
S
 
B
L
V
O
 
B
E
L
L
E
V
U
E
.
W
A
 

W
A
T
E
R
 
Q
U
A
L
I
T
Y
 
D
A
T
A

T
I
M
E

-p* C
O

D
A
T
E

O
E
C
 

» 
1
3
.
.
.

M
A
R
 

t 
1
2
.
.
.
 

1
2
.
.
.

1
9
/
9

1
9
8
0
2
0
1
3

2
0
1
5

1
9
.
.
.
 

1
2
2
5
 

M
A
Y 2
0
.
.
.
 

1
9
0
0
 

2
0
.
.
.
 

1
9
b
O
 

2
0
.
.
.
 

<>
03
0 

M
A
Y
 

. 
1
9
8
1

2
4
.
.
.

2
4
.
 .
.

2
5
.
.
.
 

2
b
.
.
.
 

2
5
.
.
.

1
7
J
5
 

1
7
4
b
 

I
B
l
b
 

I
b
b
b
 

1
9
1
5

0
5
3
0

0
6
2
0

b
T
W
E
A
M
-

KL
Or
t.

IN
ST
AN
­

TA
NE

OU
S

(
C
F
S
) .
6
6

.
1
0

.
1
0

.
8
4

.
0
8

.
0
8

.
1
0

1
.
4
.
8
0

.
6
1

.
4
1

.
6
3

.3
2

.
6
1

.
6
3

.
4
8

S
O
L
I
D
S
.

R
E
S
I
D
U
E

A
T
 
1
0
5

D
E
C
.
 
C,

TO
TA
L

(H
G/
L) --

2
6
9

2
2
3 8
4

16
4

17
6

1
6
5

2
6
9

1 
JO

13
2

77 78 5
0 40 6
2

27

S
O
L
I
O
S
.
 

V
O
L
A
­

T
I
L
E
 
O
N

I
G
N
I
­

T
I
O
N
.

T
O
T
A
L

(M
G/
L) 37 6
9

4
4

20 92 B
Z

8
4

7
7

4
9

4
4

2
9 3
9

?
8 18 2
3 11



TA
BL

E 
2
8
.-

-P
a
rt

ic
le

-s
iz

e
 d

is
tr

ib
u
ti
o
n
s
 
o
f 

se
di

m
en

t 
in

 
st

or
m

 r
u
n
o
ff

12
12

00
05

 
- 

SU
RR

EY
 o

ow
*s

 
SI

OH
M 

sE
«t
R 

OU
TF
AL
L 

AT
 B

EL
LE

VU
F*

 
WA

W
A
T
E
R
 
Q
U
A
L
I
T
Y
 
D
A
T
A

T
I
M
E

D
A
T
E

O
C
T
 

i 
2
«
.
.
.
 

1
0
5
5

F
E
B
 

t 
1
9
«
1
 

1
9
.
.
.
 

0
2
5
0
 

1
9
.
.
.
 

0
3
1
0

S
T
R
E
A
M
-

F
L
O
*
»

IN
ST
AN
­

TA
NE
OU
S

(
C
F
S
) .
6
0

l.
tt

5
.
J

S
E
D
.

S
U
S
P
.

S
I
E
V
E

D
I
A
M
.

*
 
FI

Nt
rt

TH
AN

1
.
0
0
 
M
M

 .
.

1
0
0

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

%
 
F
l
N
t
R

T
H
A
N

.
5
0
0
 
M
M

 .
.

9
7

S
E
O
.

S
U
b
P
.

S
I
E
V
E

D
I
A
M
.

 k
 
F
I
N
E
R

T
H
A
N

.
2
5
0
 
M
M

 _
_
8
9

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

% 
F
I
N
E
R

T
H
A
N

.
1
2
5
 
M
M

 _
_

7
0

S
E
D
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

%
 
F
I
N
E
R

TH
AN

.
0
6
2
 
M
M 9

6
3

3
3

ro

1
2
1
1
9
7
2
5
 

- 
L
A
K
E
 
ri

lL
LS

 
S
T
O
R
M
 
S
E
K
E
R
 
O
U
T
F
A
L
L
 
A
T
 
B
E
L
L
E
V
U
E
t
 
*
A
.
 

W
A
T
E
R
 
Q
U
A
L
I
T
Y
 
D
A
T
A

T
I
M
E

D
A
T
E

M
A
M
 

* 
1
9
8
0

1
2
.
.
.
 

1
5
0
5

F
E
d
 

t 
1
9
d
l

1
9
.
.
.
 

0
3
1
0

S
T
M
E
A
M
-

FL
Or
ft

I
N
S
T
A
N
­

T
A
N
E
O
U
S

(
C
F
S
) .
*
!

11

S
O
L
I
D
S
.

H
t
S
I
D
U
E

A
T
 
1
0
5

D
E
G
.
 
Ct

SU
S­

PE
ND

ED
(
M
G
/
L
) 4
0

1
0
8
0

S
E
O
.

S
U
S
P
.

J»
It
VE

O
I
A
M
.

4 
F
I
N
E
R

TH
AN

1
.
0
0
 
M
M

1
0
0

9
8

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

*
 
F
I
N
E
M

TH
AN

.
5
0
0
 
M
M

1
0
0

6
8

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

h 
F
I
N
E
R

T
H
A
N

.
2
5
0
 
M
M

9
2

7
6

S
E
O
.

S
U
S
P
.

S
I
E
V
E

D
I
A
M
.

V
 
F
I
N
E
R

T
H
A
N

.
1
2
5
 
M
M

8
5

6
6

S
E
O
.

S
U
S
P
.

S
I
E
V
t

O
I
A
M
.

\ 
F
I
N
E
R

T
H
A
N

.
0
6
2
 
M
M 75 t>
8

1
2
1
1
9
7
3
0
 

- 
U
8
T
H
 
A
V
 
S
T
O
K
M
 
S
*
R
 
B
L
*
 
L
K
 
M
I
L
L
S
 
B
L
V
O
 
B
£
L
L
E
V
U
E
»
*
A
 

W
A
T
E
R
 
Q
U
A
L
I
T
Y
 
D
A
T
A

TI
M

E
D

A
T

E

M
A

R
 

t 
1

9
8

0
1
2
..
. 

2
0

0
b

 
J

U
L

 
. 

1
9
8
1

0
6
..
. 

2
0

1
b

0
7

..
. 

0
1
1
0

S
T
H
E
A
M
-

F
L
O
*
t

I
N
S
T
A
N
­

T
A
N
E
O
U
S

  C
F
S
) .
1
0

.
b
l

i.
a

S
O
L
l
O
S
t

H
E
 S
I 
D
U
E

A
T
 
l
O
b

U
E
G
.
 
Ct

S
U
S
­

P
E
N
D
E
D

(
M
O
/
L
)  

10
1 91

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

* 
F
I
N
E
R

TH
AN

1
.
0
0
 
M
M

1
0
0 --  

S
E
D
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

%
 
F
I
N
E
R

TH
AN

.
5
0
0
 
M
M

9
9

  

S
E
O
.

S
U
S
P
.

S
I
E
V
E

O
I
A
M
.

V 
F
I
N
E
R

T
H
A
N

.
2
5
0
 
M
M

9
9

.
.
 

S
E
O
.

S
U
S
P
.

S
I
E
V
E

D
I
A
M
.

% 
F
I
N
E
R

T
H
A
N

.
1
2
5
 
M
M

9
8

-
.
-
-

S
E
O
.

S
U
S
P
.

S
I
E
V
t

O
I
A
M
.

\
 
F
I
N
t
R

T
H
A
N

.
0
6
2
 
M
M

V
6

V
9 7
9



TA
BL

E 
2

9
.-

-T
e

m
p

e
ra

tu
re

 m
ea

su
re

m
en

ts
 

o
f 

st
or

m
 r

u
n

o
ff

- 
S

tJ
H

P
E

Y
 

U
O

W
N

S
 

S
TO

H
M

 
S

E
»
£
* 

O
U

T
F

A
L

L
 

A
T

 
B

E
L

L
E

V
U

E
. 

