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1. Introduction

In May, 1979, the Metropolitan Washington Council of Governments (MWCOG),
the Northern Virginia Planning District Commission (NVPDC), and the Virginia
Polytechnic Institute and State University (VA TECH) jointly prepared and sub-
mitted a grant application to the United States Environmental Protection Agency
(EPA) for funding of a project under the auspices of the Nationwide Urban Runoff
Program (NURP). A revised version of that grant application was approved by EPA
with MWCOG acting as the lead agency.

In late 1979 negotiations between MWCOG and VA TECH were begun to develop a
detailed plan of work for the field studies required as a part of the MWCOG
NURP. Because of delays in the execution of a final contract document, MWCOG
obtained EPA permission to extend authorization to VA TECH for the procurement
and deployment of equipment prior to the completion of negotiations. Data
collection actually began in June, 1980, and the contract between MWCOG and VA
TECH was executed that same month,

The plan of work for the project was developed around the following general"
categories:

o Critical Watershed Studies
o BMP Effectiveness Studies
0 Atmospheric Source Studies
o Priority Pollutant Studies
o Special Studies

0f the above categories, studies in each were conducted by VA TECH, with the
exception of the priority pollutant category for which VA TECH only retrieved

samples.
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In the course of the program, VA TECH instrumented two critical watershed
monitoring stations, sixteen BMP monitoring stations, four atmospheric source
stations, and received samples from an additional seven high volume atmospheric
sampling stations. In all, hydrologic and chemical data from over 600 station-
storms were collected at the critical watershed and BMP stations, The
wetfall/dryfall and hi-volume stations produced an additional observations for
the data base.

It is the purpose of this document to convey the final results of the field
studies conducted by VA TECH as required by Tasks 3f, 3g, 4f, 5h, and 5i of the
MWCOG-VA TECH Contract of 18 June, 1980.
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2. SITE SELECTION

In order to avoid problems with monitoring program start-up, VA TECH staff
began working with representatives of MWCOG, NVPDC, NAHB, and NVBA on the task
of monitoring site review and selection in February, 1980. this date was
substantially in advance of final work plan adoption and execution of a contract
document between MWCOG and VA TECH, but, as stated earlier, was deemed by all

parties to be necessary to avoid scheduling problems at a later date.

BMP Site Selection

Proposed BMP monitoring sites were reviewed by a five member committee com-
posed of members from the organizations cited above. Following tentative appro-
val of a site by the committee, VA TECH staff conducted an additional examina-
tion to determine the suitability from a monitoring standpoint.

The final project design included 12 monitoring sites, six of which were
pond facilities (retention or detention) requiring inflow and outflow moni-
toring. Nine of these sites were included in the original study design, which
was to be performed in two phases, involving a shifting of monitoring station
locations after a pre-determined period of time. However, later considerations
of late start-up and size of data base made the phased approach unfeasible, and
it was decided to retain the BMP monitoring sites throughout the project. A
summary of the pertinent data from all the selected BMP monitoring sites is
shown in Table 2-1.

Because of the alterations to the original plan of work that took place over
the course of the study, the following observations should be made with respect
to Table 2-1.

o Site V.A. - Bulk Mail Center (51UR13, 51UR14) was deleted

from the original sampling plan because of site monitoring
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problems and unacceptable hazards to personnel.

o Site I.B. - Defief (51UR18) was added to the initial network
of BMP monitoring stations to provide information on moderate
density single family catchments drained by grassed swales
(in a Maryland suburb).

o Site III.B. - Lake Ridge (51UR07, 51UR08) was originally
instrumented as a part of the EPA Chesapeake Bay Program.

The site was continued under MWCOG NURP, but was not
equipped with compatible instrumentation.

o IV.A - Rockville City Center (510R19) was added to the work
plan because of the desire to include a porous asphalt parking
surface in the project.

o VI.B - Fair Oaks Mall (51UR20, 51UR21) was added to the
project plan using external funds contributed by the mall
developer.

Given the above observations, it may be determined that the final project design
for BMP assessment was distributed as follows:

Retention Ponds - 3 sites

Detention Ponds - 2 sites

Grassed Swales - 3 sites

Infiltration Pits - 2 sites

Porous Paving 1 site

The MWCOG NURP station numbering scheme is presented in Table 2-2.

Critical Watershed Site Selection

At the direction of COG staff, VA TECH personnel arranged to meet with

representatives of the USGS Towson District 0ffice for the purpose of selecting
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suitable monitoring sites on Seneca and Piscataway Creeks. The sites requested
by COG staff were located at existing USGS gaging stations as follow:
STATION USGS STATION MWCOG NURP STATION

Seneca Creek at 01645000 51UR0O1
Dawsonville, Md.

Piscataway Creek at 01653600 51UR0O2
Piscataway, Md

Atmospheric Sampling Site Selection

High Volume Sampling Stations. COG staff selected a network of eight high

volume atmospheric particulate monitoring stations in the Washington, D.C.
region. These stations were all operated by other agencies, and arrangements
were made to provide filter mats and air flow data to meet the program analyti-

cal needs. The stations names and numbers are summarized in Table 2-2.

Wetfall/Dryfall Sampling Stations. Originally, three wetfall/dryfall monitoring

stations had been envisioned for the project. These were to be placed near BMP
sites for which atmospheric source data were required near other urban areas for
which atmospheric source data would be useful. At the end of the EPA Chesapeake
Bay Sub-Study performed by VA TECH, an additional wetfall/dryfall sampler became
available, and permission was secured from the owner, the Virginia State Water
Control Board, to use the equipment in the project. The final wetfall/dryfall
sampling site locations are shown in Table 2-2. It should be noted that one
site, Burke Village Center, was instrumented with two samplers in order to allow
determination of the differences between general air mass sources and near-

ground sources.
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Table 2-1. - Continued

MONITORING BMP STORAGE BMP INFLOM S BMP
SITE TYPE (cu.ft.) OTHER DATA COVERAGE
I. Llarge-lot Single Family Residential
A. Stratton Woods Grassed Swale -——- Mean Swale 260 ft. IC. 1000
Mean Swale Slope
1.8%
B. Dufief Grassed Swale . ——— Mean Swale Length IC. 100%
445 ft.
Mean Swvale Slope
5.1
C. Westleigh Inflow: wWet Pond 389,000 Pond Surface Area Moni tor 1008
Outflow: 50,000 sq. ft.
I1. Medium Density Eingle FPamily Residental
A. Pairidge Grassed Swale —— Mean Swale Length 118 89.4%
423 fe.
Mean Swale Slope
4.18
B. Burke Ponds Inflow: Wot Pond 353,000 Pond Burface Area Moni tor 100%
Outflow: Wet Pond 41,000 sq. ft.
11I. Towmhouse/Garden Apartments
A. Stedwick Inflow: Dry Pond 38,000 5.5' 36" Riser Monitor 100%
Outflow: (NPS) 1/2" perforations
B. Lakeridge Inflow: Dry Pond 210,000 7.5 Riser Monitor 1008
Outflow: {10 yr. 2 hr.)
C. Dandridge Infiltration Pitg 4060 Perforated 6° IIT A, B 47.6%
{Void Space) Tile Drains
IV. Office
A. Rockville City
Center Porous Pavement 27,400 Perforated 6™ Tile IIZ A, B. 91.1»
(void space) Drains
V. Industrial
A. Bulk Mail Center Inflow: Ory Pond 68,000 1.5' 8° plam. Riser Monitor 100%
Outflow: {NPS) 1" pPerforations
Vl. Shopping Center
A. Burke Village
Shopping Center Infiltration Pite 1,20 eeeeaaa Wetfall 58.8%
{vold space)
B. Falr Oaks Wet Pond 32,20 2 eecmemme eeeeee- 1008

SOURCE: NVPDC
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Table 2-1.

