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SECTION 1.0
INTROOUCTION

Thts document addresses methods Fof ored\ct1qq cancentrattons of
individual constituents resulting from pollutant loads to the aguasic
environment. Within the context of the waste load allocation (wWLA)
process, the methods predict the ambient concentrations expected to
result from existing or projected poliutant foadinés. 8y relating the
predicted concentrations 2o ecosystem or human health effects levels, an
appropriate level of pallytion abatement can be specified, :aildreﬂ to
protection of the environment of 4 specific site.

As the focus of the matertal is the prediction of ambient
concentrations, 1t will not address all facets of the allowable loaa
determination. In order to use predictions effectively, it is also
necessary to estadlish (a) a target for atlowable concentrations, ang (3}
4 target Frequency for not exceeding the allowatle concentrations. Jaza
on the former are contained in the Water Quality (-iteria d&cumen:s; 3ata
on the latter are sparse. Nelther subject ts within the scope of this

volume ..

The organtzatian Intended for the First four volumes of the complete
manual is shown in Table 1.1. In order to reduce redgncancy.'ma:erﬁal
discussed in Book [[, Chapter } (800, dissolved oxygen and ammonia) s
not repeated here., [n particular, 1t Y5 assumed that the reader it
familtar with the concepts of advection and dtsperston, vartations of
depth and velocity with Flow, first arder reaction rates, surface
transfer'of oxygen, and steady-state versus time-variadle analyses. This

document s intended for use in conjunction with chemical data references.

such as Mabey et al. (1982) and Callaban et al. (1979).




Tadle 1.1 QJRGANIZATION OF GUIDANCE MANUAL FCR PERFORMING OF
: WASTE LOAQ ALLOCATIONS:

800K | GENERAL GUIDANCE
{0tscussion of overall WLA process, procedures, conswuerat ons)

8OOk 1t STREAMS ANO RIVERS
Chapter 1 - BOD/DYssolved Qxygen Impacts and Ammonia Toxictty

Chapter 2 - Nutrient/tutrophication Impacts
“Chapter 1 - Toxl¢ Substances Impacts

800K I  ESTUARIES

Acnaotgr 1 800/01ss0lved Oxygen.tmoacts
Chapter 2 - Nutrilent/Eutrophication [mpacts
Chapter 3 - Toxi1c Substances Impacts

BOOK IV LAKES, RESERVOIRS, IMPOUNOMENTS

Chapter 1 - BOO/0Yssolved Oxygen Impact
Chapter 2 - Nutrient/Euytrophication Impacts
Chagter 3 -~ Toxig Substances [mpacts
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Secause predictions are needed iﬁ a variety‘of different situations,
there s no one set of technically acceptable procedyres that can be put
forth as a standard method. The appropriate level of effort, and thus
the appropriate approach, depends on the difficulty with which pollutant
controls can dbe Implemented, the complexity of the eavironmental
problems, the resources avallable, and the technica) expectations of 3l
parties involved. Cansequently, the tatent of this document ts to
deé:r1be a variety of d\fferent approaches, covering a wide range of
complexity, to help guide the analyst in choosing 3 calculational
framework, or model, appropriate to the specific problem. Rather than
recommending partiquiar Tevels of effort as appropriate for analyting
particular WLA situattons, this document is intended to help guide the
WLA analyst toward the most effective yse of whatever resources are
available,

The remainder of tnYs document s organized into the following
. sectians:

t

Section 2.0 describes mathematical frameworks for predicting toxican:
concentrations in rivers. The aporoaches span 3 range of complex‘ty,
from d1lution calculations to complex, multi-dimensiondi, t'me-vary‘ng
computer models. This section describes assumptions and 1'mitations
assoclated with each approach,

Section 3.0 presents the mathematica) formulation of important fate
and transport process and provides background Information for specifying
the parameter values.

Section 4.0 presents technica) guidance for conducting waste load
allocations for toxicants. It suggests that the analysis progress
through three phases from simple to complex and discusses the assoclated
needs for and management of supporting data. Quality assurance and cost
estimates are covered for both fleld data and model parameters. This
section also contains technical guidance 'n applying models ang asse.sing
the adequacy of site-specific model predictions.

3




. Section 5.0 presents a case study of modeling metals transpart in the
Filat River, Michigan. Emphastis 1s on the caltbcag1on of the toxticant
mode) with field data obtained under three very different flow regimes.

A sensiiivity aniiysls of the mode! parameters relative toc the Flint
River calibration s 3also presented.

Finally, there are appendices containing (A) derivations of mode!
equations, (8) a discusston of Sedimenf'excnange and transbort mdaeltnq,
(C) a summary of Flint River (case study) survey methods, and (0)
chlarine behavior. In addition, two other regorts are attached. One
contains metals part\tdon"cqeff\cients derived from fleld data collected
natfoﬁ§1de. The other ts & catalogue of 14 mndel} destqngd for toxicant
studtes. 1t briefly Summarlzes each mode)'s theory, input and outodt.
strengths and limitations, and resource requirements.




- SECTION 2.0

BASIC MODEL FRAMEWORKS AND FORMULATIONS

2.1 GENERAL

This section provides a summary of modeling frameworks, with
assocliated eguations and assumptions.'appl1cab1e to 9r§dict1ng
concentratiaons of discharged toxicants, as affected by stream hydrology
and morphology, reactions, and sediment interactions. Becduse the intent
of this document ts to present a range of aporoiches. 1t 1s useful to
consider a méans'of categorizing water qua}ity models accerding to tngir
components and characteristics. In selecting an approach, a WLA analyst
is ltkely to be interested in environmental simulation capabilities,
which can be categorized as follows:

A. System components

- Water éolumn

- Bed sediment
Terrestrial watershed

8. Processes modeled

0tlution

Agvection, dispersion

Oecay, transformaticon, speclation
Transfer between water, sadiment, and alr

C. Spatial vartadbility or resolutton

- 0,1, 2, 3-Dimensional varitability
~ MNear or far fleld

0. Time varlabtlity

- Steady state
- Timg variable




.

The analyst must also be concerned with the \nput data and hardware
requirements assoclated with any approach. These tend to follow from the
capability characteristics listed adove.

A genera! schematic framework for 11lystrating many factors that
determine the concentration of toxicants in a river is depicted 'n Figyre
2.1. The conceptual elements Include: {a) mixinq of effluent ang
upstream waters, (b) partitioning of toxicant between dissolved and
particylate phases in both the water column and the bed, (c} exchange
between the water column and the ded, (d) decay by irreversidle chemical
transformations, (e¢) losses by durial and volatilization, and (Ff)
downstream transport via stream flow and bed load. Simple analytica’
frameworks may employ only a Few of the elements shown; soph)sticated
camputer codes, on the qther hand, may articulate more complex
arrangements than shown in the figure.

The selection of .any. approdch requires a trade-off between System
realism and analytical efficlency. The stmplest aporoaches tend 3 nringe
on a few critical assumptions (as will de descrided snortly): the
technical 1ssues and uncertainties that surface thus tend 0 de few 'n
number but could Be intractadle in nature. Furthermore, restrictions in
the form of their results can constrain the formglation of the basic
questions they are 1ntehded to antwer. Complex analyses, on the gther
hand, with their numerous input parameters, call for the support of
consideradie laboratory and fleld data. The assumptions they rest on and
the uncertalattes they surface may de greéter in number but more subtle
tn nature than those of the simpler approaches. ’The complex approaches
are applicable to & wider range of questions than the simpler approaches.

It ﬁay not be necessiry to choose a model at the outset of a
project. Rather, as discussed in Section 4.0, 1t may De efficient to
apply the analys)s in stages, starting simply, and then moving to the
appropriate leve: of <omplexily, as the issues, costs, benefits, and
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decision needs evolve, Nevertheless, because the dolle;tton of field
data can be the most expensive project component, no major field syrveys
should be done before the analytical framework has been selected ang he
input data requirements igentified.

The approaches covered in‘this document can, for purposes of
discusston, be placed In the following types of catagories:

e Point of discharge dilution calculations for total pollutant;
steady-state or dynamic,

s One-dimensional, steady-state models for conservative tatal
pollutant.

e One-dimenstional, steady-state models for nonconservative %ota'
pollutant.

e QOne-dimensional, steady-state models for separate dissolved and
particulate phases; having bed Interactions and multiple process
rates.

o Mylti.dimensional, and/or dynamic mode's For sepsarate 3°$30. .eq
ang parziculate phases or myitiple specles: having bded
interactions and mulitiple process rates.

The approaches differ ia g¢iscerning spattal and temgora! variat‘ons,
environmental media, and pallytant farms and behavior. The aboroacnes
are described in the sections that follow. Malhematica! dertvat'zns of
fundamental equations are provided 1n'Apoend!x A,

2.2 OILUTION CALCULATIONS - POINT OF O1SCHARGE

The mixing of the efflyent flow with the river flow is tne_firsf
process normally evaluated !n predicting ahbient concentrations of
toxicants. At the point where mixing has been completed, the
concentration of the total pollutant 1s given by: '

CTH Q cTu Q b

]
W u

o, + O, 0, | ’ (2.




where.;CT(O) = Concentration of total pollutant tmmeglately after
compliete mixing (ug/L)
Cre  ° EfFfTuent concentration  (ug/t)
C7u s Upstream concentration  (ug/t)
04 s Combined effluent flow (QU) plus uypstream flow (Ou) {v/sec)
Ky s Combined effluent plus upstream load (ug/sec)
This formylation assumes that:
A\
1. Rizing s relatively rapid.”
2. Decay or settling is slow compared to mixing.
The combination of these two assumptions implies that little decay has
time to occur before mixing 1s complete. The farmulation says nothing
about the size of or concentration within the mixz!ng zone. Nor does i
say anything about the concentrations further Gownstream of the
discharge. ‘

Used by themselves without reqard for downstream fate, c)lut'lon
"¢calculattons have found consideraole yse In setting water qua.'ty ased
effluent Timitations for Doth conservative and nonconrservative
pollytants. This 15 necause Hater'cuality Standards are often
implemented in such a way that the toxtcant concentration 15 not
permitted to exceed the numerica) criterion at any point (outside the
m\xiné Zone), without regard for the leanh of the stream affected.
Consequently, for single dischargers 'n a regulatory situation that gives
no consideration to the number of stream miles affected, the analys: may
simply apply the dilution formula (Equation 2.1) to determine the
concentration ocgurring 1mmed1ate\y'belou the discharge, defore any
processes (except for upstream di!ution)'can 3¢t to reduyce the
concentration. '

This approach 1s nat suitable far sttuations where two or more
discharges, separated by a substantial distance, affect tr. toxicant
cc venviation. In this case some consideration of the po:lytant




. behavior 'n the reach Detween the two discharges 1S needed in order %o
predgict the concentration (CT“) above the second discharger. The

| aoproach is nevertheless applicadle in the numeroyus sityations where only

one of the severa) dischargers 1s of impaortance for a particular toxicant.

«

Because toxicants may raplidly partition between the dtssolved and
suspenged s011ds phases In the water coiumn. or may raptdly \nterconvert
between different species or complexes, the concentrations in Eguation
2.1 are ysually interpreted as Deing the total concentration of tn?
toxicant. When only one form of the pollutant 1s Diologically acttve
(such as untontzed ammonta), 1t s customary to determine the dtlutton
concentration as total, and then to separately determine what fraction
will De biolbgical1y active. For example, the fraction of -untonized
ammonia s determined by pM and temperature.

Perhaps the chief dlfadvantage.of the diluttan calculation at thne
point of discharge 1s that 1t says nothing adout the spatidi extent of
the gradlem, whigh in turn nar:!af}y jetermines he enviranmenty

. senefits of poliution control. The restricted viston of this approach
thys somewhat hampers the analyst's adbility to respond to dec'ision-
makers' Juestions about environmenta! benefits. '

The spatial restrictton of this approach may Se parttally offset Dy
the comparative ease with which the temporal confines can be expanded.
It 1s not unduly difficult to determine the frequency distribution of the

output concentration (CT(O)) using the frequency distributions or rea’
time sequences of the four ‘nput par;meters (Cryr Gu. CTH. 0.)-

Facile methods for determining the overal) frequency of standards
violations at the point of discharge are being fefined (0%Toro ang

Fitzpatrick 1983) and appear to prom!se substantial improvements \n the

eva1ua;!on of tox!city problems.




2.3 ONE-DIMENSIONAL, STEADY-STATE MQDEL OF CONSERVATIVE TOTAL POLLUTANT

This aoproacﬁ goes beyond that of the previous section in that i1t
predicts the concentration prof11; throughout the downstream reach. This
requires an assumption about downstream behaviar. In this case the
assumption 1s conservative po11utant behavior because the discharged load
13 not reduced as 1t travels dOunstream COnsequent1y. since ¢4lution s
the cn]y process affecting the concentration, the model equation s the
previously described dilution formula (Equation 2.1).

This formylation assumes:

1. The pollutant 1s essentially conservative (1.e., does not decay or
settle from the water).

2. The system is represented by average conditions over some
representative time period so that the mode! egquations can be
solved for dc/dt = 0 ().,e,, no, variations in time - steady-state).

3. The pollytant s mixed essentially ingtantaneous'ly with the river
(Y.e., the maodel does nat discern concentration vartations within
4 mixing rone). . ,
Figure 2.2 depicts this model. If multiple discharges were present,
concentrations along the length of the river would tncrease in steos.

Chloride in dilute concentrations is an example of a non-degracadle
substance with Tittle ten&ency to prectpitate or absord to-sediment., ¢
can be expected to remain in the water column with 15 steady state
stream concentration determined only Dy diluttion.

Priority pollutants, however, may undergo a wider range ofﬁbfocesse:
than chloride. The orgadics undergo degradation and transfer %o air and
sediment. Metals (as total metal), ilthouqh not degradable, also
generally have an affinity for bed sediments. Individual metal ‘ons and
complexes can undergo transformation to other specles. Thus, an 3 priord
assumption of conservative behavior will often be unsound. Such an
assumption s gene” 11 least appropriate when allied to the dissolived
fraction of a pollutant, since adsorption can be a raptd pracess.

LY
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Nevertheless, where the spatial distance under study is very small,
conservative assumptions may hold up quite well for the total form of
mast pollutants. Thus, 1t has been customary to consider Ddehavior uith!ﬁ
lega) mixing zones to be conservative, since the time of passage ¢ so
small. Some other conditions under which conservative dehavior may be
predicted are described in Section 2.5.2.

2.4 ONE DIMENSIONAL, STEADY-STATE MOOEL OF NONCONSERVATIVE TQTAL
POLLUTANT
This approach predicts the concentration of the total form of a
nonconservative pollutant in the water column throughout a
one-dimensional stream reach ynder steady-state condttions. The mode!
formulation is: ’

v

Crlx) = C0) e {2.3)

where, CT(x) Concentration at points downstream of effluent (ug/t)
CT(U) a Concentration immediately delow efflyent (from Equatian
2.1) (ug/1) ‘
K% Overall loss coefficient (1/day)
u » Stream veloctity (m/day) _
Distance downstream of effluent (m)

Several assumptions accompany this mode!:

1. K7, the overall first order decay coeffictent, includes net
settling and aill other losses or transformations.

2. The average river and waste load conditions represent 3
steady-state condition (dc/dt » 0) over some time periocd.

3. The pollutant discharge 1s mixed instantaneously with the river
({.e., no mixing zone or lateral and vertical concentration
gradients).

4. Dispersiaon is negligible in the longitudinal direction (1.e., only
advective transgort ts cons!i re significant: plug flow). :




5. Average flow, average cross-section area, and average depth

suffictently represent condittons within a stagle reacn.

Figure 2.3 depicts this model graphically. This model ts directly
analogous to 800 aisappearance In a classical! Streeter-Phelps DO model.
The model equation 1s applted to each river reach with calculated
concentration from the end of an uypstream reach bBecoming the upstiream
boundary concentration for the next downstream reach. The selection of
reaches 1s determined by significant changes in river geometry, flow. and
location of paoint source tributaries.

The overall decay coefficient 1s both site- and time-spectific,
possibly varying with changes ia controlling parameters such as flow,
cross-sectional geometry, solids concentrations, aquatic vegetation,
temperature, sunlight, and pH. Usually this approach Vs applied to a
specific site where sufficient fleld data are avallable to calibrate KT
to the onserved rate of disappearance. That s, Ky 1s adjusted unttl
the calculated concentrations reascnably match the measured
concentrations along':ne length of the river downstream of the effliyent.
As in 800 modeling, It 15 considered undesirable to spatially vary the
decay coeffizient without 3 qood underlying Justification. The observed
datd must be expected to exhibit scatter about the predicted curve, cue
to time varlations and measurement errars.

While this empirical approach s somewnat gata intensive, It is
fatrly stra\gntfo?uarn. with few degrees ofvfreedom to manage. A key
1imitation s that 1s sheds no light on the factors that control KT‘

In contrast to the situatton with 300 and ammonla, there 1s iittle
experience to indicate reasonable values for loss rates of mast oriority

pollytants. Consequently, the analyst has little basis for recognizing
or evaluating the uncertainties of applying the model, particularly

under conditions not yet observed (for example, i'nder conditions of
improved wastewater treatment). A more theoretical model, a?t50ugh stitl
tied to some calibration parameters, provides a better basis for r:aling
with the uncertainties taherent in such applications.
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Nevertheless, this general approach has been applied to phencls and
cyanide in tnhe Mahoning River (EPA 1977). Application of tits approach
to the settling of metals in the Flint River is described in Appendix A,

. 2.5 ONE-OIMENSIONAL, STEADY-STATE MODELS FOR SEPARATE DISSOLVED AND

- SUSPENDED PHASES, HAVING BED INTERACTIONS ANO MULTIPLE PROCESS RATES

Unlike the approaches described previausly, this agproach was
developed specifically for toxic pollutants which have tmportant
interactions with the ded sediments, and which may vary in blologica!
activity and other behavior, depending on form, Because this type of
mode] discerns multiple 1ndividual processes, 1t provides a more complete
understanding of pollutant bDehavior. The trade-off is that thére are
m0re'narametérs to specify, and 1t s more d1fFficult to r1qor9usiy
valigate using field data. On the other hand, because this type of model
relates some aspects of pollutant behavior to readily observabie Snysica-
nrooerfies of the site and to known chemical brooerties of many
poilutants, some model predictions may be attempted wiihou! "av'ng
surveyea the pollutant's downstream profile at the site.

. This level of analysts 1s sufficiently complex that a comouter
program is helpful (bdut not essentlal) for executing the computations.
The Simplifiea Lake and Stream Analysis (SLSA), which 15 availaple as
both a calculator algorithm and a computer program, Vs perhaps the
simplest version of thts type of model.” This program was Jdeveloped Dy
Hydre-Qual and ts avatlable Fram the Chemical Manufacturers Association,

. The computer program MICHRIY has a somewhat similar framework but ‘s more

rigoroys and flexidle in its hanaltng of a particulate bound polluytant.
This program was developed Dy the EPA Large Lakes Research Station,
Grosse lle, specifically for WLA purposes.

2.5.1 Model Framework

Ne framework for this type of made) is 11lu v-at~d in Figure 2.4. -
The ode) discerns two medla, water and bed sediment, and two forms of
pollytant within each media, dissolved and particulate bound. Process

16
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rates are specific to the media and to the poliutant form: for example,
only the particulate phase in water settles to the bed, and only the
dissolved phase 1n water volattlizes. ODerivation of the model equations
and 11sting of assumptions are presented in Appendiz A,

In summary, the MICHRIV program predicts the dissolved and
parttculate concentrations in water and bed sediment, using the following
types of input data: flows and leoads, hydrauiic geometry, water-bed
exchange parameters, partition coefficients, and decay coefficients.
Nomenclature for the following dtscussion )s presented in Table 2.1.

The first major step 'n MICHRIV's solution (after applying the
dilution formula, Equation 2.1) is to predict the concentration profile
of suspended soiids downstream of a point source. The downstream solids
concentration, mﬁ(x). 1s related to the 1nttilal concentration, m.'(o-),
and tovtne settling and resuspension velocittes, e and Ypg by the
expression: '

-
By 0, Y )W 1 ) (2.8

m1(x) . m1(0)¢

far which all harameters are defined in Tadle 2.1. [t s assumed that
the bed solids concentration, m,, 15 constant tRrougnout the reach.
(SLSA differs from MICHRIV 1n that 1t also treats m, as 3 comstant,
rather than a state varlable, and thus omits EqQuation 2.4.)

The sediment exchange velocities are related by assuming that the
mass (or thickness) of the active bed layer does not change over time.
Balancing the solids fluxes results in:

W, a (u" . wd) m, {2.5)




TABLE 2.1: NOMENCLATURE FOR WATER/SEDIMENT MODEL

.

Parameters Water Column  Sediment

Goncentrations and Loads

Total toxicant (ug/1)* Cf1 Crs
Dissolved toxicant (ug/\)* Cd? Cdzv
Particulate toxicant (ug/t)* . Cp] | CDZ‘
Particulate toxicant (uq toxtcant/

mg solids) r r2
Total saltds (mg/L)* m C m,
Toxicant Toad (ug/sec) HT ‘ ---

Pgreitioning

Dissolved fraction ?di fcz
Particulate fraction fpl' ':2
Partitton coefficient (2/mg)

(e a l'/Cd . Cu/mcd) o0 | P

Channel Geometry

nounstreém distance (m) x . X

Cross-sectional area (mz) A1 P

Depth (m) ) H1 uz
4 . }

Flow (m~/sec) 01 .-

Velogity (m/sec) (U = Q/A) . U} .e-




. TABLE 2.1: NOMENCLATURE FOR WATER-SEDIMENT MOOEL (Continued)

Parameters Water Column Sediment

Rake Parameter

Aggregate decay rate coefficient

- for dissolved (1/day) Ky Kg2
- for particulate (1/day) Kgy = 0 _ Kpz » 0
- for total (]/day)(xl‘dfd‘Kpfp) L%} Ke -
Settling velocity (m/day) v, .

' Resuspensian velocity (m/day) - . L

; Sedimentation (burial) velocity (m/day) --- v

l Sedimentation loss coefficlient (1/day) S, K!

i .

i 01ffyusive exchange coefficient (m/day) K 4

*In terms of bulk volume.
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The sedimentation or burtal velactty, Wy reflects the rate of change
in elevation of the benthal surface at a particular point over time. A
positive value for w4 indicates that the channel 1s gradually filling

-1n during the modeled condition; matertal %s deing lost to deep
(in3ctive) sediment, beneath the boundary of the modeled system. A
negative value tndicates downcutting of the channel, and brings material .
into the modeled system. )

This type of attention to solids behavior is necessary because the
movement of adsorbed toxicant follows the movement of solids. The
fraction of total toxicant that s adsorbed on particulates (Fpl tn
water, 'az in bed) and the fraction that is dissolved (Fgys fcz’
‘depend on the partition coefficients applicadble to the water and bed
(11 and 5 respecttvely), and the so0lids concentrations (aﬁ
and m, respectively):

¢
f » P ., M (2.6)
P CT ™
¢ _
fy - a : ! : (2.7
% i

where 311 parameters apply together either to the water column or to the
bed. Use of the partition coefficients assumes that the dissolved and
particulate phases are in dynamic equilidrium within thelr respective
media. It also assumes that the equilidrium adsorption isothernms are
Tinear. But 1% does not assume that any type of equilibrium extsts
between the bed and the overlying water column. {Such an equilibrium can
de set up under certatn conditions: Wy ® 0 and ‘2 = 0 will cause the
fluxes of total pollutant between the water column and ded to cancel each

other at steady-state; however, uniess the additienal conditicn " e

* were impased, & net movement of particulate pollutant could occur,
for example, out of the water column, dDalanced by 2 net movement of
dissolved pollutant out of the bed.)




The steady state solution for the total toxicant concentration in the
water column can be expressed in a familiar form:
K.x/U
- TN
" The overall removal rate coefficient, K, (1/day), can be expressed by
the function: :

Kpo Ky o :'g (Ry o Ry f00) (2.9)
) 1
where ldl and x¢2 are the toxicant decay coeffticients in the water
and bed, respectively, and ‘s 1s the sedimentation loss coefficient,
which is related.to the burial velocity by the expression:

Ky o Hdlﬂz (2.10)

The aggregate decay coefficients K1 and ‘2 are simply the Sum of the
coefficients specific to each competing process, such 3s hydrolysis,
bilolysis, photelysis, and volatilization.

The parameter graup Brz/r1 contrgls the !muortance!of sgd\ment
decay and loss processes tn Equation 2.9. The parameter 8, called the
sed!ment capacity factor (DiToro et al. 1982), 15 defined in terms of
5011ds masses In water and sediment (proportional to mH) and fractions

particulate, f’:

-
_"H "1 fpz

(2.11)

The ratio of toxicant concentrations on particulates, P /Ty 1S
determined from the expression:

('rs . 'd)fpz . KL(¢2/'1)f°2

2« (2.12)

*

k2 #2

2 (Ur’ ’ vd)fpz * KL de'




This ratio s controtied by sediment gxchange velocitties, Yoo * ¥

(or w, through Egquation 2.5); the diffusion coefficient, k.. for
exchange between the water column and the interstitual water of moderate
to high porosity sediments; the decay velocity in sediment, KZ“?‘ and

the fractions dissolved and particulate.

Finally, the total concentration of toxicant 1a %the hbed, CTZ. i

given by:
c’ . Bre "y . : 3
: 172 ' -

It should be noted that Equation 2.9 and 2.11 utilize Fgrand fo, as

1f they were constant throughout the reach, when in fact they vary with
m1{x). Consequently, in order to treat them as constants, the MICHRIV
program divides each reach into small computational increments, within
which m, 1s virtually constant, and solves the equations for each
increment, moving downstream, '

It can be seen that the model is not entirely simple. Mos:
first-time users may find some aspects of 1ts behaviar not tntultively
Obv1cus} some sensitivity runs coupled with exam!na:!on>of the
formylating equations may De helpfu! to obtain a good feeling for how the
model respands to its tnput parameters. 01Toro et al. {1982) discuss
many aspects of the bemhavior of this type of formulation. Appendix A of
this document provides a more complete derivation of model formulation.
Section 1.0 provides information on selecting parameter values; Section
5.0 describes a case study using the model. Thomann (1984) suggests a
simplification of this type of model.

R Relationshipg with her Approaches

In predicting the total pollytant in the water column, )% can De seen
that MICHRIV and SLSA use the same first order decay formyla
vTQuetion 2.8) a the simple empirical approach (Equation 2.3).  In




MICHRIV, however, unlike SLSA and the empirical approach, the decay
coefficient, Ky, ts not necessariiﬁ constant within a reach, Rather,
1t ts a function of the fractions dissalved ang particulate (per
Equations 2.9), which 1n turn vary with any change in the suspended
so)tds concentration moving downstream (per Equations 2.6 and é.?). as
preyiousiy mentianed. \ ' )

-fCGnsequéntIy. 1f the suspended solids levels do not vary within the
reach (such as wauld happen if depasition and resuspension Fluxes
balahced each other), a steady-state loss of toxicant would occur only as
a result of degradative processes or volatilizatton.

for metals and other nondegradable, nonvolatile substances the sole
mechanism for reduction of the water column load s Durtal beneath
donoiiting sediment (or possibly transport downstream as bed load).
Consequently, the dehavior of such sudstances would be predicted to de
conservative under the comditions of (a) steady pollutant lgoadiag o .3}
a graded stream with (c) insignificant ded ldad dnd (4} steady f'ow. 2
graded stream s one where neither downcutting nor sedimentation s
significant; the bed elevation 1s not significantly changing over time.
Solids settling and resuspension fluxes would.thus balance under the
abaove conditions. When a pollutant loading first begarn, exchange
processes would cause & net transfer of pollutant out of the water
column 1nto the previously uncontaminated sediments, After a pertod of
steady conditions, Nowever, the ded concentrations would reach
equilidrium with (become saturated with respect to) the water column
concentrations. Then the pollutant flux cut of bed would dalance the
flux into the bed and no reduction of the water column 10ad would take
place.

24




. In real systems, however, time variable flows and loads would produce
unsteady concentrations and ¢disequiiibrium between the water coiqmn and
sediment bed. Whtle the long term loading of the total form of a
pollutanf may be conserved within the water column, short term loadings
{such as meaSuréd during fleld surveys) may not be conserved. Du?inq
periods of high concentrations in the water column or of net deposition
of sediment, the stream bed may-act as a sink. Ouring pertods of low
concentrations in water or of resuspension of the bed, 1t may act as a

source.

In evaluating metals or other nonvolat1ie nondegradable substances,
MICHRIV differs from stmpie first order decay models in that loss through
burial only takes place unt!l the suspended 5o)ids attain thelr ,
equilibrium concentration or (1f resuspension equals zers) until only the
dissolved fraction remains. In any case, the asymptote which the total
metal concentration approaches ts not zero, as 31lustrated in Figure 2.5.

‘Overall, the main advantages of ysing ‘MICHRIY (or SLSA) are tha:' they
discern between dissglved and particulate phases and they predict the ' .
degree of contamination of the bed. 1In addition, they better delineate
the factors -affecting the overall loss rate, theredy allowing better
utiltzatlon of previous collective experience in determining parameter
values and producing a much better ynderstanding of the controlling
factors. The aumber of degrees of freedam, hawever, complicates the
calibration procedure; in some situations more than one set of parameter .
valuyes may fit the fleld data.

Relative to some of the more complex models described 1n the next
section, the most important 1imitations of this approach might be that it
is one-dimensional, steady-state, and plug flow. In addition, MICHRIV
and SLSA lack complex kinetic routines for Internally deriving a chemical

wegradation rate from tnput data.
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For studies of far Field impacts (as opposed to mixing Zone impacts), .
{ateral and vertical vartations n concentration are seldom syfficient in
rivers and streams to Jjustify modeling in more than one dimension,
Lohqitudina! gispersion 1s likewise seidom suffictent in rivers and
streams to discourage use of 3 ptug Flow assumptiaon (Drtscoll et al.
1983). The plug flow assumption does deter applying such models %o
estuaries, however.

The steady-state assumption affects the rigor uitp which time
variability can be analyzed. When successive runs of steady-state mode!
are used to simulate a time seguence of events, the outdut of each
successive ryn s independent of the previous run. Unlike 3 dynamic
model, the steady.state model has no memory of the previous state of the
system: 1t assumes that the modeled conditions have persisted since time
immemorial. To the extent that the real system can “remember® its
previous conditton, for example through longitudinal dispersion ang a
long hydraylic retention time, 2 modeling error s generate2z. [n this
case the steady-state model would tend to overpregict dur'ng per‘ods of
high or steadtly rising concentrations and underpredict during perticds of .
low or steadily decreasing cbncentrations. )

. Mylkey et al, (1982) have compared the frequency distributions of
concentrations predicted by state-state and dynamic models. They app!ied
the steady-state model EXAMS and the dynamic mode) HSPF to 3 s!tuation of
a constant efflyent load discharging to a river with vartadle flow.

{Both models are desér{bed in Section 2.6 and in Attachment Il.) wWith
the steady-state model, a frequency distribution of dissolved chemica!
cancentration in the water column was generated Dy making several runs,
each with a different flow having a known frequency of occurrence, With
the dynamic model, the frequency distribution was constructed from a
continuous, day-by-day simulation aperated from the dally Flow record.

. They found the frequency distridution produced by the steady-state mode!
to be nearly identica) to that pr.1ucad by the dynamic, continuous




simulation model, regardiess of whether the’cnemgca1 was assumed %o Be
strongly or weakly adsorbed by the sediments. It 1s ‘essential to nate,
however, that‘th’s equivalence between the {requency distridutions
qene?ated by the two approaches appltes only to Fivers and only to'the
water column., It does not apply to waters having constderadle
longitudinal dispersion and long hydraulic retention times, such as
impoundments and estuaries, and 1t does not apply to concentrations in
the bed sediment (which similarly has a long retention time). Also, it
may not necessarily apply to situations where the effluent load or other
_key factors are rapidly varying over a wide range.
2.6 COMPLEX MODELS HAVING MULTI-DIMENSIOMAL, OYNAMIC, OR SPECLIATION

CAPABILITIES

The waste load allocation models described in the previous secttion
were one-dimenstonal, steady-state, water column and sediment models with
equilidbrium partitioning and linear transformation kinetics. The models
described in this section employ less restrictive assumpttions and contalin
more degrees of freegam. They tend tg involve more process-or‘ented
descriptions of chemical transport, sorption, speciation, ‘and
transformation. Enhanced process descript\bhi can provide a more
confident e:tranolation’o; model results ffom the calibratiagn conditions
to gifferent conditions it the same {1te-o; to similar conditions at a
different site. These models can also be operated to provide more
detailed resolution in time or space.

Chotce of a model wil) depend on characteristics and varladility of
thc'gasfe load and the recelving environment, the level of certainty
required n mode) extrapolation, and the type of data avallable. For a
given level of predictabiltty, the more complex models generally require
d greater variety of data, but with fewer constraints than simpler
models. For example, steady-state models require data averaged over
steagy conditions, whereds dynamic models can use data taken during
steady or unsteady'periohs.' Thé use of more ¢-~.lc. models require: nos :




technical competence and resources to obtain predictions, but not
necessarily more wisdom and experience to interpret the predictions and
gain insight into the problems.

A variety of fa'rly complex models exist or will soon be avallabdle.
Thase general purpose toxic chemical model codes described in this
section include: EXAMS, EXAMS 2, and TOXIWASP, developed by Athens
Environmental Research Laboratory; HSPF, developed by Hydrocomp and
Anderson-Nichgls for Athens ERL; SERATRA, TODAM, and MEXAMS, developed by
Battelle Pacific Northwest Labaratory for Athens ERL; WASTOX, developed
by Manhattan College for Gulf Breeze ERL; UTM-TOX, developed by Oak Ridge
Mational Laboratory for the Office of Toxic Substances; TOXIC, developed
by University of lowa for Athens ERL; and CTAP, developed by Mydro-Qual
for the Chemical Manufacturers Assoclation. To assist comparison,
MICHRIV and SLSA, the s)ightly less complex models described in the
previous section, are tabulated here 35 well,

Tadle 2.2 categorizes these comoqteru;cces; General characteristics,
of concern are the type of aquatic systemvthat can De simu!ateq (general
aquatic system or river), the chemica) capadilittes (generalized
poliutant that could be 1 metal or an organic compound, metal spec1es;
and diuqhter orbduct). the sedimene capatilities (descriptive input, one
s12e fraction simulated, or several size fractions simylated), the
dimensionaltty (one-dimensional, two-dimensiona), or box, which can be
arrayed as pseudo three-dimensional), the numertcal solution technigue
(finite d1fference, finite element, steady-state algorithms), the time
frame (steady-stats, seasonal, dynamic), and their avatladiiity.
Attachment I! of this document contains additianal information.

Clearly, a range of models 13 avallable with widely differing
capabtlittes. Table 2.3 summarizes what components of these models can
be corsidered moré complex or more general than those of MICHRIV and
SLSA: their transport, sorption, speciation, or ¢ ant‘drmatton




. Table 2.2 General Categorization of Computer Models
: (1isted 'n alphabettical arder)
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Table 2.3 Mode! Components which could be considered somewhat more .
complex or general than MICHR(YV
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algorithms, or their linkage to hydrologic, flow, and/or effects models.
Those components not labeled as more complex may be roughly equivalent
to, or sven simpler and more restrictive than MICHRIV and SLSA.

~ Generally 1t 1s sound practice to use the simplest aporoach that will
properly handle the_pfob1em. Nevertheless, to sat1sféctcr1ly resolve
$ome WLA prodlems, it may De necessary to apply a very complex 3nalysts
to some facets of the modeled system, To help discern the range of
analytical complexity avallable, the major mode! components are discussed
below,

1 Trangport an ter Exchange

Movement of both dissolved and particulate phase contaminants may
occur within the water column, within the bed, and between the bed and
the water column. (Transfer between the water column and the atr is
presented elsewhere In the guidance manual as °volatilization".)

In the less intricate MICHRIV and SLSA, transport in the water column
follows the one-dimensional steady-state salution to the ddvective
transport equation for chemical and suspended sediment. Settling and
rtsuspens16n velocities are spec1f1e& for particulates (and thus sorded
chemical). Less restrictive transpor? and bed/water exchange assumptions
can allow multiple sediment size fractions with different sorption and
settiing properttes, vertical or lateral resolution in the spatial grid,
and 1n many cases, unsteady flow. These properties are tadulatad in
Flgure 2.4,

In place of a single mixed layer of bed, some models discern multiple
layers in the bed. Dissolved chemical may be transported through the bed
by pore water 9crco1atjon. or exfiltration, of diffusion. . Sorbed '
chguica! may be transported by ;ed1mengat§on. erosion, or phystcal m1x1n§
of the sediment. Some models allow horizéntal movement of the upper. bed
layer (representing "Fluid mud" or ded load). Other models can represent’
this process with benthic water colusn seﬁnents carrying a high suspended
solids load. These properties are tabulated in columns 4 and § of Table
2.4 for each model.
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Table 2.4 Transport and Bed/Water Exchange Properties .
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In MICHRIV and SLSA, chemical transport dbetween the bed and the water
column accurs through pore water diffusion and through steady scour and
deposition of sediment. Some of the models considered here omit pore
walter diffusion and describe this exchange as direct, first order
sorption detween bed and water column., Mathematically, the results are
the same, given equivalent parameter valyes. Other models agd a-
parameter to describe enhanced dispersive exchange due to dioturdaticn or
physical mizing, The value of this parameter can de specified in a

" qualttative sense only. Finally, 'n place of the above calibration tnpy?

parameters, some models can internaily compute sediment exchange
parameters from functional relatienships Detween flow, shear stress, and
scoyr. These properties are tabulated !n columns & and 7 of Table 2.4.

2.6.2 Sorption

Sorption of a chemical cntoc sediment s generally considered to
proceed rapidly compared to other transport or transformation processes.
MICHRIV and SLSA assume adsorpticn and desorption are comp'etely
reversidle, and proceed rapidly. Mathemat'cally, these two dssumptons
Tead to the use of a partition or distridbution coeffictent for
sorption/desorption. This coefficlient can be measured in the laboratery
and  adjusted for conditions in the environment.

Many of the other models also use partition coefficients adjustec ‘or
organic carbon content of the sediment. (ne mode! also automatically
adjusts the coefficlent for sediment concentration dased on higher
partitioning at lower sed\meqt concentrations, Some models make use of
the Langmyir or Freundlich isotherms widely used !n soi! sclence. These
empirical relationships ‘predict progressively less additional sorption as
chemical concentrations bDecome higher, reflecting the saturaticn of
Binding sites on the sediment particles. At low chemical concentrations,
these isotherms approximate a linear isotherm, or partition coefficient.
Use of these isotherms, then, should be tmportant only when relatively

high chemical «an atr tY 93 dre expected.




Other models assume a linear 1sotherm at equilidrium, bDut specify a
first-order rate at which equilibrium is achieved. This may bde important
when transport or transformation processes proceed as rapidly as sorption
(say, on the order of minutes to an houyr). It can also be important
close to the point of discharge of an effluent high in solids entering a
river low in salids (as 1llustrated in the Flint River case study), or

visa versa. . . .

Three types of theoretically-based sorption algorithms have been used
in these models: lon exchange, constant capacitance double layer, and
triple layer stte Dinding. The ton exchange technigue can be uyseful for
jonic compounds where selectivity coefficients for exchange reactions are
available. The constant Eauacitance and triple layer models consider
charge-potential relationships at the surface and the changthg properties
of the surface as. a result of changes in pH or lonic strength (Feimy et
al. 1983). They require specific experimental work to obtain the
parameters, and are thus !imited to applications where sorption-pH
dynamics a}e important, and where experimentai work is jossibre.

Tadle 2.5 tadbulates the sorpticn properties of the general purpose
models considered here. It is important ta note thaf research 1s active
in this fleld, that other farmylations have been described 'n research
models, and that these formuylations will De tested and availadble !n
general purpose models within a few years. o

2.6.3 Soeciation

Many chemicals or metals discharged into an aquatic environment-w!!}
be found in several species or complexes. A common speciation process s
jonization, whi¢h 1s controlled Dy pH. Both chemical reactivity and
toxtcity can be significantly affected Dy the extent of tonizatioa.
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Table 2.5 Sorption properties.

Y3AV Y 1Mdint
1WN0U WL R0 NG

JONVHOX)
NO1

p—— ———

W10 |
»JILININ. BYINID

W1 XINN3Y¥J
U0 YIAWINVI

(NOT1VYLKIINGD
ININI0IS)Y =

M 49300

L J L] - . ® °
NO1)11bYd
o~ <
” %]
-t
< 1%
»
tat .- . o
> Vi
. i - < A -
v} X « o = g X - o
o x e o x [ < — — 1 [t
[ ! o, o [ & ] o Q f » x vy
- » (%} el — W (=] (=] (o] (= «
L = x ® v [ - [t - =

36




For metals, an important process °s.iri-ganic complexation, Tanle .
2.6 gives, for example, the possid'e ¢'ssrived specties of lead 'n water
containing nitrate, chloride, sulfate, ““:oride, and carbonate (Felmy et
al. 1983). To calculate these species, cne needs experimental data on
the equiiibr’um'constﬁnts ang environmerzal data for pH, chloride,
sylfate, flouride, nitrate; ‘an¢ car=ora“r. A reliable thermodynamic data
: bése Ys avatlable for ‘norganic complexation of some.hetals. and
incorporated into some geochemical moce's, including MEXAMS, the only
geochemica) speciation model Tisted '‘n this section.

Another important process for metals in many natural waters is
organic complexation. The experimental data base is more limited than .
for 1norga61c complexation. Some data for fulvic and humic acids are
incaorporated into certain geochemica' =odels (i1ncluding MEXAMS).
Experimental data from a particular sice, however, would be better for
waste load allocations at that site. -

TXAMS and EXAMS 2 have the cacad'!‘'‘%; of gtscerning ug %2 § ‘on'c
species of any organic pollutant under study. Unlike MEXAMS, 1t does not: « .
predict metal speciation. The other models have no accounting of lonic
species.

2.5.4 Transformation

Transformattion of a compound with'n an aquatic environment can resul?
from physical, chemical, or Diologica! reacttons. The standard set of
reactions includes photolysts, nydro1ysis} oxidation, and biolysis.
Because volatilization (transfer into the atmosphere} is handled in a
mathematically equivalent way, it too can be treated as a transformation
reaction. These processes are discussed in Section 3.1 of this guidance
document,

The simplest aporoach, such as that used in MICHRIV and CTAP, 15 to
utilize a single first-order rate coeffictent specified in the program




. Table 2.6. 01::’9"« Spoectes of P

2e . poCY?
POCOM)2 (AQ) | PBCY, (AD)
PB(OH)q : ?béig
Pbo(OH) 3¢ PRI
Pb(OH) & POF 3§
PONO3 POF,
PBSO, (AQ) POFy (AQ)
Pb(C);)g- bez-

From Felmy et a1, 1983,




input data. The analyst may ooiatn this rate coefficient by theoretica)
caleylation or by caiibration. First. order rate coefficients for
competing processes are combined by simple acd1§10n to cbtain an overal)
first order rate coefficient (with no loss of rigor). SLSA performs this

addition internally.

The other ten models allow decay to be formylated as a second-order
process: proportional to the toxtcant concentration, and proportional
to some other concentration or environmental aérameter. such as hydrogen
ton cnn:entrition {In acidiec hydrolysis), or bacterta) concentration (In
biolysis),

where, X =« Second-order coefficlent
' C‘ s An envirofmenta) parameter
C8 a Concentration of toxicant

With respect to the toxicant, the product KC‘ 1s sometimes calleq 4
*pseudoc® first-order decay coefflcient: a first-order coefficlent whtch
varies as a function of another parameter. To comniné multiple
processes, the models internally add together the “"pseudo” first-order
coefficients in arder to obtain an overall first-arder decay coefficient.

In four of the eight time-variadlie models constdered here, the
overall reaction rates can vary In response to the time variation of the
relevant environmental properties, such as temperature, pH, light, wind
or cﬁrrent velocity. These four models are EXAMS2, HSPF, TOXIWASP, and
UTM-TOX. ‘

Lastly, EXAMS 2 and MSPF are able to handle daughter products along
with parent compounds in a single simulation. Other models require two
separate simulations, with internal loadings from the parent compaund
specifted as external input to the second simulation.
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SECTION 3.0 -
ESTIMATION AND USE OF MOOEL PARAMETERS

The purpose of this section 1s to Drovfde information for estimacing
paraﬁeters for a model of intermediate éomoleztty. sucﬁ as MICHRIV,
described 1n Sect1on 2. Some discussion of the basts for estima:\nq
process rates will dDe presented; houever this document will not
duplicate chemical-specific data and coeff\c\ents presented eisewhere:
Mabey et al. (1982) tabulate values for the ktnetac coeff\cien:s requirec
by EXAMS (and simtlar models) for the organic priority po!1utants
Callahan-et al. (1979) rev1ey,thg‘fate characteristics of‘the 129
priority pollutants; Mills et al. (1982) summarize fate data for se!ected.
pollutants: Lyman et 3}, (1982) present ‘methods for estimating chemica’
properties; and Mi1) et al. (1982) present Iauoratori protocols for
evaluating the fate of organic chemicais. )

The section will cover partitioning detween agueous and particulate
phases, exchange betueep_the water column and the ded, exchange detween
the water column and the atmosphere, and transtfmation,or degradation of
the chemical. 1In order to maintain Focus on toxieant modeling, the
discusston will not cover transport of the dulk flyld (advection and
dispersion); such tran;port ts adequately covered in conventiona!l
pollytant texts. Fuyrthermore, downstream mqvemeﬁt of the bed will not de
dealt with.here, as this process 1s ordinarily not expected to be
tmportant for toxicant transport and is not 4ﬁcludea in most mogels.

30 EXCHANGE BETHEEN 8el AND WATER

- 1In mndel\ng the transnort and fate of chemicals 'n aquatic
systems, it has. been increasingly evident that knowledge of how 3 given
chemical s distributed among-var1ous'phases --sglution, suspension, air
and bottom sediment Interfaces, blota - is sssertial. One of the most
significant mechanisms for the movement of toxic chemicals through the
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aquatic environment is the adsorption or uptake of the chemical by both '
nonviable and viable particulate matter, tolluwéd Dy the transport of the
interacting particulates. Assoctation with suspended matter nat only

alters the transport regime of a chemical - by Introducing addttional.

mechanisms such as qenosttion and entrainment - but the proce%sAtah aiso

tndirectly affect the rate and extent of transformations and blotic

accumylation. For example, partitioning of a portion of a chemical in

suspended salids will reduce the flux of that chemical iato the

aimosnhere via votatilization of the soludle phase. On the other hand,

such soli¢ phase partitioning would be 1ikely to increase the chemical (
flux into the bottom sediments by deposition pracesses. Accardingly,

accurate determination of the transport and fate of a chemical reguires

concurrgnf knowledge af the transport‘pnd fate of interacting oarf1Cu1ate

matter.

Literature on sediment transport in riverine systems is extensive;
however, accurate prediction of sediment dynamics from bastc theory
appears tenuous. Rather than attempt an extensive development of the
theory involved ia river sediment transport, the focus of this subsec:‘.bn .
will be to provide some methods for'estimat1ng sediment transport
parameters. A further develapment of conceﬁts ts aobended (Appendix 3)

3.1.1 Particle Transpart and Exchange

The capacity for particles to interact with aqueous toxicants 13
related to the particulate surface area. As small particles have greater
surface-to-volume ratios than large particles, 1t s the smaller (silt
and clay sized) particles that tend to be more impartant in determining
pollutant behavior. Smaller particles are also more readily carried by
the streamflow than large particles. : ' -

Within the MICHRIV modeling framework, the variables or parameters
which control the~e;changé of particles between the bed and the water
column are: m, and_m , %2 J11¢e concentrations in the water and

i @




bed; and 'sz;'rs' and udgitheiveloclt1es (m/day) of settling,
resyspension, and burtal (sedimentatton). The thickness of the active
bed 1s assumed constant. Specifying any four of these five variables
allows the last one to de calculated from: ’

(x) .
Ha(x’ = L - W (3'1)

m, H rs
As MICHRIYV and SLSA (as well as some more complex models) recogn'ze
only one particle size or type, the parameters may represent average or
median values.

In several model frameworks, including MICHRIV and SLSA, the bed
soljds concentration, mz. ¥s a user specified constant. For a typical

river bottom with water content 60-90% Dy weight, and a typica! solids
3 :

~density of 2.5 g/cm”. m, will vary in the range 50,000-500,000 mg/t

{in terms of bulk volume). Flint River bottom sediments were measured a%
200,300 mg/1 (Section §).

{n most models (\nc1ud\ng'n(CHRIV but excluding SLSA and EXAMS) the
solids concentration in ;ne water column, m . 1s a state variagble
predicted from the solids loadings and the settling and resuspension
velocities. In nlﬁﬁh!v (fs described in Section 2), m, ts given Dy:

m
my(x) « m(0)e MYy . —";3— (3.2)

where 311 parameters are constant.

It ts useful to identify three basic conditions of particle

'excnange. First, @ condition mag,exist where m remains constant

(moving downstream) and the sediment bed 15 neither aCCUﬁuJatinq'nor

sScou. 11g way. Although solids settling and scour may be occurring, t' .y




are in a state of equtlinrium (V.e,, they baiance each other) ‘
consequently, = 0.

In the second condition, m, decreases moving downstream because the
settling flux exceeds the resyspension flux. As the ded cannot move
horizontally in MICHRIV, the resulting excess in settled solids ts burted
at velocity Y > 0. [n the third condtton, m, increases because the .
resuspension flux exceeds the settling flux; for the resuliting net scour,

4 < 0. These three possibilities are depicted in Figure 1.1,

It must be noted that in models which allow downsiream movement of
the bed (bed load), LA could be given a different interpretation. For
example, when settling exceeds resuspension (u > Q), an tacrease in
bed load {at the expense of the suspended Ioad) coyla be permitted to

remove the excess sediment. [n this case “q could reflect the rate of
increase of the bed load. As noted in Appendixz B, however, bed ioad !s
seldom expected to be an important transpor? mechanism for adsordec

toxicants.

1f the downstream profile of m.l fallows Equation 3.2, then 1t may /.
de possible to evaiuate v, and w, (or vy ) 1ndsrec:1y The -
pracedure is analogous to determininq 4 f1rst order decay coeff1c\ent
from the disappearance proftle, but has the complication of an aad"iona
degree of freedam. [n the following discussion 1% 1s assumed that )
u1 {velocity), H1 {(depth)}, and 01 (Flow) are known constants
throughout the reach, m,(x) has been measured at several points through
the reach, as i1luystrated in Figure 3.1, w, and w . are ynknown but
gonstant, and " (z) is unknown and varjable (per Equation 3.N). It is
also assumed that steady state conditions prevall and that the bed is the
only saurce of solids delow the head of the reach (for example, no

nonpoint loads and no phytoplankton growth).

20

8y evaluating Equation 3.2'for large values of <, w_ can be related
to the m, asymptote: '
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m, (=) _ A _

'PS » "2 \is , (3.3)
where m, (=) 15 the asymotote (m,(x) at x s @), estimated visually

from a profile such as shown in Figure J3.1(d). [If Eguatioen 3.2 %s
normalized for the asymptote and put In logarithmic form, the derivative

(slope) of the resulting expression is directly related to ws}

w, s -ugn, 4199 [mix) - mi=)) : (3.4)
s ™ -

This in analogous to determining a decay coefficient from the slope of a
semi.logarithmic plot of concentration versus time. Maving thus determined

ws 4nd w .. the value of wy(1) 1s given by Equation 3.1,

Alternatively, the value of ud(:J at dny particular point can de
expressed in terms of the linear (rather than semi-logariidmic; s.ope a'
the prafile:

’

U H : {z)
. 1 am,y

ud(x) s - n e ‘ {3.5)
The value of w, would .then De given Dy comdining Equation J.1 ang

3.3, and the value of L by Equation 1.3.

The indirect estimation of salids exchange velocities, as describeg
above, may be difficult in many practical sttuations. If hydraulic
conditions (such as U1 and H,) vary along the length of the river,
then v and v, may also vary. Normal scatter 'n the suspended
solids data (such as caused by time varlability) may make ‘identification

of slope and'asymotote ambiquous. The analyst may thuys need other means
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for estimating v, and Wooo. Both may be independently estimated, or
having independently estimated one, the other can De more eas'ly
calibrated using the sollds profile (as 1llystrated in the Flint River
case study). .In any case. calidration 1s assisted by recognizing that
the magnitude of v (or yd) controls the distance needed ;o“anpréacn
the asymptote, while the ratio 'rs’“s controls the value of the
asymptote.

A direct estimate of the settling velocity, We. €an be made using
Stokes' equation. Figure 3.2 tllystrates the solutign of this formyla.

2
vo ¥%: (;s - 5 (3-6)

where, v¢ = Stokes' settliing velocity (cm/sec)

g » Gravitational acceleration (approx. 380 cm/sec?)

d « Particle diameter (cm)

v » Kinematic viscasity (cml/sec) (Figure 3.28)

Sg¢ » Specific gravity of particie (dimensionless ratio)
Specific gravity of water (1.0).

