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MEMORANDUM FOR: Malcolm R. Knapp, Chief JPohle
Geotechnical Branch PDR
Division of Waste Management

FROM: Richard Codell
Hydrology Section
Geotechnical Branch
Division of Waste Management

SUBJECT: ATTENDANCE AT AMERICAN GEOPHYSICAL UNION MEETING

On May 14, 15, and 16, 1984, I attended the Spring Meeting of the American
Geophysical Union in Cincinnati, Ohio. I spent all of Monday and Tuesday,
and half of Wednesday, in sessions dealing with groundwater hydrology and
transport. Many papers in these sessions related directly to waste repository
problems. Abstracts for these sessions are attached to this memo.

On Wednesday afternoon, I attended about half of the session on General
Hydrology, in which I presented a paper. The abstracts of this session
and an outline of my talk are also enclosed. Papers in this session were
not directly involved with nuclear waste management issues.

Among the more interesting papers were:

H11-01

Mark Reeves discussed a coordinate transformation for SWIFT which
mapped x and y into stream function and potential coordinates. There
were advantages to this technique for solving source-sink problems
because the new mapping concentrated grid blocks close to the source
and sink. This technique was used in several of the examples for the
NRC Benchmarking contract.

H11-04

Ben Ross discussed the significance of head errors caused by temperature
differences between wells.

H11-07

Barbara Cooke's presentation on flow parameters in partially
saturated soils went without a hitch. Her presentation was polished,
and there was good audience interest.
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H11-08

A.Mantoglou presented some work, funded by the NRC under the Office of
Research, on stochastic modeling of unsaturated flow in soil. The
most interesting finding from this study was that the hysteresis effect
could be predicted strictly from the spatial variability of soil
properties. Such results could not have been predicted by conventional
deterministic methods.

H11-13

K. Novakowski discussed a field measurement of dispersion in a two-well
tracer test in a planar fracture in hard rock nearly parallel
to the earth's surface.
H11-14

Rick Waddell presented hydrologic data on the Yucca Mountain site,
and plans for future monitoring efforts

H12-01

Chen-Fu Tsang discussed ways that heat could be used as a tracer in
groundwater studies to determine aquifer properties. Among the
interesting techniques was to measure the tilt of the interface
between the hot an cold water and back out aquifer properties using
the known relationship between fluid density and temperature.

H21A-02

M. Goltz discussed observed differences in equilibrium and non-equil-
ibrium sorption of tracers in a sand aquifer.

H21A-03

A. Valocci discussed an analytical model which demonstrated the
mathematical differences between equilibrium and non-equilibrium
sorption, and suggest ways to predict when an equilibrium model
of sorption would be valid.

H21A-05

Gail Cederberg described the use of the model TRANQL, which is a
detailed equilibrium chemistry model coupled to a one-dimensional
transport model. An example of its use for multicomponent transport
with chemical reactions was given.
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H21A-07

Franklin Schwartz described a modeling method which used particle track-
ing in a fractured 3-dimensional medium. The movement of the particle
is described by a random process in 3 dimensions. The random distri-
bution used for particle movement however, is derived from a statistical
study of a small subdomain.

The results of a computational experiment using computer-generated
fracture intersections showed that the technique was successful.
Several members of the audience and I commented that the experiment
might not have shown the apparent dependence of dispersion on scale,
because large features responsible for large scale dispersion would
not be represented in a small scale sample.

H21A-11

Jeff Serne described an experimental comparison of packed column
data on uranium mill tailings leachate with the MINICUP transport-
chemical equilibrium model.

There were several interesting papers presented in the Tuesday
afternoon session H22A, which dealt with modeling of immicible
chemicals, such as hydrocarbons, in landfills.

After the regularly-scheduled papers were presented, a panel was
convened to discuss dispersion in hydrodynamic transport modeling.
The Panel included L. Gelhar, E. Frind, G. Pinder, F. Molz and was
moderated by L. Konnikow.