BMP Monitoring Sites for MWCOG NURP

WATERSHED

EFFBCTIVE WATERSHED
WATERSHED AVERAGE IMPERVIOUS - IMPERVIOUS REPRESENTATIVE AREA WITH AREA WITH
MONITORING AREA DENSITY GROUND COVER GROUND COVER SLOPR SEPARATE STORM CURB & GUTTER
S1TB . lacres) (du/acre) (v) ) (s) {\) SEMERS (V) {s)
I. lLarge Lot Single Family Residential
A. Stratton Wooda 9.48 1.8 22.2 16.5 1.6 100 ]
B.. Dufief 11.84 2.2 16.5 1.1 8.5 100 [}
C. Westleigh
Inflow: 40.9 1.2 21.2 14.0 3.7 100 83.7
Outflow: 47.9 24.2 16.1
11. Medium Density Single Family Residential
A. Fairidge 18.8 2.8 34.1 21.0 4.3 100 [}
B. Burke Pond .
Inflow: 18.3 3.0 32.7 25.1 4.5 100 100
Outtiow: 27.1 33.5 24.5
I1I. Townhouse/Garden Apartments
A. Stedwick
Inflow: 27.4 6.1 33.8 22.1 4.7 100 79.7
Outflow: 34.4 30.5 19.2
B. Lakeridge
Inflow: 66.3 9.0 32.6 27.2 7.9 100 68.3
outflow: 68.4 30.7° 24.7
C. Dandridge 2.46 16.0 54.5 1.6 3.6 100’ 100
IV. Office N
A.Rockville Center 4.2 N/A €9.% 69.5 2.6 100 74.3
V. Industrial
A. Bulk Mail
Center Inflow: 19.0 n/A 83.0 83.0 . 100 ¢
Outflow: 20.1 /A 78.% 70.5
V1. 8hopping Centers
A. Burke Village .
Shopplng Center 4.5 N/A 79.2 79.2 1.6 100 82.0
B. Fair OCaks 54.7 /A 90.0 90.0 J . ¢

SOURCE:

NVPDC



Table 2-2. MWCOG NURP STATION NUMBERS

RUNOFF SITES STATION NO. HI-VOL FILTER SITES STATION NO.
Seneca Creek UR 1 Catholic University, D.C. HV 1
Piscataway UR 2 Hadley Hospital, D.C. HY 2
Burke Pond (in) UR 3 Hall, MD HV 3
Burke Pond (out) UR 4 Rockville, MD HV 4
Dandridge UR 5 Laurel, MD . HV 5
Stratton Woods UR 6 Arlington, VA HV 6
Lake Ridge UR 7 Fort Belvoir (Fairfax) HVY 7

(CB 7)
Massey (Fairfax) HV 8
Lake Ridge UR 8
(CB 8)
Fairidge UR 9 ~ 'NURP WETFALL AND DRYFALL SITES
Stedwick (in) UR 10 LOCATION STATION NO.
Stedwick (out) UR 11 Haines Point, D.C. WF 1
Rockville Police HQ UR 12 DF 1
Bulk Mail (in) UR 13 Burke Village Center WF 2
(on roof)
Bulk Mail (out) UR 14 DF 2
Westleigh (in) UR 15 Burke Village Center WF 3
(on ground)
Westleigh (out) UR 16 DF 3
Burke Village Center UR 17 Stedwick WF 4
Defief UR 18 DF 4
Rockville UR 19
Fair Oaks (in) UR 20
Fair Qaks (out) UR 21
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3. STATION DESIGN AND INSTALLATION

Monitoring Considerations

It has been shown that good monitoring program design is an essential com-
ponent of the success of a project such as the MWCOG NURP. The regional nature
of the program dictated that monitoring stations and equipment be located in the
District of Columbia and in the Virginia and Maryland suburbs. In fact, if a
polygon were constructed on a map with the outermost sampling stations located
at its vertices, it would encompass in excess of 3,000 square miles. The far-
flung nature of the monitoring program and the performance of that program by a
single contractor dictated a heavy reliance on automation and unattended opera-
tion of the remote sampling network.

For purposes of site design and equipment selection, station functions were
divided into the following categories:

0 Precipitation Measurement

o Fiow Measurement

o Sample Retrieval

0 Data Recording
An additional constraint imposed was that all station functions, including bat-
tery power, be enclosed in a fiberglass housing measuring approximately 1.8 m x

1.6 m x 2.0 m high,

Precipitation Measurements

Tipping bucket rain gages having a measurement sensitivity of 0.01 inch were
selected for use in the project. With the exception of one location in the
Piscataway Creek drainage basin, all precipitation gages were located on the BMP
monitoring sites discussed in Chapter 2. The Piscataway Creek gage was

installed at the request of COG staff to provide rainfall data for use in the
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Critical Watershed segment of the study.

The rain gages located at the BMP monitoring sites were selected for use
with a data recording device querying the instrument on a fixed time increment.
For this reason, a rainfall totalizing circuit was employed. At each tip of the
rain gage bucket, the circuit was designed to increase the potential across a
set of contacts by 5.0 mvdc. Therefore, at each query from the recording
device, a voltage proportional to total precipitation would be sensed. From
these data, total rainfall, incremental rainfall and intensities could be com-
puted.

The rain gages rainfall totalizers were acquired based on specifications
developed by VA TECH staff, and included in Appendix A. The successful bidders
on the devices were WeatherMeasure (3-1) and Science Associates (3-2), providing
a mode]l P501-1 rain gage and a model 584 event accumulator, respectively. In
the course of the study, the rain gage hardware generally performed well, but
significant problems were experienced with the accumulator circuits. These, on

many occasions, led to the loss of rainfall data.

Flow Measurements

The provision of accurate and precise flow data was deemed to be essential
to the successful completion of the project. Flow measurement activities were
generally divided into two categories:

Perennial streams - Critical Watershed Studies
in natural channels

Intermittent f]ows.in - BMP Studies
manmade conduits or
channels
The need for obtaining data of suitable accuracy and precision in each of the

above situations required different approaches to the measurement of flow.

Critical Watersheds. As noted in Chapter 2, the critical watershed monitoring
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stations on Seneca and Piscataway Creeks were established at existing gaging
stations operated by the U.S. Geological Survey. The Seneca Creek gage is one
of the oldest in Maryland, having records continuously since 1930. The
Piscataway gage has not been in operation so long, but the records are con-
sidered good. Because of the prior effort by USGS in establishing the gaging
stations mentioned, it was not necessary to create new rating curves at the
sites. These stage-discharge relationships had already been computed and their
accuracy determined. Although reliable stage-discharge relationships were
available at the two sites, direct access to USGS recorders and records was not.
USGS policy did not permit non-agency personnel to manipulate the equipment at
either location. Arrangements were made, however, to allow the installation of
VA TECH equipmenf in the gage house at the Seneca Creek site (51UR01). Because
initial project plans had included the assumption that USGS recording equipment
would be available, it was necessary to acquire an additional stage recorder. A
Stevens Type A-35 (3-3) recorder was procured by VA TECH and used for the dura-
tion of the study at no cost to the project. This device was installed in the
same stilling well as the USGS instrument and operated in parallel with it. The
device described operates by means of a float suspended on a metal tape which
drives a gear wheel connected to the pen on a strip chart recorder. A rating
table was supplied by USGS for the stage to discharge conversion (3-4).

At the Piscataway Creek site (51UR02), it was not possible to place equip-
ment in the gage house operated by USGS. For this reason, permission was
obtained to expend funds for the purchase of an additional fiberglass shelter as
well as the flowmeter required to instrument the station. Instead of the con-
ventional float-recorder arrangement, however, site conditions made it necessary
to utilize a different type of device. The flowmeter selected was of the type

installed at all the BMP monitoring sites. The instrument was a secondary
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device of the bubbler type. It was equipped with an air compressor and storage
tank to provide a source of the operating gas. The air reservoir was connected
to a fixed orifice in the USGS stilling well and to an electronic pressure
transducer in the flowmeter. The latter was able to sense the static head on
the orifice, and thereby able to output a stage height signal on a continuous
basis. The instrument used was also equipped with an erasable, programmable,
read-only memory (EPROM) which allowed the internal computation of discharge
using a stored rating curve. The rating curve was that supplied by USGS (3-5)
and offset by 2.42' to account for the orifice location in the stilling well.
The flowmeter was also equipped with aregulated motor strip chart which had a
multiple overrange feature to permit the recording of very high flows. The
device was purchased based on specifications developed by VA TECH staff, and
included in Appendix A. The instrument used was an ISCO model 1870 flowmeter

(3-6).

BMP Sites. As noted earlier, flow measurements at the BMP sites generally
involved discharges from round pipes or some regularly configured man-made chan-
nel. No situations were encountered where pressurized flow occurred regularly,
although some flow records were lost as a result of infrequent episodes of such
conditions.