. This calculation 1s intended to apply to noncohesive spherical partic'es
in a quiescent medium, Substantial aifferences may exist between the
calcylated Stokes' velocity, vgs and the effective settltng veloc!ty,
e of natural particles under both ladoratory and fleld conditions.
Such differences may result from particle interactions and fly'd

turdulence and shear.

Coagulation or clumping together of suspended particles creates
larger dtameter particles having higher Stokes' sattling velocity. The
tnter-particle collisions necessary to bring this about may resylt from
(a) 8rownian motion (diffusion), (b) shear (ve1d;1:y gradients) internal
to the fluld, and (c) differential settiing velocities, causing more
rapidly settling particles to intercept sTouér settling particles beneath
them (0'Melia 1980, Mayter and Mehta 1382). The inter-particle
cohesiveness needed to produce ag9gregat-- from colliding particles may
result from (a) van der Waals forces, (u) electric charges on particle
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syrfaces, (c) interactions of aqueocus lons attracted to the charged
surfaces (doudle layér). (d) chemizal bonds, and (e) other mechanisms
(Parta§h1ades 1971). As a result of coagulation into larger parf1cles
the observed settling velocity may Je orders of maqn\tude Jarger than the
Stokes velocity of the disaggregated particles (u:hr\n and weber 1980).

Hayter and Mehta (1983), n modeiing fine sediments in estuartes,
indicate that the effective depos‘tica vgiocity. oo gecreases with
increasing shear stress, v, produced dy the fluid passing over the
bed. Shear stress .In an open channe: 1s determined as Follows (Graf
197):

v s YRS (3.7)
where, v = Shear stress (Newton/m?)
v.= Specific weight of water (approximately 9807 N/ml)
R « Hydraulic radius, approx‘mately equal to stream depth (m)
S » Slope of the energy g-aide 11ne approximately equal o the bded

slope (m/m)

1f the stream veloctity, U, is assumed 2o follow Manning's equation, then
the ded shear can be expressed 3: “yilyws:

t s v (n U/1.486)2/R1/ (3.8)

where n 1s Manning's roughness c¢aer*i1:.ent. Under th's condition, Jed
shear is related to the square of velosizy. '

Parthenaides (1971) notes tnat there 13 some critical velocity or
shear above which no deposition of Ffiae: particles will occur. As
velocities drop below this critizal valye a rapidly increasing propartion
of the fine particles are zapable of depositing.

In this vein, HydroQual (1982) recommends settling is equal to
25-50% of the Stokes' veloc'ty in most rivers, and to as 1ittle as 10% of
the Stokes' velocitv in shalla. st-2ams. They also point out that the
Stokes 'r1c.1at1on shou “ b treatad as a preliminary estimate, to be
modifled by calidration ta <he suscerded solids data.
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"~ For quiescent waters, Thomann (1982d) and Richardson et al. (1983)
have calculated LA in the rinée 0.1-5 msday. 1ln the Flint River case
study, L was caltbrated at 0.25 m/day during low flow and 0.6 m/day
during a higher Flow pertod. (An increase in settling velogity with an
increase in flow i tﬁe result of suspension of larger aor denser ‘

particles by the higher flows). The manual Jedimentation Enqineering

(ASCE 1975) presents a thorough discussion of the effects of sediment and

fluid properttes on the settling velocity.

Direct Instream measurements with sediment traps can be used to
estimate L MydroQual (1982) briefly discysses such measurements,
summarizing the findings of Blomquist and Hakansom (1981) on the accuracy
of varlous types of sediment traps. ' ‘

'Tho'resusnens1oh velacity, w__, alse depends on the shear stress,

v, as well as on the strength ofr;ed to resist shear. The strength of
‘the bed is related to the nmature the particles and the depasition history
{including age and degree of consalication). Below some critica!
velocity or shear, 11ttle or no resuspension may take place, while above
this crittcal value, resuspension may tacredase rapldly (Parthenaides ‘
1971, Hayter and Mehta 1983). The parameters determining resuyspension

rates myst generally de empirically measured.

¢

Bonazountas and Mathtas (1984) discuss data and methads, and propose
dlgorithms for determining doth debosit1an and resuspensian, - Thetr
computer model, SEDIM, ts intended to De used for estimating the input
parameters of commonly used toxicant models. It employs the faormulations
of Einstein, Meyer-Peter and Mueller, and Toffalett, adapted to account
for the fleld data avalladle to the analyse. ’

3.1.2 Diffusion Between the Water Column and Pore Water

Diffuston of dissolved pollutant between the wate- column and the '
sediment Interstitial water operates to move materta. from the region of
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higher concentration to the region of lower concentration, in accordance
with Fick's Lau.' If no dissolved concentration gradient exists then
diffusion 1s unimportant. Water column and pore water would be expected
to attain the same concentration under the fallowing condition:  (a) .
steady state with (b) partition coefficlents equal in the bed and the
water column, and (¢) no decay within the bed.

Unsteady conditions produce concentration gradients that can make
dV\ffusion important. In addition, \f partition coefficients are lower in
the bed than in the water column due to the higher solids concentration
in the ded (Q'Connor and Connolly 1980), then deposited particulate
pollytant may have the opportunity to desard and diffuse back into the
water column in the dissolved phase. Decay in the bed, on the other
hand, would tend to depress pore water concentrations relative to water
column concentrations. Thomana (1984) indicates that for metals copper,
cadmiym, and zinc, sediment diffusion. Vs an Important process in waters

‘having suspended sollds cnnccntrat1oﬁs Tess tham about 0 mg/t.

The exchange coefficient descriding dissolved exchange between the
bed and water column has been termed ‘L in Section 2. HydroQual (1982)
notes that.this parameter s difficylt to measure directly. They belleve
that ‘L in the range 10 - 100 cm/day may anogar reasonable based on
f1eld and microcosm calibration results.

Both molecular diffusion and physical stirring of the bed may
contribute to the magnitude of the exchange coefficient KL'
molecular diffusion s ‘mportant ‘L can de estimated from the
expression (HydroQual 1982):

Where oniy

KLODL."/.‘ (1.8.1)
ﬂ.h.r.:

0L = molecular diffusivity of chemical in water (cm/day)

¢ . ‘ec'ment porosity (dime .ion.ess)

4 » length of vertical concentration gradient in sediment (cm)
N » § power

S0




The seaiment porosity & appears the numerator to account for the
reduction in diffusion caused Dy the tortuosity 1n sediments. [t appears
in the denominator to.account for the conversion of concentration units
from interstitua) volume %o bulk volume. The vertical concentration
gradient length § may be taken to De equivalent to the aclive sediment

- thickness “2 used in-Section 2.5. The value of n-is 4 sediment

dependent property ingicating the relationship bdetween porosity andg -
tortuosity.  HydroQual (1982) assigns the value A « 2; however Chapra and
Reckhow {1983) indicate that other values may alsc apply. ‘

- Chapra and Reckhow (1983) present the molecular ¢iffysion coefficient
data of LY and Gregory (1974). qu priority pollutant metals DL Vs
frequently between 6 x 1078 ang 12 x 1078 em?/sec -at 25°¢.

D1ffusivity s roughly linearly related to temperature; values at 0°C are
about.palf of those at 25°C.-

fquat?on 3.8.1 does not incluyde the effeE: of ahysical stirring of
the bed sediment Caused Dy currents and benth'c anima’s (3totyrsaction;.
Heathershaw (1976) and fFisher et a1, (1980), among others have nated the
tmportance of dloturbation In increasing the effecttve rates of diffusion.

Ada1tton;l explanation of sediment a1ffus\oﬁ processes and
formulations are provided by Berner (1980}, Chapra and Recxhow (1983),
and 0%Toro and Connolly (1980). '

3.2 PARTITIQONING PROCESSES

3.2.1 Metals Partitioning

The interaction between dissolved metal species and riverine
particulate matter, under normal physicochemical conditions, generaily
leads to a large fraction of the metal being associated with solids.
when a significant fraction of the total metal in a system js tin the
solid phase, the fate, transport, and bioavailapility of the metal are
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altered consideradly. There s ample evidence In the literature that
metal assoclates with particulate matter; however, theorstical (as
opposed to‘emotrical) approaches have not been widely appliec to
quantifying this process in natural systems. The purpose of this section

"ts to present the theoretical considerations that have led to the simple

parameterization of metals partitioning commonly used, and to ‘ndicate

‘the factors which influence partttioning.

The accumulation of heavy metals in aquatic so)id substances can de
;haractc:1}ed by_theffo!1ou1nq five major mechanisms (Gidbs 1973):
1) adsorptive bonding on fine-grained substances, 2) precipitation of
discrete metal tomnounds.:3) coprecipitation of metals by hydrous Fe and
Mn dxides and by metal carbonates, &) associdtibn with organic molecules,
and S) incorporation into crystalline minerals. l[nconsistent '
interpretattions of metal solids interactions in natural waters can eastly
arise in sityattons where different mechanisms are operating under
different environmental conditions. Far example, even though adsoraZ‘on
1s & necessary first step For heterogeneous surface precipitation, Corey
(1981) distinguishes between the two as follows: 1) adsorption 15 a
two-dimensional, surface layer process while precipitation involves
three-gdimensional crystal dulldup, and 2) in adsorption, solutton
ad%orbqte concentration is controlled by surface site concentration
whereas the degree of prectp%tat1oq 15 controlled by solution -
concentration. For heterogeneous precipitation to occur conditions
leading to a critical supersaturation of the adsordate ion must exist.
In a system where the ultimate result is the formation of a precipitate,
however, the strict assumption of an adsorption-desorption equilibrium
may be invalid.

In most casos'cncounterod 1n river systems it would seem that
adsorption of metals to tnorganic surfaces 15 the dominaat binding
mechanism. However, 1n'situations where there 1 a'IQrgé fraction of
btological solids, sorptton Into biomass or binding by ¢.ganic surface




functional groups can play an important role.. In fact, most of the
models descriding the interaction of adsarbate lons and surfaces have an
tmplicit definition of adsorption as a two-dimensiaonal, surface

phencmenon.

¢
adsorption models deve1aoed from a theoretica] bas's are qenerally a

composite of surface complex formation theory {Schingler et al. 1976;
Huang and Stumm 1973) and variocus electrostatic models
(Gouy-Chapman-Stern mode] in Shaw 1978; Grahame 1955; James and Healy
1972). More recent modeis, such as the one proposed by Davis, James and
Leckde (Davis ‘et-al. 1978; Davis and Leckie 1978; James et al. 1978),
comdbine surface complexion with electric dounle-1ayer theory and
1nttrpret adsorption phenamena in terms af a knouledge of the spec!at\on
of the adsorbate and the adsornt1on site.

Current adsorption models have heen reviewed by a number of authars’
(Westall and Mohl 1980; James and Parks 1981; Schindler 1981; Morel 1981)
and have deen shaown to have a sound thegretical dasis. The applicatton
of these maodels to well-characterized laboratory meta)-ligand-surface
systems have shown excellent agreement with experimental observations
{e.g., Davis and Leckie 1978a; James et al. 1981; Theiss .ang Richter
1980; Senjamin and Leckie 1980). MHowever, u1thoﬁt further basic resedreh
ang experimentation with natural aquattc sediments, 1t u111 be difficuit
to apply the theoretical models to adsorption in natural systems The
application to natural systems is malnly hampered By the need for data.on
numeraous Intrinsic parameters for each adsorbent phase in the system of ‘
interest.

Despite the lag that currently extsts detween the development of
theoretical metal adsorption models and their practical application to
natural systems, there has arisen (through model deve!opment and
exnerimental observat\on) general agreement on many of the characteristic
features 0 .1ds~rutioq reactions. getal adsorption 1s considered to be
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analogous to the formation of soludble complexes, with the only difference
being that the 1igand in the reaction is a surface site (Stumm and Morgan
1981; Benjamin and Leckie 1981}). -Thcrefure.‘the same factors affecting
solydle complex formation also affect the interactions at surfaces.

Of course, pH 15 one of the most influential parameters in governing.
metal adsarption, affecting Joth the type of syrface sites and the
speciation of the metal ton in solution through hydrolysis reactions.

. For example, surface hydroxyl groups can exist in three possidle charge

states, with the relative distridution depending on the pM and acidizy
constants. '

*
-0} S-0H =—_5-0 )

At tne'same time the metal ion will undergo hydrolysis as DH increases. The
resultant surface assoclation of metal lons with hydrous oxide surfaces
tends to demonstrate a rapidly increasing metal ion adsoration as L]
increases over 3 very narrow range of 1-2 units (James and Healy '972a; anag
many others).

This *pH adsorption edge,® as it is commonly called, often i
demonstrated by a plot of percent metal adsorbed versuys pH. An example
of a typical metal adsorption edge i3 shown in Figure 3.3. I[n most
cases, fractional adsorption decreases (the pH edge shifts to the right)
as total metal concentration (HQT) in the system increases, otper
conditions being constant (Benjamin and Leckle 1980). This effect 1
most .often evident at low adsorption densities, when excess surface sites
are avallaple.

In situations where-complexing ligands (either organic or inorganic)
are present in an adsording system, the above qeneralization for the
relationsnip between metal adsorption and pH .s not always true. In
fact, depending upon the particular metal, 1igand, adsorbent and pH
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range, fractional metal adsorption has been observed to decrease as oM
tncreases (MacNaughton and James 1974). B8enlamin and Leckie (1381; 1982)
have proposed & conceptual model to explain this behavior, where the
possibility exists for free metal, a metal-ligand complex, or free ligand
to De associated with a surface. Then the percent adsorption of a
metal-ltgand complex will increase with pH 1f 1t behaves as a free metal
in i1ts surface 1ntera;t1on ("metal-like") and will decrease with po if
1t£ adsorption reaét1on is similar to that of a free ligand ("ligang
Tke).

Another characteristic feature of metal adsorption s competition
between adsorbate metals. Major cations, such as calcium and magnesium,
have been shown to influence the adsorptian of a given metal ion.
Predictability of the Inflyence of major catton 1s diffFicult, and
ob;ervat1ons range from innibition to no effect. At any rate the effec?

" certainly seems to be smaller than those due to variations in pH and

19gand levels,

Competitive adsorption inhibition among-adsording trace metals i

* observed even at very low total adsorption densities (at most a few

percent of all surface sites occupled). Benjamin and Leckie (1981) have
suggested that the .explanation for this phenomenon is the presence of
several distinct groups of surface sites. Then the possibility exists
for two metals to be competing for the same grohp of preferred binding
sites, which may represeﬁt only a small fraction of all surface sites.
The existence of multisite surfaces m&y also partially explain the
variation of pH-adsorption edge among different metals adsorbed
individually to the'samc adsorbent. In this ‘case different binding sites
are preferred Dy each meta).

Although numerous experimental adsorption studies with fmoqe}'
adsorbents have been conducted, the number of )aboratory studies

"m stigating the uptake of trace metals by natyra) aquaftt sediments is

36 U.S. EPA Headquarters Library
Mait Code 3404T
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Wa. .aon DC 20460
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relatively small. The resylts of these adsorption experiments of trace .
metals partitioning measurements made in natural aguatic systems are '
generally quantified 1n terms of relatively simple empirical expressions,

including general exchange equ'!librium expressions (Langmuir 1981) and

adsorption tsotherms (Oakley et al. 1981) of the Freunclich or Langmu!r

type.

The data from a typical metal adsorption Ysatherm run at specified
environmental conditions, when plotted as the adsorption &ensr;y versus
equilibrium dissolved metal concentration, generally can de fit to a
Freundlich or Langmuir Ysotherm (Figure 3.4). The Freundlich tsotherm is
an empirical equation having the general form _

R R : ‘ (3.9)

where eranc n are Fitting constants, The Langmy!lr ecga:!on has a more
theoretica) base and. may De deduced from either kinetic or thermodynamic
cons\déragtons (Weber 1972). The Langmu!r eguation assumes tnhat max‘mum
adsorption density corresponds to a saturated monolayer surface covering of
adsorbate, that the energy of adsorption Vs constant regardless of adsorption
density, ang that there s no migration of adscrbate !n the surface plane.
As shown in Figure 3.4 the Langmulr equatton can be expressed
ralM],

(3.10)
(Fu/Ry) * (4]

[ a

rS

where [ = Spectfic adsorption density of tne metal [Moles Me/mg
Adsorbent] (*gamma®),

gy = Maximum adsorption density 'n forming a complete mono!ayer
(Moles/mg] (1.e., number of usable surface sites per unit
mass.of s011d), and

(M] = Equilibrium dissolved metal concentration [Moles/t].

The c¢aonstant r /K . whicn normally is ur1t‘~n /5 in the Lanqmuir
equation, 1 ;houn 1n this manner t:ecaus."..a -.an De thought of as a
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condttional adsorption equilibrium constant (t/mg) for a surface-metal
complexation reaction of the Form:

Xa
M+ S mmmei.S

x‘ ts termed a conditional equtlidrium constant because 1ts value in
only a constant for specified surface and bulk solution chemical

conditions.

It is convenient to express the Langmu)r adsorption isotherm equation
in the above form Decause, due to low metal adsorption densities 1n
natural systems, adsorption )s often linear with respect to dissolved
metaj‘concentrat1nn. Then, since r /K, >> [M], Equation 3.10
reduces to

s x‘[”] or Ka - __I:_ s {H-SI ) {(3.11)
‘ : (M) {M]S¢4
where [(M-S] = Concentration of metal 'n metal-surface compiex
, (mole/t) and : .
s} = Total concentration of interacting (adsorbing) solids
(mg/1).

Converting the Langmuir nomenclature to the toxicant modeling
nomenc lature of Section 2.5 (Table 2.1), 't can be recognized that Ka
@s the same as v (L/mg), [M] (melesL) corresponds %o Cd {ug/y),

[M-S] (mole/L) correspands to cp (gg/lj. ST 1s m (mg/L), and
© (moles/mg) corresponds to r (ug/mg). Thus, Eguation 3,11 can de

written:
)
L | 3.12
&, A .

The distribution of meta) between dissolved iand solid phase can therefore
be determined by specifying the partition coeffictent and the
concentrattion of interacting solids.
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It should be empnasized that the value of the partition coefficient
for a given metal 's dependent on a number of environmental conditions
such as pM, pe, 1pn1c,strinqth.‘concen:rat1qn of complexing organic and
inorganic 11gands, concentration of competing surfaces, and concentration
of competing adsorbate spectes. The use of # ts, therefore, limited to
conditians very similar to those for which 1t was determined. [f a wide
range of environmental conditions are encountered, then s must be
quantified (either experimentally or theoretically) for the conditions of
interest in order to accurately compuyte the soluble/solid phase mezal
distribution. This point dezame apparent during the mode! application to
the Flint River system.

The partition. coefficient might be adjusted as & function of
enviraonmental factors, as described below:

1) Metal adsorption 1s highly dependent on the type and relative amount
of each salld phase making .up the solid$ in an aguatic system.
Oakley et al. (1981) demonstrated this postulate using bentan'le
clay, amorphoys iron oxide, hydrous manganese oxide, and humic acig.
Sediment organic content can.be highly correlated with metal
partitianing for those metals, such as copper, that have a high
affinity for humic acids (Dakley et al. 1981; Ramamoorth and Rus?
1979: Suzukt et al. 1979). ' :

2) Metal partition coefficients depend on the size distribution and
concentration of adsording aguatic sediments. It Vs obvious that
smaller particles would have a larger surface area-to-mass ratio,
thus having & higher capacity for the metal (Tada and Suzuki 1982).
It 13 not obvicus why a higher solids concentration gives a lower
calculated partition coefficient, although it has been observed in a
number.of studtes on both metals and organics (0'Connor and Connclly
1980 0iToro et al, 1982).

3) Of course, pH and other water chemistry parameters (particularly the
presences and concentration of metal-complexing and &dsording -
19gands) will affect partition coefficients. Many of the same
observations made on *model" systems in contralled laboratory studies
have been cbserved in studies of natural aquatic sediments (Gardiner
1974; Huang et-al. 1977; Vuceta and Morgan 1978; Tada and Suzuk?
1982; Brown 1979).




An 31ternative to adjusting metals partitioning as a ‘function of .
environmental conditions baied an theory and liaaratary experimentation
would be to empirically derive correlations from extensive fleld data.

By measuring partition coefficients for a range of water quality in a
given system or by reviewing partition coefficient data from many
different river systéms. a myitiple regression might be found for a given
metal partition coefficient versus such important water quality
parameters as temperature, pH, hardness, alkalinity, suyspended sallds,
dissolved organic carbon, and chlorophyll 3. Attachment 1 contains a
summary of data retrieval of fleld measyrements of metals partition
coefficients with pertinent water quality parameters., Figuyre 3.5 .
summarizes the regression results for the major metals for data obtained
from streams. These data are useful for estimating metal partition
coeffictents for specific river systems where actual fleld data are not’
avallable.

3.2.2 Qrganics Partitioning : : .

Ho:i organic contaminants of concern tend to be .relatively
‘hydrophobtc, non-palar compounds. Such organic compounds tend to have
strong afflni;y }or-natural dquatic particuylate matertal, making
solution/sediment distridution of these chemicals as important in
predlct1nq‘fne5r fate and transport as it is for heavy metals.

The sorption of hydrophobic organics 1s considered by most
researchers to be a true equi1idrium partittoning between the water and
sediments. The inearity of sofption isotherms in dtlute sediment/water
systems and the lack of competitive effects detween twa sorbates have led
to the praoposition that partitionting to sediment organic matter 1s the
primary mechanism of sorption of nonionic organic compounds (Cﬁiou et al.
1982). This being the case, much emphasis on the characterization of
this sorption process has been focused on the properties of the chemicals
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related to their solublility and hydrophobicity dand on the size ang . .
organic content of the sardents.

Data relating the chemical concentration in the agueous phase to that
“tn the solid phase are frequently expressed in terms of the Freundlich or
Langmulr 1sotherms previously described (Equations 3.9 and 3.10). For
typical environmental pollutant concentrattons, sorption 1sotherms in the
sediment/water suspension are very close to 1inear and both Freundlich
and Langmyir equations can be reduced o0:

re 'Cd 4 . (3.1
where r a chemical concentratiaon 'n solid phase {(ug/mg)

cd s ¢chemical concentration in aqueous phase (ug/t)

¢ o partition coefficient (L/mg)

The prediction of « for a given chemicai/suspension system has
relied on correlations with chemical solubtltty, octanal/water partition
coefftcients (K ), and the organic carbon/water par:itton coefficient
(Koc). coupled with the organic carbon content (welght fraction) of the .
sediments. In general, the more tnsoluble and hydrophoblic 2 chemical is
the more likely 1t 1s to have a larger v. Likewise, in comparing
sorption of a given chemical among variogus sediments, the sed'ment withn
the highest arganic content s likely to sord the most chemical ana
produce the largest w.

In quantifying the above relationships the first usefuyl correlation
{s between the octanol/uater partition coefficient and tﬂe chemical
dqueous soludbility. This work was pioneered by pharmacological interests
in the partitioning of druqs into the aqueous and fatty phases of‘13v1ng
tissues (Mansch et al. 1958). More recently correlations have been
developed for arganic chemicals of envirgnmental interest in aguatic
systems /Freed et al. 1977; Chiou et al. 3197/, Banerjee et 3!. 1980;
Mackay ¢ a:. 1980).
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Given either the aqueous sotublitty (S) or the sctanol /water:
partition coefficient (K ) of a compound, a correlation can be
ﬂevoloood between » and S or K for a range of chemicals. More
often than not, however, ‘rg;ent experimental interpretations have
included several sediments with a range of organic cardan content. Then,
by dividing the measured partition coefficient (K ) dy'tne arganic ’
cardbon weight fraction of the particular sed1ment (0.C.), a sec1ment-_
Aindependent partition coefftcieﬂt (K ) betveen the agueous phase and
the organic nortion of the sediments may be obtalined.

‘oé a xpxo.c. (3.14)

-

Table 3.2 contains a3 summary of empirical corri1at1ons for predicting
sediment partitioning and dbiological partitioning (dloconcentration
factors) of nonpolar qrganic comoounds.'

Care myst de taken tin 3001ytng the abave {or other) empir‘ca’
correlations to unstudied systems. wWhile these correlations will '
probadly give reascnadble estimates for application to a WLA prodlem,
there are a number of potential.pitfalls that should De conside-ed. Some
of these considerations are discussed below:

1. These relationships are all log-\oé correlations; .therefore, what may

seem ke a small deviation from the regression ltne could produce a

rather'large error 1n fina) fate and transoort‘determinitions;

2. These relationships are usefuyl onjy fof nonpalar compounds; they '
sould not be'ipolied to semipalar or polar oréan\c compounds, where
electrostatic 1ntgractions may become stgnifi:ant“(Pav1ou. 1980;
Leenheer, 1980).
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The water chemistry of the aquattc system (in addition to the water
concentration of the compound of tnterest) can alter the empirically
predicted partition coeffictent. For example, if the compound F
interacts Dy surface adsorption or ion exchange, then so1ut§on
properties such as pH. Yonic strength, and temperature will affect
uptake on solids (Hollander et al. 1980). Even with hydrophobic
compounds the presence of other dissolved organic matter has deen
shown to reduce sorption by river and :éuage particulate matter

‘ (Hassett and Anderson 1982). '

Properties of the sediments other than-thetr organic cardon content
may inflyence sorption. Hiratzumt et al. (1979) found a good
correlation detween partition coeffictients of PCY and the specific
surface area of adsording martne particulates. Of course, the
concentration of adsorbing solids has been obs?rved te affect
partition coefficients fdr'orgaﬁics as well as metals (0'Connor and
Connolly 1980). ’

Finally, the question of kinetics and hysteresis ar%ses tn atl
adsornttonfqesorption problems. Kar1ckhoff (.1980) has found that the
kinetics of approach to equilibrium \n sediment syspensions (elther
.dur1ng adsarption or desordtﬁon)lcould be charactertzed by & rapid
comooneht ang a much slower component that may require days or weeks
t0 reach equilidrium. A possidly related prodlem has been odserved
by DiToro and Horzempa (1982) and 01Toro et al. (1982), ia that the
lack of reversidility in PCB adsorption-desorption reactions could be
described by 1nvok1ng 3 two-companent formulation. Adsorption and
desorption are assumed complietely reversibTe for the First component,
rollouing Equation 3.13, Adsorption 1s assumed irreversible for the
second companent. 01Tors et al. (1983) presents the mathcmat1cal
formglation for this model and shows ‘the results of further
1aboratory .*sting. " The practical differente between modeling with
the classical reversible express1on and modeling with the - ‘
reversidle-irreversible expression is that the former may predic®

higher dissolved concentrations, particularly in dynamic models.,
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3.3 TRANSFORMATICN PROCESSES . - : .

transformation processes are those in which the toxicant is
essentially irreversibly destroyed, modified, or eliminated from the
system. In most cases these processes apoly only to organic compounds.

First-order decay coefficlents for individual processes are additive;
together they form an aggregate degradation co ffictent:

K. s K, o K, Ko o K (3.15)

d 8 H P v
where ‘Kd s Aggregate degradation coefficient {Y/day)
xs = 8lolysis coefficient (1/day):
Ky = Hydrolysis coefficient (1/day)
‘P s Protolysis coefficient (1/day)
KV s Volatilization coefficient (1/day)

Some mocels also d1st1hggisn non-dtological oxidation, Kge separately,
although this process 's not ‘mportant for most organics.

In models with simple first-order xinetic structures (such as :
MICHRIV), the adalyst either enters the aqqregate Kd or enter: the .
ingividual process coeff1pients ‘B' x“, xp. and ‘V‘ .ln models _

with more elaborate kinetic routines (such as EXAMS), each ing’' dual

first-order coefficient (Ka. etc.)-fs taternally calculateg as 4

function of severa) other parameters which the analyst must enter.

3.3.1 Qiodeqracation

B810logical transfaormations (b\o!}s!s) are enzyme mediated reac.lons
usually performed during metaboli; activity, primarily by da.terta and
fyngi. The catalyzed transformations include oxidation, reduction, and
hydrolysis. The rates of biologically mediated transformations ¢.a De
very ran1d’1n'comnar1;on to chemical transformations that lack enzymatic
catalysts. It is prectsely Decause of these accelerated rata: that the
blograc ~10n'of organic contaminants is often the mos? \mpor(ant
transformation loss process in aquatic ecosystems.
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Conceptually, blodegradation should not be thought of as a single
step process. Rather, 1t 15 § myiti-step process where intermediate
products may ac:umu1atcl The total conversion of organic substances to
inorganic products, Including carbon dloxide, s termed mineralization.
The process termed blodegradation, however, often involves anly the
partial metabolism of an organic. For instance, detoxification of a
contaminant may involve only the transformation to an innocyous
intermediate compound.

Process Oescription

vihen heterotrophic microdes degrade organic compounds, energy and
carbon are frequently obtatned for growth, theredy accomplishing
metadoiism. Occasionally & compound may be diologically transformed
without the responsible microbes acquiring growth requirements.
Typically, this process of cometabolism will proceed at relatively slower
rates and wtll not iImpact the activity of the .decomposer cammunity.

Frequently, when an organic contaminant Vs first Introduced to dn
aquatic community an acclimation pertod is observed when the microdial
community must adapt itself to the chemical. This acclimation per‘cd ‘s
most often termed 4 lag phase. The lag phase is marked Dy enzyme
induction, selected populatien increases, and a progressive increase in
the rate of observed biodeqradation. Once the microbes have become
acclimated to an organic pollutant, the rate of specific decay decomes of
interest.

There are three primary factors that determine the extent and rate of
blological decay of an organic 1n a3 natural system. These are: 1) the
- properties of the organic contaminant, including its structure,
concentratton, and history within its environment; 2) the characteristics
of the acting microbial community, such as community diversity, size and
general health; and 3) tie status of the ¢ vironment in terms of
temperature, the presence of additional o.ganics or supporting growth
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requirements and, especially, the dissolved oxygen status:

Within the frameworkx of a model designed to describe the fate of an
organtc contaminant, 1t is necessary to Formulate and define Kinetic
expression of b\odegraqation. This task ts made difficult because of the
great complexity of factors inherent in a natural system. Contemporary
fate models have simplified this task by representing the loss or éecay
of an organic by first-order kxinetics or in some cases second-order

kinetics.

First-order kinetic representation in the WLA model is described as:

qc

3z -k‘C : {(3.16)

' -1
where k‘ = First-order Dlodeqgradation rate constant (time }
C = Concentration of an organic-contaminant (mass/volume;

The concentration, C, susceptidle to decay may be the dissolved
fraction, Therefore, VF a.contaminant partitions onto solids, the
respective particulate and dissolved fractions must be quantified, This
expressian descrides the loss of an organic due to dlological activity
and s analogous to expressions commonly used for the decay of B0O.
Larson {198)), among others, has shown that first.order kinetics
represent the decay of organics reasonably well at dacterta
concentrations evident In many environmental sttuations.

In many respects representation of second-order kinetics is a
simplification of a modifled Monod expression (Paris et al. 198)),
represented as:

@« | x

T3 cs . : ' (3.17)

2

where B « Magnitude of bacteria (count or biomass/volume) and
kz.- Second-order blodegradation rate constant
(volume/orgﬁﬂ.sn.tige).
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The decay of a contaminant 1% seen 3s not only a functton of 1its
concentration, as ts the case in first-order kinetics, but alsc & function
of the bacteria population. MHowever, ggcteria count has not always proven a
reltable Indicator of bacteria activity, especially in regard to 3 specific
contaminant grganic. This development n biodegradation process
representatiaor has deen offered Dy many models (e.q., EXAMS) as a way of
1ncreasiﬁg the application of & single, contaminant-specific decay rate to a
wide Qar1ety of environments. Since dlodegradation is recognized as deing
inflyenced Dy amblent temperature, process representation can inclyge a
function relating the bicdegradation rate to the temperature regime. The
analyst may derive a temperature specific rate by making use of an Arrheniys
fynction such as:

20 © (T-20) (3.18)

where K. s Temperature specific Diolysis rate,
‘20 Expected rate 3t 20° centigrade,
7 s Charactertstic temperature, and

Temperature correction factor.
Theta (9) s frequently between .04 and 1.095.

Rate Selection

In nearly every circumstance the selec;1on of an appropridte decay
rate is constrained by incomplete tnformation regarding the contaminant
or the system of Interest. However, there are a number of approaches and
relevant considerations to quide prudent selection of a represbntat1ve
decay rate. Inherent in this selectton process ts the reallzation that
no rate is applicable to all conditions for a specific contaminant.
Instead 4 range of estimates will more likely emerﬁe that will mpart to
the analysis a range of output. The Importance of this range may be
established Dy a sensitivity analysis, Qnereby vartability in model
output {5 compared to incremental changes'\n the decay rate over the
range of expected values. )
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A list of relevant considerations or approaches to estimating a decay
rate is offered below. Although 4 ranking of these considerations by
order of impartance could only be made on a prodblem specific basts,
awareness of an overall ranking js evident in the presentation. -

A. Propert%es.of Contaminant

A thoraugh 1iterature survey of the properties of the arganic
contaminant of interest should logically be an inittal step.
Previously reported data relating decay rates for the grganic in the
laboratory or the fleld would be an important step n defining 3
probable range of decay rates. For each of the arganic priority
po]lutaﬁts Mabey et al. (19B2) have estimated the general
susceptidility to blodegradation. Definition of Tikely metadollc
pathways may also be helpful in several reqgards. Aerodic pathways
will generally be more rapid and complete than anaerod!c pathways.
Also, the loss rate of one chemical may not be 1nd1cat1ve.of changes
In toxicity, 1f intermedlates form that are toxi¢ and Dossess
different decay characteristics. Therefore, the anaiyst would wane
information regarding the toxicity and blodegradability of probable
intermediates. In cases where the knowledge of an.organic is very
sparse, 1t may be necessary to compare the structure and physica)
characteristics of the arganic of interest to a Nost of detter known
contaminants. When approached in great deta!), this procedure ts
called structure activity analysis.

6. System Exabtnation

Information regarding the trophic level and polliution level of the
target systeﬁ may q;sist in defining the expected decay rate. More-
highly impacted waters have demonstrated shorter lag phases and
greater decay rates of organics (Spatn et al. 198), Rodgers and
Salisbury 1981)._ Previously reported f'c)d 4ata may, to vary%ng' ‘
‘degrees, yield insight into the sp'“.al and time distribution of the
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organic, as well as tmpaortant environmental factors (temperatuyre
regime, volume and flow). IFf availadle 1n sufficient quantity.and
quality,. this information may 3llow the user toc “calibrate” a
biodegradation decay rate by accounting for other components of a
mass balance and then solving for the magnitude of the diolysis term.

Experimental hrogram

Laberatory measurement of decay rates may bDe necessary in evaluating
decay rates for organics for which no informatton is Svatlanle.
methods for measuring decay rates have been demonstrated for both
batch (Paris et al. 1981) and continuous cultures or by use of
microcosms (Giddings et al. 1979). Ia site specific applications 1t
s the practice to use“tne natyral waters as the test medta.
Sterilization of the water before introduction of the test organic
serves as a control. The bDatch cultures yleld a decay rate By
plotting the log concentration of organic vs. time, while continuous
cultures can yleld a decay rate via a4 mass dalance approach s'nce.
other sources and sinks can be controlled and theredy quant:fied.
Should a second-order formylation be invoked, relating the rate o
Both the pollutant concentration and the microdbial population, then
the magnitude of the microdbia) population must De assessed.

Fleld Program

The Waste Load Allocation process may involve a field program. To
25515t in the accurate evaluation of a dlodegradatlon rate, the
measured parameters should include both total and soluble
concentrations of the pollutant of interest, solids concentration,
dissolved oxygen, CBOO, flow, temperature, and basic physical
dimensions. Basic information réga;ding the blology of the system is
desiradle, esneﬁ1a11y bacterta counts and identification of toxic
conditions wnich mig.. Y~Fluence bacterial activity. TP, spatial and
temporal scale of sampling will impact the catibration and accuracy
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"of the biodegradation term, as well as all other kinetic processes. .
Data upstream and downstream of al) major loads are important.” The

frequency of sampling should reflect the relattve dynamic nature of

the system in terms of hydrauliic residence (flow regime) and the

major forcing functions (temperature, loading, 1ight, etc.). Some

attempt to reflect the seasonai-variation in forcing Functions may be

especlally he1pfu1.

3.3.2 Photolysis

Some substances that absord sunlight in the ultraviolet and v@s5u¥e
portton of éhe spectrum may gain sufficient energy to Initiate-a chemical -
reaction. 50@e of these photochemical reactions result in the '
decompaosition or transformation of the substance. This process,
photolysis, can determine the fate of certain pollutants in the aquatic
environment. Zepp (1980) provides a more complete discussion of thts
process, '

Process Theory

A sumry- of the theory tnvolving the transformatlon of organics via _ .
photolysis 1s outlined from Mills et al. (1982). The basic
characteristics of photolysts are as follows:

e Photolysis 1s an irreversidle decay process activated by the
energy of the sun.

s Molecules which absord sunl1gnt in the ultraviolet and vistdle
portions of the spectrum gain sufficient energy to initiate
chemical reactions.

¢ Products of photaochemical decompastition may remain toxic;
therefore, decomposition does not necessarily imply detoxification
of the environment.

T e Ihe photalysis rate d'oends on several chemical and eavironmental
acto.'s.
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The chemical and environmental factors controlling the rate are as
follows: |

A. Absorption Spectrum of the Pallutant:

The probab!ility of a photon deing absorded varies with wavelengtn of
1ight 1n 3 manner unigue 2o every chemical species. To change a
molecule's structure, the absorded photon must be-syfficlently energetic;
generally, radlation with wavelengths in the visidle or ultaviolet range,
or shorter, has sufficlent energy. Consequently, the pollytant's
visidle/ultraviolet absorption spectrum s most important,

8. Solar Radiation:

Radlant energy from the sun depends on the composition of the
atmosphere (cloud cover) and geographic locatton.

€. Light Attenuation:

Light intensily reduces wiih depth in water column, due %20 reflection
(< 10% reduction plys slight change in the spectrum) and absordtion and
scattering. Absorption is determined Dy Lambdert's lLaw:

g1

a2 « KI (3.19)

where [ » [rradiance
K » Diffuse light attenuation coefficient, given dy:

K 2 al > §, . (3.20)
where 4 » AbDsarption term

0 « Radtance distribution function
a Backward scattér1ng of light
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The value of K (d1ffuse 1ight attenuation functlon) depends on
variations in amounts and types of particulates and dissolved sudstances,
Y.e., suspended solids, chlorophyll 3, dissolved carbon. The value of 0,
which represents variadle 1ignt path lengths, is 1.2 where scattering ig
ignored. Average value for natural waters 1s 1.6 as reported dy Miller

and Zepp (1979).

An empirical relationship developed dDy Burns et al. (1981) enad’es
~ the attenuation coefficient to be estimated Dased on system statuys:

Ksd (AH . A‘Chla 4 AdocDOCO ASSSS) . (3.2Y)

where X o Diffuse lignht attenuation coefficient
A a ADsorpttvity of water, (m") '

w

A‘ = Absorptivity of chlorophyll a pigment, (mg/t]"(m")

‘d;c s Absorptivity of dissolved organic cardon, (mq/t)" N
. . A

A s Absarptivity of suspendec sed'ments, ‘.'-ﬂq/l}'1 T,

Chla = Concentration of Chlorophyll-a pigment, (mgq/i)
DOC =« Concentration of dtssolved organic cardon, (mg/t) and
SS . Concentration of suspended so0lids, (mg/%L)

Mi11s et al. ()1982) tabuylate the values of A', Aa' ‘doc’ ang Ass
for different wavelengtrs.

8. Quantum yleld:

Not every absorbed photon induces a chemical reactlon. The fraction
of adsorbed photons resulting in the desired reaction s termed guantum
yield, o.

moies of given species formed or destroyed
moles of photon absorded
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Environmental factors affecting quantum yield “include:

a) molecular oxygen -- 2s a quenching agent'
D) suspended solids -- change react1v1ty of compounds adsorded
(usually neqligible). T : W
¢) chemtcal spectation .- phota1ys1s rates may vary with pH,
-especially important when pra 1s 7 & 2. ,
d) temperature effect -- until fyrther research 1s completed this is
assumed to be negligible.

Tyae of photochemical reaction affects quantum yield. Quantum ylelds
vary over several orders of magnityde depending on the nature of the
molecyle which absords l1gnt and the nature of the reactions it
undergoes. Two major classes of photochemica! reactions of Interest in
the aquatic environment are °"direct® and "sensitized® photolysis,

Direct photolysis occurs when tne~reacting.molecu1e directly absords
1tght. Vvarious reactions can occur: fragmentatton, reduction,
oxidation, hydrolysis, acid-base reaction, addition, sudstitution,
isomerizatton, polymerization. ouantuh yield data obtained from
experimentation can assist the WLA analyst in determining whether or not
to include direct photolysts in the analysis,

Sensitized (1ndirett),ohoiodegradat1on occurs when a light-apsording
molecule transfers 1ts excess energy to an acceptor molecule causing tne
acceptor to react as 1f 1t had absorded the radiant energy directly.
Natural humic acids (and synthetic organic compounds) can mediate such
reactions, for example.

Rate’ imation

Photolysis.follows a psuedo-firsthrder reaction:

[ . ‘
rra -xp c (3.22)




where xh « Rate constant « Ky o’Ks (Time™ ). - -
d s 0irect photolysis rate, and

s a Sensitized onotolys1s rate.

One practical means of obtaining the appropriate photolysts rate is
to use experimental ‘data from l1terature and extrapolate to the specific
site in question. There are two methods reviewed Delow for ysing
environmental data to calculate the expected photalysis rate.

One method involves extrapolating near surface rate data to a
spec)fic site (M111s et al. 1982):

= R{N®)e 2
T o e x(xf)-')vz' (3.23)
NI
where K » 0irect photalysis rate constant (day").
Kyo ° Near surface rate constant (measured) (day” ).
[ = Total solar radlation (!ang1eys-day").
1, = Total solar radtation under conditions
at vhich.xdo was measured (1ang1eys-day").
a Radiance distridbution function,
) Do s Radtance distribution near surface (approximate
value = 1.2),
K(A*) = Light attenuation coefficient calculated from Equation
3.20 for A, the uavclengtn {(nm} of maximum light
adsorption and

'3 s Depth of water in meters.

The second method involves evaluating the rate constant integrais.
1f certain data are available for a substance ().e., absorption spectrum
e{\) or s, (1). and the quantum yie1ds. % OF 0 ), Yt is
possible to estimate the photo1ysis rate for a spectfic stte from the
following (Mil11s et al. 1982):

-k 2

Kg =233 000 fcen 1o (3.23)
, K+ 1
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where 1 » wavelength interval index,
W s Photon irradiance near suyrface (photans en? sec~nm"),
W' s W+ A

] = Conversion factor » 1.43 x 10°'8 (mole ch sec v

day™")

¢ o 8ase 10 molar extinction coefficient (lmol" cm" of toxicant),

1

= 01sappearance guantum yleld,

Diffuse light attenuation near surface (m'1),
s Nixed water depth (m) and, '

o Base e absorption coefficient of the sensitizer (mq-‘ cm).

8 N xX @
(]

For toxicants for which phqto!ys1s may be significant, Madbey et al.
(1982) provides data on absorption spectrum and guantum yleld.

A

3.3.3 Hydrolysis

C—

»

Certain organic compounds may be chemicilly transformed dy direct
reaction with water, This occurrence in an aguatic system {5 termed
hydrolysis. A hydrolysis reaction may elther be acid, neutral or dase
dependent. Essentially, this means that the concentration of nydrogen
and hydroxide Yons, and therefare pH, is often an important factor 'n
assessing the rate of a hydrolysis reaction.

‘ Products of hydrolysis may De e!tnér more or less toxic than the
original compound. Far this reason one shayld De aware of the probable
products of transformation processes. [n addition, transformation via
hydrolysts will 1tkely alter other characteristics of the chemical.
including 1ts susceptability to other'transformation processes.

Pr Regr ntation

In 3 natural system hydrolysis may de either microbtally mediated or
be abiotic and dependent only upon the status of the water. Microbial
influence 13 covered in Section 3.3.1; consequentliy.only direct, abiotic
hydrolysis wi ° De examined here.




Adlotic hydrolysis \s normally represented by a first order reaction
which in tts most simpiified form Is:

dc = - KC S T (3.29)
dt ,
where C = Concentration of an organic (Mass/volume) and,

xa = Specific first-arder nydrolysis rate constant iTtme").

in the scientific 11terature KH 1s typically represented as:

Ky = ko & kg [H*] » ky [OH-) (3.26)

where kn s Neytral hydrolysis rate constant (Time"), .
k‘ s The acid catalyzed hydrolysis rate constant (Ho!ar'1 Time").
kb s The base catalyzed hydrolysis rate canstant (Hour'1 T%me“).

[H’] = Molar concentration of hydrogen lons and,

[OM™] = Molar concentration of hydroxide icns.

.- This representation conveys the strong pH dependence often observed
in hydrolysts reactions and is a convenient method of -representing .
detailed laboratory results.

The adsorption of an organic onto solids aoften removes the
particulate fraction from hydrolysis reactions. Therefore, the
hydralysis rates tn Equation 3.25 and 3.26 are only applied to the
salyble fraction of the toxicant. [f the model deing employed does not
discern detween gissoived and particulate phases, then the observed i
partitioning shoyld be used 'n adjusting the magnituyde of the rate
canstant. ‘ )

Rate Selection

A great deal of data has been reported in the chemical literature
regarding the observed hydrolysis of chemi-als in distilled water.
Natural waters, however, contatn organics and metals which may catalyze
and accelerate hydrolysis. Consequently, the query which consistently
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emerges s, how 3pplicable are distilled water rates to fleld

conditions? Research designed to answer this question has been reported .
within the last several years (e.g., leop et at.'1975). The approach has
-been to use field samples and to remﬁve as many competing processes as
‘possidle. For example, dark conditions were used to eliminate ohotolysts
and ultra-filtration to remove the b101095cal commynity, theredy
eliminating biolysis. | ' ’

Specific hydrolysis .coefficients for many organics or classes of
ncomoodnds'are reported in the profe§s1onal,~govgrnmental. ang industrial
publications. Recent sources include Wolfe (1980), Mabey and Mill
(1978), and Mabey et al. (1982). Tgese coeffictents should give the user
a range of values from which to calitrate the model or to gu'de a
sensitivity analysis. wolfe (1980) also reviewed a technique based on
1inear free energy relationships (LFER) for estimating hydrolys's rate
coefficients when experimental values are not avallable. When there ‘s a
nadc1ty of reparted values for a chemical of Interest, other measures may
de taken %o ésttmate a rate. The general format would be s!miiar %o that
presented for the btolysis rate constant in Section 3.3.1.

tastly, 1n translating literature valyes i1nto computer model ‘nput,
1t should be noted that some values are reported as second-order
coeffictents because they are a function of either the hydrogen or
hydroxide Yon coacentration {as represented in Equation J.26). I[n using
first-order kinetic models the analyst must translate these séconu-order
values into pseudo-first-order rate coefficients by multiplying by the
appropriate lon concentration.

3.3.4 ¥olatilizatien

Volatilization, loss of toxicants from the water column to the
atmosphere, s customarily treated as an irreversidle decay process,
because of 1ts mathematica) similarities to these processes. Actually,




however, 1t is a reversidle transfer or environmental partitioning .
process, 1in which the concentrations 1n air and water shift. toward.
equiiibrium. The volatilization rate depends on the properties of the
chemical as well as the characteristics of the ué;er body and 6ossibly
the atmosphere. The chemical properties favoring volatilization are hiqn
‘vapor pressure, high diffusivity, and low solubility. The environmental
conditions favering valatiltzation are Righ surface-to-volume ratio ang
turbulence.

Thé part1tton1n§ of po11ut;nt between water and atr ts déscrided In
terms of an air/water partition coefficient, H,:

Hc . Cg(eq)/cd(eq) ' " ) "(3.27)

where Hc e Henry's law constant (dimensionless, mass/vol. basis),
' C_(eq) = Gas phase concentration at equ!ltdbrium (mg/t), and

Cd(eq) « Dissolved aqueous concentration at equilidrium (mg/1).’

The value of H, can be determined dy measuring C_ and Cq in an
equilibrated system. More commonly, however, 1t is calculated from the
toxicant vagor pressure (equivalent to the gaseous cancentration !n
equilibrium with the pure.toxicant phase) and saludility ({aquecus
concentration in equilibdrium with the pure toxicant phase):

He = 16.04 PM/TS ﬁ (3.20)

where P = Yapor pressure (torr),
M s Mglecular weight (g/mole),.
T « Temperature (x*), and
S = Saludility (mg/t).



It shoyld be noted that Hc may be reported in an assoriment of
units or nonequivalent dimensionless bases. One usefyl conversion is:

He (dimensionless) = He (atm - mi/mole)/RT (3.29)

where R » 8.206 x 10's am - m;/'K - mole. For the organic priority

pollutants the values for P, M, and S in Equation 1.28 are provided Dy
Callahan et al, (1979), and the values of.Hc provided directly by Mabey
et al. (1982). For other substances data may de avalladle in Mills et
al. (1982), Perry and Chilton (1973), and Mackay et al. (1982). lflvaoor
pressure data are not avallable, Mackay et al. (1982) suggests the
following equation far estimating P (torr) for hydrocarbdons or
halogenated hydrocardons with bolling point greater than 100°C:

tn (P/760) » - (4.4 + An Is):x {1.803 {Tg/T 1) « 0.803 tn {TB/T)
- 6.8 (T”/T'- 1)
where:

T = Ambient temperature (K)
Tg = 8oiling point (X}
Ty » Melting point (K)
[f the melting point T” Y3 less than the ambient temperature 7, than

the third term is eliminated.

The net rate of transfer (mg/%1 - day) from water %o atr i governed
by the difference dDetween (a) the gross tFansfer from water to a‘r,
proportional to the actual ciiso1ved concentration Cd. ihd (b} the
gross transfer from alr to water, proportional to the air concentration

Cg:

Rate » Ky (Cgq - Cg'lﬂc) . (3.30)

where Ky = Yolatilization rate coefficient (1/day).
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The term Cq/M 13 the water concentration which would be in . .
equilibrium with (saturated with respect to) the local air )
concentration. Unlike common gases like oxygen, the environmental
concentrations of toxicants, Cd and Cg/ﬂc. typically vary over many
orders of magnitude. Conseguently, 1t 1$ usyally the case that either
(3) Cq << Co/H., and the net input From the atmosphere is a
constant load, essenttally independent of the modeled Cd. or (b) Cd
>> Cglﬂc. and the volatilization rate is essentially \ndependent of

the air concentrattion:

Rate = KyCq . | (3.31)

* Most computer models incorporate Equation 1.31 rather than Equation 3.30.

The rate coefficient K, (1/day) !s related to tme mass transfer
coefficient {or velocity), k (m/day) by:

where H 15 the water depth (the inverse of the surface to volume ratio).

The *two f1lm* theory s generally applied to the calculation of the
mass transfer coefficient. This theory envisions dtffusion resistances
in a 1iquid surface fiIm and a gas surface Film as con2rolling the mass
transfer (Canale and Weber 1972; Liss ang Slater 1974; Mills et al.
1982). Reciprocals of mass transfer coefficients are used %0 represent
these resistances: ‘

] ] ) ‘ (3.33)

kv k‘ Hckg
Overal} Liguid fiim Bas f1ln
resistance resistance resistance

where kl = 11quid #11m transfer coefficient (m/diy). and
kg e gas Film transfer coefficlent (m/day).
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It 1s useful to di;cern three basic cases. () When kt <<
":kg' then k  in Equation 3.33 13 essentially equal to k,
(11quid phase controlled); (D) when k‘ > "ckgf then kv 13
essentially equal to Hck; {gas phase controlled); and (c¢) when kl
and Hck are of the same magnitude, then both contribute
significantly to kv'

As the chemical-to-chemical variability of Hc tends to be greater
than the site-to-site vartabiitty of h! and kg. the value of the
Hc tends to be more important than the env1runmenta1:cond1tions in
determining whether the 1iquid or gas- phase resistance controls the
volatilization rate. '

633 Phase Rgst;tance

The movement of ajr causes a mizing of the alr surface film which
results in an increase lﬁ kg. Because the gvaporation of water s
controlled by kq. and because this process has considerable engineering
importance, data are available relating kg (for water vapor) to the
amblent windspeed. Such data are presented by 0'Connor (1980} and
HydroQual (1982). 8y including theoretical effects of diffusivity and
viscosity, they arrive at an expression anblycaule to any substance:

kg o 0.001 (Dg/vg)0-87 w (3.34)

where 0_ » Diffusivity of substance in air (cmzlsoc).

‘vg » Kinematic viscosity of air (»-0.15 cmzlsec).'and
W e Wind speed (L/T).