Gelhar advocated the stochastic approach. Other members of the panel were
skeptical of the usefulness of stochastic models in the field,
because of the data needs. Gelhar countered that much of the data
needed could be inferred by geologists armed with the knowledge of how
the geologic strata were formed.

I made a comment to the panel and audience that I felt that the
importance of dispersion is frequently overrated. Knowing dispersion
parameters might help a modeler show that his model accurately
predicts field observations which would be useful for publishing
technical papers. In a regulatory sense, however, field data may never
be known well enough to exactly predict the shape of the plume, and
even so, there is so much uncertainty in every other area of concern
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that detailed results of a dispersion model would be of limited use.
Also, since pollution is likely to be chronic rather than accute,
long-term and wide-area averages of concentration make sense for
calculating risk in terms of stati al hazards to affected populations.
These spatial and temporal averages are much less sensitive to dis-
persion than the concentrations themselves. Ther was no immediate
response to my comments, possibly meaning that the panel agreed com-
pletely or that they didn't want to face this issue. Emil Frind commented
later, however, that he considers models at this point in time to be
tools for understanding phenomena, and not for use in regulation.

H31B-08

Graham Fogg described a field and model study of a multilayer aquifer
in East Texas. The complicated pattern of interconnection of sand
units was inferred from the mathematical model and measured hydraulic
gradients.

H31B-11

Chu-Hua Huang from University of Arizona described his NRC-funded work
on numerical models of fracture flow and transport using computer-generated
fracture networks.

H31-15

N. Hubbard presented results of groundwater dating of brines in the Palo
Duro basin in Texas. Models for mixing and transport of the brines
were postulated in an attempt to use the measured Ar-40 and He-4 data
to establish their ages. In some areas of measurement, it was
possible to establish good ages, but mixing of ancient and younger
brines in other regions reduced the reliability of the established
dates.

H32-02

W. Grayman presented an interesting screening model for chemical
pollutants in surface water under development by EPA. This
model is centered on a large data base which contains data on stream flow
and stream interconnections for the U.S. and chemical discharge data
for many thousands of known sources. The computational models themselves,
however, were simplistic.
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I presented my paper on Average Dilution in Rivers next (H32-03). This
paper dealt with several interesting phenomena associated with the
calculations of the expected value for dilution in rivers. I was
fortunate that my paper followed that of Grayman, since it pointed
out the very mistake which is often committed in these calculations.
Unfortunately, he was not present during my talk since he stepped out-
side to chat with friends. I collared him later, however, and
personally lectured him on my findings.

I was forced to leave this session early to catch my flight home, and
did not hear all of the remaining papers.

The conference was enjoyable and informative for the most part. My
main criticism is that there were too many papers on too many subjects
to assimilate very much. With a time limit of 15 minutes or less for
presentation and questions, there was little time for in-depth under-
standing. Hallway conversations and meals with luminaries during the
three days were useful and interesting.

Richard Codell
Hydrology Section
Geotechnical Branch
Division of Waste Management

cc: WMGT Staff w/o encl.
R. Browning
M. Bell

Enclosures:
1. Abstract of sessions attended
2. Copy of slides for presentation

with narrative
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tive sample of the soil in the laboratory resulted in
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With available one-dimensional analytical solution
for the concentration In radial flow n homogeneous

medium, and in part by comparisons with the actual
experimental field data of Pickens and Grisak (1981)
obtained in locally stratified aquifer. The analysis
indicates that the withdrawal concentration versus time
data measured at the injection-withdrawal well reflects
primarily the effects of local dispersion which has
taken place during the test, while the full-aquifer
concentration breakthrough curves from nearby observa-
tion wells reflect mainly the affects of the nonuniform
hydraulic conductivity profile.

Miscible and Immiscible
Transport in Ground Water I
Room 23 Tues AM
Presider, L.F. Konikow, U.S.
Geological Survey
J.W. Mercer Geo Trans, Inc.