In contrast to the perennial streams at the critical watershed sites, no
rating relationships were available for the sixteen other sites monitored in the
BMP evaluation phase of the study. As a result, some primary flow measurement
device was installed at each of the locations monitored. In situations where
round pipe flow measurements were required, Palmer-Bowlus flumes were used
exclusively (3-7). A schematic of the design variation selected is shown in
Figure 3-1. All Flumes were fabricated by a specialty sheet metal jobber from

galvanized metal. To prevent sample contamination, all flumes were coated with
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epoxy paint. For most of the applications encountered, standard rating curves
were available for the flumes fabricated. In one instance, however, a flume
size was required for which no rating relationship was readily available. In
that instance, a rating table was constructed from a graphical solution based on
energy relationships in the upstream pipe and the flume throat (3-8). The
Arredi diagram and resulting rating curve for the 33-inch flume are showﬁ in
Figures 3-2(a) and 3-2(b), respectively.

The remaining BMP flow measurements were made using Type H flumes., These
devices are not true flumes, but may be considered a cross between a flume and a
weir. They were originally developed by the Agricultural Research Service to
measure irrigation return flows in open channels, but have proven to be well-
suited for a variety of other applications (3-9). Rating tables for a variety
of sizes, having maximum flows from 0.34 to 85 c¢fs, are available.

Table 3-1 summarizes the primary devices for each station included in the
program.

The secondary devices employed at each of the BMP monitoring stations were
of the same type selected for the Piscataway Creek station. In each case, the
rating curve for the primary device used was stored on an EPROM chip located in
the flowmeter. This made it possible to perform the conversion from stage to
flow in the field, and thus made automatic composite sample collection possible.
It should be noted also that each of the flowmeters was equipped with an analog
signal output in addition to a strip chart recorder. This configuration made
possible recording of flow data by a data logging system. In general, the
bubbler type flowmeters functioned well, but they were found to be subject to
erratic behavior under cold weather conditions. Icing was found to produce
spurious stage readings, and caused the flowmeter to assume that actual stage

increases had occurred, signaling an increase in flow, and, therefore, the need
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TABLE 3-1.

NURP MONITORING SITES

STATION NO.

STATION NAME

BMP TYPE

PRIMARY DEVIC

E

51URO1
51UR02
51URO3
51UR04
51UR05
51UR06
51URO7
51URO8
51UR09
51UR10
51UR11
51UR15
51UR16
51UR17
51UR18
51UR19
51UR20
51UR21

Seneca Creek
Piscataway Creek
Burke Pond

Burke Pond
Dandridge
Stratton Woods
Thousand Qaks
Thousand Oaks
Fairidge
Stedwick

Stedwick

Westleigh

Westleigh

Burke Village Ctr.
Dufief

Rockville

Fair Oaks

Fair QOaks

N/A

N/A
Wet Pond Inflow
Wet Pond OUtflow
Gravel Pits
Grassed Swales
Dry Pond Inflow
Dry Pond OQutfiow
Grassed Swales
Dry Pond Inflow
Dry Pond Outfiow
Wet Pond Inflow
Wet Pdnd Outflow
Gravel Trenches
Grassed Swales
Porous Paving
Wet Pond Inflow

Wet Pond Qutflow

Existing Rating
Existing Rating

33" Palmer-Bowlus

36" Palmer-Bowlus

15" Palmer-Bowlus
27" Palmer-Bowlus
3.0' Type H Flume
2.5 Type H Flume
30" Palmer-Bowlus
2.5' Type H Flume
2.5' Type H Flume
42" Palmer-Bowlus
2.5' Type H Flume
27" Palmer-Bowlus
2.5' Type H Flume
0.75' Type H Flume

60" Palmer-Bowlus

2.5' Type H Flume

Flume®
Flume®
Flume™*

Flume®

Flume*

Flume®

Flume*

Flume*

*A11 Palmer-Bowlus Flumes fabricated for direct
round pipe inservtion, 30° side slopes, and D/6
floor height.



to trigger the associated sampler. An example of this is shown on the strip
chart in Figure 3-3. The data shown are from Christmas Eve, 1981, at 51UR10.
The rapid rise and steady stage height is indicative of ice. The vertical lines

on the trace are event marks from attempted sampler activations.

Sample Retrieval

The same sampling device was employed at both critical watershed and BMP
monitoring sites. The sampler was selected based on the need to have a device
capable of maintaining intake velocities in excess of 3 feet per second, storing
either discrete samples or field-constructed composites, and being activated
either by an external signal or an internal timer. In addition, the device was
required to operate on 12 vdc electrical supply. Specifications developed for
the samplers used are reproduced in Appendix A, The device selected was the
Manning S-4040 Automatic Sampler, equipped with discrete and composite sample
collection bases (3-10). These devices were of the vacuum type, equipped with a
metering chamber and repeat sample features in order to provide the capability
of collecting equal volumes upon each sample activation. this feature is essen-
tial if field composites are to be collected. At all stations, sampler intakes

were place so as to collect from well-mixed locations.

Critical Watershed. Although the same sampling device was employed at all sta-

tions, there were two methods of activation. The first of these was employed at
only one station - the Seneca Creek Critical Watershed Site (51UROl). Because
of the decision to use a conventional Stevens A35 recorder, no sample activation
signal was available to allow the construction of field composites. the sample
activation procedure adopted was described by Grizzard, et al (3-11). The
system was a simple one, relying only on magnetic reed switch closures to acti-

vate the sampler. The recorder-float wheel which was equipped with magnets
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spaced equidistant on its circumference. As the wheel was turned by rising and
falling stage the magnets passed by a reed switch placed at the recorder base,
causing it to close. Upon activation, the reed switch provided a contact clo-
sure to the station sampler, activating it. An event marker was installed in
parallel with the sampler and left a mark on the recorder trace at each activa-
tion. Because the activating magnets were placed equidistant on the float
wheel, the sample activations occurred at equal increments of rising or falling
stage. This approach to sampler activation has the virtue of being mechanically
and electrically simple, but it also has some drawbacks. First, only discrete
samples may be collected, and, therefore, only a limited number of activations
may take place because of the availability of only 24 bottles in the sampler
base. Second, because of the reliance on stage change to activate the sampler,
it follows that sustained periods of high flow may not allow continued sampler
activation unless the selected stage increment is very small. If that increment
is too small, an excessive number of samples will be taken - exhausting the
storage capacity of the device. The solution to the problem is to select a
compromise stage increment for sampler activation - one small enough to give
adequate storm resolution, but large enough to avoid exhausting the sampler
storage capacity.

In order to keep the laboratory workload at a manageable level, it was
decided to conduct most analyses on flow-weighted composite samples. For the
stage-activated station, the composite was constructed manually using event mark
time and flow date. The procedure is illustrated in Figure 3-4. This com-
putation is, of course, easily adapted to a programmable calculator or

microcomputer.

BMP Stations. The second critical watershed station (51UR02) and all the

NURP-funded BMP stations were configured to allow collection of a flow-weighted
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composite in the field. This was made possible by a feature of the flowmetering
equipment used for these stations. The flowmeters were all equipped with an
internal total flow accumulator which tracked total volume and also output a
signal at pre-selected volume increments. That signal was used to place an
event mark on the sampler trace (see Figure 3-4) and to activate the sampler.
Because the signals occurred at equal volumes of total flow, and the samplers
collected equal volume aliquots, it was possible to composite these directly in
the field using a single large vessel in the sampler base. Because there was no
longer any limitation on sample numbers, the activation interval could be set to
a much sma}ler value, assuring more samples over the course of a runoff event,
The technique is illustrated schematically in Figure 3-5. It should be noted
that analysis of the composite sample produced by either method would produce a

value of the event mean concentration (EMC).

Data Recording

Critical Watersheds. At the critical watershed stations, budget limitations

prohibited the use of data recording devices other than the flowmeter and rain-

fall strip charts discussed earlier.

BMP Stations. The BMP stations were, in all instances, established on very

small catchments with rather short times of concentration, creating a need for
good time base resolution between rainfall and runoff recording. In addition,
the inflow/outflow monitoring stations (wet/dry ponds) would present a need to
reconcile the hydrologic data }rom two flowmeters - particularly with respect to
timing. For these reasons, it was decided to make use of data logging devices
at each of the BMP monitoring stations. The specifications for the devices were
developed by VA TECH staff, and are included in Appendix A. The successful

bidder on the data loggers was A-D Data Systems, providing the ML-10A portable
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NOTES: 1. P0 and PR are the begin and end times for the event -
no samples are taken.