As the expression 1s dimensionally correct, consistent units will
result 1n kg having the same units as W. Average windspeeds tend to be
in the neighbarhood of $ m/sec. Although transient perlods of no wind
are common in many localities, such pertods 'aui'e not lang. Consequently,
use of a steady state condition of 11ttle or no wind in Equation 3.34 (or
1.35) may not produce a realistic result. '




M11s et al. (1982), using a'smﬂar type of data and a_rmysis as .
0'Connor (1980) and MydroQual (1982), suggest the general relationship: '

kg » 170 (1a/m) 1/ &y - . (3.35) .
where W i3 in m/sec. '

Molecular weight, M, enters the expression because of its
relationship to diffusivity. For water vapor, Equation 3.34 and 1.35 are
nearly "identical. Since D /vp e 1.8 for water vapor equation J}.34
reduces to kg = 140W while Equation 3.35 becomes k' e 170W. Thus, at
4 typical wind speed of 5 m/sec, kg (water vapor) would be around
700-800 m/day.

Ligyis Phase Resistance

In the environment the transfer of oxygen, a well studied W@
_ parameter, 13 always controlled by Ryo the liguid transfer
coefficient, rather than Kg.,tho gas transfer coeffictent. Because

Hckgtoz} » kttoz). equations 3.32 and 3.33 become:

"kg{03) = k,(02) = WK,{07) ’ ‘ {3.36) - .
where x'(oz). in 1/day, 13 the commonly pirﬁ reaeration coefficient.
Consequently, 1t 15 useful to relate k  (toxicant) to X, (0,), ‘
.througn an expression nvoiving liqutd diffusivities: . .
k, (toxicang) 0,(toxlcant)y n
b (—L——.— ) (3.30).

k, (0) 0,(0;)

where n may vary from 0.5, in flowing waters, possibly up to 1.0 in
standing waters (M111s ot al. 1982).

M11s fyrther suggests that 0‘ 1s inversely proportional to the
square root of molecular weight, and thus, for flowing waters:

_k‘(toxi_cant) .( " (Oz) )t‘ 28
x‘(oz) : n;tozicant)

{3.38)
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Mil1ls notes, however, that in fleld studies using radicactive tracers
{(Rathbun and Ta! 1981), such relationships were difficult to discern.
Rather, the voIatiltzation rate could be adequately predicted by:

ke(toxicant) « 0.655 kg(03) " (3.39)

Mabey et al. (1982), using a more complicated procedure relating 0‘
to molar volume, has calculated the toxicant/oxygen transfer rate ratios
for all vqlat1lc priority pollutants.

In any case, the difficult step In this approach is not to obtain the
above ratlo, but rather %to predict the oxygen transfer coefficient,
kl(nz). correctly., This coefficient 1s & function of water
turbylence, which may be generated either Dy water flow or by wind.

In free flowing rivers, water turbulence fs generated by the flow,
and numerous formulas are avatlable for ca1cu1at1ng k‘(uz) (i.e.,
MK (02)) from hydraulic parameters such as ve1oc1ty. depth, and
sTope. Wtlson and Macleod (1974) and Rathbun (1977) review many of the
reaeration formulas which have been proposed over the last three
decades. One example of such a formula is that of O'Connor:

kg « (Oy u/H)0.5 ‘ (3.40)

where u 1s stream velocity and units for parameters on both sides of the
equation are chosen to be consistent. 0, for 0, 15 1.81 x 10-4

mz/day. The equation c¢an be used to directly calculate ki(toxicant) \¢
b‘(toxtcant) can be estimated.

In Ympounded waters and other slow moving water bodies, water
turbulence may be gene~ated by wind. 0°'Connor (1980) and HydroQual
(1982) summarize data .elating k‘ to windspeed, W. These dat
suggest a relationship:

Ky = 0.17 Cp (0g/vy)0 %7 (3.41)




where C_ s Drag coefficient (unitless), and .

0
" - Kinematic viscosity of water («0.0100 cmz/:ec).

The uynits of all other parameters must be chosen to be compatable,
Co alsao appears to vary with windspeed, W, but may maintain a valye
arcund 0.001 for W less than 10 m/day. As with using Equations 3,34 and
3.35, sustained pertods of Tittle or no wind are not common;_k‘(oz)
values substantially less than about 0.5 m/day are not usually expected.
Table 3.3 11lustrates parameters needed 'to determine 3 wind controlled
volatilization rate for two toxicants.

Hydroscience {1971) and EPA (1916{ present dataﬁand a nomograph for
e§t1matinq kt(oz)'for a variety of hydraulic conditions. Thelr
data suggest that *z‘°z’ would not be expected to de much less than -
about 0.6 m/day nor much more than about 12 m/day, except under unusually
stagnant or turbulent conditions. '

entifving the Impartant Parameters

Equation 1.33 can be examined in light of the observed relatianships .
of k, and kg versus windspeed, and the reasonable rahqelof ky
suggested by Hydrosclence (197:) and EPA (1976). Some simplifications of
the two f1lm analysis are thereby indicated. '

if "c 1s less than about 3 x lO". then the gas phase coefficient will
control the overall transfer coefficient kv in 411 aquatic environments, even
.standing waters. This s because Hckg-uill increase much more sicwly than
k‘ as a function of windspeed. [n this case, the analyst need not consider
the turbulence of the water body at all. Ffuyrthermore, surface transfer will be
slow for substances of this type, and the rate will decrease as H. decreases.
Benzo{a)pyrene, dieldrin, and pentachlorophenol are examples of compounds in
this clase,
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TABLE 3.3 VOLATILIZATION PARAMETER VALUES
Arqclor ' Aroclor

Parameter 1242 1260

Oy 01ffusivity of PCB In Atr = cmé/sec o.ousz" 0.03673
Dy O1ffusivity of PCB In yate.r em?/sec 5.387x10°6 42532108
vg xmmt'ic Viscosity of Alr cuzlsec g.1§ 6.15
v, Kinematic Viscosity of Water cm’/sec 0.01 6.0

Cy 0Orag Coeffictent | - 0.00{  ‘ 8.001
W Wind Speed SR N/sec - 5.0 $.0

p  Vapor Pressure ™ Hg +.06x10"% 4.06210°°
Cg Saturation Concentration mg/e 0.35 0.027

M Molecular Weight g/mo) 261 312

T Tcmﬁerature K 289 289

B Henry's Law Constant - 0.0187%

9.0309




If M, 13 greater than about 3 x 10~7, then the 11quid phase
coefficient k, will control the overall transfer coefficient k,
under nearly all conditons, even when the water 1s very tuyrbulent
‘*s‘°z’ .-1? m/day) and the air calm (W » 2 m/sec).- For ”c in
this range the analyst need not consider the alr phase parameters. It is
alse 1mnortéht to note that among substances with a high ”c' the "
volatilizatton rate islindependent of nc; rather, 1t ts dependent on
the substance's water.diffusivity. As diffusivities vary relatively
1ittle among most toxicants, the volatilization rates of all-nignly
velatile toxicants are nearly ‘dentical. Examples of such compounds are
viny) chieride and tri- and tetrachloroethylene.

It L falls between about 3 x 10~% and 3 x 10'1. there can be
some environmental conditions under which resistance in both the liquid
and the gas phase controls the rate of valatilization. Nevertheless,
under other environmental conditions only one phase may sti11 contral the

" - overal) rate. For example, under conditions of moderate turdulence

(k,(0,) = 2 m/day) and wind (W = S m/sec), the 1iquid phase solely
controls for any "c greater than about 2 x 10‘2.
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SECTION 4.0
GUIDANCE FOR MODEL APPLICATIOM

4,1 APPROACH TQ WASTE LOAD ALLOCATION PROBLEM

Within the pollutant-dy-pollutant modeling context considered by this
document, the basic gquestion confronting the waste load allocation

analyst i3, *How much of a specific substance can be allowed tc be

dgischarqed in a rece1v1ng water, .yet not violate the numerical water
guality standard?® This scction of the guidance document provides some

principies and direction to answering this question. The intent here i
not to provide a standard method to be followed verbatim. The various
models and example application are provided as quides %o be used to gain
insight tnto the process. Modeling resylts, as depicted in Figure 4.1
should be used by deciston makers !n conjunction with water qualtty
standards. to develop waste discharge permit Timttations. This process
assumes that the decision makers (e.g., state water quality boards or
administrators) have the the desire and legal means to allow use of the
assim111t1vc capacity of uater systems. The models may assist in
choosing some optimal mix of treatment, productton modification, standard
modification, and time schedule for implementation. [t is ‘mpor%ant that
the anaiyit,be invelved 1n.this Process and communicate modeling results
including estimates of accuracy and uncertainty to others 1nvolved.

Furthermore, it ts desirable to get the affected parties involved in
the process early in ordor to identify the most important issues. By
obtaining aqréement on the approach for defining and evaluating the water
quality problem, thc regulatory agency, the dischargers, and any
interested citizZen grouos may be able to work within a cooperative rFather
than adversarial context. Considering the level of uncertainty inherent
in estimating allowable ambient concentrations, allowable recurrence
intervals, and allowable effluent loadings, such agreement may be helpfyl
for successfully completing the endeavor.
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FIS''RF 4.1 WASTE LOAD ALLOCATION PROCESS




An tmportant tssue confronting WLA analysts and managers cancerns the
. amount of effort needed to make a sound, sclientifically credidle
analysts. The appropriate level of effart depends partially on the
complexity of the environmental problem. Single discharger, single’
toxicant, and relatively uncomplicated river problems can be expected to
require less analysis effort than multiple discharge, multiple toxicant,
ang hydrologically complex problems. Nevertheless, the appropriate level
_ of effort depends on other factors-ias well: such as the expectations of
the decision makers, affected dischargers, and other parties. These
expectations may be related to thelr previous WLA experiences, to the
anticipated costs and the potential benefits, and to the resources
available. The appropriate level of effort depends heavily on the
consequences of 3 wrong decision.

Thus, 1t 1s not desirable for this document to attempt to specify
from afar a particular level of effort as appropriate to a nart1cul$r
environmental prodlem. Rather, Section 2 has suggested a range of
analytical approaches. Fuyrthermore, the discussion that foilows suggests
a phased brocedure for. efficiently. approaching whatever type of analysis
is finally selected.

Phase 1: Oilution Calculation

A dtlution formula calculation (Section 2.2) determines the
concentration at the point of discharge, before any fate processes can
* act to remave or destroy the pollutant. The inputs required are the
efflyent flow and concentration and the upstream flow and concentration.
The effluent data should De available from the permit applicatton.
Upstream flow may be available from USGS or previous pollutant reports
for the area, or they may be estimated from the dratnage area. Upstream
concentration may be available from STORET or other water quality
records; 1n many cases, the upstrcam toxicant load may be‘npariﬁ Zero
compared to the effluent load. | '




Stream concentrations can be provided for flows and loads assoctacted
with a particular design event or for any number of events having various .
return frequencies (as described dy 01Torc 1982). This analysts for the

point of discharge, however, provides no iInformation on the downstream
concentration, the area -of impact, or the fate of the pollutant. These

factors may need consideration primarily if (a) the load must be

4llocated among two or more dischargers spread out 2long the reach (in-

order to assess the degree of depuration occurring between dischargers),

or 1f (b) the environmenta) Denefits must be assessed (Since the} depend

on the size of the impact area). Less probable reasons for pursuing fate

modeling are 1f (c) sensitive downstream reaches require special

protections, or (d) the pollutant produces hazardous degradation products.

For many permits, there may be 1ittle reason to proceed beyond :ne
d1lution calculation. '

Phase 2: Doyngtreqm Estimates

The purpose of Phase 2 would usually De %o estimate the spatia:
extent of the prodblem or, for multiple discharges, to estimate the
additivity of loads. Beyond Phase I, this entalls pregicting the .

© downstream dehavior of poilutants using a fate and transport model {such
as described In Sections 2.5 and 2.6). The mode!'s inout parameters
would be estimated from whatever data are already avallabie on the
hydraulic and water guality characteristics of the reach, together with
pudlished information on the chemical ¢haractaristics of the pollytants.-
The mode! could then be used to estimate concentrattaons throughout the
reach, for various controT'a]ternatives'under various environmentai
conditions, T

Computer data bases, such as STORET, 1F0, Reach File, CHEM FATE,
[SHOW, and individual state information systems, allow rapid retrieval of -
some types of itnformation needed to abgly the model. Table 4.1
rema-izes the contents of these data bases and how to obtain access.
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This phase, relying on existing infarmation, does not undertake the
collection of new fleld data. wWhile published information on the
chemical characteristics of many toxicants is.often reasonably sound, the
site-specific anvironmental data are often sp&rse. In particular,
bed/water exchange parameters, partition coefficients, some pollutant
degradation parameters, and even the channel depth and veloctty may be
uncertain. nepénding-on potential environmental benefits and treatment
costs estimated (using the model) to hinge on the WLA, it may de
desiradle to implement a monitoring program designed specifically to
calibrate and verify the mode), thus proceeding to Phase J. A
sensitivity analysis of mode] parameters can be uysed to identify the key
unéerta!nt!es.

Phase 3: Monitoring and Model Validation

* When modeiing results ndicate that the WLA decisian 1s sensitive to
poorly defined or understood parameters, then more intensive data
collection may be warranted. Unlike the Phase 2 gathering of exisiing
informatian, the Phase 3 monitoring program would be designed and )
implemented For the speciflic purpose of relating the receliving water
response to the pollutant taput, through calibrating and verifying the

model.

Such monitoring of rivers s most effective \f performed as intens've
©osurveys., ‘Their success requires'carefu1 design and substanttal
resources. Survey programs can vary greatly in magnitude, from single
*plug flow® surveys, such as 1lluystrated Dy the Decemder 198) Flint River
survey (described In Section §) ranging to large reqgional programs, such
as the Oelaware Estuary study (Thomann 1972). '

‘ The resources needed for 4 single iIntensive survey are determined
- largely by the size and complexity of the system. As the normal

variabl1ity of the envirenment and effluent can be considerable, a

fragmentary surver may often produce data that a:« ir~ossible to




reconcile satisfactortly with modeling results. Consequently, 1f

undertaken at all, an intensive. survey should be tailored tc the needs of .
the model, and designed to be insensitive to temporary aberrations in thé

system, as will be discussed further, '

Having demonstrated accord between the model predictians and fleid
observations for one or two or more conditions, the Phase 3 model can be
used to forecast entirely new conditions with somewhat greater confidence
than.the Phase 2 model. '

4.2 DATA NEEDS

Site-specific calibration of a toxic substance model for a Phase 3
anﬁ]ysis requires (a) waste Toad and boundary condition data, o |
(b) environmental and chemical data faor process rate estimation, and
(c) caltbration and verification data. The amaunt of data ngeqéd to be
collected In time and space depends on the particuylar site, the
var?abiifty of the system, the accuracy desired, and the resources
availableé. The desire here s to suggest 3 realistic, achievadle data
collection plan..

The reader is referred to Book ], Streams and Rivers, Chapter 1: .
8lochemical Oxyqen Demand/Dissolved Oxygqen 4nd Ammonta Toxicity, Section

4, for-a thorough discussion of general problem definition and data
requirements for stream models. The taxic substance problem should be
considered as 3 special cass of stream uodil%ng. duilding upon a
historical base of conventional monitoring and research.

In the following discussion, 1t is assumed that the WLA analyst has
def\qnd the prodblem, reviewed historical data, made preliminary modeling
calculatiaons, presented the initial findings to management, and develaped
a consensus to proceed with the collection of additicnal fleld data. It
ts also assumed that the WLA analyst can direct or at least recommend a
monitoring plan and that he or she has visited the site and odbtained a
*feel® for the ;ituation.




4.2.1 taining Model In

Table 4.2 summarizes typical data needs for setting up and
caltdrating a toxicant model. Not al!l items are applicable ts all
poliutants. Generally, channel data are needed for all types of
pallutants; in addition, veloctity and dgpth'ord1nar1?y have stgnificant
flow dependencies which must be ascertained. Efflyent and boundary
concentrations and flows are )ikewise needed for all nol1dtants.

Sediment related data (partition coefficients, settling and resuspension
velacities, and bed characteristics) are needed for poliutants which .
readily adsord to particulates. Degradation rate data are neéded for
organic pollutants, depending on which processes (hydroiykls, photolysis,
etc.) are applicadle to the particular compound. References ke ‘A
Callahan et a). (1978), Mabey et al. (1982), and the CHEM FATE data base
can be consulted to determine what procesies are impartant for particular
chemicals and %o provide selected non-site-specific coefficients or

data. Once the Initial estimates are made, adjustments may be necessary
during mode!l calibration. ' ‘

Site-specific environmental parameters can De obtatned or inferred
frqn direct measurements over the appropriate time period. The time
frame selected would be determined by constidering:

1. Residence time of the pollutant in the system.
2. Time variability of the system.

3. Time and frequency qualification to the water quality standard or
criteria.

4. The expected critical time period -
4. low flow with little ¢1lution,
b. high flow, with nonpeint loadings and sediment resuspension.
¢. periods critical to fish survival.

S. Production and treatment schedules and cycles.
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whenever possible, point source surveys should be scheduled for
seasons when the systsm is likely to be most stable, unless specificaily

_designed to evaluate time variability. ,
42.2 ;a11bfgg1gn and Yerification: . Comparing Prediction with Observation

Calibration refers to the procedure of adjusting the \nput parameters
unt1] the cutput predictions (e.g., dissalved and total toxicant profile
ang suspended solids profile) reasonably match the observed
concentrations. In multi-parameter models such as described n Secttions
2.5 and 2.6, numerous different combinations of input values may allow 2
fit between predictions and observations. .Consequently, befors .
attempting to fit the data, 1t )s customary to fix the values of as many
parameters as possible, based on direct measurements. It may then de
feasible to adjust the values of a small number of parameters, within the
range of uncerlainty for those .parametars, in order to match the
cbservations. ©

Verification generally. refers . to comparing predictions with
observations for 4 second independent survey or time period. In
practical WLA contexts ()n contrast to some academic or researéh‘
contexts), the distinction between calibration and verification may
become-hazy; the initia) calibration may be medified or compromised such
that the mode) can reasonadly match both surveys. It is considered best
'f a4 single set of decay. partition,  and sediment exchange coefficients
f1t both (or 4)1) surveys adequately; however, it may de the case that
some coefficients may need to vary between surveys, as tllustrated in the
F1int River study. If this 1s the case, then 1t 15 essential that the
values vary in consistent, reasonable, readily justifiable ways.

Ideally, then, the WLA manttoring program would include at least two
1ndcoendeqt surveys. One survey might be mare intensive because of the
requirements for calib-ation. This survey may cover a longer time
period, perhaps sav -al days. It may include some master station” to




discern diurnal variations, particularly for those organic compounds
which photolyze readily,-and for' sites where waste Flows comprise a large .
fraction of the river flow. Station locations depend on the sources,

tributaries, and stream characteristics. At a minimum, there §Nchld‘pg

one station to define boundary concentrations upstream from the first
point,sourcc.wone station just downstream of the mizing zaone, and at

Teast one some distance (travel time) downstream, .reflecting the effect

of the loss processes. The final plan would reflect the complexity of

the system and the resources available.

A sccbnd,survey might be less intensive, covering 2 shorter time
period or pirhaas employing & *plug flow® or *slug sampling® §urvey ‘
strategy. 'This strategy, i1lustrated in the December 1981 Flint River
survey, involves sampling the point sources and river according to.the
passage of a plug of flow marked by a dye tracer. Although this method
entails considerable coordination in the fleld, fewer samplies are
required to be analyzed and, as a result, 1t s less costly.  This method
also has the advantage of filtering out many vartations, which 1§ igeal ,
for steady state models. Resource estimates for survey options are- ‘
discussed further in Section 4.4. S .

Many WLA stuydies have rat used two ar more surveys for support. -
Odtaining complete.and unambiguouys data s more \mportant than pefforming
3 particular number of surveys. Faced with a situation where resources
are sufficient for only a single good comprehensive survey, thé analyst
may bDe better off with \mplementing the one survey than with splitting
the resources between two abbreviated or fragmented surveys.

While the supporting site-specific data are 3 key element af”any WLA
analysis, the ability of the model! %o curve fit a verification data set
is hardly the only measure of adequacy. Its consonance with aggregate
modolingvtxner%ence. the averall reasonahleness of 1ts input valyes, and
the'genera{ undcrstandinq demonstrated by the analyst are at ‘teast as
.mportant,
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noggl Accuracy

‘The question will undoubtedly arise concerning the accuracy of the
model. H1thou£ any ca11brliion.nr verification data, the question for
any site-spectfic situation may never be answered satisfactorily., wWith
or without water quality data, however, the appropriateness of the mode)
input values (and possibly the mode) formulation) may always be
questioned. '

§;nc indication of pre&1;t1ve rel\auii1fy can be odtained by'
icnsitivity analysis: varying, one at a time, the key mode! parameters,
such as partition and decay coofflc\onts,‘OVQr a reasonatle range. Such
an analysis shows the sensitivity of the results to errors 10 estimating
model paraméters. For a more thorough evaluyation, all key model
parameters can be varied. at the sahe time using either of two
aporoaches: (a) Monte Carlo simulation and (b) first-order variance
propagation. Both techniques roquire.snecify1nq a prodability
distridutin of values for each 1nput'parameter of the model. [n the Mante
-Carlo simulation, parameter values are selected randomly from the '
specified distridbutions, and the mode! run over and over agaln, each time
with a different set of parameter values. The model output at each.
station can then be descridbed .by a Frequency distribyticn. [n
first-order vartance propagation, the variance in the cutput distributian
1s calculated directly from vdriankos of the input distridbutions. Burges
and Lettenmater (1979§) 111ustrafe application of bgth techniques to
800-30 models; Scavia et al. (1981) 1l1luystrate their application to
eutraphication models. Chapra and Reckhow (1983) pro#ide 4 more detalied
description of these techniqucs. Q '

For comparing mode] predictions with field observations, several
measures of mode) accuracy have been suggested by Thomann (1982). These
tnclude regression analysis of observed and predicted values, relative
error, t-test comparison of means, and root mean square error. An
analysis of observed and predicted valuee ror the caltbratton/
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verification runs of 15 dissolved oxygen models indicated an overall .
median relative error of 10%. Medtan relative error of individyal mode!ls

ranged from a3 few percent to about.60 percent.. for a eutrophication

model of Lake Ontario with complex.kinetics and fine spatial scales,

median relative error over 3 10-year simulation period for 5 vartables

wids 22 to 32%. Relative error s defined as

where ¢ ts the rc1at1ve'error. x 1s the average opserved concentration
at each station, and ¢ s the comphted dverage concentrattion. This
statistic, 1t should be noted, behaves poorly far small x, and tends to
weight overprediction more heavily than underprediction. '

Typica) accuracies of toxicant model applications have not been
evaluated. Because the aggregate experience with toxicant modeling ts
less extensive than with dissolved oxygen modeling, and Decause typical
levels of almost any toxicant vary over a far wider range than do leve'ls .
of dissolved oxygen, toxicant models may not alwdys attain the accuracy
of d1ssolved oxygen applications. However, as the effect levels for .
toxicants are so much more uncertain than effect levels for oxygen
depression, the need for very high accuracy seems .less pressing.

Nevertheless, In the Fling River case study, the calibration/verification
accuracy seemed gquite satisfactory Dy conventional WLA yardsticks.

Predictive ac:ura&y of either conventiaonal or toxic poilutant madels
can be expected to e less for a new survey for which the model has not
been calibrated. This is particularly true for an event with conditions
outside the range of those for which the model was calibrated. Thus,
predictive accuracy for conventional des1gﬁ events (extreme drought flows
coupied with hypothetica) improvements in effluent quality) may be
-somewhat less than the calibratton/verification accuracy. In particular,
1t may oe d1£f1cult to estimate to what degree lower stream flow and
improved gfquent 43" bty W11 affect-parameters such as the settling and
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resuspension velocities (flow and particle-size dependent) or partition
coefficient (3130 particlé-size dependent). Such model adjustments must

be based on analyst judgment.

In concluding this section it must be noted that an adequate
discussion of approaches for evaluating model accuracy and uncertainty is
beyond the scope of ‘this volume (apparently aleng with the other volumes
of this Manual, thus far). Chapra and Reckhow (1983), however, provide a
horg thorough treatment of the subject.

In actual WLA practice, the analysis of model uncertainty s seldom
quantttative. It s most common to compare observation and predictieon
graphically, declare the model °validated,® and proceed to apply the
mode) for determining the allowable waste load. Although a sensitivity
analysis may be performed on some of the input parameters, the results
are ynlikely %o Influence the decision-making process. Where the WLA IS
being done within an adversarial context, it s perhaps understandadble
that the analyst may not consider 1t helpful to spotiight the
uncertainties. However, !f the model verification 1s not treated as 4
pass/fatl proposition, then quantitative estimates of model uncertainties
can be more readily incorporated into the deciston-making process. Once
a Monte Carlo or first-arder vartance analysis has been set up for ifte
model, pollutlon control alternatives can bDe evaluated in terms of their
probability of bringing about particular water quality outcomes. Section
4.3 further discusses the use of Monte Carlo simylation for this purpose.

4,2.3 A¢gqitiona! 03t3

The data presented in Table 4.2 are directly applicable to setting up
the mode). Some additiona! parameter measurements may be useful for
interpreting results and substantiating the actual existence and cause of
the reach's use impairment. Incremental costs of this work would be
small, since the major expense for the survey would be for the field crew
and the chemica! analyses of toxicants. The additional measuremen®s
could n~lude: ‘




a) Mardness and alkalinity: to Interpret toxicity and determine _ .
metals criteria. ,

b) Conductivity: ¢to :onf1fu transport.
¢) Total organic carbon.

d) 0issolved oxygen, amubnia. and chlorine residual: to interpret
toxicity and biotic status. :

e) Qualitative description of sediment bed: to support estimates of
bed/water exchange.

f) Concentration of pollutant in biota: to indicate long term

expasure.

Furthermore, tt 1s brefnrabio to coordinate the chemical sampling
with a blologica) survey. As the numerical criteria of witer quality -
standards are mostly derived from single-species labaratory tests, an
observation that a criterion ¥s violated for a certain time period may
provide no indicatian of how the inteqrity of the ecoiystem is belng
affected. 1In addition to demonstrating the impairment of uyse, a
diological syrvey, coordinated with a chemica: survey, can help n
1dentifying the culprit pollutants and in sudstantiating the criteria .
values. The resulting data dase may also provide information
transferable to other sites. For mylti-faceted surveys, It may De
advantagecus 2o try to coordinate efforts with universities, research
Institutions, or industries, especially If they can contribute their own
resoyrces.

4.2.4 19 ASsuran

The WLA analyst should refer to Book II, Chapter 1, Section 4.3, for
a general discussion of quality assurance requirements for waste load
allocation studies. This discussion will focus on the unigue
requirements for toxi¢ substances.

During the development of the ubnttoring plan, the WLA analyit shoul
~eet with the laboratory director and quaiity .-surance officer to
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. request a quality assurance propesal. The proposal should consider
sample collection, handling, preservation, preparation, and analysis. Of
particular concern to the NLA analyst would be the detection
(quantitation) 1imit for each toxicant.

Some production lihoratories. aithough very reputable, may not report
concentrations at levels at or below criterta 1lmits decause doing so
requires additianal care and quality control, reduces the productivity ia
terms of numbers of analyses parformcd and may require alternate
anatyttca1 methods., Water quality nanagers need to recognize this
pos:1b111ty and make special concess\ons for Jower product1v1ty during
WLA cunorenensivc surveys.

Samples to be used for foxic substance analyses require spectal
collection and Randling procedures unlike thase for conventional
parameters. Depending on the spectfic ch¢m1cal..péecautions should be
taken to prevent sample contamination from.collection devices and
cantainers. This 1t not a trivial concern,.

.amples that will be !1ltorc¢ for particulate and dissolved fractions
. should be dehvcnd to the Field laboratory for filtratton within the
shortest period possible (one or two Mours maximum for metals samples) or
filtered and preserved an site. For unstable chemicals, samples should
be preserved using prescribed methods.

Key to the entire effort 1s proper sample logging, record?ng.of
" results, input of Informatton Into a computerized data dased such as
STORET, and verification and correction of data in the data base.-

4.3 FORECASTING

The purpose far developing a site-spectific model s to forecast the
‘environmenta]l consequences of pollution abatement alternatives.
Environmenta) goals for a stream reach are, of course, embodied in the
‘aneficial uses designated tn 1ts water quality standards. The water
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quality needed to protect the designated uses may be specified as

numerical criteria, which indicate acceptadle chemical concentrations (1f .
known). Criteria are generally derived from ladoratory tests in which

particular species are exposed continuously to a toxicant. As the tested
concentrations do not vary over time, 1t 1s not obvious precisely how

they should de related to ambient concentrations, which often vary

considerably over time. It \s not clear how often the criteria can be

violated without impairing the use. |

“1n actual practice, lacking 8 firm technical dasis for specifying a
target frequency of attainment, WLA ada\yscs have ofgenAincorporateﬁ the
convention of designing for the criteria to be met during the 7-day, ance
in 10-year (7Q10) low flow. This assumes that upstream dtlution has a '
dominant influence on water quality, a premise which is correct for many
water coyrses and pollutants, dut not true for all. Indeed, several
other time-variable parameters may also affect the modeling results; for
example, temperature affects most degradative processes, pH affects acid
and basic hydrolysis, wind velocity affects volatilization in sluggish
waters, solar radiation and turdidity affect photolysis, and suspended
s011ds affect partitioning. In BOD and ammonia WULAs, the other key .
parameters, usually temperature, upstream conccntrat1ohs. and pH, have '
been specified by various procedures; depending on the procedure used,
the values may either frequently or selidomly De expected to accompany the.
7010 low flow.

tn~jddq1nq pollution control alternatives within sych a framework,
the measure of effectiveness generally applied 1s the change in
cancentration during the single rare event. Other measures are not
easily applied because the conventional procedure gonéra11y'obscures both
the expectsd frequency of violaticn and the overall toxicant expasure
Tevel, due to: . -

a.. The use of a single rare event.
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b. The nature of the extreme valuye statistics used to generate the
flow recurrence iatervals. .

c. The lack of consideration for the probability distributions of
other environmenta! input parameters.

As a consequence, nelither the analyst nor the decision-maker may realize
what level of protection the design condition 1s providing. I[ndeed, they
may not even realize that 7010 design conditians provide different levels
of protection in different streams. For example, i1n a large river the
upstream dilutton flow may be lJess than ar equal to the 7010 only 1% of
the time, dut in many small streams it may be at 3 zero flow 1Q10 for &
substantia) percentage of the time, ' :

An alternative framework for model forecasting has bdeen proposed by
Freedman and Canale (1983). They suggest a conceptually simple Monte
Carlo technique which can account for both the time-variability and the -
uncertainty in all model parameters: (a) environmental condittons, (D)
effluent quality, (c) rate coefficlents, and (d) water quality criterta
values. By generating a probabflity distridution of water quality
cutcomes for each pollution control alternattve, the framework can
provide a more realistic comparison of their likely effectiveness.

The analyst degins by describing the probablility distribution for
each of the key mode! input parameters, Statistical evaluation of the
hMistorical data can define the vartadility of parameters such as flow,
upstreéﬂ concentrations, effluent loads, pH, and temperature (using
dally, weekly, monthly, or any other averaging pertods). Published data
and analyst judgment can suggest the uncertainty of parameters such as
decay and partition coeffictents. The distridutions can be defined in
terms of standard statistical functions such as normal, log normal,
gamma, or uniform distridutions, or they can be numerically defined in
terms of the probadility of exhibiting discrete values. Correlations
between parameters may need o be taken into account.
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A Monte Carle s1muiation'can then be performed Dy randomly selecting
model tnput values from the assigned distributions. By tallying the
water quaiity predtctions resulting from sach set of randomly selected
Inputs, the overall distribution of resulting water quality s
generated. A simple i1lustration of aouly1ng.this procedyre to a few of
the input paramefers for a:model of a stream with two dischargers 1§
shown tn Figure 4.2. ’ '

Some other methads can alsoe provide prodability distributtons of
water quality, accounting for time variability but not necessarily
parameter uncertainty, A computationally simple technique has been
suggested by 0tToro (1982). Using log normal dtstrthut1ons for flow,
loading, and other environmental parameters, it generates a'jaq normal
distribution of concentration immediately below the outfall. The method
was intended For dilution calculations, not downstream fate predictions.

Pernaps the most straight-forward means of addressing time
variability ts to apoly a continuous simylation mode! such as HSPF or
SERATRA. A several year sequence of flow, temperature, loading, and
other input 1s used to generate a time sequence of water guality, which
may be summarized inta 3 freguency plot or possidly evaluated 'n other
more toxicologically relevant ways. wWhile datly records for flow are
usually readily avallable, time sequences for other mode! inputs may de
more difficult to construct. '

Canuaéod with the deterministic analysts of & single rare event,
prodabilistic and continuous stmulation techniques provj&e a broader
perspective gver the entire water quality response. In comparing
different control options, the measure of effectiveness can be the
probability of oxcocding‘tnc criteria, or 1t can even be the frequency
coupled with the severtty of vfp)ation (as llustrated by the shaded area
exceeding the criteria tn Figure 4.2). '
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In situations where rules require that the WLA be designed for a
particular flow, such as the 7010, the Monte Carlo technigue can be ’ .
-aoplied to all input parameters except flow. Contrel altern&ttves'&an

then be evaluated in terms of 6robablo qutcomes for that particular flow

event. [n situations where the analyst wishes to construct a single

svent carresponding to a particular recurrence interval, Book V! of the

Guidance Manual (USEPA 1984) describes a method for selecting flow,

teﬁpcratura. and pH. The method does not consider a1l vartable inputs

and may be restricted to single dischirger sttuations.

With the 7010 (or similar) design convention, a level of gratection
deciston ts made automatically, grounded more on past precedent than on
technical rationale. Its level of protection, hbuever. may vary from
site to site somewhat haphazardly, unrelated to use attatament. If such
a conventional design conditfon s not used, the level of protection mgj
,become & technical guestion; that 1s, 1t must be determined what
frequency (or other measure) of standards attalnment will protect
particular uses. '

For protection of human health, the decision can ofte'n be based an .
readtly avatlable information. Many health criterta are based on long
tern (possidly 1ife-time) average exposures. If the long term mean
concentration were appropriate for the criterion, and \f probabilistic or
continuous simylation anpéoaches were not ysed, specifying a design '
‘condition that produces the mean concentration 1$ still not neéessar11y a
trivial task. For oxa@alo. 1t is the harmonic (not arithmetic) mean flow
that produces the arithmetic mean concentration below a singie discharger -
(because concentration is proportiona) to the inverse of dilution flow).

For the protection of aquatic life the allowadle e:coedanée frequency
15 a particularly difficult technical question. As the criteria are
based on laboratory tests with constant rather than time-variable
concentrations, and because mobility for many sp--les is less constra‘ned
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in the field than in the laboratory, relatively 1i1ttle technical data can
be brought ta bear an the question. [n the past the question of
exceedance frequency has hrobab1y nat received the attentton ¢

deserved, It shou1§ De recognized that the yncertainty in .the entire
waste load allocation analysis is 3 combination of the uncertainty in the
target concentration, the uncertainty in_the target attatnment freguency,
and the uyncertainty in the model predictions,

4.4 RESQURCE REQUIREMENTS

In this section, estimates are presented for conducting a water
quality analysis for a hypothetical river. The estimates are dased on
the expertence of the EPA Large Lakes Reseirch_Statiqn at Grosse [le,
Michigan, 1n developing and applying 4 toxic sudstance mode! o heavy
metals in the Flint River and PCB surveys and model development for
Saginaw Bay, Lake Huron.

The estimates apply to setting up a model comparable to MICHRIV,
using two Intensive surveys for ca1ibrat1cn/vertf1cation._ The following
presents the assumptions For which the costs were estimated:

1 Two major discharges.

2. S0-mile river reach.

3. Three metals and three organic compounds.

4. Sampling points at bridges.

S. Orgaﬁtc~substances readily photolyze according to literature,

6. All capital equipment such &s laboratory, field, and computer
sgquipment 13 Installed and avallable.

The estimates apply to an experienced WLA analyst, office support, and
the labaratory and fleld personnel. The estimates exclude standards
promulgation, permit negotiation, management, and o'erhead.




obvious that the most costly component is for the chemical analyses for
syrveys, particularly the synaptic-type approach for Survey No. 1. These
costs could vary widely depending on unit costs, aqa]it?ca! procedures,
Quality assurance, etc. ‘The cost for organic anmalyses assumes that high
resolutton capiilary column GC's are used. Metals are assumed to -De
analyzed using graphite furnace atomic adsorption. '

The rescurce estimates are summarized in Tab‘les. 4.3 and 4.4, It s .

" There may be instances where the system is extremely complex, with
nonpoint sources, complicated hydraylics, nuitiplo and intermittent
discharges, and multiple pollutants that would warrant surveys over a
year's time frame 1ncluding event sampling covering a range of '

- conditions. In these cases, 1f the costs of the surveys are compared to
thc'potent1al cost of remedial controls, they should be minor. In many
situations, the regulatory agency may suggest or require that the
permittee assist with the collection of the necessary data. '

In summary, a wasté load allocation project may vary from very simple
to very complex. The resources estimates presented herein consider a
typical prcbfeu setting. In the final analysis, the use of surve'y‘s and .
madels depends on the site and chemical-specific problem.
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SECTION 5.0

CASE STUDY: MODELING HEAVY METALS TRANSPORT
IN THE FLINT RIVER

5.1 INTROOUCTION

The Flint River project, discussed 1n this section, was undertaken as
3 demonstration study for the development of pracedures that can be used
in requlating point source discharges of priority pollutants. The
results of the ane yiar study have served as a technical basts for the
preparation of this document. Specifically, the fleld cata aided
consideradly in the development of the MICHRIV model. This section
contains the results of application of the MICHRIV model to the Flint
River survey of Zinc, cadmium, and copper. The emphasis will be on the
calibration and, tc a certatn extent, the field testing of the model with
the Flint &ata set. The project also serves as an example of data
acquisition methods Faor the application of the model to a WLA probiem.

Section 5.2 describes the study reach of the Fiint River., Sections
5.3, 5.4, and 5.5 describe the applicatton of the madel to the August,
1981, the December, 1981, and the March, 1982, survey data.

5.2 DESCRIPTION OF FLINT RIVER STUOY SITE

The Flint River, located in Southeastern Michigan, s a2 major
tributary to the Saginaw River, a major tridutary to Saginaw Bay. The
Saginaw watershed had been identified as ane of several national priority
sites. The Flint River is also considered a high priority stte for
development of toxicant WLA procedures Dy the Michigan Oepartment of
. MNatural Resaources (MONR). ' '

The Fliat River watershed occupies 3,500 square kilometers (Figure
§.2.1) and contains significant agricultural and urban development. The
north and south branches of the river join in Lapeer County nd flow in o




oad8 Usnad 1N "Ly AU

_ HIVIN ALNIS
$IHM O I1vIs 1
r=—-t 1 A . ‘
o 9 o N A __oawwwvo \._ K __ . | -
X
wagav? | w
VI NOIL YOO . : m
\ B\ : ' k -
2 ' :
% / |
) < r
o FUATH _
t Y N { \
[ ] ]
m . vaniy _
i ) 8 _
. .‘
&, ('} .
" »
@w... ! . 333390\ N N\._ 2 ¢
vioosni .
IVHUNYS “M




southwesterly direction to the City of Flint. Within this reach are two
!maoundments.'ﬂollouay Reservotr and Mott Lake, which are ussd for
recreation and occasionally for low flow augmentation in the summer
months. Oownstream from the City of Flint, the river flows northwest
before joining the Shiawassee River in Saginaw County. MNunicipalities
downstream of F1int include Flyshing, Montrose, and Fosters.

Becayse the purpose of this project was to study a river system in
enough detail to develop a metals transport model, and because there were
tnsufficient resources to quantify.all sources to the river in the city
of Flint, the reach selected for the mode] application was the 60
kilometers from Mi}1 Road (Xm 71.9) to Cresswell Road (Xm 11.0). This
reach, shown in Figure 5.2.2, contains two major point discharges of
metals . Flint wastewater treatment plant (Xm 70.7) and Genesee Co. No. 2-
(Ragnone) wastewater treatment plant (Xm 41.,1). Several tridutaries,
also monttored, join the river along the study reach.

5.3 FLINT RIVER AUGUST SURVEY

The Flint River August Survey, conducted during August 4.14, 1981,
was 'ntended to develop 3 quantitative cause-effect relationship between
metals loadings and resulting concentrations during summer, low flow
conditions. Thirteen river stations, four triﬁutary streams, and five
point source discharges were sampled during the two week sSurvey. A list
of the stations, their distance from the river mouth in x1lometers and
the sampling schedule for each station are presented in Table 5.3.1, The
August survey is an examplie of a routine monitoring schedule. Most river
stations were sampied dally; however, four “master® stations were sampled
at more frequent intervals as a check on diurnal variations.

Temperature, dissolved oxygen, pH, alkaltatty, and conductivity were
measured in the fleld. Samples were also filtered and preserved in the

121
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i ' TABLE §.3.1 SAMPLING STATIONS FOR AUGUST,
: - HEAVY METALS SURVEY

1981 FLINT RIVER

" Station/Description

Km. Point . Sampling Schedule .

FROGQ1/Utan Street river station
FEOODY/GM Plant discharge
FROGO2/Hamt 1ton Street river station
FRO003/Grang Traverse Street river station
FROD04/Swartz Creek tributary. i
FRO005/Chevralet Street river station
FRO006/MY)1 Road river statlon
FEQOD2/F1int WWTP discharge
.FRO007/Linden Road river station
FEOOA1/F1int fly ash pond discharge
FEQOA2/F1int fly ash pond discharge
FRO008/E1ms Road river station
FROO03/Matin Street river station
FROCI0/Mt. Morris Road river station
. _FROOY¥/Vienna Road river station
FROO12/8rent Run tributary
FEQQ03/Ragnane WWTP .discharge
" FROD13/East Burt Road river station
FROC17/Pine Run tridutary
FROO14/S1lver Creek tridutary .
FRO015/M-13 river station
FROQ16/Cresswel) Road river station

83.6
83.4
81.9
19.3
9.1

7.9

1.9
70.7
70.5
10.0
10.0

.66.3 .

81.2
52.8
43.5
41.6
41,1
2.1
9.1
25.2
14.9
1.0

Grab -

every 24 hours

24 hour composite

Grab -
Grab -
Grab -
Gradb -
Grab -

every 24 hours
every 24 hours

every 24 hoyrs
every 24 hours

every 24 hours

24 hour compostite -

Grad -
Single
Single
Grad -
Grad -
. Grad -
"Grab -

Grab -

every 24 hours
qrabd

grab

every 24 hours
every 24 hours
every 24 hours
every 24 noués
every 24 hours

24 houyr composite

grad -
Grad -
Gradb -
Grad -
Grad

every 24 hours
every 24 hours
every 24 hours
every 24 nhours
every 24 hours




fleld. Hardness, suspended solids and total and filtrable zinc, cadmium

and copper were analyzed at the Grosse Ile Laboratory. Field sampling

and analytical work was the responsibility of Cranbrook Institute of Q .
Science. The USGS, Lansing Office participated in the field work and

provided flow and time-of-travel tnformatton (Cummings and Miller 1981).

§.3.1_August Syrvey 0Data Summary

. During the survey 4 precipitation event interrupted the steady-state
conditions that existed for the first four days of the survey. The hydro-
graphs from the USGS gaging stations near Flint and Fosters (Figure
§.3.1) 11lustrate the event. The water gquality in the river responded
predictadbly to the event, as 11lustrated by the hydragraph and various
time profiles at Statton FROS (Figure 5.3.2). Suspended salids and
particulate metals (as reflected 31n the total metals peaks with no change
in dissolved phase concentrations) peaked in response to the flow event.
As discussed later this phenomenon represented resuspension of sed!iments
from the river Dottam caused by Migher shear stress. Also, dissolved
constituents not particularly associated with sediment material were
diluted by the increased flow. This process s 1l1lustrated by the
conductivity and hardness profile. o .

-Althaugh the lvcni phenomena are guitc interesting, the model appited
1s steady-state. Conseguently, the modeling described here is restricted
to the first four days of the August survey. Observatians at each
statton will be reported as four-day means plus or minus one standard
deviation. a |

" The necessary input data for the model include dasic hydrologica)l and
morphological information on the river and loads of suspended solids and
tota) metals to the system. Table 5.3.2 15 a summary of the flows and
river geometry from the M111 Road station (FRO6) to the Cresswell Road
statlon (FR1&) for the four day steady-state, low-flow pertod 'n August.
These values have been established primarily from measu-Iments made by
USGS (Cummings and Miller 1981) during the August survey.
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TABLE 5.3.2 SEGMENTATION, FLOWS, ANO GEGMETRY FOR FLINT RIVER
OURING AUGUST 4-7, 1981

Segment Cross- Mean
Segment < Km. Flow Sectional QOepth
No. Boundary Point (m3/s) Area (m¢) (m)

M111 Road 71.9

1 2.66 14.9 0.45
Flint wTP 10.7

2 . 4.2 20.5 Q.64
_ Fiint fly ash ponds 70.0

3 : 4.28 17.8 Q.47
Downstream of Elms Road 85.0

4 o 4.38 15.1 0.34
_ rent Run 41.6

§ . © 4,53 1 22.8 0.47
Ragnone WWTP a9

6 . . . 5.22 24.5 0.64
Upstream of €. Burt Road 36.0-

7 - 5,22 19.% 0.56
Pine Run 29.7

8 5.20 17.8 0.58
Stlver (Creek 25.2

9 ' 5.6 17.8 0.70
1.0

Cresswel) Road




For this mode! application the river reach from MY11 Road to ‘
Cresswell has been divided into 9 segments. The segmentation was
primarily governed by location of point sources and tridbutartes, although
changes tn river geometry also contributed to segment boundary

selections. The segmentation !s also presented in Table §.3. 2. where
filows and gecmetry are given by segment.

The upstream boundary conditions and the effluent and tributary loads
for the steady-state period are presented in Table §.3.1. The two
municipal plants represent the majar source of &eta1s to the river. OCnly
tatal metal loads are reported, bdecauss. equilidrium partitioning u{th
solids is assumed. It should be noted, however, that in reality the
metals discharged from the Flint plant were primarily in the dissolved
phase while those from the Ragnone plant were primarily 1& the »
particulate phase. This information will De discussed Further in the
model calldbration section.

A t Syrvey Model libration

The model calibration was performed in two stages. First, the
syspended solids simylation was calidrated o the existing data. This.
tould be done independently of the metals calibration sincé the solids
submodel. does not depend on metals interactions or transport. The second
stage consisted of calidbrating the three metal predictions uithout
altering the suspended :oiids calibration.

Given the input data aroscntod In the previous section, the only
parameters at ane's dispasal For calibrating the suyspended sglids
submadel are suspended salids settliing rate (v, ). solids resuspension
rate (u ). and solids concentratian 1n the beﬂ (n ). Since the
solids entrainncnt rate or resuspensioca flux (g/n -d) {s the product of

rs and "2‘ an extra degree of freedom exists in the model

framework. ~his degree of freedom was eliminated by fixing the bded
solids concentration based on d ~.cl mea;urements.
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The typical river bottom will have 3 water content detween 60 and 95%
by weight; therefore, f the solids have a specific gravity of 2.5, the
solids concentration in the bed will vary from approximately 50,000 -
500,000 mg/t of bulk sediment. Based on some battom sampling conducted
during the August survey, a value of m, = ¢00,000 mg/1 was selected
for the river reach.

Since the August survey was during a relatively low flow period, the
fFirst solids calibration attempt was made assuming the resuspension rate
(“rs) was equal to zero. Furthermore, since there was g reason to
suspect that the settling rate would vary along the river, a single value
of W, was used tn all segments. It 1s possible that the solids
settling rate would be a function of flow in the river; however, the flow
differences along the river were not considered to be significant enough
to Justify segment-to-segment vartation of v, - The calibration with
w, = 0.25 m/¢ 1s shown in Figure 5.3.3a.

The calidration in Figure §.3.3a 15 quite good until Just downstream
of the Ragnone treatment plant (about Xm pui. 35). From this point
downstream it seems that the madel underpredicts suspended solids. One
possible explanation is that resuyspension was occurring ia the lower
portion of the river. 8y applying a very small entralnment rate of 4.0
g/mz-d in segment 7-9 (Xm 36.0 11.0) on top of the settling rate of
0.25 m/d throughcout the reach, the calidration shown In Figqure §5.3.3b was
obtatned. The above entrainment rate correspands to 2 resuspension
velocity of 2.0 «x 1973 m/day.

Justification for applying a resyspension factor in segment 7-9 comes
from a review of the experimental work of Lick (Lee et a). 1981; Fukuda
and Lick 1980) and from & comparison of calculated bottom shear stresses
'annng stgmnnts’of the river. Lee et al. (1981) Vist five factors on
which resuspension depends: (1) turbylent shear stres:‘at the
sediment-water interface; (2) water content of bottom sediments:
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{3) composition (mineralogy, organic content, size distribution) of
sediments; (4) activity of benthic orgamisms; and (S5) vertical ;, .
distribution of sediment properties, t.e., manner of deposition.

The effects of the first two factors are qualitatively understoed.
Lee et al. (1981) found that for the western dasin of Lake £rie, boftom
sediment resuspension rates were directly proporticnal to shear stress
and water content. Sediments with a fine-grained (clay size) fraction
deposited at the surface were more easily erodable than vertically
well-mixed sediments with the same composition. These considerations
suggest that resuspenston in & paritcular river may be pred1éted from an
empirical relattonship between entrainment rate and shear stress.

In the case of the Flint River the best Just1f1cat16n'For increasing
the resuspension velocity below Xm 36 comes from comparing the bottom
shear §tress among various river segments, using Equation 3.6 (Graf
1971). For the August steady-state conditions, battom shear stress
values for several segments of the flint River are presented in Table

- $.3.4, Although the absalute values of shear stress are only estimates,
the relative differences should be valld because of the consistent method
of calculation. Note that the three downstream segments have greater .
shear values than the four upstream segments. There 1S typically a
threshold value of shear for a given sediment condition above which
entrainment rate tncreases rapidly. It s possible that for the Flint

system the threshold value i3 in the neighborhood of 10 dynes/cmz.

It should de noted, nebcrtheless. that resuspension 1s not the only
possible explanation far increasing suspended solids profiles in rivers.
Growth of phytoplankton biomasss can also produce this phenomenon, with
edch additional S ug/L chlorophyll.a equivalent to ! mg/t suspended
s011ds iCana1e 1983). Unlike resuspension, phytoplankton growth should
increase suspended solids concentrations without tncreasing tota) metals
concentrations. while both Interpretations seem compatable with the




. TABLE 5.3.4. BOTTOM SHEAR STRESS IN SEGMENTS OF FLINT RIVER
OURING AUGUST 1981 STEAQY-STATE PERI00 ~

Segment Boundaries Shear Stress

Seqment (Xm. Points) (dynes/cma)

1 : T1.9 - 70.7 o 9

3 70.0 - 65.9 6.92

A 65.0 - 41.5 9.87

6 41.1 - 36.0 4,70

7 3.0 - 29.7 10.54

8 | 29.7 - 25.2 15.4

9

25.2 - 1.0 ‘ 12.5




. Mugust survey data, resuspension would be & more viable explanation
durtng the winter surveys (described later). For the Flint River the
model's overall results are not particularly sensitive to . the gquestion,
however,

Once the suspended solids submodel was ca1ibratgd. only the metal
partition coefficients were used toc calibrate the metals predictions.
" Sediment-watar diffusion of dissolved metals was considered to be
insignificant.

Calibration of the metals system began with observed partition
coefficlients and adju;ted these values within reason in order ts match
total and dissolved metal profiles. There are so many factors that can
affect metals partitioning that iasufficient ‘nformatian is avatlagle in
this case for 3 priert estadlishment of partition coeffictents. Plots of
the observed partition coefficients for the three metals 1n question
durtng'tne modeling period are presentesd in Figure 5.3.4, These flela
data Indicate that the partition coefficient for 2inc shoulg fa'll detween
0.1 and 0.3 t/mg. There s a great deal of vartation 1n observed
cadmium partitioning; this vartation, detween about 0.05 and 0.45 t/mg,
is probadbly due to dissolved cadmium values dDeing near the detectadle
1imit. Finally, copper demonstrated the lowest partitioning with a range
of approximately 0.02 - 0.10 t/mg.

It s worthy of aote that for all three metals the Linden Road
samples, which are from a site just downstream from the Flint STP
discharge, tended to have lower partition coefficients than the
downstream sites. One possible explanation is that the Flint discharge
contained metals primarily in & dissolved (filteradle) state and that an
equi1ibrium partitioning had not been attained in the first few
kilometers downstream. The metals in the Flint discharge averaged 81%,
84%, and 75X dissolved phase for Zinc, cadmium, and copper,
respectively. As the MICHRIV mode) does not consider adsorption
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kinot1cs._tho way to handle this phenomenon was to Jower the
partitton coefficient for approximately four ktlometers downstream af the

Fliat discharge.

" The results of the model calibration for the three metals are
presented tn Figures 5.3.5-5.3.10. Table 5.3.5 summarizes the partitien
coeffictents used for calibratton. Recal) that once the solids mede! had
been calibrated, metals partitiontng was the only remaining calidbration
parameter for the metals. For all three metals the lower partition
cocfficients in segments 2 and J downstream of the Flint discharge are
necessary to simulate the higher proportion of dissolved metals in this
region. Also, an Increased partition coefficlient for copper downstream
of the Ragnone discharge was employed in the caltbration. This was
Justified by the observed data (Figure 5.3.4) as well as the Fact that an
average of 8J)X aof the Ragnone copper discharge was in a particulate bhase.