Miscible Displacement in Nonuniform Porous Media

J. E Houseworth (Environmental Engineering
Science, Caltech, Pasadena. Ca. 91125)
(Sponsor: N H. Brooks)

This work concerns the transport of passive
solutes through relatively coarse (O.1m 1m)

uniform and nonuniform natural and media at high
Paclet numbers, where nonuniformity refers to

variations in pore structure at the grain scale.
The investigation is limited to one dimensional
(longitudinal) transport in macroscopically
homogeneous, isotropic porous media. A theoretical

model for permeability and dispersion based on a
random interconnented, three dimensional capillary

tube network is developed. A comparison of
experimental results and theoretical calculations

show that the permeability is relatively insensitive
to the variance of the pore radius distribution.
Longitudinal dispersion is found to be controlled in
large part by variations in residence time for
transport through the capillary tubes, making the
pore lenght distribution important in the dispersion
process. Miscible displacement experiments were
carried out on uniform and nonuniform sand media at
a variety of Feclet numbers in which both the

permeability and longitudinal dispersion were
measured. Simple methods relating the pore radius

distribution to the capillary drainage curve and
pore length distribution to the grain size

distribution are developed. These distributions are
used in model calculations which are compared with

measured results. Long breakthrough curve "tails"
are observed experimentally,which cannot be modeled

with advective-diffusion theory. The tails are
thought to be due to molecular diffusion-limited

mass transfer in slowly flowing zones.



behavior supports several questions raised previ-
ly about the validity and practical utility of scale-

endent dispersion coefficients in modeling contami-
c migration nd also supports several suggestions

earlier about the need to reevaluate the applica-
ity.of some current real advection-dispersion
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Miscible and Immiscible
Transport in Ground Water II
Room 23 Tues PM
Presider, J.W. Mercer, Geo
Trans, Inc.
L.F. Konikow U.S. Geological
Survey

threat to underlying water resources posed by the
fraction of the petroleum product which remains after
remedial efforts have ceased. Thermodynamic equillb-

rium principles and the role played by oxygen in the
biodegradation of hydrocarbons are incorporated into
the model. The resulting system of equations is then
solved using a finite difference scheme. The results
predict the concentrations of each hydrocarbon in all
phases (water air, immiscible,absorbed) in space and
time allowing the user to estimate the amounts of
hydrocarbons which enter the underlying aquifer or
which leave the soil via volatilization into the
atmosphere. Such predictions will be presented for
selected cases.

H22A-01 INVITED

The Importance of the Interface in Modeling Multiphase

L.M. Abriola and W.G. Gray (both t the Department f
Civil Engineering Princeton University. Priceton.
NJ 08 544)

In previous developments of equations which govern
the multiphase flow of fluids in porous medium, the
surface properties of the interfaces between the phase;
have generally been neglected. The importance of sur-

face effects to the determination of fluid/matrix prop-
erties such as relative permability or capillary pres-

sure-saturations relations, however, is a widely recog-
nized if not well understood phenomena.

A system of macroscopic balance equations which ex-
plicitly incorporates the surface properties of the
interfacs can be derived by the use of averaging
theory. The starting point of this derivation is the
examination of the local jump condition for a given
property at an interface. Each jump condition is
written to account for all possible surface effects
and then averaged over some representative volume
and finally over the entire domain to obtain macro-
scopic constraint on the balance equations.

Explicit incorporation of surface properties nto
the macroscopic equations gives insight into the af-
fects of specific surface terms or the behavior of a

multiphase system. Surface properties can be shown
to account for differences in pressure or temperature
between phases. Manipulation of the momentum balance
equations reveals that the macroscopic fluid stress
tensor is not necessarily symmetric for systems in

which surface tension is of importance. In addition,
both the fluid stress tensor and the fluid heat flux

can be shown to have some interphase dependence if
surface effects are considered.

H22A-02

Correlating Micro and Macro Scales

J. M. CUSHMAN (Dept. of Agronomy. Purdue University,
W. Lafayette, [N. 47907)

There has been considerable interest over the last
two decades in developing averaging methods to increase
the scales of motion in multiphase transport theory.

