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ABSTRALT

This repert sumnarizes the results of the research project
Povelopment of Optimization - Systems Analysis Techniques for
Texas Mater Resonrces.

Several annlylical wodels which were obtained and wodiFied
for use in evaluating water resource problems are described, A
method for evaluating the optimum blend of water from Lvio or more
reservoirs to meolt several concurrent quality criteria is presented.

The special importance of estuarine analysis methods relating
o water quality is outlined and (wo models are presentad one
for a steady state dispersion of wastes in partially mixed estuaries
and the other an oprimization scheme using linear systoums analysis
to determine the optimum waste loads into an estuarine system under
& variety of constraints.

Interbasin transfer of water is examined and one plan evaluated

to demonstrate the use of analytical models for stream!!ow evaluation,

Field determination and reservoir simulation.

The use of a Leontif input-output model to predict aconomic growth

as a function of resource use is developed and an example presented
tsing the area alfected by the Blackburn Crossing Reservoir in East
Central Texas. '

Principal Investigator
Roy W. llann, Jr., Ph.D,
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SECTION

Intvroduction

Ditring the summer of 1965 a rosoarch effort was initialoed through

the loxas Water Resources institute intitled Development of OpLimization =

Systems Analysis Techniques Tor Texas Water Resources. This report

sunmnrized the work carried out by the research staff,

The active project staff throughout the project consistoed of the
projeck director Roy. W. Hann, Jr. {Civil Engineer) who was funded /L
time, and Dr. Warren Trock (Agriculturval Economist} who was aiso funded
I/ time. Through most of the project pariod, Dr. Hann and Dr. Trock
were cach assisted by @ 1/2 time masters level research assislant.

The broad objective of the project was stated to be '"to develop

realistic technigues to cvalvate complex Texas problems in river basin
management through the utilization of both engineering and cconomic
principals.!!

The efforts carriced out during the cwurse of the project may
gencrally be divided into Tour general areas.

fhe first is the collection or development of analytical methods
for use in the analysis of water resource systems. Computer programs for
six analyses were obltained and modified for use, first on the 7094
Computer and later on the 184 360 Computer., These programs [or the
analysis of streamflow recovds, simplified reservoir simulation and
stroamllow simulation are described in Section 11 along with other

annlysis methods investigoted or uscd,



The second generval area is the development of analytical methods for
the solution of water resource proeblems associated with bays and estuaries.
This problem arra is A particularly critical one in Texas inasmuch as inter-
basin diversion schomes will stubstantially modify the estuarine environ-
men’t and the response of the estuaries Lo environmetal po]!ution; The
activities initiated by this project which are described in Section |1}
have fed to the establishment by Texas AsM University of a major research
program in this area,

Early in the project the project director noted the relative ease by
which waters from the Red River could be diverted into the Trinity, Neches,
and Sabine basins. 1t was hypothesized that the diversion of a unit firm
yield to the head waters of these streams would free several units of firm
yicld near the wouth of the basins and thus make previously proposed diver-
sien plans calling lor transporting water parallel to the qul¥f coast more
aceeptable.  The investigation of the possible plan which is discussed .in
Section [y proved to he an interesting example problem in which to demonstrate
the use of some of the analytical techniques outlined previcusly,

The fourth area recognized the importance of economics in water re-
solivees planning and conversly, the importance of water in stimulating
broad base economic  development. In Scction V, the Leonticl input - output
method of economic analysis is used to cvaluate the economic impact of
water resources development. The study is based on the area alfected by
the Blackburn Crossing Reservoir en the Upper Neches River.

A Tist of project publications and a summary of accompfishménts

rotud out the final report.,



Section [
Analytical Models

The engineering staff of the project devoted a major effort to the
development, acquisition and modiFication, and testing of analytical
methods For use in waler resource management.,  This secltion describes
the activities of the staff in this area.

Cooperation with the Hydrologic Engineering Center of The Corps
of EFangineers:

Farly in the project 1t became evident that with the level of man-
povicr available Lo the enginearing effort that greater project accomplish-
ment: could be obtained by reviewing the analytical methods developed by
others and adapting them for use in solving Texas problems.

Larly project efforts led to the project director becoming cloéely_
assvciated with the staff of the Hydrologic Engineering Center of The
Corps of Engineers in Sacramento, California. This organization was
established in late P36k is charged with developing analytical techniques
For the U.S. Army Corps ol Engineers. By working clbsely with this large
grotm of engincers and scientists the project staff was able o bring to
bear a much larger scale program than would have been possibla by develop-

tng 21l methodology with the project staff effort,

Several major computer progroms were obtained from the NEGC and modified

for use by the project staff. Four of the modified programs are documented

in the appendix to this report, 1Initial modification involved reprogramming

the programs to run on the Texas AsM University 7094 computer and later



reconversion to the 360 compulbor was necessary.

The programs which were converted and used are described briefly
below. The modified user manuals are presented as appendices | through b
for the First four programs. The other programs listed have been modified

but cxtensive documentation {and testing) was not completed in the project

period,

The coordination with the HEC extended well beyond the limit of
program acquisition.

In 1966 the project director attended a two-week course offered by
the llydrologic Enginecering Center and presented a ;ne day scssion in Water
Qualily Aspects of VWater Resources. The Center Director, Leo R, Beafd,
also presented a sewminar at Texas AsH Univérsity. in 1967 the project
director again prescnted a one day program on Water Quality Aspects of
Wator Resources Lo a HEC Lraining program and visited the HEC staff to
coordinate progrom development. In 1968 Texas AgM University presented

(undor contract) a two-weck course entitled Water Quality Aspects of Water

Resoitrce Managenment for the HEC. This was the first training course of
any lype which was contracted by this agency to any University. This
program led to the presentation of a similar course for the Bureau of
Reclamation. Each of these courses was attended by 35 participants from
the contracting agency and 8 representatives from other federal and
stale agencies.

The project dircctor was also asked to prepare {on a contract basis)




Converted Programs.

A,

FPeservoir Yield Program:

The Reservoiv yield program performs any number of multipurpose
rortings under indentical conditions for a single reservoir with
optional delivery to pipe line or river ar both and with maximum
and minimum Flow controls at the ieservoir and, ir desired, at one
dovmstream control point. Power generation at the reservoir and
quality contrel at Lhe doumstream control point are optional,

The year fs devided into any number of periods (dimensioned up to
15} of equal or wnequal Tenth. Haximum and minimum permissible
storages and all olhor quantities can be specified as uniform or.
varying each period with similar or dissimilar patterns cach year,
A optional minimum storage ahove the absolute minimum can be

ied at which shortages in withdrawals from storage are de-
clared, increasing linearly to 100 percent at the absolute minimum
storage.