M
A 

H
A

T
tM

 
Q

U
A

L
IT

Y
 

D
A

T
A

ro

D
A

T
E

U
C

T
 

, 
2

4
..
. 

 ^
4

..
,

2
4

.
.
.

«?
 *.

.

2
4
..

D
tC

 
0

1
. 

, 
0

1
. 

, 
0

1
. 

, 
0
1
. 

, 
0

1
. 

, 
0

1
. 

, 
0

1
. 

,
l-

tr
i

M
A

R
 

1
2

..
 

1
2

..

T
IM

E

1
9
7
9
1
0
5
0
 

1
1
0
0
 

1 
1
0
4
 

1
1
2
5
 

1
4
U
6

1
5
5
5
 

1
6
0
0
 

1
6
0
*

1
4
3
5

1
4
3
6

1
4
0
0

1
-j

Q
l

1
9
8
0
1
6
3
0

0
7
3
0

2
1
0
7

21
 1
0

S
T
P
E
A
M
-

FL
OW
.

I
N
S
T
A
N
­

T
A
N
E
O
U
S

(
C
F
S
) .
7
7

.
7
7

.
6
3

.5
1

.
9
3

.
2
0

.
1
8

.
1
6

.
U

1
.
3

1
.
3

2
.
1

2
.
0

1
.
7

1
.
7

1
.
6 .
2
2

.
2
3

2
.
1

1
.
7

T
E
M
P
E
R
­

A
T
U
R
E

(
D
t
G
 
C)

1
2
.
6

1
2
.
6

1
2
.
6

1
2
.
6

1
3
.
0

l
t
.
0

l<
t.
O

1
4
.
0

1
4
.
0

b
.
4

5
.
4

5
.
4

b
.
4

5
.
4

5
.
4

5
.
4

1
0
.
0

8
.
8

6
.
6

6
.
6



I A
BL

E 
2

9
.-

-C
o

n
tin

u
e

d

- 
lA

K
t 

H
IL

L
S

 
S

T
O

H
M

 
S

E
*E

H
 

O
U

T
F

A
L
L
 

A
T

 
B

E
L
L
E

V
U

E
t 

*A
, 

W
A

T
E

R
 

U
U

A
L
lT

Y
 

D
A

T
A

ro -P
» 

CT
>

D
A
T
E

U
C
T
 

»
2
*
.
 .

 .
<?

<»
 .

 .
 .

2*
» 

. 
. 

.
2
*
.
.
 .

D
E
C 0
1
.
.
.

0
1
.
.
.

0
1
.
.
.

01
 .
..

01
 .
.
.

0
1
.
.
.

0
1
.
.
.

0
1
.
.
.

FE
rt

 
.

2t
>.
..

2
0
.
.
.

2
0
.
.
.

A
'i>
"
.
.
.

M
A
Y 2
0
.
 .
.

T
I
M
E

1
9
7
4
0
9
3
9

O
H
3
4

0
6
3
8

0
8
5
4

1 
<»
47

1
4
4
8

1 
4
b
5

1 
6
1
b

1
6
2
3

2
3
3
7

2
3
3
8

23
*>
2

1
9
8
0
1
5
0
9

0
1
2
2

0
1
2
7

1
0
3
5

2
0
b
O

S
T
P
E
A
M
-

FL
OW
*

I
N
S
T
A
N
­

T
A
N
E
O
U
S

(C
FS

J

!.
*»

1
.
3

1
.
2

1
.
3 -
-

-
-
-
-

. 
-
_

  
  
 -
-

 
-
-

.
4
1

1
.
8

1
.
7

2
.
8 .
0
5

T
E
M
P
E
R
­

A
T
U
R
E

(
D
E
G
 
C)

1
2
.
6

1
2
.
6

1
2
.
6

1
2
.
6

5
.
0

5
.
0

b
.
O

4
,
6

4
.
6

6
.
2

6
.
2

6
.
2

9
.
6

b
.
2

8
.
2

1
4
.
8

b
.
6



TA
IU

E
 

?
9
.-

-C
o
n
ti
n
u
e
d

1
2
1
1
9
7
3
0
 

- 
U
r
t
T
H
 
4
V
 
S
T
Q
«
M
 
S
W
H
 
H
L
W
 
L
K
 
H
I
L
L
S
 
B
L
V
O
 
B
E
L
L
E
V
u
E
t
W
A
 

«
A
T
t
«
 
Q
U
A
L
I
T
Y
 
D
A
T
A

ro

D
A
T
E

ot
c 

*
1
1
.
.
.

1 
3 
..

.
J
A
N
 

«
3
1
.
.
.

3
1
.
.
.

3
1
.
.
.

U
.
.
.

M
A
'
4

2
0
.
.
.

i?
0.

..
M
A
f <?
o.

..
<?

o.
..

O
C
T Jl
 .

 .
.

3
1
.
.
.

T
I
M
E

1
9
7
9
1
?
*
5

1
U
2

1
9
0
0
1
8
5
6

1
9
0
0

1
9
0
8

1
9
1
0

0
0
5
2

0
0
*
7

1
3
1
1

1
3
1
4

0
7
3
0

0
7
3
b

ST
RE
AM
- 

FL
OW

*
IN
ST
AN
­

TA
NE
OU
S

(
C
F
S
) .
6
6

.
6
3

.
2
7

.
2
9

.
1
7

.
U

.
2
7

.
2
7

.
0
8

.
0
8

.
1
9

.2
2

TE
MP
ER
­

AT
UR
E

(U
E6
 
C) 7.
8

6
.
9

3.
0

3.
0

2
.
6

2
.
6

B.
O

B.
O

1*
.2

14
.2

11
.8

11
.8



TA
BL
E 

30
.-

-C
on

ce
nt

ra
ti

on
s 

of
 t

he
 c

or
e 

co
ns
ti
tu
en
ts
 
in

 w
et
-a
tm
os
ph
er
ic
 d

ep
os

it
io

n.
Le
ng
th
 o

f 
ex

po
su

re
 w

as
 e

st
im

at
ed

 u
si
ng
 r

ai
nf
al
l 

da
ta
 f

or
 t

he
 s

am
pl

in
g 

pe
ri

od
.

