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ABSTRACT

MANAGEMENT OF RETURN FLOWS IN TEXAS

The present quantity, guality, and location of municipal
and industrial return flows in Texas were estimated on the basis
of available data at state regulatory agencies. Similarly, the
potential impact of these return flows on the state's waterways
has been evaluated. Previously developed methods for projecting
water requirements and both guantity and quality of return flow
were refined and used to make projections for each decade through
the year 2020 for the entire state,

Trading areas and drainage basins were the basic units
for the projections. A trading area includes from one to 27 counties
surrounded by either a Standard Metropolitan Statistical Area or a
locally important population center. A drainage basin is defined
as either a river basih, an intervening coastal area between river
basins, or the 10- to 15-mile wide strip of land adjacent to a bay
or estuary.

The effects of projected return flows on bays and estuaries

were estimated by means of simplified mixing and dissolved oxygen
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models. Although much of the important input data required by
the models were estimated, results generally agreed with present
field conditions, so far as they are known.,

The applicability of optimization techniques to stream
guality management was demonstrated by development of a
dynamic programming model for quality control. Indications
are that savings made possible by use of the model are ac-
companied by a substantial improvement in average stream

quality.



CONCLUSIONS AND RECOMMENDATIONS

Projected Wastewater Quantities: The present municipal and industrial

wastewater releases, respectively, are 0.8 and 1.3 million acre~feet
per year. The total projected wastewater releases by the years 1980
and 2020 are expected to reach about 3 and 6 million acre-feet per
year. These estimates are based on potential water requirements,

The present municipal water use (1963 basis) and industrial
use (1964 basis) involve about 1.3 and 1.9 million acre-feet per year,
respectively. The total projected quantities of water for the same
uses by the years 1980 and 2020 are estimated to be 5 and 12 million
acre-feet per vear.

Projected Wastewater Quality: The condition of surface waters in the

future will become increasingly dependent on the guality of municipal
and industrial effluents. Planned and incidental reuse of water will
increase as water requirements increase, and such reuse will be made
feasible only by effective effluent quality contrcl. By the year 1970,
advanced wastewater treatment will be required in some areas.

Projected Quality Control: Estimates provided herein indicate that

localized pollution, eutrophication of entire rivers and bays, and
loss of the fisheries and other water-related industries may occur un-~
less appropriate remedial wastewater treatment or waste disposal
actions are taken.

The present treatment levels will not be adequate for treating
the projected future inflows from municipal and industrial wastewater
treatment plants. Considering the additional nutrients and oxygen-
demanding wastes that will be produced by increased urban runofis

and agricultural return flows, one concludes that much of the state's
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waters will not be available for man's indirect use and personal enjoy-
ment if the total concentrations of certain pollutants are not materially
reduced in the future.

Present biological wastewater treatment plants will require up-
grading to include denitrification and phosphate removal processes.
Industrial processes will need to make increasing use of product re-
covery and process modification.

Projected Dilution Requirements: The dispersal of the potential organic

pollutants and the solution of the nutrient problem in bays and estuaries
cannot be accomplished solely by dilution with either high purity fresh-
waters or saline Gulf waters.

Within the limits of available data, future dilution water re-
guirements to maintain present quality conditions were found to increase
rapidly. This increase is more rapid than potential pollutant quantity
increases. It is estimated that about one million acre-feet of dilution
water may be required for Galveston Bay by 1980 to maintain the present
level of dissolved oxygen and about three million acre-feet per year
may be required to maintain relative phosphate levels. By the year 2020
the requirements in Galveston Bay may be three million acre-feet per
yvear for dissolved oxygen control and twelve million acre-feet per year
for phosphate control.

Stream Quality Control: The applicability of dynamic programming

methods to the optimization of treatment aimed at maintenance of

stream standards was demonstrated. With the cost function used, indi-
cations are that the application of optimization techniques to the main~-
tenance of stream standards will resulit in much better average stream
quality at a fairly nominal reduction in total cost, particularly when a
low allowable stream concentration is specified.

It is recommended that the modest program developed in this
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research be expanded to include degradable pollutants, the effects
of reservoirs on pollution control, low~flow augmentation, and other
factors which affect stream quality.

Return flows from agricultural water use and runoff from rural
and urban developments are known to contribute to the degradation of
stream quality, but very little quantitative data exist. It is recom~
mended that research be undertaken for the purpose of evaluating the
contributions of these sourcesg to stream pollution.

Finally, it is recommended that a comprehensive research pro-
gram be undertaken on one of the major river systems in Texas for the
purpose of evaluating some of the variables that determine the effects
of return flows on such systems, and for the purpose of establishing

a system of quality measurement for future quality control.



TABLLE OF CONTENTS

ACKNOWLEDGMENTS

ABSTRACT

CONCLUSIONS AND RECOMMENDATIONS
TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

Chapter
I INTRODUCTION
Objectives
Scope
Limitations
II QUANTITY, QUALITY, AND LOCATION OF PRESENT

AND PROJECTED RETURN FLOWS

Organization of the Research

Evaluation of Municipal Return Flows
Municipal Sewage-to-Water (S/W) Ratios
Quality of Municipal Return Flows
Evaluation of Industrial Return Flows
Industrial Return Flow to Water Use (S/W)
Ratios

Quality of Industrial Return Flows
Projection of Municipal and Industrial
Water Requirements

Projection of Municipal and Industrial
Return Flows

Projection of Quality of Return Flows
Maintaining Present Stream Quality
Present Effluent Quality

Reduction of Concentrations of BOD

and Suspended Solids in Effluents

111 EFFECTS OF RETURN FLOWS ON SURFACE
WATER QUALITY

Distribution of Return Flows
Quality of Return Flows
Effects on Sireams

ix

ix
xii

xiii

(a1 w NN ot

—

17
20

21

22
24
26
26

28

‘98
30
31



TABLE OF CONTENTS (Cont'd.)

Chapter Page
Effects on Bays and Estuaries 34
Galveston Bay 38
Matagorda Bay 42
Aransas-Copano-San Antonio Bays 44
Corpus Christi Bay 45
v OPTIMIZATION ANALYSIS 47
Nature of the Problem 48
Optimization Technique 49
Program Development 55
Practical Application 58
Appraisal of Results 60
\ DISCUSSION 64
Validity of Methodology 64
Projection Technigue 64
Return Flow Quantity Estimation 65
Return Flow Quality Estimation 66
Estimation of Return Flow Effects 66
Optimization Technique 67
Management Responsibilities 67
APPENDICES
A SUMMARY OF PROJECTED MUNICIPAL AND 68
INDUSTRIAL WATER REQUIREMENTS (MGY)
B SUMMARY OF PROJECTED MUNICIPAL AND 72
INDUSTRIAL RETURN FLOWS (MGY)
C MUNICIPAL AND INDUSTRIAL TREATMENT 76

PLANT EFFLUENT QUALITY REQUIRED TO
MAINTAIN PRESENT BURDEN OF POLLUTANTS
IN STREAMS

D QUANTITIES OF POLLUTANTS (IN THOUSANDS 94
OF POUNDS PER YEAR) CONTRIBUTED BY
MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT
IS MAINTAINED

E ADDITIONAL POLLUTANT REMOVAL REQUIRED 112
(IN THOUSANDS OF POUNDS PER YEAR) TO
IMPROVE BOD AND SUSPENDED SOLIDS OF
EFFLUENTS TO 20 MG /L



APPENDICES

H

BIBLIOGRAPHY

TABLE OF CONTENTS (Cont'd.)

PROJECTED MUNICIPAL AND INDUSTRIAL
RETURN FLOWS BY DRAINAGE BASINS (MGY)

QUANTITIES OF WASTES DISCHARGED BY
MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT
IS MAINTAINED (1000 lb/year)

OPTIMIZATION PROGRAM

xi

Page

124

128

144

156



2-1
2-2
2-3

3-3

3-4

3-5

LIST OF FIGURES

Location of Trading Areas in Texas
Effect of Recycling on Industrial S/W Ratio

Summary of Present and Projected Water
Use and Return Flow in Texas

Location of Drainage Basins in Texas

Iliustration of Dissolved Oxygen and
Mixing Model

Galveston Bay Segmentation Model
(Four MileExcursion)(20)

Present and Projected DO Concentrations
in Galveston Bay

Present and Projected Phosphate Concentrations
in Galveston Bay

Matagorda Bay Segmentation Model (20)

Aransas-Copano-San Antonio Bays
Segmentation Model (20)

Corpus Christi Bay Segmentation Model (20)
Block Diagram for Reach of Stream
Simplified Stream System

Schematic Representation for a Reach
of Stream

Location of Cities on Upper Trinity River

xii

29
36

39

40

42

43
44

45
49
51
56

59



Table

2-1

2-3

2-4

2-9

2-10

4-2

4-3

4-4

LIST OF TABLES

Municipal S/W Ratios

Summary of Quality of Municipal
Return Fiow {1964)

Summary of Quality of Municipal
Tap Water

Summary of Industrial Water Use
in 1964 by Industrial Classification (MGY)

Summary of Industrial Return Flow and
Usage of Water in 1964 by Industrial
Classification (MGY)

Summary of Industrial Water Use and
Return Flow in 1964 (MGY)

Industrial S/W Ratios

State Summary - Quantity and Quality of
Municipal and Industrial Return Flow,
Based on Waste Discharge Permits

State Summary of Present and Projected Annual
Municipal and Industrial Water Requirements

State Summary of Present and Projected Annual
Municipal and Industrial Return Flows

Pollutant Removal Required and Cost of
Removal at City 1

Pollutant Removal Required and Cost of
Removal at City 2

Pollutant Removal Required and Cost of
Removal at City 3

Total Cost of Treatment and Effluent
Charges at City 3

Optimum Policy at City 3

Total Cost of Treatment and Effluent
Charges for Cities 2 and 3

Optimum Policy at City 2, Including
City 3

xiii

12

15

15

16

18

19

21

22

52

52

52

53

53
54

54



Table

4-8

4-9
4-10

4-11

LIST OF TABLES (Cont'd.)

Total Cost of Treatment and Effluent
Charges for all Cities

Optimum Operating Policy for System

Comparison of Optimum and Normal
Treatment Cost for Maintaining
Stream Standard of 1 mg/1 in Upper
Trinity River

Comparison of Optimum and Normal
Treatment Cost for Maintaining
Stream Standard of 2 mg/] in Upper
Trinity River

xXiv

Page
55

55
6l

62



I INTRODUCTION

Important work is being done by many investigators who are attempt-
ing to elucidate the relationships that control water and wastewater treat-
ment processes. Others are seeking improved techniques for defining and
guantifying the variables involved in determining the fate of pollutants
that are introduced into streams, and still others are attempting to refine
the methodology used in forecasting stream flows. The fact that these and
many other separate aspects of water resources management are being in-
vestigated separately suggested the need for a broad-based study of the
overall water quality management problem in Texas. Such a study could
focus attention on present problems, indicate the magnitude of these
problems, and perhaps cast some light on future probiem areas.

For purposes of this research, a potential water quality problem exists
when the return flows from municipal and industrial uses of water so degrade
the quality of the receiving water as to significantly reduce its value to po-
tential downstream users. In this context, the utilization of a receiving
water's assimilative capacity for waste disposal is considered to be a legiti~
mate and rational action.

The assimilative capacity of some receiving waters has been exceeded
under present conditions (1). Unless return flow quality is steadily upgraded
in the future, this condition will become more widespread.

Continued progress in the management of water resources through
transbasin diversions and regulation of streamflow by the consiruction of
dams and reservoirs will require constant upgrading of stream quality in many
cases because of the tendency of such reservoirs to concentrate dissolved
inorganic materials by evaporation, segregate waters by stratification, and
enhance nuisances by eutrophication. In some cases these effects are off-

set by increased detention time in reservoirs, and by the beneficial effectis



of low-flow augmentation.

It seems to be evident that increasing economic resources will be
devoted to the water resources management field in the future, Optimum
allocation of these resocurces will depend upon a knowledge of the nature
of obstacles to be overcome, and the sequence in which they wili be en-
countered.

Objectives

The primary objectives of this research were (a) to delineate and
to localize present and projected municipal and industrial return flows in
Texas, (b) to quantify some of the constituents of these return flows, (c)
to identify some of the problems that may result from projected return flows,
(d) to point out some of the shortcomings in present water-guality data
collection practices, and (e) to develop a generally applicable computa~-
tional method of minimizing the treatment cost for maintaining a predeter-
mined stream quality.

Scope

Data related to the use, consumption, and quality of water were ob-
tained from the Texas State Department of Health, the Texas Water Pollution
Control Board, the Texas Water Development Board, the Bureau of Business
Research of The University of Texas, and the literature., Detailed analyses
of these data were made utiiizing the CDC 1604 computer at The University
of Texas. Results were obtained for all cities with a population in excess
of 5000, for all counties, and for all Standard Metropolitan Statistical Areas
as defined by the Bureau of the Census of the United States Department of
Commerce. These results were then grouped into the trading areas and
drainage basins for which results are shown in subsequent sections.

Some duplication of effort is involved in obtaining resulits based on

both trading areas and drainage basins, but both concepts are necessary to
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an adequate evaluation of the water resources problem. Trading areas

are the more logical units on which to project water requirements because
water will be required where people and industry congregate, regardless

of topographic features of the area. Drainage basins are more logical

units on which to project return flows, because natural watercourses are
usually the ultimate waste conveyance systems for areas which they drain.
Hence, the interdependency of water use and return flow makes it desirable
to relate both water use and return flow to both trading areas and drainage
basins.

Limitations

Many inadequacies of data were encountered, but field checking of
questionable data was beyond the scope of this research. In cases of
conflict between two or more sources of data, judgment was used in select-
ing the more reasonable value. Such inadequacies serve to emphasize the
need for more comprehensive and reliable means of gathering quality data.

Bays and estuaries that receive substantial quantities of freshwater
inflow are vastly more complex systems than are streams, in both physical
and biological senses. Tor example, transport by a flowing stream occurs
only in a downstream direction, with primary currents caused by gravita-
tional forces. Transport in a bay or estuary may occur in any direction as
a result of currents from tidal action, wind action, density gradients, fresh-
water inflows, and other factors. The direction is not constant with time
as is the case in a stream.

It is therefore a simple matter to infer that the introduction of bio~
logically degradable organic wastes to a bay or estuary will depress the
dissolved oxygen concentration in the receiving water, but it is not possible
to predict with a high level of confidence either the magnitude or the

areal extent of the depression that will result from the introduction of a



particular quantity of such wastes. The basic data relative to transport,
mixing, reaeration, deoxygenation, effects of bottom deposits, and many
other factors are not available to the extent and with the degree of accu-
racy necessary for such a prediction.

Regardless of these inadequacies of available data, a computational
model based on many simplifications was developed in order to obtain
estimates of the general effect of projected return flows. As more nearly
complete and more useful data become available in the future, it should
be possible to refine the model so that estimates obtained will be more

indicative of actual results,



IT QUANTITY, QUALITY, AND LOCATION OF
PRESENT AND PROJECTED RETURN FLOWS

Future return flow may be an important factor in determining the
value and usefulness of the total water resource in Texas. This used
water represents a large potential source of usable supply only if it is
properly managed. If return flow is mismanaged, it may seriously damage
the quality of available surface and ground waters throughout most areas
of the state. Factual data on which to base decisions are essential to
the development of rational management policies. Effective management
of the total water resources of the state therefore requires a knowledge of
the quantity and quality of all potential water supplies, including return
flows.

The research discussed in this section was undertaken for the pur-
pose of quantifying, qualifying, and localizing present municipal and
industrial return flows throughout the state, and projecting these data to
the year 2020. Most of the results obtained in this research have been
included in detail in a report to the Texas Water Development Board by the
Center for Research in Water Resources. (2)

Organization of the Research

The research discussed in this section is based on a fundamental
concept which assumes that the quantity of return flow in a limited geo-
graphic area is related in a rational and determinable manner to the quantity
of water used in that area. This concept was used in a study of water reuse
made in 1957, (3) and the validity of the concept was confirmed by the re-
search reported herein., Historical records of water use and return flow were
used in evaluating the relationship of return flow to water use (S/W ratio), .
and projections of return flow were made by applying the relationship to
water use projections made jointly by the Bureau of Business Research of
The University of Texas and The Texas Water Development Board.

Present and projected municipal and industrial water requirements



were developed for all urban areas with a population of 5000 or more,

for all Standard Metropolitan Statistical Areas (SMSA) as defined by

the U. S. Department of Commerce, and for all counties that are not

included in any of the 21 Standard Metropolitan Statistical Areas in

the state.

Water requirements that were developed for the above areas

were grouped into 32 trading areas as defined by The Bureau of Business
Research of The University of Texas, Tig. 2-1. Projected return flows
were developed in the same detail as were water requirements, but re-

sults for units smaller than trading areas have not been included in this

section.
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Qualitative projections of return flow were made for three different
assumptions regarding future effluent quality. Results obtained for these
three conditions should be useful in the future establishment of water
quality criteria,

Evaluation of Municipal Return Flows

All computations of municipal S/W ratios were based on water use
and return flow data provided by the Texas State Department of Health
(TSDH). Water use data available from this source consist of routine re~
ports filed by operators of public water supply systems and summary reports
published periodically by the TSDH (4). Return flow data included routine
reports filed by plant operators, and published and unpublished data based
on inventories of municipal waste treatment plants as made by the TSDH
(5, 6).

Present qualities of municipal return flows were synthesized from
data obtained from the literature, the TSDH, and the Texas Water Pollution
Control Board (7, 8, 9, 10).

Municipal Sewage=-to-Water {S/W) Ratios

The relationship of return flow to water use is influenced by the
total population, population density, water uses, climatic variation,
economic conditions, water costs, water quality, and many other factors,
The relationship varies widely from year to yvear for any particular city, but
annual precipitation appears to be the most important singie factor in de-
termining what the relationship will be. The influence of annual precipita-
tion on the S/W ratic can be expressed in an equation of the form: Y = a +
bX, in which Y is the S/W ratio, a and b are constants, and X is the annual
precipitation in inches.

Fguations of this type were derived for each major city for which
adequate historical records are available, and the S/W ratios for normal

annual precipitation were determined. Return flow projections were then



made on the basis of projected water requirements and normal S/W ratios.,

Where adequate historical records were not available, S/W ratios
were based on such records as were available and on the calculated ratios
for cities in similar climatic areas.

Present municipal S/W ratios, adjusted for average precipitation,
decrease in a westerly direction from a high of 0,86 in the Lower Sabine
Trading Area to a low of 0.31 in the El Paso Trading Area. Most of the
S/W ratios fall within the range of 0.45 to 0.75 and the weighted mean of
all values is 0.60,

Projected S/W ratios have generally been reduced slightly each
decade to account for the fact that the S/W ratio for a city normally de~-
clines as the population increases. The weighted mean of all values pro-
jected to the year 2020 is about 0.55. Present and projected municipal
S/W ratios for each trading area for each decade are presented in Table 2~1,

Quality of Municipal Return Flows

The quality of municipal return flow, summarized by trading area
in Table 2-2, is determined by two primary factors--the concentration of
dissolved solids in the tap water from which the return flow is derived and
the concentration of poliutants added through one cycle of municipal use,
Concentrations of 5-day BODand of suspended solids in municipal effluents
are routinely evaluated by the Texas State Department of Health as an inte-
gral part of the inventory of municipal waste treatment plants referred to
earlier. BOD and suspended solids concentrations data were therefore ob-
tained directly from this source.

The concentrations of dissolved solids in tap water, which greatly
affect the quality of return flow, were evaluated in a less direct manner
and were found to vary widely among different areas of the state. For the

entire state, the weighted average concentrations of total solids, chlorides,



Table 2-1., Municipal S/W Ratios

Year
Trading Area 1960 1970 1980 1990 2000 2010 2020
Fort Worth .72 .70 .69 .67 .65 .64 Y
Dallas .70 .67 .64 .61 .57 .54 .51
Tyler o 72 .69 .66 .63 .01 .58 .05
Longview~Marshall .70 .70 .70 .70 .70 .70 .70
Waco .65 .64 .63 .63 .62 .61 .60
Palestine .65 .65 .65 .65 .B65 .65 .65
Lufkin .55 .53 .51 .49 A7 .45 .43
Middle Sabine .75 .75 .75 .75 o 75 .75 .75
Austin .51 .49 .46 .44 .42 .39 .37
Bryan .49 .49 .48 .48 .48 47 47
Houston .68 .67 .66 .65 .64 .63 .62
Lower Sabine .86 .85 .85 .84 .83 .83 .82
San Antonio .73 .71 .68 .66 .64 .61 .59
Victoria .50 .48 .47 .45 A3 .42 .40
Corpus Christi 44 43 .41 40 .38 .37 .35
Lower Valley .37 .37 .37 .36 .36 .36 .36
Laredo .45 .44 .43 43 .42 41 .40
Del Rio .35 .34 .33 .33 .32 .31 .30
Brownwood .45 .45 .44 .44 .44 .43 43
San Angelo .45 .44 .43 .43 .42 .41 .40
Abilene .53 .52 .50 .49 .48 .46 .45
Big Spring .46 .45 44 .43 .47 .41 40
Midland-Odessa 46 .45 .44 .43 .42 .41 .40
El Paso .31 .31 .31 .31 .30 .30 .30
Lubbock .53 .51 .50 .48 .46 .45 .43
Amarillo L 46 .45 .44 ,43 .42 .41 .40
Wichita Falls .43 .43 .42 42 .41 .41 .40
Gailnesville .65 .64 .63 .63 .62 .01 .60
Sherman-Denison .65 .64 .63 .63 .62 .61 .60
Paris .64 .63 .63 .62 .61 .61 .60
Sulfur Springs .80 .78 77 .75 W73 . 72 .70

Northeast Texas .75 .74 .73 .73 72 71 .70




Table 2-2. Summary of Quality of Municipal Return Flow (1964)

Concentration of Pollutants (mg/1)

Trading Area BOD Susp. Total _
9 Solids Solids Cl NO, PO,

Fort Worth 27 32 488 102 22 24
Dallas 32 40 602 127 22 24
Tyler 30 37 409 93 22 24
Longview-Marshall 6 26 347 104 23 24
Waco 40 38 642 138 24 24
Palestine 69 63 560 116 22 24
Lufkin 43 61 526 97 22 24
Middle Sabine 27 46 508 96 23 24
Austin 17 29 915 144 26 24
Bryan 25 52 515 110 22 24
Houston 26 42 674 171 22 24
Lower Sabine 12 22 421 122 22 24
San Antonio 21 19 555 108 27 24
Victoria 18 25 694 248 22 24
Corpus Christi 17 49 785 251 23 24
Lower Valley 32 72 1019 258 23 24
Laredo 94 50 785 117 27 24
Del Rio 2 5 494 89 30 24
Brownwood 34 36 422 110 23 24
San Angelo 50 42 639 180 23 24
Abilene 24 34 510 116 23 24
Big Spring 59 36 517 106 22 24
Midland-Odessa 22 51 957 196 31 24
El Paso 44 37 682 160 23 24
Lubbock 95 103 844 152 30 24
Amarillo 70 62 603 100 27 24
Wichita Falls 50 74 499 111 30 24
Gainesville 41 4] 633 100 23 24
Sherman=Denison 38 48 872 206 23 24
Paris 47 17 471 105 22 24
Sulfur Springs 22 30 288 81 22 24
Northeast Texas 53 35 466 116 23 24
State Total 32 40 646 146 24 24
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and nitrates in tap water were found to be 424, 71, and 3 mg/1, respectively.

Concentrations of dissolved solids in tap water, Table 2-3, were ob~
tained from a report on the chemical analyses of water supplied by public
water systems throughout the state (9). Since many cities have more than
one source of supply, the report may list data for more than one set of ana-
lyses for a city. It was therefore necessary to study the listings and deter~
mine, partly on the basis of judgment, the most reasonablie concentrations
of dissolved solids in the tap water of each city. Average values of pollu-
tant buildup through one cycle of municipal use were added to these tap
water concentrations in order to find the return flow concentrations of
dissolved solids.

On the average, one cycle of municipal use adds 222 mg/1 of total
solids, 75 mg/1 of chlorides, 22 mg/l of nitrates, and 24 mg/1 of phosphates
to the tap water concentrations (7,8,11). It was assumed that these average
values were valid for all areas of the state, although it is recognized that
the values may vary from city to city. The concentrations of total solids,
chlorides, nitrates, and phosphates shown in Table 2-2 therefore repre~
sent the tap water concentrations plus the average buildup for one cycle
of municipal use,

Concentrations of phosphates and nitrates, evaluated as described
above, were practically uniform at 24 mg/l throughout the state: but 5-day
BOD, suspended solids, total solids, and chlorides were found to have
relatively wide ranges of values. The weighted average concentration of
reported 5-day BOD in the state was calculated to be 32 mg/1, ranging
from a high of 95 mg/1 in the Lubbock Trading Area to a low of 2 mg/l re~
ported in the Del Rio Trading Area. The low value is probably not realistic
but rather indicative of data reporting techniques.,

Total solids concentrations were found to vary from 1019 mg/1 in

the Lower Valley to 288 mg/1 in the Sulphur Springs Trading Area, with the




Table 2-3, Summary of Quality of Municipal Tap Water

Concentration of Pollutants (mg/1)

Trading Area Total Solids cl NO3
Fort Worth 266 27 0
Dallas 380 52 0
Tyler 187 18 0
Longview-Marshall 125 29 1
Waco 420 63 2
Palestine 338 41 0
Lufkin 304 22 0
Middle Sabine 286 21 1
Austin 693 69 4
Bryan 293 35 0
Houston 452 96 0
Lower Sabine 199 47 0
San Antonio 333 33 5
Victoria 472 173 0
Corpus Christi 563 176 1
Lower Valley 797 183 1
Laredo 563 102 . 5
Del Rio 272 14 8
Brownwood 200 35 1
San Angelo 417 105 1
Abilene 288 41 1
Big Spring 295 31 0
Midland-Odessa 735 121 9
El Paso 460 85 1
Lubbock 622 77 8
Amarillo 381 25 5
Wichita Falls 277 36 8
Gainesville 411 25 1
Sherman~Denison 650 131 1
Paris 249 30 0
Sulfur Springs 66 6 0
Northeast Texas 244 41 1
State Average 424 71 2
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average for Texas being 646 mg/1. Variations in the concentrations of
suspended solids and chlorides were determined to parallel the variations
in BOD and total solids, respectively.

Water quality in Texas tends to improve in an easterly direction,
with the best quality water occurring in the Sulphur Springs Trading Area,
as indicated above.

Evaluation of Industrial Return Flows

All computations of industrial S/W ratios were based on water use
and return flow data obtained from a survey of industrial water users which
was made by the Texas Water Commission in the spring of 1965, For this
survey, questionnaires were mailed to approximately 3500 industrial firms
throughout the state. More than 90 percent of the industries responded to
the questionnaire, and approximately 1200 replies contained usable infor-
mation. It is believed that over 95 percent of the actual water use was
covered in the usable replies.

Present quality data for industrial return flow were obtained by
analysis of waste discharge permits issued by the Texas Water Pollution
Control Board.

Industrial Return Flow to Water Use (S/W) Ratios

Industrial S/W ratios were found to vary widely for different areas
of the state and, while they tend to be somewhat lower in the more arid
portions of the state, they also vary greatly among different types of indus~-
tries, regardless of location.

Industrial S/W ratios vary over a wider range of values than do
municipal S/W ratios. The Victoria Trading Area repcrted the highest ratio,
0.95, while the lowest ratio, 0.11, was reported in the Laredo Trading Area.
The overall average for the state was found to be 0.88, but this ratio inclu-

ded large quantities of saline water. When saline water was excluded from

calculations, the state average ratio was 0,69,
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Saline water accounts for about 64 percent of the total indus-
trial water intake, with the chemical industry using about 79 percent
of the total saline water intake. Petroleum refining and miscella-
neous minor industries together use another 20 percent of the saline
water intake, leaving about 1 percent for all other industries.

The major water-using industries tend to use about four times
as much water for cooling purposes as for process water. Because of
reuse of cooling water, the quantity used for cooling was more than
the total intake for all industrial classes except the textile, paper,
stone, clay, and glass industries. All industrial classes except the
paper industry reported that the quantity of water recirculated within
the plant exceeded the total intake. For the entire state, recirculated
water volume was about four times the total intake, including saline
water, indicating that intake water is put through five cycles of use
before being discharged, Tables 2-4 and 2-5. Industrial water use
and return flow by Trading Area are tabulated in Table 2-6,

Industrial S/W ratios are highly dependent on the number of
times water is recycled within the plant before being discharged. Each
use cycle consumes about 1.8 percent of the intake water as shown in

Fig., 2-2.

o

|
S/W= 1-.018N

INDUSTRIAL
S/W RATIO
o

0

0 50 100
NUMBER OF TIMES RECYCLED, N

FIG. 2-2. EFFECT OF RECYCLING
ON INDUSTRIAL S/W RATIO



Table 2~4,

Classification (MGY)

Summary of Industrial Water Use in 1964 by Industrial

Quantity and Source of Intake

« . Total Fresh Munic Other Saline Present
Industrial Class )

Sewage Contam. Need
Mining 20716 17514 0 3212 44 41
Primary Metals 20438 6786 0 3365 10427 15
Transportation 12967 1991 0 10975 0 0
Stone, Clay, Glass 14112 11872 6 1032 1202 51
Food Production 13442 13147 S 279 7 422
Textiles 1119 1119 0 0 0 0
Paper & Products 29208 24516 0 2 4690 8663
Chemicals 1185501 68051 1426 196948 916090 657
Petroleum Refining 196930 62771 487 30472 103124 53
Miscellaneous 309436 47188 912 131883 129452 321
Total 1802870 254957 2836 3781711165036 10221
Table 2~5. Summary of Industrial Return Flow and Jsage of Water in

1964 by Industrial Classification (MGY)

Quantity of Water

Industrial Class Reused Return Process Cooling Boiler S/W
a ass Fiow Usage Usage Feed Percent
Mining 1557141 5195 384532 1088983 11451 25
Primary Metals 76887 15194 15382 79132z 3280 74
Transportation 24789 12188 16880 16974 796 94
Stone, Clay, Glass 45457 9955 13406 6882 543 71
Food Production 28605 10604 14183 22469 4822 79
Textiles 2571 968 3432 39 219 87
Paper & Products 21322 28213 28353 18134 10671 97
Chemicals 1469718 1119653 557468 2055914 29018 95
Petroleum Refining 2309496 149824  59292¢ 1877868 43802 76
Miscellaneous 1611745 235362 7103 1901098 591z 76
Total 7147731 1587157 1633664 7067492 110513 88




16

Table 2-6. Summary of Industrial Water Use and Return Flow in 1964 (MGY)

Quantity of Water

Total Fresh Mun Other Saline Reused Return S/W

Trading Area Water Water Sew Contam Water Water Flow Pct

Fort Worth 17713 £185 0 11209 303 322350 13501 76
Dallas 17849 17771 0 78 0 303298 4982 28
Tyler 3593 3532 0 35 0 103065 948 26
Longview-Marshall 6247 1412 0 4835 0 162912 2047 33
Waco 7840 4681 0 3159 0 172017 1632 21
Palestine 205 195 0 0 0 1506 137 67
Lufkin 546 458 0 i6 72 2307 429 79
Middle Sabine 896 820 0 76 0 22527 404 45
Auystin 1872 1733 1 i38 0 1956 1593 85
Bryan 46 46 0 0 0 930 18 39
Houston 1039751 91785 5 138246 807851 23839383 955259 92
Lower Sabine 487312 44683 4 155179 287445 1281561 434338 89
San Anionio 15265 9747 0 5523 0 41697 5833 38
Victoria 76271 18237 0 57105 929 146056 72808 95
Corpus Christi 34071 9362 0 301 24254 363662 27062 80
Lower Valley 45591 1028 0 573 43990 42735 45125 99
Laredo 103 86 0 17 0 4076 12 11
Del Rio 467 467 0 0 0 2227 150 32
Brownwood 33 33 0 0 0 50 33 100
San Angelo 402 395 0 0 7 8524 205 51
Abilene 341 301 0 22 I8 40981 190 56
Big Spring 1794 1489 186 119 0 162965 437 24
Midland-Odessa 6472 4619 1242 551 60 717408 2257 35
El Paso 4439 4333 0 100 6 113946 1695 38
Lubbock 4160 4018 0 142 0 57590 1474 35
Amarillo 19386 18033 1399 26 0 398467 9452 49
‘Wichita Falls 398 185 0 186 0 7639 200 50
Gainesville 68 68 0 0 0 95 36 53
Sherman-Denison 3037 2734 0 303 0 162409 674 22
Paris 850 850 0 0 0 40320 191 23
Sulfur Springs 76 67 e 9 G 612 55 72
Northeast Texas 5833 5612 0 221 a 70463 3983 68
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This study is concerned with potentially reusable return flows,
so the industrial S/W ratios obtained from the survey were modified to
exclude saline water from the calculations. The modification was based
on the assumptions that saline water would be used on a once through
basis only and that this single use ¢ycle would consume about 1.8 percent
of the saline intake., Thus, saline intake was subtracted from total intake,
and waste was reduced by 98.2 percent of saline intake to compute the non-
saline S/W ratio for each Trading Area. Results obtained from this modifi-
cation indicate that non-saline water is recycled an average of about eleven
times before being discharged,

Projections of S/W ratios were based on the assumption that in-
creasingly efficient use of water will reduce all ratios to 75 percent of
their present values by the year 2020, unless the ratio is now less than
0.25, in which case the S/W ratio was assumed to remain constant.
Present and projected industrial S/W ratios are listed by decade for each
Trading Area in Table 2-7.,

Quality of Industrial Return Flows

The quality of industrial return flow was found to be much less
uniform and generally much lower than the quality of municipal return flow.
Average concentrations of poliutants in the total return flow for the state
are about five times as great for industrial return flows as for municipal
return flows, as shown in Table 2-8 (12}, As noted in this table, many
industries and municipalities, as represented by return flows, do not
presently report concentrations of contaminants in commonly accepted terms.
For example, it is noted that COD concentration is reported for less than
1 percent of municipal return flows.,

Waste discharge permits, upon which the quality of industrial
return flow was based, were unchecked and unverified by the Water Pollu-~

tion Control Board, were incomplete in most cases, and are believed to



Table 2-7. Industrial S/W Ratios

Year
Trading Area 1960 1970 1980 1990 2000 2010 2020
Fort Worth .76 .72 .69 .06 .63 .60 057
Dallas .28 W27 .25 .24 .23 .22 .21
Tyler .26 .25 .24 .23 .21 .20 .19
Longview-Marshall .33 .31 .30 .29 27 .26 .25
Waco .21 .21 .21 .21 .21 .21 .21
Palestine .67 .64 .61 .58 .55 .53 .50
Lufkin .79 . 75 .72 .68 .65 .62 .59
Middle Sabine .45 .43 .41 .39 037 .35 . 34
Austin .85 .81 .77 .74 . 70 .67 .64
Bryan .39 .37 .35 .34 .32 .31 .29
Houston .66 ,63 .60 .57 .54 .52 .49
Lower Sabine .76 .72 .69 .66 .63 .60 .57
San Antonio .38 .30 .35 .33 .31 .30 .28
Victoria .95 .91 . 86 .82 .78 .75 .71
Corpus Christi .33 .31 .30 .29 27 .26 .25
Lower Valley .80 .76 .73 .69 .66 .63 .60
Laredo .11 .11 .11 .11 .11 .11 .11
Del Rio .32 .30 .29 .28 .26 .25 .24
Brownwood .99 .94 .90 .86 .82 .78 . 74
San Angelo .51 .49 .46 44 42 .40 .38
Abilene .56 .53 .51 .48 .46 .44 42
Big Spring .24 .24 .24 .24 . 24 .24 . 24
Midland=Odessa .35 K .32 .30 .29 .28 .26
El Paso .38 . 36 .35 .33 » 31 .30 .28
Lubbock .35 .33 .32 .30 .29 .28 .26
Amarillo .49 AT A5 A2 .40 .39 .37
Wichita Falls .50 .48 .45 .43 .41 .39 .37
Gainesville .53 .91 .48 .46 .44 A2 40
Sherman-~Denison .22 .22 .22 o 22 0 22 22 022
Paris .23 .23 .23 .23 .23 .23 .23
Sulfur Springs .72 .69 .65 .62 .59 57 .54

Northeast Texas .08 . b5 .62 .59 .56 .53 .51
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contain generous safety factors to allow for future expansion in other cases,
but they are the only available source of information, Concentrations shown
in Table 2-8 should therefore be considered as indicating the order of magni-

tude rather than the absolute values of pollutant concentrations.