2. Si are the sample points.
3. Vi are incremental areas under the hydrograph.
The volume req'd for any sub-aliquot of the composite is expressed by:
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ALIQUOT VOLUMES

3-14



Discharge
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time
NOTES: 1. With the exception of Vi, all V; are equal.

2. If vy is very small, the error induced by
unequal volume represented by sample 1 and
unsampled volume past sampie 12, will also
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3. If Vj is small, a better representation of
flow near peak is also obtained.

FIG. 3-5. SCHEMATIC OF SAMPLING TECHNIC FOR

AUTOMATED COLLECTION OF FLOW-
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data logger (3-12). The principle advantages derived from using a central dafa
logger at each station may be summarized as follow:

o Recording all data on a system with quartz
crystal timing accuracy reduced the problems
of reconciling inflow/outflow event timing
between stations.

o Recording all data (rainfall, runoff, event marks,
date-time) on a single logging system at each station
eliminated rainfall/runoff timing problems that had
been encountered previously.

o0 Providing the ability to record field data in a
directly machine-readable format eliminated the
human errors invariably associated with reducing

data from strip charts.

Station Installation

Housings. As noted previously, the equipment at 51UR0l1 was placed in the same
building as the USGS stage recorder. All other equipment (excepting rain gage
receivers) was mounted in molded fiberglas enclosures manufactured by Western

Power Products (3-13) according to specificatons in Appendix A,

Interfacing. Because each of the types of instrumentation used in the study was
obtained from a different manufacturer, a substantial task existed to interface
them all into an adequately-functioning station. The electronic interfaces and
connections were, in general, designed and fabricated by VA TECH staff., A sche-
matic diagram of the instrument arrangements for the BMP monitoring stations is

shown in Figure 3-6.

Activation and Shut-Down. The station dates for first and last grab and runoff
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sampling are shown in Table 3-2.

Wetfall/Dryfall Sampling

Specifications for wetfall/dryfall samplers were developed by VA TECH staff,
and are included in Apbendix A. The successful bidder on the devices, Aerochem
Metrics provided the model 301 wetfall/dryfall sampler used (3-14). The device,
which incorporated a precipitation sensor, allowed for automatic collection and
segregation of wetfall and dryfall in acid washed polypropylene buckets. During
periods of dry weather, the dryfall bucket was exposed to the atmosphere while a
"roof" covered the wetfall bucket. A few raindrops at the start of a storm
event caused the movable roof to cover the dryfall bucket and thus expose the
wetfall bucket., At the cessation of a rain event, the roof moved back over the
wetfall bucket, thus again exposing the dryfall bucket. By making use of the
surface area of the bucket, computations of dryfall loads in mass/area/time of
operation could be made after analysis of bucket contents. Direct analysis of
precipitation samples made possible the determination of loads from that source.

Significant delays were experienced in delivery of the wetfall/dryfall
samplers. The monitoring period for the three NURP samplers and for the one

loaned from the Virginia State Water Control Board is shown in Table 3-3,



Table 3-2. Inclusive Station Sampling Dates

STATION FIRST GRAB  FIRST RUNOFF  LAST GRAB  LAST RUNOFF

NO. STATION NAME SAMPLE SAMPLE SAMPLE SAMPLE
51UR01 Seneca Creek 8/25/80 8/11/80 12/07/81 11/30/81
51UR02 Piscataway Creek 8/25/80 11/24/80 11/30/81 10/ 26/81
51UR03 Burke Pond (inlet) N/A 10/18/80 N/A 12/1/81
51UR04 Burke Point (outlet) N/A 11/24/80 N/A 10/26/81
51UR05 Dandridge N/A 9/17/80 N/A 12/15/81
51UR06 Stratton Woods N/A 10/25/80 N/A 10/26/81
51UR07 Lake Ridge (inlet) 8/25/80 8/3/80 7/27/81 8/3/81
51UR08 Lake Ridge (outlet) 8/25/80 8/2/80 7/27/81 8/3/81
51UR09 Fairidge N/A 10/2/80 N/A 12/1/81
51UR10 Stedwick (inlet) N/A 10/18/80 N/A 12/23/81
51UR11 Stedwick (outlet) N/A 10/3/80 N/A 12/23/81
51UR13 Bulk Mail Center (inlet) 8/25/80 N/A 9/8/80 N/A
51UR14 Bulk Mail Center (outlet) 9/15/80 N/A 9/15/80 N/A
51UR15 Westleigh (inlet) N/A 10/25/80 N/A 12/1/81
51UR16 Westleigh (outlet) 9/15/80 8/15/80 12/7/81 12/1/81
51UR17 Burket Town Center N/A 9/10/80 N/A 12/4/81
51UR18 Dufief N/A 2/8/81 N/A 10/26/81
51UR19 Rockville Gr. N/A 2/20/81 N/A 11/6/81
51UR20 Fair Oaks (inlet) N/A 9/15/81 N/A 1/4/82
51UR21 Fair Oaks (outlet) 9/21/81 10/26/81 12/7/81 10/26/81
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Table 3-3.

Station Name

Haines Point (D.C.)

Burke Village Centre
Roof (VA)

Burke Village Centre
Ground (VA)

Stedwick (Md.)

Wetfall/Dryfall Sampling Periods

Number of  Number of
. Wetfall Dryfall
Station No. Monitoring Period Samples Samples
51WFO01 12/20/80-1/2/82 39 52
51DF01
51WF02 2/10/81-12/30/81 39 49
51DF02
51WFO03 3/22/81-12/23/81 30 38
51DF03
51WF04 6/11/81-12/16/81 17 29
51DF04
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4. FIELD METHODS

Site Visitation

- VA TECH staff performed site maintenance visits on a minimum weekly fre-
quency. The same site visitation schedule was also adhered to for
wetfall/dryfall sampling stations.

At each station visit, staff carried out routine maintenance activities
~including the following:
o battery changes
0 equipment performance checks
0 equipment changes, as required
o minor instrumentation repairs, as required

0 major and minor site maintenance and repair,
as required

A11 technical staff members involved in field operations received instruc-
tion in sufficient detail to enable them to diagnose, and in many cases repair,
malfunctioning equipment in the field. In caées where this has proven imprac-
tical, staff noted symptoms on site visitation logs, and returned malfunctioning
equipment to the laboratory for repair in-house or for forwarding to the manu-
facturer. On a number of occasions since the beginning of the project, site
damage occurred either as a result of natural forces or vandalism. In no case
did either situation result in the loss of equipment or instrumentation. All
incidents of vandalism were easily corrected. For the most part, they consisted
of the disconnection of flowmeter bubbler tubes or the destruction of flume
approach boxes.

It should be noted that, because of the hydraulic stresses placed upon the
primary devices at each station, a great deal of regular maintenance work was
required just to maintain the integrity of sample intakes, primary devices,

secondary device sensing hoses, and rain gage connections.
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Maintenance activities at each site were recorded on forms provided for that
purpose. These site visitation forms also contained pertinent station operating
data, and have been retained as a permanent part of the project record. A

sample is reproduced as Figure 4-1.

Rating Verification

A major concern in the successful management of a runoff quality and quan-
tity data collection program is the measurement of discharge. This presents a
task far more difficult than is generally supposed by those unfamiliar with the
hydraulics of open channels. In order to minimize the errors in mass loadings
due to poor quality flow measurements, VA TECH staff instrumented most MWCOG
NURP stations with primary devices. The only two exceptions were the two criti-
cal watershed stations in Maryland, but these sites both had previously-prepared
rating curves.

The two types of primary devices employed in the field ;tudy were the Type H
flume and the Palmer-Bowlus flume. Even though these devices are quite
reliable, experience has shown that an independent verification of the stage-
discharge relationship is desirable. For this reason, VA TECH staff conducted
such a program of verification with tracer dilution studies performed using
lithium chloride.

Because lithium is rare as a dissolved species in most aquatic systems, it
often makes an excellent choice for chemical gaging systems. this is due to the
fact that elimination of a need for background correction eliminates one entire
set of sampling equipment from the system.