47
36
02
12
21

13
00

2 
- 

Su
rr
ey
 D

ow
ns

 w
et

- 
an

d 
dr

y-
at

mo
sp

he
ri

c 
de

po
si

ti
on

 c
ol
le
ct
or
 a

t 
Be
ll
ev
ue
, 

Wa
sh
in
gt
on

S
I
A
^
T
-

I
M
G
 

O
A
T
-

7
9
0
1
3
7
 

7
9
0
5
0
1
 

7
9
0
S
O
*
 

7
9
0
7
0
5
 

7
9
0
9
0
1

7
9
0
9
0
5

*
tH
0
0
2

7
9
1
3
0
6

8
0
0
3
1
8

4
0
0
3
3
0

4
0
0
*
0
*

4
0
0
4
0
5

0
0
0
*
1
7

8
0
0
*
1
9

4
0
0
5
3
0

4
0
0
5
3
3

9
0
0
M
6

4
0
0
7
0
3

H
0
0
7
0
*

8
0
0
9
0
6

4
0
0
9
1
8

4
0
0
9
1
7

4
0
1
0
1
0
 

3
0
1
0
1
2

8
0
1
0
3
1

4
0
1
1
0
1

8
0
1
 1
1
9

4
0
1
3
0
8

8
1
0
1
0
3

9
1
0
1
1
9

4
1
0
1
3
0

4
1
0
3
1
3

3
1
0
'
3
0
 

4
1
0
3
3
*

4
1
0
4
3
3

9
1
0
5
3
3

4
1
0
6
0
6

4
1
0
6
2
6
 

4
1
0
/
0
1

8
1
0
7
3
8

8
1
0
9
3
0
 

0
1
0
9
3
3
 

9
1
1
0
1
5
 

4
1
 1
0
2
8
 

4
1
1
1
1
3

6
1
1
 1
3
0
 

8
1
1
2
0
*

e?
oi
 1 

1
8
3
0
1
1
7

E
N
D
­
 

IN
G 

O
A
T
f

7
9
0
5
0
1
 

7
9
0
6
0
*
 

7
9
0
7
0
5
 

7
9
3
8
0
1
 

7
9
0
9
0
5

7
9
1
0
0
2

7
9
1
 1
0(
S

7
9
1
3
3
0

8
0
0
3
3
0

8
0
0
*
0
*

3
0
0
-
0
5

S
0
0
*
1
7

H
0
0
*
1
9

S
0
0
'
)
3
0

8
0
0
S
3
3

8
0
0
6
1
6

8
0
0
7
0
3

8
0
0
7
0
*

8
0
0
8
0
6

8
0
0
8
1
8

8
0
0
9
1
7

8
0
1
0
1
0

8
0
1
0
1
2
 

8
0
1
0
3
1

8
0
1
 1
0
1

8
0
1
1
1
9

8
0
1
3
0
8

9
1
0
1
0
3

8
1
0
1
1
9

8
1
0
1
3
0

8
1
0
3
1
3

8
1
0
3
3
0

B
1
0
3
3
*
 

8
1
0
*
3
3

8
1
0
5
3
3

9
1
0
b
0
6

d
!
0
6
3
b

8
1
0
7
0
1
 

8
1
0
7
3
8

8
1
0
8
3
0

8
1
0
9
3
3
 

8
1
1
0
1
5
 

4
1
 1
0
2
3
 

9
1
1
1
1
3
 

8
1
1
1
3
0

8
1
 1
2
0
*
 

6
3
0
1
1
1
 

8
3
0
1
1
7
 

8
2
0
3
0
8

ST
AR

T-
 

EN
D­

 
IN
G 

IN
G 

TI
ME
 

TI
ME

(2
*0
0 

(2
*0

0
MO
ON
S)
 

HO
UR
S

1
3
*
0
 

7
0
8
 

1
0
0
0
 

8
3
7
 

8
*
1

9
3
2

B
*
7

8
*
*

V
3
5

3
0
0

7
5
0

9
0
0

1
*
1
0

1
3
1
0

7
*
0

1
3
1
0

2
0
3
0

V
1
5

6
1
0

8
3
0

1
5
1
0

8
5
0

8
3
0
 

1
7
5
0

8
5
5

9
0
S

2
2
3
0

d
*
0

9
0
5

7
3
0

7
*
0

1
3
6
0

7
3
5
 

1
1
5
0

1
7
3
0

8
3
0

7
0
0

9
3
0
 

1
0
1
0

4
3
5

1
0
*
0
 

7
3
0
 

1
*
6
0

r*
o

7
5
0

9
2
5

ai
o

«J
3b

 
10

00

7
0
8
 

1
0
0
0
 

83
7 

8*
1 

9
3
2

8
*
7

9
0
6

9
5
2

30
0

7
5
0

9
0
0

1*
10

13
10 7*
0

13
10

2
0
2
0

9
1
5

61
0

82
0

15
10 85
0

83
0

17
50
 

8
5
5

9
0
5

2
2
3
0

9*
0

9
0
S

7
3
0

7*
0

13
60 7
3
5

11
50
 

17
30 63
0

70
0

9
3
0

1
0
1
0
 

8
3
5

10
*0 73
0 

1*
60

 
7
*
0
 

75
0 

9
2
5

BI
O 

8
3
5
 

10
00
 

8
2
5

L
E
N
G
T
H
 

OF
 

E
X
P
O
­
 

S
U
R
E
 

(D
AY

S! 3 2 2 
<1
3 <1 5 2

<l
1

<1
1

<1
1

<1

3 1
<1 <1 <1

1 1
<1
1

<1

3 2 2 1 1 1 1 2 2 1 1 Z
<1

 1
<1

1 3 
<l

1 1 1 3 1 2

P
R
E
C
I
P
­
 

I
T
A
T
I
O
N
 

I
N
C
H
E
S

i.
a 

1.
1 

i.
? .2
0 

2
.
0 .5
2

3.
<»

6
.
3 .2
3

,*
9

.1
0

1.
5 .5
*

1.
1 .3
*

3.
0 .7
9

.0
8

.5
*

.6
5

1.
7

1.
1 .0
9 

.*
2

.5
9

3
.
5

5.
0

*.
7 .3
5

2.
0

1.
2

3
.
3

3.
1 

3.
*

3
.
3 .8
1

1.
5 .3
8 

2.
0 .0
7

1.
6 

S.
I .7
9 

2.
0

3.
0 .9
2 

6
.
2
 

1.
2 

3
.
5

S
P
E
­
 

C
I
F
I
C
 

C
O
N
­
 

D
U
C
T
­
 

A
N
C
E
 

(U
MH

OS
)

21
 

18
 

19
 

2
2
 

17 1* 18 12 2
6 13 *0 22 3
2 *7 2
* a
2* 28 17 17 25

 
2
8 13 11 a a
1
6

1
3 a
1
6

23
 

23 2* 35 35 3*
 

2* 5
2 25
9 12
 

13 12 37
 

16
 

13
 

17

PH
 

(
U
N
I
T
S
!

*
.
9
 

*
.
6
 

*
.
3

*
.
3
 

*
.
*

*
.
6

"*
.'

6
*
.
7

*
.
S

3
.
8

5
'

J 
,

*'
, 

1
*
.
3

»
.
2

 4
.2

*
.
*

*
.
9

*
.
*

*
.
*

*
.
6

*
.
5

*
.
*
 

*
.
*

*
.
9

5
.
5

*.
a

*
.
B

*
.
7

5
.
6

*
.
6

*
.
6

*
.
2
 

*
.
S

*.
2

4
.
1

*
.
2

*
.
3
 

*
.
3

3
.
9

*.
l 

*
.
6
 

*
.
2

4
.
3
 

*
.
7

*.
7 

*
.
*
 

*
.
6
 

*
.
5

O
X
Y
G
E
N
 

S
O
L
I
D
S
.
 

S
O
L
I
D
S
.
 

D
E
M
A
N
D
.
 

rf
ES
ID
Ut
 

R
E
S
I
D
U
E
 

C
H
E
M
-
 

AT
 
18
0 

AT
 
10
5 

I
C
A
L
 

O
E
G
.
 
C 

O
E
G
.
 
C.

 
(
H
I
G
H
 

D
1
S
-
 

S
U
S
-
 

L
E
V
F
L
I
 

S
O
L
V
E
D
 

P
E
N
D
E
D
 

(M
G/

L)
 

(M
fi

/L
> 

(M
O/

LI

21
 

10
 

U
 

10
3 3

19 9 11 9 * 
''

6
. 

:7
3

21 1* 13 9 11 10
 -

12 5 * 15 16 2
1
6 3 6

 ' 
7 8

in
9

11
3 21 1*
 

23 *8
 

18
 

20
 

12
 

26 2*
 

<1
1 <9
 

10

37
 

*1
 

32
 

**
 

11 ~"

3 11
7 2 2 

*

13 6
 

.

7

  
 i

-  

5 0 U J tt 3 0

"

7 5 5

21
2 7 2

-

* 5 5 0 0 3 7 5 3 3 1 5 0 0 3 3 I 2 1 *

N
I
T
R
O
­
 

GE
N.
 

N
0
3
»
N
0
3
 

D
I
S
­
 

S
O
L
V
E
D
 

(M
G/

L 
AS

 
N>

.S
b 

.3
1 

.I
S.