The multipurpnse reservoir program follows closely the procedures

commonly used in hand computation. Where a direct solution is not

possible, successive approximations are made. This is in cvaporation

and power computation, wherc the first approximation based on reservoir

stage at the beginning of cach period is used to establish an approxi-

mate average stage Tor the period, on which the next approximations

of evaporation and powcr are bascd.Outlet capacity i< approximated

onceonly on the basis of reservoir stage at the start of cach period.

Ho delay or routing of outflows Lo the downstream control point is



made.  Provision is made for an cptional buffer zone at the bottom
of the conservation pool.

the reservoir rouling is made by [irst searching for the largest
ol the minimum Flow requirements for all purposes and the smallest
ofF the maximum permissible Tlow. The former will control if there
is no conflict and the latter if there is. These controls are over-
vidden by Flows necessary to empty or Fill the conservation pool,
fhsolute control is exercised by full reservoir and empty reservoir
limitations. |f storage at the start of a period is within the
bottom buffer zone, release from the reservoir (over and above inflow
minus evaporation) is reduced by rhe proportion of enpty space in
the buffer zone. Relcases are first assigned to the pipeline and
the remainder Lo the river.

Specific details of the program such as power and watcr quality
formulas and input and output formats can be noted in the appendix.
Partial Duration-Independent Low Flow Events.

The Partial Duration-Independent Low Flow Event program, will
compute the dala necessary to plot a partial duration curve depicting
independent low flow cvents for a given period of monthly stream
Mows. Up to twenty durations may be specified in one computer
run with partial duration plotting data being determined for each.
Storagy-yield relations can subsequently be determined From fhe
output of this program.

The method used in determining a partial duration serios is similar

Lo that described in "Handbook of Applied Hydrology'', 126N edition,

e i A —
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by, V.T. Chow, and in ASCE Sanitary Engineering Division publication
3233, September 1962, "Reservoir Mass Analysis by A Low-Tlow Series'
Ly John B, Stall.

Flow volumes avre accumulated cach month in accordance with a given
duration for the entire period of rccord. That is, each cumulative
value represents the flow for the current month plus the stmmation
of previous flows for a number of months equal to the duration minus
one. In the program this volume is converted to an average rate of
Flow in efs regardless of the input units. The array is then succes-
sively scanned to lacate low-Tlow events in an ascending manner.
These events are selected withoul regard to the calendar year and
in such a manner as to assure their chronological independence. The
effective number of years of record is determined and is subsquently
used in cumputing the exceedence frequency addition Program details,
fnput and output instructicns and a sample problem using the Neches
River Basin is shown in the appendix.

Simplified reservoir yeild.

Simplified Reservoir Yield Program is used to determine surface
water reservoir yield., The program predicts the expected low yield
during a drought period as determined from the low flow cvents
desceribed previously.,

The program is a modification of Gooch's simplified method for
determination of surface water reservoir yield. The design drought
concept is used Lo compute the yiclds., The primary factors associated
vtith the severity of drought which enter into the computaltions are

duration of drought, overall runoff during drought period, and net




reservoir surface evaporation.
To determine the yield by means of a single-interval estimate

covering the entive critical dronght period, expression

Y= 975+ RO~ (£ % A)

is used where:
Y = Yield in acre-lcet/year
€ = Resarvoir capacity, in acre-feet
N = Drought duration in years
R = Minimum probable runoff for th; corresponding
duration in acre-fea/year
= Average rate of reservoir surface evaporation in feet/year and

A= Average of the reserveiv areas at the beginning and end of the
critical period.

.

An example shown in Lhe appendix demastrates the use of the program
in evatuation a reservoir site an the San Bernard River.
Monthly Streamflow Analysis

The program is designed Lo compute from observed unregulated month-
!y stream flows or previously generated synthetic monthly streamflows
At a group of related stations, statistics of the observed synthetic
[Mtows or for comparison with the statistics of the observed stream-
flows. For each station and cach of the twelve months, the program'
conputes the mean, stancard deviation and skew coefficieont. These
statistics are also computed fron annual flows at each station. In

addition, the program is designed to compute the inter-station and




serial gross correlation coefficients between both monthiy

and annual observed streamflows. The program will estimate any
missing correlation cocfficients on the basis of other pertinent
correlative vatues. The program will handle stations having non-
concurrent and/or discontinuous streamflow records.

This program was actually modified twice as the HEC developed
updated versions.

Honthly Streamflow Simulation

The purpese of the Honthly Streamflow Program is to gencrate
synthetic (or simulated) monthly streamflows for a group of related
stream-gaging stations, having the same statistical characteristics
as the observed flows. The synthetic flows are based on a series
of normally-distributed random standard deviates and on Lhe logarith-
mic means, standard deviations, skew coefficients,and gross correlation
coefTicients computed frem the observed records in The HMonthly.
Streamflow Analysis Program.

Considerable cffort was expended in the coversion of this program,
but extensive delays occurred in debugging and testing due to the
difference in random number generators. As a result of the delays
only historical records were used in project test examples and
additional time was not alloted for program documentation.
Hultireservoir Simulation Program:

The HEC Multibasin Multipurpose Simulation Program was converted
but adequate data to simulate the Meches River basin could not be

obtained in time to demonstrate the use of the program. It is

»
|
;
:
}
1
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rxpected that the program will be used extensively in fulure
research. The rveader is referred to HEC program 23-J2-6253 for

further infermation.

Yatershed Hodels.

Early in the project a Fortran version of the Stanford Vater-
shed Model was obtained and studied.  Although after studly it was
found that its size constraints made it impractical for problems
ol Texas basin scale the program was made available to olher campus
researchers. A problem oriented language entitled HYMO has heen
developed by a student of the project director for use in watershed
runoft determination by the Agricultural Research Service. Publi-

cation is panding.

linear Systems Mixing Probltem.

During the course of the project a linear systems analysis
scheme presented by Robt Brazier of the AEC for optimizing the
selection of two or more water sunplies was observed to he sujt-
able for evaluabing Lhe blend of water from several rescrvoirs
to meet downstream quality objectives.

The project director was aware that the HEC considercd only
one quality paramcter in the multireservoir-multipurposc simulation
program (HEC-Reservoir Systems Analysis-Conservation Program)
and recognized this methodology as suitable for including multiple

quality paramecters in che analysis.