Table 2-8, State Summary - Quantity and Quality of Municipal and
Industrial Return Flow, Based on Waste Discharge Permits

Municipal Industrial Total

Quantity (MGY) 201269 1301671 1502940
Quality
BOD

Avg. Reporting {mg/1) 34 170 148

Not Reporting {%) 5 31 28
Suspended Solids

Avg. Reporting (mg/1) 59 360 301

Not Reporting (%) 20 50 46
Total Solids

Avg. Reporting (mg/1) 1221 6418 4920

Not Reporting (%) 69 88 85
Chlorides

Avg. Reporting (mg/1) 177 6713 6207

Not Reporting (%) 72 49 52
COD

Avg. Reporting (mg/1) Neg. 815 815

Not Reporting (%) 100 54 60
Sulfates

Avg. Reporting (mg/1) 123 657 441

Not Reporting (%) 79 95 93

Evaluation of industrial return flow quality is difficult because of its
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variability with time, type of manufacturing process, type of product,
production volume, operating technigques, conservation practices, cost
of water, quality of water, and many other factors.

Projection of Municipal and Industrial Water Requirements

Projections of municipal and industrial water requirements were
made by the Bureau of Business Research of The University of Texas and
the Texas Water Development Board.

The method employed in making the projections is widely used
for making long-range projections. In essence, this method consists of
evaluating the resources available in a limited geographic area, determin-
ing the employment in basic industries that these resources will support,
calculating the service industry employment that will be generated by the
basic industries, and, from the total employment, estimating the total
population. Municipal (domestic) water requirements are then projected
on the basis of population projections, and future industrial water require-
ments are estimated on the basis of the total predicted industrial development.

In general, projections are indicators of potential trends. Long-
range predictions for small geographic areas are likely to be grossly inac~
curate because the growth of a small area is a function of economics rather
than biology. Projections for larger areas, such as the entire state or one
of the larger trading areas can be expected to deviate less because the future
population expansion and water use may be more clearly defined.

For convenience of reference, future municipal and industrial water
requirements estimated by the Bureau of Business Research of The University
of Texas and the Texas Water Development Board are presented in summary

form in Table 2-9 and in detail in Appendix A.



21

Table 2-9. State Summary of Present and Projected Annual Municipal
and Industrial Water Requirements

Municipal Industrial Total
Year Bil 1000 Bil 1000 Bil 1000

Gal Ac Tt Gal Ac Tt Gal Ac Ft
1960 409 1255 430 1320 839 2575
1970 588 1804 675 2071 1263 3875
1980 787 2415 948 2909 1735 5324
1990 974 2989 1142 3505 2117 6494
2000 1209 3710 1381 4238 2591 7948
2010 1505 4618 1677 5146 3183 9764
2020 1879 5766 2044 6272 3923 12039

Projection of Municipal and Industrial Return Flows

Projected return flows are the products of estimated future water
requirements and the appropriate S/W ratios. Return flows from indus-
trial water users are slightly greater than those from municipal users at
the present, and they are expected to increase at the same rate as muni-
cipal return flow through the year 2020. Approximately one~third of the
total return flow will be produced in the Houston Trading Area throughout
the period covered. The municipal return flow from the Houston Trading
Area will increase slightly faster than will industrial return flow,

The Houston and Lower Sabine Trading Areas together will account
for about 78 percent of the total industrial return flow by the year 2020,
and the Houston and Dallas Trading Areas together will account for about
42 percent of the total municipal return flow, as they now do.,

In general, most areas except the Lower Valley will tend to main-
tain their present rank as producers of return flow throughout the period

covered by the study. These data are given in Table 2-10 and Appendix B.
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Table 2-10. State Summary of Present and Projected Annual Municipal
and Industrial Return Flows

Municipal Industrial Total

Year Bil 1000 Bil 1000 Bil 1000

Gal Ac Ft Gal Ac Ft Gal Ac Tt
1960 248 761 260 798 508 1559
1970 350 1074 399 1224 749 2299
1980 459 1409 543 1666 1002 3075
1990 554 1700 629 1930 1183 3630
2000 671 2059 731 2243 1402 4302
2010 815 2501 853 2618 1668 5119
2020 991 3041 999 3066 1990 6107

:Municipal, industrial, and total water requirements and return flows
for the entire state are presented in graphical form in Fig. 2-3, Statewide
figures are of little practical value because the potential for use or reuse
of water depends on the location of water with respect to the need for it.

Projection of Quality of Return Flows

Future effluent or stream standards which will determine return flow
quality are not known. For this reason, projections based on three dif-
ferent possible standards have been made. The first projection is based
on the assumption that present stream quality will be maintained; the sec-
ond assumes that present effluent quality will be maintained; and the third
assumes that the concentrations of suspended solids and 5-day BOD will
be reduced to 20 mg/l. These three possible standards are likely to bracket
the range of standards considered by regulatory authorities and should pro-
vide a reasonable basis for long range planning as related to all phases of

water resource management,
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Maintaining Present Stream Quality

On an average basis the present organic quality of Texas streams
can be maintained by conventional secondary biological treatment of all
wastes until about 1975, although more advanced treatment processes
will be required in some areas before 1970. Areas which should be likely
candidates for nutrient removal are municipalities in the Ft. Worth, Dallas,
Houston, and San Antonio Trading Areas. Agriculture is also a significant
contributor of nutrients, but indications are that the agricultural contribu~-
tion is considerably less than the municipal contribution (11)., Similarly,
surface runoff from urban and rural developments may add a highly signifi-
cant waste load to the receiving waters (13).

In areas such as Ft. Worth, Dallas, San Antonio, and possibly
Houston, it appears that 5-day BOD removals to levels less than 20 mg/1
will be required within 10 to 15 years in order to avoid increasing the
organic waste loads imposed on receiving waters. Such removals cannot
generally be attained by conventional secondary biological treatment pro-
cesses; hence, more advanced treatment methods will have to be employed.

Much of the increased waste loads in these areas will result from
industrial activities and 5-day BOD tests, or even COD tests, may not be
realistic indicators of industrial waste loads; therefore, a total carbon in-
dex or some other reliable indicator may need to be used along with improved
treatment processes in the management of stream quality in these areas.

Because the absolute guantities of poliution additives from rural and
urban runoff and from agricultural return flows are unknown, any water
quality management plan that is developed at this time must contain a ge~
nerous safety factor. It is reasonable to expect that the contribution from
urban runoff will increase with increasing urban development, and that the
contribution from agricultural return flows will increase with increasing use

of fertilizers and pesticides,
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Under present conditions, only three avenues are available for or-
ganic pollution abatement; namely, exhaustive treatment of municipal
and industrial effluents, stream reaeration, and low-flow augmentation.
Only the first of these three, exhaustive effluent treatment, can be used
effectively for nutrient control for all stages of a waterway.

The contribution of other potential pollutants such as heat, dissolved
solids, settleable solids, suspended solids, taste-and-odor-causing
agents, and short- and long-term toxicants can also be evaluated. The
effect of all these materials on the value of water resources can be de-
termined only after appropriate systems analyses and economic evaluations
have been made.

The present concentrations of pollutants in streams can be maintained
only if the total quantity of pollutants added to the streams remains constant.
Hence, increases in waste stream guantities will have to be accompanied
by corresponding decreases in the concentrations of pollutants in the
waste streams if it is desired to maintain present stream quality. The
effluent quality required to maintain present conditions, as shown in Ap-
pendix C, is therefore inversely proportional to the projected quantity of
return flow, but this may be misleading so far as total solids and chlorides
are concerned., Concentrations of chlorides and total solids are lower in
some return flows than the present concentrations in the receiving streams.
Such is the case of specific effluents in the Wichita Falls Trading Area be-
cause of the high concentrations of chlorides in natural watercourses result-
ing from salt-spring seepage (14).

Based on the data and assumptions contained herein, by the year
2020 most of the return flow will have to be so highly treated for organic
and general nutrient removal that it may be an attractive source of water
supply, particularly for industrial users. The limiting factor for reuse will

be the buildup of dissolved inorganic solids.,
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Present Effluent Quality

If the present quality of return flows is maintained through the year
2020, the quantity of pollutants released to receiving waters will increase
in direct proportion to the increase in return flow quantity. Thus, while the
quantity of dilution water available will be reduced through increased con-
sumption, the quantity of pollutants discharged may increase more than
threefold. Receiving water quality in yvear 2020 under such conditions can
be expected to be generally poor. Roughly equivalent quality would prevail
at the present time if two-thirds of the presently existing waste treatment
plants were removed from service.

The significance of the pollutant quantities shown in Appendix D is
that removal of these pollutants from return flow may solve the water qua-
lity problem, but it will generate a large solid waste disposal problem so
far as the removed materials are concerned.

Reduction of Concentrations of BOD and Suspended Solids in Effluents

Since maintaining present effluent quality will result in conditions
which are likely to be unacceptable, a projection was made to show the
additional quantities of BOD and suspended solids that could be removed
by bioclogical treatment processes, Appendix E. Specifically, this projec-
tion is the difference between the quantities that would be discharged if
the concentrations of 5-day BOD and suspended solids remain constant, and
the quantities that would be discharged if the concentrations of 5~day BOD
and suspended solids were reduced to 20 mg/1.

It should be noted that industrial quality data are rather incomplete
and that figures shown only indicate general ranges. Furthermore, the ul-
timate BOD would probably be a better indicator of this level of planning.
The numbers shown and as printed by the computer may imply a high degree
of precision, but this is not the case. Relative relationships are significant

in that they indicate the extent to which pollutional characteristics of wastes
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can be reduced in various areas without the necessity of employing ad-
vanced or tertiary treatment processes. The latter process usually indi-
cates an additional advanced form of biological treatment such as
denitrification or chemical treatment to remove phosphorus and other
undesirable materials,

This projection points up the necessity for obtaining more nearly
exact information regarding the quality of effluent streams. Plans for
future control measures will be no better than the data on which they are

‘basedo



IIT  EFFECTS OF RETURN FLOWS
ON SURFACE WATER QUALITY

The present and projected return flows evaluated in the previous chapter
are, in most cases, released to the nearest natural watercourse. However, the
effluents from approximately 80 municipal treatment plants serving about six
percent of the total population of the state are used for irrigation (5}, and a
much smaller quantity of municipal effluent is used for industrial purposes, as
can be seen in Table 2-4., A portion of the municipal effluent that is used for
irrigation ultimately becomes return flow from irrigation, and this return flow
will contain most of the dissolved inorganic minerals that were in the applied
water (15). Hence, no significant degree of accuracy is lost by the assump~
tion that all return flows are released to natural watercourses.,

The Texas Water Dévelopment Board has established boundaries for 23
drainage basins in Texas. Tifteen of these drainage basins are either rivers
or river systems, and the remaining 8 are intervening coastal areas between
the mouth of the rivers. Six additional drainage basing, each one encompas-
sing one of the major bay systems and the adjacent 10 to 15 mile wide strip of
land around the bay, were defined for this research, Fig. 3-1.

Each city and each county were assigned to the appropriate drainage
basin or basins, and the computations previously described for trading areas

were repeated for the 29 drainage basins.

Distribution of Return Flows

Approximately 29 percent of the total return flow derived from the use of
fresh water in Texas is discharged to the Galveston Bay Basin, as defined
above. This percentage is projected to remain practically constant through
the year 2020. Another 15 percent of the total return ficw is discharged into
the Trinity River, which empties into Galveston Bay. Hence, about 44 percent
of the total return flow produced in the entire state passes through Galveston

Bay on its way to the Gulf of Mexico,

28
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FIG. 3-1.LOCATION OF DRAINAGE BASINS IN TEXAS

The Sabine Lake Basin is the next largest recipient of return
flow, with 10 percent of the present total and a projected 12 percent
in the year 2020. Fourth in order is the Neches River, with about 8
percent of the present discharge and almost 10 percent projected for
the yvear 2020.

These four basins, which include about 11 percent of the total
land area of the state, receive about 62 percent of the total municipal
and industrial return flow at the present, and this portion is projected

to increase to practically two-thirds of the total by the year 2020.
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The Brazos, Colorado, San Antonio, and Canadian River Basins together
receive about 18 percent of the total return flow, and the remaining 20 percent
is contributed to the other 20 basins. Only minor changes in this pattern are
projected to occur by the year 2020,

The distributions of both municipal and industrial return flow differ in
several cases from that of total return flow, because industry is more highly
concentrated along the eastern Gulf Coast than elsewhere, Almost 37 percent
of the industrial waste water is released to the Galveston Bay area. Another
15 percent ig released to Sabine Lake, and the Neches River gets over 13 per-
cent of the total. Less than 5 percent of the land area of the siate is included
in these three basins, which together receive almost two-thirds of the fotal
industrial return flow. About 14 percent of the state total is released to the
Trinity and Canadian Rivers and Matagorda Bay, leaving approximately 21 per-
cent for the remaining 23 basins.

The Trinity River Basin, at 27 percent, is the leading recipient of muni~
cipal return flow, followad by Galveston Bay with 19 percent, The San Antonio
and Brazos Rivers receive about 10 and 9 percent, respectively, foliowed by
the Colorado, 7 percent, the Rio Grande, 4 percent, and Sabine Lake, 3 per-
cent. No other basin in the state accounts for as much as 3 percent of the
total municipal return fiow,

A complete tabuiation of present and projected municipal, industrial,
and total return flows for each drainage basin is presented in Appendix F. A
more detailed breakdowr by counties, cities, and zones of river basins can
be found in the report "Return Flows, Impact on Texas Bay Systems" {1}.

Quality of Return Flows

Quality data developed for trading areas as described previously were
also computed for the drainage basins considered in this section, Since most
of the estimates of the effects of return flows are based on the assumption that

the present effluent quality will be maintained in the future, the quantities of
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pollutants that will be discharged in the future under this condition are pre=-
sented in Appendix G.

Effects on Streams

The total effect of the addition of return flow to a stream can probably
never be determined, but the gross effect on the parameters of primary interest
from a water resources management standpoint will depend on the gquantity and
guality of the return flow added. Any combination of three fairly distinct ge-
nerations of quality problems may result from the discharge of wastes into a
stream. These three problems are (a) depletion of the dissolved oxygen con-
centration in the stream as a result of the introduction of degradable crganic
material, (b} excessive plant growth in the stream resulting from the introduc-
tion of inorganic nutrients, and {c¢) buildup of chlorides or total solids resulting
from multiple reuse, evaporation, and excessive concentrations in effluents.
All three problems were found to exist in various reaches of different streams
in the state.

Only six streams in the state receive significant fractions of the total
return flow produced by municipal and industrial water userg. These streams
are the Trinity, Neches, San Antonio, Brazos, Coloradce, and Canadian Rivers.
Large scale problems that may result from return flows can logically be expected
to be associated with these streams. However, the effect of return flow on a
stream depends not only on the guantity and quality of return flow but also on
the flow of the stream to which it is introduced. Therefore, problems that are
smaller in scale, but no less severe in intensity, may occur in any area of the
state., In fact, some 80 municipal waste treatment plants have been reported
to discharge their effluents to watercourses which are intermittently dry (5).

It is likely that many other plants, particularly in the western area of the state,
discharge effluents to streams that are dry periodically during the year, result=-
ing in locally obnoxious stream conditions. From a water quality standpoint,

the most serious effect of such conditions may well result from the quantities of



dissolved inorganics that are deposited in the stream, to be flushed to down-
stream reservoirs with the first flood. No effort was made in this research to
determine where such conditions exist.

The Trinity and San Antonio Rivers both originate in relatively dry sections
of the state, and both are characterized by wide variaticns of flow, particulariy
in the upper reaches. Very low dry weather flows may occur in the upper reaches
of both streams, and this condition may persist throughout the length of the San
Antonio River,

These periodic low flow conditions, combined with the major population
centers located near the headwaters of both streams have resulted in quality
control problems that provide some insight into the entire water quality manage-
ment problem.

The large municipal return flow from the Ft. Worth-Dallas area is subjected
to secondary biological treatment; nevertheless, because of the low dry~-weather
flow available in the Trinity, the assimilative capacity of the stream is frequent=-
ly exceeded, and it has been reported to be devoid of oxygen for about 100 miles
below Dallas during 'dry summer months {16}. It does not appear that this con-
dition could be rectified by biological treatment processes. Rather, aside from
augmenting the low flow condition by the importation of substantial quantities
of dilution water, it appears that advanced treatment by chemical precipitation
to remove possibly 98 or 99 percent of the 5-day BOD from effluents might be
required in order to maintain aerobic conditions throughout the river. Unless
inorganic nutrients were also removed to a similar extent, it seems to be evi-
dent that the water quality would remain poyor° As mentioned earlier, similar
conditions that differ only in scale undoubtedly exist in other areas of the
state.

The major water quality control problem of the San Antonio River apparent-
ly results from excessive inorganic nutrient concentrations in return flows, rather

than from excessive organic pollution. Secondary biological treatment of return



flows that are discharged to the stream is followed by oxidation ponds in
which most of the remaining BOD is satisfied. The return flow to the river
thus contains a low BOD, but relatively high concentrations of inorganic
nutrients. As a result, a high algal concentration has been reported to exist
in thig stream from San Antonio to the mouth (17). It is logical to assume
that this same condition would occur in the Trinity if the current problem of
DO deficiency were overcome by advanced treatment that did not also re-
move inorganic nutrients.

Return flows have not adversely affected the Brazos, Neches, and
Colorado Rivers to the extent that they have affected the Trinity and San An-
tonio largely because of three reasons: smaller quantities of return flows,
more even distribution, and release in lower reaches where sireamflows are
higher. Increasing return flow quantities in the future can be expected to
affect these streams in exactly the same patterns as the Trinity and San An-
tonio now display, although it is not possible to foretell the exact degree
to which they will be affected.

Agricultural return flows have not been studied in this research, but
their importance to the overall management of water quality needs o be
noted. For example, essentially the entire flow of the Rio Grande is di-
verted to agricultural use in the El Paso area. Drainage ditches in the irri-
gated area maintain the water table a few feet below the ground surface, and
return a portion of the spent irrigation water to the river below the city.
Chloride concentration in this return flow has been reported to be in excess
of 2000 mg/1, about 4 times the concentration in the applied water (15},

The problem of excessive chloride concentration has not yet occurred
as a result of municipal and industrial use of water, but it can be seen in
Appendix G that the quantity of chlorides projected to be discharged to the
Trinity River by the year 2020 could easily cause problems. The onset of

these problems will be hastened by the increased evaporation resulting
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from proposed dams and locks on the river.

Quantities of phosphates estimated in this research to be discharged to
various drainage basins, Appendix G, have been found to be in excellent agree-
ment with quantities measured in the streams by Connell (11). For example,
quantities estimated in this research for the Trinity, Colorado, Brazos, and
San Antonio Rivers are 22, 5, 7, and 9 tons per day, respectively., Quantities
reported by Connell on the basis of his measurements were: for the Trinity,
from 20 to 25 tons per day; for the Colorado, from 2 to 3 tons per day; for the
Brazos, 3 to 4 tons per day; and for the San Antonio, 5 to 7 tons per day.

Effects on Bavs and Estuaries

The gross effect of return flows on bays and estuaries is similar to
the effect on streams, even to the extent that excessive concentrations of
chlorides in return flows may become a problem. Oxygen depletion is likely
1o be the most important effect of releases directly into a bay, while problems
attributable to excessive nutrient concentrations are likely to be predominant
in the case of return flows entering via tributaries. An estuary's value as a
spawning and nursery area is related to the existence of a well-defined sa-
linity gradient across the estuary, and this gradient may be destroyed by
excessive chloride concentrations in return flows (18},

The complex nature of a bay or estuary, with its varying currents
caused by wind and tidal action, density gradients, and freshwater inflows,
makes the determination of the precise effects of return flows on the system
impossible, The problem is complicated by the lack ¢f basic data relative to
transport, mixing, reaeration rates, deoxygenation rates, effects of bottom
depbsits; and many other factors.

Regardless of these inadequacies of data, and of the complexities of
the systems involved, a computational model based on many simplifications
was developed in order to make estimates of the general effects of projected

return flows. When better data become available, refinements can be made,
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but with present return flows as inputs, the mixing and dissolved oxygen
model developed vields results that are in general agreement with presently
known conditions, and responds logically to changes in input., Thus, the
estimates obtained by using the model are useful for long range planning pur-
poses and they are believed to be at least indicative of the magnitude of the
correct results,

The computational model developed was adapted from one previously
reported by Frankel (19). Mixing, physical exchange, and biclogical de~-
gradation are accounted for in the model, but the relationships of these
phenomena as they are treated in the model to the same phenomena as they
occur in a bay are very tenuous in many respects. For example, the tidal
prism concept, a first guess at best, was used in computing physical exchange,
and the model considers the total exchange so computed to occur in 12 equal
increments throughout the day. Mixing of return flows with the waters in a
bay is a very complex and variable mechanism, but the model treats it as
simple and constant.

Segmentation models and physical exchange coefficients, as well as
current velocities, segment volumes, and depths required in the model were
estimated by Masch {20). Many inadequacies of available data were noted
by Masch, to the extent that except for Galveston and Matagorda Bays, the
segmentation models were made largely on the basis of topographic features.

Present and projected return flows to each of the bay drainage basins,
as previously defined, were assumed to discharge directly to the nearest seg-
ment of the bay, although in fact many of these wastes are discharged into
creeks and bayous a few miles from the adjacent bay. Wastes fransported into
the bays by tributaries were assumed to have been substantially degraded by
stream biota by the time they entered the bay. Unpublished data available
in the files of the Texas State Department of Health indicate that the BOD of
the Trinity River near the mouth may average about 5 mg/1 during the summer

months (21).
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Other variables which were required by the computational model but
were not available from any source included the rate of sedimentation of BOD
and the BOD exerted by bottom deposits. Both of these variables were judged
to have low values because all wastes are given at least primary treatment
before release. Typical deoxygenation rates were approximated, as were hourly
variations of dissolved oxygen concentration in a bay before the addition of
pollution,

Thus, although biological degradation was treated in a Vfairly sophis-
ticated manner in the model, the input data were of undeterminable accuracy.

However, the relative relationships are of importance.

TRIBUTARY WASTE STREAM
INFLOW (wW,)
(T)
: ~ /
WASTE Q=T+W,+E
STREAM
(wz) SEGMENT |
Q =T+W,+W2+Ez Q= VOL| X EX.
~ — (E,)
SEGMENT 2
Q=VOL, X EX,

—&)  (Ey)

FIG. 3-2. ILLUSTRATION OF DISSOLVED OXYGEN AND MIXING
MODEL
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Each bucket in Fig. 3-2 represents a segment of a bay, and provision
was made for adding a waste stream to any segment. In operation, volumes,
depths, exchange coefficients, and velocities for each segment of a bay were
read into the computer along with all other variables required. Beginning with
the uppermost segment in a bay, the waste stream was introduced and the com-
putational procedure:was started.

The procedure:which was followed converted the volume of each seg-
ment into an equivalent flow rate to which the tributary flow rate, waste
stream flow rate, and exchange rate were added. These flows were assumed
to be completely mixed, and the BOD and DO concentrations of the mixture
were determined. Degradation and exchange then proceeded for 24 hours, with
new values of BOD and DO being computed each 2 hours. A new cycle was
started every two hours to provide for variation in flow rate and concentration
of BOD in the waste stream, as well as variations in the DO concentration
of the unpolluted ba§r water.

After 12 such cycles had been run, corresponding to one full day of
operation, the 12 final values of BOD and DO were stored for future reference,
The entire process was then repeated, using the computed BOD and DO values
as the concentrations in bay water. The values of BOD and DO computed for
the second day of operation were then compared to those obtained on the first
day. If the difference was greater than a small predetermined amount, the new
values were stored, and the program was run for another day. This process was
repeated until no significant change was noted, that is, until "equilibrium" was
attained. The equilibrium values were then printed out, and the computation
moved on to the next segment,

For the second segment, the input BOD included the direct return flow
to the segment plus the amount added by exchange with the first segment. The
computational procedure described for the first segment was then used to find

equilibrium values for the second segment, and this entire process was repeated
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until the mouth of the bay was reached.

The dissolved oxygen concentrations in all segments of all bays were
estimated in this manner using present return flow quality with present, 1980,
and 2020 projected guantities of return flow.

The program was then revised and used to estimate the quantity of di-
lution water that would be required to maintain present DO levels with projected
return flows. This was accomplished by modifying the program to compute DO
values, add water to the return flow and reduce the BOD accordingly, recom-
pute DO values, and repeat this process until the DO values were approximately
equal to those estimated for present conditions. The quantity of dilution water
estimated to be required by this method should be in the same range of accu-
racy as the estimated dissolved oxygen concentrations.

Present and projected phosphate concentrations were estimated by
means of a much simpler model. Since phosphates are non~degradable, the
quantity entering any segment of a bay must be equal to the quantity leaving
under long-term equilibrium conditions; so the phosphate concentration in a
segment is dependent only on the quantity of water and amount of phosphates
crossing the segment boundary.

Galveston Bay: As stated earlier, approximately 44 percent of the en~-

tire quantity of return flow produced in the state passes through Galveston Bay.
This bay is an important recreational area for the heavy concentration of people
in the adjacent area, and it serves as a nursery for over 80 percent of the total
poundage of fishery products taken from the Texas Gulf Coast. When these
facts are considered along with the heavy industrial concentration and the acti-
vity of the Port of Houston, the importance of Galveston Bay to the economy of
the entire state is easily recognized.

Partly for the above reasons, and partly because physical data related ‘
1o Galveston Bay are less incomplete than is the case for other bays, a major

portion of the effort in this research was expended in the study of Galveston Bay.
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The segmentation model of the bay for a four-mile excursion, Fig.

3-3, was used in estimating present and projected DO concentrations.
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FIG. 3-3.GALVESTON BAY SEGMENTATION
MODEL (FOUR MILE EXCURSION ) (20)



Mostof the direct return flow to the bay enters through the Houston Ship
Channel into segment 1 of Northwest Bay, although a substantial quantity
is introduced into segments 1 and 2 of Northeast Bay from the Baytown in-
dustrial complex. Most of the tributary contribution enters Trinity Bay via
the Trinity River.

Present and projected DO concenirations estimated for segments of
Galveston Bay are presented in Fig. 3-4. Values shown in Fig. 3-4 re-~
present the 24-hour average concentrations of DO in the full depth of the
segments, and these values are in general agreement with reported values
(22). Both the diurnal variation and the variation of concentration with

depth have been masked by the values presented.
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FIG. 3-4. PRESENT AND PROJECTED DO CONCENTRATIONS
IN GALVESTON BAY
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The concentrations of dissolved oxygen in most regions of the bay can
be seen to decrease toward the mouth of the bay. This decrease in dissolved
oxygen concentration is the result of increasing water depth. Thus, although
DO concentration might be relatively constant at the surface throughout the bay,
it is assumed that the concentration decreases with depth. For this reason the
average concentration in deep sections is less than that in shallow sections,

The only area of the bay that appears to be deficient in dissolved oxy-
gen at this time is the upper end of Northwest Bay. Similarly, for the projected
1980 and 2020 loading conditions, the only significant effect appears to be a
further deterioration of quality in the same area.

Fig., 3-4 may be misleading because a superficial examination of it
indicates that no very severe problem exists now, or is projected to exist in
the future. However, such is not the case. The 1980 projection for North-
west Bay indicates that 6 or 8 square miles of bay will be practically devoid
of dissolved oxygen, and the 2020 projection increases the area to around 20
or 25 miles. In both cases, the entire upper ship channel can be expected to
be at least as deficient as the bay. Ten or twenty square miles of septic bay,
plus 15 or 20 miles of septic channel surely could constitute at least a major
aesthetic problem.

