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STORMWATER POLLUTANT LOADING
ESTIMATION: USING GIS AND MASTER PLANS OF DRAINAGE
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Abstract

Computing pollutant loadings are increasingly important for master
planning flood control and environmental systems. In this paper, a
stormwater pollutant estimation analog is coupled to a flood control master
planning procedure linked to a GIS capability. The GIS functions develop
land use versus area tabulations that readily input into pollutant loading
equations. Because the linkage between the master plan of drainage data
bases and the pollutant loading equations is direct, an important
advancement can be made in stormwater quantity and quality evaluation by a
modest integration effort between software applications.
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INTRODUCTION

In this paper, a Master Plan of Drainage, prepared using a Geographical
Information System (GIS), is integrated with an urban stormwater quality
model for estimating the average annual pollutant loadings at strategic
locations within the master planned area. The entire Master Plan is
represented by graphical layers in digital format, which allows for rapid
communication of master plan with other management systems, such as
engineering, planning and flood control engineering and planning systems,
stormwater quality management systems, and data base management
systems, among others.

Master Plan of Drainage and GIS Analog

The Master Plan of Drainage and data base system contains numerous
elements and components that span several technical fields inciuding data
base management, geographic information systems, hydrologic/hydraulic
computer modeling, graphical data base management, stormwater quality
management, and flood control engineering and planning, among others.

In order to generate the data needed for the hydrologic models, a set of
digital graphics layers may be used to represent each parameter and attribute
associated with the system under study. Generally, several data base layers
will be required to develop a master plan study. These layers are created
individually; however, they may be viewed simultaneously to show
coincidental hydrologic information. These layers include:

1) Base Map; consisting of topographic contours and streets right-
of-way, or jurisdiction lines.

2) Watershed Boundary; to define particular hydrologic study

boundaries.

3) Drainage Reservations; to define alignments within available
rights of way.

4)  Existing Facilities; to define alignments.

5) Street Flow Patterns; to determine existing flow patterns.
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6) Alignments, defined by layers 3, 4, and 5.
7) Subarea Boundaries; defined by layers 5 and 6.

8) Overall Mapping Divides; for graphical displays and hard copy
mapping.

9) Land Use Map; for runoff properties.

10)  Hydrologic Soil Group Map; for loss rates.

11)  Rainfall Isohyetal Map; for runoff estimates.

12)  Hydrologic Nodal fdints; defined by layers 6 and 7.

13)  Hydrologic Modeling Element Type; to define route parameters.

Primary hydrologic parameters used in the Master Plan of Drainage
computer model include land use, hydrologic soil group, rainfall, and
hydrologic subarea topographic data such as area, length of water course, and
elevation. In general, a study is discretized into subareas that are
approximately 10 to 20 acres in size. These subareas require definition as to
each of the parameters listed above. Additionally, maps are needed in order
to effectively communicate these data. By obtaining, in digital form, or
actually digitizing the land use maps, hydrologic soil group maps, rainfall
maps, and subarea maps, not only is a digital/graphical representation
available for display, but the data can then be processed by a "polygon
processor” in order to partition the subareas into the intersections of all of the
graphical layers. Geographic location is provided by use of street layout layers,
right-of-way maps for reports, as well as graphical layers for display on the
computer monitor.

GIS Features

The use of geographic information systems (GIS) has become
widespread in many facets of engineering and planning, among other fields.
A key element of a GIS is the ability to intersect graphical layers, such as
discussed above, so that the several forms of information are resolved into
“cells” wherein all parameter are homogeneous.
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In the Master Plan of Drainage, each subarea requires definition of land
use, hydrologic soil group, and rainfall, and the proportions of each within
the subarea. The polygon processor performs this important task, and then
develops a data base for use in the Master Plan of Drainage computer model.
The subarea data are stored in tabulated formats, on a subarea basis, indexed
according to subarea number. Thus, the retrieval of a specific subarea number
will access these several data, automatically developed by the polygon
processor.