Let us assume that two reservoirs are avalilable to supply a water

source and that the relaltive qualitics and water cost are as given

below:

i
}
i
H
!
|
|
H




11

Supply Cost _ =
o . Ivaction  S$/Acreft CL 50, s __
Reservoir A Xl 3.8 50 100 200
Reservoir B X 2.0 330 250 1000

The cost shown is actually necded only if the total cost of
the water is to be figured. Otherwise only a dummy éost showing
that the usc of reservoir A over B is preferred is necessary.

lLet it also be assumed for the purposes of the problam that
no more than /5% of the project demand can be furnished by
reservoir A and no more than 80% can be furnished by Rescrvoir
B and that the desired quality standard at the mixing point is
200 mg/1 chloride, 300 mg/1 sulfate and 700 mg/t Total Dissolved
Solids. 't is now possible to write an ohjective functinn forv

the "'cost'" which we would like to minimize., i.e.

3.8 X] + 2.0 X] = Z
where Z is the function to be minimized
A set of lincar equations can now be written for the acceptable
gquality criteria. i.e.
For Chloride
50 X] o330 X 200
For Sulfate
100 X, + 2650 X 300
Fer TDS

200 X + 10060 X 700
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and addition constraints evaluated. i.e.

X, > 0
1 -- . . \ .
i.a. Mo negative flows in river
X, > 0
2.~.
X] < .75
i.e. Supply constraints
X, < .
XZ < .85
X] + X? = 1 i.e. Total flow must equal demand.

The objective Tunction and the restraints are first degree poly-
nomials and are therefore lincar. The programming requircment, that
the variables be non-negative, corresponds to the physical situation
where it is agrced to not pump water back into one of the sources,
which seems entirely reasonable.

Since the problem has only the two variables X and X, the pfoblem
can be considered as two dimensional and graph of the functions in
a plane may be drawn. This is shown in figure 2-1 wherc cach of the
restraints are represented by ‘a straight line on the graph. In the
case of the incquality restraints, the allowable solution must lie
in the area bounded by one of the lines. The total effect is to require
that any solution which satisfies all restraints must he somewhere
in the cross hatched area on the graph. The one equality restraint
is more restrictive, it requires that all solutions lie un the line
X, + X, = 1. Therefore, any point on the line joining A and B

1 2

represents a mix with the desired properties. However, only one point

can be the least cost point. 1t can guickly be found. Point

et e r——— s an



B (X = .75, X, = .25) gives Z = .75 (3.8) + .25 (2.0) = 3.35

another possible combination is Xy = .7, X3 = .3 this gives

Z = .7 (3.8) + .3 (2.0) = 3.26. This illustrates the fact that the
objective function decreases steadily as one progresses from B toward

A and in fact the least cost solution is at point.A(Xl = U567, X, = .533)
which gives Z = h67 (3.8) + .533 (7.0) = 2.84%. 1t will be found that

the optimum soltution will aluays be on the boundary of the region which

contains all the allowable solutions. Point B is actually thc maximum
cost solution. Similar problems could be handled in the sanc way with
almost any number of inequality restraints. This is not true of equality
restraints. In fact, a second quality restraint is permissible only if the
two lines intersect somewhere in the region of allowable solutions, in
which case there is only one possible solution.

Problems with three or more quality variable can best be treated by
purely mathematical means.  The Simplex Method for the solution of linear
equakion systems has worked quite well,

The methodology shown above has heen presented to the |ILC for possible
inclusion in their system model,

The analytical models described above have been widely used in water
resources education on the Texas AsM University campus. The HEC programs
have been used extensively in the graduate Water Resources Course CE 664
and in the Graduate Civil Engineer Computer Analysis and Desiqgn Course
CE 680. They were also used in conjunction with the Corps of Engineers
and Bureau of Reclamation training programs presented on the Texas ASM

University campus,
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- X =467
\\77<:‘~MK\ X,=.533

GRAPHICAL  SOLUTION OF TIE BLENDING PROMII.EM

L MINTRIUM

F16. 1~ |

“~ 200X, + 1000X,= 700

1




Special lectures demonstrating these methods have been
the University of Texas, the University of Ok lahoma, and at

state University duiring the course of the project.

presented at

Hoew Mexico
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Section I

Estuarine ilodels

Estuarics arc an inportant part of the water resource picture
in the State of Texos, 7The Sabine Estuary, Galveston 8ay, Matagorda
Bay, San fAntonio Bay, Aransas Bay, Corpus Christi Bay, Baflfin Bay
and other estusrics are major spawning grounds and habitats for the
aquatic life of the Texas Gulf Coast and are of great iulerest to
commercial and sport Fishermen, rccreational interests and the public
at large.

The major water resource plans being comtemplated lor thé State
of Texas will drastically modily the fresh water inflow into thése
estuaries and may thus modify their salinity structure and water
quality. These plans call for upstream water storage ond substantial
interbasin transfer. The problem is magnified by the trecmendous
industrial complex which has developed and is developing on these
estuaries and Lhe environmental modification and environmental pollu-
tion which‘they are causing,

During the course of this project the project director initiated
a sced rescarch offort dealing with the development of mathematical
models dealing with the water quality in estuaries. The models al-
ready developad and those to be developed will becoine tools by which
the effect of inflow madification, changes in effluent levels, and
changes In other environmental parameters may be evalualed by those
responsible for both the quantity and quality aspects of water resoqrcé

management,
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Only the project directors effort was Tunded under this p?oject.
Other personnel and facilities ware provided from a varicty of
University and Foderal Funding sources. ‘However, it is in this area
that some of the most important contributions of the project have
been made,

Initial project success has been such that considerable funding
has been received to continue and expand this activity. The Houston
Ship Channel was chosen as the primary area of siudy because of im-
portance of this waterway and drastic condition of its water quality.
Data for model verification was obtained from a combination of pre-
viously published data, data collected from unpublished sources and

From Texas AgH University field operations. The technical writeup

of the computer programs uscs data from the San Bernard Estuary which
was used in testing the fmproved computer model in prolilem oriented

language form,
. Hethodology

The goals of this activity arc to develop analytical models of
various levels of sophistication which will permit the cvaluation of
water quality at various locations in an estuarine system,

The initial activity described herein is the development of a
steady state estuarine model which uses a finite differcnce methodology.
The analytical model and accompanying computer program is quite

flexible in that various parameters may vary from segment to segment

and in that an adjustment is made to evaluate the effect of stratification.
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The analysis considers for cach segment such paramcters as

I. Length, depth, votume, and area;

2. Uater tomporature;

3. Cocfficient of deoxygenation;

heo Upper and lower level sa!initieg;

2. Quality and quantity of tocal inflow;

6. Current ebb velocity, ebb time, flood velocity,
and flood fime;

7. VYaste loadings and associated decay patterns,
J Y P

Stratification is handled by evaluating a parameter called
"Degree of Stratification™ which describes the relative trend of
the estuary between the extremes of being highly stratified or

homogeneous.,

The evaluation of the quality in a partially mixed estuary
between the two cxtromes is made by considering the estuary as being
made up of bart homogencous estuary and part highly stratified
estuary as indicated by the degree of stratification term. For
example, a degree of stratification of 0.3 indicates the estuary
behaves as if it were 0.3 highly stratified and 0.7 homogeneous.