Dilution water that would be required to maintain present dissolved
oxygen levels, which levels appear to marginal at best in some areas, was
estimated to be about one million acre feet per year in 1980, and about three
million acre feet per yvear in 2020, Obviously this is an expensive use of fresh
water,

Present and projected phosphate concentrations throughout the bay are
presented in Fig. 3-5. As was the case with dissolved oxygen concenirations,
values computed by the model were in general agreement with observed values
(23). Again, Northwest Bay is shown to be the greatest problem area, but con-

centrations that are likely to result in luxuriant algal growth are projected to
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occur in all areas of the bay by the vear 2020.
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FIG. 3-5. PRESENT AND PROJECTED PHOSPHATE CONCENTRATIONS
IN GALVESTON BAY

Three million acre feet of dilution water per year were estimated
to be required in order not to exceed present phosphate concentrations in
the bay for projected 1980 loading conditions. Twelve million acre feet
per year were estimated to be required for the same purpose in the year
2020. It thus appears that much less dilution water would be required to
maintain present dissolved oxygen levels in the bay than would be required
to maintain present phosphate concentrations.,

Matagorda Bay: Return flows to Matagorda Bay are low in quantity,

and are reported to be of good quality. TFor example, present total return
flow to the bay amounts to about seven percent of the return flow to Gal-
veston Bay, but the total BOD discharged is only about two percent of the

guantity discharged in Galveston Bay. Tor these reasons, dissolved



oxygen concentrations in Matagorda Bay, Fig. 3-6, were estimated to be

satisfactory for the present and projected 1980 and 2020 return flows.
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FIG. 3-6 MATAGORDA BAY SEGMENTATION MODEL (20)

The present phosphate concentrations were estimated to range
from about 0.6 mg/l in segment seven to about 0.1 mg/l in segment
twenty. These fairly high values result from a relatively minor quantity
of return flow because of the low exchange coefficients assumed for the
bay. Respective values for the same segments were estimated to be 0.8
mg/1 and 0.2 mg/1 in 1980, and 0.9 mg/l and 0.3 mg/1 in 2020.

In this bay, the increased gquantity of return flow projected for
1980 and 2020 provides additional flushing action and prevents phos-

phate concentrations from increasing approximately linearly with return
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flow, as is the case in most of the other bays.

' It' was estimated that about 50,000 acre feet of dilution water per
yvear in 1980, and about 100,000 acre feet per year in 2020 would be re-
quired to maintain present phosphate concentrations.

Aransas-Copano-San Antonio Bays: San Antonio Bay, Fig. 3-7, is

the direct recipient of only minor quantities of return flow. Hence no defi-
ciencies of dissolved oxygen concentration were estimated from present

or future return flows.
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FIG. 3-7. ARANSAS- COPANO - SAN ANTONIO BAYS
SEGMENTATION MODEL (20)

Large quantities of phosphates are transported into the bay by the
San Antonio River, resulting in an estimated phosphate concentration of
about 6 mg/1 in segment 35 of the bay and a concentration of about 3 mg/1

at the mouth. Corresponding values for 1980 and 2020 were estimated to
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be about 1.5 and 2.5 times present values.

Dilution water required to maintain present concentrations was esti-
mated to be 200,000 acre feet in 1980, and 650,000 acre feet in 2020, although
it should be noted that there does not appear to be any particularly good reason
for maintaining such a high phosphate concentration as 6 mg/1.

The Aransas-Copano Bay system was estimated to have no present or
future problems other than those attributable to its interchange with San Antonio
Bay. By the same token, maintaining the present quality in San Antonio Bay
will automatically maintain present quality in the Aransas-Copano Bay system.

Corpus Christi Bay: No widespread oxygen deficiency was estimated

to occur in Corpus Christi Bay, Fig. 3-8, for either present or projected 1980
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FIG. 3-8. CORPUS CHRISTI BAY SEGMENTATION MODEL (20)
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return flows. For the predicted 2020 return flow however, a marked decrease in
dissolved oxygen level was noted in segment 6 of the bay.

Phosphate concentrations were estimated to be much higher at the present
than is the case for Galveston Bay, ranging from about 5 mg/1 in segment 6 to
about 0.9 mg/1 at the mouth.

Return flows to Corpus Christi Bay were projected to increase to about
1.9 times their present value by 1980 and to about 3.5 times their present
values by 2020, and phosphate concentrations are estimated to increase ac-
cordingly. On the basis of the model used, it was estimated that about 700,000
acre feet of dilution water would be required per vear to maintain present quality

in 1980, and about 1.6 million acre feet per year would be required in 2020.



IV OPTIMIZATION ANALYSIS

The purpose of the research discussed in this section was to develop a
generally applicable, flexible computational system for minimizing the total
cost of maintaining a stream standard related to non-degradable pollutants,
where a number of cities are located along a stream and are discharging wastes
to it. Steady state conditions were assumed to exist, and the stream standards
were assumed to be known,

The computer program developed was designed specifically for maintaining
a standard related to phosphate concentration, but adapting it to any other non-
degradable pollutant would simply require changing of the cost function used.
The program could also be made applicable to a degradable pollutant with only
slight modification.

Frankel has shown that as a general rule for biologically degradable pollu-
tants, downstream water treatment is a less costly method of maintaining water
quality in a downstream user's distribution system than is upstream waste treat-
ment. (19). Recent work by Thomas and Spofford illustrates the value of making
use of a stream's transit storage time, exchange capacity, coagulant aid ef-~
fect, and dilution capacity in regulating the concentration of a radicactive ele~
ment in a downstream user's distribution system (24).

Unpublished work by Dr. C. S. Beightler indicates that for non-degradable
wastes, the maintenance of quality in a given water distribution system can be
accomplished more economically by downstream water treatment than by up-
stream waste treatment (25). This effect was much more pronounced when a
reservoir in which evaporation considerably exceeded rainfall was added be-
tween the waste discharger and the water user, because of concentration of the
pollutant by evaporation of water from the reservoir.. It therefore appears that
for either conservative, biologically degradable, or radioactive wastes, the

prime function of waste treatment in general is the maintenance of stream

47
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standards, rather than the avoidance of water treatment costs. If drinking
water standards with respect to a particular pollutant are only very slightly
higher than are stréam standards for the same pollutant, it is possible that
the optimum solution would be to increase upstream waste treatment slightly
in order to avoid downstream treatment costs.

The determination of fully optimum stream standards is, according to
Kneese, an unattainable goal (26). Lack of demonstrable optimality in the
establishment of future stream standards does not preclude the possibility,
nor lessen the desirability, of determining the optimum means of meeting what~
ever standard may be established. Indeed, a convenient method of computing
the cost of meeting any particular standard would be helpful in determining
what standards should be adopted.

Nature of the Problem

A stream which serves as a source of supply and a recipient of wastes
for a number of cities located along its length, and in which a given water
quality must be maintained, is a serial multistage system in which a series
of decisions must be made in sequence. Each stage of this system includes
a reach of the stream with natural inflow and evaporation and a city that with-
draws water from the stream or other sources, adds pollutants to a portion of
the withdrawn water, and returns this polluted portion to the stream. At each
stage, a decision must be made regarding the quantity of pollutant to be re-
moved before returning the waste to the stream, and any particular decision
has a particular cost associated with it. Also, the decision made at each stage
affects the circumstances under which the next decision in sequence will be
made. Hence, if more pollutant is removed at one city than that required to meet
the stream criteria, the amount that must be removed at the next city will be de-
creased.

If M possible degrees of treatment were considered at each of N cities
located along a reach of stream, a total of MmN permutations of degrees of

treatment would exist. Finding the minimum cost for maintaining a stream
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standard by direct comparison of all possible permutations would be a very

tedious, if not impossible, task unless both M and N were fairly small.

Optimization Technigue

The serial multistage system shown in Fig. 4-1 represents a reach of
stream which is divided into N stages by the location of N cities along the
stream. In the figure the stage influent and effluent concentrations are
respectively represented by I, i=1, ..., N, and E;, i=l, ..., N. Similarly,
the decision to be made and the returns (costs) associated with the decisions
are respectively represented by D, i-1, ..., N, and R, i=l, ...N. The

CAi, i=2, ... N+1 are the allowable stream concentrations.

TR, TRZ 1R~-, ?RN
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! I ! 2l o 2 S/ / Nt § - e NN N
CA; CA; CAy CAN+|
TDI T D, TDN~I 1 Dy
FIG. 4 -1. BLOCK DIAGRAM FOR REACH OF STREAM
For the system shown, the objective is to minimize the function
R =._§ R; where R is the total cost, subject to the restriction,

i=1
< < .
0= E; =CAyyq, 1=1, ...N.
The following functional relationships can be determined from obser~
vation of Fig. 4-1:
R, = F(I,, D, , i-1,...,N
i i i
D'=G(I.l E-) Ii=ll"'lN
i i’ 7i

I, = HE, ;) ,i=2,...,N

E, = W(L,) , i=1,...,N
i i
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The value of the I;, i=l,...,N, must also lie between 0 and CAi, i=1,...,

At stage N, the optimal return, fn(Dn) , is a function of the input and de-

cision at this stage only; thus,

fn(Dn) = Min F(In’ Dn)
0SD SCA
n n
Similarly, the optimal return at stage N-1, including stages N and N-1,

can be seen to be:

) = Min P(In-l ,Fn_l) + fn(Dn) ,

or substituting,

= F(@_,.D ) +f [c{H (B ), WIH(E__)I}]

- n-l)
In general, then the total optimum return at any stage, including all
subsequent stages is,
£(D,) = Min F(I., D,) + f, [G{H(E,), WH(E.H}], i=1,...N-1,
‘"< < i i i+1 i’ - it~
0 Di CAi

P
and for the entire system the optimum return, R*, becomes:

d\‘*
R* = £ (D).

Following Bellman's dynamic programming procedure as outlined above,
the number of permutations that must be considered in finding the optimum solu-
tion is reduced from MN to NM?2 , and only N problems must be solved in ordef
to accomplish this (27). The solution of these N essentially identical problems
is a repetitive process that is ideally suited to the capability of an electronic
computer.

The computational procedure employed can be explained most easily by

means of a very simple example illustrated in Fig. 4-2.
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CITY | _rs230 CITY 2_ (.30 CITY 3 _ .30

Q=9 Q=7 Q:6 Q=4 Q=8 Q=6
A B C D
Q=18 Q=9 Q=16 Q=10 Q=14 Q=6 Q=12

Q= FLOW IN MGD, CS= CONCENTRATION OF POLLUTANT ADDED (mg/1)
FIG. 4-2. SIMPLIFIED STREAM SYSTEM

Tor illustrative purposes, the following conditions are assumed:
1. Pollutant concentration added at each city = 30 mg/1
2. Maximum permissible concentration at points B, C, and D = 9 mg/1,

but effluent charges are levied if concentration at point D exceeds

2 mg/1
3. Charge = $144 if concentration at point D = 5 mg/1
4, Charge = $242 if concentration at point D =9 mg/l
5. Concentration at point A = 1 mg/1
6. At any plant the first 50 gal of pollutant removed costs $3/gal, the

next 150 gal removed costs $2/gal, and all additional removal costs

$1/gal. The concentration at point B must be either 1, 5, or 9 mg/1;
at point C, it must be either 3, 6, or 9 mg/1, and at point D it must
be either 2, 5, or 9 mg/1.

The quantities of pollutants that would have to be removed at each
city to meet all combinations of concentrations considered are shown in
Tables 4-1, 4-2, and 4-3, which also show the costs associated with each
quantity.

In tables 4~1, 4-2, and 4-3, infeasible solutions are indicated by the
o symbol.

At city 3, effluent charges of $144 and $242 are associated with ef-
fluent concentrations of 5 and 9 mg/l, respectively. If these effluent

charges are added to the appropriate costs shown in Table 4-3, the total



Table 4-1, Pollutant Removal Required and Cost of
Removal at City 1

Effluent Concentration (mg/1)

Influent 1 5 9

Concen-
tration Removal Cost Removal Cost Removal Cost

(mg/1) Gal)  (8) (Ga) (8) (Gal) (§)

1 210 410 146 342 82 214

Table 4-2. Pollutant Removal Required and Cost of
Removal at City 2

Effluent Concentration (mg/1)

Influent 3 6 9

Concen-
tration Removal Cost Removal Cost Removal Cost

(mg/1) (Gal) (8) (Gal) (8) (Gal) (9)

1 92 234 50 150 8 24
S ™ ® 106 264 64 178
9 e @ © 0 120 290

Table 4~3. Pollutant Removal Required and Cost of
Removal at City 3

Effluent Concentration (mg/1}

Influent 2 5 9

Concen-~-
tration Removal Cost Removal Cost Removal Cost

(mg/1) (Gal)  (9) (Gal) (8) (Gal) (§)

3 192 392 156 356 108 266
o @ 192 392 144 338
9 I 5 228 428 180 380

D
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costs for any combination of influent and effluent concentrations at city 3 will

be those shown in Table 4-4,

Table 4-4, Total Cost of Treatment and
Effluent Charges at City 3

Effluent Concentration (mg/1)

Influent

Con{cen- 2 5 9

tration

(mg/1) Cost of Treatment ($)
3 392 500 508
6 o 536 580
9 m 572 622

It can be seen in Table 4-4 that if the influent concentration to City 3
were 3 mg/1l, the optimum decision would be to reduce the effluent concen-
tration from City 3 to 2 mg/1, and avoid paying the effluent charges, If the
influent concentration were either 6 or 9 mg/1, the optimum policy would be to
discharge at 5 mg/l concentration and pay only $144 in effluent charges. These

optimum policies are tabulated in Table 4-5.

Table 4-5. Optimum Policy at City 3

Influent Cost Effluent
Concentration (S) Concentration
(mg/1) (mg/1)
3 392 2
6 536 S
9 572 5

Since the optimum policy to be followed for any possible influent concen-
tration at point C has been found, these optima can be added to the costs asso-
ciated with the corresponding effluent concentrations for City 2, (Table 4-2),

and the optimum policy for the combined stages can be determined, Tables 4~6
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and 4-7.
Hence, regardless of the influent concentration at City 2, the optimum
policy for Cities 2 and 3 will be to discharge from City 2 at a concentration of

9 mg/1,

Table 4-6., Total Cost of Treatment and LEffluent
Charges for Cities 2 and 3

Effluent Concentration {mg/1)

Influent
Con.cen— 3 6 9
tfration
(mg/1) Cost of Treatment ($)
1 626 686 596
o 798 750
9 © w® 862

Table 4-7. Optimum Policy at City 2, Including

City 3
Influent Cost Effluent
Concentration ($) Concentration
(mg/1) {mg/1)
1 596 9
S 750 9
9 862 9

Proceeding upstream to City 1 it is seen, Table 4-8, that the minimum
cost for the entire system under the conditions assumed is $1006 per unit
time, and that this cost is associated with an effluent concentration from
City 1 of 1 mg/1.

Tracing back through Tables 4-5 and 4-7, the minimum cost is found to

occur if the operating policy is that shown in Table 4-9.
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Table 4-8. Total Cost of Treatment and Effluent
Charges for all Cities

Effluent Concentration (mg/1)

Influent
Concen=-
tration 1 5 ?
(mg/1) Cost of Treatment ($)
] 1006 1092 1076

Table 4-9. Optimum Operating Policy for System

Point Concentration {mg/1)
B 1
C 9
D 5

It should be emphasized that this optimum solution applies only to the
assumed possible conditions. If more freedom of choice were permitted at
each stage, a more economical solution could undoubtediy be found, but the
computational procedure would be exactly the same.

Program Development

Each of the blocks shown in Fig. 4-1 represents a reach of stream simi-
lar to that shown schematically in Fig. 4~3. The program developed was di-
mensioned to optimize up to 30 such reaches on the main stem and each of as
many as 6 tributaries of a stream.

The computational procedure used was started by reading the streamflow
and pollutant concentration at the upper end of the upstream tributary into the
computer. Next, all required input data for each c¢ity on the tributary were
read into the computer in sequence, and all other variables shown in Fig. 4-3
except T were calculated. The minimum possible concentration attainable at

the lower end of each reach was computed, and the range between this value



FIG. 4-3. SCHEMATIC REPRESENTATION FOR A REACH OF STREAM
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Symbols used in Fig. 4-3 are the following:

~ Reach number in stream
1** - Streamflow at upper end of reach
2% - Streamflow diverted to city
3* - Other supply to city '
4 - Streamflow bypassing city

5 - Return flow from city
6* - Inflow per mile of stream
7* - Evaporation per mile of stream
1*#* - Pollutant concentration at upper end of reach
2 ~ Pollutant concentration in diverted streamilow
3* ~ Pollutant concentration in other supply
4 -~ Pollutant concentration in bypassing streamflow
5 ~ Pollutant concentration in return flow after treatment
6* - Pollutant concentration in inflow
- Concentration in return flow before treatment
* -~ Pollutant concentration added by city

~ Fraction of pollutant removed at treatment plant
Length of reach in miles

‘Ratio of return flow to water use at city
Allowable concentration at control plant

- Input data required for each reach

**  ~ Input data required for reach 1

2 I
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and the allowable concentration at the same point was divided into 10 equal
increments , with the incremental values being stored for later use.

These incremental values were later used as the input concentrations for
the adjacent downstream reach, and as output concentrations for the upstream
reach.

This same procedure was followed for all tributaries, then, with a slight
modification, for the main stem. TFor the main stem, each tributary was treated
as though it were a city which was supplied from other sources.

The optimization procedure was started at the farthest downstream stage
on the main stem by computing the cost of meeting each of the 10 possible ef~
fluent concentrations for each of the 10 permissible influent concentrations.
The optimum effluent concentration was then chosen for each of the 10 permis~
sible influent concentrations, and these optima were stored in the computer in
the manner illustrated in Table 4-5,

At the next stage upstream, the cost of meeting each of the 10 effluent
concentrations for each of the 10 influent concentrations was computed, Then
since the effluent concentrations for this stage were identical to the influent
concentrations for the last stage, the previously stored optima were added to
the appropriate costs for the various effiuent concentrations.

Again, the optimum effluent concentration was chosen for each influent
concentration, and these optima were stored in the manner previously described.
It is essential that these latter optima be recognized as including both the last
and the next to last stages.

An identical procedure was followed for all other stages until the entire
system had been completed. The optimum value found in this manner at the
farthest upstream reach is, by the theory previously developed, the optimum
value for the entire system under the assumed possible conditions.

The procedure followed for stages that were tributaries, rather than cities,

was identical in concept, but somewhat different in detail from that described
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above, Briefly, it consisted of computing the optimum policies to be followed
for 10 possible tributary effluent concentrations. The best of these 10 possi-
bilities was then selected for each of the 10 main stem stage effluent concen-
trations associated with each of the 10 stage influent concentrations considered,
Thus, only 10, rather than the normal 100, different costs were considered for
main stem stages that were tributaries,

An obvious shortcoming of the procedure thus far developed is that removals
at each stage have been assumed to be variable in only 10 incremental values,
while in theory they are continuously variable from zero to complete removal,

In order to overcome this shortcoming, the range of permissible concentrations
at each control point was narrowed to 0.2 of the original range after the opti-
mum solution under the assumed conditions was found. The new range limits
set at each control point were the optimum value for that point plus and minus
0.1 times the original range. A new optimum was found, the range was again
narrowed, and this procedure was repeated for as many times as the total cost
could be significantly reduced. Usually, not more than three repetitions were
required for any system. Three repetitions effectively divides the permissible
range at each point into 1250 increments.

Four hundred cost computations at each stage of the main stem, and 4000
cost computations at each stage of each tributary were thus reguired 10 obtain
the solution by this method. More than 1.6 million computations at each stage
of the main stem, and more than 16 million at each stage of each tributary would
have been required to obtain results with the same degree of acecuracy if the ori-
ginal permissible range at each control point had been divided into 1250 incre-
ments in the beginning. Computation time was thus reduced by a factor of over
4000 by the dynamic programming method.

Practical Application

Twenty seven cities are located along the main stem and 5 tributaries of

the Trinity River in the Fort Worth - Dalias area, Fig. 4-4. Preliminary
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estimates of the flow in various reaches of these streams reflecting 2010 con-
ditions have been made by the Bureau of Reclamation, and these figures were
reduced to an inflow-per-mile basis in order to fit the program {28). Average
values of phosphate concentrations in runoff from agricultural lands were ob-
tained from the literature, and both the projected water use in and return flows
from the 27 cities for the vear 2010 were obtained as described earlier (29).

These and other required data were punched on cards and the program
was used to determine the optimum treatment pelicy for maintaining concen-
trations of one and two mg/1 in the stream. Results for the one mg/1 allow-
able are shown in Table 4-10, while Table 4-11 shows results for the two
mg/1 allowable concentration, These two assumed allowables are entirely
arbitrary, and are shown only for the purpese of demonstrating that greater
relative savings are made possible by the gr'eatexj flexibility inherent in a higher
allowable concentration.

For the one mg/1 allowable concentration, the total cost of the optimum sys-
tem can be seen to be about 2.3 percent less than the total cost of the normal
system of requiring each city to just meet the allowable. Thig saving in cost is
accompanied by a substantial improvement in the quality of the water in more
than half the reaches of the stream., These two factors tcgether make the sys-
tem much more attractive.

Appraisal of Results

The results obtained demonstrate the desirability of using optimization
techniques rather than effluent standards as a means of maintaining siream
standards. The entirely arbitrary stream standards used in the program and
the relatively simple cost function used do not detract from the method deg-
cribed. Any cther cost function that provides for scale economy would yield
similar results, although the magnitude of the resultant saving would depend
upcn the variation of unit cost with size of plant. Similarly, the magnitude

of the possible saving through optimization is dependent on the allowable



Table 4-10. Comparison of Optimum and Normal Treatment Cost for
Maintaining Stream Standard of 1 mg/l in Upper Trinity

River
Normal System Optimum System
Concentration (mg/1) Concentration {mg/1)
Trib. City Cost Cost
No. No. Influent Effluent ($) influent Effluent ($)
2 1 0.10 1.00 359 .10 1.00 359
2 1.00 1.00 166 1.00 .99 166
3 1 0.10 1.00 468 .10 .06 504
2 1.00 1.00 351 .06 .99 313
4 1 0.10 1.00 205 .10 .20 318
2 1.00 1.00 956 .20 .18 1014
3 1.00 1.00 1013 .18 .14 1658
4 1.00 1.00 286 .14 1.00 0
5 1 0.10 1.00 450 .10 .89 455
2 1.00 1.00 1207 .88 .37 1255
3 1.00 1.00 1448 .37 .22 1508
4 1.00 1.00 883 .22 1.00 754
5 1.00 1.00 544 1.00 .99 547
6 1 0.10 1.00 274 .10 1.00 274
2 1.00 1.00 496 1.00 1.00 496
1% 1 0.10 .47 0 .10 A7 0
2% 0.47 1.00 - 47 .53 -
3 1.00 1.00 7303 .53 .10 7634
4 1.00 1.00 316 .10 .19 265
5 1.00 1.00 108 .19 .31 0
6 1.00 1.00 628 .31 .30 654
7 1.00 1.00 1373 .30 .27 1433
8 1.00 1.00 660 27 1.00 63
9 1,00 1.00 971 1.00 1.00 971
10* 1.00 1.00 - 1.00 1.00 -
11* 1.00 1.00 - 1.00 1.00 -
12 1.00 1.00 14121 1.00 .79 14406
13 1.00 1.00 250 .79 .89 0
14 1.00 1.00 231 .89 .98 0
15% 1.00 1.00 - .98 .97 -
16 1.00 i.00 110 .97 1.00 0
17 1.00 1,00 - 1.00 1.00 -
Totals 35177 34449

* Main stem stages that are tributaries ** Tributarv #1 is the main stem
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Table 4-11. Comparison of Optimum and Normal Treatment Cost for
Maintaining Stream Standard of 2 mg/1 in Upper Trinity
River
Normal System Optimum System
Concentration (mg/1) Concentration (mg/1)
Trib. City Cost Cost
No. No. Influent Effluent ($) Influent  Effluent ()
2 1 0.10 2.00 328 0.10 2.00 328
2 2.00 2.00 157 2.00 2.00 157
3 1 0.10 2.00 429 0.10 0.06 504
2 2.00 2.00 336 0.06 1.98 254
4 1 0.10 2.00 51 0.10 2.00 51
2 2.00 2,00 888 2.00 1.48 980
3 2.00 2.00 966 1.48 1.20 1052
4 2,00 2.00 270 1.20 2,00 0
5 1 0.10 2.00 406 .10 0.08 491
2 2.00 2.00 1158 0.08 0.04 1255
3 2.00 2.00 1386 0.04 0.03 1509
4 2.00 2.00 846 0,03 0.02 919
5 . 2.00 2.00 523 0.02 2,00 93
6 1 0.10 2.00 195 0.10 2.00 195
2 2.00 2.00 451 2.00 2.00 451
1%% 1 0.10 0.47 0 0.10 0.47 0
2% 0.47 2.00 - 0.47 0.64 -
3 2.00 2.00 6993 0.64 0.12 7637
4 2.00 2.00 300 0,12 0.53 0
5 2.00 2.00 100 0.53 0.58 66
6 2.00 2.00 595 0.58 1.42 0
7 2.00 2.00 1310 1.42 1.28 1433
8 2.00 2.00 619 1.28 2.00 0
9 2.00 2.00 930 2.00 2,00 928
10* 2.00 2.00 - 2,00 2.00 -
11* 2.00 2.00 - 2.00 1.99 -
12 2.00 2.00 13749 1.99 1.80 13747
13 2.00 2.00 227 1.80 1.89 0
14 2.00 2.00 211 1.89 1.97 0
15%* 2.00 2.00 - 1.97 1.94 -
16 2.00 2.00 100 1.94 1.98 0
17% 2,00 2.00 - 1,98 2.00 -
Totals 33254 32050

* Main stem stages that are tributaries

%% Tributary #1 is

the main stem
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stream concentration. A higher allowable concentration permits greater flexi-
bility and greater possibilities for reducing cosis.

Much further work needs to be done to extend the steady state technique
established in this research to the unsteady state of nature. However, regard-
less of the sophistication of this technique used, the low-flow condition of
streams, for which this program was designed, must remain the critical factor

in the design of treatment plants.



VvV DISCUSSION

Return flows are of vital importance to the water economy of the state
because they represent a growing gquantity of potentially reusable water, and
because of the effect they may have on the quality of receiving waters. The
definition of receiving waters must include all water downstream from the
release point to some reasonable distance offshore in the Gulf. This point
is well illustrated by the phosphate concentration estimated to exist at the
present time in San Antonio Bay. The high estimated concentration is derived
mainly from well~freated municipal effluent originating about 150 miles up-
stream. Another point illustrated by the present phosphate concentration in
San Antonio Bay is that the effect of return flow on any particular receiving
water depends more on the relationship of the quantity of return flow to the
guantity of receiving water available for dilution than on the absolute quan~
tity of return flow. Evaluations made on the basis of drainage basins are
therefore more meaningful than are those made on a statewide basis.,

The potential effect of return flows on future water guality makes a
knowledge of the location, quality, and quantity of returnflow essential to
the development of guality management plans. Concepts used and refined in
this research provide a rational method of evaluating return flows. If the con-
cepts used are valid, a step has been taken toward the development of input
data for more complete systems analyses of the total water resource quality
management problem.

Evaluation of the degree of accuracy of results obtained in this research
would require many vears of data collection and analysis and the expenditure
of large sums of money., Because such expenditures of time and money are not
justifiable for determining the efficacy of the concepts used, a logical discus-
sion of the validity of the major concepts used is in order,

Validity of Methodology

Projection Technique: The technique used in projecting water require-

ments is a rational approach in that it assumes that people will migrate to areas

64
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where employment opportuniiies exist and away from areas where there are
limited employment opportunities as a result of resource development. That is,
it relates population changes to economic as well as biological factors. The
logic of the method is unassailable, but an obvicus defect in the method is the
impossibility of completely evaluating the resources available inn even a limited
area., Climatic and other somewhat intangible resources must be included in the
evaluation along with the more obvious resources such as mineral deposits. Thus,
projections made by this method can be expected tc be good indicators of trends
on a short term basis, but as with all other forecasting techniques, long-range
projections are likely to be less accurate. Inaccuracies of input data will tend
to magnify errors in long range projections to the extent that they may become
practically meaningless unless they are updated pericdically,

The purpose of making projections is to allow time for orderly planning
and development of facilities to meet approaching problems before they become
crises., The technique used fulfills this purpose by providing good short term
estimates and reasonable long-range indications of future needs.

Return Flow Quantity Estimation: That refurn flows are related 1o water

usage is self-evident. The method used in evaluating municipal S/W ratios

is essentially a straightforward mathematical means for separating municipal
wastewater from other water that enters the sanitary sewer system largely as
a resuit of precipitation, and for determining the fraction of total municipal

water use that is consumptive use.,

Many factors other than precipitation influence the S/W ratio that will
prevail in a given city, but if constant economic conditions exist, these fac-
tors may remain fairly constant from year to year. For example, in any parti-
cular family, the quantity of water used for bathing, and the quantity of waste=~
water discharged as a result of bathing is not likely to vary radically from year
to year.

The method used accounts for the effects of these constants without

actually ewvaluating them individually. Results obtained for normal precipitation
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can therefore be expected to be reasonable approximations of future trends,
Industrial S/W ratios are apparently relatively independent of annual

precipitation, and highly dependent on the availability of low cost water,

it is therefore logical to assume that the presently existing ratios in specific

areas will decline in the future as the avaiiabiiity of low cost water decreases.

No corcrete evidence is available to support this argument per se, but the

fact that ratios are higher in areas of plentiful supply strongly suggests that

it is well founded.

Return Flow Quality Estimation: The methods used for estimating munici-

pal return flow guality can be expected to vield reasonably accurate results,
aspecially for larger areas such ag river basins. The assumption that pollutant
concentration in return fiow is the sum of pollutant concenrtration in the water
supply and pollutant concentration added by water users is certainly cormrect
except for the effect of infiliration to the sewer system. The assumption that
the same concentration is added by all cities can be expected to vield reason-

able overall results, but to be inaccurate for many individual cities. Thus,

should be reasonable approximations of actual conditions,

The method used in estimating industrial return flow quality may give a

reasonable approximation of the worst conditions that may occur, but resulis

Q.

are probably not indicative of average conditions. If permits are revised in
the future to apply more stringent standards, the gquality data reported on them
should become increasingly abundant and reliable.

Estimation of Return Flow FEffects: Models used in estimating gross

effects of return flows include many simplifications of complex phenomena.
Results obtained should be considered no more than indications of actual results
that would be obtained if all the required input data were available, Mixing

and exchange relationships used in the model need to be made more represen-
tative of field conditions before concrete conclusions can be drawn. It is

well to note, however, that the models as used yield results that are in
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general agreemernt with known field conditions,

Optimization Technigque: The optimization technigue used is merely an

applization of well-known dynamic programming technigues tc the maintenance
of stream standards. As such if requires no justification. Results obtained by
the method can be expected to reflect the degree of accuracy of input data and

aost functions ysed. Savings made possible by use of the method will be de-

pendent on the stream standards that are established.

Management Responsibilities

Municipal and industrial return flows are a significant and growing frac-

jon of the toral water resources in Texas., Detalled knowledge of the quantity,

e

[

gquality, and location of these return flows is essential to the development of
guality management plans. Presently available data are generally inadequate
except for the quantities of municipal return flows and their concentrations of
suspended solids and 5~day BOD. Available data are located in several dif-
ferent state agencies and a lack of consistency among agencies in data pro-
cessing practices is readily apparent.

Local solutions to water resource problems are not generally adeguate

ure because the factors

now, and they will become less adequate in the fu
that influence the availability and gquality of water transcend local artificial
political boundaries. Conditions that adversely affec? the quality of a stream

may persist for hundreds of miles downstream.