Most recently these averaging methods have been
related to instrumentation windows. In our discussion

we relate averaging theory to impulse-response
filter theory. We perform a Fourier analysis in

Frequency space to indicate now the filters should
attenuate low and high frequency noise when natural

length scales exist. We also present a method or
correlating the micro to macro scale changes

associated with averaging the transport equations.
Finally, the results are generalized to the space of
compact distributions - the natural space for the
courier analysis of the transport equations.

H22A-03

Imiscible Contaminant Transport in Soil and Ground-
water with n Emphasis on Gasoline Hydrocarbons
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in the stream, concentrations of nitrate chlo-
'ride, and potassium increased with increasing
discharge, which reflects an increase in soil-
water contribution during high streamflow.
Highest concentration of these constituents were
in soil water from the organic horizon.

H31A-07

A Simple Model of Dissolved sulfate Dynamics in Soils

B.J. Cosby (Department of Environmental Sciences,
University of Virginia. Charlottesville, Va. 22903)

G.M. Hornberger R.W. Wright, J.N Galloway

Atmospheric deposition of sulfate results in the
acidification of surface waters within a watershed.
The rate of acidification is controlled by the rate of
sulfate deposition and the ability of the watershed
soils to adsorb sulfate. Those areas subject to large

deposition rates in which surface water acidification
has been slow (e.g. the southeastern U.S.) are
characterized by watersheds that are accumulating
sulfate. By contrast, areas whose surface waters have
been acidified to a greater degree (e.g. the north-
eastern U.S.) are characterized by watersheds that
in steady state with the current sulfate deposition.

Based simply on the observation of present day levels
of surface water acidification, there has been
tendency to classify watersheds as one of two types:
those that are affected by and will respond to)
sulfate Deposition sequences and those that are not.
The model demonstrates that these watershed responses
need not be considered dichotomous but can be viewed
as two points on a continuum of possible watershed

responses to acidic deposition.
The model is based on a simple equilibrium relation-
ship between dissolved sulfate in the soil water and

sulfate absorbed on soil particles (a Langmuir isotherm )
The response time of sulfate concentration is a
function of both the hydrologic response time of the
watershed and the amount of sulfate adsorbed on the
soil. Watersheds with a small adsorption capacity
respond at a rate essentially determined by the
hydroloic response. watersheds with large adsorption
capacities respond such more slowly. However as
these strongly adsorbing watersheds accumulate sulfate,
the response time decreases. This can lead to "break-
through" behavior nd sudden changes in surface water

acidification that cannot be predicted from knowledge
of current conditions alone.

H31a-08

Solute Loading Mechanisms in the Colorado River Basin

P. L. RITTMASTER (US Bureau of Reclamation.
Salt Lake City, Utah 84147)

D. K. Mueller (US Bureau of Reclamation, Denver.
Colorado 8C225)

Water management planning for salinity control is
often based on the assumption that a salinity reduc-
tion at one location is conserved along the flow
path. This assumption was tested in a batch study
designed to simulate differences in solute pick-up

from sediments as a function of stream water quality.
Channel sediments and water samples were collected

at five locations in a tributary basin if the
Colorado River. Cation exchange capacity was

measured on a composite sediment sample, and major
minerals were identified by X-ray diffraction. Major
ions were analyzed for such water sample.
Two waters (i=6.9x10 and 2.2x10) were selected

as contact media. Changes in solute concentration
of the filtrates were compared after contact times
ranging from 0.5 to 120 hours. Mineral reactions to
identify the solute loading mechanisms in both field
samples and filtrates were postulated using USGS com-
puter models WATEQF and BALANCE. Using available
hydrologic data net change in solute load was cal*
lated when a solute-reduced upstream water was

routed down the channel. The upstream reduction was
not totally conserved.



H31B-05

Field Observation of Spatial Variation of Soil Water

Pressure in the Vadose Zone
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H31B4

An Alterntive Numerical Method for Solution
of the Transient Groundwater Flow Equation

JAMES Y TRACY (S.Papadopulos & Associates. Inc
Rockville, MD 20852)

GARY R. Chirlin (S. S. Papadopulos & Assoc., Inc.)