 
.3
* 

.0
3

.1
3

.1
3

.O
S

.3
3

.3
0

.
4
0

.0
3

.0
3

.3
*

.3
6

.1
2

.2
9

.0
0

2.
7 .3
2

.3
5 

.0
6

.0
5

.
1
0

.
0
6

.
0
7

.
1
6

.
1
2

.
0
6
9
H
 

  
C
O

.
0
5

.
3
C
 

.
0
3

.
1
7

.
2
1
 

.
3
8

.
1
6
 

.
1
0
 

.
0
8
 

.
1
0
 

.
0
8

.
0
7
 

.
1
*
 

.
2
1
 

.
1
*

N
I
T
R
O
-
 

G
f
N
,
 

A
M
M
O
N
I
A
 

D
I
S
­
 

S
O
L
V
E
D
 

(
M
G
/
L
 

A
S
 
N
)

.
3
6
8
 

.
0
0
0
 

.
0
0
0
 

.
1
2
0
 

.
?
H
b

.
0
0
1

.
0
0
9

.
0
3
3

.
l
i
b

.
1
3
6

.
3
0
8

_
_

_
_

_
.

.
0
9
0

.
0
9
1

.
0
1
3

.
1
3
6

.
0
5
8

.
0
9
3

.
0
8
V

.
1
6
0

.
2
5
9
 

.
0
8
9

.
0
5
1

.
0
7
3

.
0
3
7

.
1
0
0

.
0
7
9

.
0
9
1

.
0
6
1

.
0
0
3

.
0
4
5

.
1
0
8
 

.
0
7
0

.
0
6
3

.
0
3
b
 

.
2
7
0

.
l
i
b
 

.
0
7
2
 

.
1
5
5
 

.
1
3
*
 

.
1
*
0

.
1
7
b
 

.
1
6
8
 

.
1
*
6
 

.
1
1
3

N
I
T
R
O
-

Gt
N.

 A
M­
 

MO
NI
A 

 
O
R
G
A
N
I
C

TO
TA

L
(M
G/
L 

A
S
 
N)

.*
3 

.1
2 

.2
1 

l.
*0
 

.1
3

.*
7

.3
1

.3
8

.*
«

.7
2

1
.
1
0

.8
8

1
.
2
0

1
.
6
0

.7
0

.*
5

.7
3

.5
0

.6
2

.
3
9

.2
7

.*
*

.6
8 

.9
6

.3
1

.*
5

.6
1

.
*
3

.2
2

.*
7

.6
0

1.
10 .b
7 

1
.
1
0

.*
0 

.6
0

.9
5

.2
3

.6
3

.5
3 

.2
1 

.6
2 

.
2
9

.3
*

.2
2

.3
2 

.*
7 

.3
0

N
I
T
R
O
­
 

G
E
N
,
 A
M
­
 

M
O
N
I
A
 

  
O
R
G
A
N
I
C
 

D
1
S
.

I
H
O
/
L
 

A
S
 
N)

.
3
6
 

.0
8 

.1
9 

.
6
8
 

.2
7

.3
7

.2
3

.0
2

.5
8 __ .6
3

.6
8

.5
3

.
6
6

.3
6

.5
0

.5
3

.*
*

.2
2

.*
*  .3
5

,*
0

.1
*

.1
1

.2
3

.
1
0

.2
3

.5
2

1
.
2
 

.*
6

.3
6

.6
3

.5
5

.
7
3

.3
3 

.3
1 

.5
8 

.3
7 

.3
3

<
.
3
2

.3
* 

.3
* 

.2
1

P
H
O
S
­
 

P
H
O
R
U
S
.

TO
TA
L

(
M
O
/
L
 

A
S
 
P
>

.
0
2
2
 

.
1
2
0
 

.
0
1
0
 

.
1
6
0
 

.
0
0
1

.O
lf
t

.
0
0
7

.
0
0
7

.
0
0
9

.
0
2
1

.
0
2
5

.
0
0
2

.
0
0
*

.
0
2
6

.
0
1
1

.
1
6
3

.
0
1
*

.
0
2
0

.
0
2
8

.
0
0
0

.
0
0
7
_
_

.
0
0
8

.
0
1
6
 

.
0
1
0

.
0
0
6

.
0
0
*

.
0
0
*

.
0
0
9

.
0
0
*

.
0
0
3

.
0
0
5

.
0
0
2

.
0
0
9
 

.
0
0
1

.
0
0
7
 

.
0
0
1

.
0
0
6

.
0
0
8
 

.
0
0
6

.
0
2
1
 

.
0
0
8
 

.
0
1
2
 

.
0
0
3
 

.
0
3
*

<
.
0
0
1
 

.
0
1
6
 

.
0
1
0
 

.
0
1
0

PH
OS
­ 

PH
OR
US
.

D
I
S
­
 

S
O
L
V
E
D
 

(M
G/

L 
AS
 
P>

.
0
1
2
 

.
1
3
0
 

.
0
1
0
 

.
1
2
0
 

.
0
0
0

__
.0
07

.0
00

.0
00 __

.0
00

.0
00

.
0
1
6

.0
51

.0
67

.0
0*

.
0
0
3

.
0
*
3

.0
08

.0
01  

.
0
0
2

.
0
0
6

.
0
0
2

.
0
0
7

.0
00

.0
00

.
0
0
2

.0
01

.
0
0
2
 

.0
01

.
0
0
*
 

.0
00

.
0
0
6

.
0
0
9

.
0
1
6
 

.
0
0
9
 

.
0
1
2
 

.
0
0
2
 

.
0
2
5

c
.
O
O
l
 

.
0
2
*
 

.
0
1
0
 

.0
01

L
E
A
D
.

TO
TA

L
R
E
C
O
V
­
 

E
R
A
B
L
E
 

(U
G/
L 

A
S
 
Pd
l

97
 

23
 

33
 

3
3
1
0
 

13 19 12 0
11 1
6

2
* 1
0

23 2
8 10 2
* ** 2
5 11 13 __ 15 12 6 7
10
3

10 9

35
' 
36

8
15

 
*
5

11
3 U 11 13
 

*5 11 * a 6
 

1
0 * a 10
 

10

C
A
R
B
O
N
.
 

O
R
G
A
N
I
C
 

D
I
S
­
 

S
O
L
V
E
D
 

(
M
6
/
L
 

A
S
 
C»

1.
* 

1.
5 

2
.
6
 

12
 1.
8

3.
8

1.
1 .5 __

1
.
6

_
_

3.
3

1.
*

1.
5

3
.
3

2.
1

1.
7

3.
1

2
.
3

2
.
9

2.
7

3.
* 

1.
6

I
.
I

2.
* .0

1
.
3 .9

1.
7

1.
0

2
.
9

1.
* 

3
.
6

2
.
3
 

1.
7

2
.
3

1
.
6 .9
 

1.
3 

1
.
3
 

1.
8 

1.
8 .9
 

1
.
3
 

1.
8 

l.
b

C
A
R
B
O
N
.
 

O
R
G
A
N
I
C
 

S
U
S
­
 

P
E
N
D
E
D
 

T
O
T
A
L
 

<
*
6
/
L
 

A
S
 
C>

1.
6 .5
 

.2
 

.8
 

.* .3 .1 .2 .. .7 _
.

1
.
* .2 .1 .3 .* .2 .2 .1 .3 .* __ .5
 

.2 .3 .1 .1 .0 .3 .1 .1 .3 .*
 

.* .3 .3 .3 .1 .3
 

.2 .6
 

.* .1 .1
 

.3



TA
BL
E 

30
. 

Co
nt

in
ue

d

47
36

32
12

20
75

70
0 

- 
St

. 
Lo

ui
se

 P
ar
is
h 

at
 B

el
le
vu
e,
 W

as
hi
ng
to
n

ro
 

-P
» 

co

S
T
A
3
T
 

IN
(,
 

O
A
T
;

0
0
0
6
1
6

8
0
0
*
1
6
 

8
0
0
7
0
3

8
0
0
7
0
*

8
0
0
9
0
6
 

0
0
0
8
1
8

8
0
0
9
1
7
 

8
0
1
0
1
0
 

8
0
1
0
1
?