More stringent data reporting regulations shouid be adopted for both

‘al Data Proces—

municipal and indusirial water use and return fic

sing and Evaluation Center should be established to receive and process all

data related to water quality, water use, and return fiow,
y 7 7
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APPENDIX A

SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL ‘WATER REQUIREMENTS (MGY)

TRADE AREA 1960 1970 1980 1990 2000 2010 202¢
FORT WORTH MUN 30670 42127 55502 70058 88510 111910 141595
FORT WORTH IND 9640 10421 11480 12868 14442 16227 18256
FORT WORTH 707 40311 52548 66982 82926 102952 128138 159851
DALLAS MUN 62444 98761 137694 169234 208065 255895 314846
DALLAS IND 24264 27932 31392 34437 37780 41450 45479
DALLAS Tar B6708 126693 169085 203671 245845 297345 360325
TYLER MUN 4383 1924 11562 15413 20628 27713 37361
TYLER IND 5015 6807 8365 9280 10347 11598 13068
TYLER TQT 10059 14731 19927 24692 30976 39311 50429
LONGVIEW MARSHAL MUN 6140 8244 11010 14426 18928 24869 32718
LONGVIEW MARSHAL IND 8249 12603 17696 22469 28579 36416 46483
LONGYIEW MARSHAL TOT 14389 20847 28706 36895 47507 61284 79201
WACO MUN 12680 19155 26258 32529 40427 50398 63018
WACO IND 6836 7992 9355 10967 12893 15196 17952
WACO 107 19516 27147 35613 43497 53321 65595 80970
PALESTINE MUN 1376 1899 2489 3075 3808 4726 587%
PALESTINE IND 166 197 227 253 282 314 350
PALESTINE 107 1542 2097 2715 3328 4090 5040 6225
LUFKIN MUN 1561 2403 3357 4239 5360 6787 8607
LUFKIN IND 6897 Bl64 10947 13449 16526 20313 24973
LUFKIN 107 8458 11167 14305 17687 21886 27100 33580
MIDDLE SABINE MUN 158 1046 1368 1684 2073 2552 3144
MIDDLE SABINE IND 187 1024 1201 1265 1335 1410 1493
MIDDLE SABINE 107 1545 2070 . 2569 2949 3407 3963 4637
AUSTIN MUN 15414 231617 32461 42029 54479 70691 91814
AUSTIN IND 2346 4089 6029 6756 7572 8487 9515
AUSTIN 707 17759 27256 38490 48785 62051 19178 101329
BRY AN MUN 3480 5041 €791 8508 10694 13483 17046
BRY AN IND 65 87 107 i19 133 149 167
BRYAN TOT 3545 5128 6898 8627 10827 13632 17213
HOUSTCN MUN 78663 112869 153394 197443 254151 327158 421160
HOUSTCN IND 154897 248763 347627 422156 512724 622788 756561

HOUSTON T07 233559 361632 501021 619599 766874 949945 1177721
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APPENDIX A; CONTINUED
SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL WATER REQUIREMENTS (MGY}

TRADE AREA 1960 1970 1980 1990 2000 2010 2020

LOWER SABINE MUN 38C9 14571 20493 27259 36264 48251 64209
LOWER SABINE IND 79020 151920 245828 312597 359039 511033 656235
LOWER SABINE Tat 88828 166491 266321 339856 435304 559285 720444
SAN ANTONIO MUN 9258 11731 14314 16872 19953 23679 28202
SAN ANTONIOC IND 10278 14258 18124 20932 24212 28045 32526
SAN ANTONIO T0T 19576 25989 32438 37804 44165 51723 60728
VICTORIA MUN 2480 4086 5928 7515 9534 12106 15384
VICTORIA IND 20522 35152 51495 63326 77981 96153 118709
VICTORIA 107 23002 39238 57423 70841 87516 108260 134093
CORPUS CHRISTI MUN 14809 20549 27848 37135 49699 66729 89856
CORPUS CHRISTI IND 18234 29770 41477 48993 57909 68490 81050
CORPUS CHRISTI o7 33143 50319 69325 86128 107608 135219 170906
LOWER VALLEY MUN 22852 28475 34365 40129 46884 54805 64103
LOWER VALLEY IND 4318 4177 52717 5811 6400 7048 7762
LOWER VALLEY T0T 27170 33252 39642 45940 53283 61853 71866
LAREDC MUN 3449 4429 5469 6493 7713 9167 10899
LAREDC IND 214 302 383 434 493 559 635
LAREDO 707 3662 4731 5852 6928 8206 9726 11533
DEL RIC MUN 1921 2371 2865 3375 3990 4734 5634
DEL RIQ IND 52 48 48 54 60 67 T4
DEL RIC TOT 1973 2419 2913 3428 4050 4801 5709
BROWNKCOD MUN 2053 2785 3477 4000 4606 5308 6125
BROWNWCOD IND 659 815 978 1130 1307 1510 1746
BROWNWOGD TOT 2712 3600 4456 5131 5912 6819 7870
SAN ANGELD MUN 4568 6145 1867 9578 11677 14254 17421
SAN ANGELO IND 128 875 1021 1128 1247 1379 1525
SAN ANGELO TOT 5296 7019 8888 10706 12923 15632 18946
ABILENE MUN 7220 9621 12013 14003 16336 19073 22285
ABILENE IND 1964 2496 3125 3355 3606 3879 4175
ABILENE TO0T 9184 12117 15138 17358 19942 22951 26460
BIG SPRING MUN 3024 4619 6192 7150 8257 9535 11012
BIG SPRING IND 4427 5288 6060 6659 7322 8054 8865

BIG SPRING 107 7451 9907 12252 13810 15578 17589 19877
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APPENDIX A, CONTINUED

SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL WATER REQUIREMENTS (MGY)

TRADE AREA 1960 1370 1980 1990 2000 2010 2020
MIDLAND ODESSA MUN 10339 13848 17297 20081 23330 27124 31559
MIDLAND QODESSA IND 5735 8507 11676 13739 16234 19258 22932
MIDLAND ODESSA 107 16074 22355 28973 33821 395064 46381 54491
EL PASC MUN 20826 27188 34580 42850 53109 65839 B1637
EL PASO IND 4414 5880 7333 8563 10009 11708 13705
EL PASC 107 25240 33067 41913 51414 63118 77547 95343
LUBBOCK MUN 13439 19153 24923 29522 35035 41654 49610
LUBBOCK IND 7064 8479 9917 10965 12191 13647 15491
LUBBOCK TOT 20503 27632 34840 40487 47227 55300 65011
AMARILLO MUN 154€5 24751 33788 38700 44360 50886 58416
AMARILLO IND 28568 42573 55503 60943 656945 73572 80895
AMARTLLO TOT 44062 67330 89291 99643 111305 124458 139312
WICHITA FALLS MUN 8317 11023 13759 16101 18855 22097 25913
WICHITA FALLS IND 1786 2190 2564 2798 3053 3331 3635
WICHITA FALLS TOT 101C4 13213 16323 18898 21908 25428 29548
GAINESVILLE MUN 733 1083 1456 1779 2175 2658 3249
GAINESVILLE IND 19 84 90 99 109 120 132
GAINESVILLE 707 81z 1167 1546 1879 2284 2778 3381
SHERMAN DENISON MUN 2729 3712 4860 6112 7690 9677 12182
SHERMAN DENISON IND 2452 3312 4103 4547 5071 5689 6421
SHERMAN DENISON TOT 5222 7024 8962 10659 12760 15366 18633
PARIS MUN 1095 1757 2440 2901 3449 4103 4882
PARIS IND 2613 6883 12368 14312 16568 19188 22232
PARIS TOT 37C8 8640 14808 17212 20017 23291 27114
SULFUR SPRINGS MUN 326 547 828 1128 1536 2092 2850
SULFUR SPRINGS IND &0 73 82 86 91 95 100
SULFUR SPRINGS T0T 385 620 910 1214 1627 2188 2950
NORTHEAST TEXAS MUN 3419 4504 5757 7030 8605 10557 12982
NORTHEAST TEXAS IND 17637 225170 26134 27316 28560 29870 31251
NORTHEAST TEXAS 71OT 21056 27073 31891 34345 37165 40427 44233

STATE TOTAL . . MUN 376440 539591 722405 898351 1120180 1400510 1755595
STATE TOTAL . - IND 430117 674928 948010 1141808 1381018 1677043 2044303
STATE TOTAL » « « & 806556 1214519 1670415 2040159 2501198 3077553 3799898
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APPENDIX B

SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL RETURN FLOKS

TRADE AREA

FORT WORTH
FORT WORTH
FORT WORTH

DALLAS
DALLAS
DALLAS

TYLER
TYLER
TYLER

LONGVIEW MARSHAL
LONGVIEW MARSHAL
LONGVIEW MARSHAL

WACO
WACO
WACO

PALESTINE
PALESTINE
PALESTINE

LUFKIN
LUFKIN
LUFKIN

MIDDLE SABINE
MIDDLE SABINE
MIDOLE SABINE

AUSTIN
AUSTIN
AUSTIN

BRY AN
BRY AN
BRY AN

HOUSTGON
HOUSTCN
HOUSTCN

MUN
IND
107

MUN
IND
ToT

MUN
IND
707

MUN
IND
ToT

MUN
IND
Tor

MUN
IND
70T

MUN
IND
70T

MUN
IND
707

MUN
IND
TaT

MUN
IND
ToT

MUN
IND
TaOT

19¢0

22083
1327
294C9

43711
6764
50505

3588
1320
4308

4258
2722
7020

8242
1426
9678

895
111
10Cé6

858
5449
63C7

5¢8
354
923

7861
1954
9855

17C5
25
1731

53491
102232
155722

1970

29629
1547
37177

66005
7453
73458

5481
1687
7168

5771
3963
9734

12291
1678
13969

1235
126
1361

1274
6598
7871

785
439
1224

11275
3312
14587

2453
32
2485

75623
156467
232089

1980

38111
1924
46035

B7665
7983
35648

7670
1975
9645

7767
5304
13011

16630
1965
18594

1618
138
1756

1712
7855
3567

1026
491
1517

15040
4654
19695

3282
EY:)
3320

101240
208374
3069614

1990

46939
8465
55404

102387
8346
110732

9787
2088
11875

10098
6418
16516

20331
2303
22634

1999
147
2146

2077
9196
11273

1263
493
1755

18493
4970
23463

4084
40
4124

128338
241155
369493

(MGY)
2000 2010
57827 71249
2053 9695
66880 80944
119290 138610
8726 9123
128016 147733
12515 16027
2219 2370
14734 18398
13249 17408
7779 9446
21029 26854
24930 30659
2708 3191
27638 33850
2475 3072
156 165
2631 3237
2519 3054
10769 12614
13288 15668
1555 1914
495 499
2050 2413
22700 27805
5309 5671
28008 33476
5098 6382
43 46
5140 6428
162656 206110
279125 323108
441781 529218

73

2020

87789
10394
98183

160571
3540
170111

20549
2545
23094

22903
11491
34394

37811
3770
41581

3819
176
3994

3701
14779
18480

2358
533
2862

33971
6059
40030

8012
49
8060

261119
374063
635183



APPENDIX By, CONTINUED

SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL RETURN FLOWS

TRADE AREA

LOWER SABINE
LOWER SABINE
LOWER SABINE

SAN ANTONIO
SAN ANTONIC
SAN ANTCNIOQ

VICTORIA
VICTORIA
VICTORIA

CORPUS CHRISTI
CORPUS CHRISTI
CORPUS CHRISTI

LOWER VALLEY
LOWER VALLEY
LOWER VALLEY

LAREDC
LAREDC
LAREDG

DEL RIC
DEL RIC
DEL RIO

BROWNWCOD
BROWNWCOD
BROWNWOOD

SAN ANGELGO
SAN ANGELOC
SAN ANGELO

ABILENE
ABILENE
ABILENE

BIG SPRING
BIG SPRING
BIG SPRING

MUN
IND
TOT

MUN
IND
ToT

MUN
IND
707

MUN
IND
107

MUN
IND
TOT

MUN
IND
7oV

MUN
IND
T0T

MUN
IND
TO7

MUN
IND
T0T

MUN
IND
TOT

MUN
IND
T0T

1960

8435
60055
684350

6788
38G6
10663

1240
19466
20736

6560
6017
12577

8455
3454
11910

1552
24
1575

672
17
689

924
652
1576

2055
371
2427

3826
1160
4927

1351
1063
2454

1970

12434
110032
122467

8290
5163
13453

1975
31825
33800

8733
9362
18096

10488
3642
14130

1956
33
, 1989

810
14
825

1244
769
2013

2714
425
3139

4971
1332
6303

2079
1269
3348

1380

17351
169680
187031

9781
6255
16036

2766
44430
47196

11417
12431
23849

12600

3834

16435

2370
42
2412

355
14
969

1542
880
2421

3409
4173
3882

6047
1589
7636

2725
1454
4179

19990

22898
205626
228523

11136
6885
18020

3382
52069
55451

14668
13993
28662

14647
4024
18671

2760
48
2807

1097
15
1112

1760
369
2729

4071
498
4568

6861
1626
8488

3075
1598
4673

200D

30220
250150
280371

12704
7589
20293

4132
61106
65238

18886
15763
34648

17034
4223
21257

3214
54
3268

1263
16
1279

2011
1067
3078

4865
524
5390

7787
1666
9452

3468
1757
5225

{MGY)

2010

39888
305300
345188

14523
8377
22900

5044
71805
76849

24356
17767
42123

19821
4432
24253

2743
62
3805

1460
17
1476

2300
1175
3476

5820
553
6373

8837
1707
10544

3909
1933
5842

74

2020

52652
373620
426272

16639
9259
25898

6153
846482
90636

31450
20037
51486

23077
4652
27729

4359
4429

169¢C
18
1708

2634
12935
3928

6968
583
7551

10028
1751
11780

4435
2128
6533



APPENDIX By CONTINUED

SUMMARY OF PROJECTED MUNICIPAL AND INDUSTRIAL RETURN FLORS

TRADE AREA

MIDLAND CDESSA
MIDLAND ODESSA
MIDLAND ODESSA

EL PASC
EL PASO
EL PASO

LUBBOCK
LUBBOCK
LUBBOCK

AMARILLGC
AMARILLD
AMARILLO

WICHITA FALLS
WICHITA FALLS
WICHITA FALLS

GAINESVILLE
GAINESVILLE
GAINESVILLE

SHEKMAN DENISON
SHERMAN DENISON
SHERMAN DENISON

PARIS
PARIS
PARIS

SULFUR SPRINGS
SULFUR SPRINGS
SULFUR SPRINGS

NORTHEAST TEXAS
NORTHEAST TEXAS
NORTHEAST TEXAS

STATE TOTAL « .
STATE TOTAL . .
STATE TOTAL . &

°

MUN
IND
107

MUN
IND
10T

MUN
IND
ToT

MUN
IND
107

MUN
IND
07

MUN
IND
TOT

MUN
IND
Tarv

MUN
IND
TaT

MUN
IND
TOT

MUN
IND
ToT

MUN
IND

®

1960

4156
20C7
6763

6456
1677
8134

7123
2472
9595

7114
14013
21127

35176
853
4470

476
42
518

1714
548
2322

1C1
6GC1
13¢2

260
43
3C4

2564
113983
14557

224QGC0
260208
484208

1970

6231
2838
069

8383
2129
10512

3832
2828
12660

11141
19880
31021

4685
1044
5729

695
42
737

2382
129
3110

1113
1583
2696

429
50
478

3340
14626
17966

315745
398920
714666

1980

7611
3711
11322

10605
2531
13135

12378
3152
15531

14867
24700
39567

5779
1164
6943

922
43
966

3078
903
3980

1529
2845
4374

635
54
648

4222
16140
20361

414290
543024

1990

8635
4162
12797

13069
2817
15886

14171
3322
17492

16641
25846
42487

6682
1211
7893

1112
46
1158

3820
1600
4820

1798
3292
5090

846
54
899

5097
16077
21173

504019
628796

{MGY)
2000 2010
9799 11121
4687 5298
14485 16419
16110 19861
3137 3497
19247 23359
16233 18605
3520 3755
19753 22360
18631 20863
27057 28338
45689 49202
7731 8949
1259 1309
8990 10258
1341 1617
48 50
1389 1667
4742 5887
1116 1251
5857 7138
2115 2489
3811 4413
5926 6902
1126 1500
54 54
1180 1553
6167 7478
16019 15966
22186 23445
614393 750363
731003 852990

75

2020

12624
6013
18636

24491
3902
28393

21332
4038
25370

23367
29695
53061

10365
1362
11727

1949
52
2002

7309
1413
8722

2929
5113
8043

1935
54
2049

9087
159109
25007

918108
998823

957314 1132815 1345396 1603353 1916931
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APPENCIX C

MUNICIPAL AND INDUSTRIAL

TREATMENT PLANT EFFLUENT

QUALITY REQUIRED TO MAINTAIN PRESENYT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL
BCO 29
SUS SCL 35

TCT SCL 533
CHLORIDE 111
NITRATES 24
PHOSPHATES 26

INDUSTRIAL
BOD 2

SUS SCL 437
TCT sct 6613

CHLORIDE 133

€0D -0
SULFATES 6130

1970

22
26
397
83
18
20

2
424
6419
129
=0
5951

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL
BCOD 36
SUsS SCL 45

TOT SCL 681
CHLORIDE 144
NITRATES 25
PHOSPHATES 27

INDUSTRIAL

BOD 1198
SUS SCL 226
707 SCL 2920
CHLORIDE 10
Lo =0
SULFATES 77

1970

24
30
451
95
16
i8

1092
206
2662
9
~0
70

=0 INDICATES THAT NO
CF PCLLUTANT WAS AVAILABLE

1 FORT WORTH

1980 1990
17 i4
20 16

308 251
65 52
14 11
15 i2

2 2

404 378

6114 5724

122 115
-0 -0

5668 5306

2 CALLAS

1980 1990
18 15
23 19

340 291
72 61
12 11
14 12

1019 875

193 184

2485 2377

S 8
-0 -0
6& 63

2000

11
13
204
43

10

354
5352
108

4961

2000

13
17
250
53

10

933
176
2274
8

-0
60

2010

11
165
35

330
4998
101

4633

2010

11
14
215
45

892
168
2175
8

-0
57

2020

134
28

308
4661
9%

4321

2020

10

185
39

853
161
2080
7

-0
55

DATA REGARDING CONCENTRATION



APPENCIX C,

CONTINUED

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL

BGCO 34
SUS SsCL 42
TOT SCL 464
CHLORIDE 106

NITRATES 25
PHOSPHATES 27

INDUSTRIAL

BOC 235
SUS 5CL 786
TOT SCL 953
CHLORIDE 83
oo -0
SULFATES 167

1970

22
28
304
69
lé
18

184
615
745
65
-0
131

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL

BOD 7
SuUsS stL 28
TCT SCL 379
CHLORIDE 114

NITRATES 25
PHCUSPHATES 26

INDUSTRIAL

BCO 142
SUS SCL 608
TCT SCL 2543
CHLORIDE 993
CCob 369
SULFATES 725

1870

5
21
282
85
19
20

98
417
1747
682
25&
498

3 TYLER
1980 1990
1¢ 12
20 15
211 170
49 39
12 9
13 10
157 148
528 497
£3¢ 602
55 52
-0 -0
111 105

4 LONGVIEW MARSHAL

1980 1590
4 3

16 - 12
211 161
63 48
14 11
15 il
73 60
312 258
1305 1079
51¢ 421
180 157
372 308

2000

10

133
30

140
467
566
49
-0
99

2000

2

123
37

50
213
890
347
129
254

2010

104
24

131
437
530

46

93

2010

S4
28

41
175
733
286
106
209

2020

122
407
494

43

86

2020

34
144
6062
235

88
172

=0 INDICATES THAT NO DATA REGARDING CONCENTRATION
CF PCLLUTANT WAS AVAILABLE



APPENCIX C, CONTINUEL

MUNICIPAL AND INLCUSTRIAL TREATMENT PLANT

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOLC 45
SUsS SCL 43

TCT sSCL T24
CHLORIBDE 186
NITRATES 27
PHCSPHATES 27

INDUSTRI AL

BCD 13
5US SCL 9673
107 sCL 788
CHLORICE 79
COD ={

SULFATES 156

1970

30
23
485
104
18
18

11
8274
672
67
-0
134

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

80D 76
SUS SCL 69

0T SCL 617
CHLORIDE 128
NITRATES 24
PHUSPHATES 26

INDUSTRIAL

BCOD =0
SUS st 3114
TOY SCL 10379
CHLORIDE 3114
CCo -0
SULFATES 156

1970

55
50
447
93
i8
19

=0
2150
9168
21540
-0
138

5 waACC

1989

22
21
358
17
13
13

g
T069

574

57
-0
114

1990

18
7
293
63
11

11

8
6029
490
49
-0
917

6 PALESTINE

15980

42

38

341
71

i5

=0
2509
B365
2509
-0
125

19980

34

276
57

12

-0
2362
7875
2362

-0

118

2000

15
14
239
51

5129
417
42

83

2000

27
25
223
46

10

-0
2224
7415
2224

-0

111

EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

2010

12
12
195
42

4351
3254
as

70

2010

22
20
180
37

=0
20495
£584
2095
-0
105

2020

10

158
34

3683
299
30

59

2020

18
16
145
30

~Q
1972
6575
1972
-0
99

=Q INCICATES THAT NU DATA REGARDING CONCENTRATION
CF PCLLUTANT WAS AVAILABLE



APPENCIX C, CCNTINUEC

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L}

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL
BOD 48
SUs SCL 69

TOT SCL 592
CHLORIDE 109
NITRATES 25
PHOSPHATES 27

INDUSTRIAL
BOC 371
SUS SCL 37

TOT sSCL 3176
CHLORIDE 371
coD =0
SULFATES 37

1270

33
46
399
T4
17
18

306
31
2623
306
-0
31

TRADING AREA NUMBER

POLLUTANT 1980
MUNICIPAL

BCD 30
SUS sCL 51
TCT SCL 560

CHLORIDE 106
NITRATES 25
PHOSPHATES 26

INDUSTRIAL
BOD 10
SUsS sCL 23

TOT SCL 5939
CHLORIDE 4913
con -0
SULFATES 373

1970

22
37
405
77
18
19

8

19
4791
3963
-0
301

-0 INCICATES THAT NO
CF PCLLUTANT WAS AVAILABLE

7 LUFKIN

1980 13890
24 20
34 28
297 245
58 45
12 10
i4 11
257 220
26 22
2203 1882
251 220
-0 ~0
2¢ 22

2000

16
23
202
37

188

1607
188

19

8 MIECCLE SABINE

1380

ig

28 .

310
59
14
18

7

11
4289
3548
-0
2170

1990

13
23
252
48
11

T

17
4270
3533
-0
268

2600

11
19
205
39

10

7

17
42471
3513
-0
267

2010

14
i9
166
31

160

1372
160

16

2010

15
166
31

7

17
4217
3489
~0
265

2020

11
16
137
25

137

1171
137

14

2020

12
135
25

7

17
4181
3458
-0
263

DATA REGARDING CONCENTRATION



81

APPENCIX Cy CONTINUED

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS {MG/L)

TRADING AREA NUMBER 9 AUSTIN

POLLUTANT 1960 1970 1980 1930 2000 2010 2020

MUNICIPAL
80D 19 13 1¢ 8 7 5 4
SUS scL 32 23 17 14 11 9 7

TOT sCL 1020 711 533 433 353 288 236
CHLORICE 160 112 84 68 56 45 37

NITRATES 29 20 15 12 10 8 1
PHOSPHATES 27 i9 14 11 9 8 6
INDUSTRIAL

BCD -0 =0 -0 -0 -0 -0 -0

SUS SCL 1686 1015 122 676 633 593 55%
TCT SCL 961 578 412 385 361 338 316

CHLORIDE 41 25 17 16 15 14 i3
Coo =0 ~0 -0 =0 -0 -0 -0
SULFATES 41 25 17 16 15 14 13

TRADING AREA NUMBER 10 BRYAN

POLLUTANT 1960 1970 1980 1990 2000 2010 2020

MUNICIPAL

aCo 26 18 13 11 9 ki 5
SUs SCL 58 40 30 - 24 i9 15 12
707 sCL 574 399 298 240 192 153 122
CHLORICE 123 85 &4 51 41 33 26
NITRATES 25 17 13 10 8 7 5
PHOSPHATES 27 19 14 11 9 7 6
INDUSTRIAL

BGD ~0 -0 -0 =0 -0 -0 -0

SUs SCL 162 126 107 101 95 89 84
TO07 sCL 3232 2522 2149 2026 1903 1786 1672

CHLORIDE -0 -0 -0 -0 -0 -0 -0
cob -G -0 ~0 -0 -0 -0 -0
SULFATES -0 -0 -0 -0 =G -0 -0

-0 INﬁIQﬂTES THAT NO DATA REGARDING CONCENTRATION
OF PCLLUTANT WAS AVAILABLE



APPENDIX Cy CONTINUEL

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L}

TRADING AREA NUMBER 11 HOUSTON

POLLUTANT 1960

MUNICIPAL

BCD 29
SUS SCL 47
TCT SCL 748

CHLORIDE 190
NITRATES 24
PHUSPHATES 27

INDUSTRIAL

BCO 214
SUS sCL 248
707 sCL 3023
CHLORIDE 8031
CGo 933
SULFATES 1378

1970

28
33
529
134
17
19

139
227
5886
5239
609
899

1680

15
25
395
100
12
14

105
170
4423
393¢
457
675

1990

12
19
312

10
11

91
148
3834
3412
336
585

2000

15
246
62

19
128
3332
2965
345
509

TRADING AREA NUMBER 12 LOWER SABINE

POLLUTANT 1960

MUNICIPAL
BCD 13
SUS SCL 25

TCT SCL 473
CHLORIDE 137
NITRATES 25
PHOSPHATES 27

INDUSTRIAL
8CD 53
SuUs sCL 108

TOV SCL 3529
CHLORICE 4552
Leo B67
SULFATES 262

1970

17
321
93
17
18

29
59
1938
2499
476
144

-0 INCICATES THAT NO
CF PCLLUTANT WAS AVAILABLE

1980

12
230
67
12
13

19
38
1249
1612
307
93

1990

5

9
174
50

10

15
31
1027
1325
252
76

2000

4
7
132
38

13
26
843
1c88
207
63

2010

12
194
49

67
110
2848
2535
295
435

2010

100
29

10
21
691
892
170
51

2020

10
153
39

59
96
2488
2215
257
380

2020

16
22

8
17
567
731
139
42

DATA REGARDING CONCENTRATION



APPERCIX C, CCNTINUED

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L}

TRADING AREA NUMBER 13 SAN

POLLUTANT 1960

FUNICIPAL

8040 23
Sus sCL 21
TCT SCL 615
CHLORIDE 120
NITRATES 30
PHUSPHATES 27
INDUSTRI AL

BCD 103

SuUs SCL 3000
TOT SCL 4606
CHLORIDE 694
cco =0
SULFATES 583

1870

17
i5
437
B5
21
19

78
2269
3484

525
=i
441

198¢

13
12
345
67
17
15

64
1873
2876

433

-Q

364

ANTONIOQ

1990

12
10
304
59
i5
13

59
1702
2613

394

-0

331

TRADING AREA NUMBER 14 VICTORIA

POLLUTANT 1960

MUNICIPAL

BCL 21
SuUs sSCL 29
TCY sScu 798
CHLORIDE 285
NITRATES 25
PHUSPHATES 28
INDUSTRIAL

BOC 41

SUs sSCL 131
TCT SCL 3474
CHLORIBE 993
CCo 405
SULFATES 22

1570

13
18
501
179
16
17

25
80
2128
608
248
13

is8d

13

358
128

12

ig
51
1524
436
178
1C

1990

11
293
105

10

15
49
1301
3712
152
8

2000

10

268
52
13

53
1544
2370

357

300

2000

239
86

13
42
1108
317
129
7

2010

237
46
12
10

48
1399
2147

323

212

2010

196
70

11
36
943
270
110
6

2020

209
41
10

44
1265
1943

293

246

2020

161
57

9
30
BG2
229
94
5

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION
CF PCLLUTANT WAS AVAILABLE



84

APPENCIX C, CONTINUECL

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 15 CORPUS CHRISTI

POLLUTANT 1960 1970 198C 1990 2000 2010 2020

MUNICIPAL
8CD 19 14 i1 8 6 5 %
SUS SCL 53 40 31 24 19 14 11

707 sCu 855 £43 491 383 297 230 178
CHLORIDE 273 205 151 122 95 14 57

NITRATES 25 ig 14 11 9 7 5
PHOSPHATES 26 20 15 12 9 7 5
INDUSTRIAL

30D 357 233 173 151 137 121 106

5US SCL 454 296 219 192 175 153 135
TCY sSCL 3501 2282 1693 1483 1347 1183 1040
CHLORIDE 15385 1001 742 650 591 519 456
oo 371 242 179 157 143 125 110
SULFATES 1844 1007 147 654 594 522 458

TRADING AREA NUMBER 16 LOWER VALLEY

PCLLUTANT 1960 1970 1980 1990 2000 2010 2020

MUNICIPAL
BCOD 34 28 23 20 17 15 i3
S5US SCL 77 62 52 44 38 33 28

771 SCL 1687 876 729 628 540 464 398
CHLORIDE 275 222 1858 159 137 117 101

NITRATES 25 20 16 14 12 10 9
PHOSPHATES 26 21 17 15 13 11 9
INDUSTRIAL

BOD 2 2 2 2 2 2 2
SUS SCL 36 34 32 31 29 28 26
TCT SCL -0 -0 -0 -0 -0 -0 -0
CHLORIDE 3045 2897 2730 2623 2491 2369 2258
cop -0 -0 -0 -0 -0 -0 -0
SULFATES -0 -0 -0 -0 -0 -0 -0

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION
OF PCLLUTANT WAS AVAILABLE



APPENCIX C, CCNTINUEC

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALTITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS

IN STREAMS (MG/L)

TRADING AREA NUMBER 17 LAREDO

POLLUTANT 1960 1970 198¢

MUNICIPAL
8GO 101 80 66
SUS sCL 54 43 35

TCT SCL 841 668 551
CHLORIBE 190 151 124

NITRATES 29 23 1s
PHCSPHATES 26 20 L7
INDUSTRIAL

BCD -0 -0 -0
SUS SCL -0 -0 -Q
Tt SCL -0 -0 -0
CHLORIDE 3328 2355 1857
Cco -0 =0 -0

SULFATES 8319 5889 4644
TRADING AREA NUMBER 18 DEL

PCLLUTANT 1960 1970 1980

MUNICIPAL

BOD 2 2 1
SUs ScCL 5 4 4
TOT SCL 522 434 368
CHLGRIDE 94 18 6¢
NITRATES 32 26 22
PHOSPHATES 25 21 18
INCUSTRIAL

8CD -0 ~0 ~C
SUs ScCL 34 38 4G

TOT SCL 2881 3298 341¢
CHLORICE 805 321 954
cCo 144 165 171
SULFATES 668 765 192

1590

57
30
413
107
16
14

-0
-0
-0
1636
-0
4090

RIO

1590

320
58
19
16

-0
38
3231
S03
162
150

2000

49
26
406
92
i4
12

2000

278

17
14

-0
36
3046
851
152
707

2010

42
22
349
79
12
11

2010

241

15
12

-0
33
2846
7195
142
660

2020

36
19
300
68
10

2020

208

13
10

-0
31
2687
150
134
623

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION

OF PCLLUTANT WAS AVAILABLE



APPENDIX C,» CONTINUED

MUNICIPAL AND INCDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED YO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 19 BROWNWCOD

POLLUTANT 1960

MUNICIPAL
80D 37
Sus scCL 39

TGT sSCL 461
CHLORIDE 120
NITRATES 25
PHOSPHATES 26

INDUSTRIAL

BGD ~0
SUSs SgtL 1691
107 sCi 8407
CHLORIDE 871
cop =0
SULFATES 143

1870

28
29
343
89
19
19

~0
1433
7126
738
il
630

19890

22
24
277

15
1é

-
1254
6234

646

-0

551

TRADING AREA NUMBER 20 SAN

POLLUTANT 1960

MUNICIPAL
BOD 54
5Us sCL 46

TO0T scL 695
CHLORIDE 196
NITRATES 25
PHOSPHATES 26

INDUSTRI AL

BOD 14
SUsS scCL 38
TOT sSCL 781
CHLORIDE 364
CoD -0
SULFATES -0

is70

41
35
526
148

20

12
32
682
318
-0
-0

1580

33

419
118

16

11
29
614
286
-0
~Q

19960

20

242
63
13
14

-0
1138
5660

587

-0

500

ANGELOD

1990

27
23
351
99
13
13

2000

17
18
212

12
12

1033
5139
532
-0
454

2000

23

292
83

11

2010

15
ié6
185
48

11

338
4665
483

412

2010

19

245
69

2020

13
14
162
42

852
4235
439
-0
374

2020

16
i3
205
58

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION
CF PCLLUTANT WAS AVAILABLE