The Master Plan of Drainage may be represented, in data base form, as a
collection of nodes (specific points along the catchment flood control system),
and subareas (10 to 20 acres in size). All information computed by the Master
Plan of Drainage, such as deficiency system mitigation needs, flow quantities,
hydraulic properties, streetflow characteristics, flood control system
characteristics, hydrologic parameters, cost-to-benefit indices, and costs,
among others, are stored in tabled form, and indexed according to node
number, link number, and subarea number. Data entered directly into the
data base such as flood control systemn history, age, and so forth are also stored.
Once the data base is assembled, it may be linked to the graphical data base,
which displays the graphical layers constructed for the polygon processing
(i.e., multiple use of a data base form), while allowing easy access to the
Master Plan of Drainage data base.

Pollutant Loading Procedures

Pollutant loadings for specific pollutants in the National Pollutant
Discharge Elimination System (NPDES) can be estimated, based upon the
State of California Storm Water Best Management Practice Handbook,
“Municipal," Appendix B, as:

RL = {Cp +{C;-Cp) IMP] *1 (1)

where: Ry

i

total average annual surface runoff from land use L

(in/yr)

IMPy, = fractional imperviousness of land use L (see Table 1)

I

long-term average annual precipitation (in/yr)
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Cp pervious area runoff coefficient = 0.10

Ci

Hi

impervious area runoff coefficient = 0.95

The nonpoint source pollution loads (expressed as lbs/yr) vary by land use
and the percent imperviousness associated with each land use. The pollution
loading factor My, is computed for land use L by the following equation:

ML =EMCL*RL*K*AL (2

where: ML = loading factor for land use L (Ib/yr)

EMCL = event mean concentration of runoff from land use L
(mg/L); EMCy varies by land and by pollutant (see
Table 1)

Ry = total average annual surface runoff from land use L
computed from Equation 1 (in/yr)

K = (.2266, a unit conversion constant

AL = area of land use L (acres)

Twelve constituents are included in the module; namely,

= BOD m Total-P a Cadmium
m COD m  Dissolved-P u Copper
m TSS B NOj and NO3 m Lead

m TDS a TKN ®- Zinc

Table 1 contains the event mean concentration (EMC) values and the
impervious percentages assigned for each land use designation.

From Equations (1) and (2), the pollutant loading at any concentration point
depends upon the tributary area land use designations. The land use
designations at any nodal point within the master plan of drainage catchment
are already summarized by the hydrologic computer model, and are available
for use in estimating the pollutant loadings.
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APPLICATION

The City of Yucaipa watershed, located in San Bernardino County,
California, encompasses approximately 40 square miles (see Figure 1), is used
to demonstrate the stormwater pollutant loading calculation program. A
Master Plan of Drainage for the City of Yucaipa was first prepared using the
above discussed GIS/hydrologic procedures. The land use data required by
the pollutant loading equations (i.e., Equations 1 and 2) were transported
from the data base management systems into the pollutant loading equations.
Table 2 summarizes the average annual pollutant loadings at 40 locations
within the study area (see Figure 1 for node locations).

DISCUSSION

The purpose of implementing the integrated model is to consolidate all
information necessary for analyzing and managing the Master Plan of
Drainage, and to provide a mechanism for updating graphical and non-
graphical data.

By managing all graphics in a graphical environment (e.g., AutoCAD
environment) through the use of GIS, graphic and non-graphic data can be
updated as conditions change. As new analysis is required, additional data
bases can be prepared, and linked to the current model, such as the
stormwater quality model illustrated in this paper.

CONCLUSIONS

An integrated Master Plan of Drainage and Environmental System
computer model is developed and used for the City of Yucaipa application.
By the master planning process, the data needed to compute pollutant
loadings are already developed by the GIS master planning process. The
linkage is straightforward between the master plan of drainage data base and
the pollutant loading estimator. |
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