It.-is encouraging to noté that the relative magnitude of calibration
partition coeffictents among the three metals for the August 1987 Flint
study s the same as was found 1n a Saginaw Bay mode)ing effart (Dolan
and SSeruan 1982). Even the absolute calidbration values were guite
similar. The calibratton values For Saginaw 8Bay were 0.225, 0.145, and
0.05 t/mg for zinc, cadmium, and copper, respectively. The Flint River
uitimately flows 1nto Saginaw Bay via the Shiawassee and Saginaw Rivers,

5.3.3 Auqust Syrvey §gr§;‘l;1v1ﬁx Anglysis

As indicated above, the matn calibration coefficlents for metals in
the Flint River are the suspended solids settling (us) and resuspension
(u ) rates and the partition coefficients for the respective metals.

A scns1t1v1ty analysis an these model parameters would De instructive 1n
determining the accuracy necessary in dcf1ninq these parameters for a
given mode! prediction accuracy. It would aiso confirm the neec for the

rospoct?vc terms in the mode) framework.
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TABLE §.3.5. CALIBRATION VALUES OF PARTITION COEFFICIENTS IN FLINT RIVER

DURING AUGUST 1981 STEAOY-STATE PERIOD

Metal Partition Coefficlent (t/mg)

Segment Iinc Caamium Copper
) 0.2 0.20 0.05
2 ) g.l0 0.03 0.03
3 - 0.10: 0.03 0.03
4 8.25 Q.20 0.0%5
5 0.25 8.20 0.0%
5 0.2§ 0.20 0.09
? 0.25 0.20 :0.09
8 0.25 0.20 0.09
9 0.2§ 0.20 0.09




Resuylts of varying the above model coefficients have been evaluated
in terms of percent change of total and dissolved metal concentrations
(and suspended solids when applicable) in the river for 3 given percent
change of each parameter individually. Percant changes of both model
coiffictcnts and model aqutput are related to the final calidbration run
presented 1n the previous subsection. Figure 5.3.11 presents the _
predicted response of suspended solids, and total and dissolved zinc at
Km 45 to changes in the solids settling rate (us). (One hundred |
precent on the x-;xis represents the calibration value of ¥, For gne
August survey.) - Suspended solids is the most sensitive state vartadle;
with a value of we = 0 overpredicting the suspended solids
concentration by a factor of 2. MNo solids settling would lead 2o an
overprediction of total zinc by SO percent; the extent of this variation
depends on the partition coefficient. 0issolved zinc (and other
dissolved metals) are relatively insensitive to vertical solids flux
rates.

An example of the model response to the water column partition
coefficient ts presented in Figure §.3.12. In this case the disiolygd
zinc is very sensitive to the choice of partition coefficient, with the
sensitivity among metals depending upon the relative value of the
calibration partition coefficient. Total metal levels are relatively
insensitive to changes tn water column partitioning, unless « !s
drastically underestimated or omitted altogether.

Since steady-staie concentration profiles are not conf@ant in the
longitudinal direction, the percent change of mode! output depends on the
distance along the x-axis over which the coefficient perturbation s
applied. To demonstrate this concept, the sensitivity analysts resylts
for the August survey are given at four different locations aleng the
river: (1) kilometer point 85, § km downstream from the Flint discharge;
(2) kilometer point 45, 25 km downstream of Fltnt; (3) kilometer point
35, about 5 km downstream from the Ragnon discharge; and (4) kxilometer
point 10, about 30 kilometers downstream uf Ragnane. For the settling
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‘ velocity and partition coefficient, the results are presented in Tadles
: 5-3-16 Gﬂd 503.7- - )

§.4 FLINT RIVER DECEMBER SURVEY

Another survey, conducted during the period lecembder 1.4, 1981,
studied metal profiles 'n-the river during a relatively high-flow
. period; It was aiso felt that calibration of models for tox)c substances
in rivers under differént flow regimes was an essential step tn .
developing a model that could be applied to WLA problems witn confidence.

Another benefit derived from the December survey was the
demonstration of data collection for a steady-state system via the slug
sampling method. In this sampling method & finite slug of river water is
sampled periodically as 1t moves downstream. Any tridutaries or point
sources contributing materials to the slug are also sampled as the slug
passes these potnts, This approach can provide an effictent (in terms of
number of samples required) way to obtain 3 steady-state Tongitudina’
‘profile of the river by eliminating much of the confounding 1nfluence of

. ' diyrna) loading variations. Conducting the December suryéy in this .
manner provided model calibration data ta a shorter period of time and
with many fewer samples than the August data.

"-The parameters measured 16 the Jecember survey were the same as those.
in the August survey, with the exception that dissalved oxygen analysis
was omitted. 'The USGS once again participated in the fleld work: This
time, 1n addition to providing discﬁarge measurements, they conducted the
dye-dump and monitoring so as to coincide with the water quality
sampling. By following the dye slug downstream, the sampling crew was
assured of coliecting water from the same slug as it passed the various
sampling locations along the study reach. 4 Tist of the sampling
stations for the December survey is presented in Table §5.4.1.
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4.1 Qecember Surve Dat Summar‘

The Oecember survey actually consisted of two distinet slug
monitoring runs down the river, 0n December 1, 1981, at 7:00 a.m. the
dye was dumped at Grand Traverse Street. 3 point 7.4 k#iometers upstream
of the initia) water cual%ty 'sampling station (M41) Road). "This
permitted the dye slug to adequately mix over the river cross.section Dy
the time 1t reached M1} Road. At Mt1) Road and at all subsequent river
stations and point source locations, estimates were made {based on
average river velocity estimates) of the time of travel between samp’ing
points along the river. These estimates were confirmed by following the
dye slug along the rtver and iamalidg on-site at each location via
flyorometric analysts when the leading edge and peak of the dye slug was
passing. Three water quality samples were collected at each location,
separated in time by about 1/2 hour, as the dye was passing. An attempt
was made, ‘1n most cases successfully, to obtain one water quality sample
prior to passage of the peak of dye, one at the peak, and one after
passaqe 9f the peak. I[n this way a good representat1on of the water
qua11ty in the dye $lug could be obtained. '

Hydrographs of the Flint River at the M-57 (Vienna Road) and M-i3J
sampling locations during the week of the December survey are presented
in Figure 5.4.). These hydrographs iIndicate two major things. Flrst,
the discharge of the river during the Oecember survey was an order of
magnitude larger than the August iou-flow,survey.~ Second, the
hydrographs are reasonably (Iat. indicating that the river flow was close
to steady-state during -the survey. There was a smal) peak in each
hydrograph due to a dDrief rainfall late Tuesday afternoon; however, th?i
event occurred between two sampling runs, as indicated in the figure.

A record of the dye slug time-of-travel and sampling times for both
sampling runs has been rgcon}t(ucted~1n Table 3.4.2. A very fortunate
occurrence is evident from this table. The river flow conditions were




S.4.) Oecember Survey Data Summary o . .

The December survey actually consisted of two distinct slug
monttoring runs down the river. On Qecember 1, 1981, at 7:00 a.m. the
dye was dumped at Grand Traverse Street, a point 7.4 kilometers upstream
of the initia) water quality sampling station (Mi11 Read). This
permitted the dye slug to adeguately Qix aver the river cross-section by
the time 1t reached Mi1) Road. At M111 Road and at all suybsequent river
stations and point source locations, estimates were made (based on
average river velocity estimates) of the time of travel between sampling
points along the river. These estimates were confirmed by following the
dye slug along the river and sampling on-site at each location vig
fluorometric analysis when the leading edge and peak of -the dye slug was
passing. Three water quality sapples were Collected at each location,
seoirated tn time by about 1/2 hour, as the dye was passing. An attempt
was made, In most cases successfully, to obtain one water auality~samnte'
prior to passage of the peak of dye, one at the peak, and one after
passage of the peak. In this way a good representation of the water
quality 1n the dye slug could be obtained. ) . ' .

Hydrographs of the Flint River at the M-57 (Vienna Road) and M-13
sampling locations during the week of the December survey are presented
in Figure 5.4.1. These hydrographs indicate two major things. first,
the discharge of the river during the December survey was an order af
magnitude larger than the August low-flow survey. Second, the
hydrographs are reasonably fTat. Indicating .that the river flow was close
ta steady-state during the survey. There was a small peak in each
hydrograph due to a brief ratnfall late Tuesday afternocn; however, this
event occurred between two sampliing runs:, as indicated in the figure.

A record of the dye slug time-of-trave! and sampling times for both
sampling runs has been reconstructed Yn Table 5.4.2. A very fortunate
occurrence is evident from this table. The river flow conditions were




TABLE §.4.2.. COMPARISON DF OYE CLOUDS TIME-QF-TRAVEL HITH SAHPLIMG SCHEDULE
FOR OECEMBER, 1987 SURVEY OF FLINT RIVER
Arrival of -
Peak Dye . Time-of-Tra
Site Km. Point Cate Concentratian® Sampling Times of Peak (hr

#1171 Road 71.9% 1271781 1005 0945;1005;1030 3.1
. 30006) 12/73/8] 1010 095010101030 3.2
7 1nt WWTP 70.7 121/81 1030 1005;1035;1105 3.§
{FEQ002) 1273781 1035 1005:1025:1045 1.6
*'aden Road 10.5 127/ 1045 1015:1045;1115 1.7
. RO007)Y 12/3/8) 1050 1020;1040:1100 1.8
£ims Road 66.3 12/1/781 1220 1200;1230:1250 8.3
[FROQO8) _ 12/3/81 1220 1;99;1;;9;%;90 £.3
4 \n Street 61.2 12/1/81 1420 “1400;1425; 1455 1.3
_._0009) 12/3/81 1430 1400:1430;1500. 7.5
¥qt. Morris 52.% 12/1/81 1745 1700;1730;18600 10.7%
! 19 (FROD1D) 1273/81 1800 . 1730:1800;1830 11.90
¢ anpa Road/- 43.§ 1271/ 2120 2020:2050:2145 14.3
4.57 (FROOYY) 12/3/81 150 115:2148:2218 14 .8
1 Jnone WWTP 41,7 12/7/8) 2200 2120:2220:2250 15.0
. ool 127/3/81 2220 16;2245;2318 15.3
.ake Road 38.3 12/71-2/8) 2345 2345:0020;0045 16.1%
"€enQ18. 1274/81 0015 0000,0030;0100 17.28

Run 30.5 12/72/81 0330 0300:0330:0400 20.5
~ag (FRO019) 12/74/81 0350 0315:0400:0445 20.8
.13 14,9 12/2/81 1020 -093G;1000: 1030 27.3
. 0015 1274781 1130 1015:1100;1149 _28.5

Jye dumped at Grand Traverse Street (Xm. Pt. 79.3) at 7:00 a.m. on 12/1/81 ang 12/3/81,




very gim%!ar dur1ng the two sampling runs, effectively praviding a
replicate experiment that permitted 4 certaln degree of field testing of
the model. The table indicates the success attained In sampling river
stations near the peak of the dye slug. The time.of-.travel over the
study reach from M111 Road to M-13 was 24.25 hours for run 1 and 25.33
nours for run 2. These travel times corresponded to average velocities
through the study reach of 2.35 km/hr (0.653 m/s) and 2.25 km/hr (0.625
a/s) for-runs 1 and 2, respectively.

B8ased on discharge measyrements, time-of-travel data, and cross-
sectional area. data provided by USGS, the river reach from M11! Road to
Cresswell Road was segmented and the hydralogical and morphological input
data were compiled by segment. This Information 15 preseanted in Table
5.4.3. The same nine segments used 1n the August madel application were
sufficient for the Oecember survey; however, A& flow Dalance (based on .
avallable flow and gaging station measurements) showed that there were
tridutary or groundwater sources of water to some segments for which no
accounting-was availadle. -The segments of cofdcern are shawn in Table
§.4.3 with two entries under the “segment flow® column; the first entry
is the flow at the upstream doundary, and the second entry is the flow at
the downstream boundary of the segment. The mode! was set up to handle
this situation by distridbuting the flow increment of any given segment
uniformly along the length of the segment. :

The 1ni1tial conditions at Mi11 Road and the point source loads at the
time the dye clioud passed each point are presented in Tables 5.4.4 and
5§5.4.5 for runs 1 and 2, respectively. Once again the two municipal
plants represented the major source of metals to the river. Both plants
had higher discharge flows In Decemder than in August, with
correspondingly higher metals loads. It i3 worthy of note at this time
that the suspended solids and metals loads from the Ragnone plant were
almost an order of magnitude greaser during run 2 than cduring run 1.

This occurrence provided an excellent opportunity to determine how the

154




TABLE §.4.3. SEGMENTATION, FLOWS, AND GEQMETRY FOR FLINT RIVER
OURING DECEMBER 1981 SURVEY

Segment Ka, Segment Flow C(Cross-Sectiona) Mean Qep:!
Number ‘Boundary Point {ma/s) Area (m3)
Ryn 1 - 12/1-2/81

M11) Road 1.9

1 26.3 -39.§ . .2
Flint WaTP 70.7

2 ‘ 28.§ 44.0 .8
Flint Fly Ash Ponds 70.0 '

3 - 28.6-29.3 41.3 .0
Downstream of Eims Road 65.0

4 29.3-32.3 46.3 .88
grent Run 41.6

5 32.9 47.4 .0
Ragnone WWTP 41,1

6 34.0-34.9 62.8 .2
Upstream of East 8urt Rd. 36.0

7 24.9-36.1 44 .6 .2
Pine Run 29.7

8 36.8 59.5 .2
Stilver Creek 25.2

9 37.4 60.9 .3
Cresswell Road 1.0




. e TABLE 5.4.3. (Cont’d.) ¢
" Segment L ' Km. Segment Flow (ross-Sectional Mean 0.
Number Boundary : Point . - (ma/s) Area (m2) (@)

Ryn 2 - 12/3-4/91

MA111 Road : 1.9

! _ ) ‘ 6.4 39.5 ) 1.2
_ Flint WWTP 70.7
2 : 8.6 44.0 1.2
Flint Fly Ash Ponds 70.0 :
3 28.7-29.0 41.6 1.0
Downstream of €Ims Road 65.0
4 .. 29.0.30.4 - 487 0.85
Brent Run . 41.6
s 30.9 47.4 . 1.0
Ragnone WWTP - 41.1
6 32.1-33.0 60.9 ¥.2
Upstream of East Burt Rd. 6.0
? _ 33.0-341 451 1.2
. Pine Run : 29.7
B ) ) 347 61.2 1.2
Stiver Creek : 28.2

9 . 35.2 60.5% 1.3
Cresswell Road 11.0
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mode] would perform under similar river flow conditions with drastically

different loads - an exercise often reguired 1n_perform1ng waste load
allocations. Finally, 1t should be noted that once 3gain the metals

discharged from the Flint outfalls were primarily dissolved, while those

from the Ragnone discharge were largely particulate.

5.4.2 December Survey Model Calidration

The procedure taken in calibrating the model to the Decembeé-data was$
to first calibrate the mode! using data from run ! only. then the
calibrated model was applied to run 2 data as a fieid test of the mode)
performance under similar fliow-conditions with very different loadings.
As with the Augdst sgrvey, calibration of the suspended solids transport
system was performed first Dy adJustment of w. and-w . this step was
followed by calidration of the metals System us1nq the respective
partition coefficlents,. Degradation and sediment-water diffusion of

gissolved metals have again been-considered 1ns1gn1ficant.

In caltbrat1nq the suspended solids system one shou!a not expect the
sedsment transport regime to be the same in December as 1t was In
August. In the higher Flow regime of the December survey, one mignt
expect the river to.have the capacity to carry larger particulate mat:ér.
which would have a larger intrinsic settling velocity (per Stokes
formyla). On the other hand, higher flows lead to higher stream
veloctties and depths,-and thus. result in greater bottom sh?ar stress.
Assuming that the other factors governing entrainment are the same,
thg,oecember solids resuspension velocities (W) should also be
greater than those determined in August. Depending,. of course, on the
magnitude of change in w, and w_, 1t 15 possidle that the net flux
of solids between bottom sedimcnts and averlying water many not be

significantly different from the August"feSults, ¢t s Tikely therefore,
that because of the charactertistically shorter detention time in the
higher f1 w river system, the longitudinal distridution of suspended




s0l1ds in December will not exhibit as greaf 3 varlation a¢ was observed .
tn August. '

The hyﬁotneses gresented in the above paragraph were largely
confirmed by the calibration of the model to the December run 1 data.
Calibration values for we and w_ . for each of the nine segments are
presented 1n Table 5.4.6. Illustration of the suspected relative
flatness of the solids longitucinal distribution and the comparison of
model simulation with field data for run') are presented in Figure 5.4.2,

Once agaln the calibration was made without varying the settling velo-
c1ty; e, amgng segments. .Because of the greater uncertainty in ascer-
taining the factors governing sediment ercsion, 1t was felt that' there
" would more likely be intersegment variability tn'w, than inw . A
settiing rate of 0.6 m/d (as opposed to 0.25 m/d in August) does not seem
unusually high for a river flowing at about five times the discharge
rate. Assuming the river suspended solids ‘had. a specific gravity of 2.5,
the effective Stokes diameter for 0.5 m/d settliing velocity would be 3.0
wh compared with 1.8 um for a settling velocity rate of 0.25 m/d. .

Thé bottom shear stress in the varicus river segments calculated in
the same manner as in the August survey ranged fram 25 to 54
dyncs/cuz. Once again the lower segments (7-9) had slightly higher
values than the upper reaches. A1) these shear stress values are
consideradly higher than the 4-13 dynes/cmz range calculated for the
August flow condittons. In fact, both stream velocities and shear
stresses in December are roughly three times the August values. It seems
logical, therefore, that the calibrated resuspension values far lecember
are greater in each segment (see Table 5.4.8) and greatest in the
downstream segments again. There are other possidble reasons for greater
downstream erosion rates, related to some of the other governing factors
mentioned by Lee gt 3. (1981)., The downstream segmenis of the Flint
River pass through an almost sxclusively agricultural area, perhaps




| @

TABLE S.4.6. CALIBRATION COEFFICIENT FOR SOLIDS TRANSPORT SYSTEM
USING FLINT RIVER, OECEMBER 1-2, 1987 (RUM 1) DATA F
Settlitng Veloc1ity Resusnen,ston Velocity

Segment (m/d) (m/d)

1 0.6 0.2x10-4

2 8.6 0.2x10-%

3 0.6 6.4x10-4

4 0.6 0.4x30-4

S 0.6 0.4x10-4

3 0.6 0.2x10°4

7 0.6 1.2x10-4

8 0.6 1.0x10-4

9 0.6 1.0x10-4
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resylting in different bottom sediment characteristics. Furthermore, the
downstream segments tend to have steeper, more loosely Dacked banks. [t
is also possible that the deoosjtional pattern downstream of. the Régnone
treatment plant, which tends to dis:haige high solids concentrations,
might Favor high erosion rates. Temporal variations in recent
depasitional history for any river reach may lead. to variability in
bottom sed1meht resuspension rates for a given flow regime.

Once the solids transpart submodel has been calibrated, caitbration
for the metals is performed by adjustment of partition coefficients., The
final calidbration values for the three metals n each segment are
presented in Table 5.4.7. A comparison of the model simulations using
these coefficients with the run | fleld data is presented n Figures:

" §.4.3-5.4.7. The partition coefficlients used to generate these
simylations are very similar to those obtained in the August

calibration. wWhere they do differ, such as for Zinc and for copper
downstream of the Ragnone discharge, they tend to de slightly lower for
the higher flow case. This result might be expected, since the solids
deing transported 1n'December are probably slightly larger, thus having a
smaller surface area to mass ratio.

Once again the high Fraction of dissolved.solids in the Flint dis-
charge forced a calibration with lower partition coefficients for all
three metals in segments 2 and J. Alsae, the copper in the hrigh
particulate metals load from Ragnone Seemed to remain in a particulate
phase through the end of the study reach. These necessary adjustments
from segment to segment reflect a need to characterize the partitioning
of metals in the effluent streams as well as in the river.

As indicated earlier, the second plug flow syrvey provided an
excellent cpportunity to field test the model for its ability to simulate

vartation in river-solids and metals levels for different loadimg
cond\t1oqs under the sane flow regimes. This test was performed Dy




TABLE S5.4.7. CALIBRATION VALUES OF P‘RTITION COEFFICIENTS
IN FLINT RIVER OURING OECEMBER 1-2, 1381 SURVEY A

Metal Partition Coéfficient (t/mg)

Seément '. , Znc ' “Cadmium , Copper
1 o . 0.20 0.20 . 0.05
2 h 0.08 0.05 B 0.03
i1 . . . . -0.08 0.0s 0.03
. ~0.20 0.20 0.0%
5 e 0.20 .08
6 ' 0.20 0.20 0.07
7 . 0.20 0.20 0.07
8 |  0.20 ) 0.20 0.07
9 - 0.20 0.20 0.0?
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a0plying the model to the December 3-4, 1981 (run 2) loacding data (Table
$.4.5) and hydrologic data (Table 5.4.3) without adjusting the
calidbration coefficlients ('s' Wegr Yont Yeg 'cu) o?ta?ned using

run 1 data. The results of this model run are presented in Figures 5.4.8
- 5.4.12. The main difference 'n the two data sets, of course, was the
large increase in solids and particulate metals discharge from the
Ragnone WWTP when the second dye cloud (run 2) was passing. Based on the
comparison of model predictions with field data, the model performed
quite well, without a need for recalibration. The only significant
failing of the mode! was the over-prediction of dissolved copper
downstream from the Ragnone discharge. Obviously, with particulate
copper from the Ragnone discharge comprising over half of the tota) loag
of copper in segments §-9, a higher partition coefficient would have
helped to stmulate the dissolved copper profile. In fact, if one were
actually calibrating the mode! to the run 2 data, the only change from
the run 1 calibration would be to ralse the copper partition coefficients
in segment 6-9 from 0.07 L/mg to 0.12 t/mg. '

§.5 FLINT RIVER MARCM 1982 SURVEY

v

The primary goal of the Flint River March Survey (March 23.26, 1982
was to evaluite the status of metals and solids transport in the river
during a period that would likely represent the highest discharge flow !n
an annual cycle. 1% was fortunate that the survey was scheduled about
two weeks after a major snowmelt period in southeastern Michigan. At the
time of the survey the study reach was discharging water which had '
previously collected in upstream reservoirs during the snowmelt. - The
flow in the study reach during the survey was about 4000 cfs (113
-3/3). roughly 4 times- the December flow and 20 times the August flow.
Studying the river under this range of flow conditions p?oviced a good
idea of the range that 1s )ikely to exist in the values of those
parameters, such as sediment settitng and resuspeni\on velocities and
partition coefficients, that app.-a- f~ de flow depend. nt.
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TABLE 5.5.1. SAMPLING STATION FOR MARCH 1981 FLINT RIVER
MEAYY NETALS SURVEY .
Station/Oescription ~ Kkm. Point
FRDOOB/H}}I Road river station . 71.9
FE0002/F11nt WaTP gaischarge 70.7
FEODA1/F1int Fly Ash Pond discharge A 10.0
FEQOA2/F11nt Fly Ash Pond discharge 70.0
FROUOBfﬁ!msZRoad river station ' | 66.3
FRO022/Mud Creek tributary 64.4
FRO023/Cale Creek tributary o 60.2
FROQ1O/Mt. Horr1s'aoad river station | 52.6
FRO024/8rent Creek tributary 50.6
FROG25/Armstrong Creék tridbutary _ ) 44.6
FROO11/Vienna Road (M-57) river station 43.5 .
FROD12/8rent Run tribytary , 41.6
FEOOD3/Ragnone WWTP discharge ‘ R
FRO020/81rch Run Road river station { 30.5
FROO17/PAne Run :rt‘nutaéy 29.1
FRO014/S)1ver Creek tributary ‘ | . 25.2
9

FROO15/M-13 river station 14,
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TABLE 5.5.2. MYOROLOGIC AND MORPHOMETRIC INPUTS FOR FLINT RIVER
MARCH 1982 HEAVY METAL MODELING APPLICATION

Segment K. Segment Flow Cross-Sectional  Mean Dep
Number Boundary Potnt (m3/sg) Area (m3) {m)
~
M1 Road 71.9
1 93.4 97.5 1.8
Flint WMTP 10.7 ’
2 ) 96.1 95.0 1.8
Flint Fly Ash Bischarge 70.0
3 ' 96.25-99.9 90.0 1.8
Cole Creek . §0.0
4 . 100.7-106.4 110. 1.8
Armstrong Creek 44.6
5 107.7 96.0 1.6
Ragnone WMTP 41.1
[ 110.3-111.7 109. 1.6
Upstream of East Burt Rd. 36.0
? 111.7-113.8 8s5.0 1.8
Pine Run 29.7
8 ' 115.5 118. 2.2
$1lver Creek 25.2
9 4

117.5 120. 2.
"-13 14.9




"otL 96°1 61 no.e. o “e.h €66 1°st Lo 3331) buosyswiy

kil oLt i SKo'o "6¥e 09 e ot 90 X931) Juvasg
2728 02 : aw.e. too'o 11 9 17 0'6 9o 19313 310)
61t gc-2 2o too°0o ‘e 0t ‘8ee Y S SC°0 - M31) PAY
e 0°¢ a-.m, €00 ‘g1t A0 ‘ot 0N - 0°2 2301) 1ALNS
"9t 02 LS . to'o ot 0t ‘ot o' 0°2 uny euid
"0692 M ¥4 6°42 tsz'o0  ‘outs L°6§ QL6 60§ {0 dimm suoubey
‘899 ms . Wwe 2€0°0 "gBEtL 9°0t "grtt e 1s°t uny jualg
‘080t it §-22 £6°0 otet . ‘ez zhes s o spuogd
) ysy A3 Wiy
‘o61¢ z'ol n.m~. ...e goc’ 9t [ ¥ ‘ozt 1208 4 99°2 d1MM Vi3
000°02 8¥°2 ‘202 $20°0 003 °8$ 't 000°s2t §°§L: y°cs . proy (M

Kiepunog weasjsdpn

(prwb)  (y/04)  (prwb)  (w/64)  (p/wb)  (w/B4)  (p/By)  (v/bmw) (3/e9) #21n0g
— 190907 (VY01 wnyeped (#0107 (ROl IP{[OC pIpuadIng oy 4
peoj pu® uUo|j¥IjUIIUC) abiwgItig sbavyasio

1061 *92-€2 HINVW ¥OJ SOVOT NVIN
HIALY INIVS DI SIDUNOS INIDJ ONY SNOTEIONGD NYINLSR °C°S°S 1I8vL




Because of the expected short travel time for the study reach in ' .
March - 1t turned out to be about 16 hours - and because of the high
possibility of encountering rapid time vartations uﬁr1nq'the monitoring,
the survey strategy was to sample fewer river stations more frequently.
Also, more tridbutaries were added to the 11st in case surface runoff tin.
the study reach was aifign1f1cant source of solids and assoctated -
metals. Al river stations were sampled every 4 hours, tridutaries were
sampled every 12 hours, and 4-hour composites were collected from point
source effluents during the 72-hour survey. A 113t of the sampling
stations for the March survey is presented in Table 5.5.1. '

1 March rvey Data r

.Qurting the 72-hour March survey the Flint River flow was receding
somewhat from the flood stage recorded during the ragid snowmelt. For
example, tne‘d1scharge at the furthest downstream station (M-13) dropped
from approximately 4500 cfs to 3800 ¢fs during the syrvey. This roughly
1S percent flow decrease, however, d1d not apoear to negate the
possibility of applying tnc‘stgady-state mode)l to the data, as evidenced
by the relatively narrow spread of conductivity and suspended solids .
value§ at each river station, as illustrated in Figure 5.5.1. Based on
the hydrological and marphological data collected during the survey,
therefore, the segmentation, river flow and geometry used as input for
the steady-ctate model are given in Table 5.5.2. '

Inttial conditions and Joads obtained for the March survey are
presented in Table §.5.3. [t is apparent that flow and loads at the
upstream boundary exceed the flow and loads of all point sources ang
. tridutaries combined. ' '

reh Survey Model -Calibrati

The results of calibration of the mode! to the Mizrch survey data
are presented In Figures 5.5.2 - 5.5.6. The calibration was done using

180
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larger settling and resuspension velocities than used in previous ‘
surveys. The more significant increase, however, was in the resuspension
velocity, resulting in & net flux of solids from sediment to overlying
water throughout the study reach.

The calibration coefficlents for the solids transport submodel are
given in Table 5.5.4. A large gross settling velocity would be expected
in a system transporting larger particles. The increase in resuspension
rates in all segments 1s Justified by the large increase in calculated
bottom shear stress over the December values, as shown in Tadle §5.5.4.
In general, there is a reasonably good correlation detween bottom shear
stress and calibrated resuspension rate for a given river segment,
Although only three data points were avatlable (one for each survey),
they did seem to follow & 1inear trend, as shown for three sample
segments shown in Figure §.5.7.

Caltbration of the metals data by adjust!hg water column partition
‘coefficients also produced reasonably predictadble resuylts. With
presumaolyhlarger solids deing transported with much of the material
pé1g1nat1ng from the river bottom, one might expéct to see siightly lower
water column partition coefficients than que observed at lower flow
conditions. This hypothesis was confirmed Dy comparing the final
calibration partition coeffictients to average observed values for each
metal at each river station during the su?vey (Figure $.5.8). The
calibration values tend to be slightly lower then the measured values;
however, this observation s often made in natural systems since measured
values of total particulate metals tend ta include a certain portion that
does not readily exchange with the bulk salution.

186




TABLE §.5.4. CALIBRATION COEFFICIENTS FOR SOLIDS TRANSPORT
OURING MARCH 1981 FLINT RIVER SURVEY

Settling Ve]ocfty Resuspension Veloctity gottom Shear Stress

Segment {m/d) o (m/d).. (dynes/cm )
1 0.8 1.0x10-4 92.5
2 0.8 1.0x10-4 32.5
3 0.8 ~ 2.0x10-4 127,
. 0.8 2.0110-4 94.3
H 0.9 2.0x10-4 108.
6 0.8 2.0x10-4 108.
? 0.8 4.0x10-4 176.
8 0.8 3.0x10-4 ns.

-9 0.8

3.0x10-4 ns,
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- APPENOIX A
OEVELOPMENT OF MOOEL EQUATIONS

A.1 CONSERVATIVE POLLUTANT

The basic assumption in the conservative substance mocel~fs that ,.
there are no 1nterna] source/sink reactions that signtficantly affect the
toxic substance concentration In the recetving water. Only external
sources of the cantaminant, or infiow of 4%lution water Dy advection or
disperston can alter the cantaminant conconcentration, according to this

conservative assumption,

%

Under the conservative substance assumptian, and assuming that longi-
tudinal dispersion is negliqible relative to advective transport the
‘general river transport equation reduces to

€ 1 a(ec) ' a
¢ i “I@x (A1)

Furthermore, application of Eguation Al is aimost always made under the
assumption that the river reach n question s at stehdy-state‘uitn & con-
stant, continuous point d%scnarge of the contaminant in gQuestion. Also, flow
is assumed to be constant over the reach. Under these assumptions, the
solution for Equation Al s simply

C(x) = Cg; x>0

(A2)
C(x) «.C;: x<0, :

where cu a upstream river concentration of cantaminant and co » rtver
contaminant concentration at x « 0 after mixing upstream river water with point
discharge. The concentration, C , 18 deéermined by performing a mass balance

b o .
for C at x = 0, assuming Instantaneous mixing at that point. Therefore, Cy 18




calculated from cu. the point source concentration (C'). the point source .
flow (Q ), ang upstream river flow (Q,) as follows:

o — G * O,

(A3)

Given the above assumptions, C, 15 independent of x downstream of the
effluent unless there is another downstream discharge of the sudbstance or a
d\ldi1on of the substance by tnflow of uncuntam1nated'dilut1ng water,
nu1t1o1e'boint~discharges‘caq be handled reapaiyinq Equation AJ at each
successive discharge po1nt._usinq'the result of the previous dischérge mass
balance as thq upstream boundary conditions.

There is a large body of 1iterature which suggests that most priority
pollutants do not behave conservatively in water bodies. Recent results
from dynamic mass uilance modeling studies of heavy metals and several
synthetic organics in the Great Lakes have indicated nonéonservative
benavior (Dolan and Blerman, 1981; Richardson, et al., 1983; and Rodgers,
1981). Flint River data (presented later in this section) collected by '
Michigan ONR 'n 1978 demonstrated that total zinc and cogper did not .
behave conservatively in certain stretches of the river. Unless
advective transport in a gtven reach is rapic relative tg the transport
and transformation processes discussed In Section 2.2 or unless relevant
internal source/sink fluxes just balance, the instream concentration of a
pallutant 1s likely to vary with longitudinal distance.

A.2 NONCONSERVATIVE POLLUTANT - SIMPLE WATER COLUMN ANALYSIS

‘Often the net result of the combined effects of transport and transfor-
mation forces acting on 4 chemical substance s a first-order die-off of the
substance with distance (or time-of-travel) downstream from a discharge.

This type of concentration profile can be simulated by lumning several pro-
cesses 1nto a single first-arder loss term applied to tho general river
transport equation. Given this approach

A=2
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where KT [time ] ¥s an aqgregate f1rst-order decay coefficient for the
substance in questicn.

Several further assumptions are often involved in applying the above
equation to a specific site. They are as follows:

1) The river ts at steady-state with respect to flow and  loads;

2) Concentration of tnc modeled substance Vs uniform over the.
cross-section of the rtver (1.e., one dimensional system); thus,
any peint discharge instantaneously mizes with the river flow at
the point of discharge;

3) Dispersion is negligibie in the longitudinal direction; that is;
only advection 1s considered significant in the direction of flow;
thus. € « 0 in equation A4;

4) Flow, cross-sectional drea, and mean depth are constant gver the
reach In question,
G\ven the above assumptions, Equation A4 reduces to

0 .- 0K ke | - (45)

. .The solution to Equation AS is

- ‘T‘
C(x) = C(0)exp(—g=) k (A8)

where, U Averlge river velocity in reach (lcnqth/tint]
C(0) » Initiay concentration of the modeled substance at x « 0

[nass/1ongth 1.

T s approach limits itself to on!y the water co1umm and on1y o0
form of the < ~1!:tant.

+

There are two methods for applying Equation Ab to a problem of
multiple discharges in a river system. Since Equation AS is an ordinary,




1inear differentia) equation, the independent so1ut1ons for i1ndividual paint .
sources can bde additively suner\mnoseﬂ to obtain a total concentration

profile along the river. Aiternat1ve1y. the river reach in gquestion can be
segmented according to significant changes in river geometry or flow, or at
locattions of po\nt,sourtes. Then each segment is modeled sequentially

moving downstream. The Initial (upstream) concentration of each segment i
determined by the concentration entering from the upstream segment,

augmented by any effluent load entering at the segment boundary.

Great care must be taken in appliying this type of model to a specific
site without engugh tield data to confirm the validity of the aggregate -~
decay coefficient. Kr for a particular pollutant may vary from site iov
Site, or may vary over time due to changes n controlling parameters like
flow or river cross-sectional geometry.

Application of Mmodel ¢o Flint River August 1978 Data--

As a brief example of analyzing a system with First-order decay mode) .

of the water column, metals and suspended solids data obtained during a
preliminary survey of the Flint River will be compared to the model
presented above. In this application the aggregate first-order
coefficient, K., 1s assumed to be an apparent net settling velocity
from the water column; therefore, e

‘T . 's’“ . (A7)
where, Kye First-order loss rate coefficient of total metal or suspended

solids [time=1],
vga Apparent net sottlihg velocity [length/time],
H « Mean depth of river {length].

The study reach of the Flint River used in this investigatior. was
from thg Utah Street Qam 1n the city of Flint (Km 83.6) to She bridge at
Crosswell Road (Xm 11.0). Oata on river metals and salids concentrations




and point source inputs were obtained frgm a Michigan n«nlsuryey
conducted in August of 1978 {Roycraf! and-Buda, 1979). Table Al i1s a
summary of the point discharges considered in this study, and Table A2
contains the river hydralogy and geometry at the time of sampling.  As-
"~ indicated In Table A2, the river reach has deen divided into four

segments.

Figures Al through A contain the survey data and model predicttons
for tota) zimc, tota) copper, and suspended solids, respectively. In
attempting to simylate the data points in these figures, the only
parameter that was varied was the net apﬁarent settling velocity, Voo
which determines the stream concentration through Equations A]_and Ab.
Of course, when v¥ 1s set equal to zero, 1t implies that the pallutant
is transported conservatively down the river. All other parameters,

those in Tables Al and A2, and the 1nitial uostream condit1on; were held

constant.

It is apparent that none of the three substances behaved
conservatively within the entire study reach; the conservative assumption
consideradly aover-predicts the downstream concentrations. This type of
error could be espectally important in situations where 2 waste 10ad myst
be allocated among mﬁltiple discharges along a river reach, since the
conservative pollutant assumption omits the effect of depuration
occurring detween points of discharge.

In the segment between the Flint WWTP and the Ragnone plant (Xm
70.7-41.1), total zinc appears to. settle at an apparent rate of 1.0 m/d,
while total copper is lost at a rate close to 0.5 a/d. The apparent
settling rate for zinc in this segment may de slightly less than 1.0 m/d,
or there may have been an unaccounted for source of zinc at about
kilometer 46. The availadble data base did not permit this distincttion.
The suspende’ solids data and simulations (Figure A3) coﬁf%rm the metal
findings. In the segment bet« en Flint and Ragnone plants; solids are
settiing at a rate detween 1.0 and 1.25 m/d. The larger net settling
rate observed for solids is consistent with the assumption that not all




TABLE Al. POINT OISCHARGES FOR AUGUST 1978 SURVEY I

i ‘ Flow : Loadings (kg/d}
Soyrce — Km {m /s) Totatl Zinc Total Cy Syspended Solids
6.M. /Bulck g3.4  0.09 0.77 0.48 .
Flint waTP 70.7 6.86 29..9 1.6 2,0
Ragnone WWTP 41.1 0.84 11.0 4.0 8,000
r

TABLE A2. FLINT RIVER MYDROLOGY AND GEOMETRY FOR AUGUST 1978 SURVEY

.Starting Segment Mean Cross-Sectianal
- Point Length Depth Area Flow
- Segment ___(Km) {Xm) (m) (me) _(m /s)
1 83.4 1.8 .0 140 T 6.2
2 SRR 11K TR L ¥ 0.66 30 6.2 .
3 0.7 29.6 . 0.66 30 1.06
O § IS 30.1 1.0 30.6 X 7.9

A-6




061 ASNONY 20 AJABNS UNTG NVDIHINN WOU ]I JUY SINIDS VIVD
HINON N0V FINVISIC STISYIA UIAIY INITS NINOHIVUENIINGD INIZ TVIOL tV JUADHY

NINOY NOY S SUIE IO NN
) . " o » . " 1] o "
§ i . I t 1) I |

ot e A —
smys e Sa
amp e e —

L 2| | L L l |

(147 INIZ TVL0L




.

‘8461 1SADOY 40 >.u>m=_m UNG NVOIHIIN VOU 4 JHV SINI0J VIVD
HENOWNOYS IINVISIO SNSYIA UIAIY LNITI NI NOIIVHINIINGD H3440D TVAOL IV IUADNH

H1NOMN MOW SHILIND UN
"
.
A,
e 3
pr |
»
-
[ 14
3
k-
€
— —qn =




(1)

8160 1SNINY 10 AJALNS UNG NVIHIIW KOU S NNV JYY SINIDG VIV
WENOW WOY $ 3INV 1S10 SNSUIA UIAIU ENI TS NI STII0S DION24SAS €V JUNDH

HINON NOBISYILINO UN

L8 L L 4 " . o o

T 1
0

omsts o A — —~ — —
ames - 5
omee .« A — - —

(14w} 3017108 030NISSNS




the metals in the river are in a particulate form; therefore, the
apparent settling rate for metals should be somewhat less than for
suspended solids. Furthermare, the finer-gralned, slower-settling
parttculates probably have 2 higher metals content than the larger, sand
size particulates. '

Some difficulty was encountered in simylating the data downstream of
the Ragnone discharge for all three substances. If the data set s In
fact representative of a steady-state condition in this segment (a fact
which cannot be estadblished from such a small sampling), then it appears
that the net loss of metals and solids in this reach was close to zero.
This could have been the resylt of sediment resuspenston in this segment
due %o higher water velocities. This behavior is addressed further in
Section S.0, which 15 a case study of the more extensive 1981-82 Flint
data.

Finally, 1t 1s quite apparent that the metals' dehavior in the river
i3 closely related to the suspended solids' behaviar. This observation,
coupled with the need to know the exposure of aguatic blota to dissolved
contaminant concentrations, leads to the rationale for the somewhat, more
complicated approach described next.

A.3 WATER-SEDIMENT MODEL HAVING SEPARATE PARTICULATE AND DISSOLVED
CONTAMINANT PHASES

One of the most significant mechanisms for the movement of poellutants
through an aquatic environment s the adsorption or uptake of the
chemical by both nonviadle and viable particulate matter, followed by the
transport of the interacting particulates. Assoclation with suspended
matter thus s1gn1f1caﬂtlf adlters the transpaert reg1a§-of a chemica! by
introducing additional transport processes, such as settling and
resuspension. Fuyrthermors, the assoctation with suspended matter can
indirectly affect the rate and extent of chemical transformations and
[tatte accumylations. For example, par**tioning of a portion of a
chemical in suspended salids could redu.e the flux of the chemical's
dissolved phase into the blota, thus potentially reducing its toxicity.
Accordingly, determination of the fate and potential toxicity of
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pollutants in aguatic systems requires knowledge of two important
processes: 1) partitioning of metals between dissolved and particulate
phases in aguatic systems, and 2} transport of particulate matter (1.e.,
sett1ing and resuspension) as affected by hydraulics and particulate
physical properties. '

A conceptual diagram of the MICHRIV model s presented in Figure A4,
nomenclature 1s presented in Table A3. Note that the calculation scheme
permits the estimation of the equiltbrium partitioning of total chemical
between dissolved and solid phasés in both the water column and the
" sediment bed. With this approach 1t s necessary either (3) to specify
the (water column) suspended solids concentration as a parameter, or
(b) to mode) suspended so)ids as 3 state variable. The former approach
s used in the SLSA model; the latter approach, descrided delow, 15 used
in the MICHRIV mode).

Settltng, resuspension, and byrtal apply only to the particulate
pound pollytant. Diffusion Detween the sediment pore water angd water
calumn appltes only to the dissolved phase. The first-order decay
coefficient reﬁrésents the sum of a number of potential processes, most
of which are insignificant for metals 1n streams. For arganics, however,
the 10ss rate can Include volatilization, hydrolysis, photolys:'s,
chemica) oxidation, and blodegradation (described in Section 3).

In the current version of the MICHRLIV mcde] the decay coefficient
appiies only to the dissolved phase. Volatilization s 3 process that
clearly .applies oniy to %he dissolved phase: While hydrolysis,
photolysts, axidatioen, and blodegradation may often de far more rapid tn
the dissolved than in the adsorbed phase, there seems to de no consensus
that this is true in all cases. Consequently, to malntain generality the
decay coefficient for total pollutant, K, has been formulated below as
the weighted sum of dissolved and particulate phase decay coefficients,
(with appropriate subscripts 1 or 2).

ded ’ ‘pfp
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. TABLE A3: NOMENCLATURE FOR WATER-SEDIMENT MOOEL

Parameters Water Column ~ Sediment
, ancentrat1oﬁ;
Total toxicant (ug/t)? CTI cTz
Dissolved toxicant {ug/t)* : Cd1 . Cdz
Particylate toxicant (ug/t)* o1 cpz
Particulate toxicant ( g toxicant/
mg solids) , m r2
Tota) solids (mg/t)* m, _ - om,
Toxicant load (kg/day) HT -
Sediment porosity ——- ¢
Partitioning
Dissolved fraction fd) 'az
. Particulate fraction fm fpz
Partition coefficient (t/mg) (¢ = r/cd) “ ) 2
Channe! Geometry
Downstream gistance x x
Cross-sectional area (mz) 11 -om
Qepth (m) H H
q 1 2
Flow (m~/sec) 01 -

Velocity (m/sec) (U « Q/A) u ae-




TABLE A3: NOMENCLATURE FOR WATER-SEDIMENT MODEL (Contlnued)

Parameters ’ water Column Sediment
Rate Parameters
Aqgregate decay rate coefficient (1/day)
- for dissolved Xd1 Kq2
- for particylate Kol Kg2
- for total (K « Kgfg » x,f,) | & K2
Settling velocity {m/day) ‘s o
Resuspension velocity (m/day) --a re
Sedimentation (burilal) velocity (m/day) -- vy
Sedimentation loss coefficient (1/day) .es xs
Diffusive exchange coeffictent (m/day) KL X

*{n terms of bulk volume.




. Within the_ conceptual framework of the mogel shown in Figure A4, the
following assumptions are used to develop mass balance equations:

1. Constant hydrologicdl and morphological conditions for each river
segment; ' .

. dC .
. 2.  Steady-state conditions exist: ETI . g? = 0;

3. Vertical and lateral un1form1ty.{n water column and sediments; no
mixing zones

4, Dispersion is negligible In.the longttudinal girection;
5. No longltudinal (downstream) movement of the bed: Q7 » 0;

6. No spat!a) variation of the solids content of the bed: mp Is
constant (although m 1s not constant). ‘

7. Partitioning between dissolved and salld phases s rapid relative
to transport and other transformation kinetics.
The solution for pollytant concentrations in such a one-d‘mens‘onal,
steady-state system s developed below. The solution is Dased on four
. coupléd‘d1fferenttaI-equat\ons representing mass balances for solids in the
. water column and in the bed, and for the toxicant in the water column andg ‘n
the bed.

‘Using the subscript 1 for water column vartdbles and the Suoscrapf_z
for sediment vartables, the mass balance for solids suspended in the
witer column ("H) takes the form:

(advection) (settling) {resuspension)

01 dll!’ ' Hs Urs ]
De-xmdm - wHh 0w (48)

*

Assuming that mé is not a function of x, and that W, and L are-
constant, this equation has the solution:

(1n1£1a1 solids) ) (resusbended SuIick)

-us X - X,

S . $
=T [ T

uﬁ(x) . uH(O)e NS I I 3 (A9)
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It can be seen that m 1s a funct.‘tun of the travel time gownstream .
(‘IQW)' the settling velocity (us) or i1ts associated depth-degendent -

rate coefficient ('s/"1)’ and the resuspension flux (w s'm ). When

the resuspension velocity (u ) ts zero. the second term drops out of

Equation A9, anad m, \s no Ionger dependent on mz ;n comparing Equatton

A9 predictions with fileld data 1t' 3s important to account for ali externai

and internal sources of suspended solids. One potential tnternal source s
phytoplankton growth: the concentration of phytoplankton salids may be 200 )

fold greater than the concentration of chlorophy)l-a (Canale 1983).

- A second mass balance equation, this one for salids in the bed, can
be written:

(advection) (settlting) (resuspension) (bur1a!)
Q d w o m w, m
2 9y s ™ rs M2 a M .
0 - r r » H - i -—"_2- - Hz (A‘O)

?

It 95 assumed that the bed does not move (Oz a0} and that my 1s

constant (dmzldx = 0). €\ther of these assumptions cayses the advection . .
term to drop out. Consequently, Equation A10 reduces to an-algebraic '
equation:

(settlinq) (resuspension) (burtal)

v ;3-' . Vg v M B (A1)
Thc sedimentation velocity, w wye represents the movement of material downward
and out of the active sediment layer, the thickness of unicn (H ) does not
¢change with ‘time. This velocity thus represents the rate of :nange in elevation
of the surface of the bed, ignoring any effect of compression of the deep
sediment. If tng resuspending flux ‘exceeds the settling flux, then-&a ts
negative, implying that channel downcutting is occurring. -[f the downward flux
exceeds the upward flux, w, is positive, implying that the chanrel bed ‘s
rising over time, for the condittons being modeled. wWhere chemical *+ :a_ within
the bed 1s rapid, however, a positive wq Can approximate the situation where
the settled solids are transported out of the system ag a bed load.
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The third mass balance equatian s for the %toxicant 1nhtne bed:

{advection) {settling) (diffusion in)
o

. G % b Kfan
B " T
' {A12}
{resuspension and burial) (d1ffusion out) {decay)
Cbees ) foofra o K fefre
H W 2 T2
2 2

The *diffusion out® term above assumes that the sediment porosity is hign,
sych that dissolved concentrations are aimost the same uhether'éxaressed in
terms of bulk sediment volume or pore water volume. "1f sediment porosity

o 13 not high, Fgp 10 Equation A12 (as well as in A13 and A20) 's

replaced by ofdz. in arder to convert dissolved concentration from F

bulk volume Basis to an iInterstitual volume bas)s.

Since the advection term in fquation A12 s again zerg, the eguation
reguces to an algebraic equattion establishing the relationship between
CTz and C71:

n (Wps® Wg) Toa * Rfa2 * %2 M2

Before writing a fourth mass bdalance equatian and solving for CTI' it s
worthwhile to express Equation A13 in other terms. Since:

(A14)




1f a term 8, the "sediment capactty factor®” (DiToro et al. 1982), s defined

as:
Hof . - '
g . 2200 (A6
i Ll p2
then
R .;.72_ . .E;’_:.Z_ (A7)
T 2 v .
Comtining Equations A1J and A17, and solving for 'z"1'
2, (my/my) wefpa o K Fay(myfoa/mfoy) (A18)
n (Weg® %g) Tpa * Kfaa "R ™y
The f1rst'term in the numerator is modified by noting the Equatton Al
relationshtp detween Weo Moo ARD Wy, The second term s modifted Dy
noting that:
oy o _ .
f 8 e— and 14 8 e——— and - f a mef {AYS .
d 1 ¢+ me P 1 » me o d
Consequently,
r {w__ow ) f v K (e,/u)F
2 rs s’ 'p2 L2 1 a2 (A20)

— ® -
Fl gs ) T v KT s Ky Ry

The ratios CTzlch and rzlr] thus depend on the water-sediment

particle exchange rates, the water-sediment diffusion rate, and the decay
rite within sediment. They do not depend on the decay rate within the water

colymn.
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The fourth mass balance eqguation‘'is for the toxicant in the watar

column:
(advection) (decay) (settl&nq) (diffuston out)

o g dcy . c wefortry K Fa1m

2 = r T - 1 71 - H1 - ﬂ1

{A2Y)

{resyspension) {diffuston in)

“rsfolra | Fifele

1 b

Combintng Equations A2} and A13 results in:

aCr [ “sfo1 K far Brs. Cry
— | e Ky - e—m . —am e e ('rsfpz'KLfdz)]_ {A22)
dz Hy "y M2 Y
ATl terms on the right side of the equation are constant for & partlcular reacn
except for Cpy, fq\. and f,, (and subsequently 0). The fractions }a1

and fo‘ are functions of m, per Equation Al9; mH ts 4 function of xz per
fquation A9, uouever. 1f the -increments of x are smal) enOugn. then m,.

fdl’ and fDI are essent)ally constant. Consequently witnhin small
* tncrements of x, Equation A22 has a $imple solutton:
- sz/U1
CTI(') . 'CT1(o)e '(A23:
where
(decay) (settling) (diffusion out) {resuspension} (aiffusion In}
w f K, f Br

s L d 2 .

‘T ) K.‘ R 251 G — . —— ( vaS'D? . ‘Lfdz) (A24
M1 n1 Hzr‘

8y stepping down the reach - small increments of x, CT1 can be compuied
from the lnput parameters ‘st pé ‘L' Ty Ty H1. Hz. mz. K




‘2' ang the input salids and toxicant loads using Equations A%, A19, AZO,
AZ1, and A24. Then C.. can be comouted from Cy, using Equation A3 or
A1S, . For the solution to be valid, the increments of x must be short enough
that the relative change in m, s small within each increment. That is,

the increments Ax must be shortened until csm]/rn.l is small.,

while Equation A24 15 satisfactory as written, some simplification of
it ts helpful for better understanding the mode 1. Using the relation-
ships shown tn Equations A9 and AlG, the "diffusion in" term of fquatton
A24 can de put In terms of 'az and combined with the 'cjffus*on out*
term. Using Eguations All and Al6, the “settiing” term can be expressed

in terms of resuspension and dburial. The resulting equation is:

(decay) (settiing) (resuspension)  (net diffuston)
K, = K . B(urs. Ud)fnz - ﬁrzurs‘faz onfodz '2 rZ (A28
- - . ! -
Tt 5 L) 1% AT h

Meanwnile, Equation A20 can be solved in terms of ‘L as follows:

b IS T W F2 L A
KL'dZ ?2- - ;1—-) . ;;— (\l” . ud)fpz . ..F.{..... Kz Hz - (u"o ud)faz (A28

Substituting this relationship into the *net diffyston® term of Eguation A2S
causes several terms to cancel out; then, after defining the sedimentation
o?ﬁhuria! rate coefficlient as Ry o wy/Hy, the equation can be

expressed as:

K 4 .