APPENCIX O

COCNTINUED

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 21 ABILENE

POLLUTANT 1960

MUNICIPAL

BGD 26
SUS SCL 37
TCT SCL 552
CHLORIDE 125

NITRATES 25
PHOSPHATES 26

INDUSTRIAL

Boe ={3
SUS SCL 37
T67 SCL 6700
CHLORIDE 166
coc =0
SULFATES 3177

TRADING AREA NUMBER 22 BIG

POLLUTANT 1960

MUNICIPAL

BOD 657
SUS SCL 41
Ta7 SCL 583
CHLORIDE 120
NITRATES 25
PHOSPHATES 27
INBUSTRIAL

BOD 37
5Us SCL 267
TCT SCL 4609
CHLORIDE 407
(B13Y 79
SULFATES 364

1970 19849
206 lé
28 23

425 349
97 79
i9 ig
20 1¢
=9 -0
31 26

§533 4638

137 115
={) =0

2624 2200

1970 1988
45 34
27 21

390 298
80 61
17 13
18 14
31 21

223 195

3859 3361

341 2917
66 58

305 266

1990 2G00
14 13
21 18

308 271
70 62
14 12
14 13
- -0
25 24

4532 4425

112 110
=0 -0

2149 2098

SPRING

1890 2000
30 27
18 16

264 234
54 48
11 10
12 11
25 22

R77 161

3064 2187

271 246
53 48

242 220

2010

11
15
239
54
11
1}

24
4317
107
-0
2047

2010

2%
14
208
43

10

20
147
2533
224
43
200

2020

i0
14
210
48

10

2020

18
133
2302
203
40
182

~ INCICATES THAT NO DATA REGARDING CDNCENTRATION
OF PCLLUTANT WAS AVAILABLE



APPENDIX Cy CONTINUED

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT HWASTE LOADS
IN STREAMS {(MG/L)

TRADING AREA NUMBER 23 MICLAND QDESSA

POLLUTANT 1960

MUNICIPAL
BOD 24
SUS SCL 55

TCT SCL 1038
CHLORICE 213
NITRATES 34
PHOSPHATES 26

INDUSTRIAL

BoD 29
SUS SgL 8644
07 SCL Q262
CHLORIDE 3265
£eb 83
SULFATES 713

1970

18
42
Q2
i62
26
29

20
6114
6551
2310

59

5085

1580

15
35
£49
133
21
1é

16
46758
5009
176¢é

45

386

TRADING AREA NUMBER 24 EL

POLLUTANT 1960

MUNICIPAL

BCD 48
SUs scCL 40
TCT SsCL 738
CHLORIGE 173
NITRATES 25

PHUSPHATES 26
INDUSTRIAL

BowC 31
SUs s5CL ~{
07 SCL B328
CHLORIDE 487
cop -0
SULFATES 1085

1870

37
31
568
133
19
29

25
~{
6561
383
=0
855

15849

29
24
449
105
15
16

21
~Q
5520
323
-G
719

1990

13
30
572
117
19
i4

14
4168
4466
15878

40

344

PASO

1990

24
20
364
85
1z
i3

19
-0
4960
290
-0
646

2000

12
27
504
103
16
13

12
3702
3566
1398

36

306

2600

19
16
296
69
10
10

L7
-0
4453
260
-0
580

2010

i0
24
444
91
14
i1

11
3274
3509
1237

32

270

2010

15
13
240
56

is
-0
3994
233
-0
520

2020

21
391

13
10

i0
2885
3092
1090
28
238

2020

i3
i1
194
46

i3
-0
3581
209
=0
466

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION
CF POCLLUTANT WAS AVAJILABLE



APPENCIX Co CCNTINUEC

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 25 LUBBQGCK

POLLUTANT 1960

MUNICIPAL
BOD 105
SUS SCL 113

TCT SCL 330
CHLORIDE 167
NITRATES 33
PHCSPHATES 26

INDUSTRIAL

BCL -0
SUsS sSCL 36
T0T SCL 781
CHLORICE 156
cgp -0
SULFATES 156

1970

76
82
674
121
24
19

-0
32
€83
137
-0
137

1980

60
65
535
36
18
15

-0
28
612
122
-C
122

1990

53
57
467
84
17
13

-0
27
581
116
-0
116

TRADING AREA NUMBER 26 AMARILLO

POLLUTANT 1960

MUNICIPAL

800 80
SUS SCL 71
TCT SCL 690
CHLORIDE 114
NITRATES 31
PHOSPHATES 27
INDUSTRIAL

BCL 535
SuUs SCL 22

10T sCL 3297
CHLORIDE 576
cce -0
SULFATES 4087

1970

51
45
441
73
20
18

377
16
2324
406
-0
2881

15890

38
34
33¢
55
15

13

304
13
1871
327
-C
2318

1690

34
30
295
49
13
12

2990
12
1788
313
-0
2216

2600

46
50
408
73
14
12

-0
26
549
110

110

2000

31
27
263
44
12
10

2117
12
1708
299
-0
2117

2010

40
43
356
64
13
10

24
514
103

103

2010

27

235
39
11

265
11
1631
285
~0
2021

2020

35
38
310
56
11

22
418
96
-0
96

2020

24

216
35

253
10
1556
272
-0
1929

~0 INCICATES THAT NO DATA REGARDING CONCENTRATION
CF PCLLUTANT WAS AVAILABLE



APPENCIX Cy, CCONTINUED

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS

IN STREAMS [MG/L)

TRADING AREA NUMBER 27 WICKITA FALLS

POLLUTANT 1960 1970 1980 1990 2600

MUNICIPAL

8CD 54 41 34 29 25
SUs SCL 80 61 5C 43 37
TCT sSCL 541 413 338 230 250
CHLCRIDE 120 92 14 64 56
NITRATES 33 25 20 17 15
PHOSPHATES 26 20 16 14 . 12
INDUSTRIAL

80D 396 339 304 292 281

SUS sCtL 456 3940 350 336 323
TOT SCL 3125 2674 2397 2305 2217
CHLORIDE 1494 1279 1146 1102 1060
CoD 157 135 121 116 111
SULFATES 322 275 247 237 228

TRADING AREA NUMBER 28 GAINESVILLE

POLLUTANT 1960 1970 1980 1990 2000

MUNICIPAL

BCD 46 31 24 20 16
SUS SCL 46 31 24 20 16
TO07 sCL 709 486 366 304 252
CHLORIDE 112 17 58 48 40
NITRATES 26 18 12 i1 9
PHOSPHATES 27 18 14 12 10
INCUSTRIAL

BOD -0 -Q -Q -0 -0
SUs sCL -0 -0 ~0 -0 -0
TOT SCL -0 -0 -G -0 -0
CHLORIDE -0 -0 -0 -0 -0
coo -Q ~0 -Q -0 -0
SULFATES -0 -0 -0 -0 -0

2010

22
32
216
48
13
10

270
311
2131
1019
107
219

2010

14
14
209
33

2020

i9
28
187
42
11

260
299
2050
380
103
211

2020

11

173
21

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION

OF PCLLUTANT WAS AVAILABLE



APPENCIX €, CCNTINUED

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS

IN STREAMS (MG/L)

TRADING AREA NUMBER 29 SHERMAN DENISON

PCLLUTANT 1960 1970 198C 1990

MUNICIPAL
BCC 42 31 24 19
SUS SCL 52 39 30 24

TOT SCL 953 710 54S 442
CHLORICE 225 168 130 105

NITRATES 25 19 14 12
PHOSPHATES 26 20 15 12
INDUSTRIAL

BCC 81 61 49 44
SUS SCL 82 61 5¢ 45
TOT SCL 3267 2459 1985 1791
CHLORICE -0 ~0 -0 -0
cob 6534 4918 3969 3581
SULFATES -0 -y ~Q -0

TRADING AREA NUMBER 30 PARIS

POLLUTANT 1960 1970 1980 1990

MUNICIPAL

800 54 34 2% 21
SuUs SCL 20 12 9 8
TO1 SCL 541 341 248 211
CHLORIDE 121 76 55 47
NITRATES 25 16 12 10
PHCSPHATES 28 17 13 il
INCUSTRIAL

8CD -0 ~-Q -Q -0
SUS SCL =0 -0 -0 -0
TCT SCL -0 ) -0 -0
CHLORIDE 4012 1523 848 732
coo -0 =0 -0 -0
SULFATES 13 5 3 2

2C00

16
20
356
84

10

2000

18

179
40

2010

13
16
287
68

2010

15

152
34

20290

10
13
231
55

31
32
1268

2536
-0

2020

13

129
29

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION

OF PCLLUTANT WAS AVAILABLE
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APPENCIX Cy CCNTINUEL

MUNICIPAL AND INCUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 21 SULFUR SPRINGS

POLLUTANT 1960 1970 1980 1990 2000 2010 2020

MUNICIPAL

BCOD 26 1é 1Q 8 6 4 3
SuUs scL 35 21 14 11 8 6 5
TCT SCL 334 203 137 103 17 58 44
CHLORICE 94 57 39 29 22 16 12
NITRATES 26 16 10 8 6 4 3
PHCSPHATES 28 17 i1 9 6 5 4
INDUSTRIAL

BCE =0 =0 =-Q =0 -0 -0 -0
SUs sCt -0 -0 ~@ =0 -0 -0 -0
TO1T SCL 182 157 146 146 146 145 145
CHLORIDE 78 68 63 63 63 63 63
CCD -0 =0 -0 -0 -0 -0 -0
SULFATES =0 {3 =0 -0 -0 =0 -0

TRADING AREA NUMBER 32 NORTHEAST TEXAS

POLLUTANT 1960 1970 1980 1990 2000 2010 2020

MUNICIPAL

8CD 57 44 35 29 24 20 i6
SUs scCL 38 29 23 19 16 i3 11
TCT SCL 504 387 30¢ 254 210 173 142
CHLORIDE 126 96 16 63 52 43 35
NITRATES 25 19 15 13 10 9 7
PHOSPHATES 26 20 le 13 11 9 7
INDUSTRIAL

BCD -0 - ~Q =0 -0 -0 -0
SuUs SCL -0 -{ -0 ~0 -0 -0 -0
TGT sCL =0 =0 = =0 -0 ~0 -0
CHLORIDE 3184 2611 2366 2375 2384 2392 2399
cCo =0 =0 -0 =0 -0 -0 -0
SULFATES =0 =0 -0 -0 -0 -0 -0

-0 INCICATES THAT NO CATA REGARDING CONCENTRATION
OF PCLLUTANT WAS AVAILABLE



APPENLCIX C, CONTINUED

MUNICIPAL AND INDUSTRIAL TREATMENT PLANT EFFLUENT
QUALITY REQUIRED TO MAINTAIN PRESENT WASTE LOADS
IN STREAMS (MG/L)

TRADING AREA NUMBER 33 STATE TOTAL

POLLUTANT 1960

MUNICIPAL

BOO 35
SUs sCL 45
TCT SCL 699
CHLORIDE 158

NITRATES 26
PHOSPHATES 27

INDUSTRIAL

800 182
- SUS sCL 400

TCT SCL 5552

CHLORIBE 4625

cgo 625

SULFATES 1086

1970

25
31
494
i1l
19
19

119
261
3622
3017

408

709

1980

19
24
3n
85
14
14

87
192
2661
221¢€
296
521

1990 2000
i5 13
20 16

312 258
70 58
12 10
12 10
75 65

165 142

2298 1976

1914 1646

259 222

450 387

2010

11
14
212
48

55
122
1694
1411
is1
331

2020

11
175
39

47
104
1446
1205
163
283



APPENDIX D

QUANTITIES OF POLLUTANTS (IN THOUSANDS
OF POUNDS PER YEAR) CONTRIBUTED BY
MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT
IS MAINTAINED

94



APPENCIX D

95

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED {1000 LB/YEAR)

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BGO 4973
SUs SCL 5893
TO0T SCL 89874
CHLORIDE 18785
NITRATES 4052
PHOSPHATES 4420
INDUSTRIAL

BOD 122
SuUsS sCL 26458
TOT soL 400480
CHLORIDE 8066
cce -0
SULFATES 371272

1 FORT WORTH

TRADING AREA NUMBER 2 OCALLAS

POLLUTANT 1960
MUNICIPAL

BOD 11666
SUS SOL 14582
TOT SOL 219458
CHLORIDE 46298
NITRATES 8020
PHOSPHATES 8749
INDUSTRIAL

BOD 66010
SUS SOL 12465
TOT SOL 160918
CHLORIDE 567
cep ~0
SULFATES 4250

1970 1980
6672 8582
7307 10171
120589 155111
25205 32421
5436 6993
5931 7628
12¢ 132
27256 28614
412549 433112
8309 8723
~0 -Q
382461 401524
1970 1980
17615 23396
22018 29245
331390 440138
69911 92853
12111 16085
13212 17547
12418 17562
13675 14647
176538 189077
622 666

-0 -0
4662 4993

1990

18570
12527
191038
39930
8612
9395

141
30568
462684
9319
-0
428939

1990

27325

34156
514050
108446

18786

20494

81038
15313
197673
696

-0
5220

2000

13021
15433
235350
49192
10610
11575

151
32693
494857
3967
-0
458765

2000

31836
39795
598919
126350
21887
238717

84779
16010
206671
728

-0
5458

2010

16044
19015
289979
60610
13073
14261

162
35009
529910
10673
-0
491263

2010

36992
46240
695914
146813
25432
27744

88642
16739
216088
761

-0
5707

2020

19768
23429
357294
74680
16108
17572

173
37534
568129
11442
=0
526694

2020

42853
53567
806178
170074
29462
32140

92688
17503
225951
796

5967

=0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENDIX D,

CCONTINUED

96

QUANTITIES OF WASTES DISCHARGED By MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS 1F PRESENT LEVEL OF TREATMENT IS MAINTAINED {100C LB/YEAR)

TRADING AREA NUMBER

PCLLUTANT
MUNICIPAL

8C0

SUS SCL
TOT sCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BCOD
SUs sdaL
70T sSoL
CHLORIDE
cop
SULFATES

TRADING AREA

POLLUTANT
MUNICIPAL

BOD

Sus SCL
TOT SCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BOD

SUS SCL
TOT SCL
CHLORIDE
Coo
SULFATES

196G

898
1107
12239
2783
658
718

2399
8034
3740
847
-0
1706

NUMBER

1960

215
932
12438
3728
824
860

2883
12328
51583
20138

T492
14712

3 TYLER

1970

1371
1691
18696
4251
1006
1097

3066
10268
12449

1083

-0

2180

1980

1919
23617
26162
5949
1407
1535

3591
12025
14573

1268

-0

2553

1990

2449
3020
33384
7591
1796
1959

3797
12714
15414

1341

2100

4 LONGVIEW MARSHAL

1870

289
1251
16700
5005
1107
1155

4198
17949
75102
29320
10908
21420

198¢

386
1671
22304
6685
1478
1543

5618
24019
100499
39235
14597
28663

1990

505
2190
29223
8759
1937
2021

€797
25063
121604
47475
17663
34683

2000

3131
3862
42688
3706
2296
2505

4035
13510
16379

1425

2869

2000

663
2873
38343
11492
2541
2652

8240
35229
147404
57547
21410
42041

2010

4010
4946
564670
12431
2941
3208

4310
14431
17496

1522

3064

2010

871
3775
50378
15099
3339
3484

10005
42779
178995
69880
25998
51051

2020

5141
6341
70093
15938
3770
4113

4628
15496
18787

1635

3290

2020

1146
4966
66279
19865
4393
4584

12171
52039
217739
85006
31626
62102

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENDCIX Dy CONTINUEC

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED {1000 LB/YEAR)

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 2150
SUSs SCL 2612
TOT SCL 44131
CHLORIDE 9486
NITRATES 1650
PHOSPHATES 1650
INDUSTRIAL

BGD 144
SUS SCL 110510
TOT SCL 8980
CHLORIDE 898
ccp -0
SULFATES 1784

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 515
SUS SGL 470
TCT sCL 4179
CHLORIDE 866
NITRATES 164
PHGSPHATES 179
INDUSTRIAL

8CD =0
SUS SCL 2785
TOT SCiu 9282
CHLORIDE 2785
ceo =0
SULFATES 139

5 WACC
1970 1980
410C 5548
3895 5270
65805 89041
14146 19140
24640 3329
2460 3329
le8 197
129193 151224
10498 12288
1050 1229
-G -0
208¢ 2441

6 PALESTINE

167¢ 1980
710 931
649 850

5766 7554

1194 1565
227 297
241 324

~{ -0
3153 3455
105048 11518
3153 3455
~0 -0
158 173

1990

6782
6443
108857
23399
4069
4069

230
177288
14406
1441
-0
2862

1990

1150
1050
$336
1934
367
400

-0
3670
12235
3670
-0
184

2000

8317
7901
133483
28693
4930
4990

271
208426
16936
1694
-0
3365

2000

1424
1301
11561
2395
454
495

-0
3898
12994
3494
~0
195

2010

10228
9716
164157
35286
6137
6137

319
245653
19961
1996
-0
3966

2010

1768
1614
14346
2972
564
615

-
4138
13794
4138
-0
207

2020

12614
11283
202449
43517
7568
7568

377
290200
23581
2358
-{
4685

2020

2198
2006
17835
3694
701
164

4396
14653
4396

220

=0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAJLABLE



APPENCIX D, CONTINUED
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

TRADING AREA NUMBER

PCLLUTANT 19640
MUNICIPAL

BCC 308
SUS sCtL 437
TOT sSCL 3766
CHLORIDBE 69%
NITRATES 157
PHOSPHATES 172
INDUSTRIAL

BOD 15905
SUsS sCL 1596
TOT sSCu 136281
CHLORIDE 15905
coe ~0
SULFATES 15940

TRADING AREA NUMBER

POLLUTANT 19640
MUNICIPAL

8CO 128
5US SCL 218
Tov SCL 2408
CHLORIDE 455
NITRATES 109
PHOSPHATES 114
INDUSTRIAL

BCD 27
SuUs SCL 65
TCT SCL 16453
CHLORIDE 13610
CCo -0
SULFATES 1034

7 LUFKIN

18740

457
648
55817
1630
234
255

19259
1926
165022
19259
-0
192¢

8 MICCLE SABINE

1970

171
301
3325
628
151
157

33

81
20395
16871
-0
1282

1980

614
871
7512
1385
314
343

22928
2293
196457
22928
-0
2293

1980

231
394
4348
822
197
205

37

50
22782
18846
-0
1432

1990

745
1057
9111
1680

381

416

26842
2684
229997
26842

2684

1990

284
484
5350
1011
242
253

37

30
22880
18927
-0
1438

2000

903
1282
11050
2038
462
504

31434
3143
269346
31434
-0
3143

2000

350
596
6586
1245
298
311

37

91
23005
19030
-0
1446

{1000 LB/YEAR)

2010

1095
1554
13398
2471
560
611

36821
3682
315502
36821
st
3682

2010

431
134
8110
1533
367
383

37

92
23167
19165
-Q
1456

2020

1327
1883
16236
2994
679
741

43141
4314
369655
43141
~0
4314

2020

531
905
9992
1888
452
472

38

92
23372
19334
-0
1469

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVALILABLE



APPENCIX D,

CONTINUEL

99

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATHMENT IS MAINTAINED (10060 LB/YEAR)

TRADING AREA NUMBER 9 AUSTIN

POLLUTANT
MUNICIPAL

BGD

SUs sSCL
707 SCL
CHLORIDE
NITRATES
PHCSPHATES

INDUSTRIAL

30D

SuUsS SGL
701 SCL
CHLORIDE
CeCoh
SULFATES

TRADING AREA NUMBER 10 BRYAN

POLLUTANT
MUNICIPAL

BOD

SUS SCL
T84T SCL
CHLORILCE
NITRATES
PHOSPHATES

INCUSTRIAL

BCD

SuUS SCL
TOT SCL
CHLORICE
CCo
SULFATES

1360

1115
1901
59989
9441
170%
1573

=0
24077
13714
582
=y
582

1960

3217
740
T324
1564
313
341

-
32
631
-
=0
-0

19740

159¢
2121
86038
13540
2445
2251

-0
39997
22788

967

-0

967

1970

471
1064
10537
2251
450
491

-G
40
808
=0
-0
-G

1980

2132
3638
114775
18063
3261
3010

-0
56206
32023

1359

1359

1980

630
1424
14098
3011
602
657

-0
47
948
-0
-0
-0

1990

2622
4473
141120
22209
4010
3701

=0
60023
34198
1451

1451

1890

783
1771
17541
3747
749
a17

2000

3218
5490
173223
27261
4922
4544

-0
64110
36527

1550

-0

1550

2000

978
2211
21895
4677
935
1020

2010

3942
6725
212183
33393
6029
5565

-0
68484
39019

1655

-0

1655

2010

1224
2768
27411
5855
1171
1277

2020

4816
8216
259238
40798
7366
6800

=0
73168
41688
1769
=0
1769

2020

1537
3474
34411
7350
1470
1604

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENCIX D,

CONTINUED

100

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

TRADING AREA NUMBER 11 HOUSTON

POLLUTANT 1360
MUNICIPAL

BGD 11599
SUsS SGL 18737
TOT SCL 300679
CHLORIDE 76285
NITRATES 9814
PHOSPHATES 10707
INCUSTRIAL

BOD 160291
SUs SCL 260899
74T sCL 67680340
CHLORIDE 6023701
con 699994
SULFATES 1033365

1970 1980
16398 21953
26489 35462

425086 569087
107848 144383
13875 18576
15137 20264
245728% 327030
399957 $32294
10375361 13808334
9234307 12289730
1073088 1428148
1584144 2108302

TRADING AREA NUMBER 12 LOWER SABINE

POLLUTANT 1960
MUNICIPAL

BOC 844
SUs SCL 1548
TCT SCL 29618
CHLORIDE 8583
NITRATES 1548
PHOSPHRATES 1688
INDUSTRIAL

BOD 22038
SUsS SCL 45077
TOT SOL 1476527
CHLORIDE 1904759
cao 362620
SULFATES 109688

~0 INCICATES THAT
AVAILABLE

1970 1980
1244 1736
2281 3184
43659 60921
12652 17654
2281 3184
2489 3473
40138 62244
82102 127318
2689303 4170359
3469274 5379876
660467 1024199
199782 309806

NO DATA REGARDING

1990 2000
27829 35270
44954 56975

721408 914317
183028 231971
23547 29844
25688 32557
377287 434111
614095 706585
15930342 18329649
14178366 16313803
1647620 1895772
2432297 2798631

1990 2000

2292 3024

4201 5545
80397 106108
23258 30749

4201 5545

4583 6049
75709 92252

154859 188697
5072507 6180871
6543672 7973491
1245758 1517961

37¢825 459162

2010

44693
72196
1158574
293941
37817
41255

507770
826477
21439783
18081893
2217443
3273497

2010

3992
7319
140051
40585
7319
7984

112517
230149
1538657
5725073
1851421
560029

CONCENTRATION OF POLLUTANT

{100C LB/YEAR)

2020

56621
91465
1467793
372393
47910
52266

581251
946079
265462409
21843300
2538337
3747216

2020

5269
9661
184867
53572
9661
10539

137263
280765
9196609
11863875
2258597
683194

WAS



101

APPENRCIX D, CONTINUEL

QUANTIVIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED {100C LB/VEAR)

TRADING AREA NUMBER 13 SAN ANTONIQ

POLLUTANT 19640 19740 19849 1990 2000 2010 2020
MUNICIPAL

8oL 5329 1500 9496 10775 12217 13843 15675
SUS SCL 4821 4785 8592 5749 11054 12525 14182
741 sCL 140828 198206 250963 284767 322880 365857 414259
LCHLORIDE 27404 38570 48836 55414 62831 71194 80613
NITRATES 6851 9642 12209 13854 15708 17798 201853
PHOSPHATES 6090 8571 108582 12314 13962 15821 179146
INDUSTRIAL

BCD 2094 4091 4956 5455 6013 6637 7336
SUs SCL 89866 118806 143923 158415 174623 192760 213050
707 sSCL 137974 182407 220971 243221 268106 295982 327106
CHLORIBE 20781 27413 33281 36632 40380 44574 49266
£on =0 ~{ -0 -0 -0 =0 =0

SULFATES 17459 23081 27960 30716 33925 37448 £13920

TRADING AREA NUMBER 14 VICTORIA

POLLUTANT 1960 1874 1980 1990 2000 2010 2020
MUNICIPAL

BOD 186 29¢ 415 508 620 757 924
SUs sCL 259 412 577 705 861 1052 1283
707 SCL 7176 11431 16012 18573 23914 29196 356146
CHLORIDE 2565 4088 5722 6964 8545 10433 12727
NITRATES 227 362 508 620 758 926 1129
PHCSPHATES 248 395 554 &7 827 1010 1232

INDUSTRIAL

BoD 5691 9290 12969 15199 17837 20960 24660
SUS SCL 18373 29992 41872 45071 57588 67670 79618
TOT sCL 487620 795969 1111271 1302345 1528365 1795955 2113038
CHLORIDE 139343 227463 317559 372161 436749 513218 6013826
ceo 56208 9289¢ 1296981 151991 178369 209598 246603
SULFATES 3089 5043 70440 8251 9683 11378 13387

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
AYATLABLE



APPENCIX D, COCNTINUED

ot
<
A

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATHMENY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (100C LB/VEAR]

TRADING AREA NUMBER 15 CORPUS CHRISTI

FOLLUTANT 1960 1970 1980
MUNICIPAL

8aon 930 1238 1619
sUs sCL 2681 3569 4666
T07 SCL 42948 571176 14749
CHLORIDE 13732 18282 23901
NITRATES 1258 1675 2190
PHOSPHATES 1313 17438 2285
INDUSTRIAL

BOD 15758 24168 32586
SUS SCL 20024 30710 41407
707 SCL 154517 236982 319527
CHLORIDE 67749 103906 1405098
Cap 16360 25091 33831

SULFATES 68150 104522 1403928

TRADING AREA NUMBER 16 LOWER VALLEY

POLLUTANT 1960 1674 1980
BUNICIPAL

BGE 2257 2799 3363
5US 5CL 5077 6298 7566
TO7 SCL 71856 89135 107084
CHLORIDE 18193 22568 27113
MITRATES 1622 2012 2417
PHOSPHATES 1692 2099 2522
INDUSTRIAL

Bob 58 61 64
S5US SCL 1008 1060 1125
TET SCL =9 -{ -
CHLORIDE 86429 90835 96390
Cop ={ -4 =0
SULFATES =0 -{ =0

1930

2080
5994
96033
38706
2814
2936

37207
47279
364843
159967
38629
160915

1990

3909
879%
124477
31516
2810
2932

&7
1170
-0
100323
=0

-

2000

2678
7718
123642
39534
3623
3780

40946
52030
401502
176040
42510
177083

2000

4546
10229
1464765
36653
3268
3410

2010

34653
9953
159458
50986
4672
4875

46633
592587
457274
200494
48415
201682

2010

5290
11902
168450
42650
3802
3967

T4
1296
-0
111091
=0

=0

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT

AVAILABLE

2020

5459
12852
205897
65835
64033
6295

53062
67426
520315
228134
55090
229486

2020

6159
13857
196120
49655
4427
4619

78
1360
-0
116531
~0

-0

WAS



APPENDIX D, CUNTINUED

103

QUANTITIES OF WASTES DISCHARGED 8Y MUNICIPAL AND INDUSTRIAL YREATMENY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

TRADING AREA NUMBER 17 LAREDQO

POLLUTANTY 1960 197¢C
MUNICIPAL

80D 1217 1534
SUs SCL 647 81é
TOT SCL 10159 12807
CHLORIDE 2291 2888
NITRATES 349 440
PHOSPHATES 311 392
INDUSTRIAL

80D -0 -0
SUS SCL =@ ={
707 SCL =4 -G
CHLORIDE 588 831
coon -0 -0
SULFATES 1470 2077
TRADING AREA NUMBER 18 DEL
POLLUTANT 1964 197¢
MUNICIPAL

BOD 11 14
SUS s5CL 28 34
TCT SCL 2771 3338
CHLORIDE 499 601
NITRATES 168 203
PHOSPHATES 135 162
INDUSTRI AL

BCO ~={ =0
SUS sCL g 4
FOT SCL 415 362
CHLORIDE 116 101
£on 21 18
SULFATES 926 84

=0 INCICATES THAT NO DATA REGARDING CONCENTRATION

AYAILABLE

1980

1858
988
15515
3498
534
474

R10

1980

1é
44
3935
709
239
191

1990

£163
1151
18087
4074
621
552

1980

18
46
4518
814
274
220

=0
&
370
103
19
8¢

2000

2520
1340
21041
4744
724
643

2000

21

5206
938
316
253

=0
5
393
110
20
91

(1000 LB/YEAR)

2010

2934
1561
24506
5525
843
749

-0
-0

1539
=0
3847

2010

24
61
6013
1083
365
292

=0
5
420
117
21
98

OF POLLUTANT

2020

3418
1818
28541]
6435
982
873

={
=}

17446
-
4366

2020

28
70
6964
12585
423
338

=g
5
445
124

103



104

APPENCIX D, CONTINUED

QUANTITIES OF WASTES DISCHARGED 8Y MUNICIPAL AND INDUSTRIAL TREATMENTY
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YLAR)

TRADING AREA NUMBER 19 BROWNWCOD

POLLUTANT 1960 1976 1980 1990 2000 2010 2020
MUNICIPAL

BOD 262 353 %37 439 570 652 147
SUS SCL 277 373 463 528 604 691 791
TCT sSCL 3252 4378 5426 €195 7078 8096 9269
CHLORIDE 848 1141 1414 1615 1845 2110 2416
NITRATES ir7? 239 296 338 386 441 505
PHOSPHATES 185 249 309 352 403 460 527
INDUSTRIAL

BAOD -0 -@ =g -0 -0 -0 =
SUS SCL 8752 103286 11802 12999 14318 15771 17374
70T SCL 43515 51334 58680 64632 71190 78416 86382
CHLORIDE 4509 5320 6081 £697 377 8126 8951
(9 D) =0 ~Q -0 =0 ) =0 - {
SULFATES 3846 4537 5186 5712 6291 6930 7634

TRADING AREA NUMBER 20 SAN ANGELO

POLLUTANY 1960 1970 1980 1990 2000 20140 2020
MUNICIPAL

BOD 857 1132 1422 1697 2029 2427 29406
5Us SCL 720G 51 1194 1426 1704 2039 2641
TOT7T SCL 10954 14463 18169 21693 25928 31018 37136
CHLORIDE 3086 4074 5118 6111 7304 8737 10461
NITRATES 394 521 654 781 933 1116 1337
PHOSPHATES 411 543 682 815 974 1165 1395
INDUSTRIAL

BGD 4G 4¢ 51 54 57 60 63
SUSs SCL 108 124 138 145 183 161 170
07 sCL 2323 265% 2957 3114 32831 3457 3644
CHLORICE 1084 1241 1380 1453 1531 1613 1701
Cob ~{ -0 -0 -0 =0 ~{ =0
SULFATES -Q ~Q =0 ] =G - =0

-0 INCGICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT MAS
AVATLABLE



APPENEIX D,

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YEAR)

CONTINUED

TRADING AREA NUMBER 21 ABILENE

POLLUTANT
MUNICIPAL

BGD

SuUsS SCt
TOT SCL
CHLORIDE
NITRAYES
PHCSPHATES

INDUSTRIAL

BCD

SUS SCL
707 SCL
CHLORIDE
cao
SULFATES

1960

766
1085
16275
3702
734
766

=0
321
58040
1440
=90
27525

1970

995
1410
21144
4809
954
395

~-Q
389
10280
1744
-0
33329

TRADING AREA NUMBER 22 BIG

POLLUTANT
MUNICIPAL

8CD

SUS sCL
TGT sCL
CHLORIDE
NITRATES
PHUSPHATES

INDUSTRIAL

BCOo

5US SCL
07T SCL
CHLORIDE
con
SULFATES

=0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AYATLABLE

1960

685
418
5999
1230
255
278

310
2242
38724
3420
665
3057

1970

1023
624
8963
1838
381
41é

370
2678
46250
4085
794
3651

1980

1214
1715
25719
5850
116GC
1210

-
464
83839
2081
=0
39759

SPRING

198¢

1341
8lg
11748
2409
500
545

425
3069
53010
4682
910
4185

199G

1373
1946
26184
6638
1316
1373

475
85802
2129

40690

1930

1513
923
132587
2718
564
615

467
3372
58251
5145
1000
4599

2000

1559
2208
33120
7533
1494
1559

486
87880
2181
=
41676

2000

L7406
1041
14952
3066
636
694

513
3708
64043
5657
1099
5056

2010

1769
2506
37587
8%49
1695
1769

498
30075
2236

42717

2010

1924
1174
16856
3456
TL7
783

564
4079
10650
6223
1209
5562

165

TREATMENT

2020

2007
2844
42654
9702
1924
2007

-0
511
92402
2293
-0
43820

2020

2168
1323
18993
3894
808
852

621
4489
77538
6849
1331
6121%



APPERDIX Dy CONTINUED

106

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENTY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YEAR}