The relative fraction is then applied to the general mixing equation
and the resultant dispersion curves to arrive at the desired answer

for the water quality in the cstuary.,
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Calcultations for waste patlerns in a homogeneous ¢stuary are
bascd on the generally accepted steady state formula for dispersion

in a system with one-dimensional flow:

C = COGHJX
S
where J o= v, 1+ 1+ iEEi
2F U2
or
h[-..q,.u{..m‘
Pede |10 - 12
and E = Dispersion coefficient
L = VWaslte concentration
Co = Concentration at outfall
X = Distance
Y, = Advective velocity in the howogeneous estuary

Kd = Removal. coefficient

The plus sign is used if X is positive or downstrcam and the
negative is used whare X is negative or upstream.

The solution for the highly stratified estuary in the direction

of flow takes the form

where J o= o=
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and Ky = NRemoval
X = Distance

Ué = Adveactive velocity in the highly stratified

cstuary

Ho material will be upstream of the dischargc_source.

These cquations ayre used with scgment to segment correction for
dilution and volume change and results combined (for partially mixed
cstuaries) to determine the profiles for the unit waste loads., At
this point the analysis diverges depending oﬁlwhethcr it is desired
to calculated dispersion patterns For known loads or to set quality
standards and determine optimum allowable loads,

The loads from the individual discharges are now superimposed
to give the total dispersion pattern. This concept may be understoed
more clearly by referring to Figurce 3-1. The bell shaped curves
vepresent the relative concentration in each of n segments resulting

from the fnjection of a unit waste loading into one of the segments,
For example, ayq represents the total mass of the pollutant in seg-
ment I oresulting from the infection of a unit waste loading into
segment 1, VYalue 351 represents the total mass in segment 2 resulting
from the injection of a unit waste loading into segment |, Likewise,
251, represents the relative concentration in segment 2 resulting from

the infection of a unit waste leading into segment &,
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These terms ave called the wunit lnading coefficients.

Once the unit loading coefficients have been catculated, modified,
and weighted according to the degree of stratification, the total waste
food ultimately appearing in each segmont may be conputed il actual
fnitial waste loadings into cach sesment are known. In Figure 3-1
0y

H

Dy D3,........,.,.,D” reproasent actual waste loadings injected into
each of segments, 1, 2, 3, ........., n, respectively., Tha total waste
losd ultimately appearing in a given segment is simply the sum of wastes
appearing in the segment. For exomple, the total waste load in segment 1,

HLUAD], is given by

NLOAD’ = alf Dy o+ 31202 -+ a13D3 Fo e v e . o .+alnD

n*

This equation states that the total waste load in segment | s equal to
Lhe amount of actual waste injected into segment ! that remains in
scgment 1, plus the amount of actual waste injected into scgment é
thot appears in segnent 1, plus the amount of actual waste injected into
seament 3 that appoears in segment 1, etc. The terms D 1» Py, etc. repre-
sent waste lo&dings exprossed as a constant rate (weight per unit time).
The terms WLOAD |, WLOAD,, etc. represent the total waste loads (weight)
that will appear in the given scgnents under steady-state conditions.
By carrying out the preceding analysis for each segment, Formulation is
new availtable to determine the amount of waste present at any point in
the estuary for a given pattern of waste discharges and physical conditions.
One major advantage which this method develops is that cach waste

discharge is analysed separately. Since different wastes materials which
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arce measured by a common parameter ofien have different decay and sedimen-
talion rates the advontage accrues hy being able to evaluate the individual
dispersion curves prior Lo superimposing the loads,

Fhe computer pregram for the dispersion model is described in detail
in the appendix of this report. The version which is presented is an
improved version over the one developed during this project time period.
Ptwas deemed wise Lo include to most current version in this report,

The major change has been in the use of the '"Problem Oriented Language'!
approach to the input and output of data and the inclusion of sediment
removal, Althouyh the program is usable for any pollutant material following
a livst order reaction rate (and is casily modified to other rate patterns),
it hes becn used in practice primarily to develop quality protiles for or- :
ganic material measured as biochemical oxygen demand and to compute the
resultant dissolved oxygen profile. The input data to the program-inc!udes
the nunber of seguents.; segment lengih: salinity in receiving basin;for
cach segment - depth, area, volume (homogeneous estuary), cocfficient of
deoxygcnation,‘tempcrature of water, upper salinity, lower salinity, local
inflow, salinity of local inflow, dissolved oxygen in local inflow, ebb
velocity, ebb time, flood velecity, Flood time, depth, areca, volume (highlf
stratified estuary); volume of a portion of receiving basin; and initial
waste loading applied to each segment.

The output from this model includes the initial waste loading applied
to ench segment, and the ultimate waste load and dissolved oxygen appearing

in cach segment,

In order to demonstrate the applications of the model, crude data
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pertaining to the Houston Ship Channel at Houston, Texas, were gathered
from various scurces. Bata concerning certain physical characteristics

of the cross-section of the estuary woere obtained from plottcd channel
crossosections made by the U.S, Army Corps of Engineers. Initial'waste
loadings being applied to the estuary were obtained from unpublished files
of Lhe Texas State Depavtment of Health., Tidal characteristics were obtained
From data gathered by the Corps of Engineers. Inflows into cach segment
wiere obtained from a special report Ly the U.LS. Geological Survey., Upper
and Tover salinities wore determined from data col]ected by the Corps of
Engineers.  River quality standards for oxygen were used, based on require-
ments set by the Texas Water Pollution Control Authority. The remaiﬁing
dala were either cstimatad or allowed o vary between certain values for
various applications of the models, For examples, a coefficient of
deoxyqgenation of 0.231 per day was uscd throughout; whereas a water temper-
atire of 15°C was used Tor winter analyses and 30°C was used lor summer
analysoes.,

Figure 3-233 are plots of observed BOD values and calculated BOD
values for the medium flow summer and winter conditions. The dfFferen;es
in peak value may be attributed to deviation between actual waste loads
and permit values, sampling and laboratory methods and in the assumption
of decay coefficicents, temperatures and salinities. Field programs present-
Ty underway will permit a more riqorous verification of the modeling tech-
niques,

Lineay Systems Analysis

For purposes of water quality management it would be desirable to be



25

IN3O¥3d G2 A8 430Nd34 ONIGVOT IJLSVM 1INY3d
NOILIANOD d3WWANS MO12 WNIJIN HOod

aog 4dz1NdiN0D SA d08 Jd3A¥3s8o

IUN H3IAN
0 S ol cl 02 T4
_ T T ; T O
X
103
m
| Qoz Gatnewoos ¥ .
= 00l
2 2 061
= w
v =