82
1 f

T * ["z . stpzj N (A27)
This result ixpresses kT' the overall rats coefficient For disappearance of
the toxicant from the water column, in terms of the three avenues for
elimination of ‘the toxicant From the water-sediment system: decav in water,

decay in cediment, a4 burlal. The rates of sediment decay and burial are

A-20
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modified Dy Br2/r1. which 1s a function of the water-sediment mass ratta,
the partitioning parameters, the sediment-water exchange parameters, as well
as the sediment decay rate itself. It might also be noted that for a

rs ® 0, this mode)

reduces to the simpler mode) expressed by Equation A7,

condition where " v l1 . ‘2 s 0, and w
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APPENDIX B
SEDIMENT TRANSPORT CONSIDERATIONS

The pollutant fraction assoclated with particylate materta) !s
determined (at equiltbrium) by the partition coefficient and the solids
concentration. In many natural waters the particulate phase on average
contains a small percentage of the alkali and alkali-earth metals such as
sodium and calcium, 20.30% of the strontium and doron, 30-70% of the
cadmium, zZinc, cooper, and mercury, 70-85%X of the chromium ana lead, and
98% of the aluminum and iron (Forstner 1977).  The bulk of many
pallutants 1s thus carried on particulate material.

Predicting the transport and fate of particulate-assoctated
pollytants regquires an undérstand1ng of the dehavior of particles.
Predicting particle dehavior 15, however, one of the most difficult and
uncertaln aspects of water quality modeling. Much of the existing
knowledge pertains to the larger particies which control the
configuration of the streambed rather than to the smaller particles ‘
}1kely to adsord many of the toxic pollutants. Consequently, future
findings in this area may stignificantly improve predictive abilities.

B.] SEDIMENT PROPERTIES

An individual sedimentary particle may dDe characterized Dy its size,
shape, density, fall velocity, mineral composition, surface textyre, and
other properties. Particle size can be described by a number of
different measures, Including byt not limited to (a) nominal glameter -
the diameter of 3 sphere having the same volume as the particle, (b)
sieve diameter - size of sieve opening through which the particle will
pass, approximately equal to the nomina) diameter, and (¢) fall diameter
- diameter of a sphere with spectfic gravity 2.65 (quartz) that has the
seme 4!l velocity (Richardson 1971, Guy 197G). Table 8! and Figure 81
show the size ranges caorresponding to particle classifications.




TABLE 81. KINDS OF SEDIMENT MATERIALS AND SIZE CLASS TRANSPORTED .
IN STREAM (from Culbertson 1977)

Sediment ' Stze Class mode of Transport
Bouliders ' >256 mm Bed Loac¢

Cobbles | §4-256 ™ Bed Load

Gravel ' 2-64 mm fed Load -

sand ) 0.062-2 mm Bed Load or Suspended
S118 | 4-62 -um Suspended

Clay 0.2-4 um ‘ Suspended

Grganic Detritus ' Bed Load or Suspended

Including leaves, ‘ N
trees blological ‘
remains, etc.

Blota Bed Load or Suspended : .

-+

Including floating :
and bottom dwelliing ,
organisms
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Fall velocity 15 the 'average terminal velocity of a particle faliing .
alone in quiescent distilled water. It is related to a numder of
particle and fluid characteristics including particle and fluid
densittes, fluld viscosity, and particle diameter, shape, surface
texture, and tumbling frequency.

Mineral compostttion influences density, size, shape, and thys fall
velocity. Most minera) sediments carried by stream flow have a specific
gravity of around 2.65 (Culdbertsan 1977). Consequently, the fall"
velocity of quart? spheres having suecific gravity 2.85 15 used as
somewnat of a benchmark. Nevertheless, substantial variations in density
may be observed, with organic particles especially tencfng toward lower
density. ’

For sediment transport the mast useful expresstaon of particle snape
13 gliven by the Corey shape factor, c/vf:3: where a, b, and ¢ are the
lengths of the longest, intermediate, and shortest mutually perpendicular
axes, respectively (McNown and Malalka 1950).

Bulk sediment 15 a complex mixture of differing iadividual - .
particles. Bulk properties are re!atéd to the above individual
properties and to the way they are distributed. Bulk properties of
particular importance may be the stze distridbution, spectfic gravity,
. porosity, and cohestiveness. «

Reasured s12e distributions may be expressed in a number of different
ways. Frequency distridbution histograms show the prevalence of material
within given class intervals. Cumulative distribution plots show the
total percentage of material with size smaller than particular values.
Cumulative distribution plots can be used to specify quartile values,
425' dso. and ¢75 (where dx 1s the dlameter greater than x
percent of the particles). Tadle 82 shows particle size distributiong

Apserved In raw sewage, primary effluent, and secondary effluent of one
wunicipall v (F nazountas and Mathlas 1984). Figure B2 shows the size
distributions observed in stream beds of 11 rivers (Guy 1970). Mills et
al. (1982) also presents some sediment data for severa) rivers.
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TECHNIQUES OF WATER-AESOURCES INVESTIGATIONS ' .
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Figure B2. Particle-size Distribution of Streambed Material Typical of
indicsted Streams in the United States (from Guy 1970).




The size gistridution of naturzl sediment is ordinarily expected to
plot as a straight line on log prodability paper. If this ts the case,
then the median wil) equa) the geometric mea@. and the ratia 650/416
and 434/650 will equal the geometric standard deviation or "gradation
coefficient.® The complete distribution can thus be descrided Dy the

median (or geometric mean) and the geometric standard deviation.

For a given shape, texture, and density, particle stze is inversely
properttional to the particle surface-to-mass ratto. As discussed in
Section 3.2, the partition coefficient of organic contaminants can be
related to the quantity of organic solids (t.e., the product of solids
concentraticn»and percentage organi¢ material) without regard for the
s01ids surface~to-mass ratioc. For metals, however, the partiticn
coefficient ts likely to be related to the minera) composition and
surface-to-mass ratio of the solids. Tada and Suzuk! (1982) and %o some
extent Doss!s and Warren {1980) observedlhiqher particulate meta!
concentrations in smaller particles. Hayter and Menta (1983) presen:

_similar data, as shown n Figure Bl. Thuys, the smaller size fractions,
‘particularly the readily transported stlt and clay fractions, are

expected to more strongly affect contaminant behavigr.

The porosity of Ded sediment ts a measure of the interstitial volume
per untt of bulk volume in place. Porosity may vary between 0 ana 1,
with Q signifying 100% solid and 1 signifying 100X water in the bed.
Pcroslty'cffect: the shear strength of the ded, which in turn affects the
rate of resuspension under various shear stresses or current velocittes. '
Bed porosity must de distinguished From tndividual particle porosity.

Cohesiveness describes the attraction the individual particles have
for each other. Noncohesive sediments are composed primarily of sand and
gravel. Cohes!ve sediments consist of silts and clays. The dehavior of
cohesive sediments differs from that of noncohesive sediments 'n some
importar® ways.
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Iﬁ suspensions of nonconesive material :hé basig settl'ng unit 's the
1n&ﬂ§1dua! qra1n.' Particle 1nter$ﬁtions are strictly mechanical, such as
momentum transfer between colliding grains. Noncohesive sed'ment Deds
resist erosion by the submerged ueﬂdht bf the ndividual grains, which
may provide mutual suppart dy 1nteriock1ng or by frfctﬁon (Bartheniades
1971).

Conesive sediments consist of ﬁarticles small enough, with
syrface-to-mass ratio large enough, that their surface physico-chemica!
forces may become much more important than the!lr welight. These forces
may include (a) van der Waals forces, {(b) surface electric charges, {(c)
chemica) bonds, and (d) 1nteracéions of .the double layer {counter-lons
attracted from the solution). These forces are only partially uynderstood
ang may vary with the water environment (Partheniades 1971).

Fo( clay particles tin distiiled water the net effect of these forces
may De repulsion. allowtng enormous cgncentrdttunE to be suspended at
small cyrrent velocities. However, even small amounts of dissolved sait
u$)1 Sring about particle attraction {through double layér compresston),
resuizing in the aggregation of ¢6111ding particles into flocs havinq
size and fall velocity much larger. than those of the individual ¢lay
particles. The basic settling unit s thus the floc, the size
distridution of which may depend on the flow conditions and on the
physico-chemical.properties of the water and sediment: Cohestveness
provides a sediment Ded with additiona) shear strength to resist
eroslon. ‘Partheniades (1971) notes that fresh waters ordinarily contaln
enough salt to bring ibout clay particle flocculation. Nevertheless,
Edzwald et al. (1974) and Hayter and Menta (1983) found estuarine
salinity to measurably increase fall velocity over that in ordinary fresh
water.

B.2 TRANSPORT OF SEDIMENT LOADS

The gravity-driven ¢~wnhill movement of stream flow is resisted Dy
the friction of the flu.d passing over the stream bed. This results in 3
variation of veloctty with depth: velacity decreases nedar the dottom of




the water column. For the stream flow to keep particles in Susneﬁsion
the fléw turdulence must counter the tendency of the particles to .
settle. Consequently, the stream flow tends to carry heavier particles

near the bed, whtle 1t s ltkely ta carry fine particles more uniformiy

throughout thé water column, as tltustrated in Figure 84,

The’tgtg1 ;egihent load (mass/time) passing a river cross section can
be split Into two parts using any of three related dut nonequivalént
schemes { Thomas 1977):

Based on Mode of Transport:

The suspended load consists of sediment particles that are
transported entirely within the dody of fluid with very little contact
with the bed. The Ded load consists of particles elther rolling ang
s11ding along the bed as surface creep or intermittently leaping into the
fiow, settling to the bed, and resting on the bed (Shen 1971; ASCE
1975). Such intermittant movement i called saltation. As there is no
sharp distinction between saltation and suspension, there is likewise no
sharp doundary between suspended 10ad and bed load. The bed load 's ‘ .
usually a smatl fraction of the suspended load (Thomas 1977). The
suspended load plus the bed load equals the total sediment load.

Based on Sampling Capadilities:

The term measyred load refers to that porticn of the sediment load.
that can be measured with sampling equipment. The uynmeasured load s
the portion that would escape detection. Curreﬁg equipment can sample
over the entire range of depth to within inches of the bed. All but a
small percentage of the tota) load ‘s usually measurable (Thomas 1977).

Based on Availability 1n the Stream 8ed:

This division s ba;eu on par*icle sVzes. Wash load 5: that portion
of the total load comprised of grain sizes finer than those found 1.
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significant quantities in the stream bed. The magnitude of the wash load
1s controlled by the rate pf entry of these particles from the
terrestria) watershed. The bed material load consists of coarser
particles, readily found in the bed; the magnitude of this load s
determined by the ability of stream flow to move the ded particles. H.A,
Einsteln (1964) describes th}s distinction as follows:

Either the avatlability of material in the watershed or the
transporting ability of the stream may limit the sediment load at a
cross sectton. In most streams the finer part of the load, 1.e., the
part which the flow tan easily carry in large quantities, s limited
by 1ts availability in the watershed. Thts part of the load is
designated as wash load. The coarser part of the load, 1.e., the
part which is more difficult to move by flowing water, s limited in
1ts rate by the transporting adility of the flow between the source
and the section. This part of the load is designated as bed materia)
load.

Wash lcad s often considered ta be stlt and clay, while bed material

load would de sand, gravel, and larger matertal. However, ng uniform

1ine of demarkation s possible since 1t depends on flow conditions and

on_sed1m¢nt sources.

The ded materlal load Vs of great importance in determining the shape
and stability of stream channels. For this reason consideradle
engineering research has been directed toward 1ts prediction. Elnstein
(1950), using dyed particles, was able to demanstrate that a continuous
exchange of particles between the bed and the water column takes place in
a reach where the number of particles leaving the downstream end equals
the number of particles entering the upstream end. Gessler (1971) notes
that aggradation occurs when the upstream sediment supply exceeds the
capacity of the flow to transport sediment out of the reach. Given
sufficient time, the Sediment depostiting at the ypstream end of the reach
causes the bed slope to increase, which in turn increases the velocity or
bottom shear stress, thereby incieasing resuspension until a new
equilibrium s attalined. Degradation, on the other hand, occurs when the
sediment carrying capacity of the Flow exceeds the upstream siupply rate,




The resuiting net eroston reduces the slape, which In turn reduces the
“velocity or bottom shear stress, theredy reducing resuspension unti) a
new equilibrium is attained. Thomas (1977) notes that degrading reaches
may tend to become incised while aggrading reaches may tend toc meancer.

Desptte the amount of study that has gone into sediment transport,
accurate predicttons remain ¢gifficult, As discussed briefly in ¢the
Guidance Manua) 8cok VIII, Screening Proceduyre (Mi11s et al. 1982), many
procedures require data on the suspended solids concentration at some
reference depth. The Einsteln (1950) procedure and its modifications do
not require such data but are rather complex. The Etnstein procedures,
furthermore, involve only bed material lead; wash load ts determined by
_ externa) sources and )s thus not predictable from the stream's sediment
carrying capacity {Nordin and McQuivey 1971). Nevertheless, 1% can be
noted that many sediment transport farmylas can de put in the form
{Gessler 1971):

gs » ‘(7 - Tc)p (Bl)
where 9 is sediment load per unit width, ¢ 's shear stress, e
1s a critical shear stress at which sediments start to move, a is some.
coefficient, and p some power.

Shear stress, « (Neuton/mz). 1s given Dy:
t =« YRS : ‘ (82)

where v 15 the specific weight of water (approximately: 9807 N/m), R

1s the hydraulic radtus (m), and S 1s the slope of the energy grade line
(m/m). To obtain r in dyncslcnz multiply n4mz.by'10. The

importance of shear stress in controlling both settling and resuspension
will be further discussed later,

Shen and Hung (Shen 1971) have suggesi=2d a2 simple emplrical




reqression formula for predicting the suspended ded material . .
concentration. Using flume and river data they obtained:

log C » ag * 81X ¢ 39X2 + Aqx3 . (83a)

X vi sd u" (83b)

where C 1s bed material load concentratton (mg/%), V 1s the averaqe
flow velocity (ft/sec), S again the energy slope (ft/ft), ang w the fall

velocity (am/sec). The regression values are:
3g » -107404,459 1 « 0.007502
-ay o 328214.747 J « 0.004288
az « -326309.589 & o -0.002600
a7 « 109503,872

The standard error of Tog C was 0.217 (68% of the data was within 0.217
‘base 10 logar1thmic cycles of the predicted value).

Equation B3 ang all of the numerous cther approaches for Dredﬁctﬁng
bed load and ded material load may be of limited value for toxicant
modeling. Much of the toxicant may de adsorded to the finer particles
{with Mgher'mrface-to-mss ratios) comprising the wash load. By .
definition of the wash load, these finer particles are not found in the
stream bed in substantial gquantities. By implication, toxicant bound to
wash load particles wouyld have limited interaction with the bed.

831. DEPOSITION AND EROSION

The net particle flux (ug/cmzlsoc) across the ded-water interface

can be expressed as the difference between the depasition (settling)
flux, Su. and the erasion (entratnment or resuspension) fluyx SE

(Fukuda and Lick 1980). The deposition flux 1S related to the settling
velocity, e (ecm/sec), and ‘the water column solids concentration, m,
(mg/%), by:

50 = ws m (e4)




The erosion flux s related to the resuspension veloctity, Weg and the
bed solids concentration, My, by:

The assumption here i3 that deposition and resuspension are independent
processes that can occur simultaneously.

8.3.1 Depasition . ‘

In evalyating the settling velocities:of sediment particles, three
phystcal processes can be considered (('Mella i9§0): (3) gravity,
(d) Browntan motton or molecular d1ffusion, and (¢) turbulent or laminar
£1uid shear- (velocity gradients). The degree to which each of these
prucés;es governs particle behavior depends”bn‘the charactertstics of
both the fluld and the particles.

The effect of gravity on particle settling can dDe expresses in terms
of Stokes Law:

vs » (3/18u) (o5 - p)d2 , (86)

where ve 13 the Stokes settling velocity (em/sec), g 1s the
acceleration of gravity (980 cm/sec ). # sy - »- 13 the cifference

in the densities of the particle and of water, d 1s the spherical
particle diameter, and y 15 the absolute viscosity of water {poise,
g/cm - sec)., (Note that u « -p. where v 15 the kinematlc viscosity
(em’/sec) tabulated tn Figure 3.2.8). The Stokes velocity, v,
applies to a single particle in a quiescent medium. The effective

‘settling velocity in the fleld, e may differ from v

The Stokes setf11ng velocity 1s quite sensitive to the particle
diameter; for example, a doubling of particle diameter would qdidrupie
the fall velocity. For nbncohesive particles, the st2e distridbution is
s\mply a péopérty of the sediments. For cohesive particles, the si
distribution depends on the properties of both the_particies and the




fluid. Aggreqation into flocs occurs when particles having sufficient
physico-chemical attraction collide with each other.. Such colistons may
result prsﬁ\ar11y from Brownian motion for small particles, and flyig
shear ang aifferential settling velocities for larger particles.
Valloults and List (1984) have modeled these processes in 3
sedimentation vasin. 0Qisaggregation of flocculant particles may aiso
occyr through fluld shear and through collistons (Lick 1982).. Uchrin and
weber (1380) noted that laboratory measured settling velocities were
substantially more rapid than expected from the Stokes veibctty of the
ingividual particles, apparently due to particle aggregation.

Vertical movement of particIés mai also be brought about by
dispersion, consisting of Brownlan motion and¢ turbulent d1ffyston
(resulting from‘eud1es'produced by fluld shear). Away from the bed.water
boundary Browntan ¢giffuston s expected %o be negligible compared with
tyrdulent d1ffuston. The importance of turbulent d\ffusion relative to
settling can be directly compared (Lick 1982). A characteristic time for
settling to occur s ts » H/v’. where H 15 depth of water. &
characteristic time for turbulent diffusion 15 t, « H2/20,, where
Dv is the vertical eddy d?Ffusﬁv1ty. The dominant mechan1sq is that
with the shorter characteristic time. [ncreasing the particle size ang
the depth favors settling as the dominant mechanism; facreasing the
turbulence favors diffusion (Lick 1982).. Thus, the HydroQua!l (1982)
reconmendation to reduce w. to perhaps 10% of vo in shallow streams
seems consistent with tpis reasoning.

In this vein Hayter and Mehta (1983), constructing a genera! mode! of
particle behavior in estuaries, applied the relationship:

where té 15 4 critical shear stress above which little deposition of

the sediment wo 1d occur (as measured n flume tests). They suggest a
minimum valye of v being 5% .7 v .




Lick {1982) applies a different 1ine of reasoning %o a thin fi'm of
water near the bed-water Interface, where turbulent d3ffysion Vs assumeq
to decrease. The Flux through this film can be written:

om,

) ——— * vsm1 ' . (38)

Sy « S s (0, ¢+ D
0 12 8 oz

v

where Sg - SE (uq/cmz - sec) is the net downward flux (per
Equations 84 and 85), 0v 13 vertical eddy diffus1v1ty'(cm2/sec). m,
(mg/1) 1s the particle concentration near the ‘nterace. I ‘s vertica!l
d&stance from the bottom, and Ds'is the-srounian,deffusavlzy for tne
particies, given bdy:

O+ ol (89;

Jwud

18 o mik - sec) ang T

where k is the Boltzmann constant (1.38 x 10
is absolute temperature. 0, and v are thus functions of particle

size; 0 15 a function of shear stress and distance 7 from the

bed-water interface., When resyspension is negligible, the concentra%‘on
gradtent is pasitive within:the thin f1lm, because part'c'es are Deing
lost to the bed surface. In this case the flux due to particle ¢tffyston
acds to the flhx due to gravdty settling, thereby increasing. the raze ;f

deposttion.

Combining Equations B4 and B8, Lick (1982) determined the effective
settling velocity w, : ’

ws = ¥g/ 1 - exp(-vg/vg) o : (810)

5 "

where ;d \s the minimum limiting value of W, when on1y a&?fu§$dn
(both Brownian and turbulent) is considered. Lick (1982) determined v
to be: ' i

d




vq = 0.06"(110)1/2 (p/Unu)zn . ’ (B11) .

Fiqure 85 {1lustrates the solution °f"s‘ Voo and v,
of particle sizes for & shear stress, ¢, of 10 dynes/cmz. For large
particles we sV and the effect of diffusion through the boundary

s _
film is negligidble. For small particles LA and the effect af

gravity settling is negllg1bfe. The particle s?ze at which contro!l of
depasition shifts from diffusion to settling depends an shear stress.
.This theoretical approach assumes that all particles that hit the ded -
surface aghere to tt. This limitation might be related to why increasing
¢t increases w, for small particles, aAcontrasi to the previoysly

described empirical approach (Equation B87), where increasing «

over 3 range

decreases us.

§|§.g §eg §f°$10ﬂ

Erosion or entrainment s the scour of sediments from any par: of the
stream bed i1nto suspension in the water column. To remove material from
the bed the flow-generated forces must ove}coﬁe the stadilizing for’ces . .
which consist of the immersed weight and (faor $11t or clay beds) the
cohesive strength. Lee et al. (1981) and Lick (1982) 1ist five Factors
controlling entrainment: (a) turbulent shear stress at the bed.-water
“Interface, (D) water content (pc}os1ty) of the ded, (¢) sediment
composition, including minerology, organic content, and size
distribution, (d) activity of benthic organisms, {(e) vertical
distridution of sediment properties, related to the manner of
deposition, | |

b

Lee et al. (1981) and Fukuda and Lick (1980) found entrainment rates
to be directly propartional to shear stress and water cantent. Also,
sediments with a fine-gratned (clay size) fraction‘dedosited at the
surface were more easily erodable than vertically well-mixed sediments
with the same compaosition. For example, after a brief net depositfonai
period, the fresnly deposited sediments will tend to have a smaller mean

)
kd
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$1Ze and a higher water content; therefore, these surface sediments wil) .
be more easily entrained when shear stress increases.

The erosion rate may be formulated in terms of the shear stress on
the bed, r, and the erosiaon resistance of the bed. The erosion
resistance of the bed s generaily empirically estimated: 't cannot. De
predicted solely from the basic properties of particle size distribution
and porostty.

figure B6 11lystrates a typically measured relationship between
erosion flux and shear stress. Once deyond critical shear stress,
Ter the erosion flux, SE' increases rapidly. In modeling
cansolidated estuarine beds, Hayter and Mehta (1983) estimate

Sg eaf T~ Tc : - (812)

where both a3 and T dre empirically derived constants.

8.3.3 Particle Exchange: Continuous Versus Discontinuous .

The conservation of sediment load through a stream reach may occyr
ynder two conditiong: (a) deposition and résusnens1on are accurring
continuously, but at equal rates (Sp = 55.,0' Wefly 3 W . M),
or (b) deposition and resuspension rates are both zera. The former
situation can be considered an equilibrium state; the latter cannot. For
the ecuilib?ium condition, the suspended solids concentration would be
qgiven Dby m . mz urs/u‘. For the iero rate sttuation, uhatever
concentration exists at the head of the reach 15 carried downstream

unchanged.

in flume experiments with noncohesive sediments, Einstein (1950)

demonstrated (using dyed particles) that conservation of load was the
result of an equilibrium balance between deposition and resuspension.

8-20
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Although the concentration did not change, 4 continuous exchange of
particles was occurring through the simultaneous processes of depos‘tion
and resuspension.

wWhether cohesiye sediments exhibtt the same behavior is open to
gquestion. For clay particles Partheniades (1971) ang Mayter ang Menta
(1983) note evidence that the critical shear stress Below which no
-erosion can occur ts greater than the critical shear stress above which
no deposition canm occyr. That 1s, there appeared to be a shear stress
range within which néither erpston nor degasition s s‘gnificant. wich'n
this range the velocity was sufficient to prevent the syspended parsicles
from flocculating and adhering to the bed but Insufficient to break <the
coheslion of the consolidated bed particles. Above this range only
erosion occurs, while bdelow this range only deposition occuyrs. .

In the experiments with lake sediments, which are likely %0 be ¢‘ne-r
and mbre cohesive than river sediments, LiCk (1982) observed a compiex
behavior seemingly intermediate Detween the continuous and s'mu!ltaneaus
deposition and erosian cbserved for sand and the alternating deposition
or erosion observed with clay, Me found that to a partial deqree a
cantinuoys exchange of particles was occurring through simyltaneoys -
deposition and erosion. Some types of particles, however, tended ta
remain only n the water column; others tended to remain only 'n the Ded.

- Lick (1982) thus notes that erosion and depds1tion are not completely
reversidble and that a hysterests effect 1s often present. Ffor a |
particular shear stress, the steady state concentration will be nigher if
. the shear stress (and suspended concentration) had been decreasing over
time than if 1t had been Ilncreasing over time. :

8.4 SEDIMENT SOURCES

External sources of suspended segiments can or'gin_ce From etther
puint or aonpoint soyrr™s. 2oint sources of sediments are generally
minimal, and in any event, are easily quantifiable. Nonpaint sources of




concern are governed by natural and culturally acceieratea~eros$on
processes. Although urban runoff can have significant localized ‘mpacts
on streams (Porcella ang Sorenson 1980; Tomlinson et al. 1980}, the
preponderance of sediments delivered to U.S. streams by accelerated
erosion are derived by sheet erosion from aqr1cultura1 lanos (Omernik
1977). Sheet erosion )5 the wearing away of a thin layer of land sur‘ace.

Sheet erosion rates depend on rainfall and fiow properttes, sot
geomorphology and tooograpny. and land use {incluging vegetative cover
and soi)l management practices). Although predicting soll loss 15 very
complicated, the Universal Soil Loss Equation, developed Dy Wischmeier
and Smith (1960), has been exteﬁs1vely used to estimate average anayal
s0t1 loss in tons/acre. To predict sediment yileld of a watersned, the
USLE 15 coupled with a *sediment delivery ratio®, the fraction of an
area‘'s soil loss that actually reaches the stream. Taple B3 summarizes
the range of sediment ylelds expected in various regions of the country.

Details on use of the USLE anrd sediment deltlvery ratio are conta‘ined
in volume VII! of the Guldance Manual (Mi11s et al. 1982) and in several
other EPA publicatians, including McElroy et al. (1976), U.S. EPA (1976]),
and lison et al. (1977). That material will not be repeated here.
However, it can be noted that for many water quality modeling purposes,
the utility of the USLE 's constrained by deing limited to annual average
sotl loss. It is not intended for event madeling (Wischmeler 1976). To
predict sediment yleld from single events, Mi1ls et al. (1982) descrides
the Willtlams (1975) modification of the USLE.

Several other approaches are available for predicting the sediment
and pollutant yleld of events., For urban runoff these include U.S. EPA
(1975), M111s et al. (1982), Geiger and Dorsch (1980), and Xlemetson et

. (1980). for agricultural runoff they include Williams (1980),
Navotny (1980), and Donigian and Crawford (1976). Given sufficlent
resources, the meth.1 c¢ cholce might be the Agricultural Runoff
Management Model (ARM) (Donigian and Davis 1978).




TABLE B3. SEDIMENT YIELD FROM ORAINAGE AREAS OF 100 SOUARE ) .
NILES OR LESS OF THE UNITED STATES (Todd 1370} ' A

Region " Estimated sediment ye'ld

High Low Average

' _ _ tons/sq mi/yr

North Atlantic 1,210 30 2s0
South Atlantic Gulf ' 1,850 100 800
Great Lakes . 800 o1a 100
orito 2,110 160 850
Tennessee 1,560 460 100
Upper Mississipp! 3,900 0 800
Lower Mississipp! 8,210 1,560 5,200
Sauris-Red-Rainy, 470 10 50
Missour! © 8,700 10 1,500
Arkansas wWhite-Red 8,210 280 2,200
Texas Gulf 3,180 90 1,800
Rio Grande 3,340 ' 150 ‘ 1,300
Upper Calorado 3,340 150 1,800
Lower Calorado 1,620 150 600
Great Bastn 1,780 100 400 .
Calumbla-North Pacific . 1,100 0. 400

Caltfornia 5,570 80 1,300
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Metals tn the ambient environment frequently gccur at levels bdelow the
detection limit of many of the analytical methods commonly employed by State
and Federal agencies., Consequently, in order to assure obtaining data
useful for model calibration, the WiLA analyst needs to be able to discuss
the overall adequacy of the methods used by laboratory and fieIa personnel .
The key issues are (a) the sensitivity, and perhaps accuracy, of the
analytical methods and (b) the freedom from detectable contaminallon during
sample handling, 2 orob1em if very sensitive analytical methods are uysed.
This appendix describes the sampling and analytical methods found %0 be
useful during the Flint River surveys..

The sampling program began tn August 1981 and ended 'n March 1982.
During this time, four samo1ing surveys were conduycted on the fFiint
‘River, Water was analyzed for the total and dissolvegd forms of caamium,
copper, and zinc. Chemical and phystcal parameters of the water, which
are belteved to iInflyence metal speciation or to interact with solids,
were also analyzed. The parameters included were suspended soilds, pH.
specific conductivity, hardness, dissolved oxygen, total alkalimity, and
temperature, River flow and velocity were also estimated.

- A1l aspects of sample collectton, filtration, and preservation were
evaluated so that the final analytical results reflected actual quality
of the river water sampled. Care was taken to choose eguipment made of
matertals that would minimize contamination.

River water was collected using a half-gallon linear polyethylene
wide mouth Nalgene bottle fixed to a polypropylene rope with
stainless stee) clamps. The Dottle was weighted Ffrom below with lead,
"3nd the bottle mouth was sheltered with a plastic awning or 1id suspended .
from the rope just above 1t. The purpose of the 11d was to keep out
debris as the sample was pulled up.




Sampling was usually done from bridges at three marked postitions that
are at 1/4 the distance across the stream, at 1/2 the distance, and at
374 the distance. The sampling device was lowered thckly below the
surface of the water, .rinsed once, emptied, then filled again. Three
such samples from the various bridge positions were combined in a ten-
11ter polyethylene cardoy which was previously rinsed with some water
from the first sample. It.is from this composite sample that an aliguot
for analysis was taken, '

- A sample processing scheme !s.presented In Figure Cl1. . Al1] filtering
operations were conducted in the mobile laboratory as well as pMN, con-
ductivity, alkalinity, and metal preservations. Temperature and
dissolved oxygen were measured In-situ. Total meta) analysis, dgissolved
meta) analysis, and hardness were analyzed at the EPA Large Lakes
Research Station.

Trace Metals

Trace metal samples ueré collected in new linear polyethylene bottles
washed u!fh hot water 1n 3 dishwater, rinsed with delonized water, with
0% v/v nttric actd, and with delonized water; then they were soaked In
2% v/v nitric actd for two weeks, rinsed siz times with delonized water,
and dried in an oven with the caps ajar. Bottle blanks were analyzed to
fnsure that contamination was kept to a minimum, and to provide a value
used to correct for low level background contamingtion. Ten of every 100
bottles were randomly selected and analyzed for Background levels. A
blank test was perfarmed Dy f11ling the Dottles with a pre-analyzed .
acidifled datch of water (Im nitric acid/1iter). This batch was
generally below the detection 1imit for each metal. The solutions in the
bottles were then analyZed, and the resulting mean conceatration is the
bottle Blank. The stored bottle blank samples were analyzed with the
river samples.
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-FIGURE C1 SAMPLE PROCESSING SCHEME FOR FLINT RIVER WATER
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Every tenth sample included a duplicate aliquot or split of the
composite water wnich was processed the same way as any other sample
collected. The standard deQiation‘calculated for samples and their
duplicates gives an estimate of the averall grecision, including both
field ang snstrumenta\ var1at\on§. ' '

The foI1ou1ng equation was used to calculate the standard deviation.

"Stangard deviation —- where d a d1fference between the sample
\/ ;g_ and its duplicate
c _

k » number of duplticases

Since the matrix of the sample can affect the precision, river water From
each survey was handled separately. See Tadble (] for results. Detection
1imits for the metals analyred are reported in Tadle (2.

Cartain samples were analyzed'once & day for & number of days as
“between run® replicates (Table C3). The vartadbility of these repiticates
ts assumeg to be cue 0 fabcratory and instrumental procedures oniy. The
fleld duplicates mentioned earlier have potentially higher standard
deviations since there s addittona! vardability from fleld techniques,
Y.e., bDottle Dlanks, Filtering and post!ale nan-hemogenity of the water
in the 10° composite sample. Comparing the results of Tables B! and 83"
suggests that the variability of the results for. 311 the metals was
mainly due to ladoratory and instrumenta) procedures.

Tota! river water (unfiltered) was collected in 3 SO0 ma 1inear
polyetnyiene bottle pre- cleaned as ‘above. A 100 mtL portion of that

- water was filtered through a .45 um Sartor1us ce11ulose acetate

filter. The ftlter1nq apparatus was a n1l11pore noTycarbonate
Sterifi] filtration system. . Before use, the system was soaked in

A% v/v ""03‘ then rinsed well with deionized water. The Filter was set

in place, and SO mt of detonized water was filtered, then discarded.
Fifty mt of sa.'le was then filtered and dtscarded. Sample water :as

‘then filtered unti) the filter began to clog. Before filling the 175

mt bottle with filtrate, the first SO mt of filtrate was used- %o
rinse 1t out.




TABLE Cl. RESULTS OF FIELD OUPLICATES (SPLITS)

August 1981 Survey -

December 1981 Survey -

March 1982 Survey

Flint River Samples Flint River Samples Flint River Sample:
lStandard Standard ’ Standar-
Number of | Deviation | Number of | Deviattion Number of | QOevtat:.
Metal Pairs {vg/L) Pairs {ug/L) Pairs ‘ {va/t)
D1ssolved Cd 19" .08 6 T.02 14 .03
Tota) Cd 18 .07 7 .04 w1 o
Dissolved Cu 19 1.1 1 .4 13 .$
Total Cu 18 9. 1 3 w oo
Dissolved 2n 20 4 7 5 l4
“Yotal In 18 i "9 w2 13

NOTE: If ; toetection Limit] € (Measured Metal Concentration] < [detection Limit], .
then the result Vs recorded as °*T® preceding the detection limit,

-

If [Measured Metal Concentration] < ; {Oetection Limit], thén the resylt s

recorded as *W® preceding a valuye ; the detection 1imit.

TABLE C2. OETECTION LIMITS

—Wetq) Detection LImit (wa/i)
Cadaium ’ ‘.02
Copper . .08

inc




TABLE C3  RESULTS OF BETWEEN-RUN REPLICATES

Metal

Stangarg Oeviation fug/t)

Dissolved Ca
Total Cdf
Dissolved Cu
Total Cu
Dissolved In

Tbtai In

Number of Samples
8
1§
4
18
S
8

.03
.07
.8
1.2
w2

2




The models 603 and 460 (Perkin Elmer) atomic adsorption instruments
equipped with graphite furnaces were used to analyze the samples. The
drying, charring, and atomization program were apt1m\;ed for river and ef.
fluents using optimizatien as desqribed In "Analytica) Methods for Atomic
Absorption Spectrophotometry Ustng the HGA Graphite Furnace.® Perkin
Elmer (1977). See Table C4 for iInformation on analytical conditions.

A1l flameless analyses were done in duyplicate while the flame analysis
(Zinc) was done in triplicate.

If chemical Interferences were present which enhanced or suppressed
the anaiytical atomization signal, then the standard method was used to
‘calculate the sample concentration, If no interferences were present,
then samples were calculated directly from a linear regression of the
synthetically prepared metal standards. The latter case still involved a
standard addition determination on every fifth sample in order to monitor
recovery. Recovery here 15 defined as the slope af the standard adadition
calculation on a sample, times 100, divided Dy the mean slope of the
standard addition on standards. . .

No chemical 1ntérferences were found when analyzing copper and zinc. “
However, since Interferences were present which suppressed the analytica!
si1gnal for cadmium, standard additions were used to determine the
concentrition of this metal.

Standards were prepared fresh daily and acidified (3 m
Hnolll). Typiéal?y. S standards were digested along with every 20
samples and 3 blanks. The digestion procedure was a modified nitric acid
digestion for total metal determination from "Methods for Chemical

Analysis of Water and wWastes®” (U.S. E.P.A., 1974). Hydrochloric acid was
eliminated from the EPA procedure due to the Interference of chloride ton
with the analysis of zinc and cadmium (Analytical Methods for Furnace
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Atomic Absorption Spectroscopy, Perkin Clmer, 1980). The digested biancks
consisted of delontzed water plus the same amount of HNO3 adged to the
samples and standards. The median absorbence of the dlanks was used to
correct the samples, O0igested standards were corrected by a standard
blank. Calculations of concentrattons were then based on these corrected
apsorpences. The filtered samples (dissolved) received no sample .
pretreatment. :

In orger to determine contamination introguced in the Fiiter'ng
process, two filter dlanks were taken in each eight-hour sRif? in the
fleld. 7This Involved filtering an aliquot of delonized water. An
unfiltered sample of this detonized water was also taken at the same Zime.
This unfiltered sample 1S the batch blank 1n Table CS. The anaiytical
results of the two types of samples were compared; if they were equa!,
then no filtering contamination was dDelieved to cccur. Equality here s
confirmed Dy a T test. The resylts in Table 23 show that no correction
was required for the filtering proceii In the Auqust, Decemper, Qno Mareh

surveys,

_ Since the Filter blank resylts From both a bottle dlank ang a blank
for the filtering process, 1t s assumed that 1f the filter bDlank were
negligible, then the bottle dlank would alsc de negligidble. This was the
case for all the metals during the surveys except faor copper in Augus?
1981, Bottle dlanks were therefore checkeg for copper in.the August 1981
set. The levels found th these Dottles were below the detection limit
for 211 three metals, We therefore concluded that the .447 ug/t Cu
in the sampie of batch water was due to the copper !n the batch water
enly.

Trace metal water samples were preserved dy adding 3 mt of rmo3

per ltter of sample. Samples were refrigerated at 7°C.

-9




TABLE C5. FILTRATION BLANKS
(Note: AB.B. - Batch Blank and F.B. « Filter Blank}
Standard

Mean Deviation
. Number (ug/L) (ug/t) T-Test
Metal . | Survey g.8.,  F.B.) (8.8.,_F.B.} (8.8., F.B.) Result
Cadmium | Aug. 81 47, & 0.01Y, 0.022 0.022, 0.027 ; *Same
Caomiym | Oec. 8) 15, 13 0.001, -0.00) 0.008 0.009 _ Same
Cagmiym | Mar. 82 ig, 18 .08, 0.038 0.009., 0.108 Same
Copoer | Aug. a1 47, A7 0.447, 0.562 0.440, 0.563 | Same
Copper Oec. 81 15, 1 -0.067, . 0.092 0.209, 0.263 Same
Copper Mar. 82 17, 1 -0.026, -0.104 .494, 0.239 Same
Iin¢ Aug. 8) a7, 4 0.68}. 0.745 1.476, 2.027 Same
Linc Dec. 8) 16, 14 2.938, 3.143 1.769, 2.107 Same
. inc Mar. 82 g, 18 -0.487, -0.3:94 1.889, 1.83 Same

*At the 95X confidence level the mean Datch dlanks and filter Dlanks were
pqual; therefore, no blank correction was needed for the filtering process.




Results of several Intercomparisan studies are presented in Taple
C5. In both of these series, performance was constdered °*goed.* The
true values of the unknowns fell within oyr 95% confidence interval,
This interval is defined as our reported resylt plus or minus two
standard deviations, '

For both digested and dissolved samplies, five standards were run at
the beginning and end of each day's run. HKalf of the standards at the
beginning of the day were spiked with known standards {standard
adgditions). The remaining standards were spiked at the end of the day.
The average slope of these standard additions to standards was used in
the denominator of the recovery formula.

onventional Parameters

- — iy

Methods used for non-metal parameters are described in Taple 7. Dis-
solved oxygen and temperature were in-situ measurements. Specific con-
ductivity, pH, total alkalinity, and tota! non-filteradle residue
{suspended salids) were analyzed in the modile ladaratary. Hardness was .
analyzed at the Grosse lle. Lab. -

c-11 .




. TABLECS INTERCOMPARISON WITH U.S. EPA ENVIRONMENTAL MONITORING ANO
’ SUPPORT LABORATORY, CINCINNATI
(Concentrations in ug/t)

£d Cy _ In

Sample | (Resylt, True value} | (Resylt, True Value) ! (Resuylt, True value)
Q... Series
478 .

Sample 1 ! - : - {65, 60)

Sample 2 : (1.3, 1.5) (1.8, 8.0) (16.7, 12} -
Q.C. Sertes
5§78 , i

Sample 1 | (.31, .46) (1.4, 1.4 (29, 30)




TABLE C7. ANALYTICAL METHODS - CONVENTLONAL PARAMETERS

Equipment/ , .
Parameter Method [nstrumentation Source of Method
Temperature Thermometry Thermometer Standard Methods (1975)
Dissolved Dissolved Yellow Springs Yellow Springs Instruments
Oxyqgen " Oxygen Probe | Instruments Co., In¢c. | Co., Inc.
Spectific Electrical Beckman Conductivity Beckman Manual (1973)
Conductivity Conductance Bridge (Modeil RC-19)
(1] pH Electrode | Fisher Accumet (Mode) Fisher Instrument Manual
520 PH/ION meter) No. 26285
Alkalinity, ‘Titration to | Fisher Automatic EPA, Methods for Chemica!
Total pH 4.5 with Titration Mode) 471 Analysis of water and
~ 02 SO wastes (1979)
Residue, Total Gravimetric GFF Filters (wWhatman) EPA, Methods for Chemica)
Non-Fillterable | Measurement Sartorious 2003 MP) Analtysts of wWater and
Balance Wastes (1974)
Hardness Titrimetric Fisher Automatic Standard Methads for the

Titrattan Model 471
Used in the Manual
Mode

Examination of Water and
Wastewater, 14th Ed. (197%)
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APPENOLX 0
BEMAVIOR OF HALOGEN OISINFECTION RESIDUALS

This apoendix presents information on the aquatic fate of wastewater
disinfection residuals. This discuscion has been added at the reguest of
the 0ffice of water Programs Operations (Comstruction Grants),
recognizing that (a) cnhlorine residuals are commonly discharged in
quantities toxic to aquatic 1tfe, and (b) chlorine is not discussed in
the portton of the Guidance Manual covering 80D, 00, and ammonia
(Oriscol]l et al), 1983), and since 1t ts not a "priority pollytant®, 1* is
not covered Dy Mabey et al., (1982) and Callahan et al. (1979).

As chlorination 1s by far the most common disinfection practice in
this country, the émphasis 1s on chlorine residquals; nevertheless, some
information on Bromine chloride 1s also Included. The discussion 1is
tntended to apply to fresh water; halogen chemistry in saltwater,
described Dy Haag .and L\etzke (1981), s not tdentical to that in fresh

water. : , ‘I"

‘The discussion is limited to the fate of halogen oxidants. [t does
not deal‘uith the formation of halogenated arganic dy-products; such
formation 1s of minor importance in determining the half-life of the
~disinfectant 1tself. Although some of these by-products may be
~ earcinogenic, their production 1s of greater public health significance
during potable water treatment than during wastewater disinfection
(Metcalf & Eddy 1982). [nformation on production of halogenated organics
is provided by the Nationa) Research Counc)) {1979) and Jolley (1975).
[t '3 worth noting here, however, that the formation of trihalomethanes
(the dy-products of greatest cancern) appears to be depressed by the
presence of ammonia, a usual constituent of municipal wastewaters that
have not undergone complete nitrification (Metcalf & Eddy 1982}.

The follow.ng ~*scnssion has been edited from the Matcalf & Eddy
{1982) report, Impscts of Wastewater O1sinfection Prac'ices on Coldwater




Fishertes. Aqditional detatls on disinfectant chemistry can de found in
weder (1972).

0.1 AQUATIC FATE

Most wastewater treatment plants discharge effluent through an
outfall pipe or through a smal) ditch which then combines with the
receiving watér. In such cases, }uitial'm1x1ﬁg of the efflyent depends
upon the outfall or ditch characteristics, the river cnaracter1§t1cs. and
the magnitude of flows of each. For a few large treatment plants, waste
1s discharged thraugh suhmgrged multi-port diffusers. . - ¢

A common method of estimating the dthtion of wastewater efflyent 1s
to calcuate the ratio of river f!ou to effluent discharge flow. This
number may range severa! orders of magnitude.- Typical ratios may be 100
for smal!l plants .discharging ta average sized rivers, and 1 or 2 for
plants discharging to small tributaries.

The pitfall of using the ratio of flows to estimate dilution 15 that
complete mizxing (lateral and vertical) 1s 1mplicitly assumed. In cases’
of small tridbutartes with low diluyttons (e.g., 1 or 2) this may be a
reasonadle assumption. However, for higher dilutions (e.g., 100 or
more), a long distance 1s.often necessary to complete the lateral mixing
process. In most cases, complete vertical mixing may dDe-a reaonable
assumption. ' ' '

ghlorine

The initial chemical reactions“ofuchlpriae tn aqueous solution depend
on.the application form. Chlorine gas hydrolyzes-in solution as shown
below: ' '

€1y & Hy0 ——e=HOC) + "M

This reaction s rapid and essentially completes-if the pH is greater than
6. Application of sodium or calcium hypbchlof1te will yield bypochliorite




Jon (0217} 1nitially, whlch will rapidly estanlish equilidrium with
hypochigrous acid (HOCY):
NaOCl + H,QZTZ==MOCT o Ha” o OH™

Chlorine present In wastewater or réce\v\ng waters 1; usually

" measured as total residual chlorine (TRC).  TRC 15 the sum of free
residua) ¢hlorine and combined residual chlorine. Free residual chlarine
(FRC) 1s the free available oxidant tn solution consisting of
hypochlorous actd (HOCT) ‘and hypochlorite ton (0C17). Comnined
residual chlorine (CRC) generally refers tc the chloramines formed when
hypechigroys 3cid reacts with urmnu.. Free chlorine can aiso react with
other grganic cﬁmoouhds contatning aming groups to form organtc
chlaramines. Bactericidal strength is in the order: nRrypechlorous acid >
hypochliarite \en > chloramines.’ ’ ;

.

Chlarine demand occurs both In wastewater and the receiving waters.
Chlarine demand is the differsnce hetween the zoppited chlorine dose and
the free residual chlortne, It ¥s due to a vartety of reactions includng
oxidation and decompasition. Some important reactions of chlorine in the ' : .
freshwater eavironment are presented in Tadble 01 and 2 s¢hematic summary
‘gf the important reaction pathways Vs presented 1n Figure Q1.

The principal determinants of the likely reaction products in
muntcipal wastewaters and fresh surface waters are concentrations of
chiorine and ammonia and pH. Chlorine entars the receiving water mainly s
in the form af combined chlarine (mono- and di-chloramine) due to the
typical ammonla concentrations found in wastewater. For Righly nitrified
effluents, free chlorine would be the main constituent. This residual
chlorine 1s lost rapidly from the recelving water due to severz}
reactions including: demand from oxidation reactians; comaination with
organic material; uhotochesica1‘decay; and decompasiton. Although
measurements of chlorine decay rates are not common, some results are
preceanted in Table 02. Several generalizations can bDe made From r.sulls
presented in the table, Yncluding ()] rates =1¢ widely varying, (2) decs

ok




TABLE DY. PRINCIPAL REACTIONS OF CHLORINE (N SOLUTION

Reaction type Txample

Hydrolysis Clz + HyO=——eHOCT o HCL
Ammonia

Substitution HNq + HOC) =—e-NHaC) » Ho0

Oxigation 2 NNCly » HoQ —mNy o HOC1 « 3 RH* » 3C1-
Inorganic oxidation M2 o HOC1 *» 2 HpQ ——e-MnQ(OM);

+ IRt 01

Decomposition 2 HOC) weeen? H* o 2 C1= » 03

{with sunlignt) .
Organic reactions N

Oxtdation RCHG ¢ NOC! ——eRCOQH « H* « C1-

Sudstitution RNMg o HOC)~====RNHC1 » H30
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FIGURE D1. DIAGRAM OF CHLORINE REACTION PATHS IN FRESHWATER

FAEE

" OXIDANT

COMBINED
OXIDANT

MAINLY
{ NON-OXIOANTS




(1861) PRy 0z PUTIOTYD [RUPIESI [¥IOY
{161l ‘uoyINIIP INC
*1v 39 uuwwaujay - -Y3ym vIvp pIe}j uUo pesvy »01-0°S
(1861) BIDAYY OPRIOTO)D
*1v 39 UURWIU S} *93893 Pl@y) o(3IIoq Iyby1 €S-8°1 XJE U] U JWRAOTYOOUOH
{stex) "¢ )
39 13puag woij
{0L61) vosuyop €1 SUJWYIOTYDIOUOH
(pe3dadsns uojivwio}
(SL6T) “1v 9 jWeIoTYI0UOW)
39 a8pueg woi) n Kiwnage 19ATH NI0%
(8L61) uosuyor C°1-T°1 v} “UjIoOTYD eexg4
*sousnqiny puv Iybyruns o3
~ (8L61) vosuyop pesodxe sajdues si00pINQ PL-L"Y
(8L61) uosuyop. ..ouomvcu 8°t~L"0 SUTWRIOTYOOUOH
* spunodwod loa«v-:o
A1jeeo 03} anp sajduvs
(8L61) uosuyor Ao0puy 103 9wl RIIJUI 8LT-0S
‘buyaiayle oc.u=m- AN ©)
(8L61) uvosuyor pesodxa sajdwes 1oopuj 81-9°Y
| *3ybyiuns pue 4 . (120
(6L61) vosuyorp puya 03 pasodxa saydues . 8L1-0S %08) SujIOTYD 14
Bouviejoy 8UO} 3 | PUC) Xep 'e3vi "wi0g SuUjIoTY)
t- Awdaq
SIIvd AV)30 INIHOMD "20 3Mavl




i .

of free chlorine is an order of hagnitude faster than of monochioramine
and (3) field decay rates are normally an order of magnitude faster than
Taboratory rates. ’

Bromine Chloride

Reactians of bromine chlarige in Freshwater are more complicateq
since two halogens are tnvolved., Reactions n Freshwater include the
produyction of both Nypodromous acld and hypachlorous acid:

B8rC1 » H20 — HOB!’ « HCL
8ry » Ma0 - ——— H0Br + M* ¢+ Br
Clz + Ha0 ——— HOCl » H* +» (1 E

As with chlorine, hypobromous acid will react with ammon'a to form
bromamines. Roberts and éleason {1978) presented data on the decay of
promine residual in seawater with asmonta concentrations of 0.2 mg/t,
Decay was extremely rapid since bromine residuals were.not detec:eﬁ afcer
.only fuo hours. No other data on bromine -residual decay were availab‘-e‘,,‘ .

0.2 CASE STUDY

' The concepts discussed adove are applied here for demonstration
purposes. The Connecticut Department of Environmental Protection

conducted physical, chemical, and diological measurements to assess the
impact of the Fairfield Wills Sewage Treatment Plant on Deep Brook in
Newtown (CT BE? 1987). The plant provides advanced treatment with the
m3in treatment units being primary and secondary settling tanks,
trickling filters, and intermittent gravity and sand filters. Current
plant flow averages adout 0.3 mgd. Plant effluent concentrations of TRC
typically range from 0.8 to 3.0 mg/l.

Deep Brook s a fast flowing, well oxygenated tributary of the
Pootatuck'a1ver with an average flow of 0.27 mals and & 7-day 10-year
Jow flow of 0.014m3/5. The plant effluent discharges into Deep Brook
about 610 meters above the Pootatuck River. Pootatuck River average flow

0 - @
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ts 1.1 m/s and 7-day 10-year low flow ts 0.12 m™/s., Measurements of
tn-stream and efflyent TRC were conducted on August 29, 1980.

Mean values of TRC concentrations measured ¢sing the amperometric
titration method are presented in Figure D2. 0On the date of these
measurements, river flow was 0.02S m3/s and plant flow was 0.014
nals. Total mixing Vs sald to occur 15 meters downstream of the
discharge point, although the basis for this statement (1.e., visual, dye
study, etc.) ts not stated. [t seems reasonable to'expect that mixing
would be rapid with the plant flow nearly as large as the river flow
(dVlution ratio of 1.8). As shown in Figure 02, at a point 15 meters
downstream the effluent concentration of TRC had been reduced from 3.8 to
2.0 mg/1, or dluted 1.9 times. This tends to support the 1S5-meter

complete mixing assumption.

The TRC concentrations decreased to 0.2 mg/1 (3 factor of 10) at a
point just before the confluence with the Pootatuck River. Since no
dtlution water enters the brook In this reach, the loss of chlorine was
due to chemical reaction and decay. Qhen {n-stream chlerine .
concentrations are plotted on sem)-log paper, a straight l1ine gives a
reasonable fit with the data, indicating that the die-off of chlorine for
this case ts approximately first order. Using the formula for
first-order decay (Equation 2.3 in Section 2.4 of the text), a rate
coefficient of about 100 per day s calculated. (To obtain this value, 3
stream velocity of 0.3 m/s has deen assumed, as the actual valye was not
given.) This indicates that the in-stream loss of chlorine s extremely
rapid. However, the value of 0.2 mg/1 13 st11] more than an order of
magnitude higher than published maximum in-stream criterta. In Pootatuck
River, TRC could not be detected after the Deep Brook confluence.
8i0l0gical measurements indicated a highly stressed condition in Deep
Brook downstream of the discharge.