TRADING AREA NUMBER 23 MICLAND DDESSA

POLLUTANTY 1960
MUNICIPAL

BOD 873
SuUs SCL 2023
TOT SCL 37960
CHLORIDE 7775
NITRATES 1230
PHOSPHATES 952
INDUSTRIAL

BOD 435
SUs SCL 1304135
Y07 SCL 139739
CHLORIBE 49264
coon 1255
SULFATES 10763

TRADING AREA NUMBER 24 EL PASO

POLLUTANT 1960
MUNICIPAL

800 2369
5U8 SCL 1992
707 SGL 36722
CHLORIDE 8615
NITRATES 1238
PHOSPHATES 1292
INDUSTRIAL

BOD 4046
5Us SCL - {
TCT S 108461
CHLORIDE 6337
CCh -0
SULFATES 14129

197¢ 1980
1143 1396
2651 3237
49736 60T 44
10186 12441
1611 1968
1247 1523
615 805
184379 241155
197560 258396
69648 91095
1775 2321
15217 19903
1970 1980
307¢ 3891
2587 3272
47681 60318
11186 14151
1608 2034
1678 2123
515 612

={ -0
137674 163635
8044 9561
-0 -0
17935 21317

1990

1584
3673
68918
14115
2232
1728

903
270441
288775
102157

2603
22320

19%0

4796
4033
74337
17440
2507
2616

681
~Q
182115
10641
-0
23725

2060

1798
4168
78206
16017
2%33
1961

1016
304527
326299
115033

2932

25133

2000

5912
4971
91631
21497
3090
3225

759

-0
202858
11853
-0
26427

2010

2040
4730
88759
18179
2875
2226

1149
344267
368880
130045

3314

28413

2010

7288
6129
112969
26503
3810
3975

846

=0
2261135
13213
~{
29459

2020

2316
5369
100755
20635
3264
2527

1304
390680
418611
L&7577

3761

32243

2020

8987
7557
139303
32681
4698
49472

EL

=0
252271
14740
={}
32864

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVALLABLE



APPERCIX Dy CONTINUED

107

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

TRADING AREA NUMBER 25 LUBBOCK

POLLUTANT 19640
MUNICIPAL

8co 5643
SUS SCL 6118
TCT sCL 50136
CHLORIDE 9029
NITRATES i782

PHOSPHATES 1426

INDUSTRIAL

BCC ={
sus sSCL 722
TCT SCL 15465
CHLORIDE 3093
con =0
SULFATES 3093

197¢

7190
8446
69204
12463
2460
1968

=0
826
17691
3538
-0
3538

198¢

9807
10633
8713¢
15692

3097

2478

920
19719
3944
=0
3944

TRADING AREA NUMBER 26 AMARILLO

POLLUTANT 1960
MUNICIPAL

BOD 4153
5US SCL 3678
TCT SCu 35778
CHLORIDE 5933
NITRATES 1602

PHOSPHATES 1424

INDUSTRIAL

BLOD 56330
SUsS scL 2337
T01 sCL 346980
CHLORIDE 60654
can ={

SULFATES 430073

1974

6504
5761
56026
9291
2509
2230

79917
3316
492270
86052
~0
210156

1980

8615
7687
74765
12399
3348
2976

99291
4120
611608
106913
=0
758073

1990

11227
12173
95746
17964
2545
2836

970
26777
4155
-0
4155

1990

9715
8605
83688
13879
3747
3331

143899
4311
539992
111875
=0
793254

2000

12861
139438
114264
20573
4062
3249

1027
22014
4403

44603

2000

LO877
3634
93697
15538
4195
3729

108768
4513
669943
117117
=3
830427

{1000

LBIYEAR)

2010

14741
15982
130963
23586
4655
3724

1096
236485
4697

4697

2010

121806
10788
104921
17400
4698
4176

113917
4727
701700
122662
~0
869740

2020

16962
18325
150157
27042
5337
4270

1179
25258
5052
-G
5052

2020

13641
12082
117811
19488
5262
4677

119368

£253
735279
128531

911360

~3 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVATLABLE



APPENCIX D,

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL
PLANTS IF PRESENT LEVEL OF TREATMENT 1S5 MAINTAINED {1000 LB/YEAR)

TRADING AREA NUMBER 27 WICHITA FALLS

POLLUTANT
MUNICIPAL

BCD

SUsS SCL
70T SCL
CHLORIDE
MITRATES
PHOSPHATES

INDUSTRIAL

BOD

5US SCL
TRT SCL
CHLORICE
CCD
SULFATES

CONTINUEL

1960

1491
2207
14884
3311
895
Tls

2816
3240
22214
10623
1117
2287

1970

1854
2891
19497
4337
1172
938

3290
378¢
25954
12411
1306
2672

1384

2410
3566
24049
5350
1446
1157

3670
4224
28956
13847
1457
2981

TRADING AREA NUMBER 28 GAIMNESVILLE

BOLLUTANY
MUNICIPAL

BOO

SUs scL
0V SCL
CHLORIDE
NITRATES
PHUSPHATES

INDUSTRIAL

BCOD

5US SCL
TO7T SCL
CHLORIDE
coo
SULFATES

1960

163
163
2514
397
g1
95

1970

238
238
3669
580
132
139

19840

315
315
4868
769
177
185

1990

2786
4124
27807
€186
1672
1337

3817
4393
30112
14400
1513
3100

1990

380
380
5871
927
213
223

2000

3224
4771
32173
7157
1934
1547

3969
. 4568
31314
14974

1575

3224

20400

459
459
1080
1119
257
2568

2G10

3732
5523
37243
8285
2239
1791

4128
4750
32565
15572
1638
3353

2010

553
853
B536
1349
310
324

~g INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT

AVATLABLE

108

TREATMENT

202G

4322
6397
43136
9595
2593
2075

4293
4940
33865
16194
1703
3486

[
o]
g
ol

667
6567
10291
1626
374

390

-0
-~
3
-
-}

-0



APPENDIX Oy

CONTINUED

109

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENY

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

TRADING AREA NUMBER 29 SHERMAN DENISON

POLLUTANT
MUNICIPAL

BOD

SUsS sCL
TOT sCu
CHLORIDE
NITRATES
PHOGSPHATES

INDUSTRIAL

BCD

SUS SCL
TaT sCL
CHLORIDE
cCo
SULFATES

TRADING AREA NUMBER 30 PARIS

FOLLUTANTY
MUNTCIPAL

BOG

SUs SCL
TO§ sCL
CHLORILE
NITRATES
PHOSPHATES

INDUSTRIAL

BCD
SUs SCL
Tar scu
CHLORICE
Cgo
SULFATES

1960

562
710
12503
30448
340
355

338
343
13718
-{
27437
-{

1964

275
99
2753
614
129
140

<0 INCICATES THAT

AVATLABLE

1970

755
954
1732¢
5092
457
477

187G

43¢
158
4371
974
204
223

1980

975
1232
22383
5268
59¢
616

557
565
22583
=0
45166

19864

599
217
6007
1339
281
306

1990

1211
1529
27781
6563
733
165

1990

705
255
7064
1578
330
360

2000

1503
1898
344 8%
8147
910
G4

2000

829
300
8310
1852
388
423

=0

=0

=0
35341
~0
318

{100¢

LB/YEAR)

2010

1866
2357
42812
10114
1129
1178

772
783
31313
=
H2625
-0

2010

976
353
9777
2180
457
498

={

«{

-0
110621
-0

368

2020

2316
2975
52185
1258%7
1402
1463

872
884
5346
w
0692

i,

i
W

220

1148
415
11506
2565
537
586

o {j

=}

=
127937
=4}

426

NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
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APPENCIX D, CCNTINUED

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (100C LB/YEAR)

TRACING AREA NUMBER 31 SULFUR SPRINGS

POLLUTANT 1960 1970 1980 1990 2000 2010 2020
MUNICIPAL

BCD 48 18 116 155 207 275 366
SUS SCL 65 107 159 212 282 375 499
TCT sCL 626 1028 1524 2031 2706 3602 4792
CHLORIDE 176 29¢C 429 571 761 1613 1348
NITRATES 48 19 116 158 207 215 366
PHOSPHATES 52 8¢ 127 169 225 300 399

INDUSTRIAL

BCC -0 -0 -0 -0 -0 -0 -0
SuUs SsCL -G -C -0 -0 -0 -0 -0
TO0T SCL 63 72 78 78 78 78 78
CHLORICE 27 31 34 34 34 34 34
CCo -0 -0 -0 -0 -0 -0 -0
SULFATES it -G -0 -0 -0 -0 -0

TRADING AREA NUMBER 32 NORTHEAST TEXAS

PCLLUTANT 1960 is70 1980 1990 2000 2010 2020
MUNICIPAL

BCD 1133 147¢ 1866 2253 27126 3306 4017
SuUsS sCL 748 375 1232 1488 1800 2183 2653
TCT SCL 9966 12982 16408 16808 23967 29064 35318
CHLGRIDE 2481 3232 4084 4931 5966 7235 8792
NITRATES 492 641 810 978 1183 1434 1743
PHOSPHATES 513 €69 B45 1020 1234 1497 1819
INDUSTRIAL

80D -0 -G -0 -0 -0 -0 -0
SUs sCi -0 -0 -0 -0 -0 -0 =0
TCT SCL -0 -0 -0 -0 -0 -0 -0
CHLORIDE 300072 365943 403813 402242 400793 399477 398301
cce -0 -0 -0 -0 -0 -0 -0
SULFATES -U -0 -0 -0 -0 -0 -0

-0 INCICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
AVAILABLE
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (100C LB/YEAR)

TRADING AREA NUMBER 33 STATE TOTAL

POLLUTANT 19660
MUNICIPAL

BCO 64545
SUS scCL 82995

TCT SCL 1302559
CHLCRIDE 293895
NITRATES 48899
PHOSPHATES 49567

INDUSTRIAL

80D 355095
SUSs SCL 7820717
TOT SCL 10622390
CHLORIDE 8762425
CoD 1173870
SULFATES 2125210

197C 198¢C 1990

G143¢ 119291 142685
1165961 152716 184061
1835740 2398566 2895632
413149 540439 655781
69085 90294 106803
70111 91819 110970

507945 655324 140294
1112446 1447019 1654090
16247038 21647556 25425401
13832490 19070397 22246867
1902797 2680339 3156857
3027C41 3897768 43930128

2000

170998
222302
3502569
797393
131390
134396

835945
1891923
29440923
25951170
3717468
4943752

2010

205321
269037
4244857
971553
159007
163106

956324
2184812
34509668
3638925
4421683
5641267

2020

246994
326241
5154037
1186086
192836
198352

1084331
2508287
39965368
357348490
5207762
6372659



APPENDIX E

ADDITIONAL POLLUTANT REMOVAL REQUIRED
(IN THOUSANDS OF POUNDS PER YEAR) TO
IMPROVE BOD AND SUSPENDED SOLIDS OF
EFFLUENTS TO 20 mg/1
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APPENDIX E

ADDITIONAL WASTE REMOVAL REQUIRED TO

TO 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

80D 1289
Sus saL 2210
_INDUSTRIAL

BOD 0
SUS saL 25236

TRADING AREA NUMBER

POLLUTANT 196¢

MUNICIPAL
BOD 4375
SUS 50L 7291
INDUSTRIAL
BOD 64877

SUsS SoL 11332

TRADING AREA NUMBER

POLLUTANT 1960

MUNICIPAL
BOD 299
SUS SoL 509
INDUSTRIAL
BGD 2179
SUS SOt 7814

1 FORT WORTH

1970 1980
1730 2225
2965 3814

0 4]

25997 27293

2 DALLAS
197C 1980
6606 8774

11010 14623

71175 76230
12432 13315

3 TYLER
1970 1980
457 640
77 1087
2785 3262
9987 11696

-0 INDICATES THAT NO DATA REGARDING

AVATILABLE

113

IMPROVE BOD AND SS OF EFFLUENTS

1990

2740
4698

29156

1990

10247
17078

79696
13921

1990

816
1388

3448
12366

CONCENTRATION OF POLLUTANT WAS

2000

3376
5787

31183

2000

11939
19898

83323
14554

2000

1044
1774

3664
13140

2010

4160
7131

33392

2010

13872
23120

87120
15217

2010

1337
22712

3914
14036

2020

5125
8786

35801

2020

16070
26783

91097
15912

2020

1714
2913

4203
15072



APPENDIX E, CONTINUED

ADDITIONAL WASTE REMOVAL REQUIRED TO IMPROVE
T0 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD O
SUS SOL 215
INDUSTRIAL

BOD 2429
SUsS SoL 11874

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 1375
SUS SOL 1237
INDUSTRIAL

BOD G
SUs S0L 110270

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

80D 366
SUS SOL 321
INDUSTRIAL

BOD -{
SUs SCL 2766

%4 LCNGVIEW MARSHAL

187¢ 1980
0 4]
289 386
3537 4733
17288 23134
5 WACC
1970 1980
2050 27174
1845 2496
0 0
128913 150896

6 PALESTINE

1970 1980
505 661
443 580

-0 -0

3132 3432

1990

505

5727
27992

1990

3391
3052

0
176904

1990

817
717

-0
3646

114

BOD AND SS OF EFFLUENTS

2000

663

6942
33931

2000

4158
3743

0
207975

2000

1012
888

=0
3872

2010

871

8430
41203

2010

5114
4603

0
245121

2010

1255
1102

-0
4111

2020

1146

10254
50122

2020

5307
5676

g
289571

2020

1561

1369

4367

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVATLABLE



APPENDIX E;y

CONTINUED
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ADDITIONAL WASTE REMOVAL REQUIRED TO TMPROVE BOD AND SS OF EFFLUENTS

7O 20 MG/L

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 165
SUS SCL 294
INDUSTRIAL

BOD 14996
SUS SCL 682

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 33
SUS SCL 123
INDUSTRIAL

800 Q
SUs SOL 6

TRADING AREA NUMBER

POLLUTANT 1960
MUNICIPAL

BOD 0
SUS SOL 599
INDUSTRIAL

B8OD - -0
SUS sSOL 23744

{1000 LB/YEAR)

7 LUFKIN
197Q 1980
244 328
435 586
18158 21617
825 983

8 MIDCLE SABINE

1970 1980
46 60
170 223
0 0
7 8

9 AUSTIN
1970 1980
0 0
846 1129
-0 -0
39444 55429

=0 INDICATES THAT NO DATA REGARDING

AVATILABLE

1990 2000 2010
398 483 586
710 861 1044

25308 29638 34717
1150 1347 1578
1990 2000 2010

74 91 112
274 337 415

0 0 0

8 8 8
1990 2000 2010
0 0 0
1388 1704 2087
-0 -0 -0
59194 63224 67538

CONCENTRATION OF POLLUTANT WAS

2020

710
1266

40676
1849

2020

i38
511

2020



APPENDIX Es CONTINUELC

ADDITIONAL WASTE REMCVAL REQUIRED TO
TO 20 MG/L {1000 LB/YEAR)

TRADING AREA NUMBER 10 BRYAN

POLLUTANT 1960 1970 1980
MUNICIPAL

BOD 43 61 82
SUS sOL 455 655 876
INDUSTRIAL

BOD -0 -0 -0
SUS soL 27 35 41
TRADING AREA NUMBER 11 HOUSTON
POLLUTANT 1960 1970 1980
MUNICIPAL

BOD 26717 3784 5066
SUS SOL 9814 13875 18576
INDUSTRIAL

BOD 143239 219584 292240
SUS soL 243847 373816 497504

IMPROVE BOD

TRADING AREA NUMBER 12 LOWER SABINE

POLLUTANT 1960 197¢C 1980
MUNICIPAL

BOD 0 0 0
SUS SGL 141 207 289
INDUSTRIAL

BOD 12021 21894 33951
SUS SOL 35060 63857 99025

~0 INDICATES THAT NO DATA REGARDING
AVATLABLE

116

AND S5 OF EFFLUENTS

1990 2000
102 128
1090 1360
-0 -0

44 46
1990 2000
6422 8139
23547 29844
337150 387929
573958 660403
1990 2000

0 0

382 504
41296 50319
120446 146764

2010

160
1703

49

2010

10314
37817

453752
772459

2010

665

61373
179005

2020

200
2138

-0
53

2020

13066
47910

519416
884244

2020

878

74871
218373

CONCENTRATION DF POLLUTANT WAS



APPENDIX E; CONTINUED
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ADDITIONAL WASTE REMCVAL REQUIRED TO IMPROVE BOD AND SS OF EFFLUENTS

TO 20 MG/L {1000 LB/YEAR)

TRADING AREA NUMBER 13 SAN ANTONIO

POLLUTANT 1960 1870 1980 1990
MUNICIPAL

BOD 254 357 452 513
SUS SoL 0 0 0 0
INDUSTRIAL

BOD 2443 3230 3912 4306
SUS SOL 89214 117944 142880 157267

TRADING AREA NUMBER 14 VICTORIA

POLLUTANT 1960 1870 1980 1990
MUNICIPAL

BOD 0 0 0 0
SUS SOL 52 82 115 141
INDUSTRIAL

BOD 2439 3981 5558 6514
SUS SGL 15121 264684 34461 40386

TRADING AREA NUMBER 15 CORPUS CHRISTI

POLLUTANT 1960 1976 1980 1990
MUNICIPAL

BOD Q G 0 0
SUS SGL 1587 2112 2761 3548

INDUSTRIAL

BOD 14754 22628 30510 34837
SuUsS SOL 19020 29171 39331 449309

2000

582

4747
173358

2000

172

7644

47335

2000

4568

38338
49422

2010

659

5240
191363

2010

210

8983

55693

2010

5891

43663
56287

2020

746

5792
211506

2020

0
257

10569
65526

2020

7606

49683
64047

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENCIX E, CONTINUED

ADDITIONAL WASTE REMCVAL REQUIRED TO
T0 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER 16 LOWER VALLEY

POLLUTANT 1960 1870 1980
MUNICIPAL

BOD 846 1050 1261
SUS SOL 3667 4549 5465
INDUSTRIAL

BOD o C 0
SUS SCL 432 454 482

TRADING AREA NUMBER 17 LAREDO

POLLUTANT 1960 1970 1980
MUNICIPAL

BOD 358 1207 1463
SUS SOL 388 489 593

INDUSTRIAL

BOD -0 -0 -0
SUS sobL -0 -0 -0

TRADING AREA NUMBER 18 DEL RIG

POLLUTANT 1960 1970 198¢
MUNICIPAL

BOD 0 0 0
SUS SOL o 0 o
INDUSTRIAL

80D -0 -0 -0
SUS SOL 2 2 2

-0 INCICATES THAT NO DATA REGARDING
AVAILABLE

118

IMPROVE BOD AND SS OF EFFLUENTS

19390 2000 2010
1466 1705 1984
6352 7387 8596
0 0 0
502 528 555
1990 2000 2010
1703 1983 2310
690 804 937
-0 =0 -0
-0 -0 -0
1990 2000 2010
0 0 0

0 0 o

-0 ~0 -0

2 2 2

CONCENTRATION OF POLLUTANT WAS

2020

2310
10008

583

2020

2690
1091

=0
=0

2020



APPENDIX E; CONTINUED

ADDITIONAL WASTE REMCVAL REQUIRED TO
TO 20 MG/L {1000 LB/YEAR)

TRADING AREA NUMBER 19 BROWNWCOOD

POLLUTANT 1960 1970 1980
MUNICIPAL

BOD 108 145 180
SUS SOL 123 166 206

INDUSTRIAL

80D -0 -0 -0
SUS SOL 8643 10196 11655

TRADING AREA NUMBER 20 SAN ANGELO

POLLUTANT 1960 197¢ 198¢
MUNICIPAL

80D 514 678 853
SUS SCL 377 498 626

INDUSTRIAL

BOD 0 0 0
SUS sCL 46 53 59

TRADING AREA NUMBER 21 ABILENE

POLLUTANT 1960 1970 1980
MUNICIPAL

BOD i28 166 202
SUS SOL 447 580 106
INDUSTRIAL

BOD -0 =0 -0
SUS SGL 138 167 199

-3 INDICATES THAT NO DATA REGARDING
AVATLABLE

IMPROVE

1990

206
235

-0
12837

1390

1018
747

1990

229
8031

-0
203

CONCENTRATION OF POLLUTANT wWaAS

118

BOD AND SS OF EFFLUENTS

2000

235
268

-0
14140

2000

1217
893

2000

260
909

-0
208

2010

269
307

=0
15575

2010

1456
1068

2010

295
1032

-0
214

2020

367
351

17158

2020

1743
1279

2020

335
1171

=0
219



APPENDIX Ey CCNTINUED

ADDITIONAL WASTE REMCVAL REQUIRED TO IMPROVE

TO 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER 22 BIG SPRING

POLLUTANT 1960 1870 1980
MUNICIPAL

80D 453 676 886
SUS SOL 186 277 364
INDUSTRIAL

BOD 133 159 182
SUS SGL 2065 2466 2826

TRADING AREA NUMBER 23 MIDLAND ODESSA

POLLUTANT 1960 1970 1980
MUNICIPAL

BOD 19 104 127
SUS S0L 1230 1611 1968

INDUSTRIAL

80D 100 142 186
SUS soL 130080 183905 240536

TRADING AREA NUMBER 24 EL PASO

POLLUTANT 1960 1970 1980
MUNICIPAL

80D 1292 1678 2123
SUS SOL 915 1189 1504
INDUSTRIAL

BOD 126 160 190
SuUs SCu -0 -0 -0

1990

1000
410

200
3106

1930

144
2232

208
265746

1990

2616
1853

211
-0

120

BOD AND SS OF EFFLUENTS

2000

1128
463

220
3415

2000

163
2533

235
303746

2000

3225
2284

235
-0

2010

1272
522

242
3756

2010

185
2875

265
343384

2010

3975
2816

263
=0

2020

1433
588

266
4134

2020

211
3264

301
389677

2020

4902
3472

293
=0

=0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENDIX Eo CONTINUED
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ADDITIONAL WASTE REMOVAL REQUIRED TO IMPROVE BOD AND SS OF EFFLUENTS

TG 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER 25 LUBBOCK

POLLUTANT 1960 1970 1980 1990

MUNICIPAL
BOD 4455 6150 7743 8864
SUS SOL 4930 6806 8569 9809
INDUSTRIAL
BOD ={ -0 -0 -0
SUsS SCL 309 354 394 416

TRADING AREA NUMBER 26 AMARILLO

POLLUTANT 1960 1970 1980 1990
MUNICIPAL

BOD 2966 4646 6199 5939
SUS SGL 2492 3902 5208 5829

INDUSTRIAL

80D 53993 T6601 95171 99588
SUs SCL 0 ¢ 0 0

TRADING AREA NUMBER 27 WICRITA FALLS

POLLUTANT 1960 1970 1984 1990
MUNICIPAL

BOD 895 1172 1446 1672
SUS SOL 1611 2110 2602 3009

INDUSTRIAL

BOD 2667 3116 3476 3615
SUS SOL 3091 3612 4030 4191

2000

10154
11237

440

2000

7769
6526

104255
0

2000

1934
3482

3759
4358

2010

11638
12879

470

2010

8700
7308

109190
0

2010

2239
4030

39190
4532

2020

13343
14767

=0
505

2020

9744
8185

114415
g

2020

2593
4668

40656
4713

-0 INDICATES THAT NO DATA REGARDING CONCENTRAYION OF POLLUTANT WAS

AVAILABLE



APPENDIX E, CCNTINUED

ADDITIONAL WASTE REMCVAL REQUIRED 71O

TO 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER 28 GAINESVILLE

POLLUTANT 1960
MUNICIPAL

BOD 83
SUS SOL 83
INDUSTRIAL

BOD .t
SUsS ScL -0

1970

122
122

1980

161

161

IMPROVE

1990

195
195

-0
=0

TRADING AREA NUMBER 29 SHERMAN DENISON

POLLUTANT 1960
MUNICIPAL

BOD 266
SUS S0t 414

INDUSTRIAL

BOD 247
SUs S0L 252

TRADING AREA NUMBER 30 PARIS

POLLUTANT 1960
MUNICIPAL

BOD 158
SuUsS SscL 0
INDUSTRIAL

BOD =0
SUs SCL =0

1970

358
556

328
334

197¢C

251

-0
=0

1980

462
719

406
414

1980

344

-0
-0

1990

573
892

451
459

1990

405

=0
=0

BGD AND SS OF EFFLUENTS

2000 2010
235 283
235 283

-0 =0
-0 =0

2000 2010
tiz 884

1107 1375
502 564
512 574

2000 2010
476 560

0 0
-0 ~0
=0 =0

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION DF POLLUTANT WAS

AVAILABLE

2020

341
341

2020

1097
1707

636

648

2020

660

=0



APPENDIX E, CONTINUED

ADDITIONAL WASTE REMOVAL REQUIRED TO IMPROVE

TO 20 MG/L (1000 LB/YEAR)

TRADING AREA NUMBER 31 SULFUR SPRINGS

POLLUTANT 1960 1970 1980
MUNICIPAL

80D 4 7 11
SUS SoL 22 36 53
INDUSTRIAL

B80OD ~Q -0 =0
SUS SOL =0 -0 -0

1990

14
71

TRADING AREA NUMBER 32 NORTHEAST TEXAS

POLLUTANT 1960 197¢ 1980
MUNICIPAL

BUD 706 916 1162
SUS SQL 321 418 528
INDUSTRIAL

BOD =0 -0 -0
5US SOL -0 -0 -0

TRADING AREA NUMBER 33 STATE TOTAL

POLLUTANT 1960 197¢ 1980
MUNICIPAL

BOD 24786 35169 45684
SUs s0L 42044 59021 76810
INDUSTRIAL

BOD 316642 447479 571626
SUS SOL 741073 1049076 1360026

1990

1403
638

=0

1990

53968
92281

642556
1552871

BOD AND S$

2000

19
94

-0
=0

2000

1697
771

2000

63863
111098

721751
1774038

123

OF EFFLUENTS

2010 2020
25 33

125 166

-0 = {3

=0 -
2010 2020
2058 2501
936 1137

-0 =

=G =0
2010 2020
75701 8495881
134019 161985
821625 926536
2046191 2346319

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVATLABLE



APPENDIX F

PROJECTED MUNICIPAL AND INDUSTRIAL
RETURN FLOWS BY DRAINAGE BASINS (MGY)
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APPENDIX F

PROJECTED MUNICIPAL AND INDUSTRIAL RETURN FLOKWS (#MGY)

DRAINAGE BASIN 1960 1970 1980 1930 2000 2010 2020
CANADIAN RIVER MUN 5512 8340 12058 13526 15165 16993 19630
CANADIAN RIVER IND 12282 17775 21847 22805 23804 24847 25937
CANADIAN RIVER TOT 17764 26715 33905 36331 38969 41841 L4267
RED RIVER MUN 6266 8455 10567 12234 14159 16382 18949
RED RIVER IND 2515 3248 3794 4006 4231 4468 4718
RED RIVER Tar 8781 11703 14361 16240 18390 20850 23667
SULPHUR RIVER MUN 5583 7702 9960 12074 14635 17738 21498
SULPHUR RIVER IND 6910 11266 14823 15742 16717 17152 18852
SULPHUR RIVER 707 12493 18968 24783 27816 31352 35491 40348
CYPRESS CREEK MUN 1462 1799 2154 2507 2919 3397 3954
CYPRESS CREEK IND 3425 4142 4551 4563 4535 4527 4520
CYPRESS CREEK 10T 4887 5941 6704 7050 7454 7925 8474
SABINE RIVER MUN 5410 1426 9879 12739 16425 21176 27301
SABINE RIVER IND 3259 6172 9128 10543 12178 14066 162457
SABINE RIVER T07 8669 13598 19007 23é82 28603 35242 43547
NECHES RIVER MUN 6415 9775 13751 18028 235632 30972 40588
NECHES RIVER IND 31511 54381 78518 94854 114589 138431 167234
NECHES RIVER or 37986 64156 92269 112882 138221 169403 207822
NECHES TRINITY € MUN 0 Q 0 0 4 (v O
NECHES TRINITY C IND 0 0 0 ¢ G 0 iy
NECHES TRINITY C TOTY 0 0 0 O 0 O O
TRINITY RIVER MUN 65859 95262 124268 146167 171411 200344 233281
TRINITY RIVER IND 19212 23074 26763 299890 33584 37621 42143
TRINITY RIVER ToT 85071 118336 151031 176147 20499% 237965 275424
TRINITY SAN JACI MUN Q 0 0 ¢/ Y & O
TRINITY SAN JACI IND 0 0 4] O 0 0 O
TRINITY SAN JACI 70T 0 0 0 0 G 0 G
SAN JACINTO RIVE MUN 133 1036 1387 1758 2229 2825 3580
SAN JACINTO RIVE IND 1249 1915 2550 2953 3419 39589 £58%
SAN JACINTO RIVE 70T 1982 2950 3937 4711 5648 6784 8164
SAN JACINTO BRAZ MUN 1424 2013 2695 3418 4333 5491 6958
SAN JACINTO BRAZ IND 3167 4855 6468 7490 8673 10043 11634

SAN JACINTO BRAZ TQT 4562 6869 9164 10308 13006 15534 168588
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APPENCIX Fy CONTINUED

PROJECTED MUNICIPAL AND INDUSTRIAL RETURN FLOWS (MGY)

DRAINAGE BASIN 15€0 1970 1980 1990 2600 2010 2020
BRAZOS RIVER MUN 22544 31588 40932 49056 58779 70409 84320
BRAZCS RIVER IND 4573 5401 6247 7077 8018 9084 10291
BRAZCS RIVER 707 27117 36988 47179 56134 €6797 79493 94611

BRAZOS COLORADO MUN 5¢C6 734 986 1228 1530 1905 2371

BRAZOS COLORADQO IND 377 782 1245 1517 1849 2254 2747

BRAZOS COLORADGC TOT 883 1516 2231 2746 3379 4159 5118

COLCRADO RIVER MUN 16543 23177 30010 35912 42934 51280 61185

COLORADO RIVER IND 7539 10745 13517 15011 16669 18511 20556

COLORACO RIVER TOT 24082 33922 43528 50923 59604 69791 81741

COLCRADO LAVACA  MUN 158 233 316 391 485 602 745

COLCRACCO LAVACA IND 1687 2851 4023 4741 5589 6587 7765

COLORADO LAVACA TOT 1846 3084 4338 5133 6074 7189 8510

LAVACA RIVER MUN 534 695 855 995 | 1157 1345 1563

LAVACA RIVER IND 23 168 260 311 372 445 533

LAVACA RIVER TO0T 617 863 1115 1306 1529 1790 2096

LAVACA GUADALUPE MUN 0 0 0 0 0 0 O

LAVACA GUADALUPE IND 0 0 0 0 0 0 0

LAVACA GUADALUPE TOT 0 0 0 0 O 0 0

GUADALUPE RIVER MUN 4653 6519 8467 10284 12474 15112 18280

GUADALUPE RIVER IND 8066 10170 11919 12984 14144 15408 16784

GUADALUPE RIVER TOT 12758 16689 20386 23267 26618 30519 35064

SAN ANTONIO RIVE MUN 23849 34658 44475 50398 57038 64467 72758

SAN ANTONIO RIVE IND 2218 3125 3923 4387 4905 5486 6134

SAN ANTCONIO RIVE TOT 26068 37783 48398 54785 £1944 69953 78893

SAN ANTONIG NUEC MUN 411 528 651 772 911 1070 1248

SAN ANTONIO NUEC IND 133 180 224 254 287 326 369

SAN ANTONIO NUEC 70T 544 708 B75 1026 1199 1396 1617

NUECES RIVER MUN 1962 2375 2766 3098 3461 3855 42179

NUECES RIVER IND 1365 1640 1907 2052 2208 2375 2555

NUECES RIVER 107 32¢8 4015 4673 5150 5669 6230 6834

NUECES RIO GRAND MUN 5214 6372 1637 8971 10489 12197 14093

NUECES RIO GRAND IND 4246 6431 8393 9439 10616 11939 13427

NUECES RIO GRAND 7OT 94£0 12803 16030 18411 21105 24137 27521



APPENDIX Fq CONTINUED

PROJECTED MUNICIPAL AND

DRAINAGE BASIN

RIO GRANDE
RI0O GRANDE
RIO GRANDE

SABINE LAKE
SABINE LAKE
SABINE LAKE

GALYESTCON Bay
GALVESTON BAY
GALVESTON BAY

MATAGURDA BAY
MATAGCRDA BAY
MATAGCRDA BAY

SAN ANTONIO BAY
SAN ANTONIO BAY
SAN ANTONIO BAY

ARANSAS COPANG
ARANS AS COPAND
ARANSAS COPANG

CORBYS CHRIS

CORPUS CHRIST
T
CORPUS CHRIST

i
i
i

STATE TOTAL
STATE TOTAL
STATE TOTAL

B
B

B

MUN
IND
107

MUN
IND
ToT

MUK
IND
T07Y

MUN
IND
Tarv

MUN
IND
Tav

MUN
IND
17

B MUN

IND
TOT

MUN
IND
107

INDUSTRIAL RETURN FLOWS

1960

10489
28¢62
13351

8037
34544
42981

48726
38549
147276

581
G983
105¢5

20
561
581

557
334
931

8081
4651
12731

251671
265642
517312

1970

13370
3485
16855

11950
62567
74516

68877
151032
219909

886
17790
18677

36
1007
1043

786
433
1219

926
6977
16903
A55117

411613
766730

1380

16553
4026
20579

16712
92440
109152

32210
201186
293396

1210
25931
27141

52
1476
1528

998
512
1510

11952
3058
21010

463501
554729

{MGY )