8
0
1
0
3
1
 

B
0
1
1
0
1

8
0
1
1
1
9
 

B
0
1
?
0
8
 

8
1
0
1
0
?
 

8
1
0
1
1
9
 

B
1
0
1
3
0

8
1
0
?
1
3
 

8
1
0
?
?
0
 

8
1
0
3
?
*
 

8
1
0
*
?
3
 

8
1
0
5
?
?

B
1
0
6
0
6
 

8
1
0
6
?
6
 

8
1
0
7
0
1

B
1
0
7
?
B

8
1
0
9
3
0

8
1
0
9
?
?
 

8
1
1
C
1
S
 

8
1
1
0
?
b
 

8
1
1
1
1
3
 

8
1
1
1
3
0

8
1
1
?
0
*

8?
on

i
6
?
0
1
1
7

EN
il

- 
I
N
G

DA
TE

8
0
0
6
1
6

8
0
0
7
0
3
 

8
0
0
7
0
*

8
0
0
8
0
6

BO
OS
lt
t 

8
0
0
9
1
7

8
0
1
0
1
0
 

8
0
1
0
1
2
 

A
0
1
0
3
I
 

B
0
1
1
0
1
 

8
0
1
1
1
9

B
0
1
2
0
B
 

8
1
0
1
0
?
 

8
1
0
1
1
9
 

8
1
0
1
3
0
 

B
1
0
?
1
3

8
1
0
?
2
0
 

8
1
0
3
2
*
 

8
1
0
4
2
3
 

8
1
0
5
2
?
 

B
1
0
6
0
6

8
1
0
6
2
6
 

8
1
0
7
0
1
 

8
1
0
7
2
8

8
1
0
8
3
0

8
1
0
9
2
2

8
1
1
0
1
5
 

8
1
1
0
2
B
 

H
1
1
1
1
3
 

8
1
1
1
3
0
 

8
1
1
2
0
4

8
?
0
1
1
1

8
3
0
1
1
7
 

8?
0?

0f
t

S
T
A
R
T
­
 

I
N
G
 

T
I
M
E
 

(
2
4
0
0
 

M
O
U
H
S
)

1
4
0
0

2
0
0
0
 

1
0
0
0

7
1
5

9
1
0
 

1
6
0
0

9
4
0
 

9
3
5
 

1
8
4
0
 

9
?
0
 

1
1
0
0

?
1
5
0
 

1
0
?
0
 

1
0
4
0
 

8
1
0
 

8
4
0

1
4
0
0
 

8
1
0
 

1
2
5
0
 

1
8
2
0
 

9
2
5

6
3
0
 

1
0
?
0
 

1
1
0
0

1
0
1
0

1
0
1
0

0
0
5
 

1
4
?
0
 

7
1
0
 

8
*
5
 

1
0
3
0

9
0
0

9
3
0
 

1
0
3
0

E
N
D
­
 

I
N
G
 

T
I
M
E
 

(
2
4
0
0
 

H
O
U
R
S

2
0
0
0

1
0
0
0
 

7
1
5

9
1
0

1
6
0
0
 

9
4
0

9
3
5
 

1
8
4
0
 

9
2
0
 

1
1
0
0
 

2
1
5
0

1
0
2
0
 

1
0
4
0
 

B
I
O
 

B
4
0
 

1
4
0
0

A
l
t
 

1
2
5
0
 

1
*
2
0
 

9
2
5
 

6
3
0

1
0
2
0
 

1
1
1
0
 

1
0
1
0

1
0
2
0

8
0
5

1
*
2
0
 

7
1
0
 

B
4
S
 

1
0
3
0
 

9
0
0

9
3
0

1
0
3
0
 

1
3
1
0

L
E
N
G
 T
H
 

O
F

EX
PO

­ 
SU

RE
(
D
A
Y
S
I

<1 1 <1 1 <1
 1 1 <1
 1 <1
 1 2 2 1 1 1 1 2
 3 2 1 1 

<1
 1

<1
1 ?

<1
1 1 1 4 1 2

P
R
E
C
I
P
­
 

I
T
A
T
I
O
N
 

I
N
C
H
E
S

.
3
4

.
8
7
 

.
1
0

.
4
6

.
6
5
 

1
.
7

1.
1 .
1
3
 

.
3
9
 

.
6
1
 

3
.
2

5
.
0
 

5
.
0
 

.
2
9
 

2
.
0
 

1
.
3

1.
9

2
.
4

3.
1

2
.
4

1.
0

1.
6 .3
3

2.
0 .1
3

1.
9

7.
9 .7
3 

2.
1 

2.
8 .8
3

6
.
4

1
.
2

3
.
6

S
P
E
­
 

C
I
F
I
C
 

C
O
N
­
 

D
U
C
T
­
 

A
N
C
E
 

(
U
M
H
O
S
)

7
6

21
8

5
? 15 4
4 IB
 

19
 

31
 

1
3
 

1
2 a 8 15
 

13
 

14 15
 

22
 

20
 

25
 

33 26 2
4 26 50 2
4 10
 

11
 

13
 

11 2
4

11
 

10
 

13

»
H
 

(
U
N
I
T
S
)

3
.
8

4
.
4

*.
 A

4
.
6
 

4
.
0

4
.
4
 

4
.
6
 

4
.
2
 

4
.
8
 

5
.
2

4
.
8
 

4
.
8
 

4
.
7
 

5
.
2

4
.
5

4
.
5

4
.
4
 

4
.
4
 

4
.
2
 

4
.
1

4
.
2
 

4
.
2

4
.
1

3
.
9
 

4
.
2

4
.
4
 

4
.
2
 

4
.
4
 

4
.
7
 

4
.
B

4
.
6
 

4
.
6
 

4
.
5

O
X
Y
G
E
N
 

D
E
M
A
N
D
*

CH
EM
­ 

IC
AL

(
H
I
G
H
 

L
E
V
E
L
)
 

(
M
S
/
L
) 8 9

3
3 7 9 H

1
4
 1 6

20
 

11 21
9 6 a 

11
1 1
3

9
7 1
2 9

5
4 8 
18
 

<
1
0
 

17
 

2
5

<
1
1
 

<
9
 

<
9

S
O
L
I
D
S
i
 

HI
ES
 I
 O
U
t
 

A
T
 
1
8
0
 

D
E
C
.
 
C
 

D
I
S
­
 

S
O
L
V
E
D
 

I
M
6
/
L
I

 

2 2 0

16
 9 6

 ~ ~

3 0 0 0 9 0 2

SO
LI
DS
* 

RE
SI

DU
E 

AT
 
10
5 

OE
G.

 
C*

SU
S­

 
PE
ND
ED

I
M
G
/
L
I

~ 3
""
" 5 5 3 4 4 3 0 3 3 4 4 1 4 1 4 1 0 1 1 1 1 2 1

N
I
T
R
O
­
 

G
E
N
.
 

N
O
 2
*1
*0
3 

D
I
S
­
 

S
O
L
V
E
D
 

(
M
G
/
L
 

A
S
 
N)

.
?
3

.?
3

.1
3

.0
0 

3.
0 .2
1 

.3
0 

.3
8 

.0
6 

.0
4

.
1
2
 

.
0
6
 

.
0
6
 

.
1
6
 

.
1
4

.
0
6
 

.
3
9

.
0
4

.
2
1

.
0
0
 

.
1
6

.
2
?

.
3
*
 

.
1
3

.
1
1
 

.
0
7
 

.
0
9
 

.
0
5
 

.
0
9

.
1
?
 

.
0
8
 

.
1
0

N
I
T
R
O
­
 

G
E
N
.
 

A
M
M
O
N
I
A
 

D
I
S
­
 

S
O
L
V
E
D
 

(
M
G
/
L
 

A
S
 
N
)

.
1
0
7

.
0
7
8

.
0
*
1

.
0
8
0
 

.
1
2
?