In sumrary. a sirple dtlution ca\culat1on'folloued by & first order
reaction coefficient was adequate in this case to estiwte the (1) ~ine
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concentraticns in Qeep Brook. MHowever, this method must de used with
caution for several reasons. If stream-flows are higher, complete mizing
would not occur 3s quickly, and this method does not apply in the zone of
incomplete mixing., Also, as discussed earlier, in-stream reactions are
extremely variable depending on environmental factors such as Tight,
temperatyre, and streamflow.
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ABSTRALT
‘ 1

The Office of wazer of the U.S. Environmental Prozestion
Agency is responsidle for managing waste load allocation (WLA)
activities throughout cthe natisn. These orocedures generally
invelve the application of mathematical modeling activities which
require specialized information for proper implementation, Cne
area which will receive increasing attention in chis regaca is
the fate and :tanSpar:'ot texic pollutants, particularly cercain
pricority heavy metals. An important characteristic of =hese
materials is an affinity to complex and/or be adsorbed
(partition) to particulace macerials {n the natural environment.
As realistic modeling frameworks must properly tracx Hnth
dissalved and particulate forms of substance in =ne receiving
water envireonment, it is {mportant to determine paccizion
coefficients for the priority metals for use in 2hese anal.vses.

Iz was the purpose of the investigation reoorted nerein o
recrieve information and data by which to docurment and/or
calculate water-sediment particion coe!ticienis $or various
priority heavy metals, In addition, =he availahle data was =5 be
examined to determine possible functional relacionshiss among
partition coefficients and various environmental water quality
variables,

1.2
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS .

t

The available technical literature contains very limited
useable data for determination of partition coefficienzs for
priority metals,

Of the various computerized data bases investigated in this
study, the water quélity file of STORET contains the larjest
amount of 'pertinent information by a large margin,
approximately 28,0828 useable records from various water body
types. The most applicable data were derived from water
column samples; bed sediment data, while available, did not
provide sufficient {nformation ‘for calculatien of partition
coefficlents,

Retrieved data were in':he‘éollowinq crder of abundance b?

.priori:y metal: ‘zine, copper, lead, arsenic, nickel,

chromium, cadmium, mercury, and silver. Analysis was
confined to data collected (n streams_and lakes, ~ Insuffi-
cient data were available for analysis of arsenic {n lakes
and silver in Soth types of water: bodles. l

¥
1

Sufficient data are availadle for calculation of represent-
ative values of partition coefflcients for the various
priorizy mecals, with the exceptions noted abeove. Much less
information is available Py which to assess relationships
among partition coefficients and various environmental
variadbles other than suspended solids. '

Analysis of data ({ndicated a pronnounced aoparent relatibns*ip
between partition coefficients for the v:'.iuas prisrity




me%als and suspended solids concentration. However, far any
given solids concentration, calculated partizion coefficienzs
varied over a wide range of values, perhaps multiple orders
of magnitude. No consistent correlation was found among
partitioning and other environmental measures such as pH,
‘alkalinity, temperature or 800. Partition coefficiens values
for lakes were determined to be consistently greater than for
streams for all priority metals except mercury.

. The partition coefficient values determined for =he various
prioricy metals are sactisfacrory for aoplication -analvses.
However, the values resulting from the regression analyses
developed {n this study are order of magnitude eszimates only
and the wide range of calculated pacrtition coeffi:ien:s
should be considered in practical use.

It i{s recommended that a refined data base be accumulated fo¢
the various priocrity heavy metals. Such -8 data base should
consist of controlled saﬁpling of a variety of natural waterways
and an;ude'slmultaneous measurement of all ohysical, chemical
and biochemical factors whizh may have a dearing on heavy mezal
partitioning. Ltaboratory studies may be appropriate o
supplehen:* the field investigations. These data . should be

evaluated to reassess the resulcs of the present {nvestigation.




SECTION ]

INTRODUCTION

1.1 BACKGROUND

The 0ffice of Water of the U.S. Eavironmental Protection
Agency is technically crespoensible for managing waste load
allocation (WLA) activities wizhin the organization and $o¢
providing technical assistance to the states. In addition, ihis
office also has technical responsibility to review various
advanced treatment (AT) projects proposed under the construction
grants program by cegional offices and =zhe states.  The AT
projects often result from water quality studies and mathematica:
modeling analyses which are used to establish WLAs incicating
that technology hased effluent limitations are not sufficient =5
achieve or maintain water quality standards. It is importan:
that WLAS be established in a praficient and technicaily correc:
manner so that recommended facilities are properly developed and
cost-effectively designed.

" In the performance of its mandate, the otfice of wWazaer has
de:érmingd certain. specific areas whereby assistance <o the
states is advisable to help maintain and/or improve the technical
bases for WLAS and recommended AT facilities. One such area
which will receive increasing sttention is cthe fate and =ranspor:
. of toxic materials, parcicularly cectain priority polliutant
metals, as discharjed from POTW's and other sources. Treatment
requicements for these sudbstances will Adepend upon proverly
‘determined . WLAS, which in turn aust bSe based on mechanistically
realistic assessments of the transport and fate oI these
materials in the agquenus environment. An ({mpartant chara-ter-
istic of mezals in this regard is the affinity to complex and/ar

[-6




. e adsnrbed f._::ar:i:ion) 4] na:u:ai particulate materia.s,
Realistic modeling frameworks mus: have =:he capacity o %Sracxe
both the dissolved and particulate forms of me=a. in tne
receiving water as each -bhase may be transported Dy differen:
mechanisms, Fundamental information which is required fo5r :=x:
purpose is appropriate partition coefficients Sor metals, wniz-
define the fraction of metal in dissolved and particulate shases
for sperciflc environmencal condicions.

1.2 2BJEZLTIVES -QF THE STUDY
Specific objectives of zhe study are summarized as f:

l) identify and retrieve appropriate reference materia. wh.c=
contains i(nformazion on partiticon coefficienzs £for cerza.n
priasricy heavy metals.

. 2; identify and recrieve appropriaze laborazZory angd fie
which are satlisfactory for calculation of oparziziz-
coeflicients for %he priorizy metals.

3) calculate partition coefficienzs  fsr priority mezals fro-
available data, display the results, and wherever pDossi=.e,
‘ telate coefficients to appropriate environmental variables,

*4) assess the quality of the data colleczed, zhe representazive-~
ness of reported or calculated partizion coefficienzs ancd
recommend methods for improvement.

S) provide a ceport summarizing the resul=s of all work an-
including an appendix containing basiz infsarmazinn resultine
from the evaluarioax,




r----------—-—-—-r*

The speczific priority mezals of concern ‘wnizh ace considered .
N 7 - " * . . .
in she stydy are:

.

- Arsenic

-  Cadmium

- Chromium ,
- Coﬁper

- Lead

. Mercury

- Nickel

- Silver

- Zinc

1.1 SSOPE OF THE REPART. L L

The report summarizes variods techngcal procedures wnich were
implemenzed =20 obtain, categorize and evaluate data fcr sriorsiny
neavy mezal partizion coefficieants, Theorezica. consideraczions
are presented to orovide a background for the analysis and %o .
indicate data requirements. Required data are summarizeZz &y
szurce and availanilicty and ciassification pgrocedures are
descrived, Methods of analysis are described f5r tne cactegor-

n of dasa, calculatisn of partition .coefficients, angd
statistical evaluation of relationships between =hese: values and
various ambient environmental variables, Finally, the resulzs 2f
the analysis are presented and discussed.




SECTION 2
CHEMICAL PARTITIINING

One sf tshe masor characteristics which 3ifferencia
chemicals and heavy metals from classical water qualiczy variables
is an affinizy for adsorption to particulate mazerial,
2-1 schematically (illustrates :the principle. tf a mass of
soluble shemical {s placed in a .aboraznry DSea<er 3¢ water, an
initial concencs :ioq of dissolved chemical, S wies resy.t. o
pacticulate material is then added tn the heakar and scirred, a
porzion of dissolved chemical willi be sorned 3nts ~me gzarsis-
u.ates and some of the chemical canceAtratia= w... tner %e i=
particulate farm, ;p. If this process is mr2nitared wizh time 25
shown on the diagram, dissoived chemical will Se ceducez a4
parziculaze chemical will increase in a reversidble reazcion unz:..
an equilibrium is achieved ar some point. The %2%a
concentration at any time is equa. =» the sum sf sthe dissolve-
and particulate concentrations:

in which To is total chemical concentration and all cangensra-
tions are expressed on & bulk volume (liguid plus solid) basis.

The rate with which this reacion taxes place and the
relationship between the dissolved and particulate che
is, the water-sediment partizioening, are both chémi:a: 5
In mosSt cases, reaction DbDetween the dissolved ==
particulates occurs very rapidly, minutes <t hours,
equilibrium is achieved quizkly relative o the time charaster=
istics of the environmental setting. TF* =endengy to sors is
hiqhly chemircal specific and will range from very weax =35 s:r9ng,
in the case of nateri2ls with Yaw solumility.
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3

The affinity of a particular chemical or heavy metal %5 sord
can be quantitatively expressed by a sedimentewacer ocartizisn
coefficient, Kp. A series of experiments of the :yoe schemas-
ically indicated on Figure 2-1 may bde conducted wi=h differing
initial dissolved concentrations of a specific chemizal. After
equilibrium {s achieved, the particulate chemical! concentration
to suspended solids ratio,” cp/ss,_ expressed as micrograms of
chemical per gram of particulate macerial (ug/g), may be gloz=ed
as a function of the digsolved chemical remaining, Cas exdressesd
on a volumecrics dasis as microgram per liter of water (u.g/li.

Flgqure 2-2 schemati{cally {lluscrates <=he resuylss 3¢ ==is
laboratory experimentc. A spe;itlc chemlical will oroduce 2ne sf
the lines shown on the leogarithmic diagram, the relative posizisn
¢f which dezermines the partizion coefficient. Far a parszizular
dissolved concenzration, greater particulace :oncen:facians
result from larger partition coeflicients as shown schematically

by =he various di{stributions. Data from chemicals whizh zan te
plotted and correlated as shown on Fiqure 2-~2 behave acsording =5
the Freundllich lsotherm defined as:

e /s = K (cd)l/“ r2-21

P’ s P

in whizch n 1ls a constant characterizing the slope of =he
relationshio, If the slope is near | indicatcing a linear
relationship, the partition coefficient is defined as:

s ' .
KP = cd 12~33
As indicated, a specific chemical or heavy metal will! yield
ore of the relationships indicated schemacically 2n Figure 27
£ ¢ a specific type of sorbing particulate naczecial. Yowever,

-1l
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different re.ationsnips, and thereforz, 4ifferent Ddarrtizic-
coefficients, may be observed for the same chemical with various
:ypis of sorbants. For example, organic ocarciculates or silty
materials may -attract a certain‘chemiqal more strong.y than sandvy
macerials, Further, different size classes of Darticulace
material, as they may reflect different classes of parziculal
as sands, sllts, clays, etc., may exhibit dx“e'-nq affinicie
and parcitioning, for a specific chemical. tn princi

3
ve

most advantageous, therefore, to perfora excser!
determine a chemical's partitioning charsczeristics with the fyse
of particulaze material (suspended and bed sediment' > whion it
will come in contact in the natural enviranment.

As described, the nature of the sorbanz may have a nearinc =n
she magnitude of the pat:i:ion. coefficient f~r a oparzicular
substance, I* has also Deen observed (2'Zonnor ang Jonnsily
that partition coefficients may vary in arcordante with <T°-
concentrazion of the sorbant as well as its nature. a
presents some empirical relationships between Zarticic-
coefticients and sediment concentration for a3 variezy ¢
substances., For certain chemicals, iz is cbserved zna
coefficients may be expected to vary dy an order cf magnitude °°v
more depending upon cthe sSolids concentration. A the zase 3¢

heavy metals, other. factors such as pH, alkalinity or ha s
tempera'ute, and conductivity may have an effect on the partition
coef!icien: due to the complex chem:cal reactinns which asccu
uz:h these substances in the nastural environment.

Much valuable {nformation with which ¢to 4define parcticzian
coeflficients and celationships with variocous enviranmentzal
variables can bhe determined from carefully developed and
controlled .lak:rarory experiments. [t is noted, however, zha:
such values q4re to he used subsaguenzly in calsulations 2

U.S. EPA Headquarters Library
Mail Code 3 34047 W
13 1200 Pennsylvamg Avenue,
shington
W? 20?— 66-0556
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estimaze what occurs in the field, this is, in =zne nazural
environmens, Although the labaratory data are guize yseful, 2
is appropriacte tn utilize field data wherever availanle in nrier
to calculate partition coeffient valyes from Zzhose seztings =5
which they will bDe sudbsequently applied. These na<zura.
conditions are likely to be far more physically, chemizally, anAd
nislogically complex than the laboratory setZing, Sus ==e
intotma:ion derived, therefore, is realistic in %he nazura. sensa
and can serve ¢to indicate how well or BSnercl~s Sarsitciz-

zoefficienzs zan be defined fo5r the natural sezting.




SECTINN 3

SUMMARY OF AVAILABLE DATA

3.1 DATA REQUIREMENTS

The minimum basic data requirements for calculation of
parzition coefficients for the various priority mecals are
dissolved and particulate concentrations and a measure of the
associated particulates, suspended solids, - This informazion
allows determination of partition coefficients in accordance wizh
Equazien (2-3) and also provides for an examination of any sol.i4s

dependent partitioning relationships such as illustrazed on
Figqure 2-13, Additional information is required to assess other
potential correlations DbDetween partitioning and ambient
envirsnmental varlables,

in the case of heavy meials, other pertinent related da:za
{nclude pH, alxalinity, hardness and temperature, variables which
may (nfluence the chemical reactions which mezallin substances
undergo in the natural environment. Further, some information on
the nature of the sordbing solids In terms of organic and
inorganic fractions and size distribution (s aopropriace.
Measures which may provide scme informaction on the organic naczure
ef the sording material are volatile susvcended scliids,
biochemical oxygen demand (80D), chemical oxyqen demand (COD),
and chlorophyll-a. Flow data, whether low, average, or high in a
particular stream, may provide some indicazion of the =zyve of
particulate material (sand, silt, clay) likely to comprise
suspended sedimen: {n the water colunn in the absence of sther
{nformaczion.

[-16




The foregoing type of informazion was souah: $rom noth
laboratory and field investigations., In the case af fielld Zdaza,
data were sought for both water column and bed sedimen: an
different types of water body, particularly streams anc .akes. A
distinction between partition coefficients calculated for each 3¢

[¢3
[

(Y
'

these types of water bodies is appropriate as the =azure »¢
corresponding suspended sediment may be differenz, ‘that is, more
organic in the case ¢f lakes.

1.2 SOURCES CF DATA

A large amount 2¢ fleld data resulzing fram varizsus =:vze
suyrveys resides on- computerized daza Dbdases. The fol n

bases were examined for data availapility: STORET fUSEtPA.
NASQAN (USGSY, =the data Dbase maintained Dy NOAA, and 3

(Canadian Centre for Inland Waters). In addizion, =Tne
computerized reference service DIALIG was wutilized o :denzilv
and secure additional reference material including hoth flel2 and
laboratory investigations. These data Dases were reviawed It
avoid potential multiple countirmg »f samples. The folicwing 15 a
brief description of these data bhases in relazian =9 znis

prqjeé::_z
1) STORET

The water quality flile of "this data base contains watler
quality information obtained at numerous .stations .ocated in
all states and operated by variocus ajgencies. I is the
largest dacas base for water qualizy infarmacion 9y far.

2) NAS9AN

wazer quality d4acas of cthis file a.e znnzained (=~ STOR
NASQAN daza updates are transferred ts STORET on a1 <iwe
pasis. Data can be retrieved in the USGS formasz.

m
g
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3} NQAA - .

'

This data base contains data for ocean, near-shore ar
estuarine samples. <The estuarine samples cover the areas of
Puget Sound and New York Bight. A search of these areas was
requestzed, The search for Puget Sound revealed no meczals
data. The search regquest for New York -8ight did not rasul:s
in informazion in time for progessing.

4) STAR

TMis Aaza base contaings twn sSubsystems. Smne sunsvstiam
contains data exclusively for the Grea: Lakes. The osther
subsystem, NAQUADAT, containsg river water guality daza for
Canada. The NAQUADAT data are not included in STIOREIT and (=
nas not been updated in the last four vears. The 2gst

U
®
A ]

(4]
4
]

récrieval request was prohidbitively exdensive and teycnd
scope of this investigation.

S) DIALOG

This reference service contains numerous citations of
publications (n a great variety of rechnical fields, ™
citations are arranged in subject-relazed files. A stra
was devised to search relevant files in order tas identzi
sources containing dats consistent wizh the requiceme

the study. The files sesrched were:

nts of

National Technical Information Service

Water ResoUrceé Abstrasts

Envirenmental B8ibliocraphy -
Pallution Abstraces

Instructinnal Resources Informatinn Systems




Enviroline

Compendex

Qcean Abstraces

Comprehensive Index (Dissertation Abstriacts)

A small number of usable pudlicaztions werse identcified and
‘obtained,

§)° M{iscellanecus

»

A search of all pertinent in-house 2uhlicaticns was

canducted, "
3.3 AVAILABILITY OF DATA

e small number of references obtained from JIALIGC <ontainel
no significant amount of wuseful iaformation. 2nlv a modas:
amount of pectinent data was obtained £rom in~%ouse sourses 3¢

reference material. On this basis, and in accordance wih tne
evaluation of the various computerized data hases as 2escricsed
‘above, it was concluded that the water qualizy file 9¢ STORIT
would provide the vast méjori:y'of usable sanples; and almeos: a..
effort shduld be directed to this source. A retrieval strategy
was rhen devised 2o search the data records of all stationrs in
all states, and identify ambient, remarkecode-free samdles wnich
contain, at minimum, the concentration of total and Aisselved
species of metal and suspended salids. Far suck samoles, data
recrieval also inclufed temperature, oK, alkalinity, hardness,
flow, €30, 80D, volatile non-filterable residue ‘ynlatile
suspended'solids). chlnrtophyll~a corrented, awd'un:orze:ced

chloraphyll. No data were available on the size distcinhizion 2§
suspended solids in 'zh wateer column. Althoun*" d3%a are

available on bed sediment samplag, tha {nfsrn2z.n2- {s nat




sufficienzly comolete (dissolved chemical nissing) for
calculazion of partition coefficients. Data recrieval was
therefore restricted to water column data. The results of :hese
retrievals were obdbtained on magnetic tapes for suhsequen:
analysis.

3.4 CLASSIFICATION AND DISTRIBUTION OF DATA

It was determined from initial STORET retrievals =tha: the
useful data base for some of the priority metals was quite large
with samples of Interest numbering in the =zhousands, cata
handling and subsequent analysis was therefore performed by
computer. All of the basic minimum data which were rezrieved for
each priority metal permitred calculation of a parzition
coefficient in accordance with Equation (2=-33. However, a
purcose of the study was to assess any relationshiss =zetw
parctitioning and varlious environmental variadbles as discussed,
In order for these determinations to be valid, the basiz #ata
mys:t be measured s{imulzanecusly on the same sample or a: :the same
cime, Henéq, the data hase for each pficrity metal was sorzed
inte various types of records, each d! which was ~haracterized by
_the simultaneous determination of various paramezers. In ehris
manner, a large data base could be examineZ for saag.ing
information most useful for cross-correla:ion'purposes, anrd zhe
appropriate data records accessed for analysis.

The definitions established for the various Z2aca recocds are
as follows:

1-20




Tvpe Data Contenz of Record

2 Total and dissolved ~mezal and
suspended snli2s concentrac.ons

data of type 4 and oH

data of ztype 1! and aixalinisy
data of 2yve 2 and temperalure

data of =ype 3 and !Z2D ar 8CC

LYV S VY I Y o

data of =type 4 and fvola:iie
. suspended solids, cr chi-a corrected
orf chl=a uncaocrrected)
& data of zype 4 and 5

Hardness was judged &to be redundanz with alkalinizy f=r¢
=orrelation purposes and thus not {acluded {n the data recsris.,
Flow informazion was judged ¢to be <too meager Ior =eaninzil.
corralazion and also excluded from evaluation.

for each priority metal, the zotal number of recdrds 2
distribution of these records per Ctyve was determined I3 e
)

(3]
(%9

cation in each state. At the end of the first stage

(3]
H

processing, 3 summéry table was developed for each metal wri
contains an aggregation »f records and stations per sIate, A
discribution of records per type for each state and =he =Zotal
number of all records. .

Table 3-1 {8 an example data summary for the priority mezal,
zinc, The table shows the total number of records and szations
and the distribution of record types within each statce repnr:ing
.data. The tozal recor?d count fo. 2zinc is $397. These records
include data from stcreams, lakes, est-.riecs, coaszal <zIones,

manholes, and other miscellanenaus oriamins. Figure =1 is =a




TABLE 13-l

SINC DATA SUMMARY
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“ L)

3

8y REZOROD TrPg
b 2

AN I 20 2 DN 0T DO T eNEONY FOOOMANEPL T FIded =Y

N 2208 nao s VK AN Net »4 Nt~ -
- - >
OQOIYINDNO0NDOOOMNOOHMOO0OROMN~OCUTOODNTIDONID I TC
~ ~n (4] "~

ooozoaaooa “ 4O OCHOONMOOOVNIOOOO Y OON—OROOO NN Y
- ~ c o ~ —
- ”e L4 ]

OINO2ICNCO I~OO0AANANCNIONO I ON~C 2 \..Ulo.nsﬂ,q.r.:n MO PN 2-0s2
-t -0 - N Oty e
"y -4

OO0~ TOO0OMOTNNM INA-NODONINO ON D T NNNNDHMONS LN ~TON
: - 1 o~ -y ~ ~ o
~ -
HD000000CONNONOHNNODNNNRHO~NO0D 4 CODOOOOOE.O—C NHN-O
(4] ’ -
0
OHNODLIDANPONNABAAND At P Mt AN TN ONT OO 4O OUNHINCGD

N E 4 Lo li I -t - - -, "N
P~

ONQIN™I0AVMNNHADON #NO~EC OODND O N N OM v~ NOHLOO

oo~ e ~ o on -~ v ~2
o~ v
-l
NANCP™ 2 MOMOHANDOONOMNNONO~EOYNORME OF ~4NMNLNG 3 e dinl
e I N ANCNI S OVt teawfy NS Nt Mersrerd nILENICT O
oe - " N - r e
- e

NIOCCC NPT O DN INO T OO VOO NIOVON A —MIE (I C
el et et s e DNV N NN NINNNNNMMNIMMNNNE 22 2 2 ¢ .2 2 9 NONEOINGD

P EBIH B ERRHIA LR P 3 b 4 5 4

SAUNT = 4897

TATAL AFrAR

Territories & Possessions

.U.s.

1-22




[-¢ 440914




summary of the geo3jraphical discridbutina of the availadble records.
by “stacte. Similar infarmation |s presented <for each of =t
priority metals on Figures A-]l thrnugh A-9 {n the Acpendix,

In the basis of this analysis, the total number of records
avallable for each metal is as follows:

Metal Total Number of Records

zine $397

copper ' 4587

lead 11464

arsenic . 2@38

nickel 1998 ’
chromium : - g2¢

cadmium : 799

mercury &3

silver 5@ . .

These records formed the basis of the subsequen:z techniczal

analysis.




SECTION &
METHODS OF ANALYSIS
4.1 TSCHNICAL OVERVIEW

A substantial amount o¢f data for the priority =etals is
avallable for analysis. Approximately 2@,09d data ressrcis were
developed for the prioricy metals in accordance wizh =zie daca
classifications described previously. This amount of infarmation
regquired the application of computer processing and :he
development of a technical strategy €for daza hnandling and
analysis. AS a result, specialized software was developed =3
process STORET information for each ariority meczal whigz
contained on a series of magnetic %tapes. This softJare was uses
to select appropriate data, compartmenza.ize it as asgrooriacte
into a series of "bins* and galculate partition coefficienzs.
The values were then subsegquent:! drocessed by wvarious
statistical cechniques to search £for relationsnhips among
partitioning and various environmental variadles.

4,2 BIN ANALYSIS

An objective of the study s to deternine correlations, (¢
any, which exist among caleulated parzizion coefficients and
ambient environmental conditions as. represented by various
.physical, chemical and bhiochemizal measurements sSimultanesus.y
performed ocr observed. The data cecords far each prisrizy me=za’
reflect a wide range of conditions for analysis. In order o

search £or corcelatinns, the procedure selected consisted of
"seqmenting the 4ata proqressively into &8 series of comoartmen.s,
or bins, each af which would be spezifically defined by a
2.CL.cular range af environmental variables. For exauple, a2 bin




may be defined as thaz portion af the cdata base wnhnizh nas limise
of suspended solids of 12 to 33 mg/l, a pH range of 4.9 =»o
and alkalinisy from 20 to 50 mg/l, etzs. All 4daca rezords €fallir
within various bdins defined in 3 similar mannér could chen Da
used to calculaze partition coefificients for those ranges 3¢ zn
environmental variables. The reBulting information could =hen bde
evaluated by direct observatian as well as statiszically =
a1ssess any telationships which mey exist.

The computer program developed to implemen:t the b.n ana.vs.is
seliecss data for each priority metal on the Bbasis of szazisn
type, So- that the data base can be segregated fo5¢ streams, lakes,
ezc, A series of bins are czhen established wizh =he 4imensians
¢of the hins specified as appropriacze values for 2he emvironmenzal
variables under consideration., . The dimensionalizy of =
telated o the type of daza record, zhat is, nunber o
under consideration. . AS a general rule, the graater =
of variables under consideration, the greater is the rum
bins and therefore the less amount of opartizion =z2oeffizien
informaction within each bdin, The data bhase for inc
numhers 0of concurrently measured environmental variables s
becomes more rescricted. This is of concern from & sctasiszizal

:andpoin;. The total numher of Rins is the producs 2% zne
number of intervals established for each of the variathles. The
analysis proceeds wich che calculation of partition coeffizienss
from the data rcecords falling within each hin, the hin mean
partition ¢oefficient and the coefficient ¢f variatina., The bin
statistical parameters are calculated under the assumztion =zhas
the individual partition coefficients are log normally

distributed within the bin., The assumotiosn of log nor=ality was
tested with zinc and wrs found to he ctrue.




4.3 STATISTICAL ANALYSIS

At the conclusion of the din analysis, 4 statistizal analvsis
was performed o assess any empirical funciional relationshions
betwren the caleulaced partition cgoefiicients and the env:.ron-
mencal variables selected ts define the Bbins, A mulsiple

.

correlation routine was used for this purpose. T™e following

jeneralized regression equation was appliied.

B . -} Y ’T -2 U
Kp = Kpo (xl) (xz) i0 {1 (4al
in whigh:
Ky . nartition coefficiens {(1/%kg3)
Xy a%, = environmental variables (mg/l}
T = temperature (°cy
H = hydrogen ion concentration (as a measure 3% coH
K. +1,3,7v,2 = coefficient and exovonen:ial constants

determined from regression

Equation (4-1) as scated, provides far 2an ana.ysis 2¢ =he
relationship between partizion coefficients, rnemperature, oH, and
two environmental varlables, Any numbder of environmen:tal
variables could be specified as approoriate. In the regression
analysis.‘all bpins with population five or legss are reiected as
statistically not significant., For each of the remainine bdins,
the means o{ the intervals defining the hins wers cocrelazed wizh
the mean of the partition coefficient of the bdin. These
Quantities were used in the linearized form »f =he above

relatinn:

X .
log p * 9 Xgg + 3 log x

- ! T + 2 r4=-21
1 v log x, * 3 oK 42




The regression analysis includes appropriate statistica. measures .
such as correlation coefficient, r, and standard deviation o, ~° ‘
the exponential constants,




SECTION §
RESULTS OF ANALYSIS
'§.1 PARTITION COEFFICIENTS

The bin analysis was used to calculate partition coefficients
for each priority metal as described. - The datza Dbase was
'seg:cqa:ed by orligin of sample and separate analyses were
performed on data reported from streams and lakes. In ocder 2
facilitate the iaancltica:ion of possible 1n£errela:1°nshi;§ By
. direct observation as well as by statistical means, cne =in
. analyses were restricted to three dimensional arravys. The
initial analysis was focused on variables which could exert a
pronounced ffect on partitioning for heavy metals, susvendes
- solids, pH, and alkalinfey., Thus, all records identifled as Type
.2 and higher order in Section 3 were selected from the daza base
¢or inftial analysis. The bin incervals for stream data weTe.
specified as follows: '

Suspvended solids (mg/l)

19 to 30; 36 to S?; SO to 100; 1A9 to 200; 200 to 500

5.0 to A,8; 5.0 to 7.8; 7.2 to 8.9; 8.0 to 9.0

Alkaliniey

— e ——————

0 co 20; 20 to SA; S te 194; 1749 to 208; 208 to 5449




Thus, the initlal analysis of stream data ronsisced of 142
compartments in each of which a series of partition coefficiencs
were calculated depending " upon data availabiliczy. The bin
incervals were selected t> represent reasonable ranges of she
indicated variables while also maintaining a sufficient
population of data in a large number of bins for statistical
reliabilizy. Ana;ysis of lake data alse included a suspendecd
solids incerval of @ to 18 mg/1. .’ ‘ '

Table S5-~1 illustrates the :.su1=s of this analysis for zinc
data reported for streams. The tadle presents the bin meéan of
the partition coi!!icien:s calculated within ‘each bin in
liters/kilogram, the coefficient of variation, and the number of
bin records. For zinc, a total of 1782 records were used in zhe
calculations, a |

Similar analyses were performed for all priority metals
except sil&er (streams and lakes) and afsenic {lakes) for which
sufficlent data do not exist. The analysis was also repeated
with other environmental variables as subsequently discussed.

5.2 CORRELATION WITH ENVIRONMENTAL VARIABLES

Observation of the éalcpla:cd partition coefficlents in Table
S-1 indicates an apparent jnverse variation with suspended
sclids, hut a less clear relationshio, i? any, with pH and
alkalinity. Similar results were obtazined for the other priority
metals. Simple and multiple regression analyses were then
performed %o better define any functional relationships.

Table 5~-2 presentcs a summacy of tholsta:is:lcal pacamecers
obtained for =-.nc in streams. The table indicates an overall

geometric mea,. qarl.tion coefficient of acproximately 55,003 1/kg




TABLE 5-1
. : BIN ANALYSIS

ZINC IN STREAMS
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TLILT "2

SUMMARY CF STATISTICAL PRAAMETIANS FCR 2INT
RESRESSION WITH SCLITS, PH, ALKALINITY

0 1 . 2 3 4 < ¢ Tota. 3eccrzs
Aecoras dy Tyoe 1988 379 686 861 643 474 tdb 5137
Sort by Type >2 & dy Water 3cdy Stream: Recor<s Anaiyzeq 732
FIAST BIN ANALYSIS
Ne. of Acceptan.e Slns\(> & Records) 50: Bin Avg'Kp (l/%g; = 3%,9°%
CORRELATION CCZFFICIENTS (partial)
riK:. SS) = -3.813; r(Kp. oK) 3 0,163: r(Kp. ALY = 92,061
REGRESSIONS
1t K vs ss3;
4
4 , -0.685 . L an

Kp 2 1,09 ¢ 187 x {ss) P Pault C n.8313, °exp « 3,065
23 Kp v3s s3 4 (H); )
o - 5 -0.683 ~°.°587_ 3 - NoARnY
‘: H °o32 T 10 (33) 4 {Hl H rmul: = O-B 6| .2!31 ppels}

- - ok |

vexaz 0-\1‘60
kH K: vs ss & (H] & Al;

5 -0, 583 -0.0687 -0.C03 5 - . A g

Kp s 0.32 2 107 x (s83) x (4] x (Al] : 'mult = 0.846, exnt ° 2. 26835




TABLE S22 {continued:; _ .

SICOND SIN ANALYSIS (For K; : kS5
No. of Acceptable 8ins (> § Recirds) 13; Bin Avg i(;' s 1.0
- [ 2
CORRELATION COEFFICIENT (partial): r(l(;. PH) 1 0,049, riK. AL) = 0.436
REGRESS ICNS

1: x.va Al
-]

k.' 2 0,613 x (A1, . + 0,486, 8 =z Q.062
? ¢ * Tmult ¢ * Texp *
: »
2: Kp vs Al & (H]:
' 0. 146 3.032, s
K: z 2.344 2 (Al) (K] Pt C 0.8527, Tenat * .27
2.08C

Texp2 °©
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feom all data. Simple correlation coefficients are presented faor
sarzizion cpefficient variation with suspended so.ids, oM, and
élkalini:y, :es:eé:ively. These values indicaze a very s+trang
dependency of partitioning with suspended so.id and weacx
telacionships with the other variables on a simple nasis,
ltiple step-wise

Stazistizal parameters are also shown for the mu
regression. Exponential constants, mul:zipl

e correlatiasn
coeffizients, and t=the standard deviation of <zthe exgtarential
=osnstants are presented for the sequential rec

LA ]

essian 3¢
partition coefficients with suspended solids, suspenrded soliils
and pH, and. finally suspended solids, oH and alxalinizy.

It is observed from Table 5-2 that the exornentia. cszcnszants
r pH, as represented Dby the hydrogen ion c¢oangentration, and
alxalinizy are relactively s=mall. Furzher, the mu.zicla
correlazion ¢oefficlent is not markedly improved oy the inc.usiz2n
0f =hese variatles in the reqression. Iz is vpossible what the
strang dependency of partitioning with solids (s ~nasxing 2
sorrelazion with Zzhese variables. Hence, a3 sacond 5in a
was perforaned where the solids dependency of partizioning was
removed by rearranging the reqression equation:

l R -3 - 1 Y ¢
xp » KP.(ss) xp° (ALK) 43

in which ss suspended solids, ALK is alkalinity with other ter-=s

-2

=

(V.
]

e

as previously defined, The exponential conscant, 3, Gtaken as
that determined in the first bin analysis. The procduct o the
particlion coefficient and suspended solids, the partitian
parameter, as shown above was then regressed wizh alkalinity and
pPH. Simple and multiple regressions were oerformed,

Table t=2 indicates relatively weak correlatinn <oefficien*s

and exponential constants resulting from =his analysi..




Graphical presentation of the results suoports the observation.

Figure S5-! shows the partizioning pacamecer K_.s_ ~°

0'Sse for zin~
Plotted as a function of alkalinity €or various pH levels in ngoz.
szreams énd'lakes. Similarly, Fiqure 5-2 oresents the same dara
with the partitioning parameter plotted as a function of pH for
variqus ranges of alkalinity. No consistent trends are observed
from these diagrams. The multiple regression analysis was
perfarmed on stream and some lake daza for all priority me=als

"with similar results.

‘A similar ctype of regression analysis was performed :o
determine any relatlonship between the partitioning parame=er and
other environmental variables: temperature, and 32D as a
surrodate paramé:er-oossibly representative of ocrzanic material,
As with alkalinity and pH, no consistent relationships cauld bde
determined among the variables. Tadble 5-3, for zinc 2aza in

treams, is an illustration of zhe results of these analyses.

Suflficient opportunity was net available wizhin <he 2im,
constraints of the [nvestigation to assess other pocenzial
interrelazionships,. ’

From the fareqgqoing analyses, i: was concluded zhat zhe only
clear and consistent relationship. observed between partizion
coefficients and the environmental variables tested was with
suspended solids. For almost all priority metals, a szrong
correlation was indicated between the mean partition coefficient

-value within the various nhins and the average bin suspended
solids value. In view of this consistent dependency, the final
‘functional relationships developed for these variables was hased
on analysis of all available Adaca records which contained the
basic i{nformation necessary for calculation of the partizio-
coefficient. The only data needed to determine these relatior
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. ‘ TASLE 5e3

SUMMARY CF STATISTICAL PARAMETERS FOR ZIINC
0 1 2 3 “« 5 ] Total Zeaarss
Reeords by Type v 1988 13179 636 861 663 674 146 5157
Sors by Type J 4 by Water Body streams: Records Analyzed 2253
FIRST 2IN ANALYS!S
Yo. of Acceotadble Bins (> S Recoras) 7: 8in Avg Kp {(1/kg) = 35,200
SCRRELATICN CCEFFICIENTS (partial)

?fKa, SS) = =3,995:

RESRESSICN
Kp vs 53
. . c - -C.7035 , -
&p = 1.,2¢ ¢ 107 ¢ {33 ¢ %exp * 0.031°

. -3
SESCOND 3N ANALYSIS (For Kp s KpSS )

. .
. No. of Accentasle 8ins (> 5 Reczrds) 195; 8in Avg Kp z 9.7

-\

L] ‘ ]
CCRRELATION CJCEFFICIENT (partial): r(Ké. B0D) = =0.450, P'(Kp. Ty = =0.224
ATSAESSIONS

]
e ¥ vs B8Q0D;
<D

' -3, 48
k' 2 30.2 ¢ (30;y)™2-%%3, ,

o : 0,450, ° : 0.293

mult exd

1+

2: I(p. vs BOD & T
-O.ﬂ“l -0.0015: r e 0.'465, 3 s. "1.316

x 13 mult exp!

xp' s 32.2 x (80D)




snips are diss&lved and partictulate chemiczal, and susSoendes
so. ids. The lowest order of data records, Tvoe 3, and asove
could be used, thus substantially expanding the daza base fo-
f£inal analysis. Hence, the Einal' correlations tezween
carcitioning and suspended solids concentration in streams and
lakes were based on all available daca records in STORET far
these types o! water bdodies from which 8 parzizion coefficiencs
vaiue could be determined, "his represents a relatively large
fractsion of the total available daza hHase wizh on.y data from
estuarine, sccan, miscellanedus sourzes, e==., nc: included in
the analysis.

An {llustration of cthe results 2f zhis analysis (s presencted
sn Fizures S$-3A and S-38, for =he Driorizy metal ziac in s

and lakes, respectively. As before, the data records were scrted
int2 a numdber of Ddins, each 2f which was charactericed =v a

( n
3 o6 v
')

ified range of suspended solids. Parcizion coefficients were

- ®
0

[

culated from zhe daca records falling wizchin each zompartmens,

[49

LY the 2in means and other stactistical parametsers were
deacernined, The bin means were then regressed with bdin mean
suspended solids concentrations, <The logarithaiz Aiagrams
oresent the Hin mean pér:i:ion coefficients plozted wizh nin
average suspended solids concentration anrnd the regression  line
which correiates the data. Also shown on the diagrams are cthe
standard deviations of the Bkin values for the log normally
4distributed partition coefficients. The strong cactrelazisn
between the calculated partition coefficients and suspended
solids is evident from the diajgrams. The analysis also indicates

a wide variation in the partition coefficients calculazed within

the varigus solids intervals as indicaced by the large standard
deviations. Values can vary dy four orders of magnitude,
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The analysis indicated above was performed £3r eazn sriscizv
mesal  far Soth streams and lakes. The excectiions wer2 silver
(str=ams and lakes) and arsenic (lakes for whigh sufficie~s
infarmation was not available. Fiqures S5=-4A and
summary of tnhe regressiln lines for cartition csefficients
suspended sclids for cthe various porisricy meta.s £o
lakes, respectively. These diagrams can ce used fzr :tne o

estimaze of a4 partition coeffizienz value £o

L]
3
o
"
w 0
(44

srioricy mezal bDased on suspended solids canc 5
A=-12 through A-17 in the Appendix oresant Ine dacx
regression lines for each prlority metal in '
~hese 2iagrams should De consulted in ¢

par=ition coefficlent value {n order =5 indicacz
varianilizy whizh may exist around a parsizular va.Jde 2~ - tne

basis o2f zhe analysis of available data.

Table 5-4 (s a summary of the stazis
. ' rejression equations for partition coeffigcients and suscende?
Lids as developed for the priority metals. The numder of Jaza
records in each evaluation is indicate?d aion: L™ Lna
exsonential constan:, correlation coel? 3 4
deviation of the slope. It is evident from tne anle =wnat =ne
5in mean partition coefficients are very highly correlates
suspended solids i{n all cases butr lead.

It is nozed that the calculated nartition zcoefficients £from
lakes are consistegtly greater than values in streams £3

»

same priority metal, in all cases except for mercury. This may
be duye, in gqeneral, ra a more arganic nature 9f suspended

mazerials in lakes than [n streanms.
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Alabama
Alaska
Arizona
Arkansas
Califacnia
Csiorado
Cannecsicut
De.aware
Jdissrics of Columbia
fFlorida
Georgia
Hawaii
tdaho
tilinois
tadiana
‘oOwa

Karsas
Kenzusxy
wouisiang
Maine
Maryland
Massacnusetts
Michigan
ninnesoza
wississippi

TABLE A-l

STATE CODES

21
a2
34
35
@s
o8
29

PO pe 0 g B o B po -
WO ~I NN LN

n N
[N o

NN N
AN L

N
@ ~3

migsouri
Montana
Nebrasxa
Nevada

New Hampsnire
New Jersey
New “exizco
New Yook
Nor:h Caralina
Nerth DJakota
Ohio

Cklahoma
Jregan
Pennsyivan:a
Rhode siand
South Zarslina
Souzh Caxo:za
- Tennessee
Texas

Utan

Vermont
Virginia
wWwashington
West Virgginia
Wisconsin
Wyomlng
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introcuction

Water quality base¢ efflyent limitations, ‘as envisioned By Section
103 of the Clean water Act, call for an analysis of the capaotlizies of
water dodtes to accept pollutant loadings without '‘mpa‘rment ¢f their
beneficial uses. Ambient water qualtity standards !ndicate he do'lytan?
concentrations allowable for attaining the use. Preaicting the effluent
loading restrictions needed %0 prevent violation of the amdplent standards
can e accomplished on a stte-specific basis using mathematica' models.

The destiradility of controlling toxic poallutant discharges has ‘ead
to the recent develgpment of a number of algorithms and camputer sodes
which articulate the environmental transpore ang transformaticn processes
retfevant %o toxicants. The purpose of this cataloque 's %0 sunmar'ze the
characteristics andg capapilities of several of these simulation routines
ang theredy assist "the potent'al yser In identfy'ng, seiecting, and
aoplying tne documented anc supported mathemattica' foxic pollutant fate
mode’s appropriate for the drodlem at hand. [t 15 undersizog that f'aal
model selection will dDe a function of several important factors:
complextity of tne aquatic system simulated {e.g., numBer ang nature 3°
ocllutant sources, system hydrodynamics, ohys.co chemica® progerttes of
poliutant, etc.); avallabie resources (Y.e., re‘evant sata dases,
technica) expertise, econcmic, angd hardware), anc the y.t'mate use 3¥ the
simylatton resyits fe.g., permit wrlting vis-d-vis waste 10ac¢ a.'cratton
analysis, .scientific research in pollutant behavior, e2¢). 1%t is up %2 .
the analyst to prioritize each of these factors according 3 the
conserainss of NMis particular analys's.

The models discussed tn this catalocgue 90 not represent Ihe un‘verse
of avallaple %axic simylation routines; Nowever, %hey do rfepresent an
acdequate cross-saction exhibiting a wide range of comoliex!ty and may de
considered representative of the types of models likely to fina use.
Furtnermore, thls catalogue does not Yaciude models with toxicant
simulation capabllities 1imited %0 the processes of ao\lutant delytion
and s1mu1e ftrst-order decay in the water ¢olumn,

A1l of the models listed here are general in nature; they take on the
characteristics of a specific site only Dy specifying the parameter
values appropriate to that site. They are all readtly availadie ang at
least mogderately we)ll documented. Al! predict texicant concentrations in
the water column an tn the bed sediment. As a group, they apply to
streams, rivers, impoundments, lakes, estuaries, and coastal waters,
aithough some ingdividual models are 1imited to particular types of waters.

Each abstract summarizes the model's tuearetical characteristics,
input requirements, ovtnut Information, primary strengths, limitations,
ang response requirem.ats. It also indicates where the madel has Deen
applted, and how to obtatin further Information an¢ user support.




. waler Qualitly Assessment Metnodology (WQARS

%

Summacy Capsule Summary: wOAM }

The water Quality Assessment j
Methodology (wWQAM) (MY1ls et al. 1982)
was developed Dby Tetra Tech Inc. of
Lafayetse, Califarnta; Monitoring ang
Data Support Division, OwWRS; and the

Far-field, steady state. !- :
dimensional model '
Procedures for assessing fiver.

-

~enter for Environmenta)l Reseadrch lake. and escuary water qual:ly .
informafion (CERI). The methodalogy P Firsc-order decay kinecics '
w2 designed to perform preliminary Requizes only a desk tocp ca.culatar
(screening) assessments of surface for calculations.

freshwaters. " The original

methodcicgy (Zison et al, 1977) aadressed the ident‘ficat‘on of Sr3diems
assoctated with sediment, nutrients, dlssolved oxygen, and sme u~lar
sc’’utants in streams, lakes, and estuaries. The udbdated vers'cn 70w ‘nCiCes
aravisions for the assessment of toxic chemicals in the environment. wlAM '<
a2 s'mplifled meznadoiogy $n chat all of the calculations are ‘alences I De
solved Dy a desx caliculator.

. The me:hodology was designed as a screentng. procedure that maxes use S°
- avallanle genertc @ata. The analyses require 1tttle external ingut s'rie T
‘3f - the needed Informaticn s pravided Dy tadles and figures «'inin It
manual. .t asregicts far fleld, average steady-state poilutant concenttaliine
1n eivers, takes, and estuartes as a function of jong term .average maximum ang
atatmym non-Doint source and polint source loads.

; Calculations . performed by WQAM are divided into four secttons. The firse
. ’ set Yt for waste laad estimatians of toxlc and conventional pollytant load'nys
¢rom both 2oint and non-point sources. Procedyres inclyde l1oad estimat:ions
for single event and annual loads from agricuitural, forested, and urlan
areas. The Universal Sotl Loss Eguatton (USLE) s wused for agricuyitural
ireas: 4ne URS Urban wWater Quality Management procedure (Amy et al. 1374) anc
the Stormwater Management Model (SwMM) Level One Screening procedure are usec
for urdan areas. The estimations may then De uysed tO assess the water qualtty
impacts 1n rivers, streams, lakes, and estuaries.

' The response of rivess and streams to the relegse of pollutants 1§
! predicted Dy the second set of calculations. varilations in lonqitudinal
pollutant concentrations are estimated. The calcylatlons are P se¢e on
steady-state, plug flow® solutions to the conservation of 'mass equation.
Conventional pollutant Interactions presented include 800, 00, temperature,
coliforms, nutrients, and sediment transport. Procedures for toxit chemicals
tnclude methods for point and non-point sources as well as for large singls
event spills. The fate and transport of toxic chemicals are assessed usir
volatilization, sarption, and first order degradation,

[1-2 .
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Methoas for assessing water quality and physical conditions inm lakes are
addressed 'n the nird section. They are Based on empirical strazificat‘on
relationships and mass balances. In addition ¢o toxic matertals, secimen:
accumulation, cthermal stratification, BOD-00 interactions, and eut-ophicatisn
are covered. The fate of toxic pollytants s estimated w'th respect *o
diological uptake and blocomcensration in addit'on o the physico-¢hemiza’
properties of the water and the chemical,

The last section provides meznods for estuar'ne water gual'ty assessmen:
and prediction. The procedures Include means for estudry ¢lagsif*zattan
{vertically stratifled or vertically well mixed), turd'c'cy, sed'mentat‘cn,
therma’ poilytion, transport of conservative and ngn-conservat've po''uytants,
and flushing <ime oprediction of Dol'utants. Analysts of lgngltigtng’
poiiytant dissribytion 13 estimated Dy w0 3ifferent metnods, ne far flepls
approach and the near fleld approach., The near fle'¢ acproach dccau=ts far
the  ducyancy an¢ momentum effects of the 201%ytant wh''e the f3- Fftp'g
apprsach 'gnores them, ’ ’

f

WOAM 's gdesigned %0 cperate with mialmum cata, -ecogniz'mg
data ‘avallable, the more aczurate the analys's. A ncugt wln¥ o
taformation, mast of 1t ts general in nature.

Inpug Sata Requlrements

wGAM provides most of the data required for the taiculations. o jeneryd’
the only data not provided are c¢limatic and nhyeroloaglc.  JIU'MaTil 233 neece
‘ncluce oreciplitatton, cloud cover, and humidity. The type of nydraizgt
‘nformation required Includes runoff quantities, statistica’l flows such 3
71910, staqgnant regions, stratification, and estuarine t'da’ arism. Qener
nasic Information 1s also needed such as land use, siream lengths, iaxe genths

and volymes, anc estuary salintty distridbystions.

CL K 4 B & IR

Cutpuct Desgsiprionsg

wWOAM'S . output. Includes predicted concentrations of 3  pollytant
(conservative and/or nan-conservative) over glstance from the input source.
In addition to predicting pollutant concentrations, WOAM predicts:

e Sstream concentrations of 800, 00, taotal N, totaI'P. and temperature.

e lake nutrient concentrations, eutrophic status, and hypolimnion 0OC
concentrations.

o estuarine concentrét1ans of BOD, 00, and *iLta. N and P.

c ot
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Advantages and Limtltatlions

The major advantage ‘of WQAM lles 'n i1ts simplistic apporoach to wasse lgad
assessments, -All the equaticns In the methodology dre algebra'c, 4and they ¢
be solved using a desk calculator. This s a major advantage over othe:
models ia that the user does not need any programming expertence. wCAM
proviges “typical® data which can be wysed 'n lieu of actual cata for
predicting chemical concentrations.  Another advantage of wOAM ig that % can
be used for waste lcacd assessments of estuartes as well as 'akes and rivers.

Because of 1ts simplistic approach, wWJAM cannot ‘nciyde 37 the
ohysico-chemical processes acting wupon a pollutant. [t ‘s ges'gnes far
‘ong-serm goilytant locading and- average .steady-state condittons anc so0es nol
aadress the short-term effects that may De assoc'ated with tox'cs '0acd'ngs.
The mezhadology does cover the assumptions under which tne aiger'snmg are
developed and provides the user the 1imitations of some of the %20's sresenceq.

#wCAM closely relates- the loading of conventiona! an¢ $9x°¢C Do 'utants c
rece'ving waters 0 the loss of solls and sed'ments and the amoun: of ~-unoff.
The nan-goint source - ioad'‘ng section ytilizes he Un'versa: So'l _2¢s fguactisr
far agricuityra) areas. !t was developed primartiy for croplands ang 2ses -o:
ore¢'ct erasion from sireambanks, -ditches Des'de roacs., 3r 3u C'es. The
stream ang river section s Daged on steady.state, p'ug ‘low sciuttans. [t
assumes c'sperston to De smail compared 10 advection. The CaiCu.atiins dssume
the 0%C system 30 De vertically and laterally mized and that ary Zecay o°
the poiiutant to pe first orger.

In estimating <the fate and transport of pollytants’ 'a a laxe, <=he
methodciogy accounts for Dlodegradation, valatilization, ang secmentat‘cn,
However, *he mode)! neglects several important physico-chemica' 3Jrocesses
{(e.g., ophotolysts, oxidation,  hydrolysis, coagulaczicn.floczulation, anc
prectpttation).

The transpor?t of pallutants 'n estuaries assumes cont'nuogs, <t2ady-state
discnarges of oollutants. The g¢istridution of ogollytants ‘s Dbdasec 3n <the
fractlonh of freshwater and/or modified tidal prism methods for calculating
flushing times. The fraction of freshwater method assumes uniform salintty
and untform mixing of freshwater. The madifled tlgal prism metnhoc models for
the entire estuary, regardless of where the pollutant source 'S located.




Modei Applications

The original W&0AM «as applied and tested on the Sandusky R'ver 3as's ang
four Chesapeaxe Bay sub-basins: the Patuxent, Chester, ware., anc Jczocuan.
The moge! was- uysed for simulating seda‘mentattion, s$trasification, eutrs-
phication, and 00 gepletion, ‘

The modeling af tox!ic dollutants nas Jeen done us'ng Jaza ‘rom :;ra'vttleA

Aeservior, lowa. The insectic'de dleldr'n had accumulatee *r the ~-gcaryisr
from 1S use on-agriculttural flelds. The cata frcm Schnoor's 1981 cegors or
the reservior was used o test the accuyracy of wGAM. The resu’t¢ Shcwes wiaM
T3 Y& in' agreement with Schnoor (1981 for dteidrin concenct-attze ‘A s
wd®er ang f'sn tissuye. ' :

Rescurze Regulremencts

Al of tme zalzulatiens tn WCAM gre algelra‘s exdressicag cegutctng on’
Rang sa‘cutator for solving. A orogramab’e caiculator mignt sSe ucefyl for
pumeraus acdvestive-gispersion equations n the estuadry sectton

(SN 31
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ceotes of wGAM (EPA-600/6-82-0C4a-D) d-e-ava'lab'e f-cm me 1I30, | ¢
Stactanatt, Onte, (S34-6384-7982).