1990

19905
4412
264317

21968
112546
134514

116921
232955
349876

1458
30904
32362

63 |

1762
1825

1222
553
1775

14103
10167
246271

559198
643988

2000

23326
4835
28761

28877
137063
165940

148219
269740
417960

1757
36832
38589

76
2104
2179

1495
597
2092
16576

11413
27990

675094
748972

2010

28748
5299
34047

37957
166967
204924

187850
312334
500185

2119
43897
46016

g1
2512
2603

1825
645
2470

19397
12813
32209

815548
872596

1018230 1203186 1424066 1688144

127

2620

346528
5838
40335

49893
203453
253346

238020
361658
599678

22580
147385
369465

965888
1018345
2004233



APPENDIX G

QUANTITIES OF WASTES DISCHARGED BY
MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT
IS MAINTAINED (1000 ib/year)
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APPENDIX G

QUANTITIES OF WASTES DISCHARGED B8Y MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (100C LB/YEAR)

RIVER BASIN NUMBER 1 CANACIAN RIVER

POLLUTANT 19690 1970 1980 1990 2000 2010 2620
MUNICIPAL

ROD 3218 5219 7039 71896 8853 9921 1lilu
SUS SGL 2299 3728 5028 5640 6324 7086 7936
TGT SCL 27352 44363 59835 67120 75253 84324 94433
CHLORIDE 4597 71456 10056 11281 12648 14172 15871
NITRATES 1241 2013 2715 3046 3415 3826 4285
PHOSPHATES 1103 1789 2414 2707 3035 3401 3809

INDUSTRIAL

BOD 2561 370¢ 4555 4755 4963 5181 5408

SuUs SCL 780838 1130060 1388941 1449847 1513359 1579668 1648966
TOT sOL 844448 1222119 1502090 1567957 1636643 1708354 1783297
CHLORICE 307398 444879 546794 576771 595775 621879 649160
cob 7682 11118 13665 14265 14889 15542 16224
SULFATES 66376 96062 118068 123246 128644 134281 140172

RIVER BASIN NUMBER 2 RED RIVER

POLLUTANT 1960 1970 1980 1990 2000 2010 - 2028
MUNICIPAL

30D 2665 3596 4495 5204 6022 6968 8060
SUS SCL 3867 5218 6522 7550 8738 10110 11695
TOT SOL 31564 42591 53230 61627 71324 82522 95453
CHLORIDE 6194 9167 11457 13264 15351 17761 20545
NITRATES 1463 1974 2468 2857 3306 3826 4425
PHOSPHATES 1254 1692 2115 2449 2834 3279 3793

INDUSTRIAL

BOD 839 1084 1266 1336 1411 1491 1574
SUS sOL 12354 15955 18637 18679 20784 21948 23176
TOT SOL 23219 29987 35028 36985 39062 41250 43558
CHLORIDE 1573 2032 2373 2506 2646 2795 2951
CCD 1279 1652 1930 2038 2152 2273 2400
SULFATES 1091 © 1409 1645 1737 1835 1938 2046

-3 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
AVAILABLE




APPENDIX Gy

QUANTIYTIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL
IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

PLANTS

RIVER BASIN NUMBER

POLLUTANT
MUNICIPAL

ROD

SUS SOCL
o1 SCL
CHLORIDE
NITRAYES
PHOSPHATES

INDUSTRIAL

BOD

SUSsS sOL
07 S0OL
CHLORIDE
Can
SULFATES

RIVER BASIN NUMBER

POLLUTANT

MUNICIPAL

INDUSTRIAL

BOD

SUSsS SCL

107 sCL

CHLORIDE

oon

e ldt

SULFATES

=0 INDICATES

AVATLABLE

1964

2607
1769
21279
4889
1024
1117

2309
33944
63796

4322

3515

2997

1964

4563
512
6743
1683
268
293

1143
146824
31621

2142

1742

I

THAT

CONTINUED

3 SULPHUR RIVER

197C

3597
2441
29355
6T45
1413
1542

3158
55342
104012
7047
5731
4886

19890

4652
3157
37961
8722
1827
1994

4945
72814
136852
9272
7541
6428

4 CYPRESS CREEK

197C

570
630
8297
2071
330
360

1382
20347
38241

2991

23107

1796

1980

683
755
9934
2479
395
431

1518
22356
42017

2847

2315

1974

1990

5639
3826
46019
10573
2215
2417

5252
77329
145336
9847
8009
6827

1990

1516
22316
41943

2842

2311

1970

6835
4638
55780
12816
2685
2929

5577
82118
154338
10456
8505
250

2000

925
1022
13462
3360
536
584

1513
22277
41869

2837

2307

1967

{10046

2010

8284
5622
67606
15533
3255
3550

5922
87202
163893
11104
9031
7699

2010

1077
1190
15667
3910
625
6EEG

1510
22238
41795

2832

2303

1963

130

TREATMENT
LB/YEAR)

2020

10039
6813
81929
18824
ERT
4303

6289
92606
174049
11792
3591
8176

2020

1253
1385
18236
4551
725
791

1508
22203
41734

2827

2300

1960

NO DATA REGARDING CONCENTRATION OF POLLUTANY WAS
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APPENDIX G, CONTINUED

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS5 MAINTAINED (1000 LB/YEAR)

RIVER BASIN NUMBER 5 SABINE RIVER

POLLUTANT 1960 197¢ 1980 1990 2000 2010 20206
MUNICIPAL

BOD 587 805 1071 1381 1781 2296 2960
SUS ScL 1444 1982 2637 3400 4384 5651 7286
701 SOL 16333 22420 29825 38460 49588 63932 82424
CHLORIDE 4467 6131 8157 10518 13561 17484 22541
NITRATES 1038 1424 1895 2444 3151 4062 5237
PHOSPHATES 1083 1486 1977 2550 3288 4239 5465

INDUSTRIAL

BOD 408 172 1142 1319 1523 1760 2032

SUS SOCL 3724 7052 10429 12046 13914 16072 18563
TOT SOL 45961 87043 128732 148687 171746 198372 229130
CHLORIDE 32535 61615 91125 105251 121573 140421 162193
COD 3995 1567 11191 12926 14930 17245 19918
SULFATES 16879 31966 47275 54604 63072 72850 84145

RIVER BASIN NUMBER 6 NECHES RIVER

POLLUTANT 19640 1970 1980 1990 2000 2010 - 2020
MUNICIPAL

BOD 1782 2690 3785 4962 6504 8524 11171
SUsS SsoL 2376 3587 5046 6616 8672 11365 14894
TOT SO 24571 37093 52181 68411 839676 117529 154019
CHLORIDE 5238 7308 11124 14584 19118 25056 32835
NITRATES 1188 1794 2523 3308 4336 5683 T447
PHOSPHATES 1296 1957 2752 3608 4730 6199 8124
INDUSTRIAL

B3O 30748 53064 716616 92557 111814 135078 163184
SUS SCL 25492 43993 63519 76735 92700 111988 135289

TaT SoL 839126 1448145 2090905 2525926 3051462 3686365 4453378
CHLORIDE B70662 1502570 2169485 2620856 3166142 3824907 4620746
COoD 156893 270762 390940 472276 570536 689245 832655
SULFATES 46779 80730 116562 140813 170110 205304 248262

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
AVATLABLE
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CONTINUED
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

RIVER BASIN NUMBER

POLLUTANT
MUNICIPAL

BOD

SUS SGL
o1 SCL
CHLORIDE
NITRATES
PHUSPHATES

INCUSTRI AL

BOL

SUS SCL
TOT SCL
CHLORIDE
cop
SULFATES

RIVER BASIN NUMBER

POLLUTANT

MUNICIPAL

8O0

SUS s0L
TO0T SGL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BOD

SUS sgL
TOT SCL
CHLORIDE
Cab
SULFATES

-0 INDICATES

AVATLABLE

1960

¢

Q

19640

17576
20872
313381
65912
12084
13182

176411
56881
803223
8080390
. j
977391

7 NECHES TRINITY COASTAL A

187¢C

IO DO

e oRoNeNeNel

1980

CC oo

Loviil v v A e B

8 TRINITY RIVER

1973

25424
30190
452856
35338
L7475
19068

211873
68315
964687
G70461
-0
1173867

1984

33165
39383
590745
124367
22801
248773

245747
79237
1118919
1125615
={
1361541

1990

Low it v B B oo B v Y e

DD D OO

19390

35009
46323
694849
146284
26819
29257

275287
88762
1253416
1260917
-0
1525203

2000

OOOoOOoD

Z000

45746
54324
814854
171548
31450
34310

308380
99432
1404094
1412497
.t
1708552

2010

[onll e R wi ol o B oo B o0

2010

53468
63493
952395
200504
36759
40101

345449
111384
1572875
1582287
=0
1913931

{1090 LB/YEAR]

2020

]
kS
L

&

2020

G258
73931
1108971
233468
42802
L6694

386971
124773
1761932
LT72476
ey, ‘)
2143983

THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
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CCNTINUED
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS5 MAINTAINED

RIVER BASIN NUMBER

POLLUTANT
MUNICIPAL

BOD

SUS SOL
TO7T sSCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BGD

SUS SOL
TOT7 SCL
CHLORIDE
CoDb
SULFATES

1960

L@ > B WOl o 2 il

DO CCo

1970

OO OD

OO O0

1980

Lol on B ol ol ot B o

SOLOOo

9 TRINITY SAN JACINTO COAS

1990

ODOLDOCO

OO0 OoC

RIVER BASIN NUMBER 10 SAN JACINTO RIVER

POLLUTANT
MUNICIPAL

840

SUS SsaOL
70T SCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

80D

SUS SCL
TOT SCL
CHLORIDE
CoDh
SULFATES

1960

134
141
3674
862
134
147

26740
19760
44281
21760
18990
13187

197¢

190
169
5193
1218
190
207

37931
30297
67893
33364
29115
20219

1980

254
266
6952
1631
254
278

50509
40343
90406
44427
38770
26924

1990

323
337
8812
2067
323
352

58432
46719
104694
51448
44897
31179

2000

DOV OoOC

coocooo

20060

409
428
11173
2621
409
546

67722
54092
121215
59567
51982
36099

{100C LB/YEAR)

2010

OCOTOOCC

SCOOO OO

2010

518
542
14160
3322
518
565

78418
62635
140360
68975
60192
41801

2020

COOC OO

2020

657
687
17944
4210
657
717

90798
72523
162518
79864
69694
48400

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVAILABLE



APPENDIX Gy CONTINUED
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QUANTITIES OF WASTLES DISCHARGED 8Y MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS5 MAINTAINED {1000 LB/YEAR)

RIVER BASIN NUMBER 11 SAN JACINTOD BRAZOS COASY

POLLUTANT 1964 1970 198y 1990 2000
MUNICIPAL

BOD 475 672 899 1140 1445
SuUs saL 546 772 1034 1311 1662
Tor SaL 14026 19827 26545 33666 42678
CHLORIDE 4038 5708 7642 9692 12287
NITRATES 273 386 517 656 831
PHOSPRATES 285 403 539 684 867

INDUSTRIAL

BOD 31537 48346 64408 74585 86365

SUs SOL 27205 41705 55561 64341 74503
TOT SCL 179158 274648 365896 423711 490634
CHLORIDE 126280 193586 257902 298653 345823
cobn 34205 52435 69856 80894 93671
SULFATES 18357 28141 37490 43414 50271

RIVER BASIN NUMBER 12 BRAZOS RIVER

POLLUTANT 1960 1970 1986 1990 2000
MUNICIPAL

BODR 10341 14489 18776 22502 26962
SUS sCL 11093 15543 20141 24138 28923
TOT SCL 129732 181776 235547 282298 338250
CHLORIDE 25006 35038 456403 54414 65199
NITRATES 4700 6586 8534 1228 12255
PHOSPHATES 4512 6323 8193 9819 11765

INDUSTRIAL

BOG 496 586 677 67 869
SUS SGL 6255 7387 8544 5680 10967
TOT SOL 355263 419588 485311 549792 62289%
CHLORIDE 284973 336571 389291 441014 493654
car 29252 34549 39961 45270 51289
SULFATES 4729 5585 6460 7319 8292

2010

1832
2107
54084
15570
1053
1699

100208
86271
568135
400450
108467
58212

2010

32297
34645
405176
78099
14680
14093

985
12425
705710
566083
58108
9394

2020

2321
2669
68533
19730
1335
1393

115811
39904
657912
463729
125607
67411

38678
41490
485228
93529
17581
16877

1118
14076
798478
641299
65829
10643

-3 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVATLABLE
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APPENDIX Gy CONTINUED

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YEAR]

RIVER BASIN NUMBER 13 BRAZCS COLORADD COASTAL

POLLUTANT 1960 1970 1980 1990 2000 2010 2020
MUNICIPAL

BOD 118 171 230 287 357 %45 554
SUs sOL 190 215 370 461 574 (8% 890
TOT SCL 2684 3893 5230 6514 8115 10105 12576
CHLORIDE 663 961 1291 1608 2003 2494 3105
NITRATES 97 141 189 236 293 365 455
PHOSPHATES 101 147 197 246 306 381 475

INDUSTRIAL

BAD 41 85 135 164 200 244 298

SUS SOL 1962 4070 6479 7895 9622 11730 14296
TOT SGL 17129 35531 56568 68927 84012 102413 124814
CHLORIDE 1223 2537 4039 4922 5999 7313 8912
con 1207 2504 3987 4858 5922 7219 8797
SULFATES 2132 4422 7040 8578 10455 12745 15533

RIVER BASIN NUMBER 14 COLORADO RIVER

POLLUTANT 1960 1970 1980 1990 2000 2010 2020
MUNICIPAL

BAQO 4139 5759 7509 8985 10742 12830 15308
SUsS sCL 5933 8312 10762 12879 15397 18390 21942
TOT SCL 116032 162562 210488 251885 301136 359675 429148
CHLORIDE 22075 30927 40045 47921 57291 68428 81645
NITRATES 3587 5026 6507 7787 9310 11120 13267
PHOSPHATES 3311 4639 6007 7188 8594 10264 12247
INDUSTRIAL

BOD 817 1165 1466 1627 1807 2007 2229
SUs SGCL 68157 37141 122201 135708 150697 167350 185838
TOT SOL 99466 141679 178229 197928 219790 244078 271042
CHLORIDE 19869 28318 35623 39561 43930 48785 54174
Coo =~ =g Y -0 =0 =0 ={)

SULFATES 77399 110314 138773 154111 171133 190044 211039

~0 INDICATES THAT NO DATA REGARDING CONGCENTRATION OF POLLUTANT HWAS
AVATLABLE



APPENDIX Gy

CONTINULD

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

RIVIR BASIN NUMBER 15 COLORADO LAVACA COASTAL

POLLUTANT
MUNICIPAL

BOD

Sus sCL
TOT SCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BGD

SUS SCL
TOT SOL
CHLORIDE
coo
SULFATES

RIVER BASIN

POLLUTANT

MUNICIPAL

BOG

SUsS sGL
TOT SCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BOD

SUsS SCL
TOT SOL
CHLORIDE
Cob
SULFATES

=0 INDICATES

AVATLABLE

1960

41
29
846
202
29
32

507
11720
32191
10172

-0
10102

197¢

60
43
1248
2917
43
47

856
19807
54403
17191

-0
17072

1980

82
58
1692
403
58
63

1208
27349
76767
24258
24090

NUMBER 16 LAVACA RIVER

1960

196
192
3897
EI0E
107
107

42
403
2373
182
-3

142

1970

255
249
5072
1171
139
139

84
815
4195
1582
-0
287

1980

314
307
6239
1440
171
171

130
1262
6492
2448

-0

445

1990

101
12
2094
499
72
78

1423
32937
90467
28587

28390

1990

365
357
1261
1676
199
199

156
1510
717656
2928

-G

532

2000

125
389
2597
619
89
97

1678
3g8e8
106649
33701
=
33468

2000

425
415
864472
1949
232
232

186
1806
9289
3503

=0

636

2010

i5é
110
3223
768
110
120

1978
45761
125693
39718
= {}
39444

2010

49 %
482
9815
2266
269
269

223
2160
11112
4190
=0
761

THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT

{1020 LB/YEAR)

2020

193
137
3s89
951
137
149

2331
53945
148171
46822
={}
46498

2020

574
561
11406
2633
%13
313

267
2587
13309
5019
-0
911

WAS
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APPENCIX G, CCNTINUED

QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT
PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED {1000 LB/YEAR]

RIVER BASIN NUMBER 17 LAVACA GUADALUPE COASTAL

POLLUTANT 1960 197¢C 1980 19920 2000 2010 20240
MUNICIPAL

ROD 3 Q ¢ O 0 U O
SUS SCL 8] C ] 0O O 0 0
TO0T SCL 3 0 U 0 8] 4] U
CHLORIDE L g Q 0 0 0 i
NITRATES Q ¢l G 0 0 0 0
PHOSPHATES ¢ 0 Q it 0 ] 0

INDUSTRIAL

BOD 0 U v 0 0 O 0
SUS SCL 0 C i3 0 8] 0 ¢
701 SCL g 0 O 0 0 0 o
CHLORINE ( ¢ 0 0 D 0 O
con U 0 v 0 ¥ 0 1}
SULFATES U g { 0 0 0 o
RIVER BASIN NUMBER 18 GUALDALUPE RIVER

POLLUTANT 19640 1970 1980 1990 2000 2010 2020
MUNICIPAL

BOD 1357 1468 1907 2316 2809 3403 4116
SUSs SOL 1566 2175 2825 3431 4161 5041 6098
TOT SCL 22505 31262 40603 49317 59819 72470 87662
CHLORIDE 5714 7938 10319 12522 15189 18421 22258
NITRATES 1357 1468 1907 2316 2809 3403 4116
PHOSPHATES 93¢ 1305 1695 2058 2497 3025 3659
INGUSTRIAL

BOD 3094 3902 4573 4981 5426 5911 6439
SUsS SGL 62023 78202 91651 99840 108760 118480 129060
70T sSOL 199121 251061 294237 320528 349164 380368 414337
CHLORIDE 46484 58609 68688 74826 81511 88795 G6T2H
cap 23545 29686 34792 37900 41286 44976 48992
SULFATES 2489 3138 3678 4007 4365 4755 5179

-0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS
AVATLABLE
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATHMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YEAR)

RIVER BASIN NUMBER 19 SAN ANTONIO RIVER

POLLUTANT 196u 19740 1980 13890 2000
MUNICIPAL

BOD 3779 5492 7048 7586 3038
SUS sSOL 2586 3758 4822 5464 6184
TOT SOL 105020 152617 195847 221929 251168
CHLORIDE 19691 28616 36721 41612 47094
NITRATES 5370 7804 10015 11349 12844
PHOSPHATES 4774 6937 8902 16088 11417

INDUSTRIAL

ROD 851 1199 1505 1683 1882

SUS sCL 17055 24030 30166 33734 37717
TOT sOL 54754 77145 96845 108299 121087
CHLORIDE 12782 180089 22608 25282 28267
coo 6474 9122 11451 12806 14318
SULFATES 684 364 1211 1354 1514

RIVER BASIN NUMBER 20 SAN ANTONIO NUECES COAST

POLLUTANT 1964 1979 19840 1990 2600
MUNICIPAL

ROD 86 116 136 161 190
SUs sOL 106 137 168 200 236
TO0T SCL 5550 7129 8790 10424 12301
CHLORIDE 1693 21175 2682 3181 3753
NITRATES 75 97 119 142 167
PHOSPHATES 82 106 130 155 182
INDUSTRIAL

BOD 201 272 338 383 433
SUS SsOL 603 817 1016 1152 1302
TOT SCL 2200 2971 3705 4201 4746
CHLORIDE 1007 1363 1696 1923 2173
cab 2218 3002 3736 4237 4787
SULFATES 900 1217 1515 1718 1941

2010

10215
6990
283882
53228
14517
12904

2105
42184
135430
31615
16014
1693

2010

223
277
14448
4408
196
214

492
1479
5391
2469
5438
2205

2029

11529
7888
320391
60073
16384
14563

2353
47167
151426
35350
17905
1893

2020

260
323
16851
5142
229
250

557
1674
6103
2794
6155
2496

=0 INDICATES THAT NO DATA REGARDING CONCENTRATION OF POLLUTANT WAS

AVATLABLE
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QUANTITIES OF WASTES DISCHARGED B8Y MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS 1IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

RIVER BASIN
POLLUTANT
MUNICIPAL

BOD

SUs SOL
ToT sOL
CHLORIDE
NITRATES
PHUSPHATES

INDUSTRIAL

BOD

SUsS sOL
TOT sSCL
CHLORIDE
cob
SULFATES

RIVER BASIN
POLLUTANT
MUNICIPAL

80D

SUs scL
TOT sSGL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

BOD

Sus SOL
TOT SGL
CHLORIDE
cao
SULFATES

~0 INDICATES THAT NO DATA REGARDING

AVAILABLE

NUMBER 21 NUECES RIVER

1960 1970 1980 1390 2000
311 376 438 491 548
10890 1307 1523 1705 1905
12796 15489 18040 20205 22572
3158 3823 4452 4987 5571
409 495 577 646 122
393 475 554 620 693
3428 4308 5010 5391 5801
1807 2270 2640 2861 3057
10949 13760 16000 17216 18525
12233 15374 17877 16236 20698
39715 49914 58035 62448 67195
17240 21665 25193 27108 29169

NUMBER 22 NUECES RIO GRANDE COASTA

1960 1970 19890 1990 2000
1305 1594 1911 2245 2624
30060 3667 4395 5162 6036
54356 66428 79616 93523 109348
13524 16527 19808 23268 27206
1044 1275 1529 1796 2099
1544 1275 1529 1796 2099
2656 4023 5250 5904 6640
5312 8045 10500 11808 13281

106235 160904 209993 236164 265612

77906 117996 153995 173187 194782
12394 18772 24499 27552 30988
~0 -0 -0 -0 -0

2010

611
2122
25142
6205
BO4
772

6239
3288
19926
22264
T2278
31375

2010

3052
7019
127154
31636
24541
2441

7468
14936
298714
219057
34850
~{

CONCENTRATION OF POLLUTANT

{100C LB/YEAR])

2020

678
2355
27907
68868
892
856

6712
3537
21437
23951
TT755
33753

2520

3526
8110
146920
36554
2821
2821

8399
16797
335944
246359
39193
~{

WAS
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

RIVER BASIN NUMBER 23

POLLUTANT 196y
MUNICIPAL

80D 4811
SUs sSGL L4024
TOT SOL 58698
CHLORIDE 13734
NITRATES 2999
PHUSPHATES 2099
INDUSTRIAL

BOOD 454
SUS SOL 798472
TOV 50GL 104714
CHLORIDE 67287
cop 1193
SULFATES 33441
RIVER BASIN
POLLUTANT 1360
MUNICIPAL

BROD 137
SUS SCL 14086
TOT SOL 28385
CHLORIDE 8245
NITRATES 1475
PHOSPHATES 147%
INDUSTRI AL

BOD 12823
SUS SOL 26229
TO0Y sou 859144
CHLORIDE 1108324
coo 210997
SULFATES 63824

-0 INDICATES THAT
AVATLABLE

RIO GRANDE
1970 1980
65123 7593
5129 6350
74829 92633
17506 21674
2676 3313
2676 3313
552 638
91222 112315
127508 147302
81934 94653
1453 1679
40726 47041

NUMBER 24 SABINE LAKE

1970 1980
1096 1533
20973 2927
41759 58399
12259 17144
2193 3066
2193 3066
22960 33922
46963 69385
1538292 2272753
1984439 2931921
377790 558168
114276 168838

NG DATA REGARDING

1990

9130
7636
111391
26063
3984
3984

699
123083
161424
103728

1840
51551

1990

2015
3847
76766
22535
4031
4931

41300
B44&T7
2767092
3569624
679571
205561

20460

10975
9179
133893
31328
4789
4789

766
134883
176901
113673

2016
56494

2000

2649
5058
100910
29623
5298
5298

50297
102879
3369875
4347230
B27608
250340

2010

13187
11029
160878
37642
5754
5754

840
147828
193878
124582

2210
61915

2010

3482
6648
132639
38937
6964
65964

61270
125325
4105104
5295696
1008173
304959

CONCENTRATION OF POLLUTANT

(100C LB/YEAR)

2020

15834
13246
193224
45210
6911
6911

Q20
162028
212501
136549

2422
67863

2020

4577
8738
174249
51181
2154
3154

14659
152712
5002161
6452923
1228482
371599

WAS
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED

RIVER BASIN NUMBER 25 GALVESTON BAY

POLLUTANT 1960
MUNICIPAL

BOD 9347
SUS SCL 16255
TOT ScL 2645590
CHLORIDE 65833
NITRATES 8940
PHOSPHATES 8940
[INDUSTRIAL

BOD 154517
SUS SCL 251501
TOT SOL 6524232
CHLORIDE 5806714
coD 674779
SULFATES 996963

RIVER BASIN NUMBER 26

POLLUTANT 1960
MUNICIPAL

BOD 184
SUS SGL 233
TOT SOt 3435
CHLORIDE 887
NITRATES 107
PHOSPHATES 107
INDUSTRIAL

B840 2914
SuUs SGL 9408
TOT SOuL 249691
CHLDRIDE 71352
can 29140
SULFATES 1582
-0

AVAILABLE

1970 1980
13212 17688
22971 30761

373957 500639
93058 124583
12638 16919
12638 16919

236806 315444

385440 513435

9998759 13319101
8899123 11854302
1034137 1377549
1527903 2035282

MATAGORCA BAY

1970 1980
281 383
355 484

5239 7155

1352 1847
163 222
163 222

5193 1569

16766 24438
4544957 648577
127152 185339

51929 75693

2819 4109

INDICATES THAT NO DATA REGARDING

{100C LB/YEAR)

1980 2000 2010
22428 28431 36033
39005 49446 62667
634804 BO4731 1019902 12
157970 200256 253800 3

21453 27195 34467

21453 27195 34467
365255 422931 489715 5
594510 688387 737089 9
15422301 17857576 20677423 239
13726198 15893647 18403375 213
1595075 1846948 2138595 24
235667 2728803 3159702 36

1990 2000 2010

462 557 672

584 703 848

8621 10389 12530

2225 2682 3234

268 322 389

268 322 389

9021 10751 12814

29125 34711 41369
172960 921229 1097937 13
220883 263252 313749 3

9G209 107513 128135 1

4897 5836 6956

CONCENTRATION OF POLLUTANT WAS

2020

45657
79403
92292
21584
43672
43672

67051
22966
42816
09649
76323
58684

2020

809
1022
15102
3898
469
469

15272
49306
08585
73944
52719

8290
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QUANTITIES OF WASTES DISCHARGED 8Y MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (1000 LB/YEAR}

RIVER BASIN NUMBER 27 SAN ANTONIQO BAY

POLLUTANT

MUNICIPAL

BaL

SUs SGL
Tar SscL
CHLORIDE
NITRATES
PHUSPHATES

INDUSTRIAL

80D

SUS SCL
TOT SOL
CHLORIDE
Cao
SULFATES

1960

24
11
138
38

4

819
1198
14219
5165
1581
3224

197¢

36
2C
249
68

1470
2150
25523
9272
2839
5786

1980

52
29
360
98
10
1C

2154
3151
37410
13594G
4161
8481

1990

63
35
436
119

12

2572
3762
44658
16223
4967
10125

RIVER BASIN NUMBER 28 ARANSAS COPANC BAY

POLLUTANT
MUNTICIPAL

BOD

SUS SCL
70T SCL
CHLORIDE
NITRATES
PHOSPHATES

INDUSTRIAL

80D

SUS SCL
107 sSCL
CHLORIDE
Cap
SULFATES

-0 INDICATES

AVATLABLE

1960

99
119
5128
1514
110
Lie

875
1111
8577
3761

G008
3783

THAT

1970

118
157
6752
1993
144
144

1134
1441
11119
4875
1177
4904

1984

150
200
8573
2530
183
183

1341
1704
13148
5765
1392
5799

NO DATA REGARDING

1990

183
245
10497
30938
224
224

1448
1840
14200
6226
1504
6263

CONCENTRATION OF POLLUTANT WAS

2000

76
42
526
143
14
14

3071
4492
53326
19372
5931
12090

2000

224
299
12842
3790
274
274

1563
1987
15330
6722
1623
6761

2010

91
50
630
172
i7
17

3666
5363
63667
23129
7081
14435

2010

274
365
15677
4627
335
335

1689
2146
16563
7262
1754
7305

2020

109
60
755
205
20
20

4377
6403
T60L0
27613
8454
17233

2020

334
445
19113
5641
408
408

1823
2316
17872
7836
1892
7883
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QUANTITIES OF WASTES DISCHARGED BY MUNICIPAL AND INDUSTRIAL TREATMENT

PLANTS IF PRESENT LEVEL OF TREATMENT IS MAINTAINED (100G

RIVER BASIN NUMBER 29 CORPLS CHRISTI BAY

POLLUTANT 1960
MUNICIPAL

BOD 809
SUS SOL 3235
TOT SCL 41516
CHLORIDE 13816
NITRATES 1483
PHOSPHATES 1483
INDUSTRIAL

BOD 12180
SUS SCL 15477
TOT SCL 119432
CHLORIDE 52366
can 12645
SULFATES 52676

RIVER BASIN NUMBER 30

POLLUTANT 1960
MUNICIPAL

80D 66878
SUS SCu B4885
TOT SCL 1313589
CHLORIDE 295170
NITRATES 49407
PHOSPHATES 49272
INDUSTRIAL

80D 467404
SUS SCL 1537086
TOT SOL 11634164
CHLORIDE 9757098
cao 1274353
SULFATES 2415851

-0 INDICATES THAT
AVAILABLE

1970 1980
993 119¢
3974 4785
50994 61403
16970 20434
1821 2193
1821 2193
18271 23721
23217 30142
179161 232599
78554 101984
18969 246217
79020 102588

1970 1984
34448 122986
118918 154732
1843242 2398464
412422 536502
69713 90908
69538 90720
£6478C 855786
2228848 2808817
17723338 23605884
15001041 20157916
2016329 2755937
3379169 4298451

NO DATA REGARDING

1990

1411
5646
72453
24112
2588
2588

26625
33832
261077
114470
27642
115149

SUMMARY OF STATE

1990

147480
186749
2890942
648959
109454
109331

984497
3065507
27293657
23491908
3233434
4912324

2000

1659
6636
85158
28340
3041
3041

29888
37979
293073
128499
31030
129260

2000

176914
225474
3485988
785345
131874
131840

1133459
3354535
31600141
27403929
3797427
5618358

LB/YEAR)
2010 2020
1941 2260
7765 9039
99651 116003
33163 38605
3559 %143
3559 4343
33554 37671
42637 47868
329023 369390
144262 161961
34836 39111
145116 162920
2010 2020
212292 254829
272330 329045
4205214 5074858
950822 1151677
158996 191829
159083 192075
1306015 1506048
3680958 4050581
3633828 42522900
31997991 37397617
4463964 5252420
6430981 7366972