Figure 4-2 is a schematic of the tracer injection dilution system used, and
also shows the nomenclature for the calculations necessary to compute flow.
Constructing a mass balance around the upstream manhole, it may bg seen that

equation 1 results:
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gcmm’r CHANGED Liclpunp checked 3 pasmprng
CASSETTE TAPE CHANGED a1 rufe © 6 YA A

Equipment Maintenance

g OTHER

~

Sample Collection
d NONE
O STORM SAMPLES

[ GRAB SAMPLES TOTAL PRECIPITATION /2
Equipment Settings After Site Visit (Circle One)
CHART SPEED 1/8 1/4 1/2 1 (@) 4
RECORDER FULL PR
SCALE SPAN NORMAL Qc’@ 2nd EXPANDED
Pt
LEVEL UNITS “ E:r-:y METERS

MODE (Primary =
Device) LEVEL ‘%l) 2 k] 4

AND TYPE 50 B

SAMPLE INITIATION 10 100 1000

SIGNAL

SCALING CONSTANT » E

TOTAL FLOW ) X ‘O TO d

9.

10.

11,

12,

13.

Sanlyer Setting After Site Visit

FLOW 0O, Mult. Bottle

J Mult. Sample

Q TIME  _Min.  MHrs.
3.7 1
7.5 2
15 4
30 6
12
24

(\"1) 2 3 4 5
6 7 8 9 10

e

Approximate Sample Size in ml S

Inches Hg vacuum

Bottle Type
500 ml
0O 1 1iter bottle
O composite bottle

DATA LOGGER
Power ™A oN
0 orF
0O Not In Use

| bara skip.

Digital 0O Yes No
Clock O Yes No

Timeset g Reset Time?

Run

6100/

Channel In Use

Temp. 0 1 2 3 4 5 6 7 8 9
Skip 0 2 3 4 5 6 7 8 9
Volts 3 4 5 6 7 8 9

SCAN INTERVAL
Sec. 10 30 Scan {3 Manual

Mn. 15 (1D 0 & Internal

0O External
Tape 3 OFF
Record

RG Reading 2 3 t /.7@

RGC Interface Resct
0O Yes E(cNo

Weather: O3 Clear @ Partly Cloudy [ Overcast O Rain 0 Snow

Final Check

Instrument Doors Shut

(U} Sample Electronically Advanced

lﬁ Sampler Pressure Sensor in Place

Site Activity:

d Alr Line Connected

&,

3 Alr Line Not Pinched
Battery Plugs Connected

FIGURE 4-1. EXAMPLE OF NURP SITE VISITATION SHEET
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METERING SYSTEM AUTOMATIC SAMPLING STATION

' é

S

UPSTREAM FLOW

Gy, Yy

MASS

NOTE:

FIGURE 4-2.

BALANCE
CD = QUCU + @TCT
Qu + QT
IF CU = (0 AND Qu>> QT, THEN:
QD = OTCT
CD

————

SCHEMATIC DIAGRAM OF TRACER DILUTION SYSTEM



QuCc + QrCt
- - (1)
Qutar D

where, Qy = Flow upstream
Cy = Trace Concentration upstream
QT = Tracer input flow
Ct = Tracer input concentration
Qp = Flow downstream
Cp = Tracer concentration downstream

Equation 1 may be simplified in the following manner:

(1) Note that the value of Cy = 0 (If Proper Tracer is Used)

(2) Note that Qp + QU+QT and Qp << Qy
Rewriting Equation 1 yields:

¢t
Qp = Eg;__ (2)
Cp

In this manner, discrete flow measurements may be made at the time of each
sample collection. Using the concomitant stage measurements made by the
downstream flowmetering system, a rating curve of stage vs. actual discharge may
be constructed.

Lithium chloride is soluble at a concentration of over 6x10% mg/1 at 20C.
Lithium represents 16.37 percent of the compound by weight, therefore a solution
approaching saturation would contain over 98 grams of the metal per liter. In
addition, lithium may be detected at the sub-part per million level (100 ppb) by
either emission or atomic absorption spectroscopy. Therefore, using a saturated
solution, and assuming dilution to the detection limit would allow the measure-
ment of a sewer flow almost a million times larger than the tracer flow. At a

tracer flow of 100 mL/min., for instance, this would correspond to about 60 cfs.
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A portable metering system was constructed for field use from the following
components:

o Low current drain (<100 ma), low volume, high accuracy
positive displacement metering pump, operating on 12 vdc

0 12 vdc motorcycle battery

o Float switch

o Plastic tracer reservoir

o Container for entire system

A 5 gallon carboy containing the tracer solution was inserted in a metal
drum, a false floor placed above it to carry the metering pump and battery, and
the whole suspended in a storm sewer manhole with an expandable “chinning bar."
A float switch was placed in series with the metering pump so that the onset of
flow in the conduit started the system. Prior to leaving the system unattended,
a calibration of the pumping rate in place was carried out with a graduated
cylinder and stop watch. A schematic of the injection system is also shown in
Figure 4-3,

Figure 4-4 shows the results of a number of tracer analyses at station URI1S.
This site was of particular concern to VA TECH staff because of the rather steep
slope of the approach to the flume. To assure the maintenance of a sub-critical
flow regime upstream of the flume, an artificial barrier was placed in the flow
just upstream of the measuring section. As may be seen from the results in the
figure, the agreement between the theoretical and observed flows is quite good,
indicating that no adjustments were required to the flow data base.

Rating verifications of this type were carried out wherever concern existed
over the accuracy of the primary device alone. Examples of conditions that
prompted a verification study included:

o Suspicion of deformed primary devices.
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SCHEMATIC OF CHEMICAL GAGING
FEED APPARATUS

FIGURE 4-3.
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FIGURE 4-4. RESULTS OF RATING VERIFICATION STUDY
FOR 42-INCH PALMER-BOWLUS FLUME AT
UR1S.
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o Suspicion of super critical flow upstream

of primary devices

Sample Collection

Stormwater samples from the critical watershed and BMP stations were
collected immediately following the cessation of runoff. At times, in order to
prevent samples from standing in the field for extended time periods, portions
of storm runoff composite samples were collected and returned to the laboratory
prior to event completion. Samples were always transported in insulated con-
tainers and refrigerated immediately upon return to the laboratory. In general,
samples remained in the stations no more than twelve hours following the collec-
tion of the first aliquot of a composite.

Wetfall and dryfall samples were generally retrieved following the comple-
tion of a runoff event., However, if an additional precipitation event began
prior to sample retrieval, the bucket was generally allowed to remain in place.
Begin and end times were recorded to coincide with sample bucket deployment and

retrieval, not actual times open to the atmosphere.



5. LABORATORY METHODS

. Sample Handling

Upon receipt in the laboratory, all samples were logged in and placed in the
custody of the laboratory supervisor. While in storage, prior to preparation
for analysis, all samples were held at 4 ¢ in dedicated refrigerator compart-
ments. No preservation other than refrigeration was used, with the exception of
samples prepared for metals analysis. These were prepared and acidified to pH 4
prior to storage.

EPA (5-1) and APHA (5-2) guidelines were used in developing laboratory pro-
cedures for handling samples prior to analysis. Sample container preparation
was given high priority in the protocﬁl designed to protect sample integrity.
Sample bottles were cleaned by the following procedure between uses in the
field:

1. Phosphorus-free detergent wash

2. Chromic acid wash for contaminants as needed
3. 1 + 1 HC1 wash for adsorbed inorganic removal
4. 3 deionized water rinses

5. Air dry

Analytical Program

The analytical program for the MWCOG NURP was jointly developed by MWCOG and
VA TECH. Table 5-1 summarizes the constituents measured for the five classes of
sample retrieved: baseflow, runoff, wetfall, dryfall, and High Volume par-
ticulate., Figure 5-1 shows a sample flow diagram from time of laboratory

receipt through completion of analysis.



Table 5-1.