LN
Lo
)
@)
oJ

SAMYSNOHL) ao8

40

{ SANNOd



26

Sluvd )

IANTO851A

Aed

3

( MO

(i

FEION KO

IN3J3¥3d G2 A8 d30NG3Y¥ ONIGVOT 31SYM LINMY3d
NOILIONOD MZ2LNIM MOT4d WNIQ3W HO4
dog dJd3LNndW0od 'SA 009 QA3AY3SHO

-2 NOILYYISNTI

I YAl
i T T : | o
T -
| TSy X TR
\
“ // \Vsi// \}
X x\ - U4 \ 1
i “.lx.....\\ﬁ \ OH
| o, €08 gza¥zego— | A \ g
2 . \/ 5
| 2| 008 GELNaWoo—~ | =
| 5 OO 500!
| 1
] N i
| >
= :
OW.I llu_m .(.Il(l-hlllﬂ. I.ﬂ.IIOIﬂJIlIIQIIOF N
m : AN -0¢!
il /

3
[
I.

«Q
L
o

10 SUNVSNOHL) aosg

( SANNO



27

able Lo "work bacluards' Crom set watar quality criteria to allowable
wasie Joadings., The equations developed as part of the dispersion model
shov promise in pormitting ehis Lype of analysis to be mada.

This method requires that For ench segment there be calculated the
total waste capacity for a given waste which is allowed under the quality
criteria,

Where organic material (as 80D) is rthe pollutant material the total

waste capacity (TWC) is equal to the sum of the oxygen resource per day

dividad by the estimated weighted dacay Tactor

ice. TWC  AD,

o
T
where TWC = total waste capacity of the segment

AON = daily oxygen resaurce from atmospheric and mechanical

acration and inflow

and K] = the decay constant for the accumulated waste in the segment
N

[t is then possible to modily the cquations for the total waste in each

secment as shown in Figure 3-1 as shown below.

M Dyt Ay By Ay Dy IR EIRCIR T
a <
> - . - e
21 DI 4 a22 D2 + 323 D3 L .+a2n Dn TWC2
e a0 a__ D+ C e e e . Al DS TuC
32 72+ 733 73 T ’ In N 3
A n. + -

: LA <
ﬁn3 D3 + A Dn = TWCn
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The nnknown values in this set of equalions are D‘, Dy, D3,. R Dn, i.e,

The initial waste leadings which may be injected into each scyment in order
not to violate the guality standard.

In some cases, the equal signs may be used in Equation (2),.and the
resilting simullancous equations may be solved directly For the unknown
allouable waste loadings. Treating Equations (2) as inequalities, there
exist an infinite number of solutions for the unknown values. The problem
thus becomes one of finding an optimum solution to the equations in order
to maximize or minimize some objective Tunction. Illustration 3-4% demon-
strates the modificd cquation with the appropriat; "less than'" or "equal"
signs. . -

The most simple objective function is that the total waste load to
the system is to be maximized without vielating the linear equations.

i.e.
TLOAC = Dy Dy o+ D3, v . . D

2 n - .
Figure 3-5- shows such an analysis for a set of quality parameters for the
Houston Ship Channel. The example shows that the optimum loading is
38,01, Tbs BOD/day. If equal leading per segment were an additional
consLtraint onky 5591, 1bhs/day would have been allowed.

Other objective functions which provide for minimum cost of waste
trﬂqtmenf, maximum and minimum loads for particular segments, and eqﬁity
requirements such as equal required treatment for simitar industries have
been hypethesized but nob »rogrammed.

The analytical models for estuarine analysis shown herein are not

polished or complete and much modification and improvement is needed

belore they will be true engineering tools. They do, however, show great
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promise and their dovelopment has keyed a large coordinated program for

estnarine analysis.
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Section 1V

Evaluyation of Inlerbasin Transfer

As part of the inttial project research plan it was stated that '"'the
availability of water and the most economical disbursement of this water
on the basin and interbas In scale needs extensive study'.

Early in the project the project staff observed the relative ease by
which Red River water could be diverted From the Lake Texhoma area into
the Trinity, MNeches and Sabine River basins, In earlier times a diversion
of Red River water would not have been considered but recent proposals
indicate that within the time period that a diversion plan could be exe-

cutod the quality of the water in the basin would be improved to the point

[
.

whire a receiving basin would welcome a firm yield source with origin in
the Red River.

Although the development of water resource plans was beyond the scope
of this project, the development of analysis methods suitable to evalupte
such plans was well within the projeclt scope.

As a resull the research staff chose to pursue the methodology and
analysis of related factors necessary to evaluate one part of a Red River
diversion scheme.  Specifically the study involves a general study of the
physical Teatures and cconomic base of the source basin and one possible
receiving basin, namely, the Meches River Basin., The results of this study

arc published in detail as a masters thesis entitled A Study to determine

the Feasibility of Oiverting a Portion of the Red River into the Trinity,

1Y

Meches and Sabine River Basins by John H. Cook,

The methodalogy followed in the development of Cook's Thesis will
be briefly described herein but the reader s requested to ohtain the

thesis for detailced infovrmation.
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ihe possible diversion scheme is shown in schematic form in Figure
=1 and in plan in Figure 4-2,

'n brief the plan involved the pumping of Lake Texhoma water into the
Trinity River Basin where 16 would Flew into Lake Lavon. From Lake Lavon
it weuld he diverted into Lake Tawakoni and subsequently puwped from Sabine
River Channel into the headwaters of the Neches River., Thus diversions
could be made to any one of the three receiving basins.,

A general econemic revicew was made of the source basin and receiving
basins to identify important Tacets of the basin economics and to identify
prosent and fulure water use segments.

A analysis was made of the water resource of the Red River basin «
above Denison Dam and of the Meches River basin. The Neches was chosen
as Lhe raceiving basin to be studied in order to coordinate with the economic
input-outpul analysis carried out by the economic staff of the project
with regard to the most upstream major Heches River Reservoir, namely, the
Blackburn Crossing Rescrvoir.

The analysis made of both the source and receiving basins included a
aeneral study of hasin rainfall and cvaporation, ground water and general
runalf, floods, and quality aspects of the surface water.

Three detailed analysisyirre carried out in the source basin to evalu-
ate the maximum Fivm yield which could be satisfied by Lake Texhoma under

given statistical probahilities of non fulfillment.