.
0
6
5
 

.
1
0
4
 

.
?
7
?
 

.
0
9
7
 

.
0
3
9

.
0
9
0
 

.
0
3
1
 

.
0
7
9
 

.
0
6
5
 

.
0
9
9

.
0
7
9
 

.
0
*
8
 

.
0
2
3

.
O
B
V

.
0
8
3
 

.
0
3
7

.
0
7
0

.
3
4
?
 

.
1
7
6

.
0
7
5
 

.
1
1
7
 

.
0
7
5
 

.
1
?
0
 

.
2
0
b

.
1
?
?
 

.
?
O
J
 

.
0
8
7

NI
TR

O­
 

GE
N.

 A
M­
 

MO
NI
A 

 
O
R
G
A
N
I
C
 

T
O
T
A
L
 

(
M
G
/
L
 

A
S
 
N)

.
3
9

.
5
6

.
1
9

.
4
7
 

.
4
3

.
6
6
 

.
6
8
 

1
.
5
0
 

l.
tt

O 
.
4
7

.
1
*
 

.
2
6
 

.
5
5
 

.
1
7
 

.
2
7

.
2
6
 

.
2
6
 

.
4
?
 

.
4
1
 

.
4
7

.
5
6
 

.
7
3

.
4
0

.
7
2
 

.
9
?

.?
7 

.7
? 

.2
3 

<.
?!
 

.3
*

.3
?

.6
1 

.3
*

N
I
T
R
O
­
 

G
E
N
.
 A
M
­
 

M
O
N
I
A
 

  
O
R
G
A
N
I
C
 

D
1
S
.
 

(
M
6
/
L
 

A
S
 
N)

.
4
4

.
4
3

-
-

.4
7 

.3
5

.5
4 

.2
1

.2
5

.0
5

.
1
4
 

.
1
7
 

.
1
6

.2
6 

.3
2

.9
5 

.3
6 

.1
4

.
6
9

.
3
5

.
3
5

.5
2

.3
1 

.
4
3
 

.
2
8
 

<
.
?
0
 

.
3
2

.
3
5

.
6
3
 

<
.
2
1

P
H
O
S
-
 

P
H
O
R
U
S
t
 

T
O
T
A
L
 

(
M
G
/
L
 

A
S
 
P>

.
0
4
2

.
O
i
l

.
0
0
7

.
0
0
0
 

.
0
0
0

.
0
0
2
 

.
0
1
5
 

.
0
2
2
 

.
0
0
9
 

.
0
0
8

.
0
0
4
 

.
0
0
5
 

.
0
0
7
 

.
0
0
9
 

.
0
0
0

.
0
0
5
 

.
0
0
2
 

.
0
0
8
 

.
0
0
1
 

.
0
0
9

.
0
0
1
 

.
0
0
6

.
0
0
8

.
0
2
0
 

.
0
2
2

.
0
0
9
 

.
0
1
1
 

.
0
0
1
 

.
0
2
3
 

<
.
0
0
1

.
0
1
3
 

<
.
0
1
0
 

.
0
1
0

PH
OS
­ 

PH
OR

US
*

D
I
S
­
 

S
O
L
V
E
D
 

(
M
6
/
L
 

A
S
 
P>

.
0
6
3

.
0
0
3
 

.
0
3
3
 

.
0
2
3

.
0
0
0

.0
00

.0
00

.
0
0
0
 

.
0
0
0
 

.
0
0
0
 

.
0
0
0

.
0
0
2
 

.
0
0
2
 

.
0
0
?
 

.
0
0
1
 

.
0
0
5

.
0
0
1
 

.
0
0
5

.
0
0
6

.
0
1
4

.
0
1
0
 

.
0
1
0
 

.
0
0
1
 

.
0
?
8
 

.
0
0
7

.
0
1
9
 

<
.
0
1
0
 

.
0
2
0

L
E
A
D
*

TO
TA

L
R
E
C
O
V
­
 

E
R
A
B
L
E
 

(U
6/

L 
AS
 
PB
»

10 23 20 24
 

20
 

13 12 11 1
4 6
 

T 6
 3 7 

1
2
 

2
6

4
6
 

1
2
 

2
0
 

4
6
 

1
0
2 6
 

11 11 3
5
 

4
5 4
 
6
 

6 5 a 2 6 5

C
A
R
B
O
N
*
 

O
R
G
A
N
I
C
 

D
I
S
­
 

S
O
L
V
E
D
 

(
M
G
/
L
 

A
S
 
0

2
.
4

1.
7  1.
7 

2
.
2

2
.
2

3.
8

2.
7 

l.
a

1.
7

.1
1

9.
0 

1.
0 

2.
2 .
8
 

4
.
6
 

1
.
6
 

3
.
0
 

1
.
1

1
.
5
 

2
.
3

2
.
7

1
.
6

.
5

1
.
5
 

1
.
8
 

.7
 

1
.
6

1
.
3
 

1
.
2
 

2
.
?

C
A
R
B
O
N
*
 

O
R
G
A
N
I
C
 

S
U
S
­
 

P
E
N
D
E
D
 

T
O
T
A
L
 

(
M
G
/
L
 

A
S
 
O .1 _
 

-
- .2
 

.2 .a .2 .2 .0
 

.1
 

.5
 

.1 .2
 

.2 .a .3 .
4 .3
 

.3 .1 .2 .1
 

.1
 

.3
 

.3 .1 .1
 

.1



TA
BL

E 
3

0
. 

C
o

n
tin

u
e

d
 

47
35

32
12

20
82

40
0 

- 
R

ob
in

sw
oo

d 
S

ch
oo

l 
a
t 

B
e

lle
vu

e
, 

W
as

hi
ng

to
n

ro
 

en
 

o

b 
T 
t 
} 

T 
- 

D
A
T
 I

8
0
0
5
1
6

8
0
0
M
6

6
0
0
7
0
3

8
0
0
7
0
4

8
0
0
9
0
6

8
0
0
9
1
8

^
0
0
^
 1

 1
6
0
1
0
1
0

80
10

,1
2

6
0
1
0
3
1

fl
Ol
 I

ff
l

8
0
1
1
1
9

8
0
1
2
0
8

6
1
0
1
0
2

 
«
1
0
f
l
9

8
1
0
1
3
0

8
1
0
2
1
3

8
1
0
?
?
0

8
1
0
3
2
*

»J
O*
.?
3

'8
.1

,0
52

2
81
 O
b 

0.
6

81
 O
S?
ft

8
1
*
7
0
1

8
1
0
7
0
7

8
1
0
7
2
8

8
1
0
9
3
0

8
1
0
9
2
2

8
1
1
3
1
5

8
1
1
0
2
8

8
1
1
1
1
6

«1
 1

 ?
0
7

8
1
1
2
1
8

8
1
1
2
1
^

8
2
0
1
2
b

f 
N
i
-
 

O
A
T
E

8
0
0
6
1
6

6
0
0
7
0
3

8
0
0
7
0
4

R
0
0
8
0
6

6
0
0
8
1
8

6
0
0
9
1
7

6
0
1
0
1
0

8
0
1
0
1
2

8
0
1
0
3
1

8
&
1
1
0
1

8
0
1
U
9

eo
ia
ot
t

8
1
0
1
0
2

8
1
0
1
1
9

8
I
O
F
1
0

' 
' I

  
8
1
0
2
1
3

8
1
0
2
2
0

8
1
0
3
2
*

6L
04

.2
3

8
1
0
S
2
2

,f
t!
06
06

6
1
0
6
2
6

8
1
0
7
0
1

8
1
0
7
0
7

8
1
0
7
2
8

6
1
0
8
3
0

8
1
0
9
2
2

8
1
1
0
1
5

81
 1
0
2
8

8
1
1
 1
1
3

81
 1
2
0
7

8
1
1
2
1
8

8
1
1
2
1
9

B
2
u
l
2
b

8
2
0
2
0
8

S
T
A
R
T
-
 

T
I
M
E
 

(
2
*
0
0
 

H
O
U
R
S
)