The steady groundwater flow equation s frequentlysolved by finite difference or finite element methods,
which can accomodate spatially varying hydraulic

parameters and boundary conditions and geometries. Atthe subdomain level (e.g.. a grid cell or element)
these numerical methods rely on a simple (typicallylinear) functional representation of the solution. Whenthe transient flow equation is solved the same methodsof spatial discretization are used. Hence the solution
surface at the subdomain level s effectively quasi-steady one. A change in conditions at any node of asubdomain is immediately propagated to adjacent nodes.

Here a methodology is proposed for the transient flowequation which decomposes the functional representationover a single subdomain into a steady and a transient
component. These terms are developed from the ana-lytical solution of the transient flow equation over
honogeneous subdomain with simple boundary conditions.
The steady term produces the conventional quasi-steadysurface. The transient term modifies this surface toeffect the timing of propagating storage changes.

The method was originally developed to consider thetransient response of thick or layered sediments
abutting a pumped formation, where timing and quantity

of contributions of flow from storage are significant
(e.g.. delayed yield)Economy of discretization and accuracy of

approximation are considered for this method, and arecompared with standard numerical methods for a class of
simple, analytically solvable, problems.

H31B-15



Average Dilution in Rivers

RICHARD CODELL ( U.S. Nuclear Regulatory Commission,
Washington D.C. 20555)

The hazard of low levels of chemical or radioactive waste
is often quantified on the basis of annual, or longer,
average exposure (e g 1OCFR20 for radionuclides). The
average concentration (C) for a nondecaying pollutant has
been frequently, but mistakenly, calculated as:

<c>=<W> x 1 / <Q> (Eq.1), where <W> and <Q> are the
expected values of pollutant and river discharges re-
spectively. It is demonstrated that if W is not correlated
to Q, then <C> is usually more accurately calculated:
(C) =<W> x <1/Q> (Eq.2). The concentration calculated
by Eq.1 is always less than that calculated by
Eq.2, because the former is weighted by floods, while the
latter is weighted by droughts. It is shown that close to
the point of release, where river flowrate and concentra-
tion are highly correlated, Eq.2 would hold, but far from
the source (C) tends toward Eq. 1. This phenomenon is
dubbed the Concentration-Distance (CD) effect, and is
caused by the decay of the correlation between concen-
tration and river velocity with distance from the source.
This phenomenon has nothing to do with the actual decay
of the material, which is considered in this case to be
a nondecaying tracer. It can further be shown that long-
itudinal dispersion in the river would generally have no
measurable effect on <C> because a much larger effective
dispersion is introduced by the averaging procedure. The
theory is tested using real data on two free-flowing, un-
dammed segments of the Yampa and Missouri Rivers. In
both cases, the CD effect was shown to be unimportant.
Furthermore, measured values of dispersion for these rivers
had no noticeable effect on the calculated value of <C) .
The ratio of (C) calculated by Eq.2 to that calculated by
Eq. 1 ranged from about 3.7 in the smaller and unregulated
Yampa River, to about 1.3 in the larger and extensively
regulated Missouri River. The effects of the increased
level of regulation in the Missouri River over a period of
time can be clearly seen. The CD effect is predicted to be
much more important in extensively dammed rivers such as
the Tennessee River. The techniques presented are being used
for the evaluation of the effects of normal and accidental
releases of liquid effluent from nuclear power plants.

l. Spring Meeting

2. No ID - membership application
attached

3. U.S.Nuclear Regulatory Commission
Washington D.C. 20555

4. H (hydrology)

5. Special Session: none

6. 0

7. Zero Percent

8. Prepaid - $30.00

9. C

I



'Average Dilution in Rivers'
By Richard Codell

Narrative Description of Slides Presented at AGU Meeting
Cincinatti, Ohio, May 16, 1984

Slide 1

Pipe flow representation of a river.

a. Pollutant W(t) released at x=O uniformly across river.
Conservative non-decaying tracer.

b. Flowrate Q(t) in river. Cross section area A.

c. Pollutant concentration for low-level chronic discharges
frequently evaluated on long-term basis. Therefore, we
want to know what average dilution (e.g., 10 CFR 20 Standards
for Radionuclides)

d. There are complicated, time-dependent models for dilution, but
simplified models usually suffice.

e. Criteria for using simplified models for average
dilution calculations.