Basic Analytical Program for MWCOG NURP

Baseflow

Runoff

Wetfall

Dryfall

Hi - Vol

Plant Nutrients

a)
b)
C)
Solids
a)
b)
c)
d)
Organics
a)
b)
c)

Wet

Digested

Chlorophyll a

TSS

VSS

T0S

TS

BODg and/or 20

Monthly

Monthly

Monthly

cop

X

X

TOC

Heavy Metals

a)
b)
c)
d)
e)
f)
9)
h)

Cadmium

E&S

E&S

E&S

Chromium

Copper

Iron

Lead

Manganese

Nickel

Zinc

/

Bacteriological

a)
b)
c)
Physical
a)
b)

NOTE:

Total Coliforms

Monthly

Monthly

Fecal Coliforms

Fecal Streptococci

Alkalinity

Monthly

Monthly

Dissolved Oxygen

pH

Secchi Disk

Specific Conductance

State

Temperature

E-Extractable S-Soluble
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Fig. 5-1. MWCOG NURP ANALYTICAL FLOW SHEET

Samples Retrieved
Flow, Time, Date Information Recorded
Samples Logged In

Raw Data Sheet Initiated

PHYSICAL
MOVEMENTS

-
Y e

FILTRATION

DIGESTION

METALS _|
EXTRACTED
SOLIDS

BOD coD

ORlTHO p IJH3 NO[Z
+
g' NO3
DIGESTION
KN Total P

SOLUBLE  TOTAL
KN SOLUBLE
P

BAC-T

METAL
ANALYSIS
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Analytical Methods

The analytical procedure utilized in the study are summarized and referenced
in Table 5-2. Methods were selected from accepted procedures in the classical
and automated analysis literature. Some procedures were modifications of origi-
nal methods developed by VA TECH and utilized routinely in the laboratory. The
decision to make extensive use of automated analysis was brought about by the
workload already experienced by OWML and the increase anticipated as a result of

the NURP effort.

Quality Assurance

Analytical quality assurance was recognized to be an integraf part of the
MWCOG NURP. The performance of all analytical tasks for the project was under-
taken with the same in-house quality assurance program operéted by the VA TECH
Occoquan Watershed Monitoring Laboratory (OWML). A copy of the quality
assurance plan was transmitted to COG Staff on 25 September, 1980, and is also

included as Appendix B.
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TABLE 5-2
ANALYTICAL PROCEDURE REFERENCE

MWCOG NURP

ANALYSIS COMMENTS

BODg Determined using the static bottle method.

BOD2g BOD2g was inhibited.

CcoD Determined by the normal range method or
by the automated procedure.

TSS Determined according to the references,
with the following exception: A 70mm
glass fiber filter was utilized to allow
a larger volume of filtrate to pass before
clossing. This filtrate was used in the
determination of soluble nutrients and
metals as detailed below.

ORTHO Determined by the single reagent automated

PHOSPHORUS  method.

TOTAL Determined upon digests done according to

PHOSPHORUS  (5-4) and analyzed according to the
Tow-level automated method (5-2).

TOTAL Identical to the above except that the

SOLUBLE sample was an aliquot of filtrate from

PHOSPHORUS  the tha] Suspended Solids analysis.

AMMONIA Determined by automated method.

TOTAL Determined upon digests done according to

KJELDAHL (5-4) and analyzed according to the

NITROGEN automated method.

SOLUBLE Identical to above except that the sample

KJELDAHL was an aliquot of the filtrate from the

NITROGEN Total Suspended Solids analysis.

NITRITE AND Determined by the automated reduction

NITRATE method. Data reported as the sum of
NO2 + NO3 as N.

FECAL Done according to the multiple tube

COLIFORM fermentation technic in (5-2).

EXTRACTABLE Determined by Atomic Absorption Spec-

METALS troscopy on acid extracts.

SOLUBLE Identical to above except that the sample

METALS was an aliquot of filtrate from the Total

Suspended Solids analysis.

5-5
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6. Data Management

Data management activities undertaken as a part of the project included

coding, computer storage and transfer of data to project participants.

Data Base Manager

The'Statistical Analysis System (SAS) was chosen as the computer-based data
management and analysis system for the project (6-1). VA TECH experience with
SAS over a period of some years has led staff to conclude that it is one of the
most flexible and easily-used data management systems available. SAS data sets
containing project numeric data were stored on disk packs and backed up on tapes

at the computing facility utilized.

Computing Facilities

A1l SAS operations, and, therefore, data storage and manipulation were
carried out on the IBM 370/158E located in the Virginia Tech Computing Center in
Blacksburg. Access to the system from the Manassas laboratory was by remote

ASCII compatible terminals.

Variable Codes

The 1ist of variable code names was developed as an expansion of the SAS
variable names already used by VA TECH-OWML. SAS variable names have a limit of
eight characters, and, as a result, abbreviations have been adopted for most of
the variables stored on the NURP data set. For the most part, the variable
names are self-explanatory and/or have become familiar with continued use.
However, to serve in a reference capacity, a list of NURP variables, their SAS

names, and units of expression is included as Appendix C.

Data Storage

General. Upon the completion of sample log-in procedures, a data coding sheet
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was initiated for each sample to be analyzed. The data collected from field
observations were initially coded into selected fields and the sheet then filed
to await completion of analytical tasks. Upon completion of the analytical
work, the remaining data were coded on the sheet, which was then passed on for
initial entry into a SAS input file. Data from the stations monitored remained
in such temporary storage until checks for accuracy of keying and transcription
could be made. Following such checks, the data were periodically updated into
hard disk storage on 0S data sets, Following storage, data retrieval checks
were again made to assure the accuracy of the update. The procedure described
herein adequately describes the storage procedure for all data except the preci-
pitation and instantaneous flow data for those stations equipped with data

loggers.

Cassette Tape Data Storage. The NURP stations established to measure BMP effec-

tiveness were all equipped with portable data loggers as discussed in Chapter 3.
These devices were configured to provide 10-minute data for flow and precipita-
tion at all stations. In addition, the loggers were set up to scan the flow
channel and leave an event mark in another channel at each sample activation.
The machine-readable tapes from the data loggers were retrieved at the end of
each runoff event and returned to the laboratory for direct transmission to the
host computer using a Techtran Model 816 data cassette reader (6-1) and the
RDTAPE Utility provided by the Virginia Tech Computing Center (6-2). It may
easily be seen that this device provided a great savings in staff time and
potential coding error elimination. The precipitation and flow data were main-

tained in separate hydrologic data files.

Data Transfer

Because NVPDC has also made use of the mainframe computing facilities in

Blacksburg, most data transfers to that agency have been performed on the
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system. Transfers to COG were by means of generation of an update tape and
mailing it from Blacksburg, to Washington.

Data transfers to EPA were required to be in a machine-readable STORET for-
mat. It was recognized that the SAS formats used for the project were not com-
patible with STORET.

At the request of MWCOG staff, NVPDC modified and supplied VA TECH with a
version of a State Water Control Board computer program designed to translate
information in SAS data sets to a format compatible with the requirements of the
EPA STORET system. Initial testing of the program showed it to be incapable of
translating boundary times on composite samples, and to be equally deficient in
its inability to load over 30 variables per observation.

Because of the noted deficiencies, VA TECH staff undertook the construction
of a new translation program to transmit data in the ?04 storage procedure
required in the NURP Data Management Procedures Manual. The program was tested
and used in all data tape transfers. The program itself was provided to EPA to
serve as a guide for other involved in similar transfers. The program state-

ments are reproduced in Appendix C.

Data Base Abstract

It is interesting to note the size of the data base created by the MWCOG
NURP. In the course of the study, the following have been compiled:

Number of Observations

Hydrologic Data 77,077
Runoff Quality Data 1,238
Soil Solution Data 323
Wetfall Quality Data 126
Dryfall Quality Data 169
High Volume Sampler Data 53
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The above summary, of course, does not show the extensive 1ist of variables

included in each observation.
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7. CRITICAL WATERSHED STUDIES

Introduction

Monitoring data were collected at two critical watershed stations
established on Seneca Creek near Darnestown (URO1) and on Piscataway Creek at
Piscataway (UR02). The sites, their instrumentation, and operation have been

described elsewhere in this report.

Base Flow

Regular base flow sampling took place throughout the course of the study in
order to provide non-storm characterizations of water quality in the two

streams. Table 3-2 shows the inclusive base flow sampling dates for the two

streams.

Seneca Creek. A seasonal summary of base flow water quality data is given in

Table 7-1. As may be seen, 48 samples were collected and analyzed in a moni-
toring period that encompassed the summer and fall seasons of 1980 and 1981, and
the winter and spring seasons of 1981. Examination of the data in Table 7-1
leads to the conclusion that base flow water quality in the stream is generally
quite good in all seasons. Total suspended solids were always below 10 mg/L,
and average oxygen demand as measured by COD was always less than 15 and less
than 10 mg/L for most seasons.