1
3
3
0

1
9
3
0

v*
o

4
*
0

»
5
0

1
5
3
0

9
1
0

B
5
0

1
«
2
0

1
0
1
0

9
*
0

2
2
1
0

9
*
0

1
1
1
0

7
5
5

8
2
0

1
3
5
0

7
5
5

1
2
1
0

1
7
5
0

9
1
5

«J
*-
5

1
0
0
0

1
0
*
0

9
*
0

9
*
5

9
*
0

9
3
0

1
3
3
0

7
3
0

1
3
0
0

1
2
*
0

1 
1
2
0

1
3
*
0

9
2
5

E
N
D
-
 

T
I
M
E
 

(
2
*
0
0
 

H
O
U
R
S

1
9
3
0

9
*
0

4
4
0

8
5
0

1
5
3
0

9
1
0

8
5
0

1
8
2
0

1
0
1
0

9
*
0

2
2
1
0

9
*
0

1
1
1
0

7
5
5

8
2
0

1
3
5
0

7
5
5

1
2
1
0

1
7
5
0

9
1
5

6
*
5

1
0
0
0

1
0
*
0

. 
9
*
0

9
4
5

94
.0

9
3
0

1
3
3
0

7
3
0

8
2
5

1
2
4
0

1
1
2
0

1
3
4
0

9
2
5

1
0
2
0

L
E
N
G
T
H
 

O
X
Y
G
E
N
 

S
O
L
I
D
S
.
 

S
O
L
I
D
S
.
 

N
M
H
r
>
-
 

N
J
T
K
O
-
 

N
I
T
H
O
-
 

N
I
T
R
O
-
 

OF
 

S
P
E
-
 

D
E
M
A
N
D
.
 

R
E
S
I
D
U
E
 

R
E
S
I
D
U
E
 

G
E
N
.
 

G
E
N
.
 

b
t
N
.
A
M
-
 

G
t
N
.
A
M
-
 

P
H
D
S
-
 

E
X
P
O
-
 

C
I
F
I
C
 

C
H
F
M
-
 

AT
 
1
8
0
 

AT
 
1
0
5
 

N
O
2
«
N
D
3
 

A
M
M
O
N
I
A
 

M
O
N
I
A
 

» 
M
O
N
1
A
 

» 
P
H
O
S
-
 

P
H
O
R
U
S
t
 

S
U
R
E
 

C
O
N
-
 

1
C
A
L
 

D
t
G
.
 
C 

D
E
G
.
 
C.
 

0
1
5
-
 

D
I
S
-
 

O
R
G
A
N
I
C
 

O
R
G
A
N
I
C
 

P
H
O
H
U
S
.
 

D
I
5
-
 

(
D
A
Y
S
)
 

P
R
E
C
I
P
-
 

O
U
C
T
-
 

P
H
 

(
H
I
G
H
 

D
I
S
-
 

B
U
S
-
 

S
O
L
V
E
D
 

S
O
L
V
E
D
 

T
O
T
A
L
 

O
I
S
.
 

T
O
T
A
L
 

S
O
L
V
E
D
 

I
T
A
T
I
O
N
 

A
N
C
E
 

L
E
V
E
L
)
 

S
O
L
V
E
U
 

P
E
N
O
E
O
 

(
M
G
/
L
 

(
M
G
/
L
 

(
M
G
/
L
 

(
M
G
/
L
 

(
M
G
/
L
 

(
M
G
/
L
 

I
N
C
H
E
S
 

(
U
M
H
D
S
)
 

(
U
N
I
T
S
)
 

(
M
G
/
L
>
 

(
M
G
/
L
)
 

(
M
G
/
L
>
 

A
S
 
N)
 

A
S
 
N)

 
A
S
 
N)

 
A
S
 
N)

 
A
S
 
P)
 

A
S
 
P)

<1
1

< 
1 1

<l

2 1
<1 ; 

1
*<

1 1 4 2 1 2

. 
1

, 
1 2 4 2 1 2

<1 <1
1

<!
-1 3

<1
. 

2 "4 1 0 4 1

.
3
6

.
9
6

.
1
0

.
6
3

.
6
2

1 
. 9

1
.
1 .
1
4

.
3
0

.7
3

3
.
0

5
.
2

3
.
7 .2
8

1.
7 *

1.
2

1.
8

2
.
4

3.
1

2
*
7

1.
1

1.
6 .4
3

' 
.6
4

1.
2 .
0
7

1
.
7

6
.
1 .
7
8

2
.
2

4
.
8

2
.
5 .
6
7

4
.
9

2
.
2

6
»

21
8

2
8 1
9

2
9 18 2
0
3
2
3
6

11
8 6

  
15 1
4 9 16 2
2

2
2 2
9 31 20 20 29 2
3 33 2
4 11 1
4

-
-
1
3 10
9

10 10 Ib

3
.
8

4
.
3

4
.
9

4
.
3

4
^
5

*'
.?

4
.
4

4
.
5

4
.
1

4
.
3

'
5
.
0

4 
-.

8
4
.
8

4
.
6

5
.
4

4
.
6

  
4
.
5

4
.
2

4
.
3

*;
1

ii.
1

4
.
4

4
.
2

4'
. 
3

4
.
1

4
.
1

4
.
1

4
.
4

4
.
2

4
.
3

4
.
7

5
.
2

4
.
7

4
.
5

4
.
5

12 10 -
- 11 1
1 1
6 10  

6 1

13 34
7

-
- 2 3
3
8 9

1
0
1 13

7
1*
7

IB
.
2
8

 i>
3

17 ' 1
4 

'

9

10 15 12 <l
o 9

 
1

-
-
 
 -

-
~ 0 1
 12 1 8
-
-
-
- -
-
-
~

 '*
 - -
- " ~
~

 -
-
-
-
-
-

  
. 
~T  
0 0 0.

.',
 
i:
y?
- 0 0

--
0  

.. 5
-
- 9

, 
2 5 1

-- 1
3 "