Slide 2 Dilution Formulas

a. For one dimensional plug flow at source, x=O, C = W/Q

b. Expected value <C> = <W/Q>

c. If W and Q are uncorrelated,

<C> = <W> <1/Q>
-R <S>.

or C:= (Eq. 1)

where Q= <Q> 1 (reciprocal av. or harmonic mean)
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d. Dilution frequently but mistakenly calculated

D
e. Eq. 1 correctly weights flowrate, (including low flows) but

Eq. 2 overemphasizes importance of floods.

Slide 3 Artificial flowrate used in pipe flow model

a. Period of change is P time units

b. Velocity chosen from a uniform random distribution between UMAX

and UMIN, with mean <U>

UMAX
c. Aspect ratio a =

UMIN

Slide 4

Ratio Q / Q as function of aspect ratio a.

Shows that effective average dilution at source decreases for 
flows with

larger deviation from mean.

Slide 5

The effect of flow variability on the effective dilution can 
be shown on

data from Missouri River at Sioux City, Iowa.
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a. Ratio Q/Q plotted for each year of record.

b. Q/Q Rafter about 1960 shows marked decrease.

c. Several large reservoirs formed in upper Missouri River Valley
which had the effect of regulatory flow, and reducing deviation
from mean, thus making approach Q.

Slide 6

Slide shows <C> normalized to C

where C = W/<Q>

as a function of aspect ratio and distance from source:

a. Calculated with finite difference pipe-flow model and artificial
flow rate. No longitudinal dispersion and no numerical dispersion.

b. L is distance traveled at <U> for period of flow oscillation P

c. Demonstrates that close to source, average concentration is pre-
dicted by Eq. 1,

<C> = W>/Q

but far from source, <C>- Wb/Q

Slide 7

Effect of longitudinal dispersion on average concentration

a. Calculated with finite difference pipe flow model using artificial
random flow rate

b. Boundary conditions were
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c. Slide shows that increased dispersion parameter makes average
concentration approach C= <W>/<Q>

Slide 8 Example rivers to try out theory

a. Yampa River in Colorado

Q between 448 and 1017 ft3/sec

b. Q between 187 and 275 ft3/sec

c. Subject of USGS study on dye tracer dispersion

d. Typical of medium size free-flowing river with wide variations
in flowrate (high aspect ratio).

Slide 9

Missouri River between Sioux City and Omaha

a. Q = 28900 ft3/sec

b. Q = 21125 ft3/sec

c. Also subject of USGS dye dispersion study

d. Typical of large free-flowing river, but with regulation by tributary
reservoirs. Relatively small variations in flowrate (low aspect ratio).

Slide 10

Tennessee River from Watts Bar Dam to Guntersville Dam

a. Typical of large river with mainstem dams
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Slide 11 Delaware River from Trenton to Wilmington

a. Typical east-coast drowned river estuary

b. subject of modeling studies for BOD transport

c. Considered in this case as a river with small scale dispersion
caused by tidal oscillations, with large scale transport by fresh-
water flow superimposed.

d. Had no flow data for Delaware case, so assumed that the flow variability
(aspect ratio) was similar to Missouri River

Slide 12 Power Spectra for Q and Q 1 in Yampa River

a. Since phenomena are frequency dependent, analyzed the frequency content
of flowrates using spectral methods.

b. demonstrates that most of power in Q and Q is for periods longer than
100 days.

c. The average velocity in the Yampa River is 2-3 feet/sec;

If L = <U> P and P is said to be represented by periods greater than 100
days, then L is about 3000-5000 miles.

d. so x/L over the 10 mile study reach is very small, about 0.002.

e. Ratio of Q/Q = 2.4 from approximately 3 years of data, suggesting
that a = 100 if flow can be related to the synthetic flow used in
finite difference model experiments.

f. Dispersion parameter = using measured values also very small,
about 0.0001.
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Slide 13

a. Power Spectra for Missouri also suggest that dominant periods
greater than 100 days.

b. <U> 4 feet/sec.