Jser assisiance may de obltalned By Iantaci'ng:

Rober: Amprose

UsePA

EPA Atnens Environmental Research Laboratory
Center for wWater Quallly Modeling

Athens, Georgla 30613

FTS 250-3585  COM 404-546-.1%85
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Simpltfied Lake/Stream Analysts (SLSA)

Capsuie Summary: SLSA
The Simplifieg/Lake Stream
Analysts (SLSA (MydroQual 1982) ts &

simplified waste load assessment model @ Steady scate and cime varying,

developed b5y HydroQual! Inc., Manwah, | <I-dimensiondl. ccmparzment mode.l.
New Jersey, for the Chemical ® Freshwater, non-tida. aguatis
wanyfacturers Assocliation, washington, | Jystems. C
snargantc chemicals 1a simplifled lake W Sultadle for hand calculaticn or
and stream settings. SLSA calculates | 3:mple FCRTRAN program.

the d'ssolved and sorded steady state r Basy o set up and use '

concentrattons of a pollutant in the
water column anc Dded sediment wusing ‘an dnaityticail saiytion.  The moce
provides a less rigorous approach o pollytant simuiat*cn than camp'e
computer programs. [t i3 most applicabie o stngle [or dunched) s¢'ne sy
loaaings, The intent of this model 15 $0 maxe the :zhem'cai f3%e ¢
sotlutant 'n a freshwater System undersiancat'e o an yncdec‘s’

-
(tIeg ana’vse

SLSA models streams and rivers as be'ng we'!l mixed 'a ¢rgss-sect'cn anc a
having a relatively constant flow and gecmetry. An analytica! so'ut‘on !
3iven ‘for pollytant concentratton as a continuous “‘unctlon of gJistanc
downstream Ffrom the loacding source, The model also estimates o' ‘ytant
concentrations in the water column and dec sed'ment of ynstrat‘®‘ed
impouynaments or lakes. SLSA simplifies 'the nydrogynamics of 2%he Systems:
aqueous transpart s a function of the mean Inflow rate of water, the gegin
and volume of the segment modeled, and the stream veiocity or lake hydrau'‘c
retention time., Sedimentatton and .exchanging Dded candizions are Jccounted
for, however, the bed¢ 1s assumed to be completely untfarm,

SLSA only consicers advection in the transport of a pollutant. Poliutane
lasses due to degradation processes are represented by simple first-order rate
constants supplied by the uyser. The canstants are thea summed %¢ yleid an
aggregate decay value. Practtical methoas- for evaluating the interactions
between the water column and bed sediment parttculate sedimentation and
resuspension and diffusive exchange are provided.

SLSA ts esren*tally a l1-dimenr’ anal, steady-state model; however, it is
capable of th,ee quasi-time varyln_ ana:yses of lakes in whith the pollutant
discharge rate 15 at steady state. The first time.vartaple evalyation
pertains to the water column and bed sediment pollytant responses to an




tnstantaneoys chemical lgag. The other two evaluyations deal with 2he water
column and bed sediment responses to either an initiatien or cessation of long
term pollytant loading.

SLSA s amenadble to desk calculations, though a computer program \s
dvallable for convenience, The program 1s written in FORTRAN [V level G and
is convertible to most standard computer Systems with FORTRAN compiiers. The
relatively small core reguirements of the grogram and the speed of execution
make the program very compatible with microcomputers.

L t Dat omenty

input data requirements for SiLSA are limited and are arrangec ‘n tnree
qgroups: -

) PolTutant 1nnut - poi1u~ant Joadings to the recelving water.

. :ranspor° tnformaticon - Fflow rates, water and sec'mens 2ez2n
Tength of stream, solids n water column ana sed'ments,
sedimentation and resuspension veloctttes, giffusive exchange.

¢ Transfers and kinetics - water column and Sediment Darti%ian
coefficlents; water column pnotolysis, volatilization, nyeroiysts,
oxtdation, and blocegragation first-orger coeffictents; sediment
hydrolysts, oxidation and diodegracation rates. :

The madel defines the data requirements and explains how %o eva.uate ang
prenare 1t for use In the calcylations.

Qutput Descripcions

SLSA output includes summations of the model's inputs and dlagnostic
information <that aids $n determining the relative importance of the
transport mechanisms. The .recelving water's response %o the pollytant
load ts presented in tabular farm., The response ts presenzed in terms of
poliytant concentrations in the water column and bed sediment. The
¢oncentrations can dDe further refined 3o estimate the oissoived and
particulate concentrations of each pnase as well.

adyv. ages an 5 1]
The major advantage of SLSA 1s that it 15 3 simple and easy-to-use

mode! hi*h can De applied using hand calculations or small
microc .aputers. SLSA requires only minimal data input. Model set up and




A

yse can de Jccompiished 'n relatively short time as compared %o Qother
modeds,

SLSA has some time varying capabillt'es and can account far some
Interactions Detween the water column and bed secdiment,

Because of SLSA's simplistic approach 1t has several 1imitations.
Jisperstve flow 3s not accounted for as 'n other -models such as £7AP, aus
1imiting 1%s wuse to relatively simplistic systems. The Dec sed'ment *3
assumed %o de completely mixed and undergoes no movement., Jecay Tesman'sms
are all first-grder. Syspended solig conceniration S5 xepl congiant at ide
tnput value ang only 3 single parzic'e sti2e '3 constdered. Only 2ne -each
with a single point source Toading and no acd’:‘ona’ Inflows are permitted.

Model App.ications

~

SLSA nhas been appilted to a 90 xm reach of Rapig Creex *n Rapt's (*%y, Soust
Daxpta. The study .area was Jocated downstream of a municipal wastewate-
treatment plant. The oo0llutant comgldered was the surfactant, tnea-
a'xyloenzene sul€onate {(LAS). The treatment diant was the On'y «NCwh SOou-ce
of LAS.

The model was aoplied %o reflect diurnal load vartap!ltty “sr “sng-te~n
loaging. The predicted water column contentrations were S 'GRt.y ‘Cwer nan
the 3ctu3. concentrations, but there was Good agreement Jelweern [Ne recillel
and actud’ concentrazions in the bed sediment,

Evaluation of the model inputs showed the accturacy and valig'ly of cnese
estimates %0 De good. There were however, discredancies !'n the xndun Flows
and LAS concentrations. The known concentration valuyes of the plant efflyent
were based on aonly five samples taken over a two-year pertod, necessitai‘ng
calculattons of alternative effluent concentrations, The estimates ‘'n lhose
calculatlons grobably contrituted to any deviations Setwesn SiSA-camputeq

~concentrations and the actual concentratiaons.

Resource Requirements

SLSA requires-a short (280 fytes) FORTRAN program and a small storage
capac!ty, ‘f programming ‘s desired.




Jser Support Activilies

Coples of the SLSA user manual, as well as documen:a:ion. can be obtatined
from:

Wilitam Gulledge
"Chemical Manyfacturers Assoctation
2681 M Street, N.W. -

washington, 0.C. 20037
202-887-1183

Jther ass*stance can de obtalned dy contacting:

John S¢. John

Jomentc DiToro

HydroQual Inc.

1 Lethdridge Plaza
Mahwah, New Jersey 07430
201-529-5751 '

zeneral! Refersnces

4ydrgCua’, Inc. 1981,  Analysis of fate of chemicals n rece‘ving wate-
Pnase . d»enared far: (hemiza! nanufac:urerg Assoc‘'ation, masn*agion, 3.7,

AygroGual, (nc.  1982. Application guide for ([MA . HydroQua) chemiza' fgasue
megels. Prepared for: (Chemical Manyfacturers Assoctation, washiagian, 3.2
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Terattans of pollutants frsm loadiags into

Michigan Rlver Moge! (MICHR[V) T

Summacy

The Migcnigan River |JMogei (MICHRIV)
tDePinto et al., n.d.) was Jeveioped at the
FPA'S gnvirormenta! Research \aporalisry -
Jututh, Large  Laxes Regearch Station,
3rosse Jle, ™Micntgan, specifically far use
‘n  st=e easte load ai'ocation proagram,

ICHR Y simylates steady-state concen-

Capsule Summazy MICHRI?

Steagy szale. l-dimensizna.
Mocels rivers/sireans
Sirple firsr-crider «<inetlizs
fasy o set up and use

~vwese

rivers for the water column  and ded
segiment. % Nas he ability te model successtive ~eiaches ngteac F gl
one) using an analysica! solutton. It 1s falr'ly similar e SI5A Iyt L
simplifiec ang more flex'dle. MICHRIY 3¢ comparabie I3 5,54 excent far.

1; MIZHRIY predtcts partliculate concentratisnl tn ine «ates izTimm 1lite
vartapie); SLSA <reats 1% as an 1npyt data censtiant
2) WIzhAlY can mode’ successtve reaches; SLSA can hamcle In'y cne

) MICHR!Y '3 not Intended for lakes whereas SLSA tg.

MICHRIY s'‘mutates the advective <*ransport of d*ssoived an¢ acisrie:l
s0ilytants. The mode'! employs first.order decady mechanisms far Jrecici’ng
paliytant a'stridutlonrs. An aggregate First.order Joss rate coeff'clent,
regresenting the sum of a number of processes, ‘ncludtng voigstittraciom,
nydrolysts, pnotoylsts, oxidation, and blodegradation. is used 1n Ihe nece .
Bed-water interactions tnclude settling, resuspension, buyrtal of partisutates.

and d'¢fystan of dissolves constityents.

The model s written 1n FORTRAN, 1S user oriented, and provides gu‘llance
for tnput data preparation anc mode) cption selection. MICHRIV mas flex'd’e
pateh input routines suitable for multiple reacnes.

;ngu [4 Rﬂul remencs
MICHRIY requires bdasic information for modeling:

e Loading rates aof pollytants ana salids to the receiving river.

e Flow rates, length of reach, water depth, and croess-sectiona! area.




o Partition ang first-order decay coefficients for Daoth the water column
and bed secdiment. ’

& Sediment/water exchange parameters; sediment <¢olids concentration.

Qusput Descziption \

MICHRIV gredicts pollutant concentrations 4as a function of gistance from
the lcading source. Tatal and dissoived pollutant concentrattans for doth :he
water column and Ded sediment are reported. Suspended sed'ment concentratiang
are predicted as well,

Advantaqes and Limitations

WMICHRIV was developed specifically for riverine waste load a'locat‘cns;
1ts  level of complexity was Intended to DBe suitanle for w'cespread
application. [t requires less than wa dozen !nput pdrameters Der -each,
therefore, model set up time ts relatively rapiq.

MIZHRIY s designed for single river systems and ‘s not apsroortaze faor
river neZworxs, lakes, or estuaries without modgifications., Otner ''m*cas‘aons
of MITHRIY include:

s The mogel 13 steady-~state with respect to flow ame ‘oads.

s QJecay processes are first-order, 1t Nhas no speclai'led seconc-orzer
arganic decay routines,

o Disperston g assumed -to De negligible.
. Sorat\on/cesarnt10n¢afe assumed to bDe nstantaneous.

o Bed load s not perm1tted.'

Model Applications

MICHRIV was tested and applied to a 60 Km reach of the Flint River,
“Genesee (ounty, Michigan. The application of the mode! dealt with she
distridutton of Iinc, cadmium, and copper from paint sources. The main
purpese of the study was for calibration and fleld testing of the model.
Calidrations were made on s$0llds trangsport and water colymn partition
coefficients to yteld reasonadble nredictable total and dtssolved metal
concentrations. The results were :2sonadle enough to demonstrate MICHRIV'S
ability to accurately simulate sediment and water column concentrations of &
pallytant. . -
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MICHRIY s written in FORTRAN.

allocation studles.

yser Supporc

The user manual
contained within an EPA draft report on techsical

and documegtation are
guldance for waste loag

MICHRIV s currently uynder review and should Decome ava!’aple in the near
futyre. Technica) assistance for MICHRIV can De,;obtatned 5y contacting:

BY11 L. Richardson

us £EPA ' '

Eavironmental Research Laboratory - Duluth
Large Lakes Regearch Station

Grosse [le, Michigan 48138

or

Joseph ¥. DePinto
Clarkson Coliege of Technology
Potscam, New Yorx 13876

general Refegences

DePinto J¥Y, Richardsan wl,

manual for performing waste load.allocattons.
U.S. Environmental Protection Agency.

Rygwelskt K, et

Technica’
washingzon,

al. n.g,
Oraf: reocrs.

ja'zance

2C:




Chemical Transport and Analysts Program (CTAP)

Summary

—

Capsule Summary: CTAP
The Chemical Transport and Analysts

(SLSA}, also developed by HMydroQual’
and was designed for more complex
prodblem settings.

Simple firac-order kinetics.

Program (CTAP) (MydroQual 1981) was : . .
developed Dy MydroQual Inc., Mahwah, w Steady-sctate, 3-dimensional

- New Jersey for the Chemical | * comparzment model.

wanyfagcturers Agsoctation, washingtan, Streams. stratifiled civers, lakes,,
3.c. CTAP 1s an extenslon of the r eszuaries, and coastal embayments.
Simpltfied Lake/Stream Analys's e Multiple waste lnpuls.

CTAP, lixe SLSA, ‘s designed %o account for the dissoived anc sors
steacdy-state concentratlons of aorganic 4and inorganic pallytants ta 20t ¢
water zolumn anc Ded sed'ment. Hcwever, 1%s greater complex®ty allows 't
mode' stratiftea laxes, rivers, tidal- rivers, estyartes, anc c3asta.
empayments. TTAP 15 essenttally like SLSA 'n that 't ‘s a compariment Toge’
‘A WN'zn eacnh csmpartment s equivaient o one SLSA “laxe®. However, lTAP 't
more ccmplex i1n that these compartments (up 0 425) may de arrange¢ !in any ',
2. or 3-c¢'mensional configuration (spattal concentration var‘ations may ex'cs
in gne, we, Qr nhree cdimensiang). whatsmare, the ctmpartiments  at
‘ateracsive with each other via advective and dispersive transpor:. Mass
na‘ance ecuations are written for each compartment of Both the water zolumn
and Jeq sed'ment and are interconnected 12 adlacent compartments. The resu.?
1 a matrtx of equations wntch are solved Dy digital computation.

CTAP accepts muitiple chemical load inputs from different locaies o the
aguatic system. It can also account for tributary inflows and withdrawa's as
well, .

CTAP can be used to simulate multi-dimensional bed sediment conditions
In acattion, 3t 3allows for a moving bDed, where the upper-most layers are
subject to movement in the direction of water flow.

CTAP wuytilizes the same first-order reaction Kkinetics as SLSA, The
coefficients for ‘fhotolysis, hydrolysis, oxigation, and bliodegradation are
supplted Dy the user and then summed for an aggregate rac * constans. “he
sorption-desorption mechanisms are assumed to occur insxantaneously; a. it is
assumed that soludle and particulate chemicals within each compartment are 1in
a state of local equilibrium. Interagtions between the water column ancd bed
sediment include settliing, resuspension, burial of particulates, ang diffusive
exchange of dissolved constituents.
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T input _fata Requlrements

CTAP aa:a'éééuinements are more tntensive than those of SLSA. In.acd's‘cn
to’ the stancarg physico-chemical parameters of the aquati¢c .syszem, Z7TAP
requires: .

e Sources and amounts of poliutant loading.

& Segment volumes and lengths.

e Segment flows per phase and dispersion rates.

e Sallas types, distridbutions, loadings gnd concentration.

o Partition coefficlents Dy Shase and segment

o First-order coefficients for - ;atbr column photolys‘'s, - volat'.rrat se,

hydrolysis, oxldation, and Dlodegradation; sec'ment AyCra‘ye's,
oxidation, anc dlodegracation. -

Jata regutrements are described Dy the model along wiih A 2'scusstan ¥ Scw v
oresare 2asta far Inpyt,

Cutput Descripeicns

The CTAP output presents less dlagnostic Information tnan S 34, Jut ort

ats
out more computed chemical cancentrations n the gissolves anc sa-t'c.’ate
ohases. The concentrations are presented in tabuiar farm for Doth the water
calumn and sediments. The output 1s also arranged so that the concent-a:‘sns
for each segment-.compartment are reparted. )
Advantages and Limlitacions
CTAP 1s a compartmental model, very flexidle in configuration f{up %2 tnree
dimensions In both water column and bded sed'ment), and applicapie. o mcst
types of water Dodles. It can -account for muitiple point source waste ‘npuls,
the

but no non-point souyrces. Spatia) vartable Fflows can de handlec, though
user must specify them since they are not predicled. :

The mode! h3s no specialized organic decay routines of the type used in
EXAMS; the yser must specify first-order decay rates. A single decay rate,
which 1s the sum of first-order coeffictents of nhotolysis, Hhydrolysis,
oxidation, biodegradation, and volatilizatiaon, 15 used to predict chemical
fate. B. l-water interactions are articulated with an intermegiate leve! of
compiexity. CTAP allows for up to five different particle sizes; 1t alse
allows for bed load.




model Applications .

CTAP was applted to the data collected by Games (1981) from a 90-xm rear~
of Rapld Creek, Rap'd City, South Dakota. The study area was 'ocas
downstream of 3 muynicipal wastewater treatment piant. The chemical. cons'derea
was the surfactant linear alkylbenzene suylfonate (LAS}. The treatment 'an¢
was the only known source of LAS. Thts is the same scenarto used %o app'y ihe

SLSA mogel,
Ll LT ]

The results of <the CTAP modeling ** ' P —
of long-term l1sading are shown in - - R
Figures 1 anda 2 for concentrations in 7 PR .-
the water column  and  sediments, i y " Bvwe
respectively. The circled ‘goints are S ™ N
the  actual concentrations. The § m = N

. pregicted concentrattons in the water ' - :
column were 'n close agreement with g -h\‘<L.____;___ﬁ_
the actua); Hhowever, the predicted .h — -
- N ¥ - L} - & “ *

sec¢imens vaiues were siightly higher. . S At St DemadCe sa.
when dturnal Joad vartadp!lity was scyme
ajc:ounted for, the predicted sediment
vaiues were 'n Jetter agreement. _ WowenT avts

. N vee—— oo

n e
Aithough not all tne capapilities , _ y
by [ d

of CTAP were used In this application, 2 7.
the 'nout was sufficient to accurately e

sredict | LAS concentrations. = o , ,
Evaluation of %the tnputs showed the K .
accuracy  and validity of these ve .
estimates to de good. ’ = '
- L L - - L] .
’ IMYaAmCE SO0 ICHeRCE seme

nguat 2

RQSOL_‘.’CE Requlsements

CTAP s written in Ffortran IV and s sultadble for operation, «':h s.‘3n:
mogificatton, to the [BM 360/370, Univac 1308, COC 6600 ma'nframe computer;
and %5 minicomputer Systems sSuch as the POP 11/70, VAX 150/780, i3m 1130, an¢
DSC Metasd4. The minicomputer version of CTAP requires 32K bDytes of storage
with subroutine overlay and ¢Vsk scratch files for temporary storage.

User Suppors Activities

Coples of the CTAP user manual, as w1l as documentation, can be obtalned
for a fee from: '




willtam Gulledge

Chemica) Manufacturers Assoctation
258 M Street, N.NW,

washington, 0.C. 20037
202-887-1183

Tedhnical assistance can be obtained dy contacting:

John St. John or

Domenic Di1Toro

MydroQua! Inc.

1 Lesndridge Plaza
¥ahwan, New Jersey 27430
201-529-5151

ceneral Reforences

HydroQua'! Inc. 1981, CTAP documentation - chemica'® transport ana 'v¥s':
program. Prejared faor the Chemical Manufacturers Assoc‘ation, wash'ngianm, 3 I

HydroQual |nc. 1982. Application guide for C(MA-WydroQua'! chemica™ ‘332
models. Prepared for the Chemical Manyfacturers Assocldtion, wasa‘ngtsn, 3.0

. Games L. 1981, Practical applications and compariscas of eaylrsnment:’
i exposure assessment models., Presented at tNe ASTNM Sixtn Synpos‘um Sf AgQudtc
Toxicology. St. Louls, Missour!t.
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Exposure Analysis Modeling System (LXAMS)

Capsule Summary:  EXAMS
The E£xposure Analysis Modeling ‘
System (EXAMS) (Burns et al., 1982) '
1s 3 steady-state water quality mocdel m Steady scace. J-dimensional.

designed by the U.S. Environmental compar—menc model.

Protection Agency's Environmental w» Freshwater. non-cidal aquatic
Research  Laboratory in  Athens, | systems.

Jeorgia. The model was designed to B Comprehensive second-order k;re-;:ai

allow for the rapid screening and I for organic chemical decay.
evalyation of the behavior aof

synthet'c organic chemicals in

fresnwater aguatic ecosystems, With a description of the physizal ang
¢hemical properties of the compound of interest, and the relevant trtanspor?
and physical/chemical characleristics of the aquatic system, CXAMS computel
the exposure (steady-state envirommental concentration), vers‘stenge e 3,
poilutant removal system half-11fe}, ana fate {&'stiridytion 1n the systiem i
fraction consumed Dy each removal process) of each zampound moceleq e
calculations are based on the assumptions that the 123d'ngs 4re ‘srg term 2
time averaged. "

4

The £XAMS program 1S an ‘nteractive modeling System *that 3 i0ws the u<e
t3 specify and store the physical/chemical properites 9f BOIR the :sremila
compounds and the aguatic environment.

The aquatic system Ys user specified and s represented by 3 sel of
segments or distinct compartments (water and sediment) ‘tn the system. As many
as 100 compartments can be handled by EXAMS.

The program 1s based on a sertes of mass Dalances that g1ve\rtse 0 3
single differential egquation for each compartment. Mass balances accounting
for all compound mass entering and leaving are calcuylated by EXAMS as the
algeoralc sum of (1) external loadings, (2) transport processes that expore
the compound, and (3) transformation processes within the system that conver:
the chemical to daughter products. working Ffrom the transport and
transformation process equations, EXAMS compiles an equation for the net rate
of change of chemical concentration in each compartment.




tXAMS computes the kinetics of transformations atiributable =3 clrece
photolys's, "ydrolysts, Diolysis, ang oxidation react1ons The Ynpyt cnemica’
data for nydrolytic, blolytic, and oxidative reactions can be entereg eisner
as s'ngle valyed second-order rate constants or as palrs of valyes defining
the rate constant as a function of the envirgnmental temperature specif'ed for
each segment. EXAMS Includes two algorithms for computing *he rate of
photolytic transformation. The first requires an average pseudo-first-order
rate constant applicable to near-surface waters; and the second compytes :ne
photolysts rate directly from the absorption spectra of 2he camooune and ‘Ss
fons, measured valyes of the reaction quantum ylelds, and the envircnmen:a’
concensrations of competing light adsorbence [c¢hlorophy's, segiments, ecsc.;.

Interna’ transport and export o0ccur v'a advect've ang 2'sperstee Tovemer:
of dissoived, sediment-sorded, and biosorZed materta’s, anc 3y vo'4c' tratlen
Tosses at the alr-water Interface. EXAMS provides a set of vectars that
allows the user to spectfy the location and streagsh of 2ot~ acvezt've 3ing
dispers*ve transpar: Dathways. ELXAMS can compute transdect g9f 2 cremtIal 4ty
whole-seciment Jedloads, syspended seciment wdsh cacs, ITirlwdt2”
Inft'sratton, transoors through the tnermoc’tne of a ‘axe, “osces ‘n effe~t
sereams, ecs:.

Tx2erna! 'cacings of a chemical can entes tne ecosystem v'a ottt gources
agn-po'rt sourzes, dry fallout of aertal . 2rtfe  atmescher'c adit-cut

grouncwater seenage entering the system.

[TV

~-
’ -

£XAMS 13 ava‘labie 1n both g batch and 'nteractive vers'or.

sApUL Sata Regutrements

EXANS requires an extensive amount of environmental data. However, Ine
program can be run with a much reduced data set when the chemistry af 3
compound of Iinterest precludes the existence of some of the transformatice
processes., For example, oH and pOH data can de omittec In the zase 2% neysra’
organics %hat are not sublect to aci¢ or alkaline hydrolysis. Six ®canortza’*
environmenss are tincluded with most model versions and can de used ‘or
non-specific screening investigations. )

Input parameters include:
e A set of chemical loadings on each sector aof the ecosystem,
¢ Molecular weight, solubility, and tonizatton constants of the

compound.

.0043?
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¢ Segiment-sorption and Dblosorption parameters: Kp, Koc or Kow,
blomasses, bdenthic water contents and bulk densities, suspended
sediment concentrations, sediment organtc cardbonr, and 'on exchange
capacittes. .

e Volatilization parameters: Henry's law constant or vapor pressure
data, windspeeds, and reaeration rates. '

e Photolysis parameters: reaction quantum yields, abserption

© spectra, surface scalar irradiance, cloudiness, scattering
parameters, suspended sediments, chioraphyl, and d'ssolved organic
carbon.

¢ Hydrolysts: 2nd-orgder rate constants or Arrheniys functions for
the relevant molecular species: oW, pCH, and temperatures.

e Oxidation: rate constants, . temperatures, and oxidant
concenzrattons. :

e Blotransformation: rate constants, temperatures, %3%3! ang active
. bactertal popu'ation densities.

o Parameters <cef'ning strength and d'rection of advecttve and
gispersive transport pathways.

] 'Sys:em.gecme:ry'ana nydrology: volumes, areas, depins, rainfall,
evaporation rates, entering stream and non-point source flows and
seqdiment lcads, and groundwater ¢lows.

output Jescsisrions

EXAMS® 17 output tadles include an echo of the tnput data, and tadbuiations
giving the concentration, Ffate, and persistence of the chemical. Printer
plots of longitudinal and vertical concentration profiles can De !nvoked >y
the Interactive user,

Advantages and Limitations

The major technical strength of the EXAMS program lies 1n t%s adbility to
utilize well defined, chemically Dbased fate process 1information in
second-order rate expressions for the hydrolysis, photolysis, and oxidation
processes, volatilization 1s modeled 1n a way that is consistent with
accepted mass transfer processes. Thus the model's strength is in evaluating
the chemical's kinetics.




From the user's stangpoint, the model can be ~un In an tnteract‘ve mode
For rapld evaluation of scenarlos reflecting varying system ohysica' anc

chemical conditions. Furthermore, the mode] contains a dutlt-in, on-‘tre
‘help-file' to explain the command options and required Ynput gata.

EXAMS ts a steady-state model and as such was not destqnéd to evaiuate the
shart-term variations of an aquatic system.

EXAMS does not account for sediment and. contaminant lass by dur*al ‘A Ine
denthtc layer. Fuyrthermore, 1t has only a single exchange c0effictent ‘umetng
the orocess of water-sediment particle exchange anc the process 9% wdater-3c-e
water gtffusion,

£XAMS nas the capadility o model pongs, r~'vers, anc ‘axes o
nave the ctapadbility of model!ing estuarine aquatic enviranments.

ta
(3
]
[%}
-
(]
v

¢ The mode! does not s'mulate sediment-20liutant 10aas Feram sgtet 3ec
non-pa'nt soyrces. Solig concentrasions must De der‘ves frim exvecng’
sources.

° £XAMS evaluations do not include the effecss of sec ment-zamsami~an~-
sorption/desaration xinetics on transpors ar trarsfs=mation sragectes

Model Applications

A flel¢ validation study of EXAMS was conducted for an an‘ontc surfactant,
1inear alxylbenzene sulfonate (LAS), 1n Rapid Creek, Sou*~ Daxsta ' Sames,
1982). The sinqle point source input to the creek 's a sewage treatment D ans
located tn Raplg Clty. (EFfluent to the creex 35 7 to 8 mgd, wh'ch -esulls ‘a
about a 3:) gtlution factor. Influent and effluent concentrations 3f L_AS ‘n
the treatment plant were 3.7 mg/) ang 0.5 mg/), respectively, over the ner‘sc
1978 to 1980,

0043p
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S'mytasttons of LAS steady state T
cancentrations in water and sediment
were compared with observed
concentrations, In a qualitative - . K
sense, agreemen: was good (see Figyre -
1). However, this agreement was only - - .4
obtatned by assigning an arditrary ot .
valye %0 the gispersion coefficlent :
at the sediment/water interface, The : I
value chosen was in the exdected
range, Sut 1':%le or no rationale for BRI
the valye <¢ould DbDe provided. Since a1 sumEs i) o
sn1s  term 15 Falrly important {as
determined by 3 sensitivity anaivsis)
and 's seldem measured, 't acquires
the cnaracteristics of a calidration ; .
parameter. o asmiEcen

sotla Garn Cnlie B 00

® wagubtd
S ruguilew

" ~

*
LWOWER! SamQCANLe L Eh

-l

Moce! sensttivity analyses w'id " !
respect *0 errors in measyrement of - -
creex f'cw rate, d'odegradation racte
zanstarts, and acseration coeffictent
were a'se conductesd. Results
‘ngicatec tna: mocde' calcu'ations are o oM e w
mos?e sensitive L0 the Teast
Jnaerstao¢ sarameters, hat is, the
seq'ment/water exchange coefficient
ang the segiment D'odegracatlon rate
tanstans. However, this phenomena )
may Oe innherent in chemical and aquatic systems and may 1ot e 3 3730 em
anique 0 EXAMS,

S Y LERS Q0L N A

Fluml 1 FibuQ vAOATION OF ( LAMS N A JWRING AL AM

In other applications, ~EXAMS has Dbeen successfully wused 2z mode’
volatilization of organics in specific Ffteld situations, and for a genera:!
assessment of the behavior of phthalate esters itn aquatic. systems. EXAMS nas
Seen mplemented by a numdber of -manyfacturing flrms for env'rormeniai
evaluations of newly synthestized materlals and has Ddeen ysed ‘rn an academ':
setting for both teaching and research.

Resource Reguirements

EXAMS {5 avatlable from the EPA Athens Envirgnmental Research Laboratory
in eithar a B%atch or an interactive version, The batch version reguires 84K
dytes {(overlald) of memory (for aquatic systems of up to 17 segments); this
version doc- rat reguire mass storage capaplliter;. The interactive version
also requ' es beK Dytes (overlaid) of memory, plus an additional mass storage
capability. The interactive version of EXAMS requires 100X bytes of mass
storage far utility files, 2X bytes for each chemical in the active flies, and
2.5k bytes for each active deflined environment. An overlay capabllity s

0043P
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requi~ed 3 ‘mplement EXAMS on small computers sych as POP-11 or WP 3000
systems. txecution times range from 4 few seconds %o several minytes
devencing on the prodlem "to be solved. The sof<ware s aistriayted on
magnetit tape; the source code consists of about 16,000 card tmages.

it has Dbeen estimated that approximately one to %wo man-months of effare
are required to setup the madel (not Including the effort nequired %o evaluace
the resylts). This estimate 1s based on the following assumptions: (1) a'l
data necessary 0 meet. the 1nput requirements of the mocel are ava'‘adie anc
(2) qualified personnel are avallable to ‘mplement the mode:.

Jaer Supoort Activities

*

Free coples of the user's manual anc system documentat‘on are ava''ad’e
from QRD Pubitcations, Lenter for Environmenta) Research Infzrmatton, uSEZSa,
Cincinnatt, Ohio 45258 (Telepmone: 513/684-7562; askx ‘or oub''cas‘sn Yo
£PA-600/2-82-022). The c(omputer tape of the Drogram Zrsviced  far tre
requestor o Capy and return) Y5 avatlabie from lenter for water lua''sy
Mocdei‘'ng, <fnvironmental Research Laboratory, USEPA, <Coilege Stat'on 3Rcac,
Atnens, .Gecrgla 30613 (Telephone: - 404/546-3121;. iy

Jser acststance can de obta‘'ned Sy canlaci'ing:

Lawrence A, Burns

Eavironmental Systems Branch

U.S. gavironmental Protection dAgency

gnvirgnmenta!l Research Laboratory
"College Station Road

Athens, Georgta 30613

FTS 250-3123 COM 404/546-3123

Davia M4, Cline o

Aytomat'c Data Processing

U.5. Environmental Protection Agency
Environmenta) Research Laboratory
College Station Road

Athens, Georgia 30613

FTS 250-3123 COM 404/546-3123

general References

Burns (*, Cline OM, Lassiter RR., 1982. <Expocure analysis modeling system

"(EXAMS) Ja.er manual and system documentation. '.S Environmental Protection

Agency, Athens, Georgia. Publication Ne. EPA-600/3-82-023:

Games L M. 1982. Fleld validatiton of exposure analystis modeling system
(EXAMS) 1n a flowing stream. [n: Modeling the Ffate of chemicals In the
dquatic environment. Dickson XL, Make AW, and Catrns J, Jr, eds. Ann Ardor
Science Publishers.
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Metals Exposure Analysis Modeling System (MEXAMS)

+

Sumenazy ]
The Metals Exposure Analysts
Modeling System (MEXAMS) (Felmy et al.

compyster mocdels that accounts for the L comparchent model.

!
t
{
j
Calculates specilation, and ' ;
{

Capsule Surmary: MEXAMS

chemica) and physical processes

affecting the fate and <transport of dissolved, adsorded and

mezals in aquatic systems. This s precipitacted metal corncentrations.
accomplished by 11nk1ng the p squilibrium constants and ancillacy

geochemical model, MINTEQ, with the data available for a several
txposure  Analysis Modeling System mecals in the model!s data dase.
(EXAMS}  (Surns ez al., 1982), an B
aquat'c exsosure assessment model, )
{ompinesd, cnese models provide the capabtlity to (1} estimate the Juant‘'t‘ses
of mec=al lixkely to bDe 'n solutlon and {2) consider the effect of chem'za:’
soectatton on adsarntiaon ar’ precipttation of metals, 26%h of wh'ch zaa act %3
redyce tne amount of metal in soiution,

The chemical interactions are handled Dby MINTEQ, using <2nre-mocsramic
equilinrtum re'ationships and water quallly data to caicylate spec‘at'on, ar
gtssoived, acsorded, and precipitated metal concentrations, -

Spectation ts calculazed using an equllibrium constant approach wnherein g
sertes of mass action expressions are solved subject o mass Salance
constraints on each chemical component. An estimate of aqQueoys speclatich ‘s
necessary to predict the quantity of metal that will be taken aut of salytion
by precipttation and adsorption, and to evaluate environmental Impacts. In
the case of the latter, toxicity and Dloavailapility of 1individual metat
spectes can. vary dy several orders of magnitude; therefore, estimates of mecal
speciation are required to‘predict aquattc impaces. .

Adsorption s treated as Ddeing analogous to aqueous spectation. There-
fore, mass action expressions can bhe formylated,K for adsorption reactions.
MINTEQ contains six aigoritnms for calculating adsorption. [t computes the
mass of metal transferred Into or out of solution as a resylt of the
dissolution or precipitation of solid phases.

The migration and fate of the metal are handled Dy the aquatic exposure
assessment model EXAMS, a steady-state transport model developed primarily for
use with arganic compounds (see EXAMS),
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The coupling of MINTEQ and EXAMS was accomplished in such a way as to (1)
- retaln a1l of the original EXAMS options and capabllities amd (2) bypass
" unnecessary calculations or calculations elther not applicadble %o mecals or
dupliicated by MINTEQ. For instance, there 1¢ no need for EXAMS o compute
adsorptlon since MINTEQ will provide the quantity of metal sorded to seciments
and bdiota. Another example s chemical degradation which ts apolicadle to
organics but not to metals., Through the proper specificaticon of E£XAMS fnguts,
most of these calculations can be bypassed. - Thus, ¢he user will nat be
required to maintatn two verstlaons of EXAMS, one for organics-  and one faor
metals. . A :

MEXAMS was designed primartly to De used In perfarming screen‘ng leve!
assessments ysing generally avatlable water gqua''ty data. 1% o3~ a“sc de uses
%0 Interpret data collected during Dlodssays and as a frameworx f3r gu'g'ng
research related %o the aquatic impacts of. pollytant metals

The model 's yser oriented !n that. 1% containg an Interact've 2ragram tnhas
4ss1s2s tne user in oreparing gata for tnput o MINTEQ anc £XAMS.

AT present, the model's d¢ata Dbase contalns data ecessary fyr  ina
evaluagsion of the following metals: arsenic, caamtum, c¢ooper, ‘eacd, a'rxs’,
silver, ang z'nc.

Input fata Reculrsements

MEXAMS requires input data for Doth the MINTZQ and £XAMS z:mponent; of tne
model. The reader )5 directed to the EXAMS review 'n this cataldgque faor a4
discussion ang 1tst of EXAM'S tnput requirements. MINTEQ reguires wo tydes
of data: (1)  thermodynamic data and (2) water quality data. The
thermodynamic data are equilidrium constants, heats of reaction, and other
information required to predict the formation of each species or solld phase.
The water quality data are physical and chemical propertles of tne water dody
delng apalyzed (e.g.. oM, DON, temperature). )

The user need only to generate the water quality da%a in order %o
impiement MINTEQ. The thermodynamic da%a (for the specific mezals currently
hangled dy the model) are contained in a data base that accompanies the madel,

ut pesc tions

The mode) output s ¢ilvided ‘.et.:en the EXAMS- and MIN“t” amponents.
EXAMS provides tabulations presenting estimates of the exposure, fate, and
persistence of the metal. The MINTEQ outputs give detatls on the chemical
interactions occurring In each compartment of the stmulated aquatic system.




Advantaqges and Limitarlions

MEXAMS represents an ‘mprovement in metals modeling in that ‘t accounts
for the compliex chemistry affecting the béhavior of metals as well as the
transport processes that affect thelr migration and fate. Specifically,
MEXAMS considers the effect of chemical spectation on adsorption or
precipitation of metals. » S

The modeling system !s user orlented. It contains an tnteractive oragram
queries *he yser to odtalin user run nformation which 15 them ysed %5 zsneral
tne gperacston of MINTEQ angd EXAMS and the ¢transfer of s'‘mulation resyizs
Jetween the Todels. ‘

that nNelpng the user prepare water guality data for tnput ¢9 MINTEQ. It also

The thermodynamtc data base associated with MINTEQ conta‘ns equ'itartum
23ngs%ants and anc''tary cata ‘for only a imited numder of Dol'utant meza’s

It.e., As, C3, CQu, P35, NY, Ag, and luy).

Jrganic complexation can Nave a significant impact on %ne spec'atiin of

«

me<a’s.  Although MINTEQ s capabie of hancling organic cimpiexattion, <thne -

t~e-~mccynam'c 23ta dase coes not conta'n the necessary edu'''ar'um Canstants
ang¢ anc*'Tary 23%a3 o0 eva‘uale this phenomena.

MINTED] z2nsticders precipitation/atssalution, oxldatton/resyction, and
acgsaration  as  equilidrium processes w=hen in  fact they may not Je 1n
equt’ioriym,

£XAMS does not describe vertical changes in pH, and ox‘dation-reduction

re3ct'ons 'n the Dbed sediment. The latter can be very significant 1in
stmuiating the fate of metals In lakes and doiluted rivers. o

The MEXAMS me:nodatogf 1¢ cuyrreatly under developmen? ang has not been
agplied 'n ine fleld.

model Applicatlions

ATthough MINTEQ and EXAMS have ‘deen applied independently, as they are
currently linked 1in the MEXAMS program, they have not been applied ir an
environmental analysis. o




Resource Regulrements

MEXAMS will require a system with 32K memory. An overlay casab!''ty ‘s
regquired to implement MEXAMS on small computers such as & PDP /70 or wP35CO
system. .

User Suppor? Activiidles:

Coples of the user manual and system documentat'on wi'l' Se 3va‘'ad’e
sometime Juring *he summer of 1983, At that t'me, 1% s antic‘sateq has use”
suppore will Se provided dy <he Center for water Jua''ty Mode ' ‘ng, I3L,. .SE%A,
Athens, QJeorgta,

Agdittonal !nformation concerning the model can be obta‘ned Dy I2n%3C*'1g.

Yasue Snish)
Batteile, Pac'fic Norshwes? Ladoratories
Richlane, washingtsn 993€2

zeneral Refsrences

Felmy AR, Brown SM, Ondshy Y, Argo RS, VYabusaxt SB. ‘982, MEfAauMT . Tea
metals exzosyre analyses modeling Ssystem, 8aztel’e, Pac'flt Neriraet:
Laboratortes, Richiandg, sashingizn, Contract No. $8-023-203¢%.

Juens LA, Cliine JM, Lassiter RAR.  1982. ExDosure anaiyses noce’ing 54
{EXAMS}: user manual and system Qocumentation. U 5. Ifav'ranmental Srgtecttin
Agency, Athens, Georgla. Pudllcation Na. £PA.600/3-82-02:2.
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Estuary and Stream Qual'ty Mgael {wWASTOX)

Summaty . ‘ I
. Capsule Swrmary: wASTOX )
WASTOX  (Connolly 1982) was | '
designed as 3 ‘time.variadble

Tine-varladle J.dimenstional
comparcnent.

Streams and escuacies, fresh
and saline water
Comprehens:ve seccnd-order
kinetics.

comparement model . far simylating the
t*ansport ane transformation of
grgan‘c gchemica’s in the water column
3G he  seg‘ment of streams and
estyartes; aithough  the mode) i3
jenerally appitcapie %o all types of
wdter dodtles.

-—-.—--' et

wASTCX De’ongs %o the WASP model (0tToro et al. 198!') €amily ang sne-e.
fgre mas cadablittles ang features simiiar to TOXIWASP? (Ambrose et a°  '383)
The majer gJiffereaces Yetween WASTOX and TOX{WASP are: (1) wWASTGX can aczount
fsr three sea'ment tire fractions; TOXIWAS? accounts for one. (2 wASTOX
sec'ment part't'on coefficients are expressed 25 a funciton of 3he so)‘ds
tangentration; TIXIwASP assumes a  constant partiiloning cgefflictent. 13
wASTCX ascumes <ertaln system oproperties bdeting constant spattally; TCXIwASP
acgounsts far 4 spattal glstribution. (4) WASTOX employs a4 fin'te dgifference
tcheme for 'ts mathematics. TOXIWASP . employs the EXAMS compartment anorzach.
- &) wASTOX goes -ngt separately account for pollutant oxidation, as TUXTmAS?
20es. %) In wASTCX, pollutant on sediment 1¢ transported v'ad an agvect've
sed'ment srocess; tn TOXIWASP 1t s transdDorted vila the apove Jrocess ard an
exchange (2iffystive) process not requiring dedlodd (sedimentation) excnange
Jetween the water column and the sediment. (7) WASTOXA nas Deen mainly desigred
for 1-.or 2.g'mensional configurations of streams and tidal estuar‘es, anc the
xinetics of wvolatilization .are oriented towards flowing systems. (97 An
aquatic food chatin rauttine 1s to de tncorporated into the model.

yh;Tcx 1s 3 water/sediment quali:y program only, 4and as sych, ! requlres

the water Dody and sedimentation dymamics (e.q., flow, veloc'ty, Uved
sedimentation velocity) as user 1inputs (see discuyssion in TOXIWASP model}.
wWASTOX can De applied to time-variable simylattons., Chemtcal kinetics are
treateg simtlarly to the EXAMS approach.

B4

inpuc Bata .Rgu;:.emnci
Irput reguirements for WASTOX include:

0 fxcnange coefficlients ang Fields Detween segments (such as dispersion).
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‘e Segment volumes and flows 1including time of Flow duration, anc
velocities in compariments.

¢ Environmental and pollutant parameters such as geomesry of che system,
sedimentation transport/dynamics paramezers, oK, temperatyire,
concentration of compound dJdegracding bacteria tn water, secord 3rie-
blodegradation constants for g¢issolved and adsorbed toxdzant, f'rg=.
and .second-order alkaline nyerolysis ratio, other first.order cecay
rates, Henry's constant, moleculadr we'ght af 2ox'cants, <emperiz,reo
correcting parameters, sol'ds depencent partitioning coeffictents.

e [nitta) conditions, boundary concitlons, anc wasce .oads.

Sutput Jescriscicns
A finaltzed outout formal- coes fot  ex'se, s'nce wASTIRX
gevelopmental stage. The outout 'S expected %2 De simi'ar $3 the amAS
consissing of a 1isting of ‘Ynput data, and tabu’ast'ong giv'ag t-aneng
and pers'sctence of the cnemical in all water 4anc segiment :samzdrimen
wadler dody.
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Advancaces arnd Limicacions
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The malor advantages of 'WASTOX are 125 mylti.¢'mens‘sra’ <z
which allow applization 20 4 varlety of water boc'es: capan‘ti‘sy ¢ ny
time-vartaple loacs and respcnse; relattvely ssonhlsticateg x‘net'cs;” anc
capability %o s!mulate the !mportant features of sediment sransaore.

azs’
$

.

W

~
-

-

-

The technical 1imitazions of WASTOX are similar %0 Shose of TIXIWASP.
WASTCX nas not Dbeen applied or validated yet anc has n0t Deen farma'y
released Dy the EPA. This may not be a limitatlon !5 modei use, stace :Ine
theory of WASTDX 13 conceptually sound and maodei pregictions can de exdectes
to bDe within certain Timits. WASTOX, similar to most of the models gescrizes
tn this catalogue, requires detatled inputs regarding sed'ment =ranspor:
¢haracteristics of the water body. “These requiremencs are JifFf'cy’s 3 mees
from routinely avalladle data.

"

!

Resource Requ!lrements

WASTOX ¥s avallable 'n a batch/tape version, ts written 1n FORTRAN [V, ang
uses up to a J2K-Dyte user area an a POP !1/70 machine. Execuytion t'mes range
from a few seconds to several minutes depending on the temporal aad spatial
re<olution of the environment analyzed. At 2his stage, it 's estimated thas
e2C 1. two man months of effort are required to have an cperational mode) with
a rough understanding of 1ts overall benhavior or performance. ‘




User Suppor: Activitie

To obtain the WASTOX documentation along with sample data sets ang suppor®
software, write or contace:

Dr. Parmely H. Prichard
Environmenta) Research Laboratory
Gulf .Breelze, Florida 32961

(904) 932-531

Or. John P. Connolly

Environmental Engineerting and Sctence
mannatsan College '

Sronx, NY 104N

£212) 920-0276

Ceneral References

Ambrose R, Wil S, Mylkey L. 1983. User's manual for tne cnhem'ca’ <-3ancscrs

"and face model TQX!WASP, Version [. Qraft document, U.S. £PA, Dffce of

Research and Jevelopment. Athens Research Laboratory, Athens, Georgla.
Connolly TP. 1982, Preliminary estuary ang stream vers'on documentation of
wASTOX. £°2 Cooperative Agreement No. R80T 827.02. IIA, 3¢¢ 3ree:
Florida. Mannattan College, Bronx, New York.

" O

DiTorn M, Filtzpatrick J2, Thomann RV, 1982, wWater qQua‘'ty anra’gs’
stmuiation program {WASP) ana mode! verification program /MVP) -
documentatton. - Hydrascience, Inc., westwood, NY. For Uy.S. Eavi-anmenca’

Protection Agency. Duluth, MN, {ontract No. 68-01-3872.




Chemical Transport and fFate Mogel (TOXIWASP)

Summacy
The loxiuy wWater Analysis Simy. Capsule Summary: TTXIWASP
jation Program (TOXIWASP) (Ambrose et ;

al, 1983) was designed as a time- : .
y Time-variadble, 3-dimenslcnal

variadble compartment model for

stmylating  the transport and comparTnent model.
transformation  of  organic  toxic ® Rivers. lakes, estuaries
chemicals 1n the water column and the @ Ccmprehensive second-crler
sediment of stratified lares and kinetics.

reserviors, large rivers, estuaries,
angd ¢53sta) waters,

TOXIWAS? wds created 2y first adapiing the k'netts struycture of ne I1XaMS
model (Burns et al. 1982) %o the stransport frameworx Jrovice¢ Sy the wAl?
orogram !D%7Toro et al. 1981), and Dy then acging s'me'e seg'ment ta’‘ance
algoritnms along.wish spectal input and outsut software.

Since TOXIWAS? uyses *he campartment modeling approdch, wheredy seqment:
can de arrangec in a 0-, 1-, 2-, or 3-d'mensional conflguraticn. TTX(mAZ2 g :
water/sediment quality program only, and as such, 1t requires Ne eater 3Jccy
and tne sedimentation dynamics (e.g., flow, velocity, ded sed‘ment ve oc'ty
as user tnputs. TOXIWASP can e employed for analyses reguiring more dynam!:
transport and loading capabilities than EXAMS, Dbut less dezatled and
mechanistic sediment predictions than SERATRA (Onisnt and wWise 1982).

The kinetic pollutant components of TOXIWASP were modified from EXAMS.
EXAMS formulates a total transformation rate from the chemical charactertst'cs
of a compound and the environmental parameters af the system. In TOXIWAS? ang
EXAMS <this rate s based on a simple adaition of the rate constant of eacn
process, and the Xxinetic time derivative 1is calculated from this raze,
ylelding a time varying chemica) concentration for a user-specified <patial
netwark., EXAMS wuses a3 kinetic structure that allows the study of Ffive
different lonic forms of a chemical, several ways to calculate photolys's, and
other capabilities. In TOXIWASP, 3al} those features have been aggregated in
one formulation, but with an expanded lidrary of kinetic subroutines. In that
respect, TOXIWASP allows simulations of toxic organic chemical behavior in the
aquatic environment resulting from Yoading pulses that cannot be modeled via
steady-state coder,

tr.




Regarz2ing the chemical transport and fate processes cons'Zered. TIXIwASY
can acsount for voidtiilzation, opnotolysts, nycrolysis, oxtcatisa, Stolys's,
serption on both sediment and Dlomass, advectign, and d¢tffyston, Sorption on
sediments and Diomass s calculated assuming loca' equi'‘Srium us‘ng 2
canstant gartition coeffictent angd spatlaliy vary'ng eavirsnmenta: crgantc
cardon fractlons. For each compariment, one differentta’ eguati‘on far =ne
s01'utant Jissolved phase and one differenttal equation for =rg acsorbec anase
are ‘formyiated and solved. As contrasted 2 wASTOX (lgrncl'y 982}, tme
effective flrst-orger decay rate can vary with time,

fxchange Setween Ne waler column. and the de¢ can occur By se*:i‘~3 gr -
~esyspens‘on of particulates, diffuston (of o'ssolived pollutant; detween :he
wd%te” 23.uMn and the pore water, Dy direc? adsordtion/gesorzs'on Je<wean :ne
wdter 22'umn ang the Dded surface, anc By fercalation or 'nfl’eezeign,  atcRtn
the ped, e pollutant c¢an  move verttzaily Dy 2'ffyustan,  t.rmgve-
J3'spersien), pgerczolation, and durtdi.  Also within the bed, ne 207 '.tan:
cannot move horitontally (1.e., no bec load), th cortrast «tih WASTOX,

£
.

LoDUT 2daf3 AeculromentCy

input recuirements for TOX:wASP iInclude:

] frzmange zoeffistlents Detalen IIMPATiMONnTS. ULt 3% I'TleT IS Ie2tanen
segments, water coluymn ang sediment, sesiment 2nC wdte” '~ Ses
naterial.

° Segment volumes ang flows.

’ 3cyndary cond'tions,

. Environmental and pollytant characteristics Such as number of

constityents, temperature, cloudiness, dacter'a’ poduiation, d‘omass,
rydroxige ‘lon activity, molar concentratlon of ox‘'cants, organ's
cardon, pH, decay coefficlents, Arrhenius  constants, secong-orcer
rate constants for bDlolysis in the denthic environment, octano' wazer
sartition coefficient, Henry's law constant, vagor osressure, and
sotubility. '

Sutput Descriptions

Model output consists of a listing of 1input gata and tabulations g'ving
transport, fate, and persistence of the chemical in all water ang sediment
compartments of the water body. )




Chemical Transport and Fate Model {TOXIwASP)

summary
The foxicy Water Analysis Stimu- Capsule Summary: TOXIWASP
lation Program (TOXIWASP) (Ambrose et

a4). 1983) was dgesigned as a time-

vartable  compariment  model  for ® Fime-variable, l-dinensicnal
simulating the transport . ang = CSSEpartment model

" transformation  of  arganic  toxtc P Rivers, [dkes. estuaries
chemicals In *he water column ang the ® Comprehensive second-crder
sed'ment of stratified lakes and { - kinetics.

reserviors, large rivers, estuaries,

and ¢02as%al waters.

TOXIWAS? wds created Dy first adastiig the x‘net‘s structuice of ne ILaMD
moce’ :3urns et al. 1982) %o the transpor: framewgrx 2roviiec Iy Ne wAZD?
program (3'Toro et a'. 1981), and Dy then ace'ng s mpTe cecTert la'anc?
a‘gortenms a‘ong w'in spectal 1nput and outdult soflteadre.

“Since TOXIWAS? uses the compartment modeling aoproach, ererely segment:
can Se arrange¢ 'n-a 0-, 1-, 24, or 3-¢imensional canflguration. "IX(aAZ7 ‘s 3
water/sediment -quality program only, and as such, 1t reguires IDe wat2” JCCH
ang the sed‘mentation cynamics (e.g., flow, velocity, ded sec'ment ve oC'Ty
as user npu%s. TOXIWASP can de emoioyea for anaiyses recu‘'r‘ng more Jyranmi:
transpors ang loaging capadbilttte than £XAMS, Dyt less detal'ed 4ng
mechanistic sediment predict ons.tnan SERATAA (Jnish* and wtse 1982).