Average seasonal total phosphorus concentrations never rose above 0.1 mg/L.
The soluble and ortho forms were generally less than 0.08 and 0.06, respec-
tively. Unoxidized nitrogen was never higher than 0.6 mg/L as N. A substantial
concentration of nitrate was maintained in the stream throughout the year,
ranging from 3.36 to 4.07 mg/L as N. The very high inorganic nitrogen to total

soluble phosphorus ratio would assure that from a macro-nutrient standpoint, the
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Table 7-1. Base Flow Data Summary for Seneca Creek
(1980-1981)

----- Constituent---- e e T R« R et
Winter Spring Summer Fall
Number of Samples 7 9 14 18
TSS, mg/L 4.7 - 9.8 8.9 2.5
CoD, mg/L 4.7 13.9 8.1 6.2
Ortho-P, mg/L 0.02 0.02 0.06 0.06
Total Soluble P, mg/L 0.05 0.05 0.07 0.08
Total P, mg/L 0.06 0.07 - 0.10 0.09
NH3-N, mg/L 0.06 0.11 0.06 0.04
TKN, mg/L 0.45 0.59 0.51 0.42
(NO2+N0O3)-N, mg/L 3.49 2.77 3.46 3.64
Total N, mg/L 3.99 3.36 3.96 4.07
D.0., mg/L 13.6 9.3 8.4 10.7
pH 6.2 6.04 7.1 6.8




stream would be phosphorus limited.

Piscataway Creek. A seasonal summary of base flow water quality data is given

in Table 7-2. The sample summary shows that 41 base flow samples were collected
in the course of the study. The seasonal distribution was as noted above for
Station UROl. The summer data show generally the greatest departure from the
other seasonal averages. Summer average COD's at the monitoring station
exceeded 20 mg/L while the dissolved oxygen was only 6.8 mg/L on average. Total
phosphorus averaged over 0.16 mg/L with ortho-P averaging 0.08 mg/L. Much lower
concentrations of nitrogen forms were observed than at the URQl station. From
the relative abundance of phosphorus compared to nitrogen it appears that from a
macro nutrient standpoint, the stream would generally be nitrogen limited. The
extreme low summer flows, which averaged 2.8 cfs on the dates sampled, reduced

the dilution available and contributed to the higher concentrations observed.

Storm Runoff

Figures 7-1 through 7-12 show the distribution of storm runoff loading data
for the critical watershed stations. All loads are éxpressed in units of
pounds/acre/inch of runoff. This, it should be noted, is only a convenient nor-
malization of event mean concentration. The data have been plotted in the fami-

liar box-and-whisker format to allow comparisons between URQ1l and UROZ2.

Total Suspended Solids. The distribution of total suspended solids storm

loadings are shown in Figure 7-1. As may be seen, the median value for URO1 is
lower than that for UR02, but the interquartile range is greater, Both distri-
butions are positively skewed, which is to be expected with hydrologic and/or

water quality data sets.

Chemical Oxygen Demand. The COD data loading distribution is shown in Figure




Table 7-2.

Base Flow Data Summary for Piscataway Creek

(1980-1981)

----- Constituent----

Number of Samples
TSS, mg/L

CcoD, mg/L
Ortho-P, mg/L
Total Soluble P, mg/L
Total P, mg/L
NH3-N, mg/L

TKN, mg/L
(NOo+N03)-N, mg/L
Total N, mg/L
D.0., mg/L

pH

Winter Spring
7 8
2.5 5.7
8.4 16.7
0.01 0.04
0.03 0.06
0.04 0.10
0.54 0.10
0.78 0.61
0.67 0.44
1.49 1.05
13.6 9.3
5.8 6.2

21.3
0.08
0.10
0.16
0.10
0.66
0.15
0.80
6.8
6.7

Fall

16
3.7

12.7
0.04
0.06
0.10
0.04
0.44
0.26
0.71

10.5
6.5
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7-2. Again, the median loadings for URO2 were higher than those for UROl. The
median loadings in the Figure correspond to event mean concentrations of 42.2

and 72.6 mg/L for URO1 and UR0D2, respectively.

Nitrogen. Distributions of loadings for various nitrogen forms are shown in
Figures 7-3 through 7-7. Examination of Figures 7-3 and 7-5 shows that a rela-
tively small fraction of the runoff TKN loadings at URO1l and URO2 were in the
ammonia form. Figure 7-4 shows the soluble kjeldahl nitrogen loading distribu-
tions. If compared to the TKN data in Figure 7-5, it may be seen that approxi-
mately 40 percent and 25 percent of the loadings at UROLl and URQO2 respectively,
were in the soluble form. The runoff oxidized nitrogen loading distributions
may be seen in Figure 7-6. The data from URO1L ethbited a dramatically higher
median loading rate (0.53 1b./acre-in.) than those from UR02 (0.11 1b./acre-in.).
This is consistent with the base flow .concentration trends discussed in Tables 7-1
and 7-2. The total nitrogen loading distributions are shown in Figure 7-7. The
median runoff loads for URQ1l and URQ2 were found to be 0.98 and 0.68
1b./acre-inch, respectively. These correspond to EMC's of 4.3 and 3.0 mg/L,
respectively. A major difference between the two stations, however, is that 57
percent of the median loadings at URQ1l were inorganic nitrogen, while only 21
percent were in that form at URO2. In evaluating nutrient availability, then,

it is apparent that the differences between the runoff from URO1l and URQ2 are

greater than Figure 7-7 would indicate.

Phosphorus. The storm runoff loading distributions for phosphorus forms are

shown in Figures 7-8, 7-9, and 7-10. As may be seen in Figure 7-8, the ortho-
phosphorus loadings were uniformly low. Likewise, the total soluble phosphorus
- Toadings in Figure 7-9 exhibited very low values and a narrow range. The total

phosphorus loading distributions are shown in Figure 7-10. The median loading
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values were 0.11 and 0.23 1b./acre-inch for URO1 and URO2, respectively. These

data correspond to EMC's of 0.5 and 1.0 mg/L as P.

Metals. Loading distributions for exractable zinc (conventional AA) and total
lead (graphite furnace AA) are shown in Figures 7-11 and 7-12, respectively.
The median values for stormwater-borne zinc loadings were 1,03 and 1.63
1b./acre-in., for UROL and URQ2, respectively.

For the greater part of the study, lead concentrations, and therefore,
loadings were below the detection limit of the analytical technique employed. a
limited number of storms, however, were analyzed for lead using the capabilities
of graphite furnace atomic absorption spectroscopy. The distributions of these
low level lead loadings are shown in Figure 7-12. The median values of the

loadings shown correspond to median values of EMC's of approximately 20 ug/L.
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8. BMP MONITORING

Introduction

As discussed in Chapters 2 and 3, a total of sixteen automatic monitoring
sites were instrumented for BMP effectiveness studies. Descriptions of the
sites, the BMP types, station numbering, and flow measurement devices were pre-
sented in Tables 2-1, 2-2, and 3-1. It is the purpose of this section to pre-
sent in more detail the results of the BMP monitoring-specifically to do so in a
graphical format that allows rapid visﬁa] comparison of pollutant export data
between monitoring stations. To this end, the data presentation will be under-
taken using box-and-whisker diagrams as described previously in Chapter 6, and
used in Chapter 7. The raw data from the BMP monitoring are contained in

Appendix E.

BMP Pairings

When the BMP evaluation is directed towards an inflow/outflow practice such
as a pond, it is a simple matter to make calculations of efficiencies of pollu-
tant by observing inflow and outflow loads and adjusting for the additional
direct drainage area between the inlet point and the point of outflow. The pro-
cedure is less clear for practices such as infiltration pits, grass swales, and
the like. The reason for this is that there is generally no clearly defined
control available for such on-site practices. In the case of a pond, which is
an off-site practice, the basin serves as its own control. Table 2-1 contains

some suggestions regarding the control to be used for non-pond type BMP's,

Retention and Detention Ponds

As may be seen in Table 2-1, six pond monitoring sites were included in the

study plan. Because of physical problems encountered in the study, two of the

8-1



pond sites were dropped from the monitoring network. The deleted ponds and the

reasons for their elimination were:

Pond Stationgs) Reason for Abandonment
Bulk Mail UR13, UR14 Backwater submergence

of pond inflow point.

Fair Oaks UR20, UR21 Leaking outlet riser
in wet pond.

At the former site, no instrumentation was ever placed, and therefore, the data
base contains no observations for the site. At the latter site (Fair Qaks)
equipment was placed and in operation before the leaking riser was discovered.