4 3 5
--
3 2 1 3

  
4 4 3 2

-
-

' 
"l 5

..
1 1 1 2 1 0

--
6 1

.2
*

.2
1

.
0
9

.
3
3

.
0
0

3
.
6 .
2
0

  
2
8

.
4
6

.
0
8

.
0
5

.
0
*

.
0
6

.
0
6

.
1
7

.
6
0

.
1
*

.
3
6

.
0
4

.
1
8

.
0
*

.
1
3

.
3
0

, 
.
1
6

.
3
2

.
1
*

.
1
3

.
0
7

.,
09

.
0
6

.
0
5

.
0
5

.
1
*

.
1
1

.
1
1
6

.
0
6
3

.
0
2
0

.
0
*
7

.
0
*
b

.
0
9
5

.
0
3
7

.
U
*

.
2
3
J

.
0
7
3

.
0
5
7

.
0
6
3

.
Q
2
B

.
0
9
5

.
0
6
5

.
1
0
0

.
0
9
2

.
0
3
3

.
0
2
5  

..
09
6

.
0
9
b

.
0
3
7

.O
f>

8
.
0
8
2

.
3
2
0

.
1
3
b

.
0
^
7

.
1
3
*

, 
. 
.
0
7
5

.
1
1
0

.
1
3
8

.
1
*
*

.
1
1
1

.
1
1
0

.*
0

.
5
5

.
3
0

1
.
1
0

1
.
0
0

.
4
5

.
6
3

.
5
5

.
8
9

..
73

.
3
9

.
2
7

.
7
2

.
4
3

.2
1

.4
1

.
3
2

.
2
5

.
9
3

.
4
3

.
3
5

.
7
7

.
7
5

.
7
6

.
2
2

. 
.
5
9

,.
50

.3
1

.5
1

.
2
3

.
5
5

.
5
9

.
2
2

.
1
6

.
3
7

 
.
6
1 -
-

1
.
1 .
2
6

.
2
3

.
4
5

-
-
-
-
 

.
1
8

.
2
4

.
2
6

.
3
7

.
1
5

.
4
0

.
1
6

.
0
8

.
4
6

.
6
1

.
2
0

.
7
4

.
4
5

.
7
2

.
2
2

_
_

.
3
6

.
2
1

.
4
5

.
2
7

.
2
9

.
3
2
.
-

.
*
9

. -
,V
22

.
0
0
9

.
0
1
1

.
0
0
8

.
0
6
5

.
0
0
0

.
0
0
0

.
0
0
0

.
0
0
3

.
0
2
3

.
0
1
2

.
0
3
9

.
0
0
2

.
0
0
8

.
0
1
0

. 
.
0
0
9

.
0
0
9

.
0
0
*

.
0
0
2

.
0
1
1

.
0
0
1

. 
00
8

.
0
0
1

.
0
1
9

.
0
0
1

.
0
0
4

.
0
0
0

.
0
1
8

.
0
1
3

.
0
0
9

.
0
0
1

<
.
0
0
l

<
.
0
0
1

<
.
0
0
1

.
0
1
6

.
0
1
0

 
.
0
0
9

. -
-

.
0
1
8

.
0
5
3

.
0
0
?

.
0
0
7

.
-
-
 

.
0
2
0

.
0
0
0

.
0
0
0

.
0
1
0

.
0
0
0

.
0
0
0

.
0
0
2

.
0
0
3

.
0
0
?

.
0
0
1

.
0
0
7

.
0
0
0

.
0
1
9

.
0
0
1

.
0
0
5

_
_

.
0
1
5

.0
11

.
0
1
0

.
0
0
1

.
0
0
5

<
.
0
0
1 -
.

.
0
0
9

.
0
3
1

C
A
3
R
O
N
.
 

L
E
A
D
*
 

C
A
R
R
D
N
.
 

O
R
G
A
N
I
C

TO
TA

L 
OR
GA
NI
C 

su
s-

R
E
C
O
V
-
 

O
I
S
-
 

P
E
N
D
E
O
 

E
R
A
8
L
E
 

S
O
L
V
E
D
 

T
O
T
A
L
 

(U
G/
L 

(
M
G
/
L
 

(H
G/
L 

A
S
 
P
U
>
 

A
S
 
C)

 
A
S
 
C)

IS 3
4 33 2
3 11 11
7 6 15 6 7

8
7 3
10

, 
# 
8

3
5

2
7
1
3 15

 ?
*0

1
3
2 10

. 
14 11
9

.
_ 8 4 3 9 4 3 4 5 8

2.
7

2.
2 --

3.
6

2
.
2

1.
7

1.
0

'

4
.
0

2
.
1

1.
7

2.
7

  
.0

i 
7
.
5

3 
1.
2

1.
9 .8

2
.
8

1
.
6

1
.
7

1
.
5

1.
9

1.
9 -- .3 __ 1.
3 .5

1
.
4  
V .9

l
.
J

I
.
*

2
.
5

1
.
0

.2
1.

1 -- .6 .2 .2 .4 '-
-

.6 .2 .4 .1 .1 ,1 -.
2

.1 .1 ,
2

1
.
0

'-
.4 .4 .4 .
2 .1 .1 _
_ .2 .1 .1 ,
4

.
1
.
1

.
1 .9 .1



TABLE 31. Concentrations of major anions and cations 1n wet-atmospheric deposition.
Length of exposure was estimated using rainfall data for the sampling period

Start-
Ing
date

End-
Ing
date

Start-
Ing
time
(2400
hours)

End-
Ing
time
(2400
hours)

Length
of

expo­
sure
(days)

473602122113002 - Surrey Downs

810922
811028
811113

811015
811113
811130

730
740
750

1460
750
925

2
1
1

Precip­
itation
(Inches)

Spe­
cific
con­
duc­
tance
(unhos)

pH
(units)

Hard­
ness
(mg/L
as

CaCQ3)

wet- and dry-deposition collector at

8.1
1.0
3.0

9
13
12

4.6
4.3
4.7

1
1
0

Acidity
(mg/L
as H)

Cal­
cium,
dis­
solved
(mg/L
as Ca)

Magne­
sium,
dis­
solved
(mg/L
as Mg)

Bellevue, Washington

..
 

0.4
.2
.2

<0 1.'l

<.l

473632122075700 - St. Louise Parish at Bellevue. Washington

810922 811015 805 1420 2 7.9 10 4.4
811028 811113 710 845 1 1.1 13 4.4
811113 811130 845 1030 1 2.8 11 4.7

0.2

473532122082400 - Rob 1nswood School at Bellevue. Washington

811028
811116
811207

811113
811207
811218

730
1300
1240

825
1240
1120

2
4
1

2.2
4.8
2.5

13
10

9

4.3
4.7
5.2

1
1
1

.1

.2
.1

<.l
.1
.1

Sodium,
dis­
solved
(mg/L
as Na)

Potas­
sium,
dis­
solved
(mg/L
as K)

Alka­
linity
lab
(mg/L
as

CaC03)

Sul-
fate
dis­
solved
(mg/L

as $04)

Sul-
fate
dis­
solved

(ug/L)

Chlo­
ride,
dis­
solved
(mg/L
as Cl)

Chlo­
ride,
dis­
solved
(ugA)

Fluo-
rlde,
dis­
solved
(mg/L
as F)

Fluo-
Hde,
dis­
solved
(ugA)

Bro­
mide,
dis­
solved
(mg/L
as Br)

Bro­
mide,
dis­
solved
(ug/L)

Silica,
dis­
solved
(mg/L

as
S102)

Surrey Downs  Continued

0.2
.2
.5

0.1
.1
.1

  _
 
 

5.0
1.4
.9

..
1360

930

<0.1.*3

1.0

..
250

1020

0.1
.1
.0

60.0
30.0

<0.05
-.

<50.0 <
<50.0 <

U
.1

St. Louise Parish Continued

1.0 <5.0 
1.0 
1.4

1030
1380

.5 

.1
460
860

.1 90.0
40.0

<.05 
<.05

<50.0 
<50.00

Roblnswood School Continued

1.0 
.6 
.3

1000
560
320

.5
1.0
.7

530
950
650

70.0
60.0
50.0

<.05 
<.05 
<.05

<50.0 
<50.0 
<50.0

251



TABLE 32. Total-recoverable and dissolved-lead concentrations 1n wet- atmospheric 
deposition. Length of exposure was estimated using rainfall data for 
the sampling period

Start-
Ing
date

Start­ 
ing 

End- time
ing (2400
date hours)

473602122113002 - Surrey

800806
800818
801101

800806
800818
800917
801101

800806
800818
800917
801101

80081 8 820
800917 1510
801119 905

4736321 22075700

800818 910
800917 1600
801010 940
801119 1100

473532122082400

800818 850
800917 1530
801010 910
801119 940

End- Length 
ing of Precip- 
time expo- 1 tat ion
(2400 sure (inches)
hours) (days)

Downs wet- and dry -atmospheric
at Bellevue

1510
850
2230

- St. Louise

1600
940
935

2150

- Robinswood

1530
910
850
2210

Lead, 
total 
recov - 
erabl e
(ug/L
as Pb)

Lead, 
dis­ 
solved
(ug/L
as Pb)

deposition collector
, Washington

<1
1
2

Parish at

<1
1
1
1

School at

<1
2
1
1

0.65
1.7
3.5

Bel 1 evue

.65
1.7
1.1
3.2

Bellevue

.62
1.9
1.1
3.0

11
13
7

, Washington

20
13
12
7

, Washington

11
11
7
7

3
4
2

3
4
0
1

" f ' O
: 3

4
7
2

252
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