It was first neccssary to determine the inflow into Lalle Texhoma.
A computer model was developed which rook the flows from upstream gaging

stations, made corrections for areas bolow the gages, made corrections for
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centrol exerted by existing rescrvoirs, and produced reascnable inf)ow
vatues,  The independent low flow cvent computer program was Lhen used to
dotermine critical dronght periods with various probabilitics of occurreﬁées.
The low Flow periods and related TMows were then used with Lasin evaporation
as input to the simplificd reserveir yield program to determine the yield

to bnoexpected based on given non-erceedence frequencies.

Figure 4-3 shows the runoff cxpected for various time periods and
non-oxceedence fFrequencies for Lake Texhoma. Figure 4-h shows the evaporation
curve used for Lake Texhoma. Figure -5 shows the yield expccted from Lake
Texhwma based on diflferent non-excecdence Frequen;ies.

In the receiving basin an analysis was made of the yicid to be, expected
at various stages of development without supplementation for the Blackburn
Cressing reservoir.,  Tha methodelogy is similar to that for Lake Texhoma
excopt the inflow may he conmputed more simply.

Hany political and socio-economic factors must be considered in any
diversion scheme. An attempt was made to identify and discuss those which
related to this particular plan. TForemost were the problems of interstate
allecation of Red River waters, the discrepancies between future water
needs for a basin whan computed by those within or without the basin and
the hope by many in West Texas te reverse the Red River Flow to bring

Hississippi walter to the Texas high plains.
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Sceclion V

Foconomiac Lvalualion

The economics stall ol Lhe project alected to chose the ragion
af fected by the Blackbuwrn Crossing Reservoir on the Neches River to
demonstrate the use ol the Leontif input-output enalysis to interrelate
the relationship Letyaen water as a vesource and economic activity in a
ragion,  The readers abtention is called to Technical Report /12 of the
Texns Water Resources |nstitute for & more detailed describtiun of the
methedology presented hevein,

Cbjectives

(e needs ol water resource planners for projections of cconomic
ackivity by planning arcas has stimulated Lhe application of new tech-
nigres of regional ecconomic analysis. Many of these techniques rely
heovily on the computer for analysis of the large amounts of populétioh,

cmrYoyment, and industrial output data.
| y ’

The regional input-output model is one important new method that has

been developad by econometricians and regional analysts for projecting
regional economic activity., The Tirst objective of this study was to
build an input-output model of Lhe cconomic activity of the watershed
vivler study.

Once input-oniput models have been built, it is imporktant that the
relationship between vavious sectors of the economy anu walter usg be
built into these models. The second objective of this study, then, was

to dotermine the relationship between the use of water as a resource and

the ceonomic activity of the various sectots.
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A third ebjective of this siuly was to estimate the inflluence of an
additional wvater supply on the level of econemic activity in Lhe watershed.
Since A developaent of this resource is underway, a method of estimation
of irmpacl is useiul,

As a preliminary to the study parrinant data such as the location, phys-
iography and geoloyy, valter vosources, human resources, enetqgy resource,
transportation facilitios, and political entities were evaluated,

THE WATERSHED MODEL

Flhie watershad model was conceived to examine the intevdependence be-

tuween the varions seccters and industvies of the watershed economy. Basically
. “

the input-output medel is a general theory of production. Tthe problem is
to determine the tevels of production in each sector which are required to
satisly the given level of total cutput,

The static clesed model is based upon three fundamental assumptions.
These ave Chat:

l.  Each group of commodities s supplied by a single production sector.

2. The inputs to ecach scctor avre a unique function of the level of

outpul: of that sector.

3, There are no external cconomies on discconomies.

The economy consists of n + 1 sectors of these; one sector - that
vepyesenting final demand - is autenomous., The remaining »n scctors are
nen-cautonomous, and stiructural interrelotionships can be established among

-

thim.
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Basie Mathematical Formulation
fhe model may be described as in the Following equations in which X
is the gross oulpul of secior i, whare | denotes a non-autonoinous sector,

xij Lhe output of the producing industry i purchased by the non-autonomous

sector joand Y. fs Tinal denand for scctor i.

Under the assunptions of input-output theary:

Xe = 7 x.. + Y. for all X; where i1 = .

i i

and j o= 1, 2, 3, . . . . n,
.‘<|=x”-l-x]2 L T T .Xin 'FY]

X22=x2] LS 3 B XZJ e x?_n+Y2

X, & %X 4+ x 2 + ., . x3j + oL . X3, + Y3

X, = Xi-l -+ xiz B ST S, X 4+ Y
¥ = . - . .
AT Xn} 4 an Feo. . XnJ . .. Xnn_ + Ynn

Constant technical coelficients are assumed for all Xi industries as

in the Following equation, Aij = .

Substituting this equation into the above equation and transposing we have;

j=t
This equation is representa:ive of the distribution of output of the sectors.
The system may be wriltten in matrix form as in X = AX = Y, in which X is a

column sector of oulputs, A is the matrix of technical coefficients, and Y

is 2 colunn sector of Final demands. Solving for the outputs required from

. o . . -1
each sector to deliver a specified Final demand gives: X = (I - A) Y oin
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vihich | s an identity matrix of the sesme dimension as A,

Interpretation of this solution is as follows:
Given Tinal demand for the arca products ¥, and the matrix of interdepen-A
dency coefficients matrix, the change in required output from each water-
shed area sector can he determined, Fach interdependency coefficient (I-A)'I,
specilic outputs are required of cach area industry X.

Consequently, given a change in Final demand for the walcrshed area
prodicts, and the interdependency coefficients matrix, the change in required
output fFrom each watershed area sector can be determined, Fach interdepen-

dency coefficient (A;.) must therefore be interpreted as showing the output

]
required of industry [ in response to one dollar's worth of linal demand

for preducts of industry j.

The Flow Tables

Fable 5.1 is a partial table of goods and services within the study
arca by sector of origin and destination. The entries in ench row of Table
5.1 lists by producers!' prices the amount of a sector output consumed by
itself and each. of the other sectors in the economy. Fach column of Table
5.1 represents a secltor's input structure.

Teehnical Coefficients

lable 5.2 shows a partial table of the direct purchases of each sector
from every other sector per dollar of output in 1958. All cntries in Table
5.2 can be calculated directly from Tahle 5.1. Each entry in Table 5.2
shaws the value of goods and services required From the row sector per

-

dollar of output by the column sector,
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Interdependence Coallici

ents

Table 5.3, a partial matrix of interdependence coefficients for the
study area, was compubaed from Table 5.2. The unique characlevistic of
this matrix is that indirect and civeular relationships between sectors,
as w1l as the direct relationships are summarized. Each confficient

shoves the dirvect and indirect requirements for products of the row sector

paer dallar of detlivery to final demand of products of the column sector,
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dinpct of Water Development

Cnce the input-output model has been constructed for the watershed
arca [or a basc period and the functional relationship betwoen water as
a resource requirement and total oulput is determined, this model can be
uscd Lo forecast the iwmpact on the watershed economy of increases in the
supply of water available to industries.