CONCENTRATION OF POLLUTANT

WAS
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PRCGRAM ANSWER
CIFENSION Q{743048),C(7,20,8)},JP(30)sSH{T7:301:CS5(7:3C5:D{7,30},041
172C) sCMINTT 20 sF{LC:1C)TRI(2C,30)TRIB(20Q,73,1TCP(3C,10,5101
DIVENSION CSTEPLT3C,1C) NCIT{30),STEF(20,30),K0P(7:,20,107
NCP o= 0
Cu NTRIE =1+NC CF ACTUAL TRIBLTVARIES. {MAIN STEM 1S TRIE 11}
REBL 5,NTRIB $IF (NTRIB.EC.1)110,6
Cen IF THERE ARE TRIBULTARIES, THEY ARE CCMPUTED FIRST
5 FCRMAT {1O0X,11)
& DC 1C0 I=2,NTRIB
[FINCP.EQ.0)1T526
7 REAL 10y NCITEIN P T ektledlol),C(Is151)
Cw NCIT =NO OF CITIES, JP=JUNCT PT WITH MAIN STEM
NUM=aNCITOD) $CMIN(Io10=C(Ts141) $CA(I,1)=C(1,1,1)
Ces= REBL IN DATA FCR ALL CITIES CON TRIBUTARIES
DT 20 N=1,NLF  3$lL=N+1
READ 10, QUIehs2)sQ{TsNo3),QUIoNo6YsQUIsNeTIoSWIT NI oCSIToNJ,CUIsN
142)3C(I¢Ns61 01T N} ,CAIT L)
Cs= Cs =CCNC AQCEL BY CITY, C= DISYT ALCNG STREAM
Can SLERCUTINE RGCKY CCUMPLTES RETURN FLOW,G AT NEXT CONTROL POINT, ETC
CALL ROCKY {QEIgNg ) sQUIohe2)sQ(IsNs3)sQUI NoO)Q{TIohs Tl sSHITIN)C
ISTIaNICMINLEI N o ClTsNe2) s ClI N €E) s DI oN) yCALT L) CHMINLTI L) @{1cL s
21V, CALI N} '
QilsNgd) = CLIN1)~ClLsNhsd)
Cun COMPUTE FLCh BYPASSING CITY
15 FORMAT (10Xg6FT7.0:TXeF4.0:F3.0,2F7.0)
10 FCRMAT (10X212,2F10.0)
20 CCNTINUE
NEL =AUM +1
Cas MATRIX CSTEP STCORES 10 CUNCENTRATIONS ECR EACH CCNTRCL POINT
DC 25 N=lgshkP}
COTERPCI Ny LI=CMINCT N
Cusn CHIN IS THE LUWEST CONCEANTRATICM ATTAINABLE
CETEPLIGN,IC)=CALTI,N)
Lxs A IS THE MAXIMUM ALLCWABLE CONCENTRATICN
XK= {CSTEP{L N, 1C ) ~CSTEPITNs113)/5.
OC 25 42,9
COTEPIL Ny JI=CSTEPL{T o Npd-10X
25 CONTINJE
Cew COFPUTE OPTIMLNM TREATHEMT PLAN FCR 10 TRIB EFF CCNCERTRATICHKS
26 NLF = NCIT(I)
CC 16C IM=1,1C
CC €% Nh=1,NUK
N=pNLFM+1-NN $Lah+]
£C EC J=1,1¢
A=zCSTEP(TI NgJl
Cen A TS INPUT CORCENTRATICN TC STAGE
00 5C K=1,1C
B=CSTEPLIN+1,K)
Ceu 8 IS EFFLUENT CONCENTRATICM FRCKM STAGE
Can SUBRCLTINE CCG CCMPUTES CCST ASSCCIATED WITH INPULTS ANC QUTPUTS
CALL ECG (AgB, COLL,CS{IaN)sQ(IgNg1)y QUTIsLod),QETIsNs2)oGLTIN,3)
Le€{IaNegB)gQUToNg 7l gSh{ToN)sCIIsNIsCLIaN3),ClTIsN:6)1
FlJ,K}=DOLL
Caa MBTRIX F TEMPCRARILY STCRES COSTS FCQR ALL INPUTS AND CLTPUTS
50 CONTINUE




Cus

Caa

Cus

8¢

ggc
g1

82
832
85

a8

Css

8s
91

106
Can

111
110

ICHECK = 2

146

CHANCE ICHECK TC 1 IF MATRIX TC BE PRINTED AS CHECK

IFUICHECK.EQ.1)4G,586
PRINT 51,14N

FCRMAT (17H TRIBUTARY NLMBER,I3,14H, PLANT NUMBER;I3]

PRINT 52, (CSTEP{I,L4K}sK=1,10)

FCRMAT (13H CLTPLT CCNC=2X%X,10F1C.3/5X,5HINPUT)

CC 22 M=1,1C

PRINT S54,CSTEP{I AsMY(F(NMyK)K=1,10)

FORMATISOX 4 F5.3,5X,10F1C.2)
IF(N.EQ.NUM)S5,6C

CHECK FOR LAST CITY CN TRIBUTARY

KKz11-1M

GC 7C 61

KKk=10 $GO 1C 7¢

LC €5 IL=1,1C

X=F{ILsy1l) $AT=1

DU €4 JL=2 KK

IF (FUILsJL)LTX1€3,¢€4
X=F{ILsdL) SNT=JL
CONTINUE

FINC CPYIMULNM CLTPLT CONCENTRATICN FOR EACH INPUT,STCRE IN MATRIX
TRI ALCNG WITH INCEX FCR CUTPUT CCNCEATRATICN '

TRI(ILsN}=X
TRICIL+10;, N} =NT
CONTINUE

GC 1C 80

ACC CPTIMA FCR SUCCEECING STAGES TC THIS STAGE

LC 75 IL=1,1C

CC 75 JL=1,1C
FLOJLoIL)=F{JL,IL)I+TRI(IL,L)
GC 1C 61

CONTINUE
IF{ICFECK.EQ.1)88C, 85

PRINT 81

FORMAT (16H CULMULATIVE SULMS)
CC €2 K=1,1C

PRINT 83, (F{K,KP),KP=1,1C()
FORMAT{ISA,10F10.2)
COCNTIANUE

KK=11-IM

FCRMAT (10X,7F1C.C)

FINC AND STCRE TRIB CPTINMA FCR EACH CF 10 TRIB EFFLUENTS

Il=1

CT &S JdJd=1lehLP

KCPLT13JdJeKKY =TRI(II+1C,J04)
II= TRI{II+1G,JJ)

CONTINUE

FCRMAT [{1Xs35FKCP =41X,1C013}
TRIBIKK;I)I=TRI{1,1)
TRIB{KK410,1}=TRI(11,1)
CONTINUE
IFINCPL.EQ-C)11C,12¢

SKIP STATEMENTS 6 -1CC IF ALL CITIES ARE CN MAIN STEP

FCRMAT (10X, 1252F1C.C)

REAL J1LsNSTEM;G(1,1,41),C(1:1,1)

SCMIN(L,1)=C(L,1,114CA(1,1}=C{L,}
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151}
Ca NSTEM IS NC CF CITIES # ANC CF TRIBUTARIES Ch MAIN STEWM
GC 120 I=1,NSTEM S$N=I+1]
Coa REAL DATA FCR ALL CITIES CN MAIN STEM
REAL 15,Q01 5142 3G {2l s2)eQ (el €)sQULloloT)aSWIL,T)pCS{LsI),C1151,
13)4C{1+1563sC0{(1,1),CR8 01 N}
Ces CHECK TO SEE WHETHER CITY CR TRIE AT THIS LCCATICN. IF TRIB, GC TC 125
CC 114 IC=2,NTRIB
IF(JPLIC)EQG.I)125,114
114 CONTINUE
115 Q{1,1,4)=Q(1,1,1)-C(1,1,2)
GUlyI,45)=(C({Ls1,2)4Q{1s143)0)2Sk{1,1)
QUIsN1)=Q{Ly154)4C 114804 (GL14146)-C{1s1,7)08D{1,1}
CVNIN{IeN)I= (QU13144)5CKIN{L;I)4 CULsI,6)2D{1l,1)#C{1,s1+€))1/C01,Ns1}
JFICA(LeN) LTLCMIN{LI,N})116,13C
Can IF ALLCWABLE CANNCT BE MET, PRIMT ALARM, ENLC PROGRAM
116 PRINT 117:CA{1:N}4N
117 FCRMAT (17H CONCENTRATICN CF4FS5.2, BE AT CITY,13,63K CMN MAIN STEM
1CAN NCT BE MET. RECUCE ALLCWABLE AT PREVICUS CITY)
GC TC 300
125 L=NCIT(IC)+1
Cae L IS NC. OF CCNTRCL PFCINT BELOW LAST CITY CN TRIB
QUIgNg1I=Q{ 111140 QI s 1,8)~G(1,1472)2C(1,1)4Q(ICsL,1)
CMIN{LN)= {(Q{1sle1)2CNMINLLI 1)+ C{lsT1,604D(1,1)2C{1,1,€6)4Q{IC,Ls1)
L2CNMINTIC,L))/Z7C{1s0Ne1)
IF {(CMIN{L N} CT.CA(L4N)I116,13C
13C CCMNTIAUE
NSl =NSTEM + 1
IF{ICHECK.EG.1)1321,1272;
1231 PRINT 131
Cux PRINT STREAMFLCWK AT ENLC CF EACH REACH AS CHECK
131 FCRMAT {1X,1SHEMAINSTENM CULANTITIES)
DC 122 I = 14AS1
132 PRINT 133,G01,1,1)
133 FORMAT (1X4F1C.2)
1332 CMIN({1I¢NSL) =CA{1,NS1)
Casn ESTABLISH INCREMEANTAL CCNCENTRATICNS FCR MAIN STEM
DC 135 I=1,MhS1
CSTEP(1,1,1)=CMINIL,1)
CSTEPI{1,1,1C)=CA(Y, 1)
X=(CA{1,I)-CFIN(L1,1))/CS.
DL 125 J=24:69
135 CSTEP(131+J)=CSTERP{L:Isd=1)4X
13¢ DC 225 I1=1,NSTEM
I=NSTEM+1-11 $RN=1+1
Cas DETERMINE wWhETHER CITY CR TRIB
OC 136 IC=2,NTRIB
IF{JPLIC).EQI1)15C,136
136 COCNTINUE
Can IF CITY, CCONMPULTE CCSTS ASSCCIATEL wITEH INPULTS ANLC CLIPLTS
14C DC 145 4=1,1¢C
A=CSTEP{L1,1,44)
OC 145 K=1,10
B=CSTEP{14NsK}
CALL CCG (A,B4CCLL,CS{1,1)461(1
15126 ¢Q{Y sl 7)ySW{lI} 01,1},

21} Nsl) QUL sT42),601,1,3),Q1(1
1.1 C{1,1,6))

R
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15¢
C o

Cean

15¢

1€€
176
175

Cusn

Cua
Lis

Cusw
231
180

Cwsa
181
185

Czxn

191
19¢
167
195

2cd

Cu#xn
281
282

FlJsK)Y=0a0L $GC TC 1712
L=NCIT(IC)+1

L IS LAST CCATRCL PCINT CN TRIB IC
FINC MIN TRIB CCST TC MEET CUTPRLT
DC 17Q Jd=1,1¢

A=CSTER(L, I, 4)

BDC 170 K=1,41¢C

B=CSTEP{L,;N,K)}

P=Rs GQ{1lsN,1)

Uspe QTLyT,104C0 1,180 ({1,1,6)C{1,1}
P=F-L

IF (PelTo~0.11151415%

CCLL =1000CCCC,

GC 1C 170

POLL =1C0O00GCCC,

CC 160 ¥ =1,1¢C
TC=CSTEP{IC L M) =C{IC,L,1)
[F{TCGTP+.11160,15¢
CCLL=TRIB(NM,IC)

ITCR(IsdeKi=W

CONTINUE

FiJs®X)=DOLL

CONTINUE

MLE IS5 A CCNTRCL INDEX USEL TO ALLCW PRINTING STAGE RETURNS AND

TCTAL RETURNS AT STAGE WITR SAME PRINT STATEMENT
MLE=C $GO TC 161

JF(l.EG.NSTEM}180,109E

I[F 1 = NSTENM, CITY IS LAST CITY CN MAIN STEM
FORMAT (1X,1CF1G.L)

DL 158 M=1,10

XK=F{lM,1) $¥M=}]

RC 188 J=2,1C

FING CPTIMUM FOR EACE COUNCENTRATICN
IF(F({MaJ)aLTex)181,185

X=F{M,yd) b=y

CORNTINUE

MATRIX STEM STCRES CPTIMA FCR MAIN STEM
STEFMIMeI)=X

STEM{M+10,1)=pV

CONTINRUE

GC 1T 225

PRINT 19641

FCRMAT {31H RETURNS FCR MAIN STEVM LOCATICN.1I3)}
PRINT 52, (CSTEP{Llshyulsd=1,10)

DC 167 Jd=1,1¢0

PRINT B4, CSTEF(1,I,J3{F{JK) K=1,10)
IF(MUDEQ.CI1T7&,1EC

DC 2C0 M=1,1¢C

ot 2C6 J=1,1¢€

FUJoMIsFLG M IHETENM{V N

pPLC=1 $GO TC 191

CCATINUE

¥ = STEM({1,11}

FCR THE ASSULMEL CONCITICNS, STEM,;1,1. WILL ALWAYS BE CPTIMUM
PRINT 282,V

148

FURMAT (1H1,1CX,34TCTAL CCST CF OPTIMLM SYSTEM IS $,F9.2,35H PER



Cus

283

284
Cuna

Cuea

Cunan

28¢

287

250

Cusn

242

244

235
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1naY, CISTRIBLTEC AS FCLLCKS /711X, 45HMAIN STEM LCCATICN, INCLUC
ZINC TRIBUTARY CCS1S/)

PRINT 283

PRINT REMOVALS ANC CCSTS FCR QOPTIMUM SYSTEM ON MAIN STEM

FCRMAT (10X, 73FCITY CR STAGE INF CCNC QUANTITY EFF CONC CUANTI
1Ty LBS REW CCST/)

K =1

L= STEM(11l,1)

A CSTEP{1,1,1)

CC 25C I = 1,NSTEWN

B = CSTEP({1,I+1,L)

CC 284 J=2,NTRIH

IF{JP(J).EC.1)285,284

CCNTINUE

Po= BxG(1,1I+1,1)

P IS THE PERMISSIBLE QUANTITY CF PCLLUTANT AT END CF STAGE
U=82G(Lley1p4) 3C{1,1:€)2C(1,1)2C(1y1,¢€)

U IS THE PCLLUTANT QULANTITY THAT CANNCT BE REMCVED

PC = P=-U

CT=({p4CS{1, 1)) =2Q(1,1+s2)+(C{LsI1,2)+CS5(1+1))%Q{1,1,3))2SKH(1,1)
R = (CT-PCl=nE.24

GALT = Q{l,1,2) #6{1,1.,2)

GALT IS THE INFLUENT GQUANTITY, CALC IS THE EFFLUENT CUANTITY
GALL = GALI=Sh(1,1)

GC TC 286

GALI = Q.

wd = NCITH )

GALC = Q(J,dJ+1,1)

R = -.,000001

CCST = STEM{K,I) -STEM(L,I+1)

PRINT 2874+1,8,CALI,B,GALL,R,COST

FORMAT (20X,132;6F10.2)

A=g

K=L

L = STEMIL+1C,I+1)

CCNTINUE

NCF CCNTROLS THE NUMBER CF SUCCESSIVE APPRCXIMATIONS MADE
NCF = NOP + 1

L = STEM(11,1}) $ ¢ =1

IF(NCP.EQ.5)3CC,222

RECLCE THE RANGE CF CUNCENTRATICNS CCONSIDERED AT THE MAIN STEM
LCCATICNS TC C.2 TIMES THE PREVICUS VALUES

BT 27C 1 = 1,NSTEN

IF(L.EQ.10)23¢,23¢

CETEP(1,141,1)=CSTEP(1,141,9)

GC TC 244

IF(L.EQel) 240,242

CSTEP(1,1+41,1C) = CSTEP(1l,1+1,2)

GO TC 244

CSTEP(1,1+41,1) = CSTEP(1,1+1,L-1)

CSTEF(1,1+1,1C) = CSTEP({1,I+41,L+1)

CONTINUE

CC 232 11 = 2,NTRIB

IF(JPITIY.EC.T)250,225

CONTINUE

GC TC 261
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25C PRINT 301, 11
301 FCRMAT (1HC,1CX342FCCST CF CPTINMLM SYSTEM FCR TRIBLTARY NUMBERIA/)
ITT=1TCP(I,F,sL)
Cuw PICK CUT OPTINULM CCNCENTRATICN FCR TRIBUTARY
ICT = NCITHIID)
gC 2¢C LL = 1,1ICT
LE = ICT +1 - LL
IT = KCP({II,LB,ITT)
B=CSTEP({IT LB4+1,1IT)
Cas RECLCE RANGES CF CCNCENTRATICNS CCNSICERED AT TRIBUTARY STAGES
IF (LB.EQ.1) 271,272
271 A=CSTEP(IIs1,51)
GC 1C 273
272 IS=KCP{Il,LB=-1,1I7TT)
A=CSTEP(IT,LB;IS)
272 CONTINUE
IF(IT.EQa.1032E81,252
251 CSTEP({ITI,LB+131) =CSTEF(II,LB+1,:%}
GC TC 255
e IF{IT.EQ.L)Z253,25%4
283 CSTEP(II.LB+1410) = CSTEP({II,LB+1,2)
GC TC 255
284 CSTEP({IILB+1,10)=CSTEF(II,LB+1,IT+1)
CSTEP{II;LB41,1) = CSTEF(II, LB+1,IT~1)
259 P=BaC{lI,LBR+151)
UsBaQlITI LB a)+QL{TT,LB€)#C{ITIsLB)2C{I],0LB:6)
PC=P-L
CT={{A+CS({TIIsLB))2C(IIsbBy 3+ (CIII,LB,3)+0S{IT, LB} =0 ({I]LB,:3))85Y
{1,008}
COR=CT/7{{QUIT LBy 2)+C{IT,LE,3))eSWIIT,L8))
R={CT-PC)n8,34
GRALI= QUIT LB ;Z2)+C 1 I14LE3)
GALC= GALT=SW{II,LB)
IF{R.LT.1)257,258
257 CCST =0. $CGC TC z¢é¢
258 IF{R.LT.100)2€¢2,263
262 CALL SMALL(R,CCST,CON)
GCC TC 266
262 IF (R.LT.16CCC.1264,2¢8
264 CALL MED (R,CUST,CCN)
GC TC 266
265 CALL LARGE(R,CUST,CCMN)}
266 PRINT 2873 LBsA;GALI B3CALC,R,CCST
Crw PRINT CPTINMLM RESLLTS FUR TRIBLTARIES
26C CCNTINUE
261 M=l
L= STEMIL+1C,1+%1)
270 CONTINUE
cc z&eC 1
CC z&C J
X = {(CSTE
CC 288G K
280 CSTEP{Id4K
PRINT 302
3G2 FORMAT (1HL)
IF (NTRIB.EC.1)13¢,6€

@ 3

{ 10)=-CSTEF{LsJd,s1)1)/9,.

TR < IR TR
NURF N R
- < = o
B G s et

CSTEP{IsdsK=-110+ X



Caax
Cs=s

Cans

Cas

Cx=

Casn

Cu#n

1c

1C

15

2C
25

30
25

4C
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SUBRCLTINE RCCKY (GQ1.,G2,683,86,C7,5,C5,CM1,C3,C6,C,CA,CV2,Q8,CA1)
THIS SUBROUTINE IS USEC TC CCMPUTE STREAMFLCWS, CONCENTRATICNS,
ETC. FRCM CRIGINAL DATA

C4= (1~-Q2

QE=(GQ2+Q3) =S

CE=C44QC5+(C€~QT ) #L

CMZ={CM1nQ4+(EnD=CE)/QE

PA=C8=CA

U=C4=CA1+Q6xCéxD

IF(L.GT.PA}E,1C

UsL-PA

Cal=CAl-U/Q4

ENC

SUERCUTINE €CG (A,8, DCLL,SC,Q1,CN,Q2,03,Q6,Q7+W,D1,(3,C6)
THIS SUBROUTINE CCMPLTES CCSTS CF RENMCVALS
U=p#(C1-Q2)+C£xC6xC1

P=E#CN $C5={C24C3 )}

IF(U.CGT.P+.1)5,10

CCLL=100000CC.

RETURN

P=pP-L

R o= (({A+SC)I*CZ2 +{C3+SCI#C2 )%KW - P)*8.34

R IS THE QUANTITY CF PCLLULTANT (PCUNDS) TGO BE REMOVEL
CCN = (R/8.24 + P)/QS

IF(R.LT.1.1)15,2¢C

CCLL =0.

RETULRN

CALL SMALL (R,CCLL,CCN)

RETULRN

IF{R.LT.160CC.)35,4C

Catt MED {R,CCLL,CCN)

RETURN

CALL LARGE (R,CCLL,CCN)

ENC

SLBRCUTINE SMALL (R,COLL,CCN)

THIS SUBROUTINE CCMPLTES CCST IF R IS LESS THAN 100 FCUNDS
CCLL = (30,0 + GC.2€6#RjaSCRTF{2C.C/CCN)

ENC

SLERCUTINE MEC (R,CCLL,CCM)}
THIS SUBROUTINE CCMPLTES CCST IfF R IS FRCM 100 TC 1£(0C POUNCS
COLL = Ru#{o66~eCT74x (LCCF{R)-LOCF(1L0.)))=#SGRTF{2C./CON)

ENC

SLBRCUTINE LARGE {R,CCLL,CCN)
THIS SUBROLTINE CCMPLTES CCST IF R IS GREATER THAN 1€GCO PCUNDS

DCLL=R#,28%SGRTF{2C./CCN)
ENC



TCTAL COSY OF CPTIMULM SYSTEM IS $% 24651.26 PERDAY, DISIRIBUTEL AS FOLLCUWS

MAIN STEM LOCATICAN, INCLULCING TRIBUTARY CCSTS-FIRST APPROXIMATION

CITY CR STAGE INF COANC  QUANTITY EFF CONC  QUANTITY LBS REM cosyY
}. nlc 1090 55 1022 ‘”’28031 G
2 «£C0 o - €0 9.32 =00 524.77
3 « €0 £42.50 .13 155.20 2£703.54 7628.39
4 »13 £.70 213 3,65 6£8.28 330.22
5 213 1.70 24 1.06 19.25 35,13
6 s 24 12.80 24 8,19 1450.89 652,49
7 024 32.80 «24 20.99 3824.48 1420.16
8 224 12.74Q 1.00 8.77 30.97 38,15
9 1.0 21.4C 1.C0 13.70 2603.68 971.16

10 1.00 G 1.0Q 16.25 -.00 816407
11 1.C0 ¢ 1.C0 83.71 ~.00 240%9.09
12 1.CC 470,00 <18 300.80 54238.35 14425.33
13 078 4050 059 2.88 "?7020 0
14 < £G 4,10 1.C0 2.62 ~127.54 4]
15 1.0C G 1.CC 66,60 --00 4518.81
16 1.0 2.10G 1.0 1-.13 161.67 110.5C
17 2.9(:0 G 1eCO 26,31 -.00 769,99

CCST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMBER 2

2 1.C0 2,70 1.C0 1.73 367.30 165,97
1 - 10 €.80 1.C0 4,35 T36.27 358.80

CCST CF CPTIMUM SYSTENM FCR TRIBUTARY NUMBER 3

2 «CE £.40 1.C0 4,10 626,11 312.26
1 0 1C $.30 . Cé 5,95 1057.04 503.81

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUMBER 4

4 .07 .10 1.CC 3.26 ~48,55 0
3 R 22.60 21 14,46 £6£5.92 1057.67
2 - 10 21.6C L8 13.82 2547,96 1018.99
1 « 10 .70 « 10 3.65 673.48 332.43

CCST CF CpTIMUM SYSTEM FCR TRIBUTARY NUMBER B

5 1.C0 12.60C 1.00 6.80 1229.18 543,70
4 s 2h 22.60 1.C0 12.2¢C 1785.30 758,69
3 025 41.40 «24 2236 4104.11 1503. 41
2 515 22,00 35 17.82 3279.44 1253.26
1 - 10 1C.70 219 5.78 G€4.29 459.54

COST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMEBER 6

2 1.C0 11.86 1.00 6o43 11€1.58 495,59
«1C 7.00 1.CC 3,78 528.78 2T4.40

ot
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TCTAL CCST OF CPTIMUVM SYSTENM IS $ 34506.26 PERDAY, DISTRIBUTEC AS FCLLCHWS

MAIN STEM LOCATICN, INCLLCING TRIBULTARY CCSTS-SECOND APPROXIMATION

CITY CR STAGE INF CCAC CUANTITY EFF CCAC  QUANTITY LBS REWV CCsST
1 . 1C 1.6C 245 1.22 -11.57 ¢
2 45 0 5 9.32 -.00 524.77
3 «54 ¢42.50 .12 155.20 2€6%2.62 7627.40
4 .12 5.70 <16 3.65 589.70 296.59
5 .16 1070 130 1.0q '21023 0
6 «3C 12.8¢ <30 8.19 1485.61 650,55
7 .20 22.80 27 20.99 2859.05 1430.56
8 e 12.70 1.CC 8.77 1C1.44 63.59
9 1.€C 21.40 1.0 13.7¢C ¢4C3.68 971.16

10 1.€C ¢ 1.C0 16.25 -.00 816.07
11 l1.CC 0 1.0 83.71 -.00 23%1.05
12 1.CC 47C.C0 <17 300.8C 543C1.90 14442.23
13 .17 4,50 .E8 2.88 -16.71 0
14 .E8 4,10 «G8 2.62 -€2.78 0
15 198 O «S6 66.60 ‘000 "522031
17 1.C0 Y] 1.C0 26431 ~.00 769499

CCST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMEER 2

2 1.C0 2.7C 1.C0 1.73 3C7.30 165.97
1l v .1C £.80 1.C0 4435 736.27 358.80

CCST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMBER 3

2 .Cé €.4C 1.€0 4.10C 626.11 312.26
1 «1C 5.30 .C6E 5,95 1057.04 503.81

CCST CF CPTIMUM SYSTENM FCR TRIBUTARY NUMBER 4

4 .14 S.10 1.€0 3.2¢ -3.02 0
3 .16 22.60 14 14,46 26€1.65 1656.28
2 .20 21.60 «16 13.82 2528.68 1015.93
1 <10 8,70 20 3.65 641.49 318,83

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUMBER 5

5 1.CC 12.€0 58 6.80 1242.5C 548.,66
4 223 22,60 1.€0 12.20 1779.63 756.68
3 « 35 41.40 23 22.36 $119.3C 1508.11
2 «SC 32.6¢0 <29 17.82 2281.44 1253.89
1 . 1C 1C.70 «S0 5.78 $12.76 454.97

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUMBER 6

2 1.€0 11.66¢ 1.C0 6.43 11€1.58 495.59
1 .10 7.00 1.C0 3.78 528.78 274.40



TCTAL CCST OF CPTIMUN SYSTENM IS § 24451.56 PERDAY, DISTRIBUTED AS FCLLCHWS

MATN STEV LOCATICN, INCLLCING TRIBUTARY CCSTS-THIRD APPROXIMATION

CITY CR STAGE INF CCNC  QUANTITY EFF CCARC  QUANTITY LBE REV CLsy
1 elc logc 047 1@22 "'1.&1@ Q
2 o4 0 <53 9.32 ~.00 525,14

- £ £42.50C - 10 155,20 28712.25 T633,48
4 - 1C £,7C -1% 3065 520.15 266,20
5 « 15 1,70 31 1.069 ~3,88 ¢
6 <321 12.80 - 20 8,19 15C3,11 656.98
7 0 20 32.80 21 2099 2868.94 1433.52
8 v e 1 2.7C 1.06 Be 77 56.22 61:49
9 1.CC 21.40 1.CQ 13.7¢C £403.68 371.18
10 1.00 0 1.CQ 16,25 ~»00 Bl6.68
11 1.00 G 1.00 83,71 -.00 2390,7%
12 1.CC 47C.00 « 15 300.80 54163.23 14405.45
i3 211G 4,50 «E9 2088 ~20.84 0
i4 €5 4510 258 262 ~13,23 0
18 58 Q «57 66660 =, Q0 4520.73
16 o &7 2,10 1.€C 1,13 « Q0 g
17 1.C0 0 1.0 26,31 -~ 00 769,99

CCST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMBER 2

1.0¢ 2.70 <59 1.73 308.08 166,34
» 10 €.80 1.0 4035 736.27 358,80

e G

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUFMBER 3

2 -CEé €.40 «SG 4010 627.53 312.87
1 «1C 5. 30 L8 5,95 1087.04 503.81

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUMBER 4

& - 14 5.10 1.C0 3:26 « 50 {
E » 18 2260 =14 14-.46 686,71 1087.93
Z +e0 21.60 «-18 13.82 2522.79 1013.99
i » 10 €.7C 220 3065 541 .49 318,83

CCST CF CPYIMUNM SYSTENM FCR TRIBUTARY NUVBER 5§

5 1.0G 12.€0 <S8 6o 80 12368.80 547,29
4 Ny 22460 1.¢G 12.2C 1773.32 Th4. 44
3 5 27 41.40 Y 2236 4120.67 1508.51
2 - E% 22,00 + 37 17.82 2285.24 1255.07
1 o 10 1€.7C - €9 5,78 973.90 455,47

COST (F CPTIMUM SYSTENM FCR TRIBUTARY NUMBER 6

2 1.CC 11.6C 1.CO 6043 11€1.58 495,59
1 « 10 7.00C 1.CGC .78 538.78 274.40
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TCTAL CCST OF CPTIMUNM SYSTENM IS & 34448.6C PERDAY, DISTRIBUTEL AS FCLLOWS

MAIN STENM LOCATICA, INCLULLING TRIBULTARY CCSTS -FOURTH APPROXIMATION

CITY CR STAGE INF CCAC  GUANTITY EFF CCNC  QUANTITY {BS REWM CCSTY
1 « 1C 1.60 247 1.22 57 e
2 <47 s Iy 9.32 -.00 525.09
3 .22 ¢42.50 - 10 155.20 2£715.21 7634.06
4 . 1C £.7C <1 3.65% 518.27 265437
5 +16 1.7¢ 221 1.06 07 C
1<) 21 12.8C «30 8.19 14$5.07 654,03
7 « 320 32.80 27 20.99 28€8.57 1433,.41
8 217 12.70 1.€C 8.77 53.70 62.68
9 1.¢C 21.4C 1.CC 13.7¢C ¢4C04.01 971.27

10 1.CC g 1.€¢C 16.25 -.040 B16.68
11 1.0C G 1.€0 83.71 -.00 2390.33
12 1.CC 47C.CC «18 300,80 541¢€3.66 14405.56
13 + 19 4.5Q +ES 2.88 ~5.05 o
14 .£S 4.10 .58 2.62 -14.71 o
16 67 2.10 1.€¢ 1.13 ~4.41 0

CCST CF CPTIMUNM SYSTEM FCR TRIBUTARY NUMBER 2

2 1.0C 2.17C .S 1.73 3€7.69 166.30
1 «1C €.80 1.C0 4.35 736.217 358.80

CCST CF CPTIMUM SYSTEM FCR TRIBUTARY NUMEBER 3

2 L€ £.40 «SS 4.10 627.5% 312.87
1 .1C 5.30 .Cé 5.95 10S57.04 503.81

CCST CF CPTIMUNM SYSTENM FCR TRIBUTARY NUMBER 4

4 <14 5.10 1.00 3.26 .92 4]
3 .18 22.60 «14 14.46 26€5.40 1057.50
2 .20 21.60 .18 13.82 2532.79 1013.95
1 .1C £.7C .20 3.65 €41.49 318.83

CCST CF CPTIMUM SYSTEM FCR TRIBLTARY NUMBER 5

5 1.CC 12.¢€0 55 6.80 1237.32 546.73
4 22 22.60 1.CC 12.20 1772.48 754.14
3 37 41,40 22 22.36 4121.35 1508.71
2 .E8 232.6¢0 27 17.82 22€5.30 1255.09
1 . 1C 1€¢.7C «£8 5.78 $73.99 455446

CCST CF CPTIMUNM SYSTENM FCR TRIBUTARY NUMBER &

2 1.CC 11.60 1.C¢6 6.43 11€1.58 495,59
1 . 1C 7.CC 1.C0 3.78 528.78 274440
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