. The kinetic pollutant components of TOXIWASP were mocifled from £XAMS.
EXAMS formulates a total transformation rate from the chemical character'st'ce
of a compound 3nd the environmental parameters of the system. [n TOXIaAS? and
EXAMS snls rate s based on a simple additlon af the rate conmsiant of edcH
process, and the kinetic <time derivative 1§ calculated from Ihis rate,
ylelding a %time varying chemical concentration for a user-spec'fleq spat'ai
network. EXAMS uyses a kineti¢ structure that atlows the study of flve
different jonic Forms of a chemical, severa! ways to calculate photolysts, and
other capabilities. In TOXIWASP, all those features have been aggregaled in
one formylation, byt with an expanded lidbrary of kinetic subroutines. In that
respect, TOXIWASP allows simulations of toxic arganic chemica) behaviar in the
aquatic environment resulting from loading pulses that cannot be modeled via
steady-state coce. .




Reégarding cthe chemica'l transport and fate processes cons‘cereq, TIXIWAS?
can account far volatiltization, photolysts, Rydrolysis, ox'cat‘on, d'olys's,
sorption on Hoth sediment and biomass, advection, and diffyston. . Sorption on
sediments ang D'omass s calculated assuming local equii‘tr'um ys'ng a
canstant partitton coefficient and spattally varying environmenta’ sr3anic
cargon fracstons, For each compartment, one differentia’ equatton for cthe
soilutant a'ssoived phase and one differential equation for the agsorbec shase
are formulated an¢d solved., As’ contrasted <o WASTOX (Connoi'ly "3E2}. the
effective first-order decay rate can vary with time.

fxchange Ddetween he water column and the bded can occur dy sett'‘ag or
resysoension of particulaces, diffusion (of dissolved Doliytant: Jeiween e
wdter 2olumn and the pore waster, Dy direct 30SOration/gesarstsa Detween Ihe
wacer 29 umn and the ded surface, anc Dy percolasion ar tnflit,ation. atintn
e Sed, the poilytant can mave  vertically Dy 3*Ffuston,  tyracver
"3'sperston), cercotasion, ang durtal,  Also wiihtn the Jed, :te ollgtane
cannot move horizon%ally (t.e., no ded load), 'n contrast with mASTIX.

nous 2arta Pecylrements

1nput recquirements for TAXIWASP? incluge:

) fxgnange tcefflslents detween I:imiariments csJCh 3§ SUilevi'in Telaeen
segmensts, w=ater COlumn and sediment, sediment arc wdie” ‘s Seq
material, .

. Segmen?t volumes and flows.

. Joungary ¢ongltions.

o Environmenta® and pollutant: characteristics such 43 number of

constituents, temperatyre, cloud'ness, bacter‘al pcoulat'on, diomass,
hydroxide lon activity, moliar concentration of ox‘dants, organic
carbon, pH, decay coefficlents, Arrhenius constants;: seconq-drde'
rate constants for bDlolysis in the denthic envitronment, octancl water
partition coefficient, Henry's - law constant, vapgger Jressure, and
solubiltty. . '

Quftputl Descripcions

" wMode! output consists of a listing of tnput cata and tabuiaiions g'ving
transport, fate, ang persistence of the chemical in all water and sediment
compartments of the water body.
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Adfancagés and limltations B .

TOXIWAS? ‘s designed for muiti-dimenstona!, time-var‘abie analyses, uys'ng
sophisticated organic chemical decay  kinet'ts. [% do0es 10 ‘ncordorace 3
hydrodynamic  s'myiation model; the user mus:t 1nput’ flows Detween
compar:ments.  Adsorptions/desorption !s ‘nstantaneous.

.

TOXIWASP ts 1n a developmental stage and as such has not deen app''e
valtgated yet. This may not bDe an innerent 1!mttation, since 2he 3
science of the model originates from ine £XAMS anc tne wAS? facxages ‘2 w
some application experience exists. :

.

TOXIwWAS? Z2ces not aczaount far cor-ezttve el

230 seQ'ment transzote
Jetween Limpartments. .

S'mitar $3 most other TocCels reviewes 'n th's cataizgue TIXIwASP tmoyt
requirements are no% easlly me: Dy routine’y ava'ladie 2ata

Model Applicatlions

TCXTWASP nhas not Deen acolled to a real gtiyation; Ncwever, ite
mode' nas seen acplled ‘n numeroys sttuations {see E£XAMS gesir-;isn, an
WASP oprogram, available since 1970, has bSeen appi'es n Tmore :n
enviranments (J17ora et al. 1981).

Resoursze Regulrerments ) : .

TOXIWASP 13 not an Interactive modeling package; rather, 't ‘s a sf3ncar?
software Dackage 1in FORTRAN, operational vta. a standard CRT wuavt or g card
deck. TOX[WASP requtires an [8M 370 (0S/MvS QOperating Sys:em),-or 3 PQP 1/70
(IAS Operating System), programmed, \n FORTRAN [Ve or FORTRAN [V. The firs:
_version can accommodate 100 compartments, the second S50 compartments., The 207
11770 computer utilizes an [AS operating system anc allocates a 12X «or3 (54K
byte) user area for executton of a program. TOX[WASP occuptes at ieast 22%
words of memory ‘n either macnine., Executlon times range from a few seconcs
to several! minutes, depending on the temporal and spatial resolution of the
environment anaiyzed and the machine ysed. At thig stage, it s estimated
that one to two man-months of effort are required to have an operationa’
model, with 3 rough understanding of 1ts overall benavior/performance. :
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User Suppor: Actlivitles

TOXIwWASP -is avalladle from <the EPA Athens Environmenta! Research
Laboratory " in a batch/tape version. To obtain the TOXIWAS? documentatio’
along with sample data sets and suypport software, write or contact:

Mr. Robert Amdrose

Center for water Quality Modeling
Environmental Research Laboratory
U.S. EPA, College Station Road
Athens, Georgta 30613

(404) 546-3546
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Toxic Jrganic Substance Transport and Bloaccumulatton Moge!
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Summary - " Capsule Swmary: TCXIC ,

The  Toxic  Organic  Substance | ' .
Transport and 9toaccumulation Model w Qudsl-dynamic. J-dimensiznal

(TOXIC) (Scnnoor and McAvoy 1981) 1s a cmpas Znent mode.l .
quasi-dynamic water qualilty moge! ® DJesigned for reserveir and
designed to simulate the benavior of | IJpouncmenl 4quatic systems

pesticides in 3 reservolr and Ddio- P FiIsl-ordes kinetics wii
concentration of pesticides 'n aquatie Slological degradacisn and
11 fe. “ | diouptake and depuralticnh

' .

The quasti-gynamic approach utilitizes: (') 'steady, annud’ aver3yge * e
{from Ja‘ly averages) for long-term simulations; (2) -stesCy, annyg  ave-age
flow-we'ghted solids (Ffrom dally. -suspended sol!'ds mMmeasurement:. anc 2
time.variadle toaxicant loaag'ngs

TAXIC Incluydes a rfoutine which calcuidtes 4 Mass Dalance In seCmenss ang
the adsorded chemical. Sediment deoosttion and scaur are tncuced, as e
diffusion of toxics from sediment sore water to the overlying water. ™a
moce) also computes contamindnt uptake and depurattion 2y fish.

s
e

TOXIC considers the aguatic system deing simulated as Dde'ng dtvides ‘asc 3
numoer of compartments {in one application af the model up ¢ 100 ¢ompartmen::
nave been utilized). E£ach compartment s considered to e 3 Compietely miiec
system, : ‘ ’

)

The concentration of the contaminant through time Vs descr'bDed by a-set of
ordinary differentia) equations, one for each comgartment. The Dasic eguai‘on
Is written to tinclude the sum of the First-order or pseudo-flrst orger
reactions (hydrolysts, dlological degradation, bliological uptake, photolys's,
and volatilization) as well as adsorption and desorption kinetics as a
function of particle size distridbytion., The coupled equations are then solves
via a vartadble step $ize fourth order Runge-Kutta numerical techn!que.

Input Data Requirements
The inputs to the model can be classified .Jer the following categories:
® Geometric properties, such as volumes of compartments, distances

between them, §urfate aceas, and Jocations with respect to other
compartments.
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. ° Flows Detween compariments and bDetween each <compar<ment and *he
* outside of the system,

. Reaction rates, settling rate constants, and partition coefficlenss
. Solids concentrattions n each compartment.
® Bulk dispersion coefficients between compartments.

e Simylation parameters such as step size and time of simylation.

T Queput Descriptions
Output Ffrom TOXIC tncludes:

® Solids balance description 1\st\ng the cbncentrdt\qn of the sol'ds 1n
the water column and In the sedi'ment,. and the net fluix Ce ween the
seg\ment and the water column over time

’ Dissolved, particulate, and. total concentration of tne <INtam'nén”
over time within each compartment. .

] Jescription of the inflow and outflow voiumes 47:3C°a%es w''~ eaL"
'ocompartment. '

Advantaqges and L.mitationg

TOXIC ts 'ntermediate bDetween Fully time-variable models (e g , #5Pf€; an:
steady-state models (e.g., EXAMS). Flows and sediment ioacds d4re steady-stacte.
while toxicant loading values are time-variaole. [t was designes a5 3
pesticide transport model to De applled to reservoirs and impoundments. i
addition to chemical reaction pathways, fish uptake and desuration (excret'on
"and metabolism) are included in the model. Previous models have not comdinec
fate and transport modeling with the bilological effect (dloconcentration).

TOXIC includes a - routine which calcylates a mass Ddalance c¢n
contaminant-sordbed and unsorbed sediments. Sediment deposition and scour are
also tncluded, as s the diffuston of toxics from sediment pore water to ne
overlying water. '

Coefficients and rate constants must be supplied by the wuser thus

requiring a working knowledge of kinetic processes, sedim:t transpor?
mechanisms, ‘and the ab!lity to adjust the model's comput~r code.
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The wmogei's s'mutactioen :aoaa=11t1es wad$ Jdes'Gned tc De appiteg 0
reservotr or ‘mpoundment aquat'c ecasys.ems and may therefore e unattract've
for use 'n sltuattans where myltiple aquatic systems (e.g., rivers, stireams,
and ‘mpouyndments) ex'st.

yser supbort for the model s rather l'mited. A user's manual s
unava!lapie at hls time and the mode] ‘'s not currently.sucportes Sy the
Center far sater Quality Modeling. ERL, USEPA, Athens, Georgla.

\
Hcdel Applicatlon

TAX!L has bDeen applled to lowa reservolr 33%a S0 $'Muldte tNe cemae':ic 3
the ‘ncecticice 3¢ e‘arsn and the herdictdes a3.acnh'ar ang atral‘ne ltescy
state anaiyses and quas!- dynam\c simutations W1®h timeisar‘ab'le ‘':at 3%
loadings were under* aken :

Laberasary measuyremenss far .alachior were uyted ‘n the mote’ Uuu’
«'%" gzod agreement Detween Toce) * predictions and measured cans
.atoratory -measurements were als0 uysed '‘n the at-mar'ae  ang
3muTacions wttn the "esu'ts we'!l «'thin an order of magn'tuige 3F e

“he :smputer csce far TOXIC 's written ‘a FIRTRAN. TLALD 3
1mpTementesd 1n.Q Batih mode on a 13M 30 - Qr a SC Pr'me system.  Ne ¢
over'ay casabiiltles are reguired, )

-

a De
F.02

-
-

User Surport Actlivitles

The uyser's manual for the TOXIC methodology 3Y$ not currently avat’'az'e,
nor 1s 1ts avalladility planned for the near fyture. However, c3D'es of ine
madel code (ccmputer tape) and technlica) assislance on applying the =cce’ <ay
be Jdta'ned By 'antact\ng

J. L. Schnoor

Civil and Eavironmental Eng1neer1ng
inergy Engineering Division
University of [owa

lowa Clty, lowa 52248

{319) 363-7262
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Channel Transpor? Mode! {CHNTRN)

Sunmary

The Channel  Transport Mode!
{CHNTRN) (Yeh 1982) was developed .by
the Environmental Sclence dtvision of o =ime.varying. I-d:imensional
the Oak Ridge Natlonal Ladoratory, Qak compaccment mode: .

Rigge, Tennessee, for the EPA's Jffice y models sivers. lakes. escuar:es.

Capsule Summary: CHMNTRN

of Pesticides and Toxic Subsiances. | coaszal waterss.

“he opurpose of CHNTRN 15 to s'muiate g cComprenensive secznd-order xinesics
time varying distridutions of | for organtes.

segdiments and chemicals .tn recelving Complex and data iatensive

walers, CHNTRN can mode . the r : \

transport ang fate of a pollutant in a

wige vartety of aguatlc systems, hat ‘!nclyce: ti¢a' an¢ nen-ttza” ~tsers,
‘axes, and reserviors, streams, estuyaries, and ¢castah seas. A Jartizutar
¢eatyre of CHNTRN 's 1%s capabtlity to dedl w'ih 3 networx System 2nat may
zanstst of any number of Jolme¢ and dranchec streams/-‘vers 3% :amsgras’a2
s*ze. CHNTAN, combined w!th the Channel wydrodynamic “ede®™ ([ IHNMYD: | ve~
1932) wh'zh  moceis the hycrodynamic computat:ons 0f ['Cws ars «dater cezing,
constitutes a software packxage for predicting the ranspert, :ransfer, ang
transformations of organic poilutants In a streams/river System.

CHNTRN can mode! complex problem set:ings hat can De aCcrox’matas '
l.gimensional segments, Modification of the  mode! 3 treat I. ang
J-gimensional pratlems Ys reiatively easy Decause of the ‘nlegrated
compartment approach. The spattal scale of segments can vary from mezers 3
kilometers, and the tempora! scale can vary from secands %9 hours.

CHNTRN uses the chemical kinetics of EXAMS (Exposure Analysis Moceling
System) to account for hydrolystis, oxidation, photolysis, wvolatiliization,
blodegradation, and adsorption Dy biota. Consequently, other dhys‘co-chemica!
factors (e.g., temperature, 00, pH) are also reguired. Sediment Iranspore,
geposition, ang scouring are simylated for three particle Sypes, canc, stit,
and clay. Provisions for adsorption/ desorption and pollytant aczumuiation tin
the ded sediment are Included. :

The mode)l code Ys In Dbasic FORTRAN language. [t consists of a main
orogram and 15 subroutines. The equations that govern the system's kinetics
are derived from 3-dimensicnal mass Dalance equations. An integrated
compariment method (Yeh 1981) 1s used to solve the differential equattens. |In
this method, the link matricec are derived bDased on the flyxes of mass alen~
each of the links that intert ‘ne the compartments of the river system. Th»
global matrix assoclated with spatial derivatives is assempled from these link
matrices, ’
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The resyit 's a system of ordinary differential equat'ons with respect o time
that govern the dynamic evolution of sSuspended sediment, Ded sediment,
dissolved chemical concentration, particulate chemical concentration, and ded
sediment chemical concentration. (hemical concentrations for doth the wat
column and bed sediment are solved Dy the time split scheme. Two options fe
solytion are drovided; one 15 the expiicit scheme for fast computation; the
second s the 1mplicit scheme which generates stapble solutions for large 'me
steps. -

CHNTRN user manual and documentatton are currently in graf® form ang ':
has yet to de field verified.

ZoPus Zata Requlrements

CHNTRN 3¢ & sophisticated mode! requiring extensive ga%a ‘'npgut. 3efare
CHNTARN can %e execyted, hydrodynamic vartladles such as flow rates, wate-
¢esth, ¢ross-sectional area, wicth, and we? Der‘meler must De oXta‘nec fronm
aceual 2acta Yf avallatle; i1f not avallable, this ‘nformation can Se est'mazes
gsing THNHYD, Jiner data input ingludes:

e fnvironmental parameters . ailr ‘temperatyre, SOidr rac'at'sn, w'ng
¢sseed, vapor pressure, water temperature, ext'acttor toeffritent, e
s0H, ox'dazion radicais.

i}

8tological iInformation - Sactertal populatton Jens'ty, >'slemoeratyre
far  ac%tivatton energy, and the Dbaclertal portlon ‘avoives 4
gegracation, .

o Coeffictents for pnotolysis, nycrolys's, oxtdation, dlocegraca:'s:n

Sed'ment types and distridutions.

e Transpor: Information - solids 1n water <column anc sediment,
sedimentation and resuspension velocities, partition czceffictents,
dispersive coefficients between phases, and volatilization rates.

e System geometry . areas, depths, volume.

e Sources and amounts of pollytant.
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Queput besc::g::ons

CHNTRN calculates and presents the followling for ‘nd'v*dua’ compartmenss
in tabular form: .

o Dissolved chemical concentration in the water column as & func*‘on af
distance from the Souyrce.

s Particulate concentration 'n suspended and bed seciment.

e Susdended sediment concentration anc amoynt of De¢ sec'ment rema'n'ng
'n a unit ded assoctation,

Advancaces ‘and Llimizaczicons

“he major advantage of CHNTRN Vg Y5 cazactcty Tz s'mlate t'me-vacy'og
distrtdytions In ail tyoes of water Ddocles. CHNTRAN  acgsunts fsm 2ot
advective and dispersive flows and the tota! fliux of ar acuat'c ssstem.  “he
chemical cinetics are the second-order rate expressions of IXANMS,

CHNTRN 's a complex mode! and as Such 'S wvery zasa ‘ntens',e
Cons‘cerad’e z'me miznt e ﬂee:ed far Zne acquts'ttcn 3f 23%3 ast reazt
avatladle. lomputattons for comdlex systems w'' 3350 requ're larze ameurts f
time for soutton, as 11 :ﬂe simy’atton executton time. ’

if hydradynamic ‘nformation s not avallable, 't can de estimates sy S'oge
using C(HNHYZ anc thenm suss'y!'ng She results o SRNTRIN. ATINOUgD SRNTIN oyt
»

not de Jef'ne¢ as ‘user-friendly®, ‘% Joes maxe Jravisicnsg % al'sw e gse-r
0 maxe some modiflications.

CHNTRN has yet %0 he field validated.

Model Applications -

CHNTRN Mmas been applied to two river networt sample oroblems <z-
demonstration purposes. The first sample 1s a single river system, anc zh2
second s a network of five rtivers, Typical data were used for <ne

simulations. In each example, the rivers are divicded yp 1ntc compariments

11-41




The first scenarlo produced seemingly wunrealistic results. Cioser
analysts of the inpyt data revealed it to be erroneous and Y1lysirateg che .
*gardbage ‘'n, garbage out® results. The second scenaric showed reasong
results for clay. stl1t, sand, dissolved chemical, clay-adsorded chemi¢
silt.adsorbed chemical, and sand-adsorbed chemical concentrations. B8ecause no
analytical soluttons were avallaple, 1t !s not possible to assess the accuracy
of the resylss by comparing them with analytical resuits., However, <he
resylts 1natultively Indicate that the model can realistically simylate <he
benhavior of the sediment and chemical vartations in a stream/river network.

Resource Reguiremencs

CHNTRN s written In FORTRAN [V and has Deen ‘mplemented 2n gn [2M 2032
computer. Simuliation exécution time may -de extensive.

User Suppor: Aczivities

Coptes of CHNTRN's draft yser manua! 4and documenzation as wei’ 3%

assistance may be obraineg¢ from: :
L ]

G. T. Yeh

gEnvironmental Sciences D'viston

Cax Ricge Nat'onal Lapcratory

P.Q. Box X

Oak Rigge, TX 33830

{615) 574-729§
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Fintte Element Transport Model (FETRA)

Capsule Swrmary: FETRA
Summary : ' ’

The Finite Element Transport Mode! b
(FETRA) 15 a Sime-varying, 2-dimenstional t
!

»

+

Time-varying 2-dimensional i
lengltudinal, lateral,

Complex sediment Iranspor:s

capabillities.

Comprehensive seccnd-orier

kinetizcs for orsanic zecay

River, estuary. and coasfa.

(longitudinal and lateral) transport
mode]l developed Dby 8astelle 2acific
Northwes: Laporatortes. FETRA utilizes
d fintte element solution techanigue and
zansists of <three submodels coupled to

simylate the transport of sediments and systems. . .
contaminanss ‘n rivers and escuaries :
througn the

mecnagnisas of  advection, giffusion/eisperston, agsorztion/sessrotton, 3=2
degracat‘cn/cdecay. FETRA can. be applted to rivers, estuartes, z2z3s%ta’, a2

dnsatratifled “ane systems.

The seaiment t-anspore sutmoce) - simulates sediment .mcvemens f3r  trmaa
sed'ment s'le  fractions or sediment ‘tyges. This submece!
mechantsms of: (1) advection anc gispersion of sediments, (2} fa°’
cohesiveness, and (J) depastiton or erosien from the ded. It 3
¢hanges in bed congitions, includ'ng Ded elevattionm c¢hanges cue ¢
desQsttian, and gives a J-dimensiongl disiridution of sed'ment s':
Ded.

The dissolved contaminant transport submade! s'mulates *he 2'sso’
contaminant Interaction with sediments !n motion and with stationdry
sediments. The submodel 1includes the mechanisms of: (1) acveztion
diffuston/dispersion of dissolved contaminants; (2) adsaerption of dissa’
contaminants Dby both moving and stationary sediments or desorstion fram
sediments into water; and (3) c¢hemical and Ddioclogicai degracation
radionuclide decay of contaminants.

"%

FE RN TV RN § IS
LA B B}
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-

The particulate contaminant transport submodel simulates *he transpor: of
sediment-attached contaminants for each sediment size Fraction. 1t tncludes ihe
mechanisms of: (1) advectlon and dispersion of particulate contaminants; (2)
adsorption/desorption of dissclved contaminants with sediment; (3) chemical and
blological degradation or radionuclide decay of contaminants; and (4) degoesition
of particulate contaminants on the bed or eroston From the dDeg.




Twe temporal scale of FETRA s on the order: of mimytes *2 houyrs.
Hygrodynamic d¢ata are sypplied Dby exterior modeis such as CAFE-I (ocean
currents) and (330 (wave refractions) for coasta) waters applicatiang, ang
EXPLORE-] fvelocities and Flow depths) for estuarine and riverine application

EXPLORE-{ s a comprenensive mathematical water qual'ty model! to be uysed
‘n river Das'n planning and water resource studles. This generalizegd river
Dasin water gquallty mode! can pregict the hydrodynamics 3nd water qualtily
dynamics f¢or rivers and well mixed estuaries. The EXPLORE-I moge'! ‘s an
extencded and modi!fied version of the Storm wWater Hanagement Mcgel, recelving
water zzmponent, which was developed for $tudies of J30/8C0 3Jyramics. The
mode! 1s capadle of simylating a number of nhydraulic regimes 'n e'ine- a
dynam'c or steady-state mode, and 1t nas deen set up, cai'brated, ang ver‘‘lez
on a sorlton of the wWilllamette Rver Basin, consisi'ng of major triSytar‘es.
IXPLIRE-] was developed by 3attel'e-Northwest lLadoratories for the EPA.

The ‘nput daca requirements for FETRA are qgutte extenstve. “he nr
sutmode! 2at3 regyirements include:

e Zaommon 2ata recuiremencs far alil the sybmecdels:

- Channel geometry.

Discharges during the simulation pertad

Jtscharges of tridutartes. overland ruyncf®, and other so'nt anc
non-point sources.

Lateral and longitudinal dispersion coefficients.
e. Additional Aequirements for .sediment transport sudmodel:

Sediment size fraction.

Sediment density and fall velocities for sand, silt, and clay.

Critical shear stresses for erosion, ancd deposition of cohestve
sediment (st ang clay).

Erodidility coefficient of cohesive sediment.




- Sediment cancentration for each se¢'ment s'ze fraction.
- Bottom sediment size fraction. .
- Sediment concentration at the upstream end of the study reach.

- Contridbuttons of sediments Ffrom over 1lang, triductartes, ang
other point and non-point sources. :

e Acditlonal requirements for the d'ssolved contaminan:  ang
sarticylate contaminant transpore submogeis:

- Distribytlon coefficlents and transfer rates of :zantam'nan:
with sediment ‘n each sediment §‘ze fraction (' .s., sanc, s*i¢<,
and ¢lay). [¢ values of d'stribut'an coeff'cents are npo:
availapble, 1%t s necessary o know C'ay minera. an¢ organic
seciment content to estimate these vsalues.

- Secanc-orzer Zecay rates af ccntaminants

- 8cundary congittons.
- Lontrtinyttors of aissolved ang carticuace tIntamieane

concentratlons f-om tridytaries, cve-'andg, 4nd Sttes Sotnt o ang
non-gotat sources.

SUlEyL Sescriztlons
wiih the l1npyt cata cescrided above, FETRA simylates the Foi'lcw'ng:

o Seda'ment simulatton and longitudinai/tateral distrilut‘sns  of
total sediment and s1ze Ffractions and changes in ded eievat'on.

e cContaminant simulation and longitudinal/lateral gtstridytions ~of

dissolved contaminants, contaminants adsorbed by sediment and tin
the dDottom sediment for each sediment size.

Advantages and Limitaclons

FETRA 1s dgesigned for time-variable analyses of 1- or 2-dimens‘onal
{(norizontal) water Dodies. [ts sediment transport royt'‘nes are
sopnisticated ang will predict the resuspension veloc!tles and be¢ ‘oad
given the sediment and hydrauylic characteristics. The model can Dbe
coupled with a nhydrodynamic model 1In order to generate ilows and
“velocities.




inDut cata requirements for FETAA are extensive, and compuzat'ona’
ttme for long term continuous simulations may De nigh.,  Resource
requirements for set up and execution are expected to De substanttial.

FETRA cannot discern water body stratification.

fnodel Applications TizuTe .

FETRA has Deen applied to the Ry
-ames  3tver estuary In Virginta | A b
{Ontgnt 1981) ang to the !F1Sh’ Sea E}‘-- o ML DO 108 SHT e, ROER?
(Cn*snt et al., 1982). The purdose of  s& _° B aats e o
the James River agplicatton was %o iv .
s‘mylate seciment movement and che S
transport  of the opesticide Kepone Ha, L mea
wP'Ch wd$ d'scharged to Ne river n F RS N C SR
substantial  guantittes  during  the Lo -
ear’y '37Cs.  The purnase of the [risn e T
Sea  aop''cation  was  to  evaluate nen i omerree
exdosure  ‘evels of radionuclides, Cmring
neavy  metals, ana  other - toxic . N
themiza’s 'n codstal waters. Resulls Trre T ety srige mre amtbet ot

" 2¢ the [-'sh Sea application have no: LTINS
1et Teen ubllished. A qgiscuss'on of ;..., $ o102 8a%s 108 getougt rast tar
"the James R'ver applicatton follows. joes  TTOETETT
i"" ’.”0 Themcl

"he James R'ver application was 4 3::: - ~ . T
ta'*hracton ang vertficatton study of e et TN
FLTRA. Sec'ment ransport was modeled 0 ’
for three segiment types: (1) cohesive e maaz.s S = - o
{s11t and clay): (2) - noncohesive » W w w N MW oW ew W
(sand). and, - (3) organic matter, mrassaemna

“hese results (see Figure 1) were .
compared o fleld data which Indicated ‘that a consideradie 4mount of

-particulate Kepone was transported Dy organic matertals moving ‘acependent’y
- with other sed!ments. Predicteg particulate Kepone concentr-at'ons 3¢s5a¢'ates

with each type of sediment and weighted average particulate Kepone are shown
together with measured fleld data of average particulate Kepone concentrations
tn Figure 2. The computed resylts and the field data closely agree in doth
Figures,




Resource Regquirements’

The computer. program Ffor FETRA 1s writlen tn FORTRAN [V language. FET2A
can be used on [BM, VAX, or CDC-7600 computers. Execut'on t'mes anc =un costs
vary, depending on the characteristics of the system %o e modeleg. Ffor the
James River application, computer timé required to calculate a'l seven
substances per computational mode per time sten was 0.0028% ¢co second 2n “he

C0C-76Q00 computer,

.

User Supoort Activities

The user's manual and system documentation are s:'!! ynde=30'7¢ -ev'ew i3
UStPA and are ngt yet avallable far osudblicactton, “we TLTIA wgge -
operational, has Deen Iimpiemented n selected appilcat'ons, anc ‘s ava‘'as s
to the pudblic. ' ‘

Mogel ‘nfarmatton can de cbtained Dy contace'ng:

Yasuo Ontsht . .
Batcelie - Pacific Northwest “Laboratortes
Riehlang, wasningion - 99152

FTS 444.83C2 CCM 509-376-8202
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Sediment-lontaminant Transpor: Model (SERATRA)

* N 1
Swrmary Capsule Summacry: SERATRA :
The Sediment-Contaminant Transpore ; ' l
Model (STRATRA) (OnYsnt and Wise 1982a) ‘s L ... . 0. 0 2 uimensiona: |
4 t'‘me-varying 2-¢'mensional (longituginal l ;:;n ‘cudingl ,,;..cdi.' .
and vertical resolution In  the water L on8 RO aneport .
ofumn and bed) sediment and CORTAMINANG | o 5 p 0 058 ?
transport Tode! developed Dby Battelle- L oo renensive second-order
23c'ftc Noritwest Laboratortes. The model kinecics - : i
oredicts distridbutions of - sediments  and h:ver. lake and “lmpoundment
¢3x'c contaminants in  rivers and some systems ‘ ' ‘
‘mpouncments. The model consists of ihe yare ¢
¢3°"cwing three coupled submodels *— 4 ' '
«N'ch deszrite sediment.contaminant  ‘nteractions and migraticn: ' 3

sec'ment transsort submodel; (2) a dissolved cantaminant t-anstor sutmoce |
ane {3} 3 cart'culate contaminant transport sudmodel.

The sec'mens transpor: suamodel s'mulates transhort, Zegostiion, lluttng
ang armour'ng far three size fractions (or sediment types) of cones‘'ve 4nd
agncghes've  sed'ments. The <ransport of oparticulate contaminants (' 2.,
ssntaminancs assoroed Dy sec'ment) s also simulated for each s2¢'ment stla2
S'sso'ved contaminants are linked By the adsorption/desorptlon Drocess 3 tne
sed'ment and parciculate cantaminants. The coqtam\nant syomodets account for
“1) advection and dispersion of d'ssolved and particylate contam'nanis; 2,
znemical  resulting from hydrolysis, ox‘dation, Dpnotolyst's, Dloiogical
activittes, andg radionuclide decay where applicadble; (3) volattitzation; (4)
adsorption/desorption; and (S) depositiofh and scoyring of particulate
zontaminants, SERATRA also computes changes In riverbec¢ 'zanditions ‘or
sediment and contaminant distributions. '

Required npyt 1includes channel and sediment characteristics and
adsarption/desorption properties of the contaminants. In addition, SERATRA
requires ¢ischarge and depth distributions which can be oDtatned by 2
nydrodynamic model such as EXPLORE-I. EXPLORE applications for use with
SERATRA do not regquire reprogramming; Hhowever, some reformatting and
recalculation of the tnput parameters may be required. EXPLORE 1s discussed
in further detall in the FETRA summary.
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SERATRA 1s similar to FETRA in that doth consist of the same three csup'ed
submodels; and provide time-varying, 2-dimensional transport simulatton using
comprehenstve second-order decay kinetics. Both provide longttucinal
resolution, whereas the other dimension Ffor FETRA s lateral ratner than
vertical (as 'n SERATRA).

Input fata Regqulrementcs

SERATRA cansists of the same *hree coupled submogels ¢hat camprises FETRA
.ang therefore requires 1dentical Input data. Refer to the FETRA summiry for
giscussion of SERATRA'S input data requirements.

Cuspuf Zescripcicns
SERATRA  provi'des cutout identical to the FETRA  oytoyt excent ttal

long*tueina’ an¢ verttcal, rather than long'tuydina’ ang lateral, ¢'sis-'zytises
anc resolution are provided.

Acdvancaces and Llimltazions

Ltke FITRA, SERATRA provides the capadbility of simyiating the I:zmgex
mecnantems  ‘nvolved In zantaminant migration Dy coupling contaminar:
transport anc degradation with sediment transport. SERATRA aisgo’ nanc'es
time-var‘adle analysls of stratifted (2-dimensiona’) water boc'es.

Agsorption/desorption mechanisms are expressec by a distridutien
coeffictent and a transfer rate which describes the rate a "whi¢n
dissolved and particulate contaminant - concentrations reach thelr
equilidrium conditton., Unlike most other models, SERATRA ‘uses atifferen:
distribution coefficients for adsorption and desorption and treats
adsorption/desorption mechanisms as not being fully reversidle. '

SERATAA requires extenslve Inpyt data. which may 1:mit tts
applicapility. " It also requires rather extensive computer time, 1n which
long-term, continuous simulations can be expensive.

[[-49




The model cannot be applled to estyary systems Decause longitudinal
diffusion s neglected and lateral sediment concentrations are assumed to
be wuyniform. However, the model does handle vertical variations of
longitudinal velocity to cause some longitudinal dispersal of sediment.

SERATRA requires an extertor hydrodynamic mode! to supply required
Rydrodynamic ¢ata. EXPLORE applicattons require adjustment of several
parameters for use with SERATRA.

mModel A catlons

SERATRA has Ddeen applted under Doth steady and unsteady flow
congitions and has ‘also undergone fle)d applications with calibration and
vertfication data {Cnish) et al. 1982). Alse, SERATRA has Deen field
tested as an Inteqral component of the Chemical Migration Risk Assessment
(CMRA) ®ectnodology (Qnishi et al. 1981).

under steady .flow conditians, SERATRA was applitea o the Columpta
River 1in washington and¢ the Clinch River in Tennessee (Onisni et al.
1982). The (Columdla River application simulated the ‘transport of
sediments, radicactive 65In, and 3 hedvy metal, The Clinch River
agplication stmylated ingtantaneous and, cont‘nuous reieases of
radioacsive 137Cs and 90Sr. Reasonably good agreement delween predicied
ang measured results was obtained in both applications,

Under unsteady flow condittons, SERATRA was dapplied to two small
streams with rapidly changing flows (Onishy et al. 1982). This
application simylated migration and fate of & pesticide and stream
sediments. No measured fleld data are availadle for comparison of the
model's predicted results.

The calibration and verification application of SERATRA simulateg the
transport of sediment and four radionuclides In the Cattaraugus C(reek
watershed - in New York {(0Onich) et al, 1982). Althaugh there were some
discrepancies bDetween predicted and medsured valuyes, considering the
complexity of the modeling system and Fleld data accuracy, agreement
Detween predicted and measured results were judged to be reasonable.

SERATRA, as part of CMRA, was applied to the Four Mile Creek
watershed in Iowd for a three-year fileld study (Onishi and Wise 1.82Dd).
Migration and fate of a herbicide were simylated in this application.
“frelation recllt. revealed a strong seasonal pattern of herbicide

“transport.
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Resource Aegulrements

The computer program for SERATRA s written in FORTRAN preprocessor
language, FLECS. A standard FORTRAN IV version of SERATRA s also
available. SERATRA can de implemented in a bDatch mode on VAX or PDP 11/70Q
computers.. Execytion time and run costs vary, depending on the
characteristics of the system to bde modeled. One cost estimate s
$0.0088 per time step per segment. As part of the CMRA Methodelogy, four
man-months were estimated to be required for the SERATRA component to be
implemented at a cost of approximateiy 3100 to 3200 per rum pDer one year
simylation (for all four of the CMRA components). This Sime est'mase ‘s
based on the following assumptions: (1) all data necessary C mee: %hne
fnput requirements are avallable; and (2) qualified personnel are
availadle to implement the mode!l. .

Coptes of the user's manyal are avatiadie Ffrsm ORD Pyupitcastons,
Center for favironmental Research Information, USEPA, Ctincinnast, Tnhipo
45258 {telepnone 511/684/7562; ask for publicatien EPA-BAC/3-82-34%)

User assistance can be cdtatined Dy contacting:

Roper: Ambrose

USEPA '

EPA Athens Environmental Research Labaratary
Center for wWater Quality Modeling

Athens, Georgzta 30613

(404) S45-3546

Mode! iInformaticn can be obtained Dy contacting:

Yasuo Onishd
Battelle Pacific Northwest Laboratories
P.0. Box 999
~Richland, washington 99152
{S09) 3176-8302 .

The SERATRA mode! 1s operational, has Deen implemented in selected
applications, and 3s available to the pudlic.
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" Transient’/ One-0'mensional (egradation and Migration Mode!l {TODAM)

.

Summary

The Transient One-Dimensiona) Capsule Summary: TODAN

Degraqation and Migration Mode
(TOOAM) 5. a time-varying, 1-dimen- |
stonal (longitudind)) transport model
developed by Battelle Pactfic !
Northwes?t Ladboratories in Richland, L
Wwashington. TODAM inclydes the long- °
1tyginal  dispersion term and can

Time-varying, l-dimensionral

Complex sediment transport
capabdtlicies. ’
Coaprehenslive second-crder kinetlics
r River and estuidry syszems

nandle river/stream systems
estuartes, and ary bed conditions. The model 1s suttadble for many rtivers
where vertical stratification is not a cancern.

TODAM s a modified and simplifled version of the 2-gimensiona’ tramdse~:
medel, Sediment Contaminant Transport Mode! (SERATRA;, alsc zeveicoes v
gattelle. TODAM s composed of the following 2hree submoge's combinec 3
descride seciment-contamingant interaction ang migrazion:

0o Sediment transport
o Dissolveg contaminant transport

o Sorbed contaminant (contaminants adsorded Dy sediment) ransport

These submodels salve an advection-diffuston equattion using a finite e‘ement
solytion technigue with decay and sink/source terms with appropriate inittal
and doundary conditions.

The sediment transport submodel simylates transport, deposition, ang
erosion of three sediment size fractions (or sediment types) of cohesive ang
noncohesive sediments. The dissolved contaminant transport suomodel includes
mechanisms of contaminant adsorption/desorption, as well as radionuclide decay
and contaminant degradation resulting from hydrolysis, oxidation, photolysis,
volatiltzation, and Diological activity. The particulate contaminant
transport submodel simulates transport, deposition, and eroslon of
contaminants assoclated with each sediment size fraction.

TODAM 1ncludes the mechantsms of advection and diffusion/dispersiun of
sarbed contaminants; adsorption (uptake) of dissolved contaminants by




sediments ogr desordtion from sediments: radlonuclide decay; deposition of
sorbed contaminants to the river bed or resuspension from the river Bed; and
contributions of sorded contaminants from point and non-point sources into the
system., TCDAM also compytes changes in river bed conditions, incluging bed
elevation, sediment siZe distributtion, and sorbed contaminant. gdistridution
with'n the Dbed. .

An exterigr hydrodynamic model, such as EXPLORE, or the Qistriduted
X‘nemat'c wWave %odel for Channel Flows (OXWAV), 1s required to provide channe!
£ ow, Zross-sectional area, depth, shear stress, and wetted Dertmezer for yse '
sy TODAM. Reprogramming ts not required if either EXPLORE or OKWAV s used.
XPLORE appltcactions require some reformatting and recalculatieon of tnput
saramesers; whereas, OKWAV applications can be directly tintegrateq far uyse
with T20AM,

OXkwAY, also developes Dy Battelle, s an unsteady, !'-dimensiona’,
second-order, explicie, Ffinite-difference ~model which simylates  the
nygracynamics ‘n dendritic river systems to odtain time varying gistiriduttons
3f destn and ve'ncity 'n a channel. The model, which can be easily compined
w'th overland flow models, routes flows through arditrartly shaped channeis *'n
«Nich the channel resach 13 ¢iviged into sections Ddounced Dy doints cal'ed
“q0des*. Flgw routing 1s performed frsm node to node By & marching solulton.
*ne aguations 2f mMoIion with the kinematic wave apfroximation dre numer‘caily
ana'yzed via a moaifled version of the QLax-wendroff, secong-.orger,
frntve.gifference scheme. Numerical stability 15 basea ypon 2he (Jgurant
sapgizians.  99i1nt Inflow or continuous (or both) lateral ‘nflow s inc’uded
‘m wh'ch point Inflow occurs at nodes or continuous lateral inflow occurs
sesween acces. Assoclated with each channel sectlon 15 125 own seesage
+2'2¢*ty. A cross-sectional’ area versys discharge relationship extsts for
each segment Jetween nodes. Based on this relationship, other characteristics
sarameters (fiow denth, wetted perimeter, and so forth) of each secion can
diso be obdDtalned. Each channel section retains ts. own Individual
characteristics, which Include a roughness parameter, lateral or point inflow
rates. slope, seepage velocity, and natural cross-sectional shape.

The EXPLORE mode) Y5 discussed in Ffuriher detat! in the FETRA summary.

Input Catd Regqulirements

The following items are input data requirements of TOOAM:

e Channel geometry
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o Fiow characterfistics

- Depth and velocity gistributions
¢ Sed'ment characteristics
- Sed!men:-size gistribution
‘- Qensity

- Critical shear stresses and erodibility caeffiztent far cches've
sediment ' ’

o Contaminant characteristics
- QDtstridution coefficients

- Transfer races

Decay and cegradation’ rates or assoclated parameters

In1%1a} condgitions

3

Soungary condiztons

Culput Zescriptlons .

With the tnput data described above, TODAM pravides =he ©0.isw'ng Julsul.

1. Sediment simulation and distributions of total sediment, ses'ment s'le
fractions, and changes in bed elevation.

2. Contaminant simulation and ydistrjbuttons of dissolved contaminants,,
and concentrations adsorbed Dy each sediment s$iZe and within tNe ded,

Advarzaces and Limicaclons

The major strength of the TODAM model s that lixe FETRA and SERATRA, ¢
nas very saphisticated sediment resuyspension ana bed load preqgictive
capabilities. 1Its l.dimenstonal framework makes TODAM more tatlored 0 river
applications. TODAM'S kinetics are comprehensive second-orger.

Also, TODAM can handle reversible flow and dry bed conditions. TODAM, as a
simplified vo.rsi~n of SERATRA, can be substituted for SERATRA 1In estuarine
applications.
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TO0AM reguires extensive input data and computer time. The model! zan De

_used only 'n 1-dimensional applications. .

Model Applicarions

TOOAM was applied to Mortandad and South Mortandad Canyons in New Mex'co
o estimate in-siream flow,:  sediment transport, and racdionuclide. transpor? 'n
tntermitient streams. _Transport of seven substances was s'mulated: sang,
silt, clay, dissolved 233 py, ana particylate 239 Py agsorsea by each ‘type
2f ‘sed'‘ment. Results ‘tndicate that the grid size was %00 ‘darge anc sraguces
nume”tcal approx‘mations. that were 00 Coarse %0 00%a!n acgtyrate soiul'chs.

Aesousse Requlirements

The computer oragram for TODAM 1s writlen 1n the FIRTRAN Jrescacecssce
‘arguage, FLECS. A 'stancar¢ FORTRAN [V verstign of TOCAM ts a'sgo ava''ac'=
"IZAM zan he Implemented in a datch mode on YAX or 2DP? 1/°) zaomoucters
txecut'on t'mes ang run co$ts vary, desending on .the charactertsiics oF nme
cyetem T3 be mode’ed o

;| oL

L3mr SuspCsT ACtiviiies

The yser's gu'de and system documentation are ungergoing ~fv'ew 3 USg2A
anc are "70% yet avallable far oublication, The TCDAM moce' 's 1a operat‘'on,
=3t Zeen 'mplemented In selected applications, an¢ ‘s avallialle o the sud''s

wore i1aformation on thts model can be obtained Dy contac:'ng:

Yasuo Onisny

Battelle Pacific Northwest Laboratories
P.0. Box 999 : '

Rtchlang, washington 99352

(509) 376-8302
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Mydrolagical Stmylatton Program. FORTRAN {HSPF)

Summazy : Capsule Summacy. HSPS

The Hydrological Simylation .
Program-FORTRAN  (NSPF) (Jonanson et |, rime.yariable. !-dimens:cral model-
al. 1980) ‘s a sertes of fully | for néh-c:ddi zivers and laxes
integrated computer codes capable of 1 Systemat:ic medulaesr fremewcci
stmulating watershed hycrology and the | ,ir0ns o variecy of speraciag
Senavior of convent'onal and 3rgaNNC | noges. including conifucus,
Doiiutants 'n lang surface runoff anc '

! hydrelcgic simulation
rece‘ving waters. Stmulations are 'y comprenensive second-orde:
Jerforme¢ on 3 time-varylng, 1- kinecics f5r ocsanics decay
d'menstond’ das's ang can de performed 1y gireum roucing uses k‘neﬁdz" a0
far streams and non-tigal rivers and approximation T
tor we'l mixed, non.strat\fled reser- | ‘para incens:ve
voirs. . -

4SPF has deen mocifled fram the original verstan, wh'ch zons‘gerec sl
-crvent'oral poliutants, to an updated wverston wn'In a'is ¢ -
chemica: processes assoctated with the simulation of -grganic
Kinettc processes for organics Include Nhydrolystis, oxtgatlion,
volatilization, and dlodegradatton. A generailzeq first.order Jecay
included for sarbed substances. Ffurthermore, up to three gsrgan'c 29
can de s'myiated at any one time; up 'to w0 may De “33ughter® In
Jraduced fram the °parent® chemical (or the other “zaughter”) Dy anry 2
the Jegracazlon processes,

Sediment transport, depositian and scour are modeled for sand, s¥it, anc
clay particle sizes; adsorption/desorption rates .are compyted for each s'ze of
suspended and bed sediment. )

The model Incorporates structured orogramming and top-down design for a
set of Integrated modules wnich allow for the contiayous stimulation of
nydrologic and water quality processes. HSPF containg three application
modules: PEALND, [MPLND, and RCHRES. - It contains filve wutility mocules:
CCPY, PLTGEN, OISPLY, OURANL, and GENER.

The watershed hydrologic algorithe: follow the assumptions made in the
Stanford Watershed Model. The dynami~~anu continuous processes that affece
the storages and outflow of pesticides and nutrients from agricultural landgs
are derived from the Agricultural Runoff Mode) (ARM), and the tand surface
washoff algorithms are from the Non.point Source {NPS) Model. Stream routing
uses the kinematic wave approximation, and the water quality algorithms apply
second-order kinetics to a finite difference solytion technique.
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Seg'ment-zontaminant  runoff contridutions from rurad and uyrdan lang
surfaces can be simulated through the execution of the apprapriate non point
source mocdules (user-specified) contained in the model coce. These modules
oredict sediment-contaminant loadings assoclated with pervious and ‘mpe-vious
‘and surfaces as a function of snow accumulation and melt, sediment prodyc?’an
ang -emova', sediment.contaminant relationships, water 3Sudget, ang¢ sot’
‘nfiitration rates.

The PE3LN0 module simylates snow accumulation and melt, water wgvement,
ersston pracesses, sCour, and water quality 'n a pervigus lang segment o'
nomogeneous Mydrologic and climatic characteristics.

»
far ‘mpoervigus 'and segments where l11ttle or no Infilt-attan 3czurs.
modyie MPLND can be appliled.

Mggy'e ATHRES s'mulates the processes that ocCur 'n a s'ngle - inc
sne “eve' 3f  ngerly'ng bed seqd'ment)! of an open ¢hannel or & IImpleta’y Mmra2e
‘ake.

TRe yt'l'ty modu'es are designed to oprovige flexidillty 'n marag ag
st=gTattan tagut and output. LZOPY s ysed by the yser to change. the fcem of
*me t'me sertes. A S-minyle rainfall record may bDe daqgregated 0 an nourly
ttme ‘nterval for exampie. The PLTGEN module creates a spec'ally ‘o-maitec
cegmenta’ fi'e for later access by a stand-alone plot pragram. DISPLY tak2s a
*'me ser‘es anc summarizes %the cata 'n 3 formatted table. OQURANL compute
sever3’ §t3t'stlcs on a time ser‘es. The GENER mocdule ‘s useg 3 tramsfa-m
s me ser‘es 0 produce a new series or 0 compine two time ser'es 3 create
new one.

é
d

An . ‘nteractive editor o prepare input seguences for HSPF ‘s unger
development and will be avallable from the Environmental Research lLaboratary,
Athens, Georg'a. ' :

saput Zdta Requlrements

by

If fully implemented, the HSPF methodology requires an extensive amount of
inpyt data. However, 1f not 311 modules are selected for wuse 1in the
simylatton by the user, the amount of input data wil) be reduced accordingly.
furthermore, many parameters may be defaulted, but default values are not
provided fg- the more sensitive, site-.specific parameters. The time series,
constant parameters, and water quality \nput requirements include:

o Time series 1inputs which include: alr tiaperatuyre, precipl.

. tation, evapotranspiration, channel inflow, surface and
.groundwater iInflow, and wind movement.

*

[1-58



v Constant parameter inputs wnich include:  channe' geometry.
vegetative cover index, surface detention storage, grauncwater

storage volume, soll motlstyre content, averland f’ow “siope,

snow-pack data, tnftltratioa index, and ‘nterflow incex.

e Land seciment factors:. soll detachment coeffictents, sediment
inflyx, surface cover, sediment washoff coeffictent.

e So11 ‘temperature data: atr temperature time <sertes, <'ope anc
intercent of land temperature to a'r temperature ecuat'cn.

o OYssolved gas In land water: ground e‘evallan, ‘nterfize anc
- groundwater 00 and C0; concentrations. '

¢ Ouality constituents assoclated w'th sel'ment. wasicd’ sctanly-

factor, scour jotency factlor.

s Quality constttuents concentrations 'n nterflow ane g-surdwdte’

-

® Agrichemiial aua’lty constiliuents: solute ieach'mg “acidcs, ot
layer centng; 5317 densities; anc pesticlle anc nut-ttent sgopUtan
parameters, soludility factors, degracatian rates.

e Impervicus ‘and Qqualtly factaors: surface runoff cemcva: -~ates,

s0lice wasngft zzefficlent, rate of $cl1'32s placement 3aac Cemgea’
on surface, anc overland fiow Dorne jollutant aciumuiater anc
storage rates.

‘tpres
[T

o Reach and reservolr water guality charactertstics, cce€f's
ang rases. ‘

Quzput Description

HSPF oulput comsists of multiple printouts 1Including system state

variables, pollutant concentrations at 3 po'nt versus time, and yearly

summaries describing pollutant duration and flux. The mode' a’so
includes a frequency analyses whiCh pravides a statigtical summary of
time-varying contaminant concentrations and provides the 1i'nx DJetween
simylated Instream toxicant concentrations ang risk assessment,
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Advantages and lL.mitations

HSPF 1s gesigned for year.around stmulation of river Basin hydrology,
pollutant runoff or discharge, and receiving water quality. I%s modular
structure dllows 1t to. be readlly used tn more restrictive ways, using
streamflow and effluent time serles inputs, without the compliicaticns of
applying the rainfall. rupoff simulation mocduile. HSPF provides a
frequency tstridbution summary of the output, theredy oproviding a
year-around derspective.

The sediment-contaminant kinetics raoutines have tnhe same genera’
characteristics as other complex water Qquality models, however, tke
EXAMS 1¢ has the acded capabtlity of simulating the oroduyct*an anc
tnteractions of contaminant daughter products.

HS?f .contains a code %0 calculate the fregquency of occurrence anc,
duration of conzaminant concentrations in the recelving waters.

1-d'mensional adproach to pollutant simuiat'on, HSPF

Secause of 3ts
stratification 'n the walter column and ded sed‘ments.

does not discern

The model’'s ¢a3de has been optimized for both minl. and ma‘nframe
computers. On minicomputers, usage of direct access flles s max'm)led
on ma‘nframes, maximum use 15 macde of fast memory and di~ect acgess ./C
1s min'mizegd. Verstons of HSPF are avalladle for both types of systems

Jata reguirements to implement HSPF are opotent'ally. exilens'!ve
{depending on the application modules invoked) and may, therefore, result
in high data production costs and significant manpower requ'rements.

Model Appllcacions

HSPF has Deen applied on numeroys occaslons where an evaluation of
dest management practices (BMP) for controlling non-point  source
poliytian From suyrface land runoff was needed. In this context, the
mode) was applled to the Occoquan River Bastn In Virginia %o project
long-term recelving water quality Impacts’ from existing and -future tland
yse patterns; the Clinton River Basin In Michigan to evaluate a proposed
floodwdy, estimate the impact of developing wetlands, and investigate
various lake operating procedures; and varlous EPA studies to evaluate
1ts applicatton and use as a planning tool in determining agricultura)
BMPs . :




o

Resourze Regulrements

< HSPF requtres a FORTRAN compiler that supports direct access /1
Tweive external files are required. -The system requires 129K Odytes of
instruction and data storage on virtual memory macnines, or about 259K
bytes with extenstve overlaying on overlay-type machines. The system wa$
developed on a Hewlett-Packard 1000 minicomputer and has been ysec an -3M
370 ser'es computers. [t has Deen installed on the following systems:
I8M, DEC vAX and System 10/20, Prime 350 and above, Jata Genera: “v4200,
C3C Cyber, HPIO0O0 and HPIC00, Burroyghs and Hare's. Installatcn v0%es
are avatladle for spectfic machines. : . ' ,

UYser Suzport Actlviries

Water Cuallly Mcdeling, Environmental Research Ladoratory, USE®A, C:''eqe
tat!cn Rcad, Atnens, Seargta 30613 (telephone 44 $46.2533) . :

4SPf s 'n the pudl'c doma'n and can De cbtaine¢ from the ({anter far

Jser assistance can be gsbtainegd Dy coantact'ng:

Thomas 3. Rarnwel’
U.S. €avirgnmental Prctection Agency

favirgrmental Researcsh Ladoratsry ' . : ‘

ollege Station Road
Athens, Geargla 230613 : . - *
FTS 280-317%  CCM 404.5456-2175 : o
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