A limited number of outflow storm events is available, but they are insufficient
for use in pond efficiency estimates. The upstream monitoring_station (UR20),
however, has been included in the non-pond BMP data base because it is represen-
tative of a shopping mall catchment with high freqdéncy vacuum cleaning of the
parking lot. One of the remaining pond pairs was not originally instrumented
for the MWCOG NURP, but was actually a holdover from the USEPA Chesapeake Bay
Program. The site (UR0O7, UR08) was instrumented with flow measurement equipment
not used in the MWCOG NURP, and, as a result, different data recording and

sample compositing techniques were used (8-1).

Data Analysis. When conducting BMP studies, the best result is a data base con-

sisting only of synoptic storm events monitored on ponds at inflow and outflow
points draining 100 percent of the tributary area. This situation, however, is
the exception rather than the rule. In the first instance, ponds draining equal
areas at the inflow and outflow points are a rarity. Usually, direct drainage
to the pond supplements the flow entering the principal inlet, or there is more
than one principal inlet. However, it is generally possible to locate facili-

ties, for monitoring purposes, that have a principle inflow point. For effi-
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ciency calculations, adjustments may be made to account for the differing
drainage areas. For this study, the percentage of total pond drainage repre-
sented by the monitored inflow ranged from 67.5 to 85.4 percent.

The potential problems in data base analysis posed by attempting to rely
only on synoptic data at inflow and outflow points are more complicated. In
general, monitoring programs relying on automatically functioning stations will
produce a number of non-paired storm events in the course of a project. It is
the opinion of the writer that excluding such storms from the analytical data
base seriously weakens the BMP efficiency analysis for the following reasons:

o Long-term monitoring of unpaired storm events has been
a generally accepted procedure for comparing pollutant
export from catchments of different land uses.

o0 The pond may be viewed as an off-site treatment that
alters the export characteristics only at the point
of outflow. A comparison of the pollutant loading
populations from the inflow and outflow stations,
then, is more easily justified than the paired
catchment approach because the data originate in
runoff from the same basin.

o The approach allows, in general, the use of a much
larger data base. The statistical analysis power,
if any, lost from using other than paired storms
is more than compensated for by generally providing
a longer term description of BMP behavior.

o If the precipitation and/or runoff population
distributions for the inflow/outflow stations can
be shown to be similar, it may be reasoned that the
resulting pollutant export characteristics are like-
wise comparable. This is stated in full knowledge
that all storms of similar volume do not produce
identical pollutant loads. It is reasonable to
conclude, however, that if a sufficiently large
number of storms are monitored, the full range of
pollutant load variations will be represented in
the data set for all storms.

o It is also reasonable to conclude that, due to the
skewed nature of the loading distributions, compari-
sons of the median values of the inflow and outflow
loading distributions will provide an adequate
estimate of pond removal efficiencies.



Efficiency estimates may be made by comparing the inflow and outflow popula-
tion medians of loading data developed in the following ways:
o From event mean concentrations (EMC's) multiplied by
total flow between first and last sample points, and
normalized by dividing by depth of precipitation.
o From EMC's multiplied by total flow between first and
last sample points and normalized by dividing by depth
of runoff over the basin.
o From EMC's multiplied by total flow between beginning
and end of hydrograph, and normalized by dividing by
depth of precipitation.
o From EMC's multiplied by total flow between beginning
and end of hydrograph, and normalized by dividing by
depth of runoff over the basin.
For the purposes of this report, the second approach was selected for
inflow/outflow comparisons, as well as for comparisons of loads between BMP's
and their control sites. The data are present in Appendix E to allow the other

estimates to be made.

Runoff, Figure 8-1 shows the distribution of runoff at the inflow and outflow
stations for all ponds monitored. The data set was purged of anamolies in
hydrologic data before the figure was produced. Such anamolies consisted of
storms with irreconcilable precipitaton-runoff relationships. The same

storms were also excluded from subsequent BMP efficiency analyses. A listing of
the suspect events is in Appendix E. Observation of the paired box and whisker
diagrams shows that, indeed, the runoff populations were very similar, lending
strong support to the conclusion that the use of the entire runoff data base was

warranted.

Suspended Solids-Retention Ponds. Figure 8-2 shows the distribution of

suspended solids loadings. The retention ponds showed mixed performance: Burke

Pond effected no reductions, while Westleigh effected substantial load reduc-

8~4
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tions, as well as a compression of the interquartile range of the data. A
possible explanation of the apparent poor performance of the Burke Pond is that
the influent median TSS concentrations were very low initially-less than 15

mg/L. Removal percentages ‘based in median loading rates are summarized for all

ponds in Table 8-1.

Suspended Solids-Detention Ponds. As with the wet ponds, the detention ponds

exhibited mixed performance with respect to solids removal. WNegative removals
and relatively high positive removals were observed at Lake Ridge and Stedwick,

respectively, as shown in Figure 8-2. The removals are summarized in Table 8-1.

COD-Retention Ponds. At the median population values, both ponds exhibited

positive removals. These are shown in Figure 8-3, and summarized in Table 8-1.
Burke Pond produced a 21.4 percent removal, while Westleigh pond produced 23.2

percent, but also a substantial interquartile range compression.

COD-Detention Ponds. Both detention ponds exhibited positive COD removals.

Stedwick Pond, in addition, effected a substantial range reduction.

Nitrogen-Retention Ponds. Figures 8-4 through 8-8 show the loading distribu-

tions of nitrogen forms at retention and detention pond inflow-outflows. All
the nitrogen loading data are plotted on a common scale so that visual com-
parisons‘may be made between forms. Both the retention ponds exhibited positive
removals of all nitrogen forms except for TKN at the Westleigh Pond. Using the
discrete forms of nitrogen as indicators of removal in wet ponds is probably a
poor practice, however, because their long detention times allow sufficient time
for chemical transformations to take place. For instance, referring to Table
8-1, it may be seen that the two retention ponds exhibited removal efficiencies

of 76.1 and 44.8 percent. It is not likely that these resulted from any direct
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8-8

Tab]e 8"10

by Detention and Retention Ponds

Estimated Removals of Stormwater Pollutants

POND NAME TYPE TSS COD NH3-N  SKN TKN Ox-N N oP TSP TP In Pb
Burke Retention -33.3 21.4 26.7 12.5 10.9 76.1 32.1 76.7 48.6 39.2 83.7 37.8
Lake Ridge Detention -16.1 18.0 0.0 0.0 13.3 10.8 15.0 0.0 0.0 8.2 11.3 14.4
Stedwick Detention 79.1  38.3 0.0 17.0 15.4 0.6 12.7 0.0 20.0 14.3 46.0 64.4
Westleigh Retention 71.2 23.2 31.8 7.4 0.0 44.8 37.0 90+ 63.0 42.7 44,2 81.8

NOTE: Removal percentages are calculated using median loading

Load, #/acre-inch = (EMC)(FLO)(At)
pA

values from populations based on:

X 6.24x10=3

where,

EMC
FLO
At

P
A

Event mean concentration, mg/L

Event mean flow, cfs

Event duration (sample to sample), sec.

precipitation,_inches

basin area, ft3
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removal of nitrite or nitrate, but rather from their conversion to other forms.
It is most likely that the mechanism in the case of oxidized forms is biological
uptake and incorporation into biomass. Bacterial biomass may then be removed by
sedimentation processes. Some direct reduction of nitrate loads probably occurs
as a result of rooted aquatic plant uptake. The examination of TKN removals in
the wet ponds is of limited use for the same reasons. While ammonium ion may
directly adsorb to negatively charged sediment surfaces, it is also likely that
another component of its removal, as well as that for SKN and TKN is oxidation
to nitrate and subsequent removal of that anion as discussed above., The net
result is that, in very long detention time facilities, the only fair estimate

of nitrogen removal is the Total N value (TKN+NO2-N+NO3-N).

Nitrogen-Detention Ponds. The detention ponds, because they fill and return to

a dry condition for each event, have much shorter residence times. As a result,
fewer chemical/biological transformations of nitrogen would be expected to
occur. This is generally confirmed in the removal data seen in Figure 8-4
through 8-8 and in Table 8-1. For Lake Ridge and Stedwick ponds, the nitrogen
forms generally thought of as soluble (NHgq-N, SKN, OX-N) displayed generally low
removals. The two exceptions to this were SKN (17% at Lake Ridge) and OX-N
(10.8% at Stedwick). The removals of those forms associated with suspended
solids were generally more consistent, and as they constituted the greater frac-

tion of the total nit