L = <U> and P is said to be represented by periods greater than 100
days,

so L is about 7000 miles

c. x/L over the 130 mile study reach is about 0.02

d. Ratio of Q/Q is about 1.4, suggestions that flow is similar
to a = 10.

e. Dispersion Parameter E = 0.0001 based on measured values

Slide 14 Pipe Flow Model

a Yampa and Missouri River flow rate data used in a finite difference
model for one-dimensional transport which included longitudinal
dispersion.

b. Model considered that cross-sectional area of river was related to
the river flowrate using open-channel flow relationships.

c. <C> at end of study reach calculated for case of a steady injection
rate W.

Slide 15 Concentration as a function of and a

a. Results of <C> at end of study reach plotted on this figure

b. Both Yampa and Missouri River cases plot on the left side of
figure in region where average concentration is predicted by
<C> = <W>/ Q r

c. For Tennessee River, velocity is very much smaller than in Yampa and
Missouri case. Therefore, over 200 mile reach, x/L = 150. The average
concentration in this case is clearly in the region where <C>
(Eq. 2)
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d. Delaware estuary case - Assuming that flow is characterized by a = 10,
and P = 100 days (no data actually used). x/L = 0.07 at Philadelphia and
about 0.18 at Wilmington. Therefore, <C> is predicted to be intermediately
between that predicted <W>/& and <W>/-, as shown on slide.

Slide 16 Effect of Longitudinal Dispersion

a. The dispersion parameter in the Missouri, Yampa and Delaware
cases would al be in the range where there would not be any pre-
dicted effect on <C>.

b. Finite Difference model runs with Yampa and Missouri River data shown no
effect of putting in or taking out measured value of dispersion.

c. Consistent with Molyneaux and Witten 1979 WRR paper which showed
a large effective dispersion added because of flowrate variations.

Slide 17 - Conclusions

On basis of some simple numeral models, can state the following principals
for calculating the expected value for concentration of conservative sub-
stances, if W and Q are uncorrelated.

a. for undammed rivers over stretches of up to several hundred miles,
<C> = <W> < //Q>

b. Biggest error in using
<C> = W>/<Q> is small flashy rivers with up to several hundred
percent error possible.

c. For rivers with large mainstem dams, use
<C> = <W>/<Q>

d. Estuaries fall between
<C> = <W>/<Q> and <C> = <W> </Q>



Slide 1, SLide 14

PIPE MODEL FOR RIVER

x =O



FOR A CONSERVATIVE TRACER

IN ONE DIMENSIONAL PLUG FLOW

c=W/Q AT SOURCE

<C>=<w / Q>

C-w> <1 /Q> if W AND Q UNCORRELATED

c=<w> / <Q>



SYNTHETIC STREAMFLOW FOR RIVER

(PERIOD P IN THIS EXAMPLE IS/TIME UNITS)
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YAMPA RIVER STUDY REACH



MISSOURI RIVER STUDY REACH



TENNESSEE RIVER STUDY REACH



TRENTON

DELAWARE RIVER STUDY REACH
COMPREHENSIVE STUDY



PERIOD OF OSCILLATION - P, DAYS

FREQUENCY - CYCLES PER DAY



FREQUENCY - CYCLES PER DAY



CONCLUSIONS

1. FOR UNDAMMED RIVERS, USE <1/0> = Q

a. BIGGEST ERROR FOR SMALL, FLASHY RIVERS

2. FOR EXTENSIVELY DAMMED RIVERS, USE <Q

3. ESTUARIES BETWEEN <1/Q)and <Q>

4. LONGITUDINAL DISPERSION NOT IMPORTANT


