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INTRODUCTION

In order to assess the impact of pollutants on surface water quality, the Division must often
develop and apply water quality models. A water quality model is a simplified
representation of the physical, chemical, and biological processes which occur in a water
body. The type of model used is dependent on the purpose for which it is needed, the
amount of information that is available or attainable for its development, and the degree of
accuracy or reliability that is warranted. In most cases, the Division develops and applies a
given model to predict the response of the system to a given set of inputs that reflect
various management strategies. For example, water quality models such as QUALZE or
the Division's Level B model are used to predict what the instream dissolved oxygen
concentration will be under various sets of NPDES wasteflows and discharge limits. The
following sections briefly summarize the types of models used by the Division.

Oxygen-Consuming Waste Models

Several factors are considered when choosing an oxygen-consuming waste model
including: the type of system (stream, lake, or estuary), whether one, two, or three
dimensions are needed, the temporal resolution needed, and the type of data available.
Many of the factors are related. For example, in streams, flow usually occurs in one
direction and one can assume that a steady state model will result in adequate predictions.
A steady state model is one in which the model inputs do not change over time. However,
in open water estuaries, the tide and wind affect which way water moves, and they must
often be represented by 2 or 3 dimensional models. In addition, the wind and tide can
affect the model reaction rates, and therefore a dynamic model must be used rather than one
which is steady state. The last factor, the amount of data available, dictates whether an
empirical or calibrated model will be used. An empirical model is used when little water
quality information is available for a given water body, and hydraulics and decay rates are
estimated through the use of equations. For example, in North Carolina's empirical stream
model (referred to as a Level B analysis) velocity is determined through a regression
equation developed from North Carolina stream time-of-travel (TOT) studies which
includes stream slope and flow estimates as independent variables. ‘Stream slope can be
measured from a topographic map, and flow is estimated at a given site by the U.S.
Geological Survey. Therefore, the empirical model can be run without TOT information
specific to a given stream since parameters are estimated through the use of information
which can easily be obtained in the office environment. More information regarding the
empirical dissolved oxygen model used by DEM can be found in the Instream Assessment
Unit's Standard Operating Procedures Manual. ‘

Field calibration of a BOD/DO model requires collection of a considerable amount of data.
For example, in order to develop hydraulics equations specific to a given stream, TOT
studies using rhodamine dye are recommended under at least two flow scenarios including
one summer low flow period. In addition, during one summer low flow study, dissolved
oxygen, temperature, long term BOD and nitrogen series data are collected. Sediment
oxygen demand (SOD) data may also be collected. These data are then used to calibrate
reaction rates specific to the stream. QUALZE is the most commonly used calibrated
DO/BOD model for streams in North Carolina. A copy of the model guidance can be
obtained from EPA's Environmental Research-Lab in Athens, Georgia, and further



- information on North Carolina's calibration procedures can be found in the Instream
Assessment Unit's Standard Operating Procedures Manual. :

Data collection for an estuary DO model is even more extensive. Since the system is multi-
dimensional and not steady-state, many more data are needed. Dye is often injected into a
system over a period of time, and the dye cloud is then followed for a period of time which
may last for days. In addition, several tide gages may need to be set up. Due to the
stratification which occurs in an estuary, depth integrated data must also be collected.
Calibrated estuary models which have been used by DEM include WASP, GAEST, and
QUAL2E. WASP is also supported by EPA, and a user manual may be obtained from
them. You should note that both GAEST and QUALZE are one dimensional and are not
applicable to many of North Carolina's estuaries. ‘

Lakes are rarely modeled for BOD. Tributary arms of lakes are modeled as slow moving
streams. Depending on the system, a one, two, or three dimensional model may be used.
If a one dimensional model is needed, the modeler may choose the Level B (if little or no
data), or QUALZ2E. In multidimensional lake systems, WASP will be used.

The calibrated model will be more accurate than the empirical model since it is based on
data collected specifically for a given stream in the State. However, it is much more
expensive to develop a calibrated model. Not only do a number of staff spend several days
.to weeks: collecting field data (sometimes having to wait months for appropriate
conditions), but it also takes the modeling staff several months to develop and document
the calibrated model. An empirical model can be developed and applied in a matter of
hours. Therefore, due to resource constraints, the majority of the BOD/DO models
developed in North Carolina are empirical. ‘ ‘

- Eutrophication Models

Eutrophication models are used to develop management strategies to control trophic
response of a system to nutrient inputs (usually total phosphorus (TP) or total nitrogen

(TN)). Nutrient management strategies are typically needed in areas which are sensitive to .

nutrient inputs due to long residence times, warm temperature, and adequate light
penetration. These characteristics are found in deep slow moving streams, ponds, lakes,
and estuaries. Modeling and insitu research are used to relate nutrient loading to the trophic
response to the system allowing the manager to establish nutrient targets. Models which
may be used include the Southeastern Lakes Model (Reckhow, 1987), Walker's Bathtub
Model (Walker, 1981), QUALZ2E, and WASP. _

Once the nutrient targets are known, watershed nutrient budgets are developed to evaluate
the relative nutrient loadings from various point and nonpoint sources. Land use data are

obtained for the basin, and export coefficients based on literature values are applied to each
land use. An export coefficient is an estimate of how may pounds of nutrient will runoff
from each acre of land in a given year.

Toxics Modeling

Toxics modeling is done to determine chemical specific limits which will protect to the no
chronic level in a completely mixed stream. The standards developed for the State of North
Carolina are based on chronic criteria. These chemical specific toxics limits are developed
through the use of mass balance models:




(Cup)(Qup) + (Cw)(Qw) = (Cd)(Qd) where

Cup = concentration upstream

Qup = flow upstream

Cw = concentration in wastewater (unknown being solved for in WLA)
Qw = wasteflow

Cd = concentration downstream (set = to standard or critéria)

Qd = flow downstream (= Qup + Qw)

When no data are available concerning the upstream concentration, it is assumed to be equal
to zero. The upstream flow is the 7Q10 at the discharge point unless the parameter's
standard is based on human health concerns, in which case the average flow is used.
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