A forecast of oulput by industry sector in the watershed study area
was made for 1963, wusing (1) the functional relationship betwecen water and
outpul established for 1958 and (2) estimates of water use in 1963, developed
in the same manner as wore the estimates Tor 1958, Output per acre foot of
waker use in 1953 lor cach waler using sector were multiplicd by the esti-
mated water use for each scctor in 1963. For those sectors not using water
as o rosource requirement, estimates of output based on published data were
uscd,  The results of the forecast are found in Table 5.4, - .

Hoere 1€ can be seen that total walter use in 1958 amountad to 3400 acre
fect and total ocutput was $870,450, 529, In 1963, total use of water had
increased to 6293 acre feet and total output to $1,220,732,585. This fore-
cast compares [Favorably wilh total output estimated independent of water
use.  (See Table 5.5) As with the estimates of output in the watershed
for 1958, output by sector was estimated from value-added data. The total
forr o1l sectors was found to be $1,124,722, 532, This indicates that_the
estimate of outpul based on water usc was a bit high, some $96,010,053
or 8.5/, )

Although not ocutlined in this report special studies were made to

define flow table accuracies, examine Lhe productivity associated with

the water resource, and evaluate source and magnitude in evaluating productivity.



Table 5.4

Sector

LES T P
LY

——
-

Livestock

Other Ag, rod.

Ag. Forestry Prod.
Hining - I'ot. & Natl.
Construction

Food & Kindred Prod,
Apparel, cle,

Luiber & VWrod

Wood Containers
Heousehold Fuaren.

Other Furniture
Printing & Publishing
Chemicals, Paints, etc.
Pet. & Natl, Gas Reflining
Rubber & Plastic Products
Glass Products

Stone & Clay Products
Primary tictals

Heatg. & Plumbg.

Const. Macly,

Hachine Shops, etc.
Service Ind. Hach,
Houschold Appt,

Aireraft Repair & Pts,
Motor Equip. )
Misc., Mfg.

Trade

Finance

Real Estato

Personal Services

Gas

Total

Ealimited Qulput Basod on Water Use, YWatershed Study Area, 1963

h9

hﬁtput,
1958

(Dollars)

13,81h, 754
6,115,495
,330,01h
76,965,974
61,852,521
31,173,397
13,301,684
11,485,396
h, 564,862
2,00k k9]
1,098,951
5,229,032
18,198,522
23,378,219
7,004,980
5,358,579
6,583,707
39,539,865
10,979,308
1,101,336
646 160
15,116,725
5,707,299
1,385,569
1,164,720
7,972,308
233,5N,39h
06,582,540
155,585,427
18,719,000

$870,150,529

YWater Qutput Water Use Estimated
Use, per 1963 Output
1963 Acre Ft., 1963

1958
(Acre Feet) (Dollars) (Acre Feet) (Dollars)
16,823,739
5,460,520
3,871,814
h78 161,016 70 75,677,520
35,728,952
506 61,607 540 33,267,780
17,857,892 -
175 65,630 193 12,666,590
27 169,068 260 43,957,680
2 1,202,245 161 5,646,904
17 1,206,431
38 137,606 7,748,973
262 69,460 569 39,522,740
770 30,361 733 22,254,613
42 47,737 215 10,263,455
57 9,010 92 8,648,920
129 51,075 856 43,720,200
520 76,038 938 71,323,644
137 80, 1ho 279 22,359,060
3 380;’41*'5 7"' 276637115
1 58,769 13 763,997
122 123,907 335 41,508,845 . .
67 85,183 Lok 34,413,932
[ 98,969 i 98,969
5 884,543
Lo 74,307 205 15,232,935
301,596,192
127,658,216
193,202,04]
24,694,000
3,400 6,293 1,220,732,585




Table 5.5 Comparison of Qutput Eslimates foyr [963, Watershed Study Area
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Srctor
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11,
2.
13,
1,
15,
16.
17.
18,
19,
20.
21,
22,
23.
24,
25.
26,
7.
28,
29.
30.

Outpul Based
on Yater Use

Qutput Based

on Value Added

Livestock £ Livestock Products
Other Agricultural Products
Agricultural Forestry Products
Mining

Congtruct ion

Foocd & Kindrad Products
Apparel, olc,

Lumber £ 'food Products

Wooden Containers, etc.
Househotd Furniture

Mber Furniture & Fixtures
Printing 7 Publishing
Chemicals, Paints, Varnish, atc,
Pebroleun Refining, atc,
Rubhers Mastic Products

Gloss & fitass Proeducts

stone & Clay Products

Primary Hetals

Hecting, Mumbing, etc.
Construction & Relatad Mochinery
Machine Shops, Metaluork, ete.
service hielustry Hachinery
Hovschold Appliances

Alrcralt Repair & Parts

Hotor Eguipment & Vehicles
Miscellancous Manufacturing
Trade

Finance

Real Estaln

Personal Snrvices

Totals

(Dollars) (Dollars)
16,823,739 16,823,739
5,460,520 5,460,520
3,871,814 3,871,814
75,677,520 75,735,814
35,728,952 35,728,952
33,267,780 37,195,955
17,857,892 17,857,892
12,666,590 15,233,441
13,957,680 11,595,904
5,606,900 5,6h6,904
1,206,431 1,206,437
7,718,973 7,748,973
39,522,740 16,836,459
22,254 613 28,043,491
10,263,155 16,859,411
8,648,920 8,508,469
13,720,200 13,626,523
71,323,604 50,348,036
22,359,060 14,898,806
7,663,115 +,375,309
763,997 771,207
41,508,845 27,914,572
3,413,932 51,081,862
- 98,969 157,099
384,543 884,542
15,232,935 12,169,957

301,596,192

127,658,216

193,202,001

b, 694,000

1.220,732,585

301,596,192

127,658,216
193,202,041
2k, 694, 000

1, 124,722,532
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the results of this study show Lhat the technique of forccasting
econcmic develepment: based on input-output analysis and the water-use-
culpul relaticenship is a reriable and reasconably accurate tcchniqye.
Tt is proposed that the technique can be used to evaluate the economic

impoct of water resources development on small watershed area.
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Sectian VI
List of Publications

Ihe following publications were derived in whole or in part from

researveh effort Fanded hy this project.
Thesis

Cook, John Henry. YA Study to Determine the Feasibility of Diverting

n Portion of the Red River Into the Trinity, Ngches and Sabine River
Rasins'. HMay 1968,

Conion, Robert Larry.  YInput Ouiput as a Method of Evaluation of the -~
Feeonomic tmpact of Water Resource Development', May 1968,

Fvatt, Jack W,, "A One-Dimensional, Steady State, Nonidealized Technique
for Estuarine Analysis and 1ts Application to the Houston Ship Channel',

Hay 1968,
WRT Technical Reports

Report #12. "Input Output as a Hethod of Evaluation of the Economic

tupact of Water Resource Development',
Presentations to Mational and Regional Meetings

"Waste Dispevsion Patlerns in the Houston Ship Channel', llann, Roy W.,Jdr.,
prosented to the Texas Section, American Society of Civil Engineers,
Houston, Texas, April 18, 1968,

A Approach to Analyzing Water Quafity in the Houston Ship Channel',

Hann, Roy M., Jr., Procredings of the 12th Water for Texas Conference,

Movember, 1967,
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"Iostitutional Factors in Water Development®, Trock, Warren, L.,
Proceedings of the 12th Water for Texas Conference, November, 1967,

"The Concept of Waste Assimilation Capacity as a Useful Tool in

Water Resources tanagement', Hann, Roy W., Jr., presentcd to the

Hational Mceting ASCE, Dallas, Texas, February, 1967.

"Ihe Houston Ship Channel - A Complex Problem in Estuarine fAnalysis'',
Honn, Roy W., Jr., Evett, Jack B., and Tyer, Bobby G., presented to

Fhe Texas Section, Amcerican Socielty of Civil Engineers, Austin, Texas,
Ovtober, 1266,

"Computerized Evaluation of Liquid Wastes Assimilation in Rivef.Systems”,
Mann, Roy M., Jr,, 58th National Meeting, American Institute of Chemical
Fagineers, Dallas, Texas, February, 1966,

"Digital Computers; A Promising Tool for State Water Resources Agencies'!,
Hamn, Roy W., Jr., Procecdings, Joint Heeting Rocky Mountain Division of

MLIN and WPCF, Albuquerque, New Maxico, October, 1965,

Printed Lectures
"Computer Applications in Water Quality Management'', Hann, Roy W., Jr.,
presented to the Woter Quality Management Training Course, Austin, Texas,
April, 1968,

"Simulation and Load Evaluation Models in Water Quality Hanagement of

Tidal Estuaries', Hann, Roy W., Jr., presented to an Environmental Engineering

Seminar, University of Oklahoma, April, 1968.
"Systems Analysis in Water Resources Management and in Managehent of
t

I'idal Estuaries', Hann, Roy W., Jr., presented to a Watcr Resources

Seminar, Las Alamos, New Mexico, January, 1968,
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“iater Quality Aspects of Reservoir System Analysis', Hann, Roy W., Jr.,
presented to the U.S, Army Corps of Engineers Seminar, 'Reservoir Systems
Analysis', Omaha, Hebraska, Aprvil, 1967.

M"Aquabic Systems Analysis in Woter Resources Planning and Management'!,
N, Roy W., Jrr., piresented to the New Mexico Water and Scwage Works
“hort School, las Cruces, New Mexico, April, 1966,

“iater Quality Aspects in Planning and Hanaging Water Resource Systems'!,
Honn, Roy W., Jr., presented Lo the U,S, Army Corps of Engineering

Seminar, "Storage Yield and Streamflow Simulation', Sacramento, California,

Jonuary, 1966,
Other

“ark Plan lor the Development of a Comprehensive Water Quality Management
Mrogram for Galveston Bay and Its Tributaries', Appendix A, Roy W. Hann,
Jr., et,al., ¥ater Resources Rescarch Committee of Texas, Col]ege Station,

lexas, October, 1966,
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Section VII
Summary

(his project furnished the sezd funding and direction for what has
becens a major research effort to solve Texas Water Resource Problems,

Al Lhough the project level was not high in terms of manpower, sig-
nivicont results were achiecved by the project staff and many of the ideas
which had their birth as part of this broad effort have led to significant
funded rescarch projects and a large number of independent thesis projects.

the analytical methods Tor water resource analysis described in Section
Il have been wvsed extensively in {wo graduate cour;es at Texas A&gM Uni-
versity and are being made available to state and federal agencies upon .
request,  The Agricultural Research Service is using a watershed runoff
model which is the outgrowth of these methods as presented in one of the
graduate courses. Additional theses projects on multibasin simulation
avalt interested graduate students, B

The priority which Texas places on her Bays and Estuarics and the
need to evaluate the offect ol fresh water inflow modification and envir-
onmental polltution management has spurred the development of the estuarine
modals which had their initial formulation as part of this project. Pro-
jects with funding of over one half million dollars over a four year period
have been initiated under the direction of the project director of this
project. These projects call for Further development of analytical tech-
niques for estuarine analysis and provide for a field ef/ort to collect
the necessary data to verify the analytical methods. The project director

participated in the development of the Galveston Bay work plan which is

being used by the Texas Woter Quality hoard to guide estuvarine studies.
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Interbasin transfer was censiderad in this project because of the
statovide interest in such plans and because it gave a real and existing
problem for which to demonstrate the use of some of the analytical methods
developed or reprogrammed by the project staff,

The project staff's interest in interbasin transfer was prior to the
annomncement of the States' Interbasin transfer plans in the preliminary
version of the Texas Water Plan. Following that report with its more large
scale Lransfer the staff shifted its emphasis to problems on vihich it felt
they could have more fmpact. It is interesting to note that the latest
versinon of the Texas Yaler Plan returned to the co;cept of a Gulf Coast
Canal which this project diversion plan made wmore feasible.

Me project stimulated a close cooperation between the project staff
and {oderal and state agencies. Close contact with the Hydrologic Engin-
eering Center of the Corps of Engincers prevented duplication of effort,
participation on the part of the project staff as student and faculty in
Corps training courses and eventually led to the presentation by Texas A&M

University of special two week courses entitled Water Quality Aspects of

Water Resource Flanning for the Corps of Engineers and the Bureau of Recla-
mation. Representatives of the Federal VWater Pollution Control Administra-
tion, The Texas VYater Development Board, the Texas Water Qualily Board and
The Texas Parks and Wildlife Department also participated in these courses
and thus learned of our efforts and used methodology developed by this proj-
ect. Although the project scayed within the general framcwork of the proj-

ect objectives, there was some deviation through the course of the project

from initially stated sub-objectives. This was necessitated by the level
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of finding, changes in stalf personnel, and staff interests and competenness.
The wignificant accomplishments of the project are as a result of working
with real Texas water resources problems in which tay within the scope of

the sraff competancies.
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The Appendices are not includcd in this report, |f information
contained in one of them is desired, it can be obtained from Dr. Roy
W. Hann, Jr., Environmental Engineering Division, Civil Enginecering

Department, Texas A&M University, College Station